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ORDERING INFORMATION 

Factory orders for parts described in this book should include a four-part number as explained below: 

Example: MK 4027 J - 3 L.'=== 1. Dosh N"m", 

2. Package 

~------- 3. Device Number 

...... ---------4. Mostek Prefix 

1. Dash Number 

One or two numerical characters defining specific device performance characteristic. 

2. Package 

P - Gold side-brazed ceramic DIP 
J - CER-DIP 
N - Epoxy DIP (Plastic) 
K - Tin side-brazed ceramic DIP 
T - Ceramic DIP with transparent lid 
E - Ceramic lead less chip carrier 

3. Device Number 

1 XXX or 1XXXX - Shift Register. ROM 
2XXX or 2XXXX - ROM. EPROM 
3XXX or 3XXXX - ROM. EPROM 
38XX - Microcomputer Components 
4XXX or 4XXXX - RAM 
5XXX or 5XXXX - Counters. Telecommunication and Industrial 
7XXX or 7XXXX - Microcomputer Systems 

4. Mostek Prefix 

MK-Standard Prefix 

MKB-100% 883B screening. with final electrical test at low. room and high-rated temperatures. 

---_._ ... _ .... - ---~ ... ----.... -... --.--. -. 
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3969 E. 8ayshore Road SChaumburg, IL 60193 33540 Schoolcraft Road 
Palo Alto, CA 94303 3121893-9420 livonia, MI 48150 
415/968-6292 Bell Industries 313/525-8100 
TWX 810/379-6430 3422 W. Touhv Avenue 

Kierulff ElectroniCs 
Chicago, IL 60645 MINNESOTA 
312/982-9210 Arrow ElectrOnics 8797 Balboa Avenue TWX 910/223/4519 5251 W. 73rd Street San Diego, CA 92123 
Klerulff Electronics Edina, MN 55435 7141278·2112 
1536 lanmeler 612/830-1800 TWX 910/335-1182 

Klerulff ElectroniCS Elk Grove Village. Il 60007 TWX 910/576-3125 
3121640-0200 14101 Franklm Avenue TWX 910/222-0351 MISSOURI 

Tustin, CA 92680 Olive ElectroniCS 
714/731-5711 INDIANA 9910 Page Blvd 
TWX 910/595-2599 Advent Electronics St. LOUIS, MO 63132 
Schweber ElectrOnics 8505 Zionsville Road 314/426-4500 
17811 Gillette Avenue Indianapolis, IN 46268 TWX 9101763-0710 
Irvine, CA 92714 317/297-4910 Semiconductor Spec 
714/556-3880 TWX 810/341·3228 3805 N. Oak Trafficway 
TWX 910/595-1720 Ft. Wavne Electronics Kansas C,tV. MO 64116 

COLORAOO 
3606 E, Maumee 816/452-3900 
Ft. Wayne, IN 46803 TWX 9101771-2114 

Bell Industries 219/423-3422 8155 W. 48th Avenue TWX 810/332-1562 NEW HAMPSHIRE 
Wheatfldge, CO 80033 

Graham Electronics Arrow Electronics 
303/424-1985 

133 S. Pennsylvania 5t 1 Penmeter Rd. 
TWX 910/938-0393 

IndianapoliS, IN 46204 Manchester NH 03103 
Klerulff Electronics 317/634-8202 603/668-6968 
10890 E. 47th Avenue TWX 810/341-3481 Denver, CO 80239 NEW JERSEY 
303/371 ·6500 IOWA Arrow Electronics 
TWX 910/932-0169 Advent ElectrOniCs Pleasant Valley Avenue 

682 58th Avenue Morrestown, NJ 08057 
CONNECTICUT Court South West 609/235-1900 
Arrow ElectronIcs Cedar Rapids, IA 52404 TWX 710/897-0892 
295 Treadwell 319/363-0221 Arrow ElectrOniCS 
Hamden, CT 06514 285 Midland Avenue 
203/248-3801 LOUISIANA Saddlebrook, NJ 07662 
TWX 710/465-0780 Sterling ElectrOniCs 2011797-5800 
Schweber ElectroniCS 4613 Fairfield Avenue TWX 710/988-2206 
Finance Drive Metairte, LA 70005 Klerutff Electronics 
Commerce Industnal Park 504/887-7610 3 Edison Place 
Danbury, CT 06810 Telex 58-328 Fairfield, NJ 07006 
2031792-3500 201/575-6750 
TWX 710/456-9405 TWX 7101734-4372 

Schwaber Electronics 
18 Madison Road 
Fairfield, NJ 07006 
201/227-7880 
TWX 710/734-3405 

MOSTEI(® 
NEW MEXICO 
Bell Industries 
11728 Linn N.E ' 
Albuquerque, NM 87123 
5051292-2700 
TWX 910/989-0625 

NEW YORK 
Arrow ElectroniCS 
900 Broad Hollow Rd 
Farmingdale, LI .. NY 11735 
516/694-6800 
TWX 510/224-6494 
Cramer ElectroniCS 
7705 Maltage Drive 
p, O. Box 370 
Liverpool, NY 13088 
315/652·1000 
TWX 710/545-0230 
Cramer Electronics 
3()(X) S. Winton Road 
Rochester, NY 14623 
716/275-0300 
TWX 510/253-4766 
llonex Corporation 
415 Crosswav Park Drive 
Woodburv, NY 11797 
516/921-4414 
TWX 510/221-2196 
Schweber ElectroniCS 
2 Twin line CIrcle 
Rochester, NY 14623 
716/424-2222 
Schweber Electronics 
Jericho Turnpike 
Westburv, NY 11 590 
516/334-7474 
TWX 510/222-3660 

NORTH CAROLINA 
Arrow Electronics 
1369G South Park Drive 
KernerSVIlle, NC 27282 
919/996-2039 
Hammond Electronics 
2923 PaCifIC Avenue 
Greensboro, NC 27406 
9191275-6391 
TWX 510/925-1094 

OHIO 
Arrow ElectrOnics 
3100 PlainfIeld Road 
Kettering, OH 45432 
513/253-9176 
TWX 810/459-1611 
Arrow Electronics 
10 Knoll Crest Drive 
Reading, OH 44139 
513/761-5432 
TWX 810/461-2670 
Arrow ElectrOnics 
6238 Cochran Road 
Solon, OH 44 139 
216/248-3990 
TWX 810/427-9409 
Schweber ElectronIcs 
23880 Commerce Park Road 
Beachwood, OH 44122 
216/464-2970 
TWX 810/427-9441 

OKLAHOMA 
Sterling ElectrOnics 
9810 E. 42nd Street 
SUite 229 
Tulsa. OK 74145 
918/663-2410 
Telex 49-9440 

PENNSYLVANIA 
Schweber Electronics 
101 Rock Road 
Horsham, PAl 9044 
215/441-0600 

SOUTH CAROLINA 
Hammond Electronics 
1035 lown Des Hill Rd 
GreenVille, SC 29602 
8031233-4121 
TWX 810/281-2233 

TEXAS 
Arrow ElectronIcs 
13740 Midway Road 
P.O, Box 401068 
Dallas, TX 75240 
214/386-7500 
TWX 910/861-5495 
Quality Components 
10201 McKalia 
Suite D 
Austin, TX 78758 
5121838-0551 
Quality Components 
4303 Alpha Road 
Dallas, TX 75240 
214/387-4949 
TWX 910/860-5459 
Quality Components 
6126 Westline 
Houston. TX 77036 
7131772-7100 
Schweber Electronics 
7420 Harwm Drive 
Houston, TX 77036 
713/784-3600 
TWX 910/881-1109 
Sterling Electronics 
2800 longhorn Blvd 
Suite 101 
Austin, TX 78759 
512/836-1341 
Telex - 776-407 
Sterling Electronics 
2875 Merrell Road 
P.O. BOI( 29317 
Dallas, TX 75229 
214/357-9131 
Telex - 025 
Sterling Electronics 
4201 Southwest Freeway 
Houston, TX 77027 
713/627·9800 
TWX 910/881-5042 

UTAH 
Bell Industries 
2258 S. 2700 W. 
Salt lake Citv, UT 84119 
801/972-6969 
TWX 910/925·5686 
Kierulff Electronics 
3695 W. 1987 South St 
Salt lake City. UT 84104 
801/973-6913 

WASHINGTON 
Kierulff Electronics 
1005 Andover Park East 
Seattle, WA 98188 
206/575·4420 
TWX 910/444·2034 

WISCONSIN 
Arrow ElectrOnics 
434 Rawson Avenue 
Oak Creek, WI 531 54 
4141764-6600 
TWX 9101262-1192 

CANAOA 
Prelco Electronics 
2767 Thames Gate Drive 
Misslssauga, Ontario 
Toronto L4T 1 G5 
416/678-04-01 
TWX 610/492-8974 
Prelco ElectrOniCS 
480 Port Royal St. W 
Montreal 357 P.O. H3l 2B9 
514/389-8051 
TWX 610/421·3616 
Prelco Electronics 
1770 Woodward Drive 
Ottowa, Ontano K2C OPS 
6131226·3491 
TWX 610/562·87,24 
RAE. industrial 
3455 Gardner Court 
Burnaby, 8,C. V5G 4J7 
604/291-8866 
TWX-604/291-8866 
W.E.S. ltd. 
1515 King Edward St. 
Winnipeg, Manitoba R3H OR8 
204/632-1260 
Telex - 07-57347 

xix 



MOSTEI(. 
INTERNATIONAL MARKETING OFFICES 

EUROPEAN HEAD OFFICE 
Mostek International 
150 Chaussee de la Hulpe 
B·1170 Brussels 
Belgium 
(39102 660.69.24 
Telex· 62011 

FRANCE 
Mostek France s.8.r.l. 
30, Rue de Morvan 
SILIC 505 
F·94623 Rungls Ce~el( 
(3311-687.34.14 
Telex - 204049 

GERMANY 
Mostek GmbH 
TalSlrasse 172 
D-7024 Fllderstadt 1 
(491711-70.10.45 
Telex - 7255792 

Mostek GmbH 
Friedlandstrasse 1 
0-2085 QUickborn 
14914106-2077178 
Telex - 213685 

ITALY 
Mostek Italta S.p.A. 
Via G. da Procida. 10 
1-20149 Milano 
(391 2-349.26.96 
Telex - 333601 

SWEDEN 
Mostek Scandmavla AS 
Magnusvagen " 8 Ir, 
5·17531 Jarfalla 
1461 758-343.38 
Telex - 12997 

INTERNATIONAL SALES REPRESENTATIVES/DISTRIBUTORS 

ARGENTINA FRANCE HONG KONG THE NETHER LAN OS 
Rayo Electronics S.R.t. E.P. Cet Limned Nllkerk Elektromka BV 
Belgrano 990. PISOS 6y2 4, Rue Barthelemy 1402 Tung Wah ManSion Drentestraat 7 
1092 Buenos Aires F-92120 Montrouge 199-203 Hennessy Road 1083 HK Amsterdam 
1381-1779. 37 -94 76 13311-735.33.20 Wanchal. Hong Kong 1020.1428 933 
Telex - 122153 Telex - 204534 (51-72.93.76 Telex - 11625 

Telex - 85148 
AUSTRALIA SCAI8 NEW ZEALAND 
Amlron Tyree Pty.Ltd. 80. Rue d'ArcUlI ISRAEL E.C.S. Dlv. at Alrspares 
176 Botany Street SILIC 137 Telsys Limited P.O. Box 1048 
Waterloo. N.S.W. 2017 F-941!?O Rungls Cedex 54 Jabotmsky Road Airport PalmerSlon Nonh 
(611 69-89.666 13311-687.23.12 Ramat-Gan 52462 (771-047 
Telex - 25643 Telex - 204674 1972173.98.65 Telex - 3766 

72.23.62 
AUSTRIA GERMANY Telex - 32392 NORWAY 
TranSlstor-Vertnebs GmbH Neye Enatechmk GmbH Hefro T eknlska AI S 
Auhofstrasse 41 A Schilierstrasse 14 ITALY Postboks 6596 
A-l1 30 Vienna 0-2085 QUlckborn Comprel S.r.L. Rodelkka 
1431222-829.45.12 14914106-61.22.95 '!/lale Romagna. 1 Oslo 5 
Telex - 13738 Telex - 213.590 1-20092 Cmlsello Balsamo 14712-38.02.86 

(39) 2-928.08.09/928.03.45 Telex - 16205 
BRASIL Dr Oohrenberg Telex - 332484 
Cosele. Ltd. Bayreuther Strasse 3 SOUTH AFRICA 
Rua da Consolacao, 867 0-1 Berlm 30 JAPAN Radlokom 
Conj.31 149130-213.80.43, Systems Marketing, Inc. P.O. Box 56310 
01301 Sao Paulo Telex - 184860 4th Floor. Shlnda Bldg. Pmegowne 
(55111-257.35.35/258.43.25 3·12-5 Uchlkanda, 2123. 
Telex - 1130869 Raffel-Electromc GmbH Chlyoda-Ku, Transvaal 

Lochnerstrasse 1 Tokyo. 100 789-1400 
BELGIUM 0-4030 Ratlngen 18113-254.27.51 Telex - 8-0838 SA 
Sotromc (4912102-280.24 Telex - 25761 
14. Rue Pere de Oaken Telex - 8585180 SWEDEN 
B-l040 Brussels Teljm Advanced Products Corp. Interelko AB 
13212-736.10.07 Siegfried Ecker 1-1 Uchlsalwal-Cho Strandbergsg.47 
Telex - 25141 Komgsberger Sirasse 2 2-Chome Chlyoda-Ku 5-11251 Stockholm 

0-6120 Mlchelstadt Tokyo. 100 14618-13.21.60 
DENMARK. 14916061 -2233 18113-506.46.73 Telex - 10689 
Semlcap APS Telex - 4191630 Telex - 23548 
Gammel Kongevej 184.5 SPAIN 
OK-1850 Copenhagen Matrome GmbH KOREA Comelta SA 
(4511-22.15.10 Lichtenberger Wag 3 Vme Overseas Trading Corp. Cia Electromca Tecmeas Aphcadas 
Telex - 15987 0-7400 Tubmge" Room 303-Tae Sung Bldg. Conselo de Ciento. 204 

1491 7071-24.43.31 199·1 Jangsa-Dong Entia 3A. 
FINLAND Telex - 726.28.79 Jongro-Ku Barcelona 11 
S.W. Instruments Seoul 1341 3-254.66.07108 
Karstulantie 4 B oema-Electromc GmbH 1261-1663. 25-9875 Telex - 51934 
SF-00550 Helsmkl 55 Blutenstrasse 21 Telex· 24154 
13581-0-73.82.65 0-8 Munchen 40 SWITZERLAND 
Telex - 122411 1491 89-288018 Memotet AG 

T alex - 28345 CH-4932 Lotzwll 
(41163-28.11.22 
Telex - 68636 

xx 

UNITED KINGDOM 
Mostek U.K. Ltd. 
Masons House. 
'-3 Valley Drive, 
Kingsbury Road, 
london, N.W.9 
1441 1-204.93.22 
Te,lex - 25~40 

TAIWAN 
Dynamar Taiwan limited 
P.O. Box 67-445 
2nd Floor. No. 14. Lane 164 
Sung-Chiang Road 
Taipei 
5418251 
Telex - 11064 

UNITED KINGDOM 
Celdls limned 
37-39 Loverock Road 
Reading' 
Berks RG 31 ED 
1441734-58.51.71 
Telex - 848370 

Dlstromc Limited 
50-51 Burnt Mill 
Elizabeth Way, 
Harlow 
Essex CM 202 HU 
1441279-32.497.39.701 
Telex - 81387 

A.M. Lock Co., Ltd. 
NeVille Street. 
Chadderlon, 
Oldham, lancashire 
144161-652.04.31 
Telex - 669971 

Pronto ElectroOiC Systems Ltd. 
645 High Road. 
Seven Kings. 
liford, 
Essex IG 38 RA 
14411-599.30.41 
Telex· 24507 

YUGOSLAVIA 
Chemcolor 
Inazemma Zastupstva 
Prolelersklh bngada 37-a 
41001 Zagreb 
1411-513.911 
Tel"x - 21236 
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MOSTEI(. 
DUAL 128-BIT STATIC SHIFT REGISTER 

FEATURES 

o lon-implanted for full TTL!DTL compatibility 
no interface circuitry required 

o Single-phase, TTL!DTL compatible clocks 

o Dual 128-bit static shift registers-256 bits total 

o Dual sections have independent clocks 

DESCRIPTION 

The MK 1002 is a P-channel MOS static shift register 
utilizing low threshold-voltage processing and ion­
implantation to achieve full TTL!DTL compati­
bility. Each of the two independent 128 bit sections 
has a built-in clock generator to generate three 
internal clock phases from a single-phase TTL-level 
external input. In addition, each section has input 
logic for loading or recirculating data within the 
register. (See Functional DiClgram.) The positive­
logic Boolean expression for this action is: 

OUT (delayed 128 bits) = 
(RC) (DIN) + (RC) (RIN) 

FUNCTIONAL DIAGRAM 

CLOCKB 

MK1002(P/N) 

o Recirculate logic built in 

o DC to 1 MHz clock rates 

o Low power dissipation-130 mW 

o 16-pin dual-in-line package 

The Data, Recirculate Control, and Clock inputs 
are provided with internal pull·up resistors to VSS 
(+5V) for use when driving from TTL. These resistors 
can be disabled when driving from circuitry with 
larger output-voltage swings, such as DTL. Enabling 
of pull-up resistors is accomplished by connecting 
the appropriate terminal to VGG; disabling by 
connecting to VSS. The Recirculate inputs are not 
provided with pull-up resistors since they are gen­
erally driven from MOS. 

Shifting data into the register is accomplished while 
the Clock input is low. Output data appears 
following the positive-going Clock edge. Data in each 
register can be held indefinitely by maintaining the 
Clock input high. 

PIN CONNECTIONS 

VRB I 16 VRA 

DinB 2 15 DinA 

RinB 3 14 RinA 

RCB 4 13 RCA 

OutB 5 12 OutA 

voo 6 II vGG 

vss 7 10 VR¢ 

ClockB 8 9 ClockA 

NOT FOR NEW DESIGN 1 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage, VOO ............................................ VSS - 10.0 V 
Supply Voltage, VGG ............................................ VSS - 20.0 V 
Voltage at any Input or Output ......................... VSS + 0.3 V to VSS - 10.0 V 
Operating Free-Air Temperature Range ............................... O°C to +75°C 
Storage Temperature Range (Ceramic.) ............................ -65°C to +150°C 
Storage Temperature Range (Plastic) .............................. -55°C to +125°C 

RECOMMENDED OPERATING CONDITIONS (O°C::: TA ::: WC) 

PARAMETER MIN TYP MAX UNITS COMMENTS 

ei Vss Supply Voltage 4.75 5.0 5.25 V Voo = 0 V 
~ VGS Supply Voltagei'I -12.6 -12.0 -11.4 V ... 
f!! Vil 
::> 

Input Volt&ge, Logic 01'1 0 Vss-4 V ... 
V'H Input Voltage, Logic 1 Vss-1 5.0 V •• V !!Ii 

f Clock Repetition Rate DC 1 MHz 

t¢. Clock Pulse Width 0.35 10 I's 
tQd Clock Pulse Delay 0.4 I's See 

CIt z t¢, Clock Pulse Risetime .010 0.2 I'S Timing 2 
;:: t¢, Clock Pulse Falltime .010 0.2 I's Diagram ... 
::> td1d Data Leadtime 50 ... ns 
!!Ii 

td ,. .Data Lagtime 200 ns 
t r1d ReCirculate Control Leadtime 100 ns 

trl9 . Recirculate Control Lagtime 300 ns 

ELECTRICAL CHARACTERISTICS 
(v" ~ +5 :" O. 25V. VGG = -12 :': O.6V. V,,,, = OV. TA O~ O'C to +75°C. using test circuit shown. unless otherwise noted.) 

PARAMETER MIN TYP' MAX UNITS CONDITIONS 

Iss Power Supply Current, Vss 14 25 mA f¢ = 1 MHz .... 
Inputs & Outputs open ... 

I: 
0 ... 

IGG Power Supply Current, VGG 5 10 mA 

C, Input Capacitance, any Input 3 10 pF V, = Vss. f = 1 MHz 
TA = 25°C 

I'L Input Current, Logic 0: 
Resistors Disabled' -40 I,A V, = Vss -5V 

f!! Resistors Enabled' -0.3 -1.6 mA V, = +O.4V ::> ... 
!!Ii 

I'H Input Current, Logic 1, Any Input 40 I,A VRA , VR., VR¢ = Vss 
V, = Vss 

I'Rloni Input Current at Recirculate Inputs. -40 I,A VRA, VR., VP~ = VGG 
V, = Vss - 5V 

f!! VOl Output Voltage, Logic 0 (3) 0.4 V 

I 
IL = -1.6 mA ::> ... ... 

VOH Output Voltage, Logic 1 Vss - 1 V IL= +100 "A ::> (3) 0 

tOLH Output Delay, Low to High (3) 450 ns 
See Timin'g 

u 
2" tOHl Output Delay, High to Low (3) 450 ns Diagram and 
cC 

~G tvo• Output Voltage Rise Time (3) 100 150 ns Test 
Circuit 

tvo, Output Voltage Fall Time (3) 100 150 ns 

NOTES: 

, Other supply voltages are permissIble prOViding that supply and Input voltages are adjusted 10 maintam the same potential relative 10 Vss. e.g., Vss = av. 
VDD = -5 ± O.25V. V&G = --17 ± Oa5V. 

2 MOS pull-up resistors to + 5V are prOVided Internally. These MOS resistors are enabled by connecting VRA, VR. and VR~ 10 VGG. and disabled by connect-, 
Ing VR .... , VAs and VRt;6 to Vss Pull-up resistors not prOVided at recirculate Inputs 

3 At T .... = 25°C. 



TIMING 

CLOCK 

Din 

Rc 
vss 90%- - - - - - - - - - -

10%- - - - - - - - - - -

LOGIC "1" 
OUTPUT 50% - - - - - - - - - -
and Rin LOGIC "0" t,------'I 

The timing diagram applies to either section of the dual shift register. The test conditions for these wave­

forms are illustrated below. A logic "'" is defined as +5 V and a logic "0" is defined as OV 

As long as Rc is at a"''', R;, is disabled and D" is enabled. The data that is present at D" while the clock 

is at "0" is shifted in and will be stored as the clock goes to a "'" This data must have been present td'd 
time prior to the clock "'" edge. The data must also remain in that same state for td" .time after that edge. 
These times are necessary to insure proper data storage in the first register-cell. 

On the clock "'" edge, data is shifted through the register causing bit '27 to be shifted to position '28. 
This cell's output is buffered and appears at the output in the same logic polarity that appeared at the 
input '28 clocks prior. This data appears within tpri time of the clock "'" edge. 

R.c may be hardwired to the data output. When Rc is at a "0", R" is enabled and D" is disabled. Therefore, 

the output data will appear at the input of the first cell. When R" is tied to the data output, the 
output delay will insure td, and td d times. Rc "0" time must lead the clock "'" edge by t'd time and must 
lag that edge by t g time to insure proper data storage when recirculate storage is desired. 

TEST CIRCUIT 

word 
pattern 

clock 

-12V 
VOO 

Vss 0-----0 

pulse Inverters are 74 seriesTTl 

GRD 

Rc 

Vss 

2.9K 1% 

OUT t-------+--+---<I T. P. 

elK 
MK I002P 
circuit 
under test 

____ -1 

I 
--L.. 

20 pF 

: * 6 
Voo 

* Includes scope and 
test jig capacitance 

"-"'-"--" ... __ ... ---- .. _. __ .... _-_. _ ... __ .... _.- ... 
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APPLICATIONS 

Recirculate 
ContrOl 

DOlO 
Input 

ClOCk 
Input 

TYPICAL PERFORMANCE 

140 

135 

130 

125 

• 120 

.s 115 
0 

0- liO 

105 

100 

95 

TA (OC) 0 10 20 30 

OPERATING NOTES 

Rc Ain 

1 X 
1 X 
0 1 
0 0 

"1" = Vss = +5V 
"0" = Vpp = Grd 

X = No Effect 

Din 

1 
0 
X 
X 

40 

Output Logic: See Description. 

4 

flll= I MHz 

Vss=5.0V 

Voo= 0.0 V 

VGG=-12.0V 

50 60 70 80 

DATA 
ENTERED 

1 
0 
1 
0 

400 

380 
'iii' 
oS 360 

5 340 

'" 0 

I- 320 
:::> 
0- 300 I-
:::> 
0 

280 

260 

0 

TA ('C) 0 

ThiS shows the MK 1002 P 
connected to operate as 
a stngle. 256 bit. static 
shift register Pull-up 
resistors are enabled at 
TTL driven mputs and dis­
abled at MOS or OTL 
driven Inputs Any Simi­

lar TTL/OTL device may 
be used In place of the 
Inverters shown 

Data 
Outpul 

Inve,Ilrs are 74- selles TTL 

Vss =5 .OV 

Vpp = OV 

v,.,. = -12.0V 

10 20 30 40 50 60 70 80 



FEATURES 

o lon-Implanted for full TTL/DTL compatibility 

o Single-phase, TTL/DTL compatible clock 

o Internal pull-up resistors 

DESCRIPTION 

The MK 1007 P contains four separate 80-bit MOS 
dynamic shift registers on a sin~le chip, using ion­
implantation in conjunction with P-channel pro­
cessing to achieve low threshold voltage and direct 
TTL/DTL compatibility. All logic inputs, including 
the single-phase Clock, can be driven directly from 
DTL or TTL logic. Pull-up resistors to +5V are 
provided for worst-case TTL inputs. 

Each 80-bit register has independent inputs and out­
puts and a control input (RE) which allows external 
data to be shifted into the register (at logical 0) or 
data at the output to be recirculated into the register 
(at logical 1). 

FUNCTIONAL DIAGRAM 

aUlA aUTo 
I 13 

~--~16~8"llC-----~4~7--~-~~~ 
V~S Voo VGG OUTs QUTe 

MOSTEI(. 
32Q-SIT DYNAMIC SHIFT REGISTER 

MK1007(P/N) 

o Clock Frequency 10 kHz to 2.5 MHz 

o Built-in recirculate logic for each register 

o Power Supplies: +5V and -12V 

All four registers use a common (external) Clock 
input. With the Clock high (1), data is shifted into 
the registers. Following the negative-going edge of 
the Clock, data shifting is inhibited and output data 
appears. Output data is True, delayed 80 bits. 

Since the MK 1007 P has zero lag-time requirements 
for data inputs, devices may be cascaded, i.e., the 
output of one device may be fed directly to the input 
of ilnother device; All inputs are protected to prevent 
damage due to static charge accumulation. 

PIN CONNECTIONS 

OUTA I 16 Vss 

REA 2 15 DinD 

DinA 3 14 RED 

OUTa 4 13 OUTo 

REa 5 12 VGG 

Dina 6 II CLOCK 

OUTc 7 10 Dine 

voo 8 9 REc 

NOT FOR NEW DESIGN 5 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage, VOO ................................. VSS + 0.3 V to VSS - 20 V 
Supply Voltage, VGG ................................. VSS + 0.3 V to VSS - 20 V 
Voltage at any Input or Output .......................... VSS + 0.3 V to VSS - 20 V 
Operating Free-Air Temperature Range ............................... O°C to +75°C 
Storage Temperature Range (Ceramic) ............................ -65°C to +150°C 
Storage Temperature Range (Plastic) .............................. -55°C to +125°C 

RECOMMENDED OPERATING CONDITIONS 
(O'C =:; TA =:; 75'C) 

PARAMETER MIN 

V$S SUPPlY Voltage 4.75 

V,.,. Supply Voltagel'l -12.6 

VOl Logic "0" Voltage, any input 

V'H Logic "1" Voltage, any input III V$S-1.5 

f</> Clock Repetition Rate .01 

t</>p Clock Pulse Width .150 

t</>d Clock Pulse Delay .150 

t</>, Clock Pulse Risetime .010 

t</>f Clock Pulse Falltime • 010 

t.'d Data Leadtlme 150 

t.,. Data Lagtime 0 

t,.'d Recirculate Control Leadtime 200 
t,.,. Recirculate Control Lagtlme 50 

ELECTRICAL CHARACTERISTICS 

TVP ,MAX UNITS 

5.0 5.25 V 
-12.0 -11.4 V 

0.0 0.8 V 

+5.0 V .. V 

2.5 MHz ----100 I'S 

100 I'S 

5 I'S 

5 !'~--
ns 

ns 

ns 

ns 

(V .. = +5 ±O,25 v, V,.. = -12 ±O.6V. VDD = OV. T. = O'C to +75·C •. unless oiherwiH specified.) 

PARAMETER MIN TYP(3) MAX UNITS 

Iss V .. Power Supply Current(41(5) 22.0 40.0 mA 

I,.,. VGG Power Supply Current(S) 9.0 16.0 mA 

C'N Capacitance at Data, 
RE, and Clock Inputs(5) 3 6 pF 

III Logic "0" Current, any input(5) 0.6 1.1 1.6 mA 

I"'kl Leakage Current, any input 1 !'A 

R'N Input Pullup Resistance(S) 3.0 8.4 kll 

VOL Logic "0" Output Voltage(5) 0.4 V 

VOH Logic "1" Output Voltage(5) Vss - 1 V 

to..H Output Delay, Low to High 75 200 ns 

lQHL Output Delay, High to Low 75 200 ns 

PD('I Power Dissipationl' l 220 mW 

PDI21 Power Dissipationl-I 195 mW 

PD(II Power Dissipationl' l 170 mW 

NOTES: 

COMMENTS 

VDD = 0 V 

NOTE: Total 
permitted clock 
times will be 
determined by 
clock frequency, f</> . 

CONDITIONS 

f<l> = 2.5 MHz; 

outputs open 

V, = Vss, f<l> = 1 MHz 

V,=0.4V 

V,=Vss -5.5V; VSS=VDO=V&& 

V,=0.4V 

IL = -1.6mA 

IL = +1001'A 

See Timing Diagrams 

f<l> = 2.5 MHz 
f<l>=1MHz 

f<l> = 10 kHz 

(1) Other supply voltages are permissible providing that supply and Input voltages are adjusted to maintain the same 
potential relative to Vss, e.g"Vss=O V, Voo= -sv. V&&= -17 V. 

(2) Pull-up resistances to +SV are provided internally. 
(3) Typical values at T.=2S'C, Vss=+5,0 V. Voo= -12.0 V, 
(4) Iss will Increase a maximum of 1.6 mA for each input at logic "0." 
(5) At. T A = 25'C, 



TIMfNG 

2 80 2 

90%------\ 
DATA IN IO'lL - -

-------~----------

~--------~\ ~---------+-------------+----------------

RE 10%_ - - -~__+----------------"""""" ""----------t-----------+------------

OATA OUT 15'- ___ ~"~ _____________ , ____ ~O~ __ y _____ ~ {IO"' 
\ \ '-------------

SHI FT: Fig. 1 illustrates shifting a logic 1 bit from the Data Input (0 1 N ) through one of the 80-bit registers 
RE (Recirculate Enable) at logic 0 enables DIN. RE must go to logic 0 for trid time (Recirculate Control 
Leadtime) prior to the Clock's negative edge, and must maintain that state at least until the Clock's negative 
edge (td 19) to insure proper data shifting. This data bit entered will appear 80 clock pulses later within 
Output Delay Time (tD) of that Clock's negative edge. 

2 80 2 

DATA IN (0) ------t-t---------'\ '<------+------+-------­
trld 

90%- - - --
RE 10%_ - - -

RECIRCULATE: Fig. 2 illustrates recirculating a bit present at the output back through the register. 
RE must attain a logic 1 for tR ID time (Recirculate Control Leadtime) prior to the Clock's negative edge, 
and must maintain that state at least until the Clock's negative edge (trig) to insure proper data recircula­
tion. The bit entered will appear 80 clocks later as shown. 

CONDITIONS: 

1. All timing relationships apply to any of the four registers. 2. Logic 0 is defined as Voo or ground; logic 1 as V •• or +SV. 

7 



APPLICATIONS 

PAGE 
MEMORY 

END OF LINE 
CONTROL 

LOGIC 

CURSOR 
MEMORY 

CLOCK 

PRE 

CURSOR ON ="IM '" DATA OUT INVERTED 
CURSOR OFF ··0·" DATA OUT TRUE 

SERIAL 
DATA OUT 

"," .. DOT ON 
"0" .. DOT OFF 

LINE REFRESH MEMORY FOR CRT DISPLAY 

8 

This application shows the MK 1007P used as the 
Line Refresh Memory, driving MOSTEK's MK 
2408 P TTL-compatible character generator. The 
MK 1007 P receives new data from the Page 
Memory (which may also consist of MK 1007 P's) 
on the tenth row of any character line, this being 
the third vertical space between rows of charac­
ters. The MK 1007 P recirculates the character­
address data as these characters are scanned 
and displayed on a CRT screen. 

The decade counter selects the appropriate rows 
from the character generator which outputs two 

OPERATING NOTES 

1. Recirculate Enable (RE) = 
Logic 1 = output data recir­
culated. 

2. Output data (delayed 80 bits) 
maintains same logic state 
when RE = 1. 

3. Recirculate Enable (RE) = 
Logic 0 = Data In (D i,) en­
abled. 

4. Output data (delayed 80 bits) 
attains same logic state as Di, 

when RE = O. 

5. Output data follows the clock 
negative edge. 

rows of the addressed character at one time (see 
MK 2408 P data sheet), and also controls the multi­
plexed output of the character generator so that 
only one row of the addressed characters is dis­
played on any CRT horizontal sweep. 

One stage of the MK 1007 P may be used to shift 
a single data bit, which may be used to determine 
the end of the horizontal sweep. Another stage 
may be used as a cursor control and, as shown 
above, may blank the cursored character dots 
while surrounding dots are on, to give a reverse 
image of that particular character. 

TEST CIRCUIT 



MEMORY DATA BOOK 

Read-Only Memory 

9 
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MOSTEI( . . 
2240-BIT ROM CHARACTER GENERATORS 

FEATURES 

o lon-implantation processing for full TTL/DTL 
compatibility 

o 2240 bits of storage organized as 64 5x7 dot 
matrix characters with column-by-column output 

o MK 2302 P is pre-programmed with ASCII 
encoding 

o Internal counter provides clocked column 
selection 

DESCRIPTION 

The MK 2300 P Series MOS, TTL/DTL-compatible 
read-only memories (ROMs) are designed specifically 
for dot-matrix character generation. Each ROM 
provides 2240 bits of programmable storage, 
organized as 64 characters each having 5 columns of 
7 bits. A row output capability of 64 7x10 charac­
ters is possible, as illustrated on the back page. 

Low threshold-voltage processing, utilizing ion­
implantation, is used with P-channel, enhancement­
mode MOS technology to provide direct input! 
output interface with TTL and DTL logic families 
All inputs are protected to prevent damage from 
static charge ac.cumulation. 

The MK 2302 P is preprogrammed with ASCII­
encoded characters (font shown on back page). 
Other ROMs in the series are programmed during 
manufacture to customer specifications by modi­
fication of a single mask. 

Characters are selected by a six-bit binary word at 
the Character Address inputs. Each character consists 
of five columns, the columns selected by an internal 

FUNCTIONAL DIAGRAM 

COUNl[R 
Cl""~-~ 

v\~ v~ COUNT COUNTER BLANKING 
CONTROL RfSET INPUT '" 

OUT3 ~ 

OUJ4 g 
OUT5 ~ 
OUJ6 

MK2300/2302(P/N) 

o Counter output for updating external character 
address registers 

o Internal provision for one- or two-column inter­
character spacing 

o Output enable and blanking capability 

o Operates from +5V and -12V supplies 

counter which is clocked by the Counter Clock 
input. Column information appears sequentially 
beginning with the left-most column. Two additional 
intercharacter spacing columns are available, 
selectable for one or two spaces by the Count Control 
Input. During the spacin~, the Data Outputs are high 
(+5VI. or the "dot-off condition. After the last 
space, the modulo counter automatically increments 
to the leftmost column. 

Synchronizinlj other system components with the 
ROM is possible using the Counter Reset Input to 
reset the counter to the last intercharacter spacing 
column, or using the Counter Output which occurs 
only on the last spacing column. 

The Blanking Input allows all Data Outputs to be 
driven high (+5V) without affecting any other ROM 
functions. The Output Enable input allows the out­
puts to be open-circuited for.wire-ORing. 

Memory operation is static; refresh clocks are not 
required to maintain output information. The Clock 
input is used only to select columns and need 
not be pulsed continuously. 

PIN CONNECTIONS 

A1 1 
A2 2 
A3 3 
A4 4 
A5 5 
As S 

COUNTER CLOCK" 7 
COUNTER RESET 8 

NC 9 
COUNTER CONTROL 10 

COUNTER OUTPUT 11 

Voo 12 

NC = NO CONNECTION 

Vss 
VGG 
BLANKING INPUT 
OUTPUT ENABLE 
NC 
OUT1 
OUT2 
OUT3 
OUT4 
OUT5 
OUT6 
OUT7 

NOT FOR NEW DESIGN 11 



ABSOLUTE MAXIMUM RATINGS 

a: 
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~ 
0 
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~ 
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II. 

rn 
I-
:l 
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rn 
l-
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II. 
l-
:l 
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rn 
u 
;: 
rn 
ii: 
w 
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U 
i « z 
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Voltage on any terminal relative to VIS .. + 0.3V to - 20V 

Operattng temperature range. . .. O°C to + 75°C 

Storage temperature (Ambient) Ceramic ........................... _65 0 C to + 1500 C 
Storage temperature (Ambient) Plastic ............................ -55c C to + 125°C 

RECOMMENDED OPERATING CONDITIONS (O°C :s; TA :s; 75°C) 

PARAMETER MIN TYP MAX UNITS COMMENTS 

Vss I Supply voltage +475 +50 +5.25 V 

I Supply voltage Voo - 0.0 - V See note 1 

I VGG Supply voltage -12.6 -12.0 -11.4 V 

ViOIO) I Input voltage. logic "0" +06 V See note 2 
Violll i Input voltage, logic "1" V ss -1.5 i V Count control input should be 

Vin(CC): Count Control input voltage, '-7- 6 V returned to V GG for ~ 6 oper--12.0 -11.4 
i ~7 +4.75 +50 V ation, or VSI for ~ 7 operation 

felk I Counter Clock Input frequency 0 200 kHz 

\'kIOI Clock time at logic "0" 2 /J.s 
telkl11 Clock time at logiC "1" 

I 

2 IJ.S See timing 

Clock rise time 0.1 diagrams 1;-lelk) /J.s 

!tlelk) Clock fall time 0.1 /J.s 
1;-p 

I 
Reset pulse width 1.0 /J.s 

tcrd Clock-to-reset pulse delay 0.4 /J.s See note 4 

ELECTRICAL CHARACTERISTICS 
(VIS = + 5.0V 2' o 25V, VC'G = - 12.0V ,~ 0.6V, O°C <:T A :s; + 75°C. 
unless noted otherwise) 

PARAMETER MIN TYp· MAX UNITSI CONDITIONS 

Iss Supply current (V,,) 
I 

20 40 mA Outputs unconnected 

IGG Supply current (VG,"l 20 40 mA fa. =200 kHz 
I 

! 
V,e=V SS , f,,,.,,= 1MHz See 

C in input capacitance I 10 pF 

I 
note 

I in Input leakage current 10 /J.A V,e=VSS -6V, TA=25°C 2 

V outlO\ Output voltage, logical "0" 
I 

, 
0.2 0.4 V In" = 2.0 mA (into output) See 

I II,,", = 0.6 mA note V out(l Output voltage, logical "1" 2.4 V 
i (out of output) 3 
I 

I Vss - 6V < V o,", < Vss 
lout Data Output leakage current 

I 
-10 +10 , 

/J.A TA = 25°C (outPut~-disabled) 

tAO Address-to-output delay time 1 /J.s 
tco Clock-to-output delay time 1 /J.S Rise and fall 

Clock-to-counter output delay time 1 See timing tcco /J.s times included 
tso Blanking/unblanking delay time 1 /J.s in delay times diagrams 
t OEO Output enable/disable delay time 1 /J.S 
t CRO Counter reset delay time 1 /J.s Rl=4 kn to V's 
t CRCO Reset-to-counter output delay time 1 /J.s C,=15pFtoVnD 
tF Output fall time 0.3 /J.s TA=25°C 
tR Output rise time 0.3 /J.s 

·Typ'cal values apply at Vss ~ + 5 av, Vee ~ - 12 av, L ~ 25°C 

NOTES: 1 Supply voltages shown are for operation In a TILjDTL system Other supply VOltages may be used if VDO and V5G maintain 

the same relationship to VS!;. e,g .. Vss = av, Vee = - 5V, Vr.,r., - 17V, Input voltages would also need to be adjusted 
accordingly 

12 

These parameter s apply to t,he character address, counter clock, counter reset, blanking. and output ennble inputs 
These parameters apply to both the data outputs and counter output 
The counter clock must not make a negative transition Within the penod tcrd. before or after a positive counter reset 
tranSition. The counter reset negative edge may occur any t1me 



TIMING (waveforms not to scale) 

Timing diagram (lY shows the time 
relationships between character 
address. data output, counter clock, 
and counter output during typical oper­
ation of 8n MK 2300· P Series char­
acter generator. An output sequence 
from the MK 2302 P is shown to help 
clarify operation. This sequence can 
be seen from the top rows (OUT,) of 
the characters "I" and "N" 

~ .. -------'''I''----......,._"-... ,· .. __ '·N·· __ 

r----"I"-. ,-------"N" -----, 

1 0 1 1 1 , , , 

De .. 
Output 

Logical value of output 

In_nlll counter .. ete 
I = column sellICtadl 

OUT 7 

Counter Ciock 
Input 

All timing relationships shown in dia- Counter 
gram (1) apply to any other output or Output 
combination of characters as well. 

Relevant -input conditions assumed 
but not shown in timing diagram (1) 
are· as follows: 

Count Control, + 5V 
Counter Reset, +5V 
Blanking Input. +5V 
Output Enable, +5V 

',. 

Had the Count Control input been at 
-12V, the counter sequence would 
have been six positions instead of 
seven and the Counter Output would 
have been high during the sixth posi· 
tion. 

... ".... ."".e .. 

12) ~:=" .. ~'.. r,.,. 
0a18 -0 .. 

Output 0 10" 

New character addresses are shown 
coinciding with the rising edge of 
the Counter Output waveform in dia· 
gram (1). This condition was selected 
to demo'nstrate use of the Counter 
Output to advance an external input 
register to a new character address. 
Character addresses can be changed 
at any other time as well. Timing 
diagram (2) depicts output response 
to a character address change when, 
for example. the counter is stationary 
in one of the five character column 
positions. . 

Timing diagrams (3) through (6) 
show timing relationships for the 
Counter Reset. Blanking Input, and 
Output Enable. The "open" condition 
in (6) implies that both the pull-up 
and pull·down devices in each data 
output push·pull buffer are turned off 

OPERATING NOTES 

13) 

The following table summarizes the MK 
2300 P Series input conirol states and 
corresponding drive levels, 

Count Control 
-+-6 
-+-7 

Counter Reset 
operate 
reset 

Blanking Input 
unblank 
blank· 

Output Enahle 
enable 
disable·· 

°AII data outputs high <+5V) 
oOAIi data outputs open·circuited 

-12V 
+5V 

+5V 
OV 

+5V 
OV 

+5V 
OV 

Counter 
Reset 

Data 
Output 

'CAC'O 

Counter 
Output 

111 

14) 

151 

16) 

Counter 
Reset 

Count..­
Clock 

'. 

Blanking 
Input 

Data 
Output 

Output 
Enable 

Data 
Output 

i 

':~1'···F IT 
%5~_ 

13 
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APPLICATION: 
7x10 CHARACTER GENERATOR 

ROM CODING 

7xl0 Non-Interlace Conliguration; (As illustrated) For row-out 
(7-bit) horizontal raster-scan application, code ROM #1 for 
Rows 1 through 5; and ROM #2 for Rows 6 through 10. 

7xl0 Interlace (525-line); Code ROM #1 for Rows 1, 3, 5, 7, 9; 
Code ROM #2 for Rows 2, 4, 6, 8, 10. The Enable Flip-flop 
should be changed to clock only at vertical retrace time, 
thus allowing ROM #1 to be enabled for the 1st page sweep 
(262 V2 lines) and then allowing ROM #2 to be enabled for 
the interlaced 2nd page sweep of 262 V2 lines. 

ADDRESS INPUT 

SN 7473 

ENABLE ENABLE 
(HORIZONTAL RETRACE) 

I 
6 BITS END·DrLINE 

CLOCK 
ROM #1 (MK 2,3_00_P-,-) Af,-I-!-:.A6:-::!CL""K"" 

OUTPUT 
ENABLE RST RESET 

'--__ +_5V-++-___ ---1CTR OUT 
07.-----.01 

ENABLE 

ENO·OF·lINE 
CLOCK 

ROM #2 RESET 

(MK 2300 P) I....T-T--r-r...r"'i'-J 

SN74165 
SN74166 CLOCK 

PARALLEL LOAO 8·BIT 
SHIFT REGISTER 

Combining two 5x7 
column-output 
ROMs provides a 
7xl0 row outpu\. 

STROBE 

TO VERTICAL AMPLIFIER 

;--- 7 BIT COL ~ 

f I 
;3 ? ; 

~ j 
'--- 7 an Row ~ 

MK 2302 P 

Logic 1 = input @ +5V 
Logic 0 = input @ OV 

Output dot "on" = OV 
Output dot "off" = +5V 

o 000 

000 

000 

o 0 

o 0 0 

o 0 

o 0 

o 

o 0 0 

o 0 

o 0 

o 

o 0 

o 

o 

OUTPUT 
SEQUENce ... 1 2 3 4 5 

IIII 
1111 
IIII 
IIII 
IIII 
11111 
IIII 
IIII 
IIII 
IIII 
IIII 
IIII 
IIII 
IIII 
IIII 
IIII 



MOSTEK ROM PUNCHED-CARD CODING FORMAT' 

MK 2300 P 
Cols. Information Field 

First Card 

1-30 
31-50 
60-72 

Customer 
Customer Part Number 
Mostek Part Number' 

Second Card 

1-30 
31-50 

Engineer at Customer Site 
Direct Phone Number for Engineer 

Third Card 

1-5 Mostek Part Number' 
10-15 Organization 2 

Fourth Card 

1-6 Data Format3 - "MOSTEK" 
15-28 Logic4- "Positive Logic" or 

35-57 Verification Code' 

Data Cards 4 

1-6 
8-12 
14-18 
20-24 
26-30 
32-36 
38-42 
44-48 

Binary Address 
First row of character 
Second row of character 
Third row of character 
Fourth row of character 
Fifth row of character 
Sixth row of character 
Seventh row of character 

Notes: 1. Assigned by Mostek Marketing Department; may be left blank. 

2. Punched as 64xSx7. 

3. "MOSTEK" format only is accepted on this part. 

4. A dot "ON" should be coded as a "1". 

5. Punched as: (a) VERIFICATION HOLD - i.e. the customer verification of the data as reproduced b, MOSTEK 
is required prior to production of the ROM. To accomplish this MOSTEK supplies a copy of 
its Customer Verification Data Sheet (CVDS) to the customer. 

(b) VERIFICATION PROCESS - i.e. the customer will receive a CVDS but production will begin 
prior to receipt of customer verification. 

(c) VERIFICATION NOT NEEDED - i.e. the customer will not receive a CVDS and production will 
begin immediately. 

15 
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FEATURES 

o lon-implanted for full TTL/DTl compatibility 

o Chip enable permits wire-ORing 

o Custom-programmed memory requires single 
mask modification 

o 550 ns cycle time (00 ~ T A ~ 75°C) 

DESCRIPTION 

The MK 2400 P Series TTL/DTl-compatible MOS 
Read-Only Memories (ROM's) are designed for a 
wide range of general-purpose memory applications 
where large quantity bit storage is required_ Each 
ROM provides 2560 bits of programmable storage, 
organized as 256 words of 10 bits each_ low 
threshold-voltage processing, utilizing ion implanta­
tion with P-channel enhancement-mode MOS technol­
ogy, provides direct input/output interface with TTL 
and DTl logic_ 

Programming is accomplished during manufacture by 
modification of a single mask, according to customer 
specifications. The M K 2400 P Series is available in 
either 24-lead or 28-lead ceramic dual-in-line pack­
ages. On the 28-pin ROM, an optional Chip Select 
Decoder may also be programmed according to 
customer specifications to provide a 3-bit Chip 
Select Code. 

FUNCTIONAL DIAGRAM 

CHIP SELECT }8'" 
INPUTS ~'''~9' 

V'>S V;\l' v(.~ READ READ CHIP 

{RII (RM) ENABLE 

B, 

B. 
B, 
B. 
B, 

B' 

2560-BIT STATIC ROM 

MK2400(P) 

o Static output storage latches 

o Optional 3-bit, chip-select decoder available 

o 2560 bits of storage, organized as 256 10-bit 
words 

o Operates from +5V and -12V suppl ies 

Operation involves transferring addressed information 
frOm the memory matrix into the storage latches 
using the READ and READ inputs (see Timing). 
Information stored in the latches will remain despite 
address changes or chip disabling until the READ and 
READ inputs are again cycled. READ and READ 
input signals may be generated from separate timing 
circuits if desired, or either may be the inverse of 
the other. 

The Chip Enable input forces the normally push­
pull output buffer stages to an open-circuit condition 
when disabling the chip. If desired, new data can be 
stored in the storage latches while the chip is dis­
abled. When the chip is reenabled, this data would be 
present at the outputs. 

All inputs are protected against static charge accumu-
1ation. Pull-up resistors on all inputs are available 
as a programmable option. 

OPERATING NOTES 

CHIP --
ENABLE READ READ OUTPUT 

0 X X A 
1 0 1 B 
1 1 0 C 

"1" = V" (j 5V): "0" = Voo (OV) 

X No effect on output 
A Output open-circuited 
B Output retains data last stored in 

latches 
C Output assumes state of ad­

dressed cells 

NOT FOR NEW DESIGN 17 
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ABSOLUTE MAXIMUM RATINGS 
Voltage on any terminal relative to VIS. 
Operating temperature range. 
Storage temperature range .......... . 

. .... +0.3V to -10V 
O°C to + 75°C 

_65°C to + 150°C 

RECOMMENDED OPERATING CONDITIONS (O'C'::: T. ::; 75'C) 

PARAMETER MIN TYP MAX UNITS COMMENTS 

a: VIS Supply voltage +4.75 .. +5.0 +5.25 V 
~ V,., 0 Supply voltage - 0.0 - V See note 1 .. 

VGr, Supply vciltage -12.6 -12.0 -11.4 V 

.. V'IO ) Input voltage, logic "0" .. 0 +0.8 V Pull·up resistors (:::::5K~) to ,. 
V· I ) Input voltage, logic "1" V ss -1.5 V" V V" available as programmable .. 

! option. 

L,. Address change cycle time 550 I ns 

t, Address to Read lead time 250 ns 

" t, Read lag time 1 -.05 .05 ,"S See z 
i t ,. Read lag time 2 -.05 .05 p,S ;:: .. 

Read pulse width 300 
Timing ,. t;;;- ns .. 

! 
Read pulse width 

Section 
t." 0.3 100 I'S 

Ie Rise time, any input 100 ns 

t· Fall time, any input 100 ns 

ELECTRICAL CHARACTERISTICS (Vss= +5.0V ,,-0.25V, VGG= -12.0V "0.6V, OCC S;T. S; + 75°C. 
unless rioted otherwise. Pull·up resistors not programmed.) 

PARAMETER MIN TYp· MAX UNITS CONDITIONS 
a: 

I" Supply current (VIS) 12 mA Outputs unconnected .. 25 
~ 
0 Iss Supply current (VGs) -12 -25 mA See Note 2 and Note 3 "-.. C . Input capacitance 5 10 pF V. =V", f,,,,= 1MHz .. ,. .. 
! I. Input leakage current 10 I,A V. =V" -6V T,=25°C 

VO" IO) Output voltage, logical "0" 0.4 V I~. = 1.6 mA (into output) See .. 
V· .. •I ) Output voltage, logical "1" V 1 .. =0.4 mA 

note .. 2.4 3 ,. .. out of output) and .. ,. 
Figure 0 VIS -6V S; V o .• S; V" #1 

I., .. . Output leakage current -10 +10 ".A T.=25°C (outputs disabled) .. t .... ce Address-to-output access time 600 ns t,.,= 250ns 
~ 

u!!! taD Output delay time 350 ns t, =0 
See timing -a: I." = 0 :I .. 

toEO Output enable/disable time 125 300 Section co- ns 
See note 4 zu 

.. c and Figure # 1 
o~ tCI Chip Select to Output Delay 600 ns 

% tCD Chip Deselect to Output Dfllay 600 ns u . Typ,cal values apply at V" - + 5 OV. V •. ·. ~ -, 2.0V. T. ~ 25 C 
NOTES: 1. Supply voltages shown are for operatIon m a TIL/DTL system Other supply voltages may be used If V and V"" maIntain 

the same relationshIp to V e g. V·· = OV. V·· = - 5V, V,. :: -17V Input voltages would also need to be adjusted 
accordingly. 

2. Max measurements at O°C. (MOS supply currents Increase as temperature decreases) 1 ~ w!1I Increase 1 6mA (max) for 
each Input at logiC 0 when pull·up resistors are programmed 

3. Unit operated at minimum specified cycle time 
4. The outputs become open Circuited when disabled or deselected. As shown in Fig. I, an output with a "1" 

expected out does not transition through the I.SV point when enabled (selected) or disabled (deselected); this 
is 'rue because the TTL equivalent load pulls the open-circuited output to approximately 2 volts. 



nMING 
Notes: 

1. All times are referenced to the 1.5V pOint 
relative to V.. (ground) except rise and fall 
time measurements 

2. Chip enable = V" for all measurements except 
when measuring T 010 

3. LogiC 0 is defined as V .. or qround. 109'C 1 as 
V .. or +5V 

INTERNAL FUNCTION OF 
READ/ READ SIGNALS 

10'C".' ",, 
",.",or,oclel,e"eno,lI.cI 

~~~ 
/ :.",or, trial"''' \ 

_____ --', to totch.. ~ 

Set up time. tu. allows the input address to 
propagate through the address decoder and 
memory matrix prior to READ logic 0 time. As 
indicated above. READ at a logic 0 internally 
disables the input address so that an external 
address change may occur without affecting the 
location previously selected. The latches are also 
readied to receive new data which Is enabled 
from the matrix when ~ Is at a logic 1. Data 
is set In the latches when READ is allowed to 
rise back to its logic 1 state. hi actual use. the 
READ rising and falling edges can precede' the 
failing and rising edges of READ, respectively, 
as implied by the specification of negative read 
lag times. This allows a very flexible timing 
relation between the two pulses, in that either 
input can be the inversion of the other or both 
may be generated from separate timing circuits. 

Output data appears following the rise of the 
READ pulse but correct output data will not 
appear until READ has gone low. For this rea­
son, READ is shown preceding READ even 
though other relationships are allowed. If READ 
is made to precede READ, delirE1~e, too, should 
be referenced to the fall of rather than 
as shown: 
The chip is disabled by applying a logical 0 to 
the chip enable input, forcing the outputs to an 
open-circuit condition. The output data present 
at the time of disable will again be present upon 
re-enabling unless a new read cycle was initiated 
for a different address while the chip was dis­
abled, in which case the 'new data would be 
present at the outputs. 
The programmable 3-bit chip select timing would 
be the same as the address inputs. 

FIGURE #1 t.\O,,· and t"" test circuit 
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APPLICATIONS 

ROM'S 

OATA OUTPUT 

512 X 10 

READo-~~----+-----~--~ 
CLOCK 

B.~~ 
'------' 

Application shows wire-Oring for expansion to a 512 X 10 memory. Further expansion IS possible by 1 of N decoding to 
the Chip Enable mput (or with the optional 3-blt decoder) while mamtamlng the time relationships shown. 1, .• should include 
the desired data-valid time. Interface deVices may be TIL or DTl. 

PIN CONNECTIONS PIN CONNECTIONS 

top View, 28pln CDIP 

top view, 24pin CDIP V,S I 28 B. 
27 8. 
26 8 , 
25 B. 
24 B. 

Vss I 
VGG 2 
AI 3 
Ao 4 
A2 5 
A7 6 
A6 7 
A, 8 
A., 9 

RM/READIO 
A3 II 

RI/~12 

24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 

VGG 2 
(NC)A, 3 
(NC)Ao 4 
(A, )A2 5 
(Ao)A7 6 
(A2 )A 6 7 

(A7)A5 8 
(A6 )A4 9 

(A5)RM/REAO 10 
(A 4 )A, II 

(NC)R IlI'iEACl 12 
(READ) As 13 

(A,)A9 14 

23 NC 
22 G. 
21 B. 
20 B2 
l':l B, 
18 Bo 
17 VDO 

16 CE 
15 A,o(READ) 

N C :: no connection 

( )OPTIONAL PIN ARRANGEMENT 

MOSTEK ROM PUNCHED-CARD CODING FORMAT' 

MK 2400 P 
eolt. information. Fletd 
First Card 

1-30 Customer 
31·50 Customer Part Number 
60·12 Mostek Part Numberl 

...... Cant 

1-30 Engineer at Customer Site 
31-50 Dire<::t Phone Number for Engineer 

Third card 

1-5 Mostek Part Numberl 
10-16 Organizationl 

29 A,8' 
30 A9' 
31 AlD' 
32 Pull-up ResistorS 

Fourth card 

0-6 Data Format· - "MOSTEK" 
15-28 logic - "Positive Logic" or 

"Negative logic" 
35-57 Verification Code' 
60-74 Package Choice' 

Dala Card, 

1·3 Decimal Address 

5 Output 89 
6 Output B8 
7 Output 87 

Output~ 

Output 85 
10 Output B4 
11 Output B3 
12 Output 82 
13 Output 81 
14 Output eo 
16 Octal Equivalent of: B9' 
17 Octal equivalent of: 88, 87, B6' 
18 Octal Equivalent of: 85, 84, 83' 
19 Octal Equivalent of: 82, 81, SO' 

Noles: 1. Positive or negative logic formats ere accepted as noted in the fourth carel. 

2. Assigned by Mostek Marketing Department: may be lelt blank. 

3. Punchedas0256x10 

4. A "0" indicales the chip IS enabled by a logic 0, a ''1'' Indicates It Is enabled by a logiC 1. and a "2" indicates 
a "Don't Care" condition. 

5. A 'T' Indicates pull-ups: a "0" indicates no pull-ups. 

e. "MOSTEK" lormat only is accepted on this parl. . 
7. Punched as; (I) VERIFICATION HOLD - i.e. customer verlflcallon of the data as reproduced by MOSTEK is 

required prior to production Of the ROM. To accomplish this MOSTEK supplies a copy of Its 
Customer Verification Data Shaet (eveS} to the customer. 

Ib} VERIFICATION PROCESS - Le. the customer .... iII receive a CVDS bul production will begin 
pfior to receipt 01 customarY&liflcatlon. 

(c) VERIFICATION NOT NEEDED - i .•. the cuslomer will not receive a CVDS end production 
wl1l begin immediataly. 

8. "24 PIN", "28 PIN STANDARD", or "28 PIN OPTIONAL" (left justilled to column eo). 

9. The octal parity check's created by breaking up the output word into groupa of three from right to lall and 
creating a base 8 (octal) number in place 01 thase groups. For example the output word 1010011110 ",O\Iid ba 
separated Into groups 1/010fOl1/110and the resulting octal equivalent nUrnDar is 1236. 



MK 2400 P 
Cols. Information Field "Negative Logic" 

Verification Code' 
Package Choice' 

First Card 35-57 
60-74 1-30 

31-50 
60-72 

Customer 
Customer Part Number 
Mostek Part Number' Data Cards 

1-3 Decimal Address 
Second Card 5 Output 89 
1-30 
31-50 

Engineer at Customer Site 
Direct Phone Number for Engineer 

6 Output 88 
7 Output 87 
8 Output 86 

Third Card 9 Output 85 

1-5 
10-16 
29 
30 
31 
32 

Mostek Part Number' 
Organization' 
A8' 
A9' 
A10' 
Pull-up ResistorS 

10 Output 84 
11 Output 83 
12 Output 82 
13 Output 81 
14 Output 80 
16 Octal Equivalent of: 899 

17 Octal Equivalent of: 88, 87, 86' 
Fourth Card 18 Octal Equivalent of: 85, 84, 839 

0-6 Data Format' - "MOSTEK" 19 Octal Equivalent of: 82, 81, 809 

15-28 Logic - "Positive Logic" or 

Notes: 1. Positive or negative logic formats are accepted as noted in the fourth card. 

2. Assigned by Mostek Marketing Department; may be left blank. 

3. Punched as 02S6x10. 

4. A "0" indicates the chip is enabled by a logic 0, a "1" indicates it is enabled by a logic 1, and a "2" indicates 
a "Don't Care" condition. 

5. A "1" Indicates pull·ups; a "0" indicates no pull-ups. 

6. "MOSTEK" format only is accepted on this part. 

7. Punched as: (a) VERIFICATION HOLD - i.e. customer verification of the data as reproduced by MOSTEK is 
required prior to production of the ROM. To accomplish this MOSTEK supplies a copy of its 
Customer Verification Data Sheet (CVDS) to the customer. 

(b) VERIFICATION PROCESS - i.e. the customer will receive a CVDS but production will begin 
prior to receipt of customer verification. 

(c) VERIFICATION NOT NEEDED - i.e. the customer will not receive a CVDS and production 
will begin immediately. 

8. "24 PIN", "28 PIN STANDARD", or "28 PIN OPTIONAL" (left justified to column 60). 

9. The octal parity check is created by breaking up the output word into groups of three from right to left and 
creating a base 8 (octal) number in place of these groups. For example the output word 1010011110 would be 
separated Into groups 1/010/011/110 and the resulting octal equivalent number is 1236. 
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MOSTEI{. 
256x10-BIT ROM CHARACTER GENERATOR 

DESCRIPTION 

The MK 2408 P is a pre-programmed member of the MK 2400 P 
Series. It is programmed as a dot-matrix character generator (64 
characters) with ASCII encoded inputs and row (5-bit) outputs. 
The MK 2408 P outputs two rows at the same time. Row 1 is 
available at outputs 89 (left), 88, 87, 86, and 85 (right) while row 
2is available at outputs B4(left), B3, B2, B1, and 80 (right). Row 3 
is available at B9 through B5 while row 4 is available at B4 through 
BO. Row 5 and row 6 are available at B9 through B5 and B4 
through BO. Row 5 and row 6 are available at B9 through B5 and 
B4 through BO. Row selection is determined by the address 
combination of bits AO and A 1. 

FUNCTIONAL DIAGRAM 

Bo 
AD B, U) .... 
At Bz ::> 

Az a, e> .... 
A, a. ::> 

0 
A. a. .. 
A. a. .... .. 
A. B, 0 

A, B. 
B. 

Vss Veo V,, READ READ CHIP 
(Rt) (RM) ENAaLE 

FIGURE 1 

B9 B8 B7 
A1 AO B4 B3 B2 
0 0 1 0 0 

1 1 0 
0 1 1 0 1 

1 0 1 
1 0 1 0 0 

1 0 0 
1 1 1 0 0 

0 0 0 

B6 
B1 

0 
1 
0 
0 
0 
0 
0 
0 

MK2408(P) 

The MK 2408 P meets and operates by the specifications outlined 
in the MK 2400 P Series data sheet (DS-24001270-2) 

The example in Figure 1 demonstrates the correspondence of the 
device outputs and row select sequence to the 7 x 5 dot-matrix 
font. The complete character font patterns (truth table) are illus­
trated on the back. A logic 1 or a DOT represents an input or 
output voltage equal to Vss (+ 5V) and a logic 0 or a blank 
represents a vOltage equal to Voo (OV). The eighth row outputs 
(B4 through BO when inputs A 1 and AO equal logic 1) are not 
illustrated since in each case they are equal to all O's. 

PIN CONNECTIONS 

vss 28 89 

VGG 27 88 

NC 26 87 

NC 25 86 

Al 24 85 

AO 23 NC 

A2 22 84 

A7 21 83 

A6 20 82 

AS 10 19 81 

A4 11 18 80 

NC 12 17 VOD 

READ 13 16 C.E. 

A3 14 15 Read 

NC= NO CONNECTION 

B!i 
BO 
1 B9-85 
1 84-BO A7 0 

1 B9-B5 A6 0 

1 B4-BO AS 1 

1 B9-B5 A4 1 
1 B4-BO A3 0 
1 B9-B5 A2 1 
0 84-BO 

NOT FOR NEW DESIGN 23 



CODING & CHARACTER FONTS 

" 0 0 0 0 

I' 0 
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" • I 0 , 0 
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APPLICATION 
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Valid 2 presets address #1 
data in shift registers_ Valid 3 
presets address #2. etc. 



FEATURES 

o High-speed, static operation-400nsec. typical 
access time 

o Active input pull-ups provide worst-case TTL 
compatibil ity 

o Push-pull outputs provide three output states: 
one, zero, and open 

DESCRIPTION 

The MK2500(P) and MK2600(P) series of TTL! 
DTL compatible MOS read-only memories (ROMs) 
are designed to store 4096 bits of information by 
programming one mask pattern. The word and bit 
organization of these ROM series is either 512W x 
88 or 1024W x 4B. 

The MK2500/2600(P) series has push-pull outputs 
that can be in one of three states: logic one, logic 
zero, or open or unselected state. This, plus the 
programmable Chip Selects, enables the use of sev-

PIN CONNECTIONS 

MK 2500 P 
MODE CONTROL 
CHIP SHECT I 
CHIP SElECT 2 

CHIP SELECT 3 AIO 
AI 

A4 
AI 
A6 10 
A7 ]] ~ 

V" 12 

FUNCTIONAL DIAGRAMS 

MK ~500 P 

CS2 3 ---'-... ----, 
CSI 2 

CS3/AI0 4 ---,--C"l.-_--' 

Al 5----'--r---, 
A1 
A3 
A4 
A5 9 
A6 10 

J 24 VLL 
J23 vcc 

22 B8 
B7 
B6 

17 B3 
16 B2 
IS Bl 
14 A9 

'13 AS 

4096 BIT 
MEMORY 
MATRIX 

11 Vss 
14 tiC 
23 Vee 

MOSTEI(. 
4096-81T STATIC ROM 

MK2500/2600(P) 

o lon-implantation for constant current loads and 
lower power 

o Standard power supplies: +5V, -12V 
o MK2500P is pin-for-pin replacement for National 

5232 
o MK2600P is pin-for-pin replacement for Fairchild 

3514 

eral ROMs in parallel with no external components. 
Since the ROM is a static device, no clocks are re­
quired, making the MK2500/2600(P) series of 
ROMs very versatile and easy to use. 

Low threshold-voltage processing, utilizing ion-im­
plantation, is used with P·channel, enhancement­
mode MOS technology to provide direct input/ 
output interfacing with TTL and DTL logic famil­
ies. All inputs are protected to prevent damage 
from static charge accumulation. 

MK 2600 P 

MK 2600 " 

CSI 
CS2 
CS3 

Al 
A2 
A3 
A4 
A5 
A6 

Vc" 
CHIPSElf.cT2 2 
CHIPS[LECT3 3 

BI 4 
81 I 
83 6_ 
B4 7 

85 8 ~ 
B6 9 
B7 10 ~ 

B8 II 
V,," 12 

0 

~ 

B 

23--
2 
3 

21 
20 
19 
18 
17 
16 

L __ 

"24 VI' 
, 23 CHIP SElfeT 1 
- 22 CHIPSH£CT 0 AlO 

21 Al 
20 Al 

: 19 A3 
18 A4 

'17 AS 
. 16 A6 

IS A7 

"14 AS 
• 13 A9 

........ N,...,~........,<..D...-.CO 
CCCOCOCClc:cCOt:XlCO 

~""<.Dr--OOO"lS= 

4096 BIT 
MEMORY 
MATRIX 

BIT SELECT DECODER 

~ :": -
'" ~ :?i 

24 Vss 
12 VDn 
I VGC 
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V" 
VDD 

VGG 

Vil 

V'H 

V'H 

Iss 

IG5 

IlIll 

IL 

I'H 

VOL 

VOH 

lOll, 

C'N 

Co 

tACCESS 

tcs 

tCD 

ABSOLUTE MAXIMUM RATINGS 
Voltage on Any Terminal Relative to Vss (except VGG) 

Voltage on VGG Terminal Relative to Vss 
Operating Temperature Range (Ambient) 
Storage Temperature Range (Ambient) 

RECOMMENDED OPERATING CONDITIONS 
(O'Cs f A s70'C) 

PARAMETER MIN 

Supply Voltage +4.75 

Supply Voltage --

TYP 

+5.0 

0.0 

Supply Voltage -11.4 -12.0 

Input Voltage, Logic "0" 

Input Voltage, Logic "1" V,,-1.5 

Input Voltage, Logic "1" 2.4 

ELECTRICAL CHARACTERISTICS 

+0.3V to -10V 
+0.3V to -20V 
O°C to +70°C 
_65°C to +150°C 

MAX UNITS 

+5.25 V 

-- V 

-12.6 V 

+0.8 V 

V 

V 

NOTES 

Note 1 

Note 2 

Note 3 

(Vss = +5.0V == 5%; VDD = D V; VGG = -12V ± 5%; DOC s fA S 7DoC "nless nDted otherwise) 

PARAMETER MIN TYP MAX UNITS NOTES 

Supply Current, V" 19.0 28.0 mA Note 4 

Supply Current, VGG 19.0 28.0 mA Note 4 

Input Leakage Current, Any Input 10.0 I'A V, = V,,-6.0V. Note 2 

Input Current, Logic 0, Any Input -100.0 I'A V,=.4V. Note 3 
Input Current, Logic 1, Any Input -600.0 I'A V, =2.4V. Note 3 

Output Voltage, Logic "0" 0.4 V 10l =1.6mA 

Output Voltage, Logic "1" 2.4 V 10H= -401'A 

Output Leakage Current +10 I'A Outputs disabled 

(Vo=Vss-6V) 

Input Capacitance 10 pF Note 5 

Output Capacitance 10 pF Note 5 

Address to Output Access Time 100 400 700 nsec Refer to 

Chip Select to Output Delay 100 250 500 nsec Test 

Chip Deselect to Output Delay 100 250 800 nsec Note 6 Circuit 

Notes: 1. This is V~'- on MK 2500 P. 

26 

2. This parameter is for inputs without active pull-ups (programmable). 

3. This parameter is for inputs with active pull-ups (programmable) for TTL interfaces. As the TTL driver goes to a logic 1 it 
must only provide 2.4V (this voltage must not be clamped) and the circuit pulls the input to Vss. Refer to the Input pull~up 
figure for a graphical description of the active pult-up'g operation. 

4. Inputs at V~~, outputs unloaded. 

5. V,,, - Vee = OV; f = 1 MH,. 

6. tr_" is primarily dependent on the RC time constant of the load (Le. the outputs become open circuited upon being disabled). 
As noted in the Timing Diagram, disabling or enabling an output with a "1" expected out does not yield a transition through 
the 1.5V point; this is true because the TTL equivalent load pulls the open·circuited output to approximately 2 volts. 



PROGRAMMING OPTIONS 

MK 2500 P 

OPTIONS 

Function 512 X 8 1024 X 4 

Mode Control 1 0 

Chip Select 1 1 or 0 1 or 0 

Chip Select 2 1 or 0 1 or 0 

Chip Select 3/A10 1 or 0 address A10 

1 = Most Positive = High Level Voltage 

Pin 1 in the MK 2500 P is used as a Mode Control, 
setting the circuit in the 1024x4 or 512x8 mode. 
In the 1024x4 mode a tenth address bit is re­
quired, which is provided at Pin 4. If the circuit 
is in the 512x8 mode, then Pin 4 may be used for 
a third chip select. 

Additional Options: The MK 2500 P can have the 
address and control inputs set by the user so 
that: 

512x8: Mode Control- High 
A10-Low 

1024x4: Mode Control - Low 
A10 aid as an address 
See Note 9, following page 

MK 2600 P 

OPTIONS 

Function 512 X 8 1024 X 4 

Chip Select 0/A10 1 or 0 A10 

Chip Select 1 1 or 0 1 or 0 

Chip Select 2 1 or 0 1 or 0 

Chip Select 3 1 or 0 1 or 0 

1 ~c Most Positive = High Level Voltage 

The MK 2600 P is programmed either as a 512x8 
array or a 1024x4 array. In the 1024x4 arrays, Pin 
22 provides the tenth address bit. When A10 is 
low the fou r bits are present at the even outputs 
(82, 84, 86, and 88); when A10 is high, the bits 
are at the odd outputs (81, 83, 85, and 87). 

In 512x8 arrays, Pin 22 may be used to provide a 
fourth chip select. Thus, with four programm'lble 
chip selects, sixteen MK 2600 P ROMS in the 
512x8 configuration can be arranged in an 8192x8 
array requiring no external decoding. 

TIMING INPUT g---------_ ........ -
ADDRESS 15\1 

0\1 ____ _ J 

"'~,oc: _____ . 'J; ,; ---------------
CHIP SELECT all - ______ -

T\(, 's.s TEST CIRCUIT 

OUTPUT 0-----2 ~ 

T """ 
.. 

" c , , , 
" , 

IP.AI 

SOLlD CURVE ISrYPICAL 
FOR ACTIVE PUll·UP 
AT 25°C 

DOTTED CURVE IS 
FOR ~K PULL-UP 
RESISTORTQV 

27 
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MOSTEK ROM PUNCHED-CARD CODING FORMAT' 

MK 2500 P 
First Card 
Cois. Information Field 
1-30 Customer 
31-50 Customer Part Number 
60-72 Mostek Part Number' 

Second Card 
1-30 Engineer at Customer Site 
31-50 Direct Phone Number for Engineer 

Third Card 
1-5 Mostek Part Number' 
10-16 Organization] 
29 CS3'o 
30 CS24 

31 CS1 4 

32 Active Pull-ups5 

Fourth Card 
1-9 Data Format' 
15-28 Logic - "Positive Logic" or 

"Negative Logic" 
35-57 Verification Code' 
60-67 "Al0 EVEN" or"Al0 ODD" 

(left justified)' 

Data Cards/S12x08 Organization 
1-4 Decimal Address 
6-13 Output B8- Bl (MSB thru LSB) 
15-17 Octal Equivalent of output data' 

Data Cards/l024x04 Organization 
1-4 Decimal Address (0-1022), 

6-9 
11-12 
50-53 

even addresses 
Output (MSB-LSB) 
Octal Equivalent of output data' 
Decimal Address (1-1023), 

odd addresses 
55-58 Output (MSB-LSB) 
60-61 Octal Equivalent of output data' 

MK 2600 P 
First Card 
Cois. 
1-30 
31-50 
60-72 

Information Field 
Customer 
Customer Part Number 
Mostek Part Number' 

Second Card 
1-30 Engineer at Customer Site 
31-50 Direct Phone Number for Engineer 

Third Card 
1-5 Mostek Part Number' 
10-16 Organization] 
29 CS34 

30 CS24 

31 CS1 4 

32 CSO'O 
33 Active Pull-ups5 

Fourth Card 
1-9 Data Format' 
15-28 Logic - "Positive Logic" or 

"Negative Logic" 
35-57 Verification Code' 

Data Cards/S12x08 Organization 
1-4 Decimal Address 
6-13 Output B8- Bl (MSB thru LSB) 
15-17 Octal Equivalent of output data' 

Data Cards/l024x04 Organization 
1-4 Decimal Address (0-1022), even addresses 
6-9 Output (MSB-LSB) 
11-12 Octal Equivalent of output data' 
50-53 Decimal Address (1-1023), odd addresses 
55-58 Output (MSB-LSB) 
60-61 Octal Equivalent of output data' 

Notes: 1. Positive or negative logic formats are accepted as noted in the fourtn card. 

2. Assigned by Mostek Marketillg Department; may be left blank. 

3. Punched as "0512x08" or "1024x04". 

4. A "0" indicates the chip is enabled by a logic 0, a "1" indicates it is enabled by a logic 1, and a "2" indicates 
a "Don't Care" condition. 

5. A "1" indicates active pull-ups; a "0" indicates no pull-ups. 

6. MOSTEK, Fairchild, or National Punched-Card Coding Format may be used. Specify which punched card format 
used by punching either "MOSTEK", "Fairchild", or "National". Start name at column one. 

7. Punched as: (a) VERIFICATION HOLD - i.e. customer verification of the data as reproduced by MOSTEK is 
required prior to production of the ROM. To accomplish this MOSTEK supplies a copy of its 
Customer Verification Data Sheet (CVDS) to the customer. 

(b) VERIFICATION PROCESS - i.e. the customer will receive a CVDS but production will begin 
prior to receipt of customer verification. 

(c) VERIFICATION NOT NEEDED - i.e. the customer will not receive a CVDS and production will 
begin immediately. 

8. The octal parity check is created by breaking up the output word into groups of three from right to left and 
creating a base 8 (octal) number in place of these groups. For example the output word 10011110 would be 
separated into groups 10/011/110 and the resulting octal equivalent number is 236. 

9. "AIO EVEN" and "Al0 ODD" applies to the 1024 x 4 mode. "Al0 EVEN" means the even outputs are enabled 
when Al0 is high. "Al0 ODD" means the odd outputs are enabled when Al0 is high. 

10. Punched as "2" for 1024 x 4 organization. 



MK 2503 P MK 2601 P 

Function 512 XB Function 512 X B ASCII-TO-EBCDIC CODE CONVERTER 
EBCDIC-TO-ASCII CODE CONVERTER Mode Control 1 Chip Select a/Al a a 

Al = LSB 
A9= MSB 

Bl = LSB 
B.= MSB 

Chip Select 1 

Chip Select 2 

a Chip Select 1 a 
a Chip Select 2 a 
a a 

ASCII (ADDRESS) TO EBCDIC (DATA) 
Chip Select 3/A1 a Chip Select 3 

o 00000000 1 00000001 2 00000010 
400110111 500101101 600101110 
8 00010110 9 00000101 10 00100101 

1200001100 1300001101 1400001110 
16 00010000 17 00010001 18 00010010 
2000111100 21 00111101 2200110010 
240001'000 250001'001 26 00111111 
2800011100 29000,,101 30000,,110 
3201000000 3301001111 3401111111 
36 01011011 37 01101 lOa 38 01010000 
40 01001101 41 01011101 42 010,,100 
4401101011 4501100000 4601001011 
48 11110000 49 11110001 50 11110010 
52 11110100 53 11110101 54 11110110 
56 "111000 57 ""'001 5801111010 
60 01001100 61 01111110 6201101110 
6401111100 65 11000001 66 11000010 
68 11000100 69 11000101 70 11000110 
72 "001000 73 11001001 74 11010001 
76 11010011 77 11010100 78 11010101 
80 ,,010111 81 11011000 82 11011001 
84 11100011 85 11100100 86 11100101 
8811100111 8911101000 9011101001 
92 11100000 9301011010 9401011111 
96 01111001 97 10000001- 98 10000010 

100 10000100 101 10000101 102 10000110 
104 10001000 105 10001001 106 10010001 
108 10010011 109 10010100 110 10010101 
112 10010111 113 10011000 114 10011001 
116 10100011 117 10100100 118 10100101 
120 10100111 121 10101000 122 10101001 
124 01101010 125 11010000 126 10100001 

00000011 
00101111 

11 00001011 
15 00001111 
19 00010011 
23 00100110 
27 00100111 
31 00011111 
3501111011 
39 01111101 
4301001110 
47 01100001 
,51 11110011 
55 11110111 
5901011110 
63 01101111 
67 11000011 
71 11000111 
75 11010010 
79 11010110 
83 11100010 
87 11100110 
91 01001010 
9501101101 
99 10000011 

103 10000111 
107 10010010 
111 10010110 
115 10100010 
119 10100110 
123 11000000 
127 00000111 

EBCDIC (ADDRESS) TO ASCII (DATA) 

128 00100000 129 00100001 130 00100010 131 00100011 
132 00100100 133 00010101 134 00000110 135 00010111 
136 00101000 137 00101001 138 00101010 139 00101011 
140 00101100 141 00001001 142 00001010 143 00011011 
144 00110000 145 00110001 146 00011010 147 00110011 
14800110100 14900110101 15000110110 151 00001000 
15200111000 15300111001 15400111010 155 00111011 
156 00000100 157 00010100 158 00111110 159 11100001 
16001000001 161 01000010 16201000011 16301000100 
16401000101 165010001'0 16601000111 16701001000 
16801001001 16901010001 17001010010 171 01010011 
17201010100 17301010101 17401010110 17501010111 
17601011000 17701011001 17801100010 17901100011 
18001100100 18101100101 18201100110 18301100111 
184 01101000 185 01101001 186 01110000 187 01110001 
188 01110010 189 01110011 190 01110100 191 01110101 
19201110110 19301110111 19401111000 195 10000000 
196 10001010 197 10001011 198 10001100 199 10001101 
200 10001110 201 10001111 202 10010000 203 10011010 
2041001101120510011100 2061001110120710011110 
208 10011111 209 10100000 210 10101010 211 101010" 
212 10101100 213 10101101 214 10101110 215 10101111 
216 10110000 217 10110001 218 10110010 219 101100" 
220 10110100 221 10110101 222 10110110 223 10110111 
224 10111000 225 10111001 226 10111010 227 10111011 
22810111100 229 10111101 230 10111110 231 10111111 
232 11001010 233 11001011 234 11001100 235 11001101 
236 11001110 237 11001111 238 11011010 239 11011011 
24011011100 241 11011101 242 11011110 243 11011111 
244 11101010 245 1110101' 246 11101100 247 11101'01 
248 11101110 249 11101111 250 11111010 251 11111011 
25211111100 2531111110125411111110 25511111111 

25600000000 25700000001 25800000010 25900000011 384 11000011 38501100001 38601100010 38701100011 
26010011100 26100001001 262 10000110 26301111111 38801100100 38901100101 39001100110 39101100111 
264 10010111 265 10001101 266 10001110 267 00001011 39201101000 39301101001 394 11000100 395 11000101 
26800001100 26900001101 270 00001110 271 00001111 396 11000110 397 11000111 398 11001000 399 11001001 
27200010000 27300010001 27400010010 27500010011 400 11001010 40101101010 40201101011 40301101100 
276 10011101 277 10000101 27800001000 279 10000111 40401101101 40501101110 406 01101111 4070"'0000 
280 00011000 281 00011001 282 10010010 283 1000111' 408 01110001 409 01110010 410 11001011 411 11001100 
28400011100 28500011101 28600011"0 28700011111 412 11001101 413 11001110 414 11001111 415 11010000 
288 10000000 289 10000001 290 10000010 291 10000011 416 11010001 41701111110 41801110011 41901110100 
29210000100 29300001010 29400010111 29500011011 42001110101 42101110110 422 01110111 42301111000 
296 10001000 297 10001001 298 10001010 299 10001011 42401111001 42501111010 426 11010010 427 11010011 
30010001100 30100000101 30200000110 30300000111 428 11010100 429 11010101 430 11010110 431 11010111 
304 10010000 305 10010001 306 00010110 307 10010011 432 11011000 433 11011001 434 11011010 435 1101101' 
308 10010100 309 10010101 310 10010110 311 00000100 436 11011100 437 11011101 438 11011110 439 11011111 
312 10011000 313 10011001 314 10011010 315 10011011 440 11100000 441 11100001 442 11100010 443 11100011 
31600010100 31700010101 318 10011110 31900011010 44411100100 44511100101 446 11100110 447 11100111 
32000100000 321 10100000 322 10100001 323 10100010 44801111011 44901000001 45001000010 451 01000011 
324 10100011 325 10t-00100 326 10100101 327 10100110 452 01000100 453 01000101 454 01000110 455 01000111 
32810100111 32910101000 33001011011 33100101110 45601001000 45701001001 458 11101000 459 11101001 
33200111100 333 00101000 33400101011 33500100001 460 11101010 461 11101011 462 11101100 463 11101101 
33600100110 337 10101001 338 10101010 339 10101011 46401111101 46501001010 46601001011 46701001100 
340 10101100 341 10101101 342 10101110 343 10101111 46801001101 46901001110 47001001111 471 01010000 
344 10110000 345 10110001 34601011101 34700100100 472 01010001 47301010010 474 11101110 475 11101111 
348 00101010 34900101001 35000111011 351 01011110 416 11110000 477 11110001 478 11110010 479 11110011 
35200101101 35300101111 354 10110010 355 10110011 48001011100 481 10011111 48201010011 48301010100 
356 10110100 357 10110101 358 10110110 359 10110111 48401010101 48501010110 486 01010111 487 01011000 
36010111000 361 10111001 36201111100 36300101100 48801011001 48901011010 490 11110100 491 11110101 
36400100101 36501011111 36600111110 36700111111 492 11110110 493 11110111 494 11111000 495 11111001 
368 10111010 369 10111011 37010111100 371 10111101 49600110000 49700110001 49800110010 49900110011 
372 10111110 373 10111111 374 11000000 375 11000001 50000110100 501 00110101 50200110110 50300110111 
376 11000010 377 01100000 37800111010 37900100011 50400111000 50500111001 506 11111010 501 11111011 
38001000000 381 00100111 38200111101 38300100010 508 11111100 509 11111101 510 11111110 511 11111111 
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FEATURES 

o High performance replacement for Intel 2308/ 
8308, and TI 4700 

o 350ns max access time 

o Single +5V ±10% power supply 

o Contact programmed for fast turn-around 

DESCRIPTION 

The MK 30000 is a 8,192 bit Read Only Memory 
designed as a high performance replacement for 
the Intel 2308/8308 and the TI 4700. The 
MK 30000 is organized as a 1 K x 8 array which 
makes the device very attractive for use with 8-bit 
microprocessors such as the F8, 8080, 6800, Z-80 
or any memory application requiring a high per-
formance, high bit density ROM. . 

The device uses a single +5V ( ± 10% tolerance) 
power supply. The two chip select inputs can be pro­
grammed for any desired combination of active 
high's or low's. These programmable chip select 
inputs coupled with the three-state TTL compatible 
outputs provide a high performance memory circuit 
with extremely simple interface requirements. 

FUNCTIONAL DIAGRAM 
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8K-BIT READ ONLY MEMORY 

MK30000(P/N) 

o Two programmable chip selects 

o Inputs and three-state outputs TTL compatible 

o Eight bit output for use with microprocessor 
systems 

o Pin compatible with MK 2708 EPROM 

An outstanding feature of the MK 30000 is the use of 
contact programming instead of gate mask program­
ming. Since the contact mask is applied at a later 
processing stage, wafers can be partially processed 
and stored. When an order is received, a contact 
mask, which represents the desired bit pattern, is 
generated and applied to the wafers. Only a few 
processing steps are left to complete the part. There­
fore, the use of contact programming reduces the 
turnaround time for a custom ROM. 

The MK 30000 is fabricated with N-channel silicon 
gate MOS technology for optimum size and circuit 
performance. Ion-implantation is utilized to allow 
full TTL compatibility at the inputs and outputs. All 
inputs are protected against static charge. 

PIN CONNECTIONS 

A7 

As 2 

A5 3 

A 4 4 

A 3 5 

A 2 6 

A I 7 

A 0 8 

o 19 

o 210 

o 311 

Vssl2 

24 Vce 
23 Ae 
22 Ag 
21 NC 

20CSI/CSI 

19 NC 

18 CS2/CS2 

17 08 

16 07 

15 Os 
14 05 

13 0 4 

NC = NO CONNECTION 

NOT FOR NEW DESIGN 31 

I 



32 

ABSOLUTE MAXIMUM RATlNGS* 
Voltage on Any Terminal Relative to Ground ......... -O.5V to + 7V 
Operating Temperature T A (Ambient) ............... O'C to + 70°C 
Storage Temperature - Ceramic (Ambientj ........ -65°Cto + 150°C 
Storage Temperature - Plastic (Ambient) .......... -5~C to +125°C 
Power Dissipation .................................... 1 Watt 

RECOMMENDED DC OPERATING CONDITIONS 
(VCC=5V±10%;0°C~ TA~ + 70 'C) 

PARAMETER MIN 

Vee Power Supply Voltage 4.5 

VIL Input Logic 0 Voltage 

VIH Input Logic 1 Voltage 

DC ELECTRICAL CHARACTERISTICS 
(VCC = 5V ± 10%; O°C ~ T A ~ + 70"C)6 

PARAMETER 

lee VCC Power Supply Current 

II(L) Input Leakage Current 

IO(L) Output Leakage Current 

VOL Output Logic 0 Voltage 
@ lOUT = 3.3mA 

VOH Output Logic 1 Voltage 
@ lOUT = -220 f.l.A 

A C ELECTRICAL CHARACTERISTICS 
(VCC=5V± 10%;O"C~ TA~ +70'C)6 

PARAMETER 

tAec Address to output delay time 

tcs Chip select to output delay time 

tCD Chip deselect to output delay 
time 

CAPACITANCE 

PARAMETER 

CIN I nput Capacitance 

COUT Output Capacitance 

-0.5 

2.0 

TYP 

5.0 

MIN 

2.4 

MIN 

TYP 

6 

10 

*Stresses greater than those listed under 
"Absolute Maximum Ratings" may cause 
permanent damage to the device. This is 
a stress rating only and functional opera· 
tion of the device at these or any other 
conditions above those indicated in the 
operating sections of this specification 
is not implied. Exposure to absolute 
maximum rating conditions for extended 
periods may affect device reliability. 

MAX UNITS NOTES 

5.5 Volts 6 

0.8 Volts 

Vee Volts 

MAX UNITS NOTES 

60 mA 1 

10 fJ.A 2 

10 fJ.A 3 

0.4 volts 

VCC volts 

MAX UNITS NOTES 

350 ns 4 

175 ns 4 

150 ns 4 

MAX UNITS NOTES 

8 pF 5 

15 pF 5 

NOTES: 

1. All inputs 5.5V; Data Outputs open. 
5. Capacitance measured with Boonton Meter or effective capacitance 

calculated from the equation: 

2. VIN = OV to 5.5V Vce 05V 
3. Device unselected; VOUT = OV to 5.5V. 
4. Measured with 2 TTL loads and 100pF, transition times = 20ns 

C =.!.Q..! with current equal to a constant 20mA. 
!':.V 

6. A minimum 100 J.1.S time delay is required after the application of 
Vee (+5) before proper device operation is achieved. 



TIMING DIAGRAM 

ADDRESS 

PROGRAMMABLE 
CHIP SELECTS 

DATA.OUTPUT 

FIRST CARD 

COlS 

1-30 
31-50 
60-72 

SECOND CARD 

1-30 
31-50 

THIRD CARD 

1-5 
33 

35 

FOURTH CARD 

1-9 
15-28 

35·57 

~:: ____ ~----V-A-L-I D ____ ---'X'--_______ _ 
. ~ tAC\ ~ 

!4- CS --- t CD ...... 

). VALID K 

OPEN VALID OPEN -

MOSTEK 30000 ROM PUNCHED CARD CODING FORMAT (1) 

DATA FORMAT(3) 

INFORMATION FIELD 

Customer 
Customer Part Number 
MOSTEK Part Number (2) 

Engineer at Customer Site 
Direct Phone Number for 
Engineer 

MOSTEK Part Number (2) 
Chip Select One 
"1"=CS1or"0"=CS1 
Chip Select Two 
"1 " = CS2 or "0" = CS 2 

Data Format (3) 
Logic - ("Positive Logic" 
or "Negative logic") 
Verification Code (4) 

MOSTEK OR INTEL 

MOSTEK FORMAT 
64 data cards (16 data words/card) 
with the following format: 

COlS 

1-4 

5-7 

INFORMATION FIELD 

Four digit octal address of 
first output word on card 
Three digit octal output 
word specified by address in 
column 1-4 

8-52 Next fifteen output words, 
each word consists of three 
octal digits. 

NOTES: 

1. Positive or negative logic formats are accepted as noted in 
the fourth card. 

2. Assigned by MOSTEK; may be left blank. 

3. MOSTEK or Intel Punched card coding format may be used. 
Specify which card format used by punching either 
"MOSTEK" or "Intel", Start at column one. 

4. Punches as: (al VERIFICATION HOLD - i.e. customer 
verification of the data as reproduced by MOSTEK is 
required prior to production of the ROM. To accomplish 
this MOSTEK supplies a copy of its Customer Verification 
Data Sheet (CVDSI to the customer. 

(bl VERIFICATION PROCESS - i.e. the customer will 
receive a CVDS but production will begin prior to receipt 
of customer verification; tel VERIFICATION NOT 
NEEDED - i.e. the customer will not receive a CVDS and 
production will begin immediately. 

I 
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FEATURES 

o 600 ns Maximum Access Time 

o Low Power Dissipation 
Active - 0.02 mW/bit Typ. 
Inactive - .007 mW/bit Typ. 

o EA 4900 and EA 4800 Pin-for-pin Replacement 

DESCRIPTION 

The MK 28000 is a mask programmable read only 
memory utilizing low-threshold lon-Implant, P-Channel 
technology. The MK 28000 is a pin-for-pin replace­
ment for the EA 4900. The MK 28000 may be organ­
ized as either a 2K x 8 or 4K x 4 memory. 

The MK 28000 open drain outputs are divided into 
two groups with one Output Enable line controlling 
each group cif outputs. This feature allows the MK 
28000 to be either a 2K x 8 or a 4K x 4 memory with­
out any internal mask changes. For a 2K x 8 organiza­
tion, the Output Enables (OE, ,OE 2 l are tied together. 
For a 4K x 4 organization, the four outputs associated 
with 0 E , are wire-O Red to the four outputs associ at-

FUNCTIONAL DIAGRAM 
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MOSTEI<. 
16K-BIT REAO-ONL Y MEMORY 

MK28000(P/N) 

o 2K x 8 or 4K x 4 organization with Open Drain 
Outputs 

o Standard Supplies +5 volts, - 12 volts 

o lon-Implanted for Full TTL/DTL Compatibility 

ed with 0 E 2. 0 E , and 0 E 2 are inverted with respect 
to each other and used as the twelfth address input in 
the 4K x 4 organization. 

The internal circuitry of the MK 28000 is dynamic. 
This features means low standby power consumption 
when the ROM is not being addressed. 

All inputs are protected against static charge accumu­
lation. Pullup resistors on all inputs are available as 
a programmable option. 

With no address lead time required, system design is 
simplified; address and AR may appear simultaneously. 

PIN CONNECTIONS 

OPEN DRAIN 
OUTPUTS 

V55 

" 2 

A, 3 

A, 4 

A, 5 

A, 6 
MK 28000 

A6 7 

A,O 8 

VGG 

Aq 'A 

A. " 
A7 '2 
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ABSOLUTE MAXIMUM RATINGS 

Voltage on any terminal relative to VSS .......................................... +0.3V to -20V 
Operating temperature range (Ambient) ............................................. O°C to 70°C 
Storage temperature range (Ambient) Ceramic .................................... -65°C to +150°C 
Storage temperature range (Ambient) Plastic ..................................... -55°C to +125°C 

PARAMETER MIN TYP MAX COMMENTS 

Vss Supply Voltage +4.75V +5V +5.25V 

TTL Reference - 0 -

VGG Supply Voltage -12.6V -12V -ll.4V 

V IL I nput Voltage, Logic "0" VGG +.8V 

V IH Input Voltage, Logic "1" Vss - 1.5V Vss 
Pullup resistors toVsJ""'5K) 
available as an option 

ELECTRICAL CHARACTERISTICS 
(V ss= +5.0V ±5%; V DD= OV; V GG= -12V ±5%; O°C.;;T A';; 70°C) 

PARAMETER MIN TYP MAX COMMENTS 

Iss Supply Current 20mA 35mA See Note 1 

I GG Supply Current -20mA -35mA Inputs at Vss 

I GG Supply Current (Standby) 7mA 12 mA See Note 1 

CIN Input Capacitance (Address & OE's) 8 pF 10 pF See Note 2 

CIN Input Capacitance (AFi) 12 pF 15 pF See Note 2 

liN Input Leakage 10 )JA See Note 3 

RIN Input Pullup Resistors 3 Krl 11 KD Optional 

VOH Output Voltage, Logic" 1" 2.4V See Note 4 

10L Output Leakage Current -10 IJA + 10lJA 
Va =Vss -6V,TA=25°C 
(outputs disabled) 
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PARAMETER MIN TYP MAX COMMENTS 

tpw AR Precharge Time 400 ns CD 

tc Cycle Time 1 ).lS + t R+ tF t ACC+ t pw + t R + t F 

t ACC Access Time 600 ns See note 4 

tLD Address Lead Time 0 

tHo Address Hold Time 250 ns 

tR AR Rise Time 100 ns 

tF AR Fall Time 100 ns 

t HOLO Data Output Valid Time 2 ).lS See note 5 

tco Output Disable Time 300 ns See note 4 

tOR Output Reset Time 75 ns 400 ns See note 4 

NOTES: 

1. Outputs disconnected with no internal pullup resistors. 

2. V BIAS -V SS = OV; f = 1 MHz 

3. This parameter is for inputs without pullups (optional) 

4. With test circuit shown below 

5. or, until the next precharge + TOR [if AR makes a negative transition before tHOLD (min) has elapsedj. 

TIMING TEST CIRCUIT 

io'-------tc--------.j 

tF ----'-3.5 

.8,"F--_____ J I 

OPEN DRAIN OUTPUTS 

OUTPUT I NHI81TED 

~--~-------------------------
\ 

\...._-------
10---- tAce -

OATA VALID 

--~~~----~~~ 
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MOSTEK 28000 ROM Punched Card Coding Format 1 

First Card Third Card 

Cols 
1-30 
31-50 
60-72 

Information Field 
Customer 
Customer Part Number 
MOSTEK Part Number2 

1-5 MOSTEK Part Number2 5 
33 Input Pullups (0 = no, 1 = yes, 2 = Selectable Pull-up Option) 

Fourth Card 

Second Card 1-9 
15-28 
35-57 

Data Format3 

1-30 
31-50 

Engineer at Customer Site 
Direct Phone Number for Engineer 

Logic - ("Positive Logic" or "Negative Logic") 
Verification Code4 

Data Cards 

MOSTEK Format or EA Format 

1-4 
6-13 
15-17 

Decimal Address 
Output 08-01 (MSB Thru LSB) 
Octal Equivalent of Output Data 

NOTES; 1. Positive or negative logic formats are accepted as noted in the fourth card. 5. Columns 34-47 represent A 1-A 11, A1'l, OE1, OE2 

38 

2. Assigned by MOSTEK; may be left blank. respectively. 0= No pull-up, 1 = Pull-up 

3. MOSTEK or Electronic Arrays Punched card coding format may b.e used. 
Specify which card format used by punching either "MOSTEK" or "EA". 
Start at column one. 

4. Punches as: 

lal VERIFICATION HOLD - i.e. customer verification of (bl 
the data as reproduced by MOSTEK is required prior to 
production of the ROM. To accomplish this MOSTEK 
supplies a copy of its Customer Verification Data Sheet (c) 

ICVDSI to the customer. 

VERIFICATION PROCESS - i.e. the customer will re­
ceive a CVDS but production will begin prior to receipt 
of customer verification 
VERIFICATION NOT NEEDED - i.e. the customer will 
not receive a CVDS and production will begin immediately. 



FEATURES 

o High performance replacement for Intel 2316A/ 
8316A and General Instrument RO-3-8316A 

o Maximum access time 550ns 
o Single +5V ± 10% power supply 
o Contact programmed for fast turn-around 

DESCRIPTION 

The MK 31000 is a 16,384 bit Read Only Memory 
designed as a high performance replacement for the 
Intel 2316A/8316A and the General Instrument 
RO-3-8316A. The MK 31000 is organized as a 
2K x 8 array which makes the device very attractive 
for use with 8 bit microprocessors such as the F8, 
8080, 6800, Z-80 or any memory application requir­
ing a high performance, high bit density ROM. 

The device uses a single +5 volt ( ± 10% tolerance) 
power supply. The three chip select Inputs can be 
programmed for any desired combination of active 
high's or low's. These programmable chip select 
inputs coupled with the three-state TTL compatible 
outputs provide a high performance memory circuit 
with extremely simple interface requirements. 

FUNCTIONAL DIAGRAM 
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16K-BIT READ ONLY MEMORY 

MK31000(P/N)-3 

o Three programmable chip selects 
o Inputs and three-state outputs TTL compatible 
o Outputs drive 2 TTL loads and 100pF 
o Low power 
o Eight bit output for use with microprocessor 

systems 

An outstanding feature of the MK 31000 is the use of 
contact programming instead of gate mask program­
ming. Since the contact mask is applied at a later 
processing stage, wafers can be partially processed 
and stored. When an order is received, a contact 
mask, which represents the desired bit pattern, is 
generated and applied to the wafers. Only a few 
processing steps are left to complete the part. There­
fore, the use of contact programming reduces the 
turnaround time for a custom ROM. 

The MK 31000 is fabricated with N-channel silicon 
gate MOS technology for optimum size and circuit 
performance. lon-implantation is utilized to allow 
full TTL compatibility at the inputs and outputs. All 
inputs are protected against static charge. 

PIN CONNECTIONS 
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ABSOLUTE MAXIMUM RATINGS* 

Voltage on Any Terminal Relative to Ground ....... -0.5V to +7V 
Operating Temperature T A (Ambient) ............. O°C to +70°C 
Storage Temperature (Ambient) Ceramic ........ -65°C to +150°C 
Storage Temperature (Ambient) Plastic .......... -55°C to +125°C 
Power Dissipation ..................................... 1W 

RECOMMENDED D C OPERATING CONDITIONS 
(VCC = 5V± 10%; O°C .;;TA';; + 70 C) 

*Stresses greater than those listed under 
"Absolute Maximum Ratings" may cause 
permanent damage to the device. This is 
a stress rating only and functional opera­
tion of the device at these or any other 
conditions above those indicated in the 
operating sections of this specification 
is not implied. Exposure to absolute 
maximum rating conditions for extended 
periods may affect device reliability. 

PARAMETER MIN TYP MAX UNITS NOTES 

Vcc Power Supply Voltage 4.5 5.0 5.5 Volts 

VIL Input Logic 0 Voltage -0.5 0.8 Volts 

VIH Input Logic 1 Voltage 2.0 Vcc Volts 

DC ELECTRICAL CHARACTERISTICS 
(VCC = 5V ± 10%; O°C .;; T A';; + 70'C) 

PARAMETER MIN MAX UNITS NOTES 

Icc VCC Power Supply Current 

il(L) Input Leakage Current 

IO(L) ·Output Leakage Current 

VOL Output Logic 0 Voltage 
@ lOUT = 3.3mA 

VOH Output Logic 1 Voltage 
@ lOUT = -220 !1A 

A C ELECTRICAL CHARACTERISTICS 
(VCC = 5V ± 10%; ot.;; TA .;; + 70t) 

PARAMETER 

tACC Address to output delay time 

tcs Chip select to output delay time 

tCD Chip deselect to output delay 
time 

2.2 

MIN 

60 mA 1 

10 /lA 2 

10 /lA 3 

0.4 volts 

VCC volts 

MAX UNITS NOTES 

550 ns 4 

250 ns 4 

150 ns 4 

CAPACITANCE 

40 

PARAMETER TYP MAX UNITS NOTES 

CIN Input Capacitance 6 8 pf 5 

COUT Output Capacitance 10 15 pf 5 

NOTES: 

1. All inputs 5.5V ; Data Outputs open. 
2. Vin = OV to 5.5V. 
3. Device unselected; Vout = OV to 5.5V 
4. Measured with 2 TTL loads and 100pf. 1,6 t 
5. Capacitance measured with Boonton Meter or effective capacitance calculated from the equation'C =-;:::g­

with current equal to a constant 2OmA. 



TIMING DIAGRAM 

ADDRESS 

PROGRAMMABLE 
CHIP SELECTS 

DATA OUTPUT 

FIRST CARD 

COlS 

1-30 
31-50 
60-72 

SECOND CARD 

1-30 
31-50 

THIRD CARP 

1-5 
33 

35 

37 

FOURTH CARD 

1-9 
15-28 

35·57 
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MOSTEK 31000 ROM PUNCHED CARD CODING FORMAT (1) 

INFORMATION FIELD 

Customer 
Customer Part Number 
MOSTEK Part Number (2) 

Engineer at Customer Site 
Direct Phone Number for 
Engineer 

MOSTEK Part Number (2) 
Chip Select One 
"1" = CS 1 or "0" = CS 1 
Chip Select Two 
"1" = CS2 or "0" = CS2 
Chip Select Three 
"1" = CS3 or "0" = CS3 

Data Format (3) 
logic - ("Positive logic" 
or "Negative logic") 
Verification Code (4) 

DATA FORMAT 

MOSTEK OR INTEL 

MOSTEK FORMAT 
128 data cards (16 data words/card) 
with the following format: 

INFORMATION FIELD COlS 

1-4 

5-7 

Four digit octal address of 
first output word on card 
Three digit octal output 
word specified by address in 
column 1-4 

8-52 Next fifteen output words, 
each word consists of three 
octal digits. 

NOTES: 

1. Positive or negative logic formats are accepted as noted in 
the fourth card. 

2. Assigned by MOSTEK; may be left blank. 

3. MOSTEK or Intel Punched card coding format may be used. 
Specify which card format used by punching either 
"MOSTEK" or "Intel". Start at column one. 

4. Punches as: la) VERIFICATION HOLD· i.e. customer 
verification of the data as reproduced by MOSTEK is 
required prior to production of the ROM. To accomplish 
this MOSTEK supplies a copy of its Customer Verification 
Data Sheet ICVDS) to the customer. 

Ib) VERIFICATION PROCESS· i.e. the customer will 
receive a CVDS but production will begin prior to receipt 
of customer verification; Ic) VERIFICATION NOT 
NEEDED· i.e. the customer will not receive a CVDS and 
production will begin immediately. 
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MOSTEl(8' 

FEATURES 

o 2K x 8 organization with static interface 

o 350ns max access time 

o Single +5V ± 10% power supply 

o 330mW max power dissipation 

DESCRIPTION 

The MK 34000 is a new generation N-channel silicon 
gate MOS Read Only Memory circuit organized as 
2048 words by 8 bits. As a state-of-the-art device, 
the MK 34000 incorporates advanced circuit tech­
niques designed to provide maximum circuit density 
and reliability with highest possible performance, 
while maintaining low power dissipation and wide 
operating margins. 

The MK 34000 requires a single +5 volt ( ± 10% 
tolerance) power supply and has complete TTL 
compatibility at all inputs and outputs (a feature 
made possible by MOSTEK's lon-implantation 
technique). The three chip select inputs can be 
programmed for any desired combination of active 
high's or low's or even an optional "DON'T CARE" 
state. The convenient static operation of the 
MK 34000 coupled with the programmable chip 
select inputs and three-state TTL compatible outputs 
results in extremely simple interface requirements. 

FUNCTIONAL DIAGRAM 

04--Vcc 

4--GNO 

A '0 

A, 

A, 

A7 
~ 

A. i 
A , i 
A, 

i " 

16K-BIT READ ON LY MEMORY 

MK34000(P/N)-3 

o Contact programmed for fast turn-around 

o Three programmable chip selects 

o Inputs and three-state outputs-TTL compatible 

o Outputs drive 2 TTL loads and 100pF 

o RAM/EPROM pin compatible 

An outstanding feature of the MK 34000 is the use 
of contact programming over gate mask programming. 
Since the contact mask is applied at a later processing 
stage, wafers can be partially processed and stored. 
When an order is received, a contact mask, which 
represents the desired bit pattern, is generated and 
applied to the wafers. Only a few processing steps 
are left to comp lete the part. Therefore, the use of 
contact programming reduces the turnaround time 
for a custom ROM. 

Any application requiring a high performance, high 
bit density ROM can be satisfied by this device. The 
MK 34000 is ideally suited for 8-bit microprocessor 
systems such as those which utilize the Z80 or F8. 
The MK 34000 also provides significant cost advan­
tages over PROM. 

PIN CONNECTIONS 

A7 24 VCC 

As 2 23 As 

As 3 22 A 9 

A4 4 21CS3/CS3 NC· 

A3 5 20CSllrn NC· 

A2 6 19 AIO 

AI 7 18 CS2/CS2 NC· 

Ao 8 17 Os 

01 9 16 07 

02 10 15 06 
16,384 BIT 

CELL MATRIX 

CSlICSi/NC * '. . , . 
0 

CHIP 
SELECT 
INPUT 

BUfFER 

CS2Im/NC .II 

CS3/CS3/NC .. 

°3 II 14 05 

GND 12 13 04 

*Programmable Chip Selects 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on Any Terminal Relative to Ground ......... -0.5V to + 7V 
Operating Temperature T A (Ambient) ............... ot to + 70°C 
Storage Temperature - Ceramic (Ambient) ........ -65°Cto + 150°C 

Storage Temperature - Plastic (Ambient) .......... -50C to +125°C 
Power Dissipation .................................... 1 Watt 

RECOMMENDED DC OPERATING CONDITIONS 
(VCC = 5V ± 10%; O°C,;;;; TA';;;; + 70t) 

PARAMETER MIN 

Vee Power Supply Voltage 4.5 

VIL Input Logic 0 Voltage 

VIH Input Logic 1 Voltage 

DC ELECTRICAL CHARACTERISTICS 
(VCC = 5V ± 10%; O°C ,;;;; T A';;;; + 7C1'C)6 

PARAMETER 

lee VCC Power Supply Current 

II(L) Input Leakage Current 

IO(L) Output Leakage Current 

VOL Output Logic 0 Voltage 
@ lOUT = 3.3mA 

VOH Output Logic 1 Voltage 
@ lOUT = -220 f.1A 

A C ELECTRICAL CHARACTERISTICS 
(VCC = 5V ± 10%; C1'C';;;; T A';;;; + 70t)6 

PARAMETER 

tAee Address to output delay time 

tes Chip select to output delay time 

teD Chip deselect to output delay 
time 

CAPACITANCE 

PARAMETER 

CIN I nput Capacitance 

COUT Output Capacitance 

-0.5 

2.0 

TYP 

5.0 

MIN 

2.4 

MIN 

TYP 

6 

10 

*Stresses greater than those listed under 

~~~~~~~et ~:~i~ioRth~n9:~ic':i.aYT1~i~~ 
a stress rating only and functional opera~ 
tion of the device at these or any other 
conditions above those indicated in the 
operating sections of this specification 
is not implied. Exposure to absolute 
maximum rating conditions for extended 
periods may affect device reliability. 

MAX UNITS NOTES 

5.5 Volts 6 

0.8 Volts 

Vee Volts 

MAX UNITS NOTES 

60 mA 1 

10 J1A 2 

10 J1A 3 

0.4 volts 

VCC volts 

MAX UNITS NOTES 

350 ns 4 

175 ns 4 

150 ns 4 

MAX UNITS NOTES 

8 pF 5 

15 pF 5 

NOTES: 

1. All inputs 5.5V; Data Outputs open. 
5. Capacitance measured with 800nton Meter or effective capacitance 

calculated from the equation: 

2. VIN = OV to 5.5V (V" ~ 5V) 
3. Device unselected; VOUT = OV to 5.5V. 
4. Measured with 2 TTL loads and 1 OOpF, transition times = 20ns 
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e =!.fu with current equal to a constant 20mA. 
6v 

6. A minimum 100 JJS time delay is required after the application of 
Vee (+5) before proper device operation is achieved. 



TIMING DIAGRAM 

ADDRESS ~:: ________ ~ ________ V_A_L_I_D ________ ~)(~ ________________ _ 

C tACO t ~ 
PROGRAMMABLE 
CHIP SELECTS >-

r-- CS 

VALID 

14- t 
CD ---

K 

DATA OUTPUT OPEN VALID OPEN -

* The chip select inputs can be user programmed so that either the input is enabled by a Logic 0 voltage (VILl, 
a Logic 1 voltage (VI H), or the input is always enabled (regardless of the state of the input). See chart below 
for programming instructions. 

FIRST CARD 

COlS 

1-30 
31-50 
60-72 

SECOND CARD 

1-30 
31-50 

THIRD CARD 

1-5 
33 

35 

37 

FOURTH CARD 

'-9 
15-28 

35-57 

MOSTEK 34000 ROM PUNCHED CARD CODING FORMAT (1) 

DATA FORMAT 

INFORMATION FIELD 

Customer 
Customer Part Number 
MOSTEK Part Number (2) 

Engineer at Customer Site 
Direct Phone Number for 
Engineer 

MOSTEK Part Number (2) 
Chip Select One 
"1" = CS1 or "0" = CS1 
or "2" = Don't Care 
'Chip Select Two 
"1" = CS2 or "0" = CS2 
or "2" = Don't Care 
Chip Select Three 
"1" = CS3 or "0" = CS3 
or "2" = Don't Care 

Data Format (3) 
Logic - ("Positive Logic" 
or "Negative Logic") 
Verification Code (4) 

128 data cards ( 16 data words/card) 
with the following formi;lt: 

COlS 

1-4 

5-7 

8-52 

NOTES: 

INFORMATION FIELD 

Four digit octal address of 
first output word on card 
Three digit octal output 
word specified by address in 
column 1-4 
Next fifteen output words, 
each word consists of three 
octal digits. 

1. Positive or negative logic formats are accepted as noted in 
the fourth card. 

2. Assigned by MOSTEK; may be left blank. 

3. MOSTEK punched card coding format should be used. 
Punch "MOSTEK" starting in column one. 

4. Punches as: (a) VERIFICATION HOLD - i.e. customer 
verification of the data as reproduced by MOSTEK is 
required prior to production of the ROM. To accomplish 
this MOSTEK supplies a copy of its Customer Verification 
Data Sheet (CVDS) to the customer. 

(b) VERIFICATION PROCESS - i.e. the customer will 
receive a CVDS but production will begin prior to receipt 
of customer verification; ic) VERIFICATION NOT 
NEEDED - i.e. the customer will not receive a CVDS and 
production will begin immediately. 
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MOSTEI{. 
16K-BIT MOS READ-ON L Y MEMORY 

FEATURES 

o 2K x 8 organization with static interface 

o 350ns max access time 

o Single +5V ± 10% power supply 

o 330mW max power dissipation 

o Full ASCII compatible character sets 
(128 characters) 

DESCRIPTION 

The MK34073 is a pre-programmed version of MOS­
TEK's high performance MK34000 16K bit ROM. 
The MK34073 incorporates advanced circuit techni­
ques to provide maximum circuit density and relia­
bility along with high speed (350ns access) and low 
power operation. The MK34073 requires a single +5 
volt (± 10% tolerance) power supply and has complete 
TTL compatibility on all inputs and outputs. 

The MK34073 is pre-programmed for character 
generator applications. It contains two separate 
character fonts for use in raster scan or matrix 
printer applications. Each font is ASCII compatible 

FUNCTIONAL DIAGRAM 

HV 

A. 
A. 
A1 

~ 
CHARACTER 

A. ~ 
iii SELECT 
~ 

A , ~ 
A. 

i A, 

r ROW/COLUMN 
SELECT A I 

AO 

MK34073 (P/N)-3 

o Contains both Horizontal (5x8) and Vertical 
(5x7) character sets. 

o I nputs and three-state outputs-TT L compatible 

o Outputs drive 2 TTL loads and 100pF 

and contains augmented character sets with all 
upper and lower case characters. Font selection is 
accomplished by setting Pin 19 (HV) to a logic '1' 
(VIN )0 2.0 Volts) to select the 5 x 8 horizontal 
output character set or to a logic '0' (V IN';; 0.8 
Volts) to select the 5 x 7 vertical output character 
set. Character selection is made by placing the ASCII 
code of the desired character on A3-A9 and row/ 
column selection is made on AO-A2. 

Electrical specifications for the MK34073 can be 
found on the MK34000 data sheet available from 
MOSTEK. 

PIN CONNECTIONS 

"---Vcc 

A 7 1 24 VCC 

A6 1 2 23 As 
1 

A 51 3 22 A9 
1 

A 4 ' 4 21 NC 

A 3 1 5 20NC 

A22 6 19 HV 

A 12. 7 18 NC 

Ao 
2 8 17 Os 

01 9 16 07 

02 10 15 06 

0 3 " 14 05 

GND 12 13 04 

1 Char-acter Select A9 ~ MSB 
2 Row/Column Select A2 = MSB 
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COLUMN OUTPUT (HV = 0) 

A4 0 1 0 1 0 1 0 

AS hU~HHi gUHH1HHHll UHHi! gUHHl ~HHHl UHgHl g 
" 0' 

" " " 
" 
" " " " " " " " 
" " " " " " " " 
" " " 

HORIZONTAL OUTPUT (HV = 1) 

· : : 
0 

0 .. 00 , · . . 
0 
0 

0 · : 
.... · 
: · . . · · 

. · . · · . : · . · . . . · 0 
0 ... 

0 . · , · : · , · 0 . · 0 · , , 

A dot is representative of an output 'high' level. 
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FEATURES 

o MK36000 8K x 8 Organization­
"Edge Activated" * operation (CE) 

o Access Time/Cycle Time 
PIN Access 
MK36000-4 250ns 
MK36000-5 .300ns 

Cycle 
375ns 
450ns 

o Single +5V ± 10% Power Supply 

o Standard 24 pin DIP (EPROM Pin Out Compatible) 

DESCRIPTION 

The MK36000 is a new generation N-channel silicon 
gate MOS Read Only Memory, organized as 8192 
words by 8 bits. As a state-of-the-art device, the MK 
36000 incorporates advanced circuit techniques de­
signed to provide maximum circuit density and re­
liability with the highest possible performance, while 
maintaining low power dissipation and wide operating 
margins. 

The MK36000 utilizes what is fast becoming an 
industry standard method of device operation. Use 
of a static storage cell with clocked control periphery 
allows the circuit to be put into an automatic low 
power standby mode. This is accomplished by main­
taining the chip enable (CE) input at a TTL high level. 
I n this mode, power dissipation is reduced to typi­
cally 35mW, as compared to unclocked devices which 

FUNCTIONAL DIAGRAM (MK 36000) 

AI2 

A" 

65536 BIT 
CELL MATRIX 

* Trademark of Mostek Corporation 

________ - Vee 

_______________ V •• 

MOSTEI(. 
64K-BIT READ-ONLY MEMORY 

MK36000(P IN)-4/5 

o Low Power Dissipation - 220mW Max Active 

o Low Standby Power Dissipation-35mW Max. 
(CE High) 

o On chip latches for addresses 

o I nputs and three -state outputs- TT L compatible 

o Outputs drive 2 TTL loads and 100 pF 

draw full power continuously. In system operation, 
a device is selected by the CE input, while all others 
are in a low power mode, reducing the overall system 
power. Lower power means reduced power supply 
cost, less heat to dissipate and an increase in device 
and system reliability. 

The edge activated chip enable also means greater I 
system flexibility and an increase in system speed. 
The MK36000 features onboard address latches • 
controlled by the CE input. Once the address hold • 
time specification has been met, new address data : 
can be applied in anticipation of the next cycle. 
Outputs can be wire- 'OR'ed together, and a specific 
device can be selected by utilizing the CE input with 
no bus conflict on the outputs. The CE input allows 
the fastest access times yet available in 5 volt only 

PIN CONNECTIONS 

A7 24 Vee 

A6 2 23 A8 

A5 3 22 Ag 

A4 4 21 A12 

A3 5 20 ce: 
A2. 6 19 AIO 

AI 7 18 All 

Ao 8 17 08 

01 9 16 07 

02. 10 15 06 

0 3 II 14 05 
GND 12 13 04 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on Any Terminal Relative to VSS .......... -1.OV to + 7V 
Operating Temperature T A (Ambient) .............. O°C to + 70° C 
Storage Temperature - Ceramic (Ambient) ........ -65°Cto + 150°C 
Storage Temperature.- Plastic (Ambient) ......... -55°C to + 125°C 
Power Dissipation .................................... 1 Watt 

RECOMMENDED DC OPERATING CONDITIONS6 
(O°C <1" A< + 70°C) 

PARAMETER MIN 

Vee Power Supply Voltage 4.5 

VIL Input Logic 0 Voltage -1.0 

VIH Input Logic 1 Voltage 

DC ELECTRICAL CHARACTERISTICS 
(VCC=5V ± 10%) (0°C<TA<+70°C)6 

PARAMETER 

ICC1 VCC Power Supply Current (Active) 

ICC2 VCC Power Supply Current (Standby) 

II(L) Input Leakage Current 

IO(L) Output Leakage Current 

VOL Output L03iC "0" Voltage 
@ lOUT = .3mA 

VOH Output Logic "1" Voltage 
@ lOUT = -220 p.A 

A C ELECTRICAL CHARACTERISTICS 
(VCC= 5V ± 10%) (O°C< T A< + 70 °C)6 

2.0 

MIN 

-10 

-10 

2.4 

TYP 

5.0 

TYP 

·4 

'Stresses greater than those listed under 
"Absolute Maximum Ratings" may cause 
permanent damage to the device. This!s 
a stress rating only and functional opera· 
tion of the device at these or any other 
conditions cbove those indicated in the 
operating sections of this specification 
is not implied. Exposure to absolute 
maximum rating conditions for extended 
periods may affect device reliability. 

MAX UNITS NOTES 

5.5 Volts 6 

0.8 Volts 

Vee Volts 

MAX UNITS NOTES 

40 rnA 1 

8 rnA 7 

10 p.A 2 

10 p.A 3 

0.4 volts 

volts 

·5 PARAMETER 
MIN MAX MIN MAX 

UNITS NOTES 

tc Cycle Time 

tCE CE Pulse Width 

tAC CE Access Time 

tOFF Output Turn Off Delay 

tAH Address Hold Time Referenced to CE 

tAS Address Setup Time Referenced to CE 

tp CE Precharge Time 

NOTES: 

1. Current is proportional to cycle rate. ICCI is measured at the 
specified minimum cycle time. 

2. VIN = OV to 5.5V IV" - 5VI 
3. Device unselocted; VOUT = OV to 5.5V 
4. Measured with 2 TTL loads and 1 OOpF. transistion times = 20ns 
5. Capacitance measured with Boonton Meter or effective capacitance 

calculated from the equation: 

C = ~ with I':N = 3 volts 

50 

375 450 ns 4 

250 300 4 

250 300 ns 4 

60 75 ns 4 

60 75 ns 

0 0 ns 

125 150 ns 

6. A minimum 100 IlS time delay is required after the application of Vee (+5) 
before proper device operation is achieved. EE must be at VIH for this 
time period. 

7. CE high. 



CAPACITANCE 
(00 C .;; T A.;; 700 C) 

CI 

CO 

TIMING DIAGRAM 

CHIP ENABLE 

ADDRESS 

DATA OUTPUT 

PARAMETER 

Input Capacitance 

Output Capacitance 

VQH_ 
VOl------

TYP MAX UNITS NOTES 

5 8 pF 5 

7 15 pF 5 

tc 

MK36000 ROM PUNCHED CARD CODING FORMAT (1 & 6) 

FIRST CARD 

COlS 

1-30 
31-50 
60-72 

SECOND CARD 

1-30 
31-50 

THIRD CARD 

1-5 

FOURTH CARD 

1-9 
15-28 

35-57 

DATA FORMAT 

INFORMATION FIELD 

Customer 
Customer Part Number 
MOSTEK Part Number (2) 

Engineer at Customer Site 
Direct Phone Number for 
Engineer 

MOSTEK Part Number (2) 

Data Format (3) 
logic - ("Positive logic" 
or "Negative logic") 
Verification Code (4) 

512 data cards (16 data words/card) with the 
following format: 

COl~ 

1-4 

5-7 

8-52 

NOTES: 

INFORMATION FIELD 

Four digit octal address of 
first output word on card 
Three digit pctal output 
word specified by address in 
column 1-4 
Next fifteen output words, 
each word cO[lsists of three 
octal digits. ' 

1. Positive or negative logic formats are accepted as noted in 
the fourth card. 

2. Assigned by MOSTEK; may be left blank. 

3. MOSTEK punched card coding format should be used. 
Punch "MOSTEK" starting in column one. 

4. Punches as: (a) VERIFICATION HOLD· i.e. customer 
verification of the data as reproduced by MOSTEK is 
required prior to production of the ROM. To accomplish 
this MOSTEK supplies a copy of its Customer Verification 
Doto Sheet (CVDS) to the customer. 

(b) VERIFICATION PROCESS· i.e. the customer will 
receive a CVDS but production ~ill begin prior to receipt 
of c.ustomer verification; (c) VERIFICATION NOT 
NEEDED· i.e. the customer will not receive a CVDS and 
production will begin immediately. 

5. 512 cards for MK 36000 

6. Please consult MOSTEK ROM Programming Guide for 
further details on other formats. 
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DESCRIPTION (Continued) 

ROM's and imposes no loss in system operating 
flexibility over an unclocked device. 

Other system oriented features include fully TTL 
compatible inputs and outl2!!.ts. The three state 
outputs, controlled by the CE input, will drive a 
minimum of 2 standard TTL loads. The MK36000 
operates from a single +5 volt power supply with a 
wide ± 10% tolerance, providing the widest operating 
margins available. The MK36000 is packaged in the 
industry standard 24 pin DIP. 

Any application requiring a high performance, high 
bit density ROM can be satisfied by the MK36000 
ROM. This device is ideally suited for 8 bit micro­
processor systems such as those which utilize the 
Z-80. It can offer significant cost advantages over 
PROM. 

OPERATION 

The MK36000 is controlled by the chip enable (CE) 
input. A negative going edge at the CE input will 
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activate the device as well as strobe and latch the in­
puts into the onchip address registers. At access 
time the outputs will become active and contain the 
data read from the selected location. The outputs 
will remain latched and active until CE is returned to 
the inactive state. 

Programming Data 

MOSTEK is now able to utilize a wide spectrum of 
data input formats and media. Those presently 
available are listed in the following table: 

Table 1 

Acceptable Media Acceptable Format 

CARDS MOSTEK 
PAPER TAPE INTEL CARD 
PROMS INTEL TAPE 
DATA LINK EA 

MOSTEK F-8 
MOTOROLA 6800 



2048 x 8-BIT PROM 
Electrically Programmable/Ultraviolet Eras~ble ROM 

FEATURES 

o ReplCicement for popular 2048 x 8 bit 2716 type 
EPROM 

o Single +5 volt power supply during READ operation 

o Fast Access Time in READ mode 

PIN Access Time 
MK2716-5 300ns 
MK2716-6 350ns 
MK2716-7 390ns 
MK2716-8 450ns 

o Low Power Dissipation: 525 mW max active 

DESCRIPTION 

The MK2716 is a 2048 x 8 bit electrically program­
mable/ultraviolet era$able Read Only Memory. The 
circuit is fabricated with Mostek's advanced N-channel 
silicon gate technology for tne highest performance and 
reliability. The MK2?16offers significant advances over 

BLOCK DIAGRAM 

OE 

CE/PGM 

AO 
THRU 

A10 

OUTPUT 
ENABLE 

POWER OOWN, 
PROGRAM 

LOGIC 

16,384 BIT 

CELL MATRIX 

NOTE: Pin 18 and 20 have been renamed for compatibility with pre­
$!Intly available 16K, 32K and 64K ROMs 1100 future generation 32K 
and 64K EPA OMs, All other specifications for this devicE! remain unaf­
factedby this change. 

MK2716 (T)-5/6/7/8 
o Power Down mode: 132 mW max standby 

o Three State Output OR-tie capability 

o Five modes of operation for greater system 
flexibility (see Table) 

o Single programming requirement: single 
location programming with one 50 msec pulse 

o Pin Compatible with Mostek's Wide Word 
Memory Family 

o TTL compatible in all operating modes 

o Standard 24 pin DIP with transparent lid 

hardwired logic in cost, system flexibility, turnaround 
time and performance. 

The MK2716 has many useful system oriented features 
including a STANDBY mode of operation which lowers 
the device power from 525 mW maximum active power 
to 132 mW maximum for an overall savings of 75%. 

PIN OUT 

A7 1 24 VCC 

AS 2 23 A8 

AS 3 22 A9 

A4 4 21 Vpp 

A3 S 20 OE 
A2 S 19 AlO 

Al 7 18 Ce 
AO 8 17 07 

00 9 lS Os 

0, 10 15 Os 

02 11 14 04 

GND 12 13 03 

AO - A'0 ADDRESSES 
CE/PGM CHIP ENABLE/PROGRAM 
~ OUTPUT ENABLE . 
00 - 07 OUTPUTS 
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ABSOLUTE MAXIMUM RATINGS* 

Voltage on any pin relative to VSS (Except VPP) ............................................... -0.3V to +6V 
Voltage on VPP supply pin relative to VSS .............................•..................... -0.3V to +28V 
Operating Temperature TA (Ambient) ........................................•............ O°C ~ TA ~70°C 
Storage Temperature (Ambient) .....•...................................•............ -55°C ~ TA ~+125°C 
Power Dissipation ........ ' .......................................................................... 1 Watt 
Short Circuit Output Current ......•.•...................................... , ....................... 50mA 

*Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated in the operating sections of this specification is not implied. Exposure to absolute 
maximum ratin9 conditiRns for extended periods may affect device reliability. 

READ OPERATION 

RECOMMENDED D.C. OPERATING CONDITIONS AND CHARACTERISTICS',2,4,8 
(O°C ~ T A ~ 70°C) (VCC = +5V ±5%, VPP = VCCp 

SVM PARAMETER MIN TVP MAX 

VIH Input High Voltage 2.0 Vcc+l 

VIL Input Low Voltage -0.1 0.8 

Icc I VCC Standby Power Supply Current 10 25 
(OE = VIL; CE = VIH) 

Icc2 VCC Active Power Supply Current 57 100 
(oE" = CE = VIL) 

IpPI VPP Current (VPP = 5.25V) 6 

VOH Output High Voltage 2.4 
(IOH = -400 ~A) 

VOL Output Low Voltage .45 
(IOL = 2.1 mAl 

hL Input Leakage Current 10 
(VIN = 5.25V) 

10L Output Leakage Current 10 
(VOUT = 5.25V) 

AC CHARACTERISTICS',2,5 
(O°C ~ T A ~ 70°C) (VCC = +5V ± 5%, VPP = VCCp 

-5 -6 -7 -8 

IsVM PARAMETER MIN MAX MIN MAX MIN MAX MIN 

tACC Addre~to Output Delay 300 350 390 
(CE = OE = VIL) 

teE ~o Output [)elay 300 350 390 
(OE = VIL) 

tOE Output Enable to Output 120 120 120 
Delay (CE = VIL) 

, 

tDf Chip Deselect to Output 0 100 0 100 0 100 0 
Float (CE = VIL) 

tOH Address to Output Hold 0 0 0 0 
(CE = OE = VIL) 
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UNITS NOTES 

Volts 

Volts 

mA 2 

mA 2 

mA 2,3 

Volts 

Volts 

~A 

~A 

MAX UNITS NOTES 

450 ns 

450 ns 6 

120 ns 10 

100 ns 9 

ns 



CAPACITANCE 
(TA = 25°C)8 

SYM PARAMETER 

CIN Input c~acitance 
COUT Output apacitance 

NOTES: 

TYP 

4 
8 

1. vee must be applied on or before VPP and Removed after or at the same times as VPP. 

MAX UNITS 

6 pF 
12 pF 

2. VPP and vee may be connected together except during programming. in which case the supply current is the sum of ICC and IPP1. 

NOTES 

7 
7 

3. The tolerance on VPP is to allow use of a driver circuit to switch VPP from vee to +25V in the READ and PROGRAM mode respectively. 
4. All voltages with respect to VSS. 
5. Load conditions:;; ITTl load and 1 OOpF 'f tr :;: tf :;; 20ns. reference levels are 1 V or 2V for inputs and .BV and 2V for outputs. 
6. tOE is referenced to CE or the addresses. whichever occurs last. 
7. Effective Capacitance calculated from the equation C = b, b,V where b,V = 3V 
8. Typical numbers are for TA = 25°C and VCC = 5.0V 
9. tOF is applicable to both Ce and De, whichever occurs first. 

10. OE may follow up to tACC - tOE after the falling edge of ~ without effecting tACC 

TIIVIING DIAGRAMS 
READ CYCLE (CE = VIL) 

L\ 
tACC\.4=" t

OE
-: 

OUTPUT 

STANDBY POWER 
DOWN MODE 
(OE =VIL) 

ADDRESS 

V IH -

CE 
V IL -

V OH -

OUTPUT 

V OL -

OPEN I 
\ 

VALID 

STANDBY 

VALID 
FOR CURRENT 

OPEN 

ADDRESS 

'D'~ 
VALID 

VALID 

ACTIVE 

VALID 
FOR CURRENT 
ADDRESS 

-
\. 
I 

STANDBY 
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PROGRAM OPERATIONs 
D.C. ElECTRICAL CHARACTERISTICS AND OPERATING CONDITIONS1'2 
(TA = 25°C ± 5°C) (VCC = 5V ±5'7'0, VPP = 25V ±1V) 

SYMBOL PARAMETER MIN 

ilL Input Leakage Current 

VIL Input Low Level -0.1 

VIH Input High Level 2.0 

ICC VCC Power Supply Current 

IPP1 VPP Supply CLirrent 

IPP2 VPP Supply Current during 
Programming Pulse 

A.C. CHARACTERISTICS AND OPERATING CONDITIONS1,2,6,1 
(TA = 25°C ± 5°C) (VCC = 5V ± 5%, VPP = 25V ± 1V) 

SYMBOL PARAMETER MIN TYP 

tAS Address Setup Time 2 

tOES OE Setup Time 2 

tos Oata Setup Time 2 

tAH Address Hold Time 2 

tOEH OE Hold Time 2 

tOH Oata Hold Time 2 

tOF Output Enable to Output Float 0 

tOE Output Enable to Output Oelay 

tpw Program Pulse Width 45 50 

tpRT Program Pulse Rise Time 5 

tPFT Program Pulse Fall Time 5 

NOTES: 

MAX 

10 

0.8 

VCC +1 

100 

5 

30 

UNITS NOTES 

p,A 3 

Volts 

Volts 

mA 

mA 4 

mA 5 

MAX UNITS NOTES 

p,s 

p,s 

p,s 

p,s 

p,S 

p,s 

120 ns 4 

120 ns 4 

55 ms 

ns 

ns 

1. vee must be applied at the same time or before VPP and removed after or at the same time as VPP. To prevent damage to the device it must not be inserted into a board 
wIth VPP at 25V. 

2. Care must be taken to prevent overshoot of the VPP supply when switching to +-25V. 
3. O.45V c. VIN 5.25V 
4. CE/PGM VIL 
5. CE/PGM VIH 
6. tT 0 20nsec 
7 1 V or 2V for Inputs and.BV or 2V for outputs are used as tIming reference levels. 
8. Although speed selectIons are made for READ operation all programming specifIcations are the same for all dash numbers. 
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TIMING DIAGRAM 

(Program Mode) 

~----PROGRAM ____ ~~----_PROGRAM ____ ~~ 
VERIFY 

ADDRESSES 
V ll - ___ J 

V IH _ 

DATA 

V ll -

'OF 

V IH -
OE 

V ll -

V IH -

CE/PGM 
V ll-

'PRT 

MODE SELECTION 

PIN CE/PGM OE VPP OUTPUTS 
IMODE (18) (20) (21) 

READ VIL VIL T5 Valid Out 

STANDBY VIH Don't +5 Open 
Care 

PROGRAM Pulsed VIH +25 Input 
VIL to VIH 

PROGRAM VIL VIL +25 Valid Out 
VERIFY 

PROGRAM VIL VIH +25 Open 
INHIBIT 

VCC(24) = 5V all modes 

DESCRIPTION CONTINUED 

Programming can be done with a single TTL level pulse, 
and may be done' on any individual location either 
sequencially or at random. The three-state output 
controlled by the OE input allows OR-tie capability for 
construction of large arrays. A single power supply 
requirement of +5 volts makes the MK2716 ideally 
suited for use with Mostek's new 5 volt only 
microprocessors such as the MK3880 (Z80). The 
MK2716 is packaged in the industry standard 24-pin 
dual-in line package with a transparent hermetically 
sealed lid. This allows the user to expose the chip to 
ultraviolet light to erase the data pattern. A new pattern 
may then be written into the device by following the 
program procedures outlined in this data sheet. 

! 

ADDRESS N ADDRESS N +m 

DATA OUT 
~------tAH------~ 

ADD X + m 

The MK2716 is specifically designed to fit those 
applications where fast turnaround time and pattern 
experimentatin are required. Since data may be altered 
in the device (erase and reprogram) it allows for early I 
debugging of the system program. Since single location 
programming is available the MK2716 can have its data • 
content increased (assuming all 2048 bytes were not • 
programmed) at any time for easy updating of system • 
capabilities in the field. Once the data/program is fixed 
and the intention is to produce large numbers of 
systems, Mostek also supplies a pin compatible mask 
programmable ROM, the MK34000. To transfer the 
program data to ROM, the user need only send the 
PROM along with device information to MOSTEK, from 
which the ROM with the desired pattern can be 
generated. This means a reduction in the possibility of 
error when converting data to other forms (cards, tape, 
etc.) for this purpose. However, data may still be input by 
any of these traditional means such as paper tape, card 
deck, etc. 

READ OPERATION 

The MK2716 has five basic modes of operation. Under 
normal operating conditions (non-programming) there 
are two modes including READ and STANDBY. A READ 
operation is accomplished by maintaining pin 18 (CE) at 
VIL and pin 21 (VPP) at +5 volts. If OE (pin 20) is held 
active low after addressing (AO - A 10) have stabilized 
then valid output data will appear on the output pins at 
access time tACC (address access). In this mode, access 
time may be referenced to OE (tOE) depending on when 
OE occurs (see timing diagrams). 
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POWER DOWN operijtion is accomplished by taking pin 
18 (CE) to a TTL high I!§vel (VIH). The power is reduced by 
75% from 525mW maximum to 132mW. In power down 
VPP must be at +5 volts and the outputs will be open­
circuit regardless of the condition of OE. Access time 
from a high to low transition of CE (tCE) is the same as 
from addresses (tACC). (See STANDBY Timing 
Diagram). 

PROGRAMMING INSTRUCTIONS 

The MK2716 as shipped from Mostek will be completely 
erased. In this initial state and after any subsequent 
erasure, all bits will be at a ." level (output high). 
Information is introduced by selectively programming 
'O's into the proper bit locations. Once a '0' has been 
programmed into the chip it may be changed only by 
erasing the entire chip with UV light. 

Word address selection is done by the same decode 
circuitry used in the READ mode. The MK2716 is put 
into the PROGRAM mode by maintaining VPP at +25V, 
and OE at VIH. In this mode the output pins serve as 
inputs (8 bits in parallel) for the required program data. 
Logic levels for other inputs and the VCC supply voltage 
are the same as in the READ mode. 

The program a "byte" (8 bits) of data, a TTL active high 
level pulse is applied to the CE/PGM pin once addresses 
and data are stabilized on the inputs. Each location must 
have a pulse applied with only one pulse per location 
required. Any individual location, a sequence of 
locations or locations at random may be programmed in 
this manor. The program pulse has a minimum width of 
45 msec and a maximum of 55msec, and must not be 
programmed with a high level D.C. signal applied to the 
CE/PGM pin. 
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PROGRAM INHIBIT is another useful mode of operation 
when programming multiple parallel addressed 
MK2716's with different data. It is necessary only to 
maintain OE at VIH, VPP at +25, allow addresses and 
data to stabilize and pulse the CE/PGM pin of the device 
to be programmed. Data may then be changed and the 
next device pulsed. The devices with CE/PGM at VIL 
will not be programmed. 

PROGRAM VERIFY allows the MK2716 program data to 
be verified without having to reduce VPP from +25V to 
+5V. VPP should only be used in the 
PROGRAM/PROGRAM INHIBIT and PROGRAM 
VERIFY modes and must be at +5V in all other modes. 

MK2716 ERASING PROCEDURE 

The MK2716 may be erased by exposure to high 
intensity ultraviolet light, illuminating the chip thru the 
transparent window. This exposure to ultraviolet light 
induces the flow of a photo current from the floating 
gate thereby discharging the gate to its initial state. An 
ultraviolet source of 2537A yielding a total integrated 
dosage of 15 Watt-S~conds/cm2 is required. Note that 
all bits of the MK2716 will be erased. The erasure time 
is approximately 15 to 20 minutes utilizing a ultra-violet 
lamp with a 12000/-LW/cm2 power rating. The lamp 
should be used without short wave filters, and the 
MK2716 to be erased should be placed about one inch 
away from the lamp tubes. It should be noted that as the 
distance between the lamp and the chip is doubled, the 
exposure time required goes up by a factor of 4. The UV 
content of sunlight is insufficient to provide a practical 
means of erasing the MK2716. However, it is not 
recommended that the MK2716 be operated or stored in 
direct sunlight, as the UV content of sunlight may cause 
erasure of some bits in a short period of time. 



MOSTEI(. 
2048 x 8-BIT PROM 

Electrically Programmable/Ultraviolet Erasable ROM 

FEATURES 

o Replacement for popular 2048 x 8 bit 2716 type 
EPROM 

o Single +5 volt power supply during READ operation 

o Access Time in READ mode 

PIN 
MK2716-12 

Access Time 
650ns 

o Low Power Dissipation: 525 mW max active 

o Power Down mode: 132 mW max standby 

DESCRIPTION 

The MK2716 is a 2048x8 bit electrically 
programmable/ ultraviolet erasable Read Only Memory. 
The circuit is fabricated with MOSTEK's advanced N-
channel silicon gate technology for the highest 
performance and reliability. The MK2716 offers 
significant advances over hardwired logic in cost, 
system flexibility, turnaround time and performance. 

The MK2716 has many useful system oriented features 
including a STANDBY mode of operation which lowers 
the device power from 525 mW maximum active power 
to 132 mW maximum for an overall savings of 75%. 

BLOCK DIAGRAM 00 THRU 07 

~_VCC 

5E 

CE/PGM 

16.384 BIT 

CELL MATRIX 

NOTI:: Pm IS ,,,,d 20 h"w '"',." ".".", ... <1 tn, U'IllIOdIlI"I,ly with I"" 
~","IV ,1V,1I1;1I1h' 16K. 32K "'MI 641< ROM~ ,,,,d lulu,,· <1""'<';'"'''' 32K 
,met 641< EPROMs All ",h", '1".~,IIt;'I"on~ 1m II"~ d,'V,c" '1'''1;11'' un,,1 
l""lf-d hv 1'"S chan!~' 

...-GNO 

MK2716 (T)-12 

o Three State Output OR-tie capability 

o Five modes of operation for greater system 
flexibility (see Table) 

o Single programming requirement: single 
location programming with one 50 msec pulse 

o Pin Compatible with Mostek's wide word memory 
family 

o TIL compatible in all operating modes 

o Standard 24 pin DIP with transparent lid 

MODE SELECTION 

PIN CE/PGM OE VPP OUTPUTS 
MODE (18) (",u) (",1) 

READ VIL VIL +5 Valid Out 

STANDBY VIH Don't +5 Open 
Care 

PROGRAM Pulsed VIH ,25 Input 
VIL to VIH 

PROGRAM VIL VIL +25 Valid Out 
VERIFY 

PROGRAM VIL VIH '25 Open 
INHIBIT 

VCC(24) = 5V all modes 

PIN OUT 

A7 24 VCC 

A6 2 23 A8 

AS 3 22 A9 

A4 4 21 Vpp 

A3 S 20 OE 

A2 6 19 AlO 

Al 7 18 CE 

AO 8 17 07 

00 9 16 06 

01 10 IS Os 

02 11 14 04 

GND 12 13 03 

~-AlO ADDRESSES 
CE/PGM CHIP ENABLE/PROGRAM 
DE OUTPUT ENABLE 
00- 0 7 OUTPUTS 
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ABSOLUTE MAXIMUM RATINGS* 

Voltage on any pin relative to VSS (Except VPP). . . . .. . ........................................ -0.3V to +6V 
Voltage on VPP supply pin relative to VSS . . . . . . . . . .. . ....................................... -0.3V to +28V 
Operating Temperature TA (Ambient) ..................................................... ODC":; TA ":;70DC 
Storage Temperature (Ambient) ......... " ........................................... -55DC":; TA ":;+125DC 
Power Dissipation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . .............................................. 1 Watt 
Short Circuit Output Current. . . . . . . . . . . . . . . . . . . . . .. . ............................................... 50mA 

·Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at" these or any other conditions above those indicated in H18 operating sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

READ OPERATION 
RECOMMENDED D.C. OPERATING CONDITIONS AND CHARACTERISTICS1,2,4,8 
(OC":; TA":; 70°C) (VCC = +5V ±5%, VPP = VCC)3 

SYMBOL PARAMETER MIN TYP MAX 
--
VIH Input High Voltage 2.0 Vcc+l 

VIL Input Low Voltage -0.1 0.8 

ICCl VCC Standby Power Supply Current 10 25 
(OE = VIL; CE = VIH) 

ICC2 VCC Active Power Supply Current 57 100 
(OE = CE = VIL) 

IPPl VPP Current (VPP = 5.25V) 6 

VOH Output High Voltage 2.4 
(IOH = -400).(A) 

VOL Output Low Voltage .45 
(IOL = 2.1 mAl 

I 

IlL Input Leakage Current I 10 
(VIN = 5.25V) I 

IOL Output Leakage Current 10 
(VOUT = 5.25V) 

A.C. CHARACTERISTlCS1,2,5 
(ODC ,,:; T A ,,:; 70°C) (VCC = +5V ± 5%, VPP = VCC)3 
- ..-------~ 

SYMBOL PARAMETER MIN MAX 

tACC Address to Output Delay 6::'0 
(CE OE VIL) 

tCE CE to Output Delay 650 
(OE VIC) 

tOE Outpu.!..£nable to Output Delay 230 
(CE VIL) 

tDF Chip Deselect to Output Float 0 1::'0 
(CE - W) 

.---

tOH AQ.dre~to Output Hold 0 
(CE OE VIL) 

'-----_. 

UNITS NOTES 

Volts 

Volts 

mA 2 

mA 2 

mA 2,3 

Volts 

Volts 

).(A 

).(A 

UNITS NOTES 

11~ 

115 6 

11~ 10 

Ib 9 

115 

NOTE: All timing diagrams and operating modes (including program timing) are the same as on the standard -6, -7, and -8 data sheet. This spec IS to be used In 

conjunctIon with the standard data sheet. 
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CAPACITANCE 
(TA = 25°C)8 

SYMBOL PARAMETER 

CIN Input Capacitance 

COUT Output Capacitance 

NOTES: 

TYP 

4 
8 

MAX UNITS NOTES 

6 pF 7 
12 pF 7 

1. vee must be applied on or before VPP and Removed after or at the same times as VPP. 

2. vpp and vee may be connected together except dUring programming. in which case the supply current is the sum of ICC and IPP1. 

3. The tolerance on VPP is to allow use of a driver circuit to switch VPP from vee to +25V in the READ and PROGRAM mode respectively. 

4. All voltages with respect to VSS. 

5. Load conditions::::: ITTL load and 100pF., tr:: tf ::: 20ns. reference levels are lV or 2V for inputs and .BV and 2V for outputs. 

6. tOE is referenced to CE or the addresses, whichever occurs last. 

7. Effective Capacitance calculated from the equation C :::: b,. C::.V where b:.V ::: 3V 

8. Typical numbers are for TA = 25°C and VCC = 5.0V 

~. tOF is applicable to both CE and BE. whichever occurs first. 

10. DE may follow up to tACC - tOE after the falling edge of CE without effecting tACC 

Programming can be done with a single TTL level pulse, 
and may be done on any individual location either 
sequencially or at random. The three-state output 
controlled by the OE input allows OR-tie capability for 
construction of large arrays. A single power supply 
requirement of +5 volts makes the MK2716 ideally 
suited for use with Mostek's new 5 volt only 
microprocessors such as the MK3880 (Z80). The 
MK2716 is packaged in the industry standard 24-pin 
dual-in line package with a transparent hermetically 
sealed lid. This allows the user to expose the chip to 
ultraviolet light to erase the data pattern. A new pattern 
may then be written into the device by following the 
program procedures outlined in this data sheet. 

The MK2716 is specifically designed to fit those 
applications where fast turnaround time and pattern 
experimentatin are required. Since data may be altered 
in the device (erase and reprogram) it allows for early 
debugging of the system program. Since single location 
programming is available the MK2716 can have its data 
content increased (assuming all 2048 bytes were not 
programmed) at any time for easy updating of system 
capabilities in the field. Once the data/program is fixed 
and the intention is to produce large numbers of 
systems, Mostek also supplies a pin compatible mask 
programmable ROM, the MK34000. To transfer the 
program data to ROM, the user need only send the 
PROM along with device information to MOSTEK, from 
which the ROM with the desired pattern can be 
generated. This means a reduction in the possibility of 
error when converting data to other forms (cards, tape, 
etc.) for this purpose. However, data may still be input by 
any of these traditional means such as paper tape, card 
deck, etc. 

READ OPERATION 

The MK2716 has five basic modes of operation. Under 
normal operating conditions (non-programming) there 
are two modes including READ and STANDBY. A READ 
operation is accomplished by maintaining pin 18 (CE) at 
VII:. and pin 21 (VPP) at +5 volts. If OE (pin 20) is held 
active low after addressing (AO - A 10) have stabilized 
then valid output data will appear on the output pins at 
access time tACC (address access). In this mode, access 
time may be referenced to OE (tOE) depending on when 
OE occurs (see timing diagrams). 

POWER DOWN operation is accomplished by taking pin 
18 (CE) to a TTL high level (VI H). The power is reduced by 
75% from 525mW maximum to 132mW.ln power down 
VPP must be at +5 volts and the outputs will be open­
circuit regardless of the condition of OE. Access time 
from a high to low transition of CE (tCE) is the same as 
from addresses (tACC). (See STANDBY Timing 
Diagram). 

PROGRAMMING INSTRUCTIONS 

The MK2716 as shipped from Mostek will be completely 
erased. In this initial state and after any subsequent 
erasure, all bits will be at a '1' level (output high). 
Information is introduced by selectively programming 
'O's into the proper bit locations. Once a '0' has been 
programmed into the chip it may be changed only by 
erasing the entire chip with UV light. 

Word address selection is done by the same decode 
circuitry used in the READ mode. The MK2716 is put 
into the PROGRAM mode by maintaining VPP at +25V, 
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and DE at VIH. In this mode the output pins serve as 
inputs (8 bits in parallel) for the required program data. 
Logic levels for other inputs and the VCC supply voltage 
are the same as in the READ mode. 

The program a "byte" (8 bits) of data, a TTL active high 
level pulse is applied to the CE/PGM pin once addresses 
and data are stabilized on the inputs. Each location must 
have a pulse applied with only one pulse per location 
required. Any individual location, a sequence of 
locations or locations at random may be programmed in 
this manor. The program pulse has a minimum width of 
45 msec and a maximum of 55msec, and must not be 
programmed with a high level D.C. signal applied to the 
CE/PGM pin. 

PROGRAM INHIBIT is another useful mode of operation 
when programming multiple parallel addressed 
MK2716's with different data. It is necessary only to 
maintain OE at VIH, VPP at +25, allow addresses and 
data to stabilize and pulse the CE/PGM pin ofthe device 
to be programmed. Data may then be changed and the 
next device pulsed. The devices with CE/PGM at VIL 
will not be programmed. 

PROGRAM VERIFY allows the MK2716 program datato 
be verified without having to reduce VPP from +25V to 
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+5V. VPP should only be used in the 
PROGRAM/PROGRAM INHIBIT and PROGRAM 
VERIFY modes and must be at +5V in all other modes. 

MK2716 ERASING PROCEDURE 

The MK2716 may be erased by exposure to high 
intensity ultraviolet light, illuminating the chip thru the 
transparent window. This exposure to ultraviolet light 
induces the flow of a photo current from the floating 
gate thereby discharging the gate to its initial state. An 
ultraviolet source of 2537A yielding a total integrated 
dosage of 15 Watt-seconds/cm2 is required. Note that 
all bits of the MK2716 will be erased. The erasure time 
is approximately 15 to 20 minutes utilizing a ultra-violet 
lamp with a 12000/lW/cm2 power rating. The lamp 
should be used without short wave filters, and the 
MK2716 to be erased should be placed about one inch 
away from the lamp tubes. It should be noted that as the 
distance between the lamp and the chip is doubled, the 
exposure time required goes up by a factor of 4. The UV 
content of sunlight is insufficient to provide a practical 
means of erasing the MK2716. However, it is not 
recommended thatthe MK2716 be operated or stored in 
direct sunlight, as the UV content of sunlight may cause 
erasure of some bits in a short period of time. 



MEMORY DATA BOOK 

Dynamic 
Random Access Memory 
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FEATURES 

o TTL/DTL Compatible inputs 

o No Clocks Required 

o Access time: 
MK 4006 P-6 under 400 ns 
MK 4008 P-6 under 500 ns 

DESCRIPTION 

This is a family of MOS dynamic 1024xl random­
access memories having identical functional charac­
teristics, differing only in speed. Access time in the 
MK 4006 P-6 is less than 400 ns; in the MK 4008 P-6 
less than 500. 

Full address decoding is provided internally. Informa­
tion is read out non-destructively (NDRO) and has 
the same polarity as the input data. 

TTL/DTL compatibility at all inputs allows econom­
ical use in small systems by eliminating the need for 
special interface circuitry. Large main-memory 
applications also benefit from the low drive-voltage 
swings as well as the packing density afforded by the 
standard 16-pin dual-in-Iine packaging and low 
standby power. 

The internal memory element of this RAM is a 
capacitance, and refreshing must be periodically 
initiated (see TIMING). However, all internal de­
coding and sensing is static, so that precharging or 
clocking normally associated with dynamic memories 
is not required. From the user's viewpoint, memory 
control and addressing are essentially those of a 
static device. 

FUNCTIONAL DIAGRAM 

MOSTEI(. 
1 024x1-BIT DYNAMIC RAM 

MK4006(P)-6/MK4008(P)-6 

o Standby Power: under 50 mW 

o 16-Pin Standard CDIP 

o Supply Voltage: +5V and -12V 

Noise suppression measures normally employed in 
DTL or TTL systems are sufficient. High voltage 
input siNings and high peak-current line drivers 
are unnecessary for driving memory inputs and the 
memory itself does not exhibit large supply current 
transients. 
Data output is single-ended to minimize propagation 
delay. Output current is sourced from VSS (+5V), 
and easily sensed using readily available components. 
A logic 1 at the output terminal appears as a 5,000 
Ohm resistor (MK 4006) to +5V; a logic 0 as an 
open circuit. 

The performance of this RAM is made possible by 
Mostek's ion-implantation process. In addition to 
offering low threshold voltages for TTL/DTL com­
patibility and utilizing conventional P-channel pro­
cessing, ion·implantation allows both enhancement 
(normally OFF) and depletion (normally ON) MOS 
transistors to be fabricated on the same chip. By 
replacing conventional MaS load resistors with 
constant-current depletion transistors, operational 
speeds and functional density are increased. 

PIN CONNECTIONS 

C2 1 • 
Cl2 

R/W3 
R24 
R35 
R4 6 
Rs 7 
Rl8 

16 C3 
15 C4 
14 Cs 
13 CE 
12 DOUT 
11 DIN 

10 Vss 
g'Voo 
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V" 
Voo 

V" 
V,H 

V" 

t,e 

twe 

twp 

tAW 

tOLD 

t.OlY 

leopo 

Iss, 100 

PSOBY 

I'H 

I'L 

10H 

10l 
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..... +0.3 to -20V 

ABSOLUTE MAXIMUM RATINGS 

Voltage on any pin relative to V" ... 

Operating Temperature ... " ,,""" "" .. """,, """,," "O°C to +70°C 

Storage Temperature Range ... 

RECOMMENDED DC OPERATING CONDITIONS 
(0° C S:TA s: 70 C) 

" " " " " . _65°C to +1S0°C 

PARAMETER 
MK 4~06P-6 
MIN MAX 

MK 4~08P.6 
MIN MAX UNITS NOTES 

Supply Voltage +4.7S +S.25 

Supply Voltage -11.4 -12.6 

Input Voltage, Logic 0 +0.8 

Input Voltage, Logic 1 V,,-1 V" 

Standby Supply Voltage (Fig. 4) V,,-4 Vss -6 

RECOMMENDED AC OPERATING CONDITIONS(2) 
(0' C s: T A <; 70 C) 

MK 4006p·6 MK 4008P-6 
PARAMETER MIN MAX MIN MAX 

Read Cycle Time (Fig. 1) 400 500 

Write Cycle Time (Fig. 2) 650 
900 

Write Pulse Width (Fig. 2) 2S0 
400 

Address-to-Write Delay (Fig. 2) 400 
SOO 

Data-to-Write Lead Time (Fig. 2) 300 
400 

Refresh Time (Fig. 3) 2 2 

Chip-Disable-to-Power·Down 
Delay (Fig. 4) 200 200 

DC ELECTRICAL CHARACTERISTICS 
(v" == +5V ± 5%: Voo == -12V ± 5%: O'C s: TA <; 70'C unless otherwise noted) 

MK 4006P·6 MK 4008p·6 
PARAMETER MIN MAX MIN MAX 

Supply Current: At TA==O°C 32 32 

At TA=70°C 27 27 

Power Dissipation, Standby SO SO 

Input Current, Logic 1. Any Input -5 +S -S +5 

Input Current, Logic 0, Any Input -5 +5 -5 +5 

Output Current, Logic 1 1.0 0.8 

Output Current, Logic 0 5 5 

V 

V 

V 

V 

V Note 1 

UNITS NOTES 

ns 

ns twp ==2S0 ns 
ns twp ==400 ns 

ns tAw ==400 ns 
ns tAW==SOO ns 

ns twp ==2S0 ns 
ns twp ==400 ns 

ns twp ==2S0 ns 
ns twp ==400 ns 

ms See Note 3. 

See Note 1 
ns See Note 4 

UNITS NOTES 

mA Output 

mA Open 

mW V,,-Voo = 5V; Note 1 

pA V,==Vss -1V 

pA V,==0.8V 

mA 

I'A 
Note 5 



AC ELECTRICAL CHARACTERISTICS 
(Vss = +5V ::: 5%; Voo = -12V =- 5%; O'C ~ T" ~ 70'C unless otherwise noted) 

I I 
PARAMETER MK 4006P-6 MK 4008P-6 UNITS NOTES 

MIN MAX MIN MAX 

tACCESS Read Access Time (Fig. 1 & 1-A) 400 500 ns Note 2 

tCE Chip Enable Time (Fig. 1A & 5) 350 450 ns 
Note 2 

tCD Chip Disable Time (Fig. 1 A & 5) 350 450 ns 

C, Input Capacitance, Any Input 5.0 5.0 pF TA=25'C; V,=Vss ; 
f=1MHz 

Co Output Capacitance 10 10 pF TA=25'C; Vo=Vss -5V; 
f=1MHz 

COD VDO Capacitance 75 75 pF T" = 25'C; Note 6 

NOTES: 

(1J Applies to MK 4006-6 and MK 4008-6 only. 

(2) Measurement Cntena' Input voltage swing, all Inputs 08V to Vss - 1 
Input rise and fall times: 20 ns 
Measurement POint on Input signals: +'.SV above ground 
Measurement pOint on output Signal: +60 mV abo\'e ground, using a load elfel.llt of a 200 ohm resistor in parallel 

with a 100 pF capacitance connected to ground. 

(3) tRDly is the lime between refresh cycles tor a given row address. 

(4) The rise time at VI"' must not be laster than 20 ns 

(S) Steady-state values. (Refer to Fig. lA lor clarrflcatlon) 

(6) Average capacilance of the Voo terminal relative to the Vss terminal. Measured by sWItching the Voo terminal from OV to -12V with an 
applied V$$::::: 5V. Peak 100 is observed and the cirCUIt replaced by a capacitance which yields the stme peak current at the circuit 
under test. 

TIMING (Note 2) 

FIG. 1 
READ 
CYCLE 

C!i!L 
ENABLE 

R/W I 

ADDRESS 

DATA 
OUTPUT 

___ J 

~-------tK--------~ 

READING (Fig. 1 J 
Reading is accomplished with the Read/ 
Write input held high. Data output di­
rectly follows the application of an 
address. As long as the address is un­
changed and the chip enabled, data out­
put will remain valid until the next refresh 
cycle. Input addresses can be changed 
as soon as output data is accessed. Any 
address can be applied repetitively with­
out degrading stored data, providing that 
the refresh period of 2 ms is observed. 

vot 
100X I" f-----~_=:- - - - - - - - - - - - - -. ..;-,..------

MK4006P 180mV 
MK4008P 144mV 

MK4006.8P 80mV 

MK4006.8P 60mV 

MK4006.8P 40mV 

MK4006.8P 10mV 

Jfi)" 
200X I" 

C=IOOpF 
R=100" 

o~I ___________ ~~ ________ __ 

NEW 0 ----=:j r l1 I 
ADORESSf---bcCESs 1-111 

TIME---

I tl=20nanosec(Max) 

1,=100nanosec(Max). 100n.no",Oyp) 

ACCESS TIME (Fig. 1-AJ 

Figure 1-A illustrates the measurement 
of access time after application of new 
address for the MK 4006 P and the MK 
4008 po. 
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TIMING 
(Note 2) 

WRITING (Fig. 2) 

Writing is accomplished by bringing the 
Read/ Write input low with valid data 
~resent at the data input and the Chip-

nable input low (chip enabled). Follow­
ing the return of the Read/Write line to a 
high state, new address and input data 
can be applied. If a read-alter-write oper­
ation is desired, valid data will appear at 
the output within one read access time 
following the rising edge of the Write 
Pulse. Read-modify-write operation is 
easily achieved by delaying the Write 
Pulse until data has been read and modi­
fication is complete. 

REFRESHING (Figs. 2 & 3)1 

The dynamic memory cell employed in 
the MK 4006 P and MK 4008 P will not 
store data indefinitely. Stored data must 
be written back into the cell at least once 
every 2 ms. Rewriting is accomplished in­
ternally without the need to reapply ex­
ternal data. This rewriting operation is 
called refreshing. 

Refreshing of the MK 4006 P and MK 
4008 P is accomplished during both write 
cycles and refresh cycles. During a write 
cycle the state of the Row Address 
(R,-R,) determines which of the 32 mem­
ory. matrix rows will be internally re­
freshed. An entire row (32 bits) is re­
freshed during one write cycle. Since it 
is difficult in practice to assure that each 
of the 32 possible R addresses is asso­
ciated with a write cycle in every 2 ms 
period, a separate refresh cycle is nor­
mally employed. 

The refresh cycle is identical to the write 
cycle except that the chip is disabled 
while .the Read/Write line is pulsed. Dis­
abling the chip removes the data output 
and prevents data at the data input from 
being written into the memory. An entire 
refresh cycle consists of 32 address 
changes and associated write pulses, in­
volving a total time 01 approximately 20 
microseconds. 

STANDBY MODE (Fig. 4) 

Power dissipation of the MK 4006-6 P and 
MK 4008-6 P can be reduced below 50 
mW without loss of stored data by low­
ering the Voo supply voltage to system 
ground (V..-5V). Figure 4 illustrates the 
proper input conditions that should be 
observed when reducing Voo. If the 
standby mode is maintained as long as 
2 milliseconds, the Voo supply should be 
returned to -12V and a refresh cycle 
initiated. Read or write cycles can com­
mence immediately following the return 
of Vpp to 12V. 

Figure 2 

ADDRESS 

FIG. 2 
WRITE 
CYCLE 

Figure 3 

RIW 

DATA 
INPUT 

~~FR~SH ADDRESS 
CYCLE 

R/W 

Figure 4 

Iwc----i 

I __ J 

,;50n, 

Ic:ilPo t-----s1ROl,--,..---I 

Ciffi' • 
ENAmI_. 1.5V 

FIG. 4 
STANDBY 
MODE 

Voo ----'1----

R/W 

!Ons 



TIMING 
(Note 2) 

CHIP ENABLING (Fig. 5)1 

The negative-going CE enables the chip, 
and output data becomgs valid within 
tCE time. Return of the CE input to logic 
1 disables the chip; data out remains for 
tCD time. 

TESTING CONSIDERATIONS 

The functional diagram (Fig. 6) indicates signal flow for se­
lected row and column. 
A. simplified listing of functional tests is shown in Table 1. 
(high = Logic 1; low = Logic 0) 
Tests are performed in an address sequence which requires 
the maximum number of changes in the row and column de­
coders between addresses. Addressing Rows 0 through 31 is 
accomplished by using the binary equivalent of. the row 
address. The internal organization of the memory matrix re­
quires the logic shown in Fig. 7 for column addresses; this 
logic provides the necessary conversion from binary equiva­
lent to column address. 

Figure 6 

J 
READ/WRITE 

SR, 
~ 4R, 

5R, g 
6 R. ~ 7R, 

Figure 7 

FROM 
TESTER 

~ 
§R iR 
;; ~ '" 5 

2' 

2' 

2' 

2' 

2' 

~ 
~ 

;e 
~ R. 

2 1 161514 
C, C, c,C. C\ 

[~~~~~ ________ '11 
000' 

SELECTED ROW 

II 
D" 

, , a WRITE ..... SELECTED PATH ' , SIGNAL FLOW , . 
SELECTED COlUMN 

.[> C, 

[> C, 

TO RAM 

[> C, UNDER 
TEST 

X 
C, 

Cs 

ORDERING INFORMATION 

CiIiP FigureS £ICEj 
~. =___ =mm:-_-
CHIP 
ENABLING 

Q!!L 
ENABlE 

OATA 
OUTPUT -- _____ ---- ______ 1'-__ _ 

TABLE 1: FUNCTIONAL TESTS (SIMPLIFIED) 

TEST TEST OPEl. CHIP DATA CO"'AIE 
DEIC. SEQ. UAiLE IfII'IIT DATA 

8ill Filii 
Decode, Test' 

Write E Parity 

N," Rlld E Parity 

Column Shorts First Writ. E V-Bar 
& No Write -
Durin. N," Writ, 0 V·8ar 
Disable 

Ne" Reid E V·B,r 

Row Shorts. Filii Writ. E H·B.r 
No Read 
Durin, Disable, N," Read 0 1 0 
& MIX. Power 

Ned Read E 0 H·Bar 

Access Time. Filii Writt,Write E V·Bar. V·Bar 
Refresh. 
Write Cycle, Ne" O"ar 0 0 
& Standby' 

Next Reid E V·Bar 

Disturb Test Filii Write Row E 1 
oil', 

Ned Write Adj. E 0 
Row wilh D's 

N," Continu. E 0 
Writlna: Slme 
Row for Mil. 
Refresll Dell, 

Ne" Read E 
orillnll Raw 
of 1's 1 

MK 4006 P-6 1024xl RAM/w/400 ns access time with power down 
MK 4008 P-6 1024xl RAM/w/500 ns access time with power down 
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APPLICAtiON 

SENSE AMPLIFIERS FOR MK 4006/4008 RAM's 
Since the interface c;ircuitry used to convert memory 
signals to system logic levels strongly influences sys­
tem access times, this circuitry should always be de­
'signed to meet the speed and cost requirements of the 
particular application. 

Fig. 1-A (See "Tirrii'iig") is shown to assist in the design 
of such amplifiers. This figure shows output voltage 
(across a specified load) vs. time from application of 
new address with several pOints indicated where speci­
fied iloltage levels are referenced to specific times. Al­
though all the various access times vs. output ·current 
levels cannot be shown, a few guidelines are given for 
Interpolation between the specified points. 

In Fig. 1-A, the two points at t.ce ... + 20 nsec give the 
minimum "1" level and the maximum "0" level for this 
particular time (80 mV and 40 mV respectively). At 
t.ceo .. + 200 nsec, voltage leve!s are specified for th~ 
90% and 10% points of the minimum "1" and max,­
mum "0" levels, 
INTERPOLATION 
These interpolation guidelines are selected to give the 
designer a high level of confidence in his sense ampli­
fier design. 
From 0 to 1: This portion of the access curve can be 
estimated by two linear portions: (1) from the 60 mV to 
the 80 mV level; and (2) from the 80 mV level to 180/ 
144 mV level. 
From 1 to 0: This portion of the access curve can be 
estimated by a semi-logarithmic plot decreasing 20 mV 
for each decade or 10 nsec of time added to t.ce .... with 
the end points being 60 mV at 2 nsec and 20 mV at 200 
nsec. 

EXAMPLE: Let us consider how this data can be used 
in a sense amplifier design utilizing the 75107/108 
Dual-Line-Receiver-and-Drlver. 

The manufacturer's data sheet for· this circuit shows us 
that at strobe time, three conditions 6f the line receiver 
can exist: (1) the input voltage differential can be more 
positive than 25 mV, resulting In a logic 1 at the output 
(Input differential voltage is referenced to the inverting 
terminal); (2) the Input differential can be more negative. 
than 25 mV, resulting ina logic 0 at the output; (3) the 
Input differential is less than 25 mV (absolute value), 
which will result in an output of an undetermined state. 
In other words, the line receiver has a 50 mV "window" 
centered around zero, anll a signal must fall outside 
this window to provide reliable information at the output. 

The standard configuration for using the 75107/108 as 
a sense amp is shown in Fig. 8 with the voltage and 
current conventions used in this analysis. 

FIG. 8: illustrating use 01 75107/108 Line Receivers 
as sense amplifier. lor the MK 4006/4008 P. 

10---+ 

From the worst-case access at the chip level, one can 
use the interpolation technique described above to de­
termine maximum "0" current level [loLc!MAX)] and 
the minimum "1" current level fioH(MIN)]. 

However, to use a worst-case approach to this design, 
in addition to the chip's characteristics, one must In­
clude in the "0" level current the effect of leakage 
from all outputs that are wired together. Also the input 
currents required by the 75107/108 (75 mA and 10 mAl 
must be included. Let us call this 10LT(MAX): 

IOLT(MAX) = IOLc!MAX) + (N-1) (5 pAl [1] 
where N = number of outputs wired together 

Using the maximum zero level at the line receiver input 
(V,o ::; -25mV = ViO), the lollowing equation is de­
rived: 

IOLT(MAX) = I, - I, + l,dMIN) 
and l,dMIN) = 0 pA 

therefore: 
V- +V+V-

I (MAX) =~ ___ '_0 
OLT R1 R2 

[2] 

[3] 

Using the minimum "1" level at the line receiver input 
(V,o ;::: +25 mV = V ,t), the equation becomes 

10H(MIN) = I, - I, + I'H(MAX) 
and I'H(MAX) = 75 pA 

v,t +V+V~ 
10H(MIN) =R1 ~ + 75 pA 

[4] 

[5] 

Solving these equations ([3] and [5]) simultaneously 
yields R1 and R2. 
As an example, assume a memory system witn 4 out­
puts wlred-ORed to a sense amplifier, requiring a chip 
access time of 460 nsec. Then the associated current 
and resistor values are: 

10LT(MAX) = 152.3 pA + 3 (5 pAl = 167.3 pA 
10H(MIN) = 511.12 pA 

Therefore: 

R1 = 190 f! 
R2 = 16.5 Kn 

Sense amplifiers vary from the very fast, low-threshold 
types to the slower, high-threshold kind. The ideal 
choice will depend on the application. Fig. 1-A and the 
guidelines in this note are intended to help the designer 
tailor his sense amplifier design to meet the speed and 
cost requirements of his particular application. 

It should also be noted that a portion of the output 
current from the memory chip is used to charge the 
capacitance on the data output. If the output impedance 
differs greatly from the specified load, this current must 
also be calculated. 



FEATURES 

D Versatile RAM can replace any existing 1101-
type 256x 1 MOS RAM pin for pin. 

D lon-implanted for superior performance. 

D Lower power dissipation: TOTAL 370 mW max 
over entire temperature range. 

D Faster access time: Typically 525 ns with Vo and 
VOO at -9V. 

D Less temperature-sensitive: specified over entire 
AMBIENT temperature range 0° to 75°C. 

D Tight control of output sink current capabilities: 
made possible by use of depletion-mode 
transistors. 

D No restrictions on address input sequence, skew, 
or rise and fall times. 

DESCRIPTION 

lon-implantation processes used in manufacturing 
the Mostek MK 4007 P Random Access MOS 
Memory result ina low-cost device with performance 
exceeding other industry types over the entire tem­
perature and voltage supply ranges. It may be used to 
replace any existing 1101 type RAM pin for pin. 

The depletion-load ion-implantation technique allows 
the fabrication of both depletion and enhancement 
mode transistors on the same chip. The result is not 
only superior operating characteristics within the 
region usually specified for devices of this type, but 
also wider operational areas without severe per­
formance degradation. For example, while specifi­
cations for this device are given for Vo and VOO 
from -7 to -13.2V, Vo and VOD may actually 
range from -6.5 to -15V (see DC Operating Con­
ditions and figure 1). Access times are improved 
(See F igu re 2); power dissipation is reduced (see 

FUNCTIONAL DIAGRAM 

MOSTEI(@ 
256x1-BIT DYNAMIC RAM 

MK4007(P/N) 

D Full OTL/TTL compatibility. 

D Wide power supply range: +5V; -6.5 to -15V. 

APPLICATIONS 

Ideal for small buffer storage requiring low cost, 
superior performance, and bipolar compatibility, 
such as: 

D Scratchpad memories 

D Data link buffers 

D Key-to-tape buffers 

D Tape-to-printer buffers 

D Editing memories 

Figure 3) and output sink current capabilities are 
improved (see Figure 4). The device is less tem­
perature-dependent (see Figures 5 and 6) and is 
specified over the entire ambient temperature range 
of 0° to 75°C. 

The ion-implantation process also makes the 
MK 4007 P RAM fully TTL/OTL compatible at all 
inputs and outputs. 

The 4007 P is a static memory, requiring no clocks 
or refreshing. Data is written into the address loca­
tion by applying a logic "1" to the R!W input. 
Addressing the desired location, with the chip en­
abled and R/W at logic "0", provides a nondestructive 
read-out (NORO) of true and complement data. A 
"Chip Select" allows output buffers to be open­
circuited during disable time for wire ORing. All 
inputs are protected against static charge 
accumulation. 

PIN CONNECTIONS 

ADDRESS 6 16 CfiiPSEltCT 
ADDRESS 8 15 R/W 

ADDRESS 7 14 om OUT 

Vo 4 13 DATA OUT 

Va: 12 DATA IN 

ADDRESS 5 11 ADDRESS 4 

ADDRESS 1 10 ADDRESS 2 

Voo 9 ADDRESS 3 

NOT FOR NEW DESIGN 71 
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ABSOLUTE MAXIMUM RATINGS 

Voltage on Any Terminal Relative to VCC ..•.•.••................•• + O.3V to -25V 
Operating Temperature Range (Ambient) •••.•..•••••...•.•••..•.•••.. O°C to +75°C 
Storage Temperature Range '(Ambient) Ceramic .••••..•.•..•.....••• -65°C to +150°C 
Storage Temperature Range (Ambient) Plastic •..•.•••.••...••••..... -55°C to 125°C 

DC OPERATING CONDITIONS 
(Ambient Temperature Range: O'C to +7S'C) 

PARAMETER 

Vee Supply Voltage 
Voo Supply Voltage 
VD Supply Voltage 

VIL Logic "0" Voltage, any Input 
VIH Logic "1" Voltage, any Input 

ELECTRICAL CHARACTERISTICS 

MIN 

4.75 
-6.5 
-6.5 

Vee -2.0 

(Ambient Temperature Range: O'C to + 7S·C. Vee = +5 V ± 5%; 
VD = Voo = -7 V tD -13.2 V, unless otherwise specified.) 

PARAMETER MIN 

ID Supply Current. VD 
IDD Supply Current, VDD 
PD Power Dissipation, Total 

ID Supply Current. VD 
IDD Supply Current, VDD 
PD Power DisSipation, Total 

PSDBY Power Dissipation, Standby 

IIiLI Input Leakage Current 

CIN Input Capacitance, Any Logic Input 
CY1DI Capacltance,VD Power Supply 

IOL Output Current, Logic "0" 3.2 

IOH Output Current,Logic "1" -1.0 

IOLe Output Clamp Current, Logic "0" 

lOlL! Output Leakage Current 

COUl Output Capacitance 

NOTES: 

TVP 

5.0 
-9.0 
-9.0 

0 

Vee 

TYP(1) 

8.0 
4.0 
170 

30 

7 
35 

5.6 
-4.2 

7 

(1) Typical values at Vee = +5 V, VD= VDD =-9.0 V·, TA = 25·C. 
(·Exeept Standby Power) 

MAX UNITS COMMENTS 

5.25 V 
-15.0 V See Fig. 1 for 
-15.0 V VD, VDD differential 

+0.8 V 
Vee+0.3 V 

MAX UNITS CONDITIONS 

16 mA 
9 mA VD - VDD = -9V :I: 5% 

370 mW 
Outputs open-circuited. 

19 mA VD = V DD = -13.2 V 
10 mA Vee = +5.25 V 
535 mW Outputs open-circuited. 

75 mW VD - Vee; VDD = -9V :1:5% 

1.0 "A VIN = 0 V, T A = 2S'C 

10 pF T A = 25°C, F. meas. = 
pF 1 MHz; Tested input = Vee 

mA Vo - +0.40 V 
mA Vo = +2.6V 

8.0 mA Vo = -1.0 V 

1.0 "A Vo = Vee -5V; CS = Logic 1; 
TA = 25·C. 

10 pF T A = 25°C; F meas. = 
1 MHz; Vo = Vee 



TIMING 
(Ambient Temperature Range: O·C to 75·C; Vcc = +5 V ± 5%; Vo = Voo = - 7V to -13.2 V, unless otherwise specified. See Notes 1 and 2.) 

PARAMETER MIN TYP MAX UNITS 

twe Write Cycle Time 700 ns 

~~ tWd Write Set-up Delay 300 ns 
two Write Pulse Width 400 ns 

~H5 tdld Data Lead Time 300 ns .... z 
"-0 t"lg Data Lag Time 0 ns Ou 

tew Chip Select Pulse Width 400 ns 

tACC Access Time 525 900 ns Vo = Voo - -9V ±5%. 

'" t.c Read Cycle Time 800 ns (See Note 3.) 
~ 

tACC Access Time 1.0 Vo - Voo - 7V to 13.2V. u ps 
u 

toc Read Cycle Time 900 ns (See Note 3.) :iii 
"" tOH Data Output Hold Time 100 ns z 
~ leSE Chip-Select-to-Output Enable 300 ns 

leso Chip-Select-to-Output Disable 300 ns 

NOTES: 

(1) All measurements to the 1.5 V level; inputs for test are 0 to 5 V and :0;10 ns rise and fall times; output is loaded with 1 TTL and 
approx. 20 pF. 

(2) R/W should be brought to logical "0" whenever address bits are changed; however, there are no restrictions on rise and fall 
times of address bits, nor on the sequence (or skew) of address bit changes. 

(3) Read Cycle may be "pipe-lined," i.e., the minimum hold time (tOH) may be subtracted from the maximum access time (tAccl. 

TIMING 
�RC----

ADDRESS 
See NOle:::::j 

:::j '0 ns 

R/W -- _. - \.. +--c----:----+----,----

OUTPUTS ==~~~= ~=~=~~_-~~~ 
l====~I"----1 

ADDRESS 

R/W _____ -'-__ -' 

DATA IN ===~~~~~~-_-~ =~~_~ 

t== I" -----I 
~___l_I~~~tcs-[--~----­

OUTPUTS __ ~\\\\\?\"'".\\\\\\v=== 

READ CYCLE 

~ading is accomplished with R/W (Read/Write) and 
CS (Chip Select) at logical "0." 

NOTE: CS logical "1" overlap time shown must be 300 
ns (max tCSE) less than the desired access !i!!'e; e.g., 
if desired access time tACC = 1.2 pS, then CS should 
go to logical "0" no later than 900 ns following ad­
dress change. 

WRITE CYCLE 

Wriling is accomplished with R/W at logical "1" and 
CS at logical "0." CS at logical "1" may overlap the 
address change as much as 50 ns. R/W may be taken 
to logical "0" coincidentally wilh an address change, 
but should not overlap an address change while in the 
logical "1" state. 

CHIP SELECT 

Chip Select at logical "1" causes the normal push-pull 
output buffers 10 be open-circuited for purposes of 
wire-ORing. The Chip Select may be used 10 access the 
memory at a faster rate by maintaining a constant 
address and selecting individual chips with the Chip 
Select input. 

POWER SWITCHING 

During standby operation the MK 4007 P will dissipate 
only 30 mW of power (typically) if the peripheral power 
supply, Vo' is reduced to Vcc' The R/W input may be 
maintained at logical "0" or "1"; however, if R/W is at 
logical "1," Chip Select should also be logical "1" (to 
disable chip during standby opeTation). With the return 
of power, either reat! or write cycles may commence as 
described above. 
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FEATURES 

D Low-cost 256x1 RAM in 16-pin package. 

D Identical with Mostek's MK 4007 P in all 
specifications except output current 

DESCRIPTION 

This economical version of Mostek's 256x1 bit 
RAM is identical with the MK 4007 P in all elec­
trical characteristics except output current. Per­
formance, operating conditions, timing character­
istics, package, and all other specifications are 
Identical with the MK 4007 P. See the MK 4007 P 
Data Sheet for additional Information. 

ELECTRICAL CHARACTERISTICS 

MOSTEI(. 
256x1-BIT DYNAMIC RAM 

MK4007(P/N)-4 

FUNCTIONAL DIAGRAM 

L='-----==--====-__ ----=::J 14 

(Ambient Temperature Range: O'C to + 7S'C. Vee = +5 V ± 5%; VD = VDD = -7 V to -13.2 V, unless otherwise specified.) 

PARAMETER MIN TYP 

ID Supply Current, VD 8.0 
100 Supply Current, VDD 4.0 

a: 
PD Power Dissipation, Total 170 

1&1 
~ ID Supply Current, VD 
0 

IDD Supply Current, VDD Q. 

PD Power Dissipation, Total 

P'D'V Power Dissipation, Standby 30 

III I'ILI Input Leakage Current ... 
::I 

C'N Input Capacitance, Any Logic Input 7 Q. 

! CVIDI Capacitance, VD Power Supply 35 

10L Output Current, Logic "0"; @TA = 25'C 3.0 5.6 
Output Current, Logic "0"; @ T A = 70'C 2,0 

10" Output Current, Logic "1" -1.0 -4.2 
III 10Le Output Clamp Current, Logic "0" ... 
::I 
Q. ... 10lLI Output Leakage Current 
::I 
0 

COUT Output Capacitance 7 

NOTES: 

(1) Typical values at Vee = +5 V, VD = VDD = -9.0 V-, TA = 25'C. 
<-Except Standby Power) 

MAX UNITS 

16 mA 
9 mA 

370 mW 

19 mA 
10 mA 

535 mW 

75 mW 

1.0 pA 

10 pF 
pF 

mA 
mA 
mA 

8.0 mA 

1.0 pA 

10 pF 

NOT FOR NEW DESIGN 

CONDITIONS 

VD = VDD = -9V ±5% 
Outputs open-circuited. 

VD = VDD = -13.2 V 
Vee = +5.25 V 
Outputs open-circuited. 

VD = Vee; VDD = -9V ±5% 

V,N = 0 V, T A = 25'C 

T A = 25'C, F. Meas. = 
1 MHz; Tested input =Vee 

V, ~ +0'<' V t'_c 50V "5% 
Vo - +0.40 V VD - VDD - -9.0 V 
Vo = +2.6V ±10% 
Vo = -1.0 V 

Vo = Vee -5V; CS = Logic 1; 
TA = 25'C. 

T A = 25'C; F meas. = 
1 MHz; Vo = Vee 
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FEATURES 

o Industry standard 16-pin DIP (MK 4096) 
configuration 

o 120ns access time, 320ns cycle (MK4027-1) 
150ns access time, 320ns cycle (MK4027,2) 
200ns access time, 375ns cycle (MK4027-3) 

o ±10% tolerance on all supplies (+12V, ±5V) 

o ECl compatible on VBB power supply (-5.7V) 

o low Power: 462mW active (max) 
27mW standby (max) 

DESCR IPTION 

The MK 4027 is a 4096 word by 1 bit MOS random 
access memory circuit fabricated with MOSTEK's 
N-channel silicon gate process. This process allows 
the MK 4027 to be a high performance state-of-the· 
art memory circuit that is manufacturable in high 
volume. The M K 4027 employs a single transistor 
storage cell utilizing a dynamic storage technique 
and dynamic control circuitry to achieve optimum 
performance with low power dissipation. 

A unique multiplexing and latching technique for 
the address inputs permits the MK 4027 to be pack­
aged in a standard 16-pin DIP on 0.3 in. centers. This 
package size provides high system·bit densities and is 
compatible with widely available automated testing 
and insertion equipment. 

FUNCTIONAL DIAGRAM 

" 
'. 
" 
" 
" 
" 

H-h---~-------"-"'-' 

,.SENSE-!t£F"ESH AM"ll"[,1tS 

OAT,I"Nfo,n,t,OvTGATIIIG 

MOSTEI(. 
4096x1-BIT DYNAMIC RAM 

MK4027( J/N)-1 /2/3 

o Improved performance with "gated CAS", "RAS 
only" refresh and page mode capability 

o All inputs are low capacitance and TTL compatible 

o Input latches for addresses, chip select and data in 

o Three-state TTL compatible output 

o Output data latched and valid into next cycle 

System oriented features include direct interfacing 
capability with TTL, only 6 very low capacitance 
address lines to drive, on·chip address and data 
registers which eliminates the need for interface 
registers, input logic levels selected to optimize noise 
immunity, and two chip select methods to allow the 
user to determine the appropriate speed/power 
characteristics of his memory system. The MK 4027 
also incorporates several flexible operating modes. In 
addition to the usual reacj and write cycles, read­
modify write, page-mode, and RAS-only refresh 
cycles are avai lable with the M K 4027. Page-mode 
timing is very useful in systems requiring Direct 
Memory Access (DMA) operation. 

PIN CONNECTIONS 

--~ .. 
vee 16 Vss 

--~ .. 
DIN 2 15 CAS 

WRITE 3 14 Dour 
{O,,,' 

RAS 4 13 CS 

Ao 5 12 A3 
IP ow ') 

A2 6 II A4 

AI 7 10 A5 

Voo 8 9 Vee 

PIN NAMES 

AO~A5 ADDRESS INPUTS 
~ COLUMN ADDRESS STROBE 
ES CHIP SELECT 
DIN DATA IN 

~T DATA OUT 
ROW ADDRESS STROBE 

iiVi'fiTE READ/WRITE INPUT 

VBB POWER (-5VI 

VCC POWER (+5VI 

VDD POWER (+ 12VI 

VSS GROUND 

77 



ABSOLUTE MAXIMUM RATINGS* 

Voltage on any pin relative to VBB .............. -0.5V to +20V 
Voltage on VDD, VCC relative to VSS ........... -1.0V to +15V *Stresses greater than those listed under 

"Absolute Maximum Ratings" may cause 
permanent damage to the device. This is 
a stress rating only and functional opera­
tion of the device at these or any other 
conditions above those indicated in the 
operating sections of this specification 
is not implied. Exposure to absolute 
maximum rating conditions for extended 
periods may affect device reliability. 

VBB-VSS (VDD-VSS > 0) ............................. OV 
Operating temperature, T A (Ambient) ............ O°C to + 70°C 
Storage temperature (Ambient)(Ceramic) ....... -65°C to + 150°C 
Storage temperature (Ambient)(Plastic) ....... -55°C to + 125°C 
Short circuit output current .......................... 50mA 
Power dissipation .................................. 1 Watt 

RECOMMENDED DC OPERATING CONDITIONS 4 
(Ooc ,,;;; TA";;; 70°C) 1 

PARAMETER MIN 

VOO Supply Voltage 10.8 

VCC Supply Voltage 4.5V 

VSS Supply Voltage 0 

VBB Supply Voltage -4.5 

VIHC Logic 1 Voltage, RAS, CAS, WRITE 2.4 

VIH Logic ~Itage, all inputs except 2.2 
RAS, CAS, WRITE 

VIL Logic 0 Voltage, all inputs -1.0 

DC ELECTRICAL CHARACTERISTICS 4 

TYP MAX UNITS NOTES 

12.0 13.2 volts 2 

5.0 5.5 volts 2,3 

0 0 volts 2 

-5.0 -5.7 volts 2 

7.0 volts 2 

7.0 volts 2 

.8 volts 2 

(O°C";;; T A";;; 70'C)' (VDD = 12.0V ± 10%; VCC = 5.0V ± 10%; VSS = OV; -5.7V";;; V BB ,,;;;-4,5V) 

PARAMETER MIN 

1001 Average VOO Power Supply Current 

1002 Standby VOO Power Supply Current 

1003 Average VOO Power Supply Current 
during "R7'\S only" cycles 

ICC VCC Power Supply Current 

IBB Average VBB Power Supply Current 

II(L) Input Leakage Current (any input) 

IO(L) Output Leakage Current 

VOH Output Logic 1 Voltage @ lOUT = 
-5mA 

2.4 

VOL Output Logic 0 Voltage @ lOUT = 
3.2mA 

NOTES 

1. T A is specified for operation at frequencies to tRC > tRC (min). 
Operation at higher cycle rates with reduced ambient temperatures 
and higher power dissipation is permissible provided that all AC 
parameters are met. See figure 2 for derating curve. 

2. All voltages referenced to VSS' 

3. Output voltage will swing from VSS to VCC when enabled,with 
no output load. For purposes of maintaining data in standby mode, 
Vec may be reduced to VSS without affecting refresh operations or 
data retention. However, the VOH (min) specification is not 
guaranteed in this mode. 

4. Several cycles are required after power-up before proper device 
operation is achieved. Any 8 cycles which perform refresh are 
adequate for this purpose. 

5. Current is proportional to cycle rate.IDD1 (max) is measured at 
the cycle rate specified by tRC (min). See figure 1 for 1001 limits 
at other cycle rates. 
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TYP MAX UNITS NOTES 

35 mA 5 

2 mA 8 

25 mA 

mA 6 

150 !J.A 

10 !J.A 7 

10 !J.A 8,9 

volts 

0.4 volts 

6. Ice depends on output loading. During readout of high level data 
VCC is connected through a,low impedance (13511 typ) to Data 
Out. At all other times ICC consists of leakage currents only. 

7. All device pins at 0 volts except VBS which is at -5 volts and the 
pin under test which is at +10 volts. 

8. Output is disabled (high-impedance) and ~ and CAS are both 
at a logic 1. Transient stabHization is required prior to measure­
ment of th is parameter. 

10. Effective capacitance is calculated from the equation: 

C =: 60 with 6 V '" 3 volts. 

6v 

11. A.C. measurements assume tT =: 5ns. 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS(4, 11, 17) 

(D°C< TA < 70°C)1 (VOO = 12 OV+ 10% Vee = 5 OV+ 10% VSS = OV -5 7V < VBB <-4 5V) - -

MK4027-1 MK4027-2 MK4027-3 
PARAMETER 

MIN 

tRC Random read or write cycle time 320 

tRWC Read write cycle time 320 

tRMW Read modify write cycle time 320 

tpc Page mode cycle time 160 

tRAC Access time from row address strobe 

tCAC Access time from column address strobe 

tOFF Output buffer turn-off delay 

tRP Row address strobe precharge time 100 

tRAS Row address strobe pulse width 120 

tRSH Row address strobe hold time 80 

tCAS Column address strobe pulse width 80 

tCSH Column address strobe hold time 120 

tRCD Row to column strobe delay 15 

tASR Row address set-up time 0--
tRAH Row address hold time 15 

tASC Column address set-up time -5 

tCAH Column address hold time 40 

tAR Column address hold time referenced to RAS 80 

tcsc Chip select set-up time 0 

tCH Chip select hold time 40 

tCHR Chip select hold time referenced to RAS 80 

tT Transition time (rise and fall) 3 

tRCS Read command set-up time 0 

tRCH Read command hold time 0 

tWCH Write command hold time 40 

tWCR Write command- hold time referenced to RAS 80 

twp Write command pulse width 40 

tRWL Write command to row strobe lead time 50 

tCWL Write command to column strobe lead time 50 

tDS Data in set-up time 0 

tDH Data in hold time 40 

tDHR Data in hold time referenced to RAS 80 

tCRP Column to row strobe precharge time 0 

tcp Column precharge time 60 

tRFSH Refresh period 

twcs Write command set-up time 0 

tCWD CAS to WRlTE delay 60 

tRWD RAS to WR ITE delay 100 

tDOH Data out hold time 10 

Notes Continued 

12. The specifications for tRC (min) and tRWC (min) are used only to 

~~=~~~~er~~~~e{~fi'~ ~ ;:i~t fcJ~ei~ ~~se~:et~~ns~~e;i~~~ef~I~~~';J~r'a_ 
tin9 curve. 

13. Assumes that tRCO ~tRCD (max). 

14. Assumes that tRCO ;,?:tRCD (max). 

15. Measured with a load circuit equivalent to 2 TTL loads and 1 QQpF 

16. Operation within the tRCO (max) limit insures that tRAC (max) 
can be met. tRCO (max) is specified as a refere~ce pOint only; if 
tRCO is greater than the specified tRCO (max) limit, then access 
time is controlled exclusively by tCAC' 

MAX MIN MAX MIN MAX 
UNITS NOTES 

-
320 375 ns 12 
320 375 ns 12 
320 405 ns 12 
170 225 12 

-
ns 

120 150 200 ns 13, 15 

80 100 135 ns 14, 15 

35 40 50 ns 

100 120 ns 

10,000 150 10,000 200 10,000 ns 

I-

100 135 ns 

100 135 ns 

150 200 ns 

40 20 50 25 65 ns 16 
------1---0 ~--~--" 

0 ns 

20 25 ns 

-10 -10 ns 

45 55 ns 

95 120 ns 

-10 -10 ns 

45 55 ns 

95 120 ns 

35 3 35 3 50 ns 17 

2 

0 0 ns 

0 0 ns 

45 55 ns 

95 120 ns 

45 55 ns 

50 70 ns 

50 70 ns 

0 0 ns 18 

45 55 ns 18 

95 120 ns 

0 0 ns 

60 80 ns 

2 2 ms 

0 0 ns 19 

60 80 ns 19 

110 145 ns 19 

10 10 /-IS 

17. VIHC (Min) or VIH (min) and VIL (max) are reference levels for 
measuring timing of input signalS. Also, transition times are 
measured between VIHC or VIH and VIL-

18. These parameters are referenced to C"AS leading edge in random 
write cycles and to WRTT'E leading edge in delayed write or read­
mOdify-write cycles. 

19. twcs, tCWD' and tRWD are restrictive operating parameters in . 

ihree6~~f:ii~ea~r :aer~$/:r~~~f::~~i~~~YD~~aoOI~t ~i1~5~?ai~~tfeS d:~n), 
written into the selected cell. If tcwo >tcwo (min) and tRWD ~ 
tRWD (min), the cycle is a read-write cycle and Data Out will contain 
data read from the selected cell. If neither of the above sets of conditions 
is satisfied, the condition of Data Out (at access time) is indeterminate. 
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AC ELECTRICAL CHARACTERISTICS 

(O°C ,,;;;TA";;; 70t) (VOO = 12.0V ± 10%; VSS = OV;-5.7V,,;;;VBB,,;;;-4.5V) 

C 11 

C 12 

Co 

« 
.§. 
.... 
'" w 
0: 
0: 

'" OJ 

> 
--a. a. 

'" '" 0 
.9 
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PARAMETER 

Input Capacitance (AO·A5), DIN, CS 

I nput Capacitance RAS, ~, iiiTRf'1'"E 

Output Capacitance (DOUT) 

CYCLE TIME tCYC (n,1 

375 320 

1000 500 400 300 250 
50mA 

0 
I;" 40mA 

I 

" ,~~ " 

!If' 
, 

~ v 
'\$~~ ~qf(,c. , 

s::>' :P 
{J ~'" 

to" ~§)'I ~ 
'>~ '}.\: 

I- ~f. /,I=-h, 
~~~ ,,\4.q 

[..oil! ~v- " 

30mA 

20mA 

~ 
lOrnA 

1.0 2.0 3.0 4.0 

CYCLE RATE (MHzl = 10' ItCYC (n,1 

Figure 1. Maximum 1001 versus cycle rate for device 
operation at extended frequencies. 

TYP MAX UNITS NOTES 

4 5 pF 10 

8 10 pF 10 

5 7 pF 8,10 

CYCLE TIME tCYC (n,1 

1000 500 

375 320 

-l300 4001 250 

70 

~ 
""I. 11... 

M~.4d27.~ 
<! .... 
~ 

60 w 

Mk 4027-1/~~~ 
.... 
.... 
'" w 
iii 
:; 
<! 

50 
1.0 2.0 3.0 4.0 

CYCLE RATE (MHzl = l()3!tCYC (nsl 

Figure 2. Maximum ambient temperature versus cycle rate 
for extended frequency operation. 



READ CYCLE 

~------------------------- 'Rc----------------------.,-I 

~------------------------ 'RAS--------~ 

tesH I --------------<-t 
'RSH ---------;...-1 

VlHC------;-:.-----.-----. 14----;1
1
- tCAS-----l r--1r-------­

VIL -

V 1H-

ADDRESSES V IL-

V IHC­

V IL -.L..I...L./...L./...L./...L./.t'-'..L./.~ 

cs VIH -

VIL -

DOUT 
VOH-

VO<._ 

... _________ t RAC--------____ "" 

_________ tF'OOftCAC 

------------------------~--~---OPEN 

EARLY WRITE ~----------------------- tRc----------------------<·~1 

tARi 

t CSH ]----------------01 
t RCO ______ -.j-------j-.- t RSH 

VlHC_-------'--'----------r---. ~----111- t CAS -------I"" r---j,----------­
VIL -

V 1H-

ADDRESSES V IL-

V 1H _ 

V IL - .L..I.-'-'--'-'--'-'-.L..L.I'--'-.L..L..L..L.LJ I'-,.------F'-=-----'I "..L./...L./...L./...L./...L./..LL.LL.LL'-'-'-'-I...t...'-'-'-'-'-'-'-'-'-' 
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READ-WRITE / READ-MODIFY-WRITE CYCLE 

14---------------- t RWC/tRMW ---------------t 

14----\--- t RSH 

---~~r---~--tCAS ---------~ 

--- tCSH ---------....., 

ADDRESSES 

DOUT 

"RAS ONLY" REFRESH CYCLE 

tRC __________ ~.~I 

1-.. ----- tRAS 

RAS 

ADDRESSES v'H-
V'L-

DOUT 

NOTE: DOUT remains unchanged from previous cycle. 
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PAGE MODE READ CYCLE 

RAS 
V,He _ 

V ,L -

CAS 
V,He-
V ,L -

V ,H -
VIL-~~~~~~L-~+-________ ~~~~~~ ________ -4~~'''~ ________ ~LL~~~~~~~~~~~ 

DOUT 
V OH- I VALID VALID 
VOL- I DATA DATA 

,~wL ,~.JwL,~ 
'J'" ~$#/&ffi WRITE ~:~efll!!//j; 

PAGE MODE WRITE CYCLE 

tRAS-------------------------~----~~ 

I~--'------~, ,_=:jL: l\-
teAs IteRP~ 

V IHe------,--:--------"'­

V 1L -

ADDRESSES VV IH­
IL-

DOUT VOH-
VOL 

V tHC-
WRITE 

VIL -

D,N 
V IH _ 

V 1L -

83 



ADDRESSING 

The 12 address bits required to decode1 of the 4096 
cell locations within the MK 4027 are multiplexed 
onto the 6 address inputs and latched into the on-chip 
address latches by externally applying two negative 
going TTL level clocks. The first clock, the Row 
Address Strobe (RAS), latches the 6 row address 
bits into the chiR. The second clock, the Column 
Address Strobe (CAS), subsequently latches the 6 
column address bits plus Chip Select (CS) into the 
chip. The internal circuitry of the MK 4027 is de­
signed to allow the column information to be exter­
nally applied to the chip before it is actually required. 
Because of this, the hold time requirements for the 
input signals associated with the Column Address 
Strobe are also referenced to RAS. However, this 
gated CAS feature allows the system designer to com­
pensate for timing skews that may be encountered in 
the multiplexing operation. ~nce the Chip Select 
signal is not required until CAS time, which is well 
into the memory cycle,its decoding time does not add 
to system access or cycle time. 

DATA INPUT/OUTPUT 

Data to be written into a selected cell is latched into 
i!':L9n-chip rilllliter by a combination of WR ITE and 
CAS while RM is active. The later of the signals 
(WRITE or CAS) to make its negative transition is 
the strobe for the Data In register. This permits 
several options in the write cycle timing. In a write 
~e, if the WR ITE input is br:.Qilllht low prior to 
CAS, the Data I n is strobed by CAS and the set-up 
and hold times are referenced to CAS. If the data 
input is not available at CAS time or if it is desired 
that the cycle be a read-write cycl~he WR ITE 
signal must be delayed until after 1...1-\::'. In this 
"delayed write cycle" the data input set-up and 
hold times are referenced-.1Q. the negative edge of 
WRITE rather than to CAS.~illustrate this 
feature, Data In is referenced to WRITE in the timing 
diagram depicting the read-write and page mode 
write cycles while the "earlv. write" cycle diagram 
shows Data In referenced to GASLNote that if the 
chip is unselected (CS high at CAS time) WRITE 
commands are not executed and, consequently, 
data stored in the memory is unaffected. 

Data is retrieved from the memory in a read cycle 
by maintaining WRITE in the inactive or high state 
throughout the portion of the memory cycle in wh ich 
CAS is active. Data read from the selected cell will 
be available at the output within the specified access 
time. 

DATA OUTPUT LATCH 

Any change in the condition of the Data Out Latch 
is initiated by the CAS signal. The output buffer is 
not affected by memory (refresh) cycles in which 
only the RAS signal is applied to the MK 4027. 
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Whenever CAS makes a negative transition, the out­
put will go unconditionally open-circuited, indepen­
dent of the state of any other input to the chip. If 
the cycle in progress is a read,read-modify-write, or a 
delayed write cycle and the chip is selected, then 
the output latch and buffer will again go active and 
at access time will contain the data read from the 
selected cell. Th is output data is the same polarity 
(not inverted) as the input data. If the cycle in 
Ill.Q9ress is a write cycle (WR ITE active low before 
CAS goes low) and the chip is selected, then at access 
time the output latch and buffer will contain the 
input data. Once having gone active, the output will 
remain valid until the MK 4027 receives the next 
CAS negative edge. I ntervening refresh cycles in 
which a RAS is received (but no CAS) will not cause 
valid data to be affected. Conversely, the output 
will assume the open-circuit state during any cycle 
in which the MK 4027 receives a CAS but no RAS 
signal (regardless of the state of any other inputs). 
The output will also assume the~en circuit state in 
normal cycles (in which both RAS and CAS signals 
occur) if the chip is unselected. 

The three-state data output buffer presents the data 
output pin with a low impedance to VCC for a logic 
1 and a low impedance to VSS for a logic O. The 
output resistance to VCC (logic 1 state) is 420nmax­
imum and 135 n typically. The output resistance 
to VSS (logic 0 state) is 125n maximum and 35 n 
typicarly. The separate VCC pin allows the out­
put buffer to be powered from the supply voltage of 
the logic to which the chip is interfaced. During 
battery standby operation, the V CC pin may have 
power removed without affecting tne MK 4027 re­
fresh~eration. This allows all system logic except 
the RAS timing circuitry and the refresh address 
logic to be turned off during battery standby to 
conserve power. 

REFRESH 

Refresh of the dynamic cell matrix is accomplished 
by performing a memory cycle at each of the 64 row 
addresses within each 2 millisecond time interval. 
Any cycle in which a .RAS signal occurs, accomplishes 
a refresh operation. A read cycle will refresh the 
selected -Low, regardless of the state of the Chip 
Select (CS) input. A write or read-modify-write 
cycle also refreshes the selected row, but the chip 
should be unselected to prevent writing data into 
the selected cell. If,slliring a refresh ..£Yfle, the 
MK 4027 receives a RAS signal but no CAS signal, 
the state of the output will not be affected.-.tLow­
ever, if "RAS-only" refresh cycles (where RAS is 
the only signal applied to the chip) are continued 
for extended periods, the output buffer may even­
tually lose.proper data and go open-circuit. The 
output buffer will rE:!gain. activi.ty with thE:! first 
cycle in which a CAS Signal IS applied to the chip. 



POWER DISSIPATION/STANDBY MODE 

Most of the circuitry used in the MK 4027 is dynamic 
and most of the power drawn is the result of an 
address strobe edge. Because the power is not drawn 
during the whole time the strobe is active, the 
dynamic power is a function of operating frequency 
rather than active duty cycle. Typically, the power 
is 170mW at 1 Ilsec cycle rate for the MK 4027 with 
a worse case power of less than 470mW at 320nsec 
cycle time. To minimize the overall system power, 
the Row Address Strobe (RAS) should be decoded 
and supplied to only the selected chips. The CAS 
must be supplied to all chips (to turn off the un­
selected output). Those chips that did not receive 
a R~ however, will not dissipate any power on 
the CAS edges, exceRt for that required to turn off 
the outputs. If the RAS signal is decoded and sup­
plied only to the selected chips, then the Chip Select 
(CS) input of allibips can be at a logic O. The chips 
that receive a CAS but no RAS will be unselected 
(output open-circuited) regardle_ss of the Chip Select 
input. For refresh cycles,however, eith.!1.Lthe CS 
input of all chips must be high or the CAS input 
must be held high to prevent several "wire-OR'd" 
outputs from turning on with opposing force. Note 
that the MK 4027 will dissipate considerably less 
power when the refresh operation is accomplished 
with a...::.RAS-only" cycle as opposed to a normal 
RAS/CAS memory cycle. 

PAGE MODE OPERATION 

The "Page Mode" feature of the MK 4027 allows 
for successive memory operations at mUltiple column 
locations of the same row address with increased 
speed without an increase in power. This is done by 
strobln9.. the row address into the chip and keeping 
the RAS signal at a logic 0 throughout all successive 
memory cycles in which the row address is common. 

This "page mode" of operation will not dissipate the 
power associated with the negative going edge of 
RAS. Also, the time required for strobing in a new 
row address is eliminated, thereby decreasing the 
access and cycle times. The chip select input (CS) 
is operative in page mode cycles just as in normal 
cycles. It is not necessary that the chip be selected 
during the first operation in a sequence of page 
cycles. Likewise, the CS input can be used to select 
or disable any cycle(s) in a series of page cycles. 
This feature allows the page boundary to be extended 
beyond the 64 column locations in a single chip. 
The page boundary can be extended by applying 
RAS to multiple 4K memory blocks and decoding 
CS to select the proper block. 

POWER UP 

The MK 4027 requires no particular power supply 
sequencing so long as the Absolute Maximum Rating 
Conditions are observed. However, in order to insure 
compliance with the Absolute Maximum Ratings, 
MOSTEK recommends sequencing of power supplies 
such that VBB is applied first and removed last. 
VBB should never be more positive than VSS when 
power is applied to VDD. 

Under system failure conditions in which one or more 
supplies exceed the specified limits significant addi­
tional margin against catastrophic device failure may 
be achieved by forcing RAS and Data Out to the 
inactive state. 

After power is applied to the device, the MK 4027 
requires several cycles before proper device o~ation 
is achieved. Any 8 cycles which perform refresh are 
adequate for this purpose. 
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TYPICAL DEVICE CHARACTERISTICS 

TYPICAL ADDRESS AND DATA INPUT LEVELS vs. VDD 
3.0 
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CL 
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VSS SUPPLY VOLTAGE (VOLTS) 

TYPICAL ADDRESS AND DATA INPUT LEVELS vs. TJ 
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TYPICAL CLOCK INPUT LEVELS vs. VDD 
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FEATURES 

D Industry standard 16-pin DIP (MK 4096) 
configu ration 

D 250ns access time, 380ns cycle 

D ±10% tolerance on all supplies (+12\/, ±5V) 

D ECl compatible on VBB power supply (-5.7V) 

D low Power: 462mW active (max) 
27mW standby (max) 

DESCRIPTION 

The MK 4027 is a 4096 word by 1 bit MOS random 
access memory circuit fabricated with MOSTEK's 
N-channel silicon gate process. This process allows 
the MK 4027 to be a high performance state-of-the­
art memory circuit that is manufacturable in high 
volume. The MK 4027 employs a single transistor 
storage cell utilizing a dynamic storage technique 
and dynamic control circuitry to achieve optimum 
performance with low power dissipation. 

A unique multiplexing and latching technique for 
the address inputs permits the MK 4027 to be pack­
aged in a standard 16-pin DIP on 0.3 in. centers. This 
package size provides high system-bit densities and is 
compatible with widely available automated testing 
and insertion equipment. 

FUNCTIONAL DIAGRAM 

MOSTEI{. 
4096x 1-BIT DYNAMIC RAM 

MK4027 (J/N)-4 

D Improved performance with "gated CAS", "RAS 
only" refresh and page mode capability 

D All inputs are low capacitance and TTL compatible 

D I nput latches for addresses, chip select and data in 

D Three-state TTL compatible output 

D Output data latched and valid into next cycle 

System oriented features include direct interfacing 
capability with TTL, only 6 very low capacitance 
address lines to drive, on-chip address and data 
registers which eliminates the need for interface 
registers, input logic levels selected to optimize noise 
immunity, and two chip select methods to allow the 
user to determine the appropriate speed/power 
characteristics of his memory system. The MK 4027 
also incorporates several flexible operating modes._ln 
addition to the usual react and write cycles, read­
modify write, page-mode, and liAS-only refresh 
cycles are available with the MK 4027. Page-mode 
timing is very useful in systems requiring Direct 
Memory Access (DMA) operation. 

PIN CONNECTIONS 

Vee 16 Vss 
DIN 2 15 CAS 

WRITE 3 14 DOUT 
RAS 4 13 CS 

Ao 5 12 A3 
A2 6 II A4 

AI 7 10 A5 

Voo 8 9 Vee 

I 
" 'of IIOW!--__ ----'L... ___ --{...; PIN NAMES 
" 
" 

U COLUJoIfrI I 

" 

" 

AO-A5 
CAS 
ES 
DIN 

~T 
WRITE 

VBB 
Vee 
VDD 
VSS 

ADDRESS INPUTS 
COLUMN ADDRESS STROBE 
CHIP SELECT 
DATA IN 
DATA OUT 
ROW AODRESS STROBE 
READ/WRITE INPUT 
POWER 1-5V) 
POWER 1+5V) 
POWER 1+ 12V) 
GROUND 
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ABSOLUTE MAXIMUM RATINGS* 

Voltage on any pin relative to VBB .............. -0.5V to +20V 
Voltage on VDD, VCC relative to VSS ......... " -1.0V to +15V *Stresses greater. than those listed under 

"Absolute Maximum Ratings" may cause 
permanent damage to the device. This is 
a stress rating only and functional opera~ 
tion of the device at these or any other 
conditions above those indicated in the 
operating sections of this specification 
is not implied. Exposu re to absolute 
maximum rating conditions for extended 
periods may affect device reliability. 

VBB-VSS (VDD-VSS > 0) ............................. OV 
Operating temperature, T A (Ambient) ............ O°C to + 70°C 
Storage temperature (Ambient)(Ceramic) ....... -65°C to + 150°C 
Storage temperature (Ambient)(Plastic) ....... -55°C to + 125°C 
Short Circuit Output Current .......................... 50mA 
Power dissipation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1 Watt 

RECOMMENDED DC OPERATING CONDITIONS 4 
(Ooc ~ TA ~ 70°C) 1 

PARAMETER MIN 

VOO Supply Voltage 10.8 

VCC Supply Voltage 4.5V 

VSS Supply Voltage 0 

VSB Supply Voltage -4.5 

VIHC Logic 1 Voltage, RAS, CAS, WRITE 2.4 

VIH Logic 1 Voltage, all inputs except 2.2 
RAS, CAS, WRITE 

VIL Logic 0 Voltage, all inputs -1.0 

DC ELECTRICAL CHARACTERISTICS 4 

TYP MAX UNITS NOTES 

12.0 13.2 volts 2 

5.0 5.5 volts 2,3 

0 0 volts 2 

-5.0 -5.7 volts 2 

7.0 volts 2 

7.0 volts 2 

.8 volts 2 

(O°C ~ T A ~ 70t)1 (VDD = 12.0V ± 10%; VCC = 5.0V ± 10%; VSS = OV; -5.7V ~ VBB ~-4.5V) 

PARAMETER MIN 

1001 Average VOO Power Supply Current 

1002 Standby VOO Power Supply Current 

1003 Average VOO Power Supply Current 
during "iiAS only" cycles 

ICC VCC Power Supply Current 

ISS Average VSS Power Supply Current 

II( l) Input Leakage Current (any input) 

IO(L) Output Leakage Current 

VOH Output Logic 1 Voltage @ lOUT = 
-5mA 

2.4 

VOL Output Logic 0 Voltage @ lOUT = 
3.2mA 

NOTES 

1. T A is specified for operation at frequencies to tRC ~ tRC (min). 

2. All voltages referenced to VSS' 

3. Output voltage witl swing from VSS to VCC when enabled,with 
no output load. For purposes of maintaining data in standby mode, 

~a~~ r~t~yn~~~~d~~~e~~r;tSe ~j~h:(~~~f)e~~ienC~f~~~~~~~ f~~~a/ions or 
guaranteed in th is mode. 

4. Several cycles are required after power-up before proper device 
operation is achieved. Any 8 cycles which perform refresh are 
adequate for this purpose. 

5. Current is proportional to cycle rate.IOOl (max) is measured at 
the cycle rate specified by tRC (min). See figure 1 for 1001 limits 
at other cycle rates. 

6. ~cCcdi~PCeonndnSe~~e~Ut~~~~~a~it~~ i~u:!~~~~:~~~~~t ~~~~ ~:v~a~!ta 
Out. At all other times ICC consists of leakage currents only. 
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TYP MAX UNITS NOTES 

35 mA 5 

2 mA 8 

25 mA 

mA 6 

150 Il A 

10 Il A 7 

10 Il A 8,9 

volts 

0.4 volts 

7. All device pins at 0 volts except Vee which is at -5 volts and the 
pin under test which is at + 1 0 volts. 

8. OutPut is disabled (high-impedance) and R'A'S and ~ are both 
at a logic 1. Transient stabTlization is required prior to measure­
ment of this parameter. 

9. OV~VOUT~+ 10V. 

10. Effective capacitance is calculated from the equation: 

c = 60 with 6 V = 3 volts. 

6v 

11. A.C. measurements assume tT == 5ns. 

12. The specifications for tRC (min) and tRWC (min) are used only to indicate 
cycle time at which proper operation over the full temperature range (0° ~ 
TA ~ 70°C) is assured. 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS(4, 11, 17) 

(O°e,,;; TA";; 70o e)1 (VDD = 12.0V± 10%, Vee = 5.0V± 10%, VSS = OV,-5.7V";; VBB ";;-4.5V) 
----

PARAMETER 

tRC Random read or write cycle time 

tRWC Read write cycle time 

tRMW Read modify write cycle time 

tpc Page mode cycle time 

tRAC Access time from row address strobe 

tCAC Access time from column address strobe 

toFF Output buffer turn-off delay 

tRP Row address strobe precharge time 

tRAS Row address strobe pu Ise width 

tRSH Row address strobe hold time 

tCAS Column address strobe pulse width 

tCSH Column address strobe hold time 

tRCD Row to column strobe delay 

tASR Row address set-up time 

tRAH Row address hold time 

tASC Column address set-up time 

tCAH Column address hold time 

tAR Column address hold time referenced to RAS 

tcsc Chip select set-up time 

tCH Chip select hold time 

tCHR Chip select hold time referenced to RAS 

IT Transition time (rise and fall) 

tRCS Read command set-up time 

tRCH Read command hold time 

tWCH Write command hold time 

tWCR Write command hold time referenced to RAS 

twp Write command pulse width 

tRWL Write command to row strobe lead time 

tCWL Write command to column strobe lead time 

tDS Data in set-up time 

tDH Data in hold time 

tDHR Data in hold time referenced to RAS 

tCRP Column to row strobe precharge time 

tcp Column precharge time 

tRFSH Refresh period 

twcs Write command set-up ti,me 

tCWD CAS to WRITE delay 

tRWD RAS to WRITE delay 

tDOH Date out hold time 

Notes Continued 

13. Assumes that tACO ~tRCD (rna. ). 

14. Assumes that tRCo ~tRCD (max). 

15. Measured with a load circuit equivalent to 2 TTL loads and 100pF 

16, Operation within the tRCO (max) limit insures that tRAC (max} 
can be met. tRCO (max) is specified as a reference POint only; If 
tACO is greater than the specified tRCO (max) limit, then access 
time is controlled exclusively by tCAC' 

MK4027-4 

MIN MAX UNITS NOTES 

380 ns 12 

395 ns 12 

470 ns 12 

285 ns 12 

250 ns 13.15 

165 ns 14,15 

0 60 ns 

120 ns 

250 10.000 ns 

165 ns 

165 ns 

250 ns 

35 85 ns 16 

0 ns 

35 ns 

-10 ns 

75 ns 

160 ns 

-10 ns 

75 ns 

160 ns 

3 50 ns 17 

0 ns 

0 ns 

75 ns 

160 ns 

75 ns 

85 ns 

85 ns 

0 ns 18 

75 ns 18 

160 ns 

0 ns 

110 ns 

2 ms 

0 ns 19 

90 ns 19 

175 ns 19 

10 I-'s 

17. VIHC (min) or VIH (min) and VIL (max) are .r~ferer:ce 'Ievels for 
measuring timing of input signals. Also, tranSition times are 
measured between VIHC or VIH and VIL' 

18. These parameters are referenced to CAS leading edge in random 
write cycles and to WR'T'TE leading edge in delayed write or read­
modify-write cycles. 

19, twcs, tewD, and tRWD are restrictive operating parameters in . 
a read/write or read/mqdi1v/write cycle only. If .twes ;;:: twes (min), 
the cycle is an early write cycle and Data Out wllfcontam the data 
written into the selected cell, If tewD ~tCWD (min) and t;3wD ~. 
tRWD (min), the cycle is a read·write cycle and Data Out "II conta~n. 
data read from the selected cell. If neither of the above set" "f conditions 
is satisfied, the condition of Data Out (at access time) is inde~.Jrminate. 
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AC ELECTRICAL CHARACTERISTICS 

(O°C <;;;TA<;;;70"C) (VOO= 12.0V±10%;VSS=OV;-5.7V<;;;VBB<;;;-4.5V) 

PARAMETER TYP 

C 11 Input Capacitance (AO·A5), DIN, CS 4 

C 12 Input Capacitance RA'S, CAS, WRf'fE 8 

Co Output Capacitance (DOUT) 5 

MAXIMUM 1001 VS. CYCLE RATE FOR DEVICE OPERATION 
AT EXTENDED FREQUENCIES 
Figure 1 
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I/ 
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i' 
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I .... 

1.0 2.0 

MAX 

5 

10 

7 

300 

3.0 

CYCLE RATE (MHz) = 103 /tCYC (ns) 

UNITS 

pF 

pF 

pF 

250 

4.0 

SUPPLEMENT - To be used in conjunction with MK4027(J/N)-1/2/3 data sheet. 
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FEATURES 

D Industry standard 16-pin 'QJP configuration 
(available in plastic (N) and ceramic (K) 
packages) 

D All inputs are low capacitance and TTL 
compatible 

D I nput latches for address, chip select and 
data in 

DESCRIPTION 

The MK 4096 is the recognized industry standard 
4096 word by 1 bit MOS Random Access Memory 
circuit packaged in a standard 16-pin PIP on 0.3 inch 
centers. This package configuration is made possible 
by a unique multiplexing and latching technique for 
the address inputs. The use of the 16-pin PIP for the 
MK 4096 provides high system bit densities and is 
compatible with widely available automated testing 
and insertion equipment. 

The MK 4096 is fabricated with MOSTEK's standard 
Self-Aligned, Poly-Interconnect, N-Channel (SPIN) 
process. The SPIN process allows the MK 4096 to be 
a highly manufacturable, state-of-the-art memory 
circuit that exhibits the reliability and performance 
standards necessary for today's (and tomorrow's) 
data processing applications. The MK 4096 employs 
a single transistor storage cell, utilizing a dynamic 
storage technique and dynamic control circuitry to 

FUNCTIONAL DIAGRAM 

4096x1-BIT DYNAMIC RAM 

MK4096{K/N)-6/16/11 

D I nputs protected against static charge 

D Three-state TTL compatible output, latched and 
valid into next cycle 

D Proven reliability with high performance 

achieve optimum performance with low power 
dissipation. 

System oriented features incorporated within the 
MK 4096 include direct interfacing capability with 
TTL, 6 instead of 12 address lines to drive, on-chip 
registers which can eliminate the need for interface 
registers, input logic levels selected to optimize the 
noise immunity, and two chip select methods to 
allow the user to determine the speed/power 
characteristics of his memory system. 

Part Number 

MK 4096-6 
MK 4096-16 
tVlK 4096-11 

Access Time 

250 ns 
300 ns 
350 ns 

Cycle Time 

375 ns 
425 ns 
500 ns 

'Standby power for all parts < 19mW 

PIN CONNECTIONS 

Max Power' 

450mW 
385mW 
320mW 

Vaa 16 Vss 

DIN 2 15 CAS 

WRITE 3 14 DOUT 

RAS 4 13 CS 

Ao 5 12 A3 

A2 6 II A4 

AI 7 10 A5 

Voo 8 9 Vee 

PIN NAMES 
ADDRESS INPUTS DIN 
COLUMN ADDRESS STROBE DOUT 
CHIP SELECT vBB 
ROW ADDRESS STROBE VCC 
READ/WRITE INPUT VDD 

Vss 

DATA IN 
DATA OUT 
POWER (-5V) 
POWER (+5V) 
POWER (+12V) 
GROUND 
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ABSOLUTE MAXIMUM RATINGS* 

Voltage on any pin relative to VBB .... -0.5V to + 25V 
(VSS-VBB;;;' 4.5V 
Operating temperature T A (Ambient) .... O°C to + 70°C 
Storage temperature (Ceramic) ...... -65'C to + 150'C 
Storage temperature (Plastic) ....... -55°C to + 125°C 
Power dissipation ......................... 1Watt 
Data out current .......................... 50mA 

RECOMMENDED DC OPERATING CONDITIONS (17) 
(O"C.;;; TA';;;+70'C) 

MK 4096-6 
PARAMETER MIN MAX 

Voo Supply Voltage 11.4 12.6 

Vee Supply Voltage VSS Voo 

VSS Supply Voltage 0 0 

Vss Supply Voltage -4.5 -5.5 

VIHe LO~C 1 Voltage - RAS, 2.7 7.0 
CA ,WFfITE 

VIH Logic 1 VOlta&aIW7ft~~ 2.4 7.0 
except RAS, A, 

VIL Logic 0 Voltage, all inputs -1.0 0.8 

DC ELECTRICAL CHARACTERISTICS (17) 

*Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only 
and functional operation of the device at these 
or at any other conditions above those indio 
cated in the operational sections of this speci· 
fication is not implied. Exposure to Absolute 
Maximum Rating conditions for extended 
periods may affect device reliability. 

MK 4096-16 MK 4096-11 
MIN MAX MIN MAX UNITS 
11.4 12.6 11.4 12.6 Volts 

VSS Voo VSS Voo Volts 

0 0 0 0 Volts 

-4.5 -5.5 -4.5 -5.5 Volts 

2.7 7.0 3.0 7.0 Volts 

2.4 7.0 2.4 7.0 Volts 

-1.0 0.8 -1.0 0.8 Volts 

(O°C.;;; TA';;; 70'C)(VDD = 12.0V± 5%; VCC = 5.0V ± 10%; VSS = OV; VBB = -5.0V ±10%) 

MK4096-6 MK4096-16 MK4096-11 

NOTES 
1 

1,2 

1 

1 

1,3 

1,3 

1,3 

PARAMETER MIN MAX MIN MAX MIN MAX UNITS NOTES 

1001 Average Voo Power Supply Current 

lee Vee Power Supply Current 

Iss Average VBB Power Supply Current 

1002 Stamjby VOO Power Supply Current 

1003 Average VOO Supply Current during 
"l1AS~only" cycles 

IIIL) Input Leakage Current (any input) 

lOlL) Output Leakage Current 

VOH Output Logic 1 Voltage @ IOUT= -5mA 

VOL Output Logic 0 Voltage @ IOUT= 2mA 

NOTES 

1. All voltages referenced to vss. VBB must be applied to and 
removed from the device within 5 ,seconds of VDD. 

2. Output voltage will swing from VSS to VCC if Vce .;;; VDD -4 
volts. If Vee;;;' VDD -4 volts. the output will swing from VSS 
to a voltage somewhat less than VDD. 

3. Device speed is not guaranteed at input voltages greater than TTL 
levels (0 to 5V). 

4. Current is proportional to cycle rate; maximum current is 
measured at the fastest cycle rate. 
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2.4 

35 30 25 mA 4 

mA 5 

75 75 75 J.l.A 

1.5 1.5 1.5 mA 7 

25 22 18 mA 4 

5 5 5 J.l.A 6 

10 10 10 J.l.A 7,8 

2.4 2.4 Volts 2 

0.4 0.4 0.4 Volts 

5. lee depends upon output loading. The Vee supply is connected 
to the output buffer only. 

6. All device pins at 0 volts except VBB which is at -5 volts and the 
pin under test which is at +10 volts. 

7. Output is disabled (open-circuitl and RAS and CAS are both at a 
logic 1. 

8. OV';;; VOUT .;;; +10V. 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (10,15,17) 
(oce..;; TA";; 70"C) (VOO = 12.0V± 5%, VCC = 5.0V± 10%, VSS = OV, VBB = -5.0V ± 10%) 

MK4096·6 MK 4096·16 MK 4096·11 

PARAMETER MIN MAX MIN MAX MiN MAX UNITS NOTES 

tRC Random Read or Write Cycle Time 375 425 500 nsec 11 

tRAC Access time from Row Address Strobe 250 300 350 nsec 11,13 

tCAC Access Time from Column Address 
Strobe 

140 165 200 nsec 
12,13 

tOFF Output Buffer Turn-Off Delay 0 65 0 80 0 100 nsec 

tRP Row Address Strobe Precharge Time 115 125 150 nsec 

tRAS Row Address Strobe Pulse Width 250 '10,000 300 10,000 350 10,000 nsec 

tRCL Row To Column Strobe Lead Time 60 

tCAS Column Address Strobe Pulse Width 140 

tAs Address Set-Up Time 0 

tAH Address Hold Time 60 

tCH Chip Select Hold Time 100 

tT Rise and Fall Times 3 

tRCS Read Command Set-Up Time 0 

tRCH Read Command Hold Time 0 

t WCH Write Command Hold Time 110 

twp Write Command Pulse Width 110 

tCRL Column to Row Strobe Lead Time -40 

tCWL Write Command to Column Strobe 110 
Lead Time 

tos Data In Set-Up Time 0 

tOH Data In Hold Time 110 

t RFSH Refresh Period 

t MOO Modify Time 

tOOH Data Out Hold Time 10 

NOTES Continued 

9. Capacitance measured with Boonton Meter or effective capacitance 
calculated from the equation: C = ~with current equal to a con-
stant 20mA and b.V= 3V. ~ V 

10. A C measurements assume tT = 5ns. 

11. Assumes thattRCL + IT'';; tRCL (max). 

12. Assumes that tRCL + tT ;;'tRCL (max). 

110 

50 

+40 

2 

10 

13. Measured with a load circuit equivalent to 1 TTL load and CL • 100pF 

14. Operation within the tRCL (max) limit insures that tRAC (max) 
can be met. tRCL (max) is specified as a reference point only; if 
tRCL is greater than the specified tRCL (max) limit, then access 
time is controlled exclusively by tCAC and tRAS ' tRAC and tRCL 
will be longer by the amount tRCL + IT exceeds tRCL (max). 

80 135 100 150 nsec 14 

165 200 nsec 12 

0 0 nsec 

80 100 nsec 

100 100 nsec ._-
3 50 3 50 nsec 15 

0 0 nsec 

0 0 nsec 

130 150 nsec 

130 150 nsec 

-50 +50 -50 +50 nsec 

130 150 
nsec 

0 0 nsec 

130 150 nsec 

2 2 msec 

10 10 }J.sec 

10 10 }J.sec 

15. VIHC (min) or VIH (min) and VIL (max) are reference levels for 
measuring timing of input si.gnals. Also, transition times are 
measure!! between VIHC or VIH and VIL. 

16. These parameters are referenced to CAS leading edge in random 
write cycles and to iiVRii'E leading edge in delayed write or read­
modify-write cycles. 

16 

16 

17. After the application of supply voltages or after extended periods 
of operation without clocks, the device must perform a minimum 
of one initialization cycle (any valid memory cycle containing both 
'IUl\S" and ~ prior to normal operation. 
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AC ELECTRICAL CHARACTERISTICS 
(O°C .;;;T A" + 70'C) (VDD = 12.0V ± 5%, VCC =5.0V ±10%, VSS = OV, Vaa = -5.0V ± 10%) 

PARAMETER TYP MAX UNITS NOTES 

Cll Input Capacitance (AO - A5) 7 10 pF 9 

CI2 Inpyt~aQacitance (RAS, CAS, DIN, 
WFITTE', em 5 7 pF 9 

Co Output Capacitance (DOUT) 5 8 pF 7,9 

TIMING WAVEFORMS 

IK 

~ RAS ·.u VIHe 

v" F'''~ ICA'S -
CAS 

VINe 

',,,-
I 

ADDRESSES I 

·"t--11 ~I'" 
WRiTE 

VINe 

jr~ \ V,L 

CS v" ,~ '''1 
V IL 

.-~ ::·3 
t DOM --j 

V OH 
VALID } DouT 

VOL 

f----~-- ." 

WRITE CYCLE 
~----- '" 

RAS 
VINe 

V,L 

CAS 
VINe 

V,L 

I I , g .. ~~~ 
D,N 

°OUT 
::-::------;:----·"'----'--f :. ~ .... '. --... -.-=-1--+\'r-\-~=== 

~ ' .. , ===J 
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TIMING WAVEFORMS 

READ -WRITE/READ-MODIFY-WRITE CYCLE 

~ t='" -V1HC 

V,L 

V1HC 

V'C 

'" 
V, 

ADDRESS 
V, E> 

V1HC 

V'C 

V,H 

V'C 

VOH 
DOUT 

VOL 

-
1\ 

f--- tRCL --
1\ 

14- ',"- '" ~ 

ROW K) 
ADDRESS 

'.es r--
J 

~,~ 

\ 

TRAS 

- j.- '''' 
ICAS 

II 
~""-

COLUMN K ADDRESS 

r--- 'CWL --------

I 
f...--- ''lfP -..I 

r'CH--V 
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NOTE: 

Prior to the first memory cycle following a period (beyond 2mSI of "RAS-only refresh, a memory-cycle employing both 
RAS and CAs must be performed to insure proper device operation. 
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ADDRESSING 

The 12 address bits required to decode one of the 
4096 cell locations within the MK 4096 are multi­
plexed onto the 6 address inputs and latched !nto the 
on-chip address latches by externally applymg two 
negative going TTL level clocks. The first clock, 
the Row Address Strobe (RAS), latches the 6 row 
address bits into the chig. The second clock, the 
Column Address Strobe (CAS), subsequently.Jatches 
the 6 column address bits plus Chip Select (CS) into 
the chip. (Note that since the Chip Select signal is 
not required until CAS time, which is well into the 
memory cycle its decoding time does not add to 
~vs~m access 'or cycle time). Each of these sign~ls, 

A and CAS, triggers a sequence o.f events which 
are controlled by differen.t delayed mternal. cloc~s. 
The tV'JO clock chains are Imked together logically m 
such a way that the address multiplexing operation 
is done outside of the critical path timing sequence 
for read data access. The later events in the CAS 
clock sequence are inhibited until the occurrence .of 
a delayed signal derived from the RAS..£!Qck cham. 
This" gated CAS" feature allows the CAS clock to 
be externally activated as soon as the Row Address 
Hold Time specification (tAH) has been satisfied and 
the 6 address inputs have been changed from Row 
address to Column address information. 

Note that CAS can be activated at any time after 
tAH and it will have no effect on the worst case 
data access time (tRAC) up to the point in time when 
the delayed row clock no longer inhibits t~e .remain­
ing sequence of colulT!n clocks. . Two tlmmg ~nd 
points result from the Internal gatmg of CAS which 
are called tRCL (min) and tRCL (max). No data 
storage or reading errors will result if CAS is applied 
to the MK .4096 at a point in tim~ bevol)d the tRCL 
(max) limit. However, access time will then_b_e 
determined exclusively by the access time from CAS 
(tCAC) rather than from RAS (tRAC), and access 
time from RAS will be lengthened by the amount 
that tRCL exceeds the tRCL (max) limit. 

DATA INPUT/OUTPUT 

Data to be written into a selected cell is latched into 
illl.....Qn-chip regi~er by ~ combination of WRIT~ and 
CAS while RA IS active. The later of the signals 
(WRITE or CAS) to make its negative transition is 
the strobe for the Data In register. This permits 
several options in the write cycle timing. In a write 
£y£!'e, if the WRITE input is broutt low prior to 
CAS, the Data In is strobed by CA and the set-up 
and hold times are referenced to CAS. If the data 
input is not available at CAS time or if it i~ desir~d 
that the cycle be a read-write or read-modlfy-wnte 
cycle, the WRITE signal must be delayed until 
after CAS. In this "delayed write cycle" the data 
input set-up and hul.cL1lmes are referenced to the 
negative edge of WRITE rather than to CAS. 

£"0 illustrate this feature, Data In .is .referenced to 
RITE in the timing diagram depicting the read­

modify-write cycle while the "earl:L..llYrite" cycle 
diagram shows Data I n referenced .to CAS) ~te .that 
if the chip is unselected (CS high at CAS time) 
WRITE commands are not executed and, consequent­
Iy, data stored in the memory is unaffected. 
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DClta is retrieved from the memory in a read cycle by 
maintaining WR ITE in the inactive or high state 
throughout the portion of the memory cyle in which 
CAS is active. Data read from the selected cell 
will be available at the output within the specified 
access time. 

DATA OUTPUT LATCH 

Any change in the condition of the Data Out Latc.h 
is initiated by the CAS signal. The output buffer IS 
not affected by memory (refresh) cycles in which 
only the RAS signal is applied to the MK 4096~ 
Whenever CAS makes a negative transition, the 
output will go unconditionally open-circuited, inde­
pendent of the state of any other input to the chip. 
If the cycle in progress is a read, read-modify-write, 
or a delayed write cycle and the chip is selected, 
then the output latch and buffer will again go active 
and at access time will contain the data read from 
the selected cell. This output data is the same polarity 
(not inverted) as the inp~. If the cycle in 
Q[Qgress is a write cycle (WR ITE active low before 
GAS goes low) and the chip is selected, then at 
access time the output latch and buffer will contain 
a logic 1. Once having gone active, the outputJWl! 
remain valid until the MK 4096 receives the next CAS 
~~§tive edge. Intervening refresh cycles in which a 

I is received (but no CAS) will not cause valid 
data to be affected. Conversely, the output will 
assume the open-circuit state duli!ill any cycle in 
which the MK 4096 receives a CAS but no RAS 
signal (regardless of the state of any other inputs). 
The output will also assume the op'en-circuit state 
in normal cycles (in which both RAS and CAS 
signals occur) if the chip is unselected. 

The three-state data output buffer presents the data 
output pin with a low impedance to VCC for a logic 1 
and a low impedance to VSS for a logic O. The effec­
tive resistance to VCC (logic 1 state) is 5005] maxi­
mum and 1505] typically. The resistance to VSS 
(logic 0 state) is 2005] maximum and 1 005] typically. 
The separate VCC pin allows the output buffer to be 
powered from the supply voltage of the logic to 
which the chip is interfaced. During battery standby 
operation, t-he VCC pin may have power removed 
without affecting the MK 4096 refresh ~ation. 
This allows all system logic except the RAS/CAS 
timing circuitry and the refresh address logic to be 
turned off during battery standby to conserve power. 

REFRESH 

Refresh of the dynamic cell matrix is accomplished 
by performing a memory cycle at each of the 64 row 
addresses within each 2 millisecond time interval. 
Any cycle in which a liAS signal occurs accomplishes 
a refresh operation. A read cycle will refresh the 
selected row, regardless of the Chip Select (CS) input. 
A write or read-modify-write cycle also refreshes the 
selected row, but the chip should be unselected to 
prevent writing data into the selected cell. 

For standby operation, a "RAS-only" cycle can be 
eRPloyed to refresh the MK 4096. However, if 
" AS-only" refresh cycles (where RAS is the only 
signal applied to the chip) are continued for extended 
periods, the output buffer may eventually lose proper 



POWER DISSIPATION/STANDBY MODE 

Most of the circuitry used in the MK 4096 is dynamic 
and most of the power drawn is the result of an 
address strobe edge. Because the power is not drawn 
during the whole time the strobe is active, the 
dynamic power is a function of operating frequency 
rather than active duty cycle. Typically, the power 
is 120 mW at a 1 }lSec cycle rate for the MK 4096 
with a maximum power of less than 450 mW at 
375 nsec cycle time. To minimize the overall system 
power, the Row Address Strobe (RAS) should be 
decoded and supplied to only the selected chips. The 
CAS must be supplied to all chips (to turn off the 
unselected output). Those chips that did not receive 
<LB...AS, however, will not dissipate any power on the 
CAS edges, exceRt for that required to turn off the 
outputs. If the RAS signal is decoded and supplied 
only to the selected chips, then the Chip Select (CS) 
input of all chips can be at a logic O. The chips that 
receive a CAS but no RAS will be unselected (output 
open-circuited) regardless of the Chip SJliect input. 
For refresh cycles, however, either the CS input of 
all chips must be high or the CAS input must be 
held high to prevent several "wire-ORed" outputs 
from turning on with opposing force. 

POWER SUPPLY CURRENT WAVEFORMS 

ROW ADD STROBE (RAS) 

COL ADD STROBE (CAS) 

J 
J 

1\ 

A 

The current waveforms for the current drawn from 
the VOO and VBB supplies are shown in Figure A. 
Since the current is pulsed, proper power distribution 
and bypassing techniques are required to maintain 
system power supply noise levels at an acceptable 
level. Low inductance supply lines for VOO and VSS 
are desirable. One 0.01 microfarad, low inductance, 
bypass capacitor per two MK 4096 devices and one 
6.8 microfarad electrolytic capacitor per eight 
MK 4096 devices on each of the VOO and VBB 
supply lines is desirable. 

POWER-UP 

Under normal operating conditions the MK 4096 
requires no particular power-up sequence. How­
ever, in order to achieve the most reliable perfor­
mance from the I\IlK 4096, proper consideration 
should be given to the V BBNoo power supply 
relationship. The VSS supply is an extremely import­
ant "protective voltage" since it performs two essen­
tial functions within the device. It establishes proper 
junction isolation and sets field-effect thresholds, 
both thin field and thick field. Misapplication of 
VBB or device operation without the VSS supply 
can affect long term device reliability. For optimum 
reliability performance from the MK 4096, it is 
suggested that measures be taken to not have VOO 
(+12V) applied to the device for over five (5) seconds 
without the applicatiol'1 of VSS (-5V). 

After power is applied to the device, the MK 4096 
requires at least one memory cycle (RAS/CAS) 
before proper device operation is achieved. A normal 
64 cycle refresh with both RAS and CAS is adequate 
for th is pu rpose. 
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FEATURES 

o I ndustry standard 16-pin DIP configuration 
(available in plastic (N) and ceramic (K) 
packages) 

o All inputs are low capacitance and TTL 
compatible, except RAS (MaS level) 

o I nput latches for address, chip select and 
data in 

o I nputs protected against static charge 

DESCRIPTION 

The MK 4200 is a 4096 word by 1 bit MaS Random 
Access Memory circuit packaged in a standard 16-pin 
DI P on 0.3 inch centers. This package configuration 
is made possible by a unique multiplexing and latch­
ing technique for the address inputs. The use of the 
16-pin 01 P for the M K 4200 provides high system 
bit densities and is compatible with widely available 
automated testing and insertion equipment. 

The MK 4200 is fabricated with MOSTEK's standard 
Self-Aligned, Poly-Interconnect, N-Channel (SPIN) 
process. The SPIN process allows the MK 4200 to be 
a highly manufacturable,·· state-of-the-art memory 
circuit that exhibits the reliability and performance 

FUNCTIONAL DIAGRAM 

'0 " 
A,.~ ..-A~(SS 
"I.... BUS 

'," 

MOSTEI(. 
4096x1-BIT DYNAMIC RAM 

MK4200(K/N)-11/16 

o Three-state TTL compatible output, latched and 
valid into next cycle 

o Proven reliability with high performance 

Part Number Access Time Cycle Time Max Power* 

MK4200·16 300 ns 425 ns 380mW 

MK 4200·11 350 ns 500 ns 300mW 

'Standby power for all parts <.6 mW 

standards necessary for today's (and tomorrow 
data processing applications. The MK 4200 emplo't. 
a single transistor storage cell, utilizing a dynamic 
storage technique and dynamic control circuitry to 
achieve optimum performance with low power 
dissipation. 

System oriented features incorporated within the 
MK 4200 include direct interfacing capability with 
TTL, 6 instead of 12 address lines to drive, on-chip 
registers which can eliminate the need for interface 
registers, input logic levels selected to optimize the 
noise immunity, and two chip select methods to 
allow the user to determine the speed/power 
characteristics of his memory system. 

PIN CONNECTIONS 

VBO 

DIN 2 

WRITE 3 

RAS 4 

Ao 5 

A2 6 

AI 7 

Vee 8 

PIN NAMES 
ADDRESS INPUTS 
COLUMN ADDRESS STROBE 
CHIP SELECT 
ROW ADDRESS STROBE 
READ/WRITE INPUT 

16 

15 

14 

13 

12 

II 

10 

9 

Vss 

CAS 

DOUT 
CS 

A3 

A4 

As 

Vce 

DATA IN 
DATA OUT 
POWER (-5VI 
POWER (+5vl 
POWER (+12VI 
GROUND 
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ABSOLUTE MAXIMUM RATINGS* 

Voltage on any pin relative to VSS .... -0.5V to + 25V 
(VSS-VSS;;' 4.5V 
Operating temperature T A (Ambient) .... O°C to + 70°C 
Storage temperature (Ceramic) ...... -65°Cto + 150'C 
Storage temperature (Plastic) ....... -55°C to + 125°C 
Power dissipation ......................... 1Watt 
Data out current .......................... 50mA 

'Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only 
and functional operation of the device at these 
or at any other conditions above those indio 
cated in the operational sections of this speci· 
fication is not implied. Exposure to Absolute 
Maximum Rating conditions for extended 
periods may affect device reliability. 

RECOMMENDED DC OPERATING CONDITIONS (17) 
(O"C .;;; T A .;;; 70°C) 

PARAMETER MIN TYP MAX UNITS NOTES 
VOD Supply Voltage 11.4 12.0 12.6 Volts 1 

VCC Supply Voltage VSS 5.0 VOO Volts 1,2 . 
VSS Supply Voltage 0 0 0 Volts 1 

VSS Supply Voltage -4.5 -5.0 -5.5 Volts 1 

VIHC logic 1 Voltage, CAS, WRITE 2.7 5.0 7.0 Volts 1,3 

VIH logic 1 Volta.illh.llil inputs 2.4 5.0 7.0 Volts 1,3 
except RAS, CAS, WRITE 

VIHR logic 1 Voltage, RAS input VOO-1 12.0 VOO+1 Volts 1 

Vil logic 0 Voltage, all inputs -1.0 0 0.8 Volts 1,3 

DC ELECTRICAL CHARACTERISTICS(17) 
(O°C.;;; TA';;; 70°C) (VOO = 12.0V ± 5%; VCC = 5.0V ± 10%; VSS = OV; VSS = -5.0V ± 10%) 

MK 4200-1f MK 4200-11 
PARAMETER 

1001 Average VOO Power Supply Current 

ICC VCC Power Supply Current 

ISB Average VBS Power Supply Current 

1002 Standby VOO Power Supply Current 

1003 Average VOO Supply Current during 
"RAS - only" cycles 

II(l) Input leakage Current (any input) 

10(l) Output leakage Current 

VOH Output logic 1 Voltage@ lOUT 
=-5mA 

VOL Output logic 0 Voltage @ lOUT 
=2mA 

NOTES 

1. All voltages referenced to Vss. VBB must be applied to and 
removed from the device within 5 seconds of VOD. 

MIN 

2.4 

2. Output voltage will swing from VSS to Vec if Vce .;;; VOO -4 
volts. If Vee;;' Voo -4 volts, the output will swing from VSS 
to a voltage somewhat less than VOO. 

3. Device speed is not guaranteed at input voltages greater than TTL 
levels (0 to 5Vl. 

4. Current is proportional to cycle rate; maximum current is 
measured at the fastest cycle rate. 
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MAX MIN MAX UNITS NOTES 

30 25 rnA 4 

rnA 5 

75 75 J1.A 

50 50 J1.A 7 

22 18 rnA 4 

5 5 J1.A 6 

10 10 J1.A 7,8 

2.4 Volts 2 

0.4 0.4 Volts 

5. lee depends upon output loading. The Vee supply is connected 
to the output buffer only. 

6. All device pins at 0 volts except VBS which is at -5 volts and the 
pin under test which is at +10 volts. 

7. Output is disabled (open..,ircuit); RAS = VIL and eAS = VI He· 

8. OV';;; "OUT';;; +10V. 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (10,15,17) 
(OOe < TA < 700 e) (VDD = 12.0V± 5%, Vee = 5.0V± 10%, Vss. = OV, VBB = -5.0V ± 10%) 

MK 4200-16 MK 4200-11 
PARAMETER MIN 

tRC Random Read or Write Cycle Time 425 

tRAC Access time from Row Address Strobe 

tCAC Access Time from Column Address 
Strobe 

t OFF Output Buffer Turn-Off Delay 0 

tRP Row Address Strobe Precharge Time 125 

tRAS Row Address Strobe Pulse Width 300 

tRCL Row To Column Strobe Lead Time 80 

tCAS Column Address Strobe Pulse Width 165 

tAS Address Set-Up Time 0 

tAH Address Hold Time 80 

tCH Chip Select Hold Time 100 

tT Rise and Fall Times 3 

tRCS Read Command Set-Up Time 0 

tRCH Read Command Hold Time 0 

tWCH Write Command Hold Time 130 

tWP Write Command Pulse Width 130 

tCRL Column to Row Strobe Lead Time -50 

tCWL Write Command to Column Strobe 130 
Lead Time 

tDS Data In Set-Up Time 0 

tDH Data In Hold Time 130 

tRFSH Refresh Period 

tMOD Modify Time 

tDOH Data Out Hold Time 10 

NOTES Continued 

9. Capacitance measured with Boonton Meter or effective capacitance 
calculated from the equation: C = I .6 t with current equal to a con~ 
stant 20mA. C, V 

10. A C measurements assume tT = 5ns. 

11. Assumes that tRCL + tT < tRCL Imaxl. 

12. Assumes that tRCL + tT ;)otRCL Imax). 

13. Measured with a load circuit equivalent to 1 TTL load and CL ~ 1 OOpF. 

14. Operation within the tRCL Imax) limit insures that tRAC Imax) 
can be met. tRCL (max) is specified as a reference point only; if 

tRCL is greater than the specified tRCL (max) limit, then access 
time is controlled exclusively by tCAC and tRAS ,tRAC and tRCL 
will be longer by the amount tRCL + tT exceeds tRCL Imax). 

MAX MIN MAX UNITS NOTES 
500 nsec 11 

300 350 nsec 11,13 

165 200 nsec 12,13 

80 0 100 nsec 

150 nsec 

10,000 350 10,000 nsec 

135 100 150 nsec 14 

200 nsec 12 

0 nsec 

100 nsec 

100 nsec 

50 3 50 nsec 15 

0 nsec 

0 nsec 
_. 

150 nsec 

150 nsec 

+50 -50 +50 nsec 

150 nsec 

0 nsec 16 

150 nsec 16 

2 2 msec 

10 10 )1.Sec 

10 )1.Sec 

15. VIHC or VIHR or VIH and VIL Imax) are reference levels for 
measuring timing of input signals. Also, transition times are 
measured between VIHC or VIHR or VIH and VIL. 

16. These parameters are referenced to CAS leading edge in random 
write cycles and to WR ITE leading edge in delayed write or read· 
modify-write cycles. 

17. After the application of supply voltages or after extended periods 
of operation without clocks, the device must pfcrlorm a minimum 
of one initialization cycles (any valid memory cycle containing both 
RAS and CAS) prior to normal operation. 
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AC ELECTRICAL CHARACTERISTICS 
WOC .;;TA';; + 70'C) (VDD = 12.0V±5%, VCC =5.0V ±10%, VSS = OV, VBB = -5.0V± 10%) 

PARAMETER TYP MAX UNITS NOTES 

Cil Input Capacitance (AO - A5) 7 10 pF 9 

C(2 Wput ~aP.9..Citance (RAS, CAS, D( N 5 
RIT ,CS) , 

7 pF 9 

Co Output Capacitance (DOUT) 5 8 pF 7,9 

TIMING WAVEFORMS 
WRITE CYCLE 

RAS t too 

v,"' --- t,,, 

v" 

- t RCL 

t" 

ADDRESSES V1H 

~-

WRITE ~ 
v" 

D,N ViH 
v" 

cs v," 
VII. 

DOUT vO" 
I 

v" I 

~ 

READ CYCLE 
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TIMING WAVEFORMS 

READ-WRITEI READ MODIFY-WRITE CYCLE 

RAS 

tCAS _____________________ ~ 

CAS 

r- tm-J 
~------~---------v----~------------------------------;I I 

WRITE 

CS II 

DOUT 
Vo 

VOL 
K------'-------------------~---- 0 PEN VAll D 

~ tR~C 

DIN 
V IH 

V IL 

.. I ~I 

"'-"-. __ -_-___ -_______________ -_-_________ -_____ -_-_____ -_tD='t ~t'] _____ _ 
" " RAS ONLY REFRESH CYCLE 

t RC 

t RAS -] 
RAS 

V IHR 

V,L 

I-- tAH 

) 
I ... 

1t
" 
-

ADDRESSES 
V1H ROW 

ADDRESS 
V 

IL 

NOTE: 

Prior to the first memory cycle following a period (beyond 2mS) of HRAS-only refresh, a memory cycle employing both 
RAS and CAS must be performed to insure proper device operation. 

r 
tRP ...! 
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ADDRESSING 

The 12" address bits required to decode one of the 
4096 cell locations,within the MK 4200 are multi­
plex~d onto the 6 address inputs and latched into the 
on-chip address latches by externally applying a 
positive goi!19 MOS: level clock and a negative going 
TTL level ~Iock ..• The first clock, the Row Address 
Strobe (RAS); latch~s the 6 row address bits into the 
cb.i!1.: The second clock, the Column Address Strobe 
(CAS), s4~sequeihly latches the 6 column address 
bits plus Chip Select (CS) into the chip. (Note that 
since the Chip Select signal is not required until 
CAS time, which, is well into the memory cycle its 
decoding time does not add to system access or 
cycle time). Each of these signals, RAS and CAS, 
triggers a sequence of events which are controlled by 
different delayed internal clocks. The two clock 
chains are linked together logically in such a way 
that the address ,!multiplexing operation is done 
outside of. the cr tical path timing sequence for 
read data access. <;The later events in the CAS clock 
sequence are inhioited until the occurrence of a 
delayed signal derived from the RAS clock chain. 
This "gated CAS" feature allows the CAS clock to 
be externally activated as soon as the Row Address 
Hold Time specification (tAH) has been satisfied 
and the 6 address inputs have been changed from 
Row address to Column address information. 

Note that CAS can be activated at any time after 
tAH and it will have no effect on the worst case 
data access time (tRAC) up to the point in time when 
the delayed row clock no longer inhibits the remain-' 
ing sequence of column clocks. Two timing end 
points result from the' Ihternal gating of CAS which 
are called tRCL (min) and tRCL (max). No data 
storage or reading errors will result if CAS is applied 
to the MK 4200 at a point in time beyond the tRCL 
(max) limit. However, access time will then be 
determined exclusively by the access time from CAS 
(tCAC) rathe.C than from RAS (tRAC), and access 
time from RAS will be lengthened by the amount 
that tRCL exceeds the tRCL (max) limit. 

INPUT LEVELS 

All inputs to the MK 4200 except address strobe 
(RAS) are TTL compatible. The RAS input has 
been specially designed so that very little steady 
state (DC) power is dissipated by the MK 4200 
while in standby operation. In doing this, the RAS 
input requires a high level signal to activate the 
chip. The RAS input driver must be able to change 
the capacitance load of the RAS input from within 
8 volt at VSS (OV) to within 1 volt of VDD (+12). 

DATA INPUT/OUTPUT 

Data to be written into a selected cell is latched into 
IMl...Qn-chip register by a combination of WRITE and 
CAS while RAS is active. The later of the signals 
(WRiTf or CAS) to make its negative transition is 
the strobe for the Data In register. This permits 
several options in the write cycle timing. In a write 
£y£!'e, if the WRITE input is broutt low prior to 
CAS, the Data In is strobed by CA and the set-up 
and hold times are referenced to CAS. If the data 
input is not available at CAS time or if it is desired 
that the cycle be a read-write or read-modify-write 
cycle, the WRITE signal must be delayed until 
after CAS. In this "delayed write cycle" the data 
input set-up and hold times are referenced to the 
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negative edge of WRlTE rather than to CAS. 
OJ~ ~Iustrate this feature, Data In is referenced to 

I E in the timing diagram depicting the read­
modify-write cycle while the "earl~rite" cycle 
diagram shows Data In referenged toCAS). Note that 
~ chip is unselected (CS high at CAS time) 
WRITE commands are not executed and, consequent­
ly, data stored in the memory is unaffected. 

D<!ta is retrie~m the memory in a read cycle by 
maintaining WRITE in the inactive or high state 
throughout the portion of the memory cyle in which 
CAS is active. Data read from the selected cell 
will be available at the output within the specified 
access time. 

DAT A OUTPUT LATCH 

Any change in the condition of the Data Out Latch 
is initiated by the CAS signal. The output buffer is 
not affected by memory (refresh) cycles in which 
only the RAS signal is applied to the MK 4200. 
Whenever CAS makes a negative transition, the 
output will go unconditionally open-circuited, inde­
pendent of the state of any other input to the chip. 
If the cycle in progress is a read, read-modify-write, 
or a delayed write cycle and the chip is selected, 
then the output latch and buffer will again go active 
and at access time will contain the data read from 
the selected cell. This output data is the same polarity 
(not inverted) as the ir'1p~. If the cycle in 
ru:Q9ress is a write cycle (WR ITE active low before 
CAS goes low) and the chip is selected, then at 
access time the .output latch and buffer will contain 
a logic 1. Once having gone active, the output..wil! 
remain valid until the MK 4200 receives the next CAS 
negative edge. Intervening refresh cycles in which a 
RAS is received (but no CAS) will not cause valid 
data to be affected. Conversely, the output will 
assume the open-circuit state du.rl!:!g any cycle in 
which the MK 4200 receives a CAS but no RAS 
signal (regardless of the state of any other inputs). 
The output will also assume the open-circuit state 
in normal cycles (in which both RAS and CAS 
signals occur) if the chip is unselected. 

The three-state data output buffer presents the data 
output pin .with a low impedance to Vec for a logic 1 
and a low Impedance to VSS for a logiC O. The effec­
tive resistance to VCC (logic 1 state) is 500n maxi­
mum and 150n typically. The resistance to VSS 
(logic a state) is 200n maximum and 100ntypically. 
The separate VCC pin allows the output buffer to be 
powered from the supply' voltage of the logic to 
which the chip is interfaced. During battery standby 
operation, the VCC pin may have. power removed 
without affecting the MK 4200 refresh operation. 
This allows all system logic except the RAS/CAS 
timing circuitry and the refresh address logic to be 
turned off during battery standby to conserve power. 

REFRESH 

Refresh of the dynamic cell matrix is accomplished 
by performing a memory cycle at each of the 64 row 
addresses within each 2 millisecond time interval. 
Any cycle in which a RAS signal occurs accomplishes 
a refresh operation. A read cycle will refresh the 
selected row, regardless ofthe Chip Select (CS) input. 
A write or read-modify-write cycle also refreshes the 
selected row, but the chip should be unselected to 



prevent writing data into the selected cell. 

For standby operation, a "BAS-only" cycle can be 
employed to refresh the MK 4200. However, if 
"BAS-only" refresh cycles (where RAS is the only 
signal applied to the chip) are continued for extended 
periods, the output buffer may eventually lose proper 
data and go open-circuit. prior to the first memory 
cycle following a period (beyond 2m51 of "BAS-

~~~YCi~f~~hlbi~~@oin;~le t~"1t:!~~~?gebt%t: i= 
nal circuitry. This "dummy cycle" allows the output 
buffer to regain activity and enables the device to 
perform a read or write cycle upon command. 

POWER DISSIPATION/STANDBY MODE 

Most of the circuitry used in the MK 4200 is dynamic 
and most of the power drawn is the result of an 
address strobe edge. Because the power is not drawn 
during the whole time the strobe is active, the 
dynamic power is a function of operating frequency 
rather than active duty cycle. Typically, the power 
is 120 mW at a 1 J.lSec cycle rate for the MK 4200 
with a maximum power of less than 450 mW at 
375 nsec cycle time. To minimize the overall system 
power, the Row Address Strobe (BAS) should be 
decoded and supplied to only the selected chips. The 
CAS must be supplied to al chips (to turn off the 
unselected output). Those chips that did not receive 
a RAS, however, will not dissipate any power on the 
CAS edges, except for that required to turn off the 
outputs. If the RAS signal is decoded and supplied 
only to the selected chips, then the Chip Select (CS) 
input of all chips can be at a logic O. The chips that 
receive a CAS but no RAS will be unselected (output 
open-circuited) regardless of the Chip Select input. 
For refresh cycles, however, either the CS input of 
all chips must be high or the CAS input must be 

POWER SUPPLY CURRENT WAVEFORMS 
Figure A 

ROW ADD STROBE (RAS) 

COL ADD STROBE (CAS) 

CURRENT] 100 (+12 VOLT) 
DRAWN SUPPLY 

FROM (-5 VOLT) 
SUPPLIES laa SUPPLY 

(50 MA/DIV) 

~ 

V 

I'( LA 
K 

y .. 

held h"igh to prevent several "wire-ORed)" outputs 
from turning on with opposing force. 

The current waveforms for the current drawn from 
the Voo and VBB supplies are shown in Figure A. 
Since the current is pulsed, proper power distribution 
and bypassing techniques are required to maintain 
system power supply noise levels at an acceptable 
level. Low inductance supply lines for VDo and VSS 
are desirable. One 0.01 microfarad, low inductance, 
bypass capacitor per two MK 4200 devices and one 
6.8 microfarad electrolytic capacitor per eight 
MK 4200 devices on each of the Voo and VBB 
supply lines is desirable. 

POWER-UP 

Under normal operating conditions the MK 4200 
requires no particular power-up sequence. How­
ever, in order to achieve the most reliable perfor­
mance from the MK 4200, proper consideration 
should be given to the VBBlVoo power supply 
relationship. The VBB supply is an extremely import­
ant "protective voltage" since it performs two essen­
tial functions within the device. It establishes proper 
junction isolation and sets field-effect thresholds, 
both thin field and thick field. Misapplication of. 
VBB or device operation without the VBB supply 
can affect long term device reliability. For optimum 
reliability performance from the MK 4200, it is 
suggested that measures be taken to not have Voo 
(+12V) applied to the device for over five (5) seconds 
without the application of VBB (-5V). 

After power is applied to the device, the MK 4200 
requires at least one memory cycle (RAS/CAS) 
before proper device operation is achieved. A normal 
64 cycle refresh with both RAS and CAS is adequate 
fOf' this purpose. 
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FEATURES 
o Recognized industry standard 16-pin config­

uration from MOSTEK 

o 150ns access time, 320ns cycle (M K 4116-2) 
200ns access time, 375ns cycle (MK 4116-3) 

o ± 10% tolerance on all power supplies (+12V, ±5V) 

o Low power: 462mW active, 20mW standby (max) 

o Output data controlled by CAS and unlatched at 
end of cycle to allow two dimensional chip selec­
tion and extended page boundary 

DESCRIPTION 

The MK 4116 is a new generation MOS dynamic 
random access memory circuit organized as 16,384 
words by 1 bit. As a state-of-the-art MOS memory 
device, the MK 4116 (16K RAM) incorporates 
advanced circuit techniques designed to provide 
wide operating margins, both internally and to the 
system user, wh ile achieving performance levels 
in speed and power previously seen only in MOSTEK's 
high performance MK 4027 (4K RAM). 

The technology used to fabricate the MK 4116 is 
MOSTEK's double-poly, N-channel silicon gate, 
POLY" e process. This process, coupled with the 
use of a single transistor dynamic storage cell, pro­
vides the maximum possible circuit density and 
reliability, while maintaining high performance 

FUNCTIONAL DIAGRAM 

-~~ 
-'·---~·"·-vcc 

--' .. --' .. 

MOSTEI(. 
16,384 X 1-BIT DYNAMIC RAM 

MK4116(J/N)-2/3 

o Common I/O capability using "early write" 
operation 

o Read-Modify-Write, RAS-only refresh, and Page­
mode capability 

o All inputs TTL compatible,low capacitance, and 
protected against static charge 

o 128 refresh cycles 

o Eel compatible on VBB power supply (-5.7V) 

capability. The use of dynamic circuitry through­
out, including sense amplifiers, assures that power 
dissipation is minimized without any sacrifice in 
speed or operating margin. These factors combine 
to make the M K 4116 a truly superior RAM product. 

Multiplexed address inputs (a feature pioneered by 
MOSTEK for its 4K RAMS) permits the MK 4116 
to be packaged in a standard 16-pin DIP. This 
recognized industry standard package configuration, 
while compatible with widely available automated 
testing and insertion equipment, provides highest 
possible system bit densities and simplifies system 
upgrade from 4K to 16K RAMs for new generation 
applications. Non-critical clock timi ng requ irements 
allow use of the multiplexing technique while main­
taining high performance. 

PIN CONNECTIONS 

vee 16 Vss 
DIN 2 15 CAS 
WRITE 3 14 Dour 
RAS 4 13 As 
Ao 5 12 A3 
A2 6 II A4 
AI 7 10 As 
voo 8 9 vee 

PIN NAMES 

~A6 
CAS 
DIN 

~T 
iiVRTfE 
VBB 
VCC 
VDD 
Vss 

ADDRESS INPUTS 
COLUMN ADDRESS STROBE 
DATA IN 
DATA OUT 
ROW ADDRESS STROBE 
READ/WRITE INPUT 
POWER (-5VI 
POWER (+5VI 
POWER (+12V) 
GROUND 
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ABSOLUTE MAXIMUM RATINGS* 

Voltage on any pin relative to VBB .................... -O.5V to +20V 
Voltage on VDD, VCC suppli~s relative to VSS .......... .....:1.0V to +15.0V 

·Stresses greater than those listed under 
"Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a 
stress rating only and functional operation 
of the device at these or any other condi· 
tions above those indicated in the opera· 
tional .sections of this specification is not 
implied. Exposure to absolute maximum 
rating conditions for extended periods may 
affect reliability. 

VBB-VSS (VDD-VSS>OV) ............. ; ................. , .. OV 
Operating temperature, T A (Ambient) .. ; ................ O°C to + 70t 
Storage temperature (Ambient) Ceramic ............... -55°C to + 150°C 
Storage temperature, (Ambient) Plastic; ... ; .............. -55°C to +125°C 
Short circuit output current ................................. 50mA 
Power dissipation ........... '" .......................... 1 Watt 

RECOMMENDED DC OPERATING CONDITIONS6 
(O°C ';;;T A';;; 70°C) 

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES 

Supply Vol tage VOO. 10.8 12.0 13.2 Volts 2 
VCC 4.5 5.0 5.5 Volts 2,3 
VSS 0 0 0 Volts 2 
VBB -4.5 -5.0 -5.7 Volts 2 

Input High (Logic 1) Voltage, 
RAS, CAS, WR ITE 

VIHC 2.4 - 7.0 Volts 2 

Input High (Logic 1) Voltage, VIH 2.2 - 7.0 Volts 2 
all inputs except RAS, CAS 
WRITE 

Input Low (Logic 0) Voltage, VIL -1.0 - .8 Volts 2 
all inputs 

DC ELECTRICAL CHARACTERISTICS 
(O°C::; TA::; 70°C) (VDD = 12.0V ± 10%; VCC = 5.0V ±10%; -5.7V ::; VSS ::; -4.5V; VSS = OV) 

PARAMETER SYMBOL 

OPERATING CURRENT 1001 
Average power supply operating current ICCl 
(RAS, CAS cycling; tRC = tRC Min IBBl 

STANOBY CURRENT 1002 
Power supply standby current (RA'S = VIHC, ICC2 
00UT = High Impedance) IBB2 

REFRESH CURRENT 1003 
Average power supply current, refresh mode ICC3 
(RAS cycling, CAS = VIHC; tRC = tRC Min IBB3 

PAGE MODE CURRENT 1004 
Average power supply current, page·mode ICC4 
operation (RAS =VI L ,CAS cycling; IBB4 
tpc = tpc Min 

INPUT LEAKAGE 
Input leakage current, any input 

II(L) 

(VBB = -5V, OV';;; VIN';;; +7.0V, all other 
pins not under test = 0 volts) 

OUTPUT LEAKAGE 
Output leakage current (OOUT is disabled, 

10(L) 

OV";; VOUT';;; +5.5V) 

OUTPUT LEVELS 
Output high (Logic 1) voltage (lOUT = -5mA) VOH 

Output low (Logic 0) voltage (lOUT = 4.2 mAl VOL 

NOTES: 

1. T A is specified here' for operation at frequencies to tRC ~tRC 
(min). Operation at higher cycle rates with reduced ambient 
temperatures and higher power dissipation is permissible, how­
ever, provided AC operating parameters are met., See figure 1 
for derating curve. 

2. 

110 3. 

All voltages referenced to VSS-

Output voltage will swing from VSS to Vee when activated with 
no current loading. For purposes of maintaining data in standby 

4. 

5. 

MIN MAX UNITS NOTES 

35, mA 4 
5 

200 P.A 

1.5 mA 
-10 10 p.A 

100 p.A 

25 mA 4 
-10 10 p.A 

200 p.A 

27 mA 4 
5 

200 p.A 

-10 10 p.A 

-10 10 P.A 

2.4 Volts 3 

0.4 Volts 

mode, Vee may be reduced to VSS without affecting refresh 
operations or data retention. However, the VOH (min) specifica­
tion is not guaranteed in this mode. 

'DOl. 100;3. ~nd '004 depend on cycle rate. See figures 2,3, and 
4 for I DO limits at other cycle rates. 

~l~ 19~nl~vl~~~t~e~~~d i~~~~nOe~~~\~~~~;~·a ~~i~~~:~~~~~ 
(13511 typ) to data out. At all other times ICC consists of 
leakage currents only. 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (6,7,8) 
(ot..; TA"; 70°C) 1 (VDD = 12.0V ± 10%;VCC = 5.0V ±10%, VSS = OV, VSS = -5.7V :::;VBB:::; -4.5V) 

PARAMETER SYMBOL 

Random read or write cycle time tRC 

Read-write cycle time tRWC 

Read modify write cycle time tRMW 

Page mode cycle time tpc 

Access time from RAS tRAC 

Access time from CAS tCAC 

Output buffer turn-off delay tOFF 

Transition time (rise and fall) tT 

RAS precharge time tRP 

RAS pulse width tRAS 

RAS hold time tRSH 

CAS hold time tCSH 

CAS pulse width tCAS 

RAS to CAS delay time tRCD 

CAS to RAS precharge time tcRP 

Row Address set-up time tASR 

Row Address h.old time tRAH 

Column Address set-up time tASC 

Column Address hold time tCAH 

Column Address hold time referenced to RAS tAR 

Read command set-up time tRCS 

Read command hold time tRCH 

Write command hold time twCH 

Write command hold time referenced to RAS tWCR 

Write command pulse width twP 

Write command to RAS lead time tRWL 

Write command to CAS lead time tCWL 

Data-in set-up time tDS 

Data-in hold time tDH 

Data-in hold time referenced to RAS tDHR 

CAS precharge time (for page-mode cycle only) tcp 

Refresh period tREF 

WR ITE command set-up time twcs 

CAS to ~ dela'Y' tCWD 

RAS to WRITE delay tRWD 

NOTES (Continued) 
6. Several cycles afe required after power-up before proper device 

operation is achieved. Any 8 cycles which perform refresh afB adequate 
for this purpose. 

7. AC measurements assume tT ~ 5ns. 
8. VIHC (min) or VIH (min) and VIL (max) are reference levels for measuring 

timing of input signals. Also transition times are measured between 
VIHC or VIH and VIL. 

9. The specifications for tRC (min) tRMW (min) and tRWC (min) are used 
only to indicate cycle time at which proper operation over the full 
temperatu~e ranQe (COC :$ TA :5 70°C) is assured 

10. Assumes thattRCD 5tRCD (Max). If tRCD is greater than the maximum 
recommended value shown in this table, tRAC will increase by the 
amount that iRCD ,xceeds the value shown. 

11. Assumes thattRCD (max). 
12. Measured with a load equivalent to 2 TTL loads and 100pF. 
13. tOFF (max) define~ the time at which the output achieves the open circuit 

condition and is not referenced to output voltage levels. 

MK 4116-2 MK 4116-3 
MIN MAX MIN MAX UNITS NOTES 

~20 375 ns 9 

320 375 ns 9 

320 405 ns 9 

170 225 ns 9 

150 200 ns 10,12 

100 135 ns 11,12 

0 40 0 50 ns 13 

3 35 3 50 ns 8 

100 120 ns 

150 10,000 200 10,000 ns 

100 135 ns 

150 200 ns 

100 10,000 135 10,000 ns 

20 50 25 65 ns 14 

-20 -20 ns 

0 0 ns 

20 25 ns 

-10 -10 ns 

45 55 ns 

95 120 ns 

0 0 ns 

0 0 ns 

45 55 ns 

95 120 ns 

45 55 ns 

50 70 ns 

50 70 ns 

0 d ns 15 

45 55 ns 15 

95 120 ns 

60 80 ns 

2 2 ms 

-20 -20 ns 16 

60 80 ns 16 
110 145 ns 16 

14. Operation within the tRCD (max) limit insures thattRAC (max) can be 
met. tRCD (max) is specified as a reference point only if tACO is greater 
than.(he specified tRCD (max) limit, then access time is controiled 
exclusively by tCAC. 

15. These pilrameters are referenced to CAS leading edge in early write 
cycles and to WRITE leading edge in delayed write or read-modify-write 
cycles. 

16. tWCS, tCWD and tAWD are restrictive operating parameters in read 
write and read modify write cycles only. If tWCS 2:tWCS (min),the cycle 
is an early write cycle and the data out pin will remain open circuit(high 
impedance) throughout Ihe entire cycle; If ICWD 2: tCWD (min) and 

~~~~iJ~=~~:~!~~et~:c!:I:~;~~~i~;;t~:ii~~r ~~~~ea::~~ o:~:~ 
conditions is satisfied tt:te condition of the data out (at access time) is 
indeterminate. ' 

17. Eflectivecapacitance calculated from the equation C = 1 At AV with 
~ = 3 volts and power supplies at nominal levels. ---xv 

18. CAS = VIHC to disable DOUT. 111 



AC ELECTRICAL CHARACTERISTICS 
(OOC<:;;TA <:;;70OC) (VDD = 12.0V± 10%;VSS = OV; VBB = -S.7V:5 Vaa:5 -4.SV) 

PARAMETER SYMBOL TYP MAX UNITS NOTES 

Input Capacitance (Ao-Aal. DIN Cll 4 5 pF 17 

Input Capacitance RAS. CAS, WRITE CI2 8 10 pF 17 

Output Capacitance (DOUT) Co 5 7 pF 17,18 

CYCLE TIME tRc(ns) CYCLE TIME tRC(ns) 
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CYCLE RATE (MHz') = 103/tRClns) 

Fig. 1 Maximum ambibnt temperature versus cycle· rate for extended 

frequency operation. T A (max) for operation at cycling rates greater 

than 2.66 MHz ItCYC<315nsl is determined by T A (maxlo C = 10-

9.0 x (cycle rate MHz -2.661 for -3. T A (maxi °c = 70 - 9.0 
x cycle rate MHz -3.125MHzl for-2 only. 
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Fig. 3 Maximum I DD3 versus cycle rate for device operation at 

extended frequencies. 1003 (max) curve is defined by the equation: 

1003(maxl rnA = 10 + 6.5 x cycle rate [MHz) for -3 
10031maxi rnA = 10 + 5.5 x cycle rate [MHz) for -2 
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READ CYCLE 

~-------------------------- tRC----------------------~ 

~------------------------- tRAS--------~ 

RAS 
I 

~-----------------tCSH ---------------.. 

CAS 

tRCO -----J..------+1 -- tRSH ------j-tIo; 

----'----:-c-----.l-, .. ..------'1- tCAs ---~ 
V1HC - I 
VIL -

VIH_ 
ADDRESSES V 1L-

WRITE 
V IHe­
V IL -.L..i...t...I. .............. <...t.. ...... .I...I....t..t.J 

DOUT 
VOH ----------------------VOL -

WRITE CYCLE (EARLY WRITE) 

tAR 

ADDRESSES 

~ t CAC -----t~ 
t RAC ___________ --<~ 

OPEN 

t RC 

t RAS .. , 
tCS:H 

t RSH 

t CAS 

I-- tOH 

VALID 
DATA 

tOFF 

VIH_~r.rr.rr.rr.rr.rTrTTTT~ ~--~V~A~L~ID~----I rT7777777777777777777777~~r.r.r.r.~ 

v I L -.i....l.J...i...I...i...I...i...I...i...I...i.~..I...i...I...i.r..4I "'-__ .....:D:.:A.;.;T..:.A~ __ -'I '-LUUu...u....t...I...i.J...i.J...i.J...i.J...i.J...L..i..L..i...I...i...I...i...I...i.:.J...l. 

14------ t OHR -----------<-.1 

DOUT 
VOH-~ _____________________ ___ 

VOL -
OPEN 
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READ-WRITE/READ-MODIFY-WRITE CYCLE 

RAS 

t------------tRWC/tRMW-------~ 

VIHC=--_ ----.,J t---t AR ----I_I 
VIL -

VIHC­

VIL -

I t RSH _____ ~ 

+ t
CSH--==========!1 I t CAS r.--V----

V1H-

ADDRESSES VIL-

DOUT 

"RA'S-ONLY" REFRESH CYCLE 
NOTE: CAS = V'HC, WRITE = Don't Care ~ _____ lRC--------aol 

14---- l RAS---tooi 

V IHC --------.J Ir'"-----~ 
VIL -

VOH -
---------'---OPEN-----------
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PAGE MODE READ CYCLE 

tRAs----------------------------~·~l~ 

~:::::;:::;:;::j::::==::;j----~' f-I ....,..I..-----j~.:]-
V, HC·------;-;--------.~ 
V,L-

ADDRESSES ~::_ 

DOUT 

I 
.. ------- t RAC ---_I~ 

VOH-______ ---:-I_ OPEN I 

',,- '~:t L .~J b 
~:~:"'TrW/;rrrl / /;r-rr.o//;r-rrlIjj.-----------,l,-r,..."l,--------:l. -~-----.l-r'0rrrll/;rrrJ//;rrrw/;r-T'rll/;r7'7':~ 

PAGE MODE WRITE CYCLE 

ADDRESSES 

115 



DESCRIPTION (continued) 

System oriented features include ± 10% tolerance on 
all power supplies, direct interfacing capability with 
high performance logic families such as Schottky 
TTL, maximum input noise immunity. to minimize 
"false triggering" of the inputs (a common cause of 
soft errors), on-chip address and data registers which 
eliminate the need for interface registers, and two 
chip select methods to allow the user to determine 
the appropriate speed/power characteristics of his 
memory system. The MK 4116 also incorporates 
several flexible timing/operating modes. I n addition 
to the usual read, write, and read-modify-write 
cycles, the MK 4116 is capable -2Ldelayed write 
cycles, page-mode operation and RAS-only-Efresh. 
Proper control of the clock inputs( RAS, CAS and 
WRITE) allows common I/O capability, two dimen­
sional chip selection, and extended page boundaries 
(when operating in page mode). 

ADDRESSING 

The 14 address bits required to decode 1 of the 
16,384 cell locations within the MK 4116 are multi­
plexed onto the 7 address inputs and latched into the 
on-chip address latches by externally applying two 
negative going TTL-level clocks. The first clock, the 
Row Address Strobe (RAS), latches the 7 row address 
bits into the chip'. The second clock, the Column 
Address Strobe (CAS), subsequently latches the 7 
column address bttLlnto the chip. Each of these 
signals, RAS and CAS, triggers a sequence of events 
which are controlled by different delayed internal 
clocks. The two clock chains are linked together 
logically in such a way that the address multiplexing 
operation is done outside of the critical path timing 
sequence for read data access. The later events in 
the CAS clock sequence are inhibited until the 
occurence of a delayed signi-l!J;!erived from the RAS 
clock chain. This "gated CAS" feature allows the 
CAS clock to be externally activated as soon as the 
Row Address Hold Time specification (tRAH) has 
been satisfied and the address inputs have been 
changed from Row address to Column address 
information. 

Note that CAS can be activated at any time after 
tRAH and it will have no effect on the worst case 
data access time (tRAC) up to the point in time when 
the delayed row clock no longer inhibits the remain­
ing sequence of column clocks. Two timing end­
points result from the internal gating of CAS which 
are called tRCD (min) and tRCD (max). No data 
storage or reading errors will result if CAS is applied 
to the MK 4116 at a point in time beyond thetRCD 
(max) limit. However, access time will then be de­
termined exclusively by the access time from CAS 
(tCAC) rather than from RAS (tRAC), and access 
time from RAS will be lengthened by the amount 
that tRCD exceeds the tRCD (max) limit. 

DATA INPUT/OUTPUT 

Data to be written into a selected cell is latched into 
an on-chip r~ter by a combination of WR ITE and 
CAS while _R_AS is active. The later of the signals 
(WR ITE or CAS) to make its negative transition is the 
strobe for the Data In (DIN) register. This permits 
several options in the write cycle timing. In a write 
cycle, if the WR ITE input is brought low (active) 

116 

prior to CAS, the DIN is strobed by C~ and the 
set-up and hold times are referenced to CAS. If the 
input da.ta is not available at CAS time or if it is 
desired that the cycle be a read-write cy.£!!L the 
WRITE signal wilJ be delayed until after CAS has 
made its negative transition. In this "delayed write 
cycle" the data input set-up and hold times are re­
ferenced to the negative edge of WR ITE rather than 
CAS. (To illustrate this feature, DIN is referenced to 
WRITE in the timing diagrams depicting the read­
write and page-mode write cycles while the "early 
write" cycle diagram shows DIN referenced to CAS). 

Data is retrieved from the memory in a read cycle 
by maintaining WRITE in the inactive or high state 
throughout the portion of the memory cycle in which 
CAS is active (low). Data read from the selected cell 
will be available at the output within the specified 
access time. 

DATA OUTPUT CONTROL 

The normal condition of the Data Output (DOUT) 
of the MK 4116 is the high impedance (open-circuit) 
state. That is to say, anytime CAS is at a high level, 
the DOUT pin will be floating. Th.e only time the 
output will turn on and contain either a logic 0 or 
logic 1 is at access time during a read c'r.:cle. DOUT 
will remain valid from access time until CAS is taken 
back to the inactive (high level) condition. 

If the memory cycle in progress is a read, read-modify 
write, or a delayed write cycle, then the data output 
will go from the high impedance state to the active 
condition, and at access time will contain the dati 
read from the selected cell. This output data is thf 
same polarity (not inverted) as the input data. Onc,­
having gone active, the output will remain valid until 
CAS is taken to the precharge (logic 1) state,whether 
or not RAS goes into precharge. 

lL-1illLcycle in progresLli an "earlx-write" cycle 
(WR ITE active before CAS goes active), then the 
output pin will maintain the high impedance state 
throughout the entire cycle. Note that with this 
type of output configuration, the user is given filII 
control of the~ pin simply by controlling the 
placement of WRTTE command during a write cycle, 
and the pulse width of the Column Address Strobe 
during read operations. Note also that even though 
data is not latched at the output, data can remain 
valid from access time until the beginning of a sub­
sequent cycle without paying any penalty in overall 
memory cycle time (stretching the cycle). 

This type of output operation results in some very 
significant system implications. 

Common I/O Operation - If all write operations are 
handled in the "early write" mode, then DIN can be 
connected directly to DOUT for a common I/O data 
bus. 

Data Output Control - DOUT will remain valid 
during a read cycle from tCAC until CAS goes back 
to a high level (precharge), allowing data to be valid 
from one cycle up until a new memory cycle begins 
with lJQ.Jlenalty in cycle time. This also makes the 
RAS/CAS clock timing relationship very flexible. 

Two Methods of Chip Selection - Since DOUT 



is not latched, CAS is not required to turn off the 
outputs of unselected memory devices in a matrix. 
This means that both CAS and/or RAS can be decod­
ed for chip selection. If both RAS and CAS are 
decoded, thEm a two dimensionaf (X,Y) chip select 
array can be realized. 

Extended Page Boundary - Page-mode operation 
allows for successive memory cycles at multiple 
column locations of the same row address. By de­
coding CAS as a page cycle select signal, the page 
boundary can be extended beyond the 128 column 
locations in a single chip. (See page-mode operation). 

OUTPUT INTERFACE CHARACTERISTICS 

The three state data output buffer presents the data 
output pin with a low impedance to VCC for a logic 
1 and a low impedance to VSS for a logic O. The 
effective resistance to V CC (logic 1 state) is 
420 n maximum and 135n typically. The resistance 
to VSS (logic 0 state) is 95 n maximum and 35 n 
typically. The separate VCC pin allows the output 
buffer to be powered from the supply voltage of the 
logic to which the chip is interfaced. During battery 
standby operation, the VCC pin may have power 
removed without affecting the MK 4116 refresh 
operation. This allows all system logic except the 
RAS timing circuitry and the refresh address logic to 
be turned off during battery standby to conserve 
power. 

PAGE MODE OPERATION 

The "Page Mode" feature of the MK 4116 allows for 
successive memory operations at multiple column 
locations of the same row address with increased 
speed without an increase in power. This is done by 
strobing the row address into the chip and maintain­
ing the RAS signal at a logic 0 throughout all success­
ive memory cycles in which the row address is com­
mon. This "page-mode" of operation will not dissi­
pate the~wer associated with the negative going 
edge of RAS. Also, the time required for strobing 
in a new row address is eliminated, thereby decreas­
ing the access and cycle times. 

The page boundary of a single MK 4116 is limited to 
the 128 column locations determined by all combi­
nations of the 7 column address bits. However, in 
system applications which utilize more than 16,384 
data words, (more than one 16K memory block), the 
page boundary can be extended by using CAS rather 
than RAS as the chip select signal. RAS is applied to 
all devices to latch the row address into each device 
and then CAS is decoded and serves as a page cycle 
select signa~Only those devices which receive both 
RAS and CAS signals will execute a read or write 
cycle. 

REFRESH 

Refresh of the dynamic cell matrix is accomplished 
by performing a memory cycle at each of the 128 
row addresses within each 2 millisecond time interval. 
Although any normal memory cycle will perform the 
refresh operati~n'ihis function is most easily accomp­
lished with " A -only" cycles. RAS-only refresh 
results in a substantial reduction in operating power. 
This reduction in power is reflected in the 1003 
specification. 

POWER CONSIDERATIONS 

Most of the circuitry uSed in the MK 4116 is dynamic 
and most of the power drawn is the result of an 
address strobe edge. Consequently, the dynamic 
power is primarily a function of operating frequency 
rather than active duty cycle (refer to the MK 4116 
current waveforms in figure 5). This current char­
acteristic of the MK 4116 precludes inadvertent 
burn out of the device in the event that the clock 
inputs become shorted to ground due to system 
malfunction. 

Although no particular power supply noise r~stri~ti~n 
exists other than the supply voltages remain within 
the specified tolerance limits, adequate decoupling 
should be provided to suppress high frequency 
noise resulting from the transient current of the 
device. This insures optimum system perfprmance 
and reliability. Bulk capacitance requirements are 
minimal since the MK 4116 draws very little steady 
state (DC) current. 

In system applications requiring lower power dissi­
pation , the operating frequency (cycle rate) of the 
MK 4116 can be reduced and the (guaranteed maxi­
mum) average power dissipation of the device will be 
lowered in accordance with the 1001 (max) spec 
limit curve illustrated in figure 2 . NOTE: The 
MK 4116 family is guaranteed to have a maximum 
1001 requirement of 35mA@ 375ns cycle(320ns cycle 
for the -2) with an ambient temperature range from 0° 
to 70°C. A lower operating frequency, for example 1 
microsecond cycle, results in a reduced maximum Iddl 
requirement of under 20mA with an ambient 
temperature range from 0° to 70°C. 

It is possible the MK4116 family (-2 and 3 speed 
selections for example) at frequencies higher than 
specified, provided all AC operating parameters are met. 
Operat:on at shorter cycle times «tRC min) results in 
higher power dissipation and, therefore, a reduction in 
ambient temperature is required. Refer to Figure 1 for 
derating curve. 

NOTE: Additional power supply tolerance has been included on the VBS 
5upply 
system 

to allow direct interface capability with both -5V systems -S.2V Eel 
5. 
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Although ~ and/or CAS can be decoded and used 
as a chip select si~nal for the MK 4116,overall system 
power is minimized if the Row Address Strobe 
(RAS) is l,!sed for this purpose. A1!.J!.nselected de· 
vices (those which do not receive a RAS) will remain 
in a lo~ower (standby) mode regardless of the 
state of CAS. 

POWER UP 

The MK 4116 requires no particular power supply 
sequencing so long as the Absolute Maximum Rating 
Conditions are observed. However, in order to insurE 
compliance with the Absolute Maximum Ratings, 
MOSTEK recommends sequencing of power supplies 
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such that VBB is applied first and removed last. 
VBB should never be more positive than VSS when 
power is applied to VOO. 

Under system failure conditions in which one or more 
supplies exceed the specified limits significant addi-· 
tional margin against catastrophic..Jieyice failure may 
be achieved by forcing RAS and CA-S to the inactive 
state (high level). 

After power is applied to the device, the MK 4116 
requires several cycles before proper device operation 
is achieved. Any 8 cycles which perform refresh 
are adequate for this purpose. 
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FEATURES 
o Recognized industry standard 16-pin config-

uration from MOSTEK 

o 250ns access time, 41 Ons cycle 

o ± 10% tolerance on all power supplies (+12V, ±5V) 

o low power: 462mW active, 20mW standby (max) 

o Output data controlled by CAS and unlatched at 
end of cycle to allow two dimensional chip selec­
tion and extended page boundary 

DESCRIPTION 

The MK 4116 is a new generation MOS dynamic 
random access memory circuit organized as 16,384 
words by 1 bit. As a state-of-the-art MOS memory 
device, the MK 4116 (16K RAM) incorporates 
advanced circuit techniques designed to provide 
wide operating margins, both internally and to the 
system user, while achieving performance levels 
in speed and power previously seen only in MOSTEK's 
high performance MK 4027 (4K RAM). 

The technology used to fabricate the MK 4116 is 
MOSTE K's double-poly, N-channel silicon gate, 
POLY II e process. This process, coupled with the 
use of a single transistor dynamic storage cell, pro­
vides the maximum possible circuit density and 
reliability, while maintaining high performance 

FUNCTIONAL DIAGRAM 

_-Vo~ --'. --' .. --'n 

MOSTEI{. 
16,384 x1-BIT DYNAMIC RAM 

MK4116(J/N)-4 

o Common I/O capability using "early write" 
operation 

o Read-Modify-Write, RAS-only refresh, and Page­
mode capability 

o All inputs TTL compatible,low capacitance, and 
protected against static charge 

o 128 refresh cycles (2 msec refresh interval) 

o ECl compatible on VBB power supply (-5.7V) 

capability. The use of dynamic circuitry through­
out, including sense amplifiers, assures that power 
dissipation is minimized without any sacrifice in 
speed or operating margin. These factors combine 
to make the M K 4116 a truly superior RAM product. 

Multiplexed address inputs (a feature pioneered by 
MOSTEK for its 4K RAMS) permits the MK 4116 
to be packaged in a standard 16-pin DIP. This 
recognized industry standard package configuration, 
while compatible with widely available automated 
testing and insertion equipment, provides highest 
possible system bit densities and simplifies system 
upgrade from 4K to 16K RAMs for new generation 
applications. Non-critical clock timing requirements 
allow use of the multiplexing technique while main­
taining high performance. 

PIN CONNECTIONS 

vaa 16 vss 
DIN 2 15 CAS 

WRITE 3 14 DOUT 
RAS 4 13 As 

Ao 5 12 A3 

A2 6 II A4 

AI 7 10 A5 

Voo 8 9 Vee 

PIN NAMES 

~A6 

DIN 

~T 
WRITE 
VBB 
Vee 
VDD 
VSS 

ADDRESS INPUTS 
COLUMN ADDRESS STROBE 
DATA IN 
DATA OUT 
ROW ADDRESS STROBE 
READ/WRITE INPUT 
POWER (-5V) 
POWER (+5V) 
POWER (+12V) 
GROUND 
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ABSOLUTE MAXIMUM RATlNGS* 

Voltage on any pin relative to VBB .................... -0.5V to +20V 
Voltage on VDD, Vee supplies relative to VSS .......... "":1.0V to +15.0V 

"'Stresses greater than those listed under 
"Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a 
stress rating only and functional operation 
of the device at these or any other condi­
tions above those indicated in the opera­
tional sections of this specification is not 
implied.·- Exposure to absolute maximum 
rating donditions for extended periods may 
affect r~liability. 

VBB-VSS (VDD-VSS>OV) .................................. OV 
Operating temperature, T A (Ambient) ................... ooe to + 70t 
Storage temperature (Ambient) (Ceramic) ................ -65°C to + 150°C 
Storage temperature (Ambient) (Plastic) .................. -55°C to + 125°C 
Short circuit output current ........................................ 50mA 
Power dissipation ................................................ 1 Watt 

RECOMMENDED DC OPERATING CONDITIONS 
(Ooe "-;;;T A"-;;; 700 e) 1 

PARAMETER SYMBOL MIN 

Supply Voltage VDD 10.8 
VCC 4.5 
VSS 0 
VBB -4.5 

Input High (Logic 1) Voltage. VIHC 2.4 
RAS. CAS, WRITE 

Input High (Logic 1) Voltage, VIH 2.2 
all inputs except RAS, CAS 
WRITE 

Input Low (Logic 0) Voltage, VIL -1.0 
all inputs 

DC ELECTRICAL CHARACTERISTICS 

TYP MAX 

12.0 13.2 
5.0 5.5 
0 0 
-5.0 -5.7 

- 7.0 

- 7.0 

- .8 

UNITS 

Volts 
Volts 
Volts 
Volts 

Volts 

Volts 

Volts 

(OOe,,-;;; T A"-;;; 700 e)1 (VDD = 12.0V ± 10%; Vee = 5.0V ±10%; -5.7V"-;;; VBB"-;;; -4.5; VSS =OV) 

PARAMETER SYMBOL MIN MAX UNITS 

OPERATING CURRENT IDDl 35 mA 
Average power supply operating current ICCl 
(RAS, CAS cycling; tRC = 410ns) IBBl 200 IlA 

STANDBY CURRENT IDD2 1.5 mA 
Power supply standby current (RAS = VIHC, ICC2 -10 10 Il A 
DOUT = High Impedancel IBB2 Il A 

REFRESH CURRENT IDD3 27 mA 
Average power supply current, refresh mode ICC3 -10 10 Il A 
(RAS cycling, CAS = VIHC: tRC = 410ns) IBB3 Il A 

PAGE MODE CURRENT IDD4 27 mA 
Average power supply current, page-mode ICC4 
operation (RAS =VIL.CAS cycling; IBB4 Il A 
tpc = 275ns) 

INPUT LEAKAGE II(L) -10 10 Il A 
Input leakage current, any input 
(VBB = -5V, OV"-;;; VIN"-;;; +7.0V, all other 
pi ns not under test = 0 vol tsl 

OUTPUT LEAKAGE 10(L) -10 10 IlA 
Output leakage current (DOUT is disabled, 
OV"-;;; VOUT"-;;; +5.5V) 

OUTPUT LEVELS 
Output high (Logic 1) voltage (lOUT = -5mA) VOH 2.4 Volts 

Output low (Logic 0) voltage (lOUT = 4.2 mAl VOL 0.4 Volts 

NOTES: 

1. All voltages referenced to Vss. 

NOTES 

1 
1.2 
1 
1 

1 

1 

1 

NOTES 

3 
4 

3 

3 
4 

3 

2. Output voltage will swing from VSS to Vee when activated with 
no current loading. For purposes of maintaining data in standby 
mode, Vee may be reduced to VSS without affecting refresh 

operations or data retention. However, the VOH (min) specifica­
tion is not guaranteed in this mode. 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED ACOPERATING CONDITIONS (5,6,7) 
(Doe.;; TA';; 700 e) VDD = 12.0V ±10%; Vee = 5.0V ±10%; Vss = OV, ·5.7V';; VBB';; -4.5V» 

PARAMETER SYMBOL 

Random read or write cycle time tRC 
Read·write cycle time tRWC 

Read Modify Write tRMW 

Page mode cycle time tpc 

Access time from RAS tRAC 
Access time from CAS tCAC 
Output buffer turn-off delay tOFF 
Transition time (rise and fall) tT 
RAS precharge time tRP 

RAS pulse width tRAS 
RAS hold time tRSH 
CAS pulse width tCAS 
CAS hold time tCSH 
RAS to CAS delay time tRCD 
CAS to RAS precharge time tCRP 
Row Address set-up time tASR 
Row Address hold time tRAH 
Column Address set-up time tASC 
Column Address hold time tCAH 
Column Address hold time referenced to RAS tAR 
Read command set-up time tRCS 
Read command hold time tRCH 
Write command hold time tWCH 
Write command hold time referenced to RAS tWCR 
Write command pulse width twP 
Write command to RAS lead time tRWL 
Write command to CAS lead time tCWL 
Data-in set-up time tDS 
Data-in hold time tDH 
Data-in hold time referenced to RAS tDHR 
CAS precharge time (for page-mode cycle only) tcp 
Refresh period tREF 
WRITE command set-up time twcs 
CAS to WRITE delay tCWD 
RAS to WRITE delay tRWD 

3. 'DOl. '003- and '004 depend on cycle rate. The maximum 

fr~f~f~~d o~~~~e~~c~:'~::e:r:r~f~re~~~7:e~O~~ at~~ ~~n~~~~;~qltPa~ 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

tions: 

1001 (max) IMA] =10+10.25 x cycle rate [MHz] 
'003 (max) [MA):10+7 x cycle rate [MHz) 
'004 (max) [MAJ =10 + 4.7 x cycle rate [MHz] 

~ 9~ 11:vne~ ~~t~4V ~e;~~~o~~~~t:~it,~~~;~d~~~~ ~~~~~;~~~(~;50f 
typ) to data out. At all other times ICC consists of leakage 
currents only. 

Several cycles are required after power-up before proper device 
operation is achieved. Any 8 cycles which perform refresh are 
adequate for this purpose. 

AC measurements assume tT""5ns. 

VIHC (min) or VIH( (min) and VIL(max) are reference levels for 
measuring timing of input signals. Also, transition times are 
measured between VIHC or VIH and VIL' 

Assumes that tRCO< tRCO (max). If tRCO is greater than the 
~aximum recommended value shown in thIS table, tRAC will 
Increase by the amount that tRCD exceeds the value shown. 

Assumes that tRCO ~tRCO (max). 

Measured with a load equivalent to 2 TTL loads and 100pF. 

11. 

12. 

13. 

14. 

15. 

16. 

MK4116-4 
MIN MAX UNITS NOTES 

410 ns 

425 ns 

500 ns 

275 ns 

250 ns 8,10 
165 ns 9,10 

0 60 ns 11 
3 50 ns 7 
150 ns 

250 10000 ns 

165 ns 

165 10000 ns 

250 ns 

35 85 ns 12 
-20 ns 

0 ns 

35 ns 

-10 ns 

75 ns 

160 ns 

0 ns 

0 ns 

75 ns 

160 ns 

75 ns 

85 ns 

85 ns 

0 ns 13 
75 ns 13 
160 ns 

100 ns 

2 ms 

-20 ns 14 
90 ns 14 
175 ns 14 

tOFF (max) defines the time at which the output achieves the 
open circuit condition and is not referenced to output voltage 
levels. 

~:ne~a:i:;net~~~~n t7::n!~Ci~ ~;~~f~el~r:~t ~nrseuf~~~~~:tp~~~Co~~~~~ 
tACO is greater Ran the specified tRCO (max) limit, then access 
tIme is controlled exclusively by tCAC. 

These parameters are referenced to 'E'AS leading edge in early 
write cycles and to W'FfiT"E leading edge in delayed write or 
read+modify·write cycles. 

twcs. tCWD and tRWD are restrictive operating parameters In 

read write and read modify write cycles only. If twcs ;;;. twcs 
(min), the cycle is an early write cycle and the data out pin will re-, 
main open circuit (high impedance) throughout the entire cycle; If " 
tCWD ;;;. tCWD (min) and tRWD ;;;. tRWD (min), the cycle is a 
read-write cycle and the data out will contain data read from the 
selected cell; If neither of the above sets of conditions is satisfied 
the condition of the data out (at access time) is indeterminate. 

Effective capacitance calculated from the equation C = ~vt 
with 6. v = 3 volts and power supplies at nominal ---zs::; 
levels. 

CAS"" VIHC to disable DOUT' 
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AC ELECTRICAL CHARACTERISTICS 
(O°C';;;T A';;; 70°C) (VDD = 12.0V ± 10%; VSS = OV, -5.7V < VBB';;; -4:5V) 

PARAMETER SYMBOL 

Input Capacitance (AO-A6), DIN Cll 

Input Capacitance RAS, CAS, WRITE CI2 

Output Capacitance (DOUT) Co 

DESCR IPTION (continued) 

System oriented features include ± 10% tolerance on 
all power supplies, direct interfacing capability with 
high performance logic families such as Schottky 
TTL, maximum input noise immunity to minimize 
"false triggering" of the inputs (a common cause of 
soft errors), on-ch ip address and data registers wh ich 
eliminate the need for interface registers, and two 
chip select methods to allow the user to determine 
the appropriate speed/power characteristics of his 

--
TYP MAX UNITS NOTES 

4 5 pF 17 

8 10 pF 17 

5 7 pF 17,18 

memory system. The MK 4116 also incorporates 
several flexible timing/operating modes. I n addition 
to the usual read, write, and read-modify-write 
cycles, the MK 4116 is capable ..QLdelayed write 
cycles, page-mode operation and RAS-only...J:!ifresh. 
Proper control of the clock inputs( RAS, CAS and 
WRITE) allows common I/O capability, two dimen­
sional chip selection, and extended page boundaries 
(when operating in page mode). 

SUPPLEMENTAL DATA SHEET TO BE USED IN 

CONJUNCTION WITH MOSTEK MK4116(J/NI-2/3 DATA SHEET. 
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FEATURES 

o Recognized industry standard 16-pin configuration 
from Mostek 

o Single +5V (± 10%) supply operation 

o On chip substrate bias generator for optimum 
performance 

o Active power 140mW maximum 
Standby power 10mW typical 

o 80ns access time, 185ns cycle time (MK4516-8) 
lOOns access time, 220ns cycle time (MK4516-1 0) 
120ns access time, 250ns cycle time (MK4516-12) 

o Common 1/0 capability using "early write" 

DESCRIPTION 

The MK4516 is a single +5V power supply version of the 
industry standard MK4116, 16,384 x 1 bit dynamic 
RAM. 

The high performance features of the MK4516 are 
achieved by state-of-the-art circuit design techniques 
as well as utilization of Mostek's "Scaled POLY 5" 
process technology. Features include access times 
starting where the current generation 16K RAMs leave 
off, 140mW power dissipation, TTL compatability, and 
+5V only operation. 

The MK4516 is capable of a variety of operations 
including READ, WRITE, READ-WRITE, READ-MODIFY­
WRITE, PAGE MODE, and REFRESH. It operates in the 

SECOND GENERATION MK4116 

MOSTEI(@ 
16,384 x 1 BIT DYNAMIC RAM 

MK4516(J/N) 

o Read, Write, Read-Write, Read-Modify-Write and 
Page-Mode capability 

o All inputs TIL compatible, low capacitance, and are 
protected against static charge 

o Scaled POLY 5 technology 

o Pin compatible with the MK4164 (64K RAM) 

o 128 refresh cycles (2 msec) 

o Offers two variations of hidden refresh 

o Extended CAS control of data output 

o On chip refresh counter on pin 1 

same manner as the popular MK4116 except for the 
output control. The output control of the MK4516 can be 
held valid indefinitely by holding CAS active low. This is 
quite useful since a refresh cycle can be performed 
while holding data valid from the previous cycle. 

Timing characteristics of the MK4516 will be similar to 
those of the MK4116. 

The MK4516 is designed to be compatible with the 
JEDEC standards for the 64K x 1 dynamic RAM. The 
MK4516 is intended to extend the life cycle of the 16K 
RAM, as well as create new applications due to its 
superior performance. The compatability with the 
MK4164 will also permit a common board design to 

PIN OUT 
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service both the MK4516 and MK4164 (64K RAM) 
designs. The MK4516 will therefore permit a smoother 
transition to the 64K RAM as the industry standard 
MK4027 did for the MK4116. 
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The user, requiring only a small memory size, need no 
longer pay the three power supply penalty for achieving 
the economics of using dynamic RAM over static RAM 
when using this new generation device. 



MOSTEI(. 
32,768x1-BIT DYNAMIC RAM 

MK4332(D)-3 
FEATURES 

o Utilizes two industry standard MK 4116 devices in 0 
an 18-pin package configuration 

Common I/O capability using "early write" 
operation 

o 200ns access time, 375ns cycle (MK 4116-3) 
o Separate RAS, CAS Clocks 
o ± 10% tolerance on all power supplies (+12V,±5V) 

o Low power: 482mW active, 40mW standby (max) 

o Output data controlled by CAS and unlatched at 
end of cycle to allow two dimensional chip selec­
tion and extended page boundary 

DESCRIPTION 

The MK 4332 is a new generation MOS dynamic 
random access memory circuit organized as 32,768 
words by 1 bit. As a state-of-the-art MOS memory 
device, the MK4332 (32K RAM) incorporates 
advanced circuit techniques designed to provide 
wide operating margins, both internally and to the 
system user 

The technology used to fabricate the MK 4332 is 
MOSTEK's double-poly, N-channel silicon gate, 
POL Y II e process. This process, coupled with the 
use of a single transistor dynamic storage ceil, pro­
vides the maximum possible circuit density and 
reliability, while maintaining high performance 
capability. The use of dynamic circuitry through­
out, including sense amplifiers, assures that power 

FUNCTIONAL DIAGRAM 

RAs1 I - I CAS 1 I 
WE I 4116 

AO- A6 I 
DIN .1 Dour 

I 
I 

I 
I 

I 

I - I 
- I 

I 4116 

RAS2 I 
CAS 2 

I 
I 
I L ______ --' 

o Read-Modify-Write, RAS-only refresh, and Page­
mode capability 

o All inputs TTL compatible,low capacitance, and 
protected against static charge 

o 128 refresh cycles for each MK 4116 device in the 
dual density configuration 

o Pin compatible to MK 4116 and MK 4164 

dissipation is minimized without any sacrifice in 
speed or operating margin. These factors combine 
to make the MK 4332 a truly superior RAM product. 

Multiplexed address inputs (a feature pioneered by 
MOSTEK for its 4K RAMS) permits the MK 4332 
to be packaged in a standard 18-pin DIP. This 
standard package configuration, is compatible with 
widely available automated testing and insertion 
equipment, and it provides the highest possible sys­
tem bit densities and simplifie~ system upgrade 
from 16K to 64K RAMs for new generation appli­
cations. Non-critical clock timing requirements allow 
use of the multiplexing technique while maintain­
ing high performance. 

PIN CONNECTIONS 
VB. 18 Vss 

DIN 2 17 CAS' 

WRITE 3 16 0 0UT 

RAS 1 4 15 AS 

AO 5 14 A3 

A2 6 13 A4 

A, 7 12 AS 

voo 8 11 Vee 

RAS2 9 10 CAS 2 

PIN NAMES 

~6 ADDRESS INPUTS 
CAS COLUMN ADDRESS STROBE 
DIN DATA IN 
QQJJr DATA OUT 
RAS ROW ADDRESS STROBE 
WRTi'E READfWRITE INPUT 
Ves POWER (-5Vi 
Vee POWER (+5V) 
VOD POWER (+12V) 
Vss GROUND 
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ABSOLUTE MAXIMUM RATINGS* 

Voltage on any pin relative to VaB ................... '. -0.5V to +20V *Stresses greater than those listed under 
"Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a 
stress rating only and functional operation 
of the device at these or any other condi­
tions above those indicated in the opera­
tional sections of this specification is not 
implied. Exposure to absolute maximum 
rating conditions for extended periods may 
affect reliability. 

Voltage on VOO, VCC supplies relative to VSS .......... -1.0V to +15.0V 
VBB-VSS (VOO-VSS>OV) .................................. OV 
Operating temperature, T A (Ambient) ................... O°C to + 70t 
Storage temperature (Ambient) ...................... -65°C to + 150°C 
Short circuit output current ................................. 50mA 
Power dissipation ........................................ 1 Watt 

RECOMMENDED DC OPERATING CONDITIONS6 
(Ooe.;; TA';; 700 e) 

PARAMETER SYMBOL MIN 

Supply Voltage VOO 10.8 
VCC 4.5 
VSS a 
VBB -4.5 

Input High (Logic 1) Voltage, VIHC 2.4 
RAS, CAS, WRITE 

Input High (Logic 1) Voltage, VIH 2.2 
all inputs except RAS, CAS 
WRITE 

Input Low (Logic 0) Voltage, VIL -1.0 
all inputs 

DC ELECTRICAL CHARACTERISTICS 

TYP MAX UNITS NOTES 

12.0 13.2 Volts 2 
5.0 5.5 Volts 2,3 
a a Volts 2 
-5.0 -5.7 Volts 2 

- 7.0 Volts 2 

- 7.0 Volts 2 

- .8 Volts 2 

(O°e.;; TA';; 700 e) (VOO = 12.0V ± 10%; VCC = 5.0V ± 10%;-5.7V .;; VBB ';;-4.5V; VSS = OV) 

PARAMETER SYMBOL 

OPERATING CURRENT 1001 
Average power supply operating current ICCl 
(RAS, CAS cycling; tRC = tRC Min) IBBl 

STANOBY CURRENT 1002 
Power supply standby current (liAS = VIHC, ICC2 
00UT = High Impedance) IBB2 

REFRESH CURRENT 1003 
Average power supply current, refresh mode ICC3 
(RAS cycling, CAS = VIHC: tRC = tRC Min) IBB3 

PAGE MOOE CURRENT 1004 
Average power supply current, page·mode ICC4 
operation (RAS =VIL,EAS cycling; IBB4 
tpc = tpc Min) 

INPUT LEAKAGE II(L) 
Input leakage current, any input 
(VBB = -5V, OV ,,;;; V IN";;; +7 .OV, all other 
pins not under test = a volts) 

OUTPUT LEAKAGE 
Output leakage current (OOUT is disabled, 

10(L) 

OV";;; VOUT";;; +5.5V) 

OUTPUT LEVELS 
Output high (Logic 1) voltage (lOUT = -5mA) VOH 

Output low (Logic 0) voltage (lOUT = 4.2 mAl VOL 

NOTES: 

1. T A is specified here for operation at frequencies to tRC >tRC 
(min). Operation at higher cycle rates with reduced ambient 
temperatures and higher power dissipation is permissible, how­
ever, provided AC operating parameters are met. See figure 1 
for derating curve. 

2. 
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All voltages referenced to VSS' 

Output voltage will swing from VSS to Vec when activated with 
no current loading. For purposes of maintaining data in standby 

4. 

5. 

MIN MAX UNITS NOTES 

36.5 mA 4,19 
5 

300 J.!.A 19 

3.0 mA 
-20 20 J.!.A 

200 J.!.A 

26.5 mA 4,19 
-20 20 J.!.A 

300 J.!.A 19 

28.5 mA 4,19 
5 

300 J.!.A 19 

-20 20 J.!.A 

-20 20 J.!.A 

2.4 Volts 3 

0.4 Volts 

mode, VCC may be reduced to VSS without affecting refresh 
operations or data retention. However, the VOH (min) specifica­
tion is not guaranteed in this mode. 

1001,1003, and 1004 depend on cycle rate. See figures 2,3, and 
4 for 100 limits at other cycle rates. 

~~~ 19~nl~vlel ~~t~e~~~d i ~~ ~~nOe~~~~\~Or~~i;~'a ~~ i ~~ ~:~~~~~ 
(13511 !yp) to data out. At all other times ICC consists of 
leakage currents on Iy. 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (6,7,8) 
(O'C<TA< 70°C)1(VOO = 12.0Vi 10%;VCC = 5.0V ±10%, VSS = OV, -5.7V<' VBB <, -4.5VI 

PARAMETER 

Random read or write cycle time 

Read·write cycle time 

Read modify write cycle time 

Page mode cycle time 

Access time from Ri'iS 

Access time from CAS 

Output buffer turn·off delay 

Transition time (rise and fall) 

RAS precharge time 

RAS pulse width 

FfAS hold time 

CAS hold time 

CAS pulse width 

RAS to CAS delay time 

CAS to RAS precharge time 

Row Address set·up time 

Row Address hold time 

Column Address set·up time 

Column Address hold time 

Column Address hold time referenced to RAS 

Read command set·up time 

Read command hold time 

Write command hold time 

Write command hold time referenced to RAS 

Write command pulse width 

Write command to Ri'iS lead time 

Write command to CAS lead time 

Data·in set·up time 

Data·in hold time 

Data·in hold time referenced to RAS 

CAS precharge time (for page·mode cycle only) 

Refresh period 

WRITE command set·up time 

CAS to WIiTiE delay 

RAS to WR ITE delay 

NOTES IContmued) 

Several cycles are required after power-up before proper device operation IS achieved. Any 

8 cycles which perform refresh are adequate for thiS purpose 

AC measurements assume IT 5ns 
V1HC jmml or VIH Imml and VIL (max) are refelence levels lor measuring \lmll1q of In 

put Signals. Also, tranSition times are measurpd betwt>en VIHC or VIH and VIL 

9. The speCifications for IRe (mill) tRMW (mini and tRWC (mm) are used only to indicate 

cycle time at which proper operation ovpr the full temperature rangp (0 C "" T A ~ 70 CI 
IS assured 

10 Assumes that tRCD .,,; tRCD (max!. II tRCD IS greater than the maximum fpcommended 

yalue shown 111 thiS table, tRAe will Increase by the amount that tRCo exceerls the value 
shown 

11. Assumes that tRCD ,. tRCD (max! 
12 Measured With a load equivalent to 2 TTL loads and 100pF 

13 tOfF (max) dl"IlI1es the time at which the output aChtl"vl"s thl" open Ctrcult condition and 
IS not referenced to output voltage Ipvels, 

MK 4332 
SYMBOL MIN MAX UNITS NOTES 

tRC 375 ns 9 

tRWC 375 ns 9 

tRMW 405 ns 9 --- ---- - ._-- -------

tpc 225 ns 9 

tRAC 200 ns 10,12 

tCAC 135 ns 11,12 

tOFF 0 50 ns 13 

tT 3 50 ns 8 

tRP 120 ns 

tRAS 200 10,000 ns 

tRSH 135 ns 

tCSH 200 ns 

tCAS 135 10,000 ns 

tRCD 25 65 ns 14 

tCRP ~20 ns 

tASR 0 ns 

tRAH 25 ns 

tASC ~10 ns 

tCAH 55 ns 

tAR 120 ns 

tRCS 0 ns 

tRCH 0 ns 

tWCH 55 ns 

tWCR 120 ns 

twp 55 ns 

tRWL 70 ns 

tCWL 70 ns 

tDS 0 ns 15 

tDH 55 ns 15 

tDHR 120 ns 

tcp 80 ns 

tREF 2 ms 

twcs ~20 ns 16 

tCWD 80 ns 16 

tRWD 145 ns 16 

14 Oppratlonwlth,'l thetRCD (max)l,m,! Insures that tRAC (maxi can be met. tRCD (max) 

IS speCified as a reference pOint only, If tRCD IS greatpr than the specified tRCD (max) 

limit, then access lime IS contrOlled exclUSively by !CAC 
15 These parameters are referenced to CAS leadlf'lg pdqe 1f1 early wrile cycles and to WR ITE 

leadlf'lg edge If'l delayed write or read-moddY·Write cycles 
16 'WCS- tCWD dmj tRWD are restrictive operating parametNS on read write and read mod 

Ily wllte cycles only If twcs ~ twcs (min), the cycle Isan early write cycle and Ih!;' data 
out Pin will remaon open CirCUlI (hlClh Impedance) throughout the !;'ntlre CYCIP, If ICWD 

-"> ICWD (min! and tRWD / tRWD (min!, the cycle IS a tead-wrlte cycle and the data out 
will contam data read from the splected cell; If neither of the above sets of conditions IS 

satIsfied thp condition of the data OUI (at access tlmel IS IfIdetermmate 
17 EffectlvP capacitancE" calculated from the PQuallon C ~ Idt With /':-, V 3 volts and power 

supplies at nomlnailevels /\ V 

18 CAS VIHC to disable DOUT 

19. One 16K RAM is active whIle the other IS in standby mode 
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AC ELECTRICAL CHARACTERISTICS 
(ODe,;;; T A';;; 70De) (VDD = 12.0V ± 10%; Vss = OV; -S.7V';;; VBB ,;;; -4.SV) 

PARAMETER SYMBOL 

Input Capacitance (AO-A6), DIN Cll 

Input Capacitance RAS, CAS, CI2 

Output Capacitance (DOUT) Co 

Input Capacitance WRITE CI3 

AC Characteristics and Timing Diagrams of MK4116·3. 
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CYCLE RATE (MH,)- 10'it RC (ns) 

Fig. 1 Maximum ambient temperature versus cycle rate for extended 
frequency operation. T A (max) for operation at cycling rates greater 

than 2.66 MHz ItCYC<375ns) is determined by T A Imax)o C = 70-
9.0 x Icycle rate MHz -2.66) for ·3. 

CYCLE TIME t RC (ns) 
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Fig. 3 Maximum '003 versus cycle rate for device operation at 

extended frequencies. 1003 Imax) curve is defined by the equation: 

1003(max) mA = 10 + 6.5 x cycle rate [MHz] for -3 
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TYP MAX UNITS NOTES 

8 10 pF 17 

8 10 pF 17 

10 14 pF 17, 18 

16 20 

!SOmA 

1 40mA 
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Fig. 2 Maximum I D01 versus cycle rate for device operation at 

extended frequencies. 1001 Imax) curve is defined by the equation: 

1001 Imax) mA = 10 + 9.4 x cycle rate [MHz] for -3 
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Fig. 4 Maximum IOD4 versus cycle rate for device operation in page 
mode. 1004 Imax) curve is defined by the equation: 

10041max) mA = 10 + 3.75 x cycle rate [MHz] for -3 



READ CYCLE 

~---------------------------- tRC------------------------~ 

t RAS -------__ 001 

RAS 
V,HC_------,J 

V,L -

tCSH--------------~------------~~ 

/4 _____ t RCD _____ t-------:--- tRSH -----------,­

CAS 

V'H_ 

ADDRESSES V IL-

WRITE 
V ,HC-

V I L -.L..r..LL4J....1.-'-'-'j ....... .L.J.'..IJ 

V OH -

i-l------;- t CAS -------__ 

l-- t CAC ------<"'I 

tRAC _------______ ..... 

DOUT -----------------~---- OPEN VALID 
DATA VOL -

WRITE CYCLE (EARLY WRITE) 

t Re 

--- t RAS 
V 1HC _ tAR ------j RAS 
V,L - I 

~ I 
t RSH 

t CSH 

"I.·---~--- t CAS 

CAS 
V 1HC _ 

I _ V'L -

ADDRESSES 
V IH-

V,L -

t-- t WCH 

WRITE ---~- twP -

I 

-.1 

D,N 
V,H _ 

V 1L - DATA 

VOH -
OPEN DOUT VOL -

tOFF 
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READ-WRITE/READ-MODIFY-WRITE CYCLE 

~--------tRWC/tRIIIW------_~ 

RAS 

I.. : t RSH --;--l ----~ 
__ t;~--- ----~I -----t C-AS ~_CS_H ----000\ 

VIHC'-. -+-i----~ 
VI L -

DOUT 

"RAS-ONLY" REFRESH CYCLE 
NOTE: CAS = VIHC, WRITE = Don't Care 

VOH -

--------OPEN---------
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PAGE MODE READ CYCLE 

RAS 
V 1HC _ 

V,L -

V 1HC _ 

CAS 
V,L-

ADDRESSES ~',~_ 

PAGE MODE WRITE CYCLE 

!4-------~--------- t RAS ---"-~-----------t 

ADDRESSES 
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DESCRIPTION (continued) 

System oriented features include ± 10% tolerance on 
all power supplies, direct interfacing capability with 
high performance logic f~mi~ies suc:h as Sc:hc:>tt.ky 
TTL, maximum input nOise Immunity to minimize 
"false triggering" of the inputs (a comm~n cause. of 
soft errors), on·ch ip address and data. registers wh Ich 
eliminate the need for interface re~lsters, and two 
chip select methods. The MK 4332 also incorporates 
several flexible timing/operating modes. In addition 
to the usual read, write, and read-modify-write· 
cycles, the MK 4332 is capable .-QLdelayed write 
cycles, page-mode operation and RAS-only~resh. 
Proper control of the clock inputs( RAS, CAS and 
WRITE) allows common I/O capability, two dimen­
sional chip selection, and extended page boundaries 
(when operating in page mode). 

ADDRESSING 

User access of a unique memory location is accom­
plished by multiplexing 14 address bits onto 7 ad· 
dress inputs and by proper control of the RAS and 
CAS clocks in a manner identical to operation of the 
MK 4116 in a memory array board. The 14 address 
bits required to decode 1 of the 16,384 cell locations 
within each MK 4116 are multiplexed onto the 7 
address inputs and latched into the on-chip address 
latches by externally applying two negative going 
TTL-level clocks. The first clock, the Row Address 
Strobe (RAS), latches the 7 row address bits into the 
c!!i2..:. The second clock, the Column Address Strobe 
(CAS). subsequently latches the 7 column address 
bits into the chip. Each of these signals, RAS and 
CAS, triggers a sequence of events which are con­
trolled by different delayed internal clocks. The two 
clock chains are linked together logically in such a 
way that the address multiplexing operation is done 
outside of the critical path timing sequence for read 
data access. The later events in the CAS clock se­
quence are inhibited until the occurence of a delayed 
signal derived from the RAS clock chain. This "gated 
CAS" feature allows the CAS clock to be externally 
activated as soon as the Row Address Hold Time 
specification (tRAH) has been satisfied and the ad­
dress inputs have been changed from Row address to 
Column address information. 
Note that CAS can be activated at any time after 
tRAH and it will have no effect on the worst case 
data access time (tRAC) up to the point in time when 
the delayed row clock no longer inhibits ~he. remain­
ing sequence of colum!l clocks. .Two timing el}d­
points result from the Internal gating of CAS which 
are called tRGD (min) and tRCD (mill No data 
storage or reading errors will result if CAS is applied 
to the MK 4332 at a point in time beyond the tRCD 
(max) limit. However, access time will then be de­
termined exclusively by the access time from CA"S 
(tCAC) rather than from RAS (tRAC!. and access 
time from RAS will be lengthened by the amount 
that tRCD exceeds the tRCD (max) limit. 

DATA INPUT/OUTPUT 

Data to be written into a selected cell is latched into 
an on-chip r~ter by a combination of WRIT~ and 
CAS while RAS is active. The later of the signals 
(WR ITE or CAS) to make its negative transition is the 
strobe for the Data In (DIN) register. This permits 
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several options in the yvrite c:ycle timing. In a w!ite 
cycle, if the WR ITE Input IS brou~ht low (active) 
prior to CAS, the DIN is strobed by C&and the 
set-up and hold times are referenced to CAS. If the 
input d<l.ta is not available at CAS t!me or if it is 
desired that the cycle be a read-write cy~ the 
WRITE signal will be delayed until after CAS has 
made its negative transition. In this "delayed write 
cycle" the data input set-up and hold times are re­
ferenced to the negative edge of WR ITE rather than 
CAS. (To illustrate this feature, DIN is referenced to 
WRITE in the timing diagrams depicting the read­
write and page-mode write cycles while the "early 
write" cycle diagram shows DIN referenced to CAS). 
Data is retrieved from the memory in a read cycle 
by maintaining WR ITE in the inactive or high state 
throughout the portion of the memory cycle in wh ich 
CAS is active (low). Data read from the selected cell 
will be available at the output within the specified 
access time. 

DATA OUTPUT CONTROL 

The normal condition of the Data Output (DOUT) 
of the MK 4332 is the high impedance (open-circuit) 
state. That is to say, anytime CAS is at a high level, 
the DOUT pin will be floating: T.he only ti!l1e the 
output will turn on and contain either a logic 0 or 
logic 1 is at access time durinq a read .cy'cle .. DOUT 
will remain valid from access time until CAS IS taken 
back to the inactive (high level) condition. 

Since the outputs to both 16K devices are tied to­
gether, care must be taken with the timing relatio~­
ships of the two devices. Both devices cannot ~e acti­
vated at the same time as a data output conflict can 
occur. 

If the memory cycle in progress is a read, read-modify 
write, or a delayed write cycle, then the data out~ut 
will go from the high imp~danc~ state t<? the active 
condition and at access time will contain the dati 
read fro~ the selected cell. This output data is thf 
same polarity (not inverted) as the inpu~ data: Onc.\. 
having gone active, the output will. remain valid until 
CAS is taken to the precharge (logic 1) state,whether 
or not RAS goes into precharge. 
l.:L..1h!Lcycie in progresLl§. an "earl x-write" cycle 
(WRITE active before CAS goes active), then the 
output pin will maintain the high impedanc:e sta~e 
throughout the entire cycle. Note that with thiS 
type of output configuration, the user is given full 
control of the~ pin simply by controlling the 
placement of WRlTE command during a write cycle, 
and the pulse width of the Column Address Strobe 
during read operations. Note also that even thouqh 
data is not latched at the output, data can remain 
valid from access time until the beginning of a sub­
sequent cycle without paying any penalty in overall 
memory cycle time (stretching the cycle). 

This type of output operation results in some very 
significant system implications. 

Common I/O Operation - If all write operations are 
handled in the "early write" mode, then DIN can be 
connected directly to DOUT for a common I/O data 
bus. 

Data Output Control - DOUT will remain valid 
during a read cycle from tCAC until CAS goes back 
to a high level (precharge), allowing data to be va!id 
from one cycle up until a new memory cycle beginS 



with lJ.Q.jJenaltyin cycle time. This also makes. the 
RA;S/C.A:S clock timing relationship very flexible. 

Two Methods of Chip Selection - Since DOUT 
is not latched, CAS is not required to turn off the 
outputs of unselected memory devices in a matrix. 
This means that both ~ and/or RAS can be decod­
ed for chip selection. If both RAS and CAS are 
decoded, then a two dimensionar (X,V) chip select 
array can be realized. 

Extended Page Boundary - Page-mode operation 
allows for successive memory cycles at multiple 
column locations of the same row address. By de­
coding ~ as a page cycle select signal, the page 
boundary can be extended beyond the 128 column 
locations in a single chip. (See page-mode operation). 

OUTPUT INTERFACE CHARACTERISTICS 

The three state data output buffer presents the data 
output pin with a low impedance to VCC for a logic 
1 and a low impedance to VSS for a logic O. The 
effective resistance to V CC (logic 1 state) is 
420 [1, maximum and 135[1, typically. The resistance 
to VSS (logic 0 state) is 95 [1, maximum and 35 [1, 
typically. The separate VCC pin allows the output 
buffer to be powered from the supply voltage of the 
logic to which the chip is interfaced. During battery 
standby operation, the VCC pin may have power 
removed without affecting the MK 4332 refresh 
operation. This allows all system logic except the 
RAS timing circuitry and the refresh address logic to 
be turned off during battery standby to conserve 
power. 

PAGE MODE OPERATION 

The "Page Mode" feature of the MK 4332 allows for 
successive memory operations at multiple column 
locations of the same row address with increased 
speed without an increase in power. This is done by 
strobing the row address into the chip and maintain­
ing the RAS signal at a logic 0 throughout all success­
ive memory cycles in which the row address is com­
mon. This "page-mode" of operation will not dissi­
pate the -PQYVer associated with the negative going 
edge of RAS. Also, the time required for strobing 
in a new row address is eliminated, thereby decreas­
ing the access and cycle times. 

The page boundary of a single MK 4116 is limited to 
the 128 column locations determined by all combi­
nations of the 7 column address bits. However, the 
page boundary of the MK4332 can be extended by 
using CAS rather than RAS as the chip select signal. 
RAS is applied to all devices to latch the row address 
into each device and then CAS is decoded and serves 
as a page cycle select signal. Only those devices which 
receive both RAS and CAS signals will execute a read 
or write cycle. 

REFRESH 

Refresh of the MK4116 is accomplished by perform­
ing a memory cycle at each of the 128 row addresses 
within each 2 millisecond time interval. Each 
MK4116 in the MK4332 Assembly must receive all 
128 refresh cycles within the 2ms time interval in 
order to completely refresh all 32,768 memory cells. 

Although any normal memory cycle will perform the 
refresh operation, this function is most easily 
accomplished with "RAS-only" cycles. RAS-only re­
fresh resuls in a substantial reduction in operating 
power. This reduction in power is reflected in the 
1003 specification. 

POWER CONSIDERATIONS 

Most of the circuitry used in the MK 4332 is dynamic 
and most of the power drawn is the result of an 
address strobe edge. Consequently, the dynam ic 
power is primarily a function of operating frequency 
rather than active duty cycle (refer to the M K 4116 
current waveforms in figure 5). This current char­
acteristic of the MK 4332 precludes inadvertent 
burn out of the device in the event that the clock 
inputs become shorted to ground due to system 
malfunction. 

Although no particular power supply noise r~stri~ti~n 
exists other than the supply voltages remain within 
the specified tolerance limits, adequate decoupling 
should be provided to suppress high frequency 
noise resulting from the transient current of the 
device. This insures optimum system performance 
and reliability. Bulk capacitance requirements are 
minimal since the MK 4332 draws very little steady 
state (DC) current. 

In system applications requiring lower power dissi­
pation, the operating frequency (cycle rate) of the 
MK 4332 can be reduced and the (guaranteed maxi­
mum) average power dissipation of the device will be 
lowered in accordance with the 1001 (max) spec 
limit curve illustrated in figure 2 . NOTE: The 
MK 4332 family is guaranteed to have a maximum 
1001 requirement of 36.5mA @ 375ns cycle with an 
ambient temperature range from 0° to 70° C. A lower 
operating frequency, for example 1 microsecond 
cycle, results in a reduced maximum 1001 require­
ment of under 20m A with an ambient temperature 
range from 0° to 70° C. 
NOTE:' Additional power supply tolerance has been included on the 
VBB supply to allow direct interface capability with both -5V systems 
-5.2V ECl systems. 

Fig. 5 Typical Current Waveforms for the MK 4116 
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Although RAS and/or CAS can be decoded and used 
as a chip select signal for the MK 4116,overall system 
power is minimized if the Row Address Strobe 
(RAS) is used for this purpose. AllJ:!.nselected de­
vices (those wh ich do not receive a RAS) will remain 
in a 101!LQ0wer (standby) mode regardless of the 
state of CAS. 

POWER UP 

The MK 4332 requires no particular power supply 
sequencing so long as the Absolute Maximum Rating 
Conditions are observed. However, in order to insurE 
compliance with the Absolute Maximum Ratings, 
MOSTEK recommends sequencing of powersupplies 
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such that VBB is applied first and removed last. 
VBB should never be more positive than VSS when 
power is applied to VDD. 

Under system failure conditions in which one or more 
supplies exceed the specified limits significant addi­
tional margin against catastrophic device failure may 
be achieved by forcing RAS and CAS to the inactive 
state (high level). 

After power is applied to the device, the MK 4332 
requires several cycles before proper device operation 
is achieved. Any 8 cycles which perform refresh 
are adequate for this purpose. Each MK 4116 device 
must receive the 8 initialization cycles. 



TYPICAL CHARACTERISTICS OF THE MK 4116 
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FEATURES 

D Recognized industry standard 16-pin 
configuration from Mostek 

D 5V ±10% single supply operation 

D On chip substrate bias generator for optimum 
performance 

D 120ns maximum access time, 200 ns 
minimum cycle time 

D Active power 200mW typical 
Standby power 10mW typical 

DESCRIPTION 

The MK 4164 is the new generation dynamic RAM, 
organized 65536 words by 1 bit, it is the successor to 
the industry standard MK 4116. The MK 4164 utilizes 
MOSTEK's SCALED POLY 5™ process technology as 
well as advanced circuit techniques to provide wide 
operating margins, both internally and to the system 
user. Performance previously unachieved will be the 
standard for this new generation device. 

The MK 4164 utilizes Scaled Poly 5 and a revolutionary 
new storage cell in order to optimize circuit density, 
reliability and performance. The use of a dynamic 
circuitry throughout, including the 512 sense 
amplifiers, assures that power dissipation is minimized 
without any sacrifice in speed or internal and external 
operating margins. Refresh characteristics have been 
chosen to maximize yield (low cost to user) while 

EVOLUTIONARY PROCESS OF MK4164 

--~ /" 

Sense Amps ~~ 
MK4116 16K RAM 

-~ "7 _ _.3i. ~ 

64K RAM 

MOSTEI{. 
65,536 x 1-81T DYNAMIC RAM 

MK4164(J/N)-12 

D Common I/O capability using "early 
write" operation 

D Read, Write, R-M-W and page mode capability 

D 128 cycle refresh (2ms) 

D All inputs TTL compatible, low capacitance, and 
protected against static charge 

D Scaled Poly 5™ technology 

D On chip refresh counter on pin 1 

maintaining compatibility between dynamic RAM 
generations. 

MUltiplexed address inputs (a feature dating back to 
the industry standard, MK4096, 1973) permits the 
MK4164 to be packaged in a standard 16-pin DIP with 
only 15 pins required for basic functionality. MOSTEK is 
utilizing this spare pin for a new feature. This Refresh 
feature, appearing in Pin 1, carefully chosen to meet 
user needs, will make the 64K RAM the easiest to use of 
the multiplexed series. TTL input levels plus single 5V 
supply operation make the MK4164 truly TTL 
compatible. 

The 64K RAM from MOSTEK is the culmination of 
several years of circuit and process development, 
proven in predecessor products. This evolution is 
illustrated in the figure below. 

PIN OUT 
RFSH VSS 

DIN CAs 

ViiRii'E DOUT 

FiAS AS 

AO A3 

A2 A4 

A, A5 

Vee A7 
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MEMORY DATA BOOK 

Static 
Random Access Memory 
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FEATURES 

o Scaled Poly 5™ technology 

o Industry standard 18-pin dip configuration 

o High performance 
Power Supply Current 

Part Access Cycle Max. Max. 
Number Time Time Active Standby 

'MK2147·55 55ns 55ns 180mA 30mA 

MK2147·70 70ns 70ns 160mA 20mA 

MK2147·90 90ns 90ns 160mA 20mA 

DESCRIPTION 

The MK2147 uses MOSTEK's Scaled Poly 5™ process 
and advanced circuit design techniques to package 
4096 words by 1 -bit of static RAM on a single chip 
requiring a single +5 volt supply. The MK2147 is 
functionally equivalent and pin compatible with the 
established industry standard 18-pin high performance 
4K x 1 static RAM. 

MOSTEK's Address Activated™ circuit design 
technique is utilized to achieve high performance, low 

PIN CONNECTION 

AU 1 18 Vee 

Al 2 17 A6 

A2 3 16 A7 

A3 • 15 AS 

A4 5 
,. A9 

MK2147IJ/NI 

A5 6 13 Al0 

DOUT 7 12 All 

WE 8 11 DIN 

VS5 9 10 Cs 

MOSTEI<. 
4K x 1-BIT 5T ATle RAM 

MK2147(J/N) 

o Address Activated™ static memory-no clock or 
timing strobe required 

o Access time equal cycle time 

o Chip select power down feature 

o Single +5V (±1 0%) power supply 

o On-chip substrate bias generator 

o All inputs are low capacitance and TTL compatible 

o Three-state TTL compatible output 

power, and easy user implementation. The device has a 
VIH = 2.0V, VIL = 0.8V, VOH = 2.4V, and VOL = O.4V 
making it totally compatible with all TTL family devices. 
The MK2147 has a chip select power down feature 
which automatically reduces the power dissipation 
when the chip select, CS, is brought inactive (high). 

The MK2147 is designed for memory applications that 
require high bit densities, fast access, and short cycle 
times. The MK2147 offers the user a high density cost 
effective alternative to bipolar and previous generation 
N-MOS fast memory. 

PIN NAMES 

AO· Al1 
CS 
DIN 
DOUT 
VSS 
VCC 
WE 

CS 
H 
L 
L 

WE 
X 
L 
H 

ADDRESS INPUTS 
CHIP SELECT 
DATA INPUT 
DATA OUTPUT 
GROUND 
POWER (+5V) 
WRITE ENABLE 

TRUTH TABLE 

MODE OUTPUT 
Not Selected High Z 
Write High Z 
Read DOUT 

POWER 
Standby 
Active 
Active 
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ABSOLUTE MAXIMUM RATINGS* 

Voltage on any. pin relative to VSS ............................................................. -1 .5V to + 7 .OV 
Temperature Under Bias ...................................................................... -10°C to +S5°C 
Storage temperature (Ambient) (Ceramic) ..................................................... -65°C to +150°C 
D.C .. output current .............. ~ ..................................................................... 20mA 
Power dissipation ....................................................................... . . . . . . . . . . . .. 1 Watt 
* Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This isa stress rating only and functional operation of 
the device at these or any _other conditions above those indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect reliability_ 

RECOMMENDED DC OPERATING CONDITIONS1 
(0 :s TA:S 70°C)** 

SYMBOL PARAMETER 

VCC Supply Voltage 

VS_S Supply Voltage 

VIH Logic "1" Voltage All Inputs 

VIL Logic "0" Voltage All Inputs 

DC ELECTRICAL CHARACTERISTICS1 
(O°C :s TA:S +70°C) ** (VCC = 5.0 volts ±10%) 

PARAMETER 

ICC Operating Current 

ISB Standby Current 

IPO Peak Power-on Current 

IL Input Leakage Current (Any Input) 

IOL Output Leakage Current 

VOH Output Logic "1" Voltage lOUT = -4mA 

VOL Output Logic "0" Voltage lOUT = SmA 

AC ELECTRICAL CHARACTERISTICS1 
(0 0 C:S TA:S + 700 C)** (VCC = +5.0 volts ±10%) 

PARAMETER 

CIN Input Capacitance 

COUT Output Capacitance 

MIN 

4.5 

0 

2.0 

-1.0 

MK2147-55 

MIN MAX 

180 

30 

70 

10 

50 

2.4 

0.4 

TYP MAX UNITS 

5.0 5.5 Volts 

0 0 Volts 

VCC + 1 Volts 

O.S Volts 

MK2147-70 MK2147-90 

MIN MAX MIN MAX 

160 160 

20 20 

50 30 

10 10 

50 50 

2.4 2.4 

0.4 0.4 

TYP MAX 

5Pf 

7Pf 

HThe operating ambient temp. range is guaranteed with transverse air flow exceeding 400 Linear feet per minute. 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 3,4 

(O°C::; TA::; 70°C)** (VCC = 5.0 volts ± 10%) 

[SYMBOL PARAMETER MK2147-55 MK2147-70 MK2147-90 UNIT NOTE 
MIN 

RC Read Cycle Time 55 

tAA Address Access Time 

tCSA1 Chip Select Access Time 

tCSA2 Chip Select Access Time 

tOH Output Hold From Address Change 5 

tLZ Chip Selection to Output Low Z 10 

tHZ Chip Deselection to Output High Z 0 

tPU Chip Selection to Power Up Time 0 

tPD Chip Deselection to Power Down 

tWC Write Cycle Time 55 

tCW Chip Select to End of Write 45 

tAW Address Valid to End of Write 45 

tAS Address Setup Time 0 

tWP Write Pulse Width 35 

tWR Write Recovery Time 10 

tDW Data Valid to End of Write 25 

tDH Data Hold Time 10 

tWZ Write Enable to Output in High Z 0 

tOW Output Active From End of Write 0 

NOTES: 

1. All voltages referenced to VSS. 
2. Measured with 0 :::; VI :5 5V and output deselected. 
3. AC measurements assume tT = 10ns, levels VSS to 3.5V 
4. Input and output timing reference levels are at 1.5V. 
5. Measured with a load as shown in Figure 1. 
6. tHZ and tWZ defines the time at which the output achieves the open circuit 

condition and is not referenced to output voltage levels. 
7. Chip deselected for greater than 55n5 prior to selection. 

OUTPUT LOAD 
Figure 1 

DOUT--...... -_ .... 

300!! 

510 !' 

!Including scope ami jig I 

MAX MIN MAX MIN MAX 

70 90 ns 

55 70 90 ns 5 

55 70 90 ns 5,7 

65 80 100 ns 5,8 

5 5 ns 

10 10 ns 

40 0 40 0 40 ns 6 

0 0 ns 

30 30 30 ns 

70 90 ns 

55 70 ns 

55 70 ns 

0 0 ns 

40 50 ns 

15 20 ns 

30 40 ns 

--
10 10 ns 

30 0 35 0 45 ns 6 

0 0 ns 

8. Chip deselected for a finite time that is less than 55n5 prior to selection. (If 
the deselect time is Ons, the chip is by definition selected and access 
occurs according to Read Cycle No.1). 

9. We is high for Read Cycles. 
10. Device is continuously selected CS :::; VIL 
11. Addresses valid prior to or coincident with CS transistion low. 
12. Effective capacitance calculated from the equation C ::: 16t with 

6V = 3 volts and power supplies at nominal levels 6.V 
13. Output buffer is deselected. 
14. vee c vss to vee min. 

es ::: lower of vee or VIH min. 
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READ CYCLE NO. 1 (9, 10) 

~ 
__ ---------------------------'RC----------------------------~~ 

ADDRESSES ~ __ -----Jj,-
~--__ ------------ 'AA------------~~~I 

~----'()H ------_~~I 
I 

DATA OUT PRf:VIOUS DATA VALID * X X jr I'---------------------------------~-
DATA VALID 

READ CYCLE NO.2 (9.11) 
---------- 'Rr 

\ i' 
'CSA 

~'Hl_ 
'LZ 

DATA au T 
HIGH IMPf: [JANef- KX X 1 [- DATA VALID 

l4--'pu ~'PD ~'" ',, __ n_~~ __ ~ 
CURRENT 158-----3 ~ 
WRITE CYCLE 

twe 

~v ADDRESS 
~ 

(. 

'ew 

\ -'1\ l r I I IIII 
'AW _'VIR_ 

tAS 'WP 

\ \ ...., 

_'OH" 
'ow 

DATA IN j DAr 1\ IN VALID ~ 

r----'wz- ~taw_ 

HIGH IMPEDAI\lCE 
DATA OUT DATA UNDEFINE[> 
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FEATURES 

o Scaled Poly 5™ technology 

o High performance 

Power Supply Current 

Part Access Cycle Max. Max. 
Number Time Time Active Standby 

MK2148-55 55ns 55ns 125mA 30mA 

MK2148-70 70ns 70ns 125mA 30mA 

MK2148-85 85ns 85ns 125mA 30mA 

DESCRIPTION 

The MK2l48 uses Mostek's Scaled Poly 5™ process 
and advanced circuit design techniques to package 
1 024 words by 4-bit of static RAM on a single chip 
requiring a single +5 volt supply. The MK2l48 is 
functionally equivalent and pin compatible with the 
established industry standard l8-pin 1 K x4 static RAM. 

Mostek's Address Activated™ circuit design technique 
is utilized to achieve high performance, low power, and 
easy user implementation. The device has a VIH = 2.0V, 

PIN CONNECTION 

A61 18 VCC 

AS 2 17 A7 

A43 16 AS 

A34 15 A9 

AO 5 14 DQO 

A16 13 DQ1 

A27 12 DQ2 -
CS 8 11 DQ3 

VSS9 10 WE 

MOSTEI{. 
1 K x 4-BIT 5T ATle RAM 

MK2148(J) 

o Industry standard 18-pin dip configuration 

o Address Activated™ static memory-no clock or 
timing strobe required 

o Access time equal cycle time 

o Chip select power down feature 

o Single +5V (± 10%) power supply 

o On-chip substrate bias generator 

o All inputs are low capacitance and TIL compatible 

o Three-state TTL compatible output 

o Pin-out compatible with bipolar PROMs 

VIL = 0.8V, VOH = 2.4V, and VOL = O.4V making it 
totally compatible with all TIL family devices. The 
MK2l48 has a chip select power down feature which 
automatically reduces the power dissipation when the 
chip select, CS, is brought inactive (high). 

The MK2l48 is designed for memory applications that 
require high bit densities, fast access, and short cycle 
times. The MK2l48 offers the user a high density cost 
effective alternative to bipolar and previous generation 
N-MOS fast memory. 

PIN NAMES 

AO - A9 ADDRESS INPUTS 

CS CHIP SELECT 

DQO-DQ3 DATA INPUT/DATA OUTPUT 

VSS GROUND 

VCC POWER (+5) 

WE WRITE ENABLE 
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MOSTEI(. 
4096x1-BIT STATIC RAM -------------------------------------------------------------

FEATURES 

o Combination static storage cells and dynamic 
control circuitry for truly high performance 

PART NUMBER ACCESS TIME CYCLE TIME 

MK41 04-3/-33 200ns 310ns 
MK41 04-4/-34 250ns 385ns 
MK41 04-5/-35 300ns 460ns 
MK4104-6 350ns 535ns 

o Low Active Power Dissipation: 150mW (Max) 

o Battery backup mode (3V /1 OmW on -33, -34 
and -35) 

DESCRIPTION 

The MOSTEK MK 4104 is a high performance static 
random' access memory organized as 4096 one bit 
words_ The M K 4104 combines the best character­
istics of static and dynamic memory techniques to 
achieve a TTL compatible, 5 volt only, high perfor­
mance, low power memory device_ It utilizes ad­
vanced circuit design concepts and an innovative 
state-of-the-art N-channel silicon gate process special­
ly tailored to provide static data storage with the per­
formance (speed and power) of dynamic RAMs_ 
Since the storage cell is static....!De device may be 
stopped indefinitely with the CE clock in the off 
(Logic 1) state. 

All input levels, including write enable (WE) and chip 
enable (CE) are TTL compatible with a one level of 

FUNCTIONAL DIAGRAM 

MK4104(J/N) Series 

o Standby Power Dissipation less than 28 mW 
(at VCC ; 5.5V) 

o Single +5V Power Supply ( ± 10"A. tolerance) 

[] Fully TTL Compatible 

Fanout: 2 - Standard TTL 
2 - Schottky TTL 

12 - Low Power Schottky TTL 

o Standard 18-p in DIP 

2.2 volts and a zero level of 0.8 volts. This gives the 
svstem designer for a logic "1" state, at least 200mV 
of noise margin when driven by standard TTL and a 
minimum of 500mV when used with high perfor­
mance Schottky TTL. These margins are wider than 
on most TTL compatible MOS memories available. 
The push-pull output (no pull-up resistor required) 
delivers a one level of 2.4V minimum and a zero 
level of .4 volts maximum. The output has a fanout 
of 2 standard TTL loads or 12 low power Schottky 
loads_ 

The RAM employs an innovative static cell which 
occupies a mere 2.75 square mils (Y:" the area of pre­
vious cells) and dissipates power levels comparable 

PIN NAMES 

PIN CONNECTIONS 

AD I 

AI 2 

A2 3 

A3 4 

A4 • 

A5 6 

Door 7 

WEe 
Vss 9 

AO - All ADDRESS INPUTS VSS 
CE CHIP ENABLE Vcc 
D,N DATil INPUT WE 

DOUT DATA OUTPUT 

Ie Vee 
11 AS 

16 A7 

15 A8 

14 A9 

13 AID 

12 All 

II DIN 

10 ~ 

GROUND 
POWER (+5V) 

WRITE ENABLE 
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ABSOLUTE MAXIMUM RATINGS* 

Voltage on any pin relative to VSS .................. -1.0V to + 7.0V 
*Stresses greater than those listed under 
"Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a 
stress rating only and functional operation 
of the device at these or any other condi· 
tions above those indicated in the opera­
tional sections of this specification is not 
implied. Exposure to absolute maximum 
rating conditions for extended periods- may 
affect reliability. 

Operating Temperature T A (Ambient) ................ 0° C to + 70° C 

Storage Temperature (Ambient) (Ceramic) .......... _65° C to +150° C 
Storage Temperature (Ambient) (Plastic) ........... _55° C to +125° C 
Power Dissipation. . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . .. 1 Watt 

Short Circuit Output Current .............................. 50mA 

RECOMMENDED DC OPERATING CONDITIONS6 

(00 C <; T A <; + 70° C) 

PARAMETER 
MK4104 Series UNITS NOTES 

MIN TYP 
VCC Supply Voltage 4.5 5.0 

VSS Supply Voltage 0 

VIH Logic "1" Voltage All Inputs 2.2 

VIL Logic "0" Voltage All Inputs -1.0 

DC ELECTRICAL CHARACTERISTICS1 

(O°C <; T A ~ + 70°C) (VCC = 5.0 volts± 10%) 

PARAMETER 

ICCl Average VCC Power Supply Current 

ICC2 Standby VCC Power Supply Current 

IlL I nput Leakage Current (Any Input) 

IOL Output Leakage Current 

VOH Output Logic" 1" Voltage I OUT='-500J.lA 

VOL Output Logic "0" Voltage IOUT= 5mA 

AC ELECTRICAL CHARACTERISTICSl 
((f C <; T A ~ + 70°C) (VCC = + 5.0 volts ± 10%) 

PARAMETER 

CI Input Capacitance 

Co Output Capacitance 

NOTES: 
1. All voltages referenced to vss. 

0 

2. ICCl is related to precharge and cycle times. Guaranteed maxi­
mum values for ICCl may be calculated by: 

ICCl [mal = 15tp+ 15(tC-tp) + 4720)7tC 
where tp and tc are expressed in nanoseconds. Equation is re· 
ferenced to the ·3 device, other devices derate to the same curve. 

3. Output is disabled (open circuit), CE is at logic 1. 

4. All device pins at 0 volts except pin under test at 0 <; VIN <; 5.5 
volts. (V, c - 5V) 

5. OV<;VOUT ~+ 5.SV. (V" o5V) 

6. During power up, ,(;l and WE must be at VIH for minimum of 
2ms after Vee reaches 4.5V, before a valid memory cycle can be 
accomplished. 

7. Measured with load circuit equivalent to 2 TTL loads and 
CL = 100 pF. 
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MAX 

5.5 Volts 1 

0 Volts 1 

7.0 Volts 1 

.8 Volts 1 

MIN MAX UNITS NOTES 

27 mA 2 

5 mA 3 

-10 10 J.lA 4 

-10 10 J.lA 3,5 

2.4 Volts 

0.4 Volts 

TYP MAX NOTES 

4pF 6pF 14 

6pF 7pF 14 

8. Ifm follows CE by more than tws then data out may not remain 
open circuited. 

9. Determined by user. Total cycle time cannot exceed teE max. 

10. Data·in set·~ time is referenced to the later of the two falling 
clock edges CE or m. 

11. AC measurements assume tT :: 5ns. Timing points are taken at 
.8V and 2.0V on inputs and .8V and 2.0V on the output. Tran· 
sition times are also taken between these levels. 

12. tc = tCE +tp +2tT' 

13. The true level of the output in the open circuit condition will be 
determined totally by output load conditions. The output is· 
guaranteed to be open circuit within tOFF. 

['),t 
14. Effective capacitance calculated from the equation e = I~ with 

['), V equal to 3V and VCC nominal. LI V 

15. tRMW = tAC + tWPL + tp + 3tT + tMOD 



AC ELECTRICAL CHARACTERISTICS AND RECOMMENDED OPERATING CONDITIONS6,11 
(O°C';;; T A';;; +70°C) (VCC = + 5.0 volts ± 10"10) 1 

SYMBOL PARAMETER 
tc Read or Write Cycle Time 
tAC Random Access 
tCE Chip Enable Pulse Width 
tp Chip Enable Precharge Time 
tAH Address Hold Time 

tAS Address Set-Up Time 
tOFF Output Buffer Turn-Off Delay 

tRS Read Command Set-Up Time 

tws Write Enable Set-Up Time 

tDHC Data Input Hold Time 
Referenced to CE 

tDHW Data Input Hold Time 
Referenced to WE 

tww Write Enabled Pulse Width 

tMOD Modify Time 
tWPL WE to CE Precharge Lead Time 
tDS Data Input Set-Up Time 

~H Write Enable Hold Time 

tT Transition Time 

tRMW Read-Modify-Write Cycle Time 

STANDBY CHARACTERISTICS 
(T A = O°C to 70°C) 

SYMBOL PARAMETER 
VPD Vccln Standby 
IPD Standby Current 
tF Power Supply Fall Time 
tR Power Supply Rise Time 
tCE Chip Enable Pulse Width 
tpPD Chip Enable Precharge To 

Power Down Time 
VIH Min CE High "I" Level 
tRC Standby Recovery Time 

POWER DOWN WAVEFORM 

VCC(MINI 

Vee 

VPD-

MK4104-3/33 
MIN MAX 
310 

200 
200 10,000 
100 
110 
0 
0 50 
0 
-20 

170 

70 
60 
0 10,000 
70 
a 
150 
5 50 
385 

MK4104-33 
MIN MAX 
3.0 

3.3 
100 
100 
200 

100 
2.2 
500 

MK41044/34 MK41 04-5/35 MK4104-6 
MIN MAX MIN MAX MIN MAX UNITS 
385 460 535 ns 

250 300 350 
250 10,000 300 10,000 350 10,000 
125 150 175 
135 165 190 
0 0 0 
0 65 0 75 0 100 
0 0 0 
-20 -20 -20 

210 250 285 

90 105 125 
75 90 105 
0 10,0000 10,0000 10,000 
85 105 120 
0 0 a 
185 225 260 
5 50 5 50 5 50 
475 570 660 

MK4104-34 MK4104-35 
MIN MAX MIN MAX UNITS 
3.0 3.0 Volts 

3.3 3.3 rnA 
100 100 t.Isec 
100 100 jJ.sec 
250 300 jJ.sec 

125 150 nsec 
2.2 2.2 Volts 
500 500 ,jJ.sec 

STANDBY MODE _ 'Ai--

NOTES 
12 
7 

13 
8 
8 

9 
10 

16 
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DESCRIPTION (Cont'd) 
to CMOS. The static cell eliminates the need for 
refresh cycles and associated hardware thus allowing 
easy system implementation. 

Power supply requirements of +5V ± 10% tolerance 
combined with TTL compatability on all I/O pins 
permits easy integration into large memory con­
figurations. The single supply reduces capacitor 
count and permits denser packaging on printed circuit 
boards. The 5V only supply requirement and TTL 
compatible I/O makes this part an ideal choice for 
next generation +5V only microprocessors such as 
MOSTEK's MK3880 (Z80). The early write mode 
(WE active prior to CE) permits common I/O oper-

READ CYCLE .. 
VIH 

VIL 

VIH 

ADDRESSES 
VIL 

VIH 

WE 
VIL 

VIH 

DIN 

at ion, needed for Z8D interfacing, without external 
circuitry. 

The MK4104-3X series has the added capability of 
retaining data in a reduced power mode. VCC maybe 
lowered to 3V with a guaranteed power dissipation of 
only 1DmW maximum. This makes the MK4104 
ideal for those applications requiring data retention 
at the lowest possible power as in battery operation. 

Reliability is greatly enhanced by the low power 
dissipation which causes a maximum junction rise of 
only at 8°C at 1.86 Megahertz operation. The MK 
4104 was designed for the system designer and user 
who require the highest performance available along 
with MOSTEK's proven reliability. 

VIL 

____________ '_A_C_-_-~-O-PE-N-:--_ -_ --;_~:( ,~" ... 
VOH 

DOUT VOL 

)::.'OFF 
OPEN--

WRITE CYCLE 
VIH .. ~---------- IC -----------~==~~1 

t-I' 
VIL 

11t------------ ' CE --------------.\ .. 
VIH 

ADDRESSES VIL 

VIH 

DIN 

, _'DHW----. 

VOH 
DOUT 

152 
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READ-MODIFY-WRITE CYCLE 
VIH ___ -J1 ..... ---------- tRMW ________ ~==~ 

~----------tCE _________ ~I 

VIH 

ADDRESSES VALID 
VIL 

l_tAH tDHC 

wj'"' "" ... 
VIH 

WE 

VIL 

'DS 
VIH 

VALID 
VIL DIN 

-'" =t'MOO~ VOH rtOFF 
VALID 

DOUT 
OPEN --

VOL 

OPEN 

OPERATION 

READ CYCLE 

The circuit offers one bit of the possible 4096 by 
decoding the 12 address bits presented at the inputs. 
The address bits are strobed into the chiR by the 
negative-going edge of the Chip Enable (eE) clock. 
A read c:t:£l.e is accomplished by holding the 'write 
enable' (WE) loPut at a high level (VIH) while 
clocking the CE input to a low level VI L). At 
access time (~C) valid data will ap~e.ar at the .o.utput. 
The output IS unlatched by a positive transition of 
CE and therefore will be open circuited (high im­
pedance state) from the previous cycle to access 
time and wi.!l..9o open again at the end of the present 
cycle when CE goes high. 

write operation the output will go active through the 
modify and write period until CE goes to precharge. 
If the cycle is such that WE goes active after CE 
but before valid data appears on the output (prior to 
tAC) then the output may not remain open. How­
ever if data-in is valid on the leading edge of WE, 
and 'WE occurs prior to the positive transition of CE 
by the minimum lead time twpL. then valid data 
will be written into the selected cell. The Data in 
hold time parameters tDHW and tDHC must be 
satisfied. 

Once the address hold time has been satisfied, the READ-MODIFY-WRITE CYCLE 
addresses may be changed for the next cycle. 

WRITE CYCLE 

Data that is to be written into a selected cell is 
strobed into the chip on the later occurring ne­
gative edge of CE or WE. If the negative transi­
tion of WE occurs prior to the leading edge of CE as 
in an "early" write cycle then the cr input serves 
as the strobe for data-in. If CE leading edge occurs 
prior to the leading edge of WE as in a read-modify­
write cycle then data-in is strobed by the WE input. 
Due to the internal timing generator, two indepen­
dent timing parameters must be satisfied for D I hold 
time, these are, tDHW and tDHC. For a R!W or RMW 
cycle tDHC is automatically satisfied making tDHW 
the more restrictive parameter. For a write only cycle 
either parameter can be more restrictive depending 
on the position of WE relative to IT. In any event 
both parameters must be satisfied. 

In an 'early' write cycle the output will remain in an 
open or high impedance state. In a read-modify 

The read-modify-write (RMW) cycle is no more 
than an extension of the read and write cycles. 
Data is read at access time, modified during a period 
determined by the user and the same or new data 
written between WE active (low) and the rising edge 
of CE (tWPL).j!ata out will remain valid u.ntil the 
rising edge Of CEo A minimum .RMW cyc.le time can 
be approximated. by the followlllil equation (tRMW 
= RMW cycle time and tp = CE precharge time). 

tRMW = tAC + tMOD + tWPL + tp +3tT 

POWER DOWN MODE 

In power down data may be retained indefinitely by 
maintaining VCC at +3V. However, prior to VCC 
going below VCC minimum (';;;4.5V) CE must be 
taken high (VI H = 2.2V) and held for a minimum 
time period tPPD and maintained at V I H for the 
entire standby period. After power is returned to 
VCC min or above, CE must be held high for a 
minimum of tRC in order that the device may 
operate properly. See power down waveforms herein. 
Any active cycle in progress prior to power down 
must be completed so that tCE min is not violated. 
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OPERATING POWER VS CYCLE TIME 
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Characterization data plot of frequency vs power dissipation 
for a typical MK4104 device. 
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Curve 1 - Clock on time (low level) is bottom scale minus 
100 NSEC 

Curve 2 - Clock off time (high level) is bottom scale minus 
200 NSEC 



FEATURES 

o Address Activated™ Interface combines benefits of 
Edge Activated™ and full static 

o High performance 

Part Number Access Time Cycle Time 

MK4118-1 120 nsec 120 nsec 
MK4118-2 150 nsec 150 nsec 
MK4118-3 200 nsec 200 nsec 
MK4118-4 250 nsec 250 nsec 

o Single +5 volt power supply 

DESCRIPTION 

The MK4118 uses Mostek's Poly R N-Channel Silicon 
Gate process and advanced circuit design techniques to 
package 8192 bits of static RAM on a single chip. 
Mostek's Address Activated™ circuit design technique 
is utilized to achieve high performance, low power, and 
easy user implementat,ion. The device has a V IH = 2.2, 
VII. = O.8V, VOH = 2.4, VOl. = O.4V making it totally 
compatible with all TTL family devices. 

The MK4118 is designed for all wide word memory 
applications. The MK4118 provides the user with a 

BLOCK DIAGRAM 

o.---.f 

Diltalnpu," Comp,," 
101 ••• '108 

WE---+!Cont,nllO<j,c 

os ., 
" 
" 

'0 ., 
" '. .. 
" 
'9 

Y Sen",An>p 
IIoWmf!O"vl!1 

128.8.8 
~_--+I Memory Cell Mal". 

~==:l81928otStallc RAM 

MOSfEI(. 
1 K x 8 STATIC RAM 

MK4118(P IN) Series 

o TTL compatible 1/0 
Fanout: 2 - Standard TTL 

2 - Schottky TTL 
12 - Low power Schottky TTL 

o Low Power - 400mw Active 

o CS, OE, and LATCH functions for flexible system 
operation 

o Pin compatible with Mostek's wide word memory 
family 

high-density, cost-effective 1 K x 8-bit Random Access 
Memory. Fast Output Enable (C>E) and Chip Select (CS) 
controls are provided for easy interface in 
microprocessor or other bus-oriented systems. The 
MK4118 features a flexible Latch ([) function to permit 
latching of the address and CS status at the user's 
option. Common data and address bus operation may be 
performed at the system level by utilizing the I and OE 
functions for the MK4118. The latch function may be 
bypassed by merely tying the latch pin to Vee, providing 
fast ripple-through operation. 

PIN CONNECTIONS 
A7 1 

A6 2 

A5 3 

A4 4 

A3 5 

A2 6 

A1 7 

AO 8 

1'01 9 

1'02 10 

1/03 11 

Vss 12 

PIN NAMES 

AO -A9 
CS 
VSS 
VCC 

Address Inputs 
Chip Select 
Ground 
Power (+5V) 

WE 
~ 
I 

24 Vel: 

23 A8 

22 A9 

21 WE 

20 iiI 
19 r 
18 CS 
17 1'08 

161'07 

151 106 

14 1105 

131/04 

Write Enable 
Output Enable 
Latch 

1/01 1/08 Data Inl 
Data Out 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on any pin relative to Vss .......................................................... -O.5V to +7 .OV 
Operating Temperature TA (Ambient) ..................................................•...... O°C.to + 70°C 
Storage Temperature (Ambient) (Ceramic) ................................................. -65°C to +150°C 
Storage Temperature (Ambient) (Plastic) ................................................... -55°C to +125°C 
Power Dissipation ................................................................................ 1 Watt 
Short Circuit Output Current ....................................................................... 20mA 
*Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect reliability. 

RECOMMENDED DC OPERATING CONDITIONS3 
(O°C :;:;; T A :;:;; + 70°C) 

SYM PARAMETER 

Vee Supply Voltage 

Vss Supply Voltage 

V'H Logic "'1"' Voltage All Inputs 

V'L Logic "'0"' Voltage All Inputs 

DC ELECTRICAL CHARACTERISTICS"3 
(O°C :;:;; T A :;:;; + 70°C) (Vee = 5.0 volts ± 5%) 

SYM PARAMETER 

MIN 

4.75 

0 

2.2 

-0.3 

Icc I Average Vee Power Supply Current (Active) 

Icc, Average Vee Power Supply Current (Standby) 

I.L Input Leakage Current (Any Input) 

IOL Output Leakage Current 

VOII Output Logic "'1"' Voltage lour = -1 mA 

VOL Output Logic "'0"' Voltage lOUT = 4mA 

AC ELECTRICAL CHARACTERISTICS"3 
(O°C :;:;; T A :;:;; + 70°C) (Vee = +5.0 volts ±5%) 

SYM PARAMETER 

C, Capacitance on all pins except 1/0 

C"o Capacitance on 1/0 pins 

NOTES: 
1. All voltages referenced to VS~. 
2. Measured with 0 ~ VI :::;;. 5V and outputs deselected (Vn = 5V) 

TYP MAX UNITS 

5.0 5.25 Volts 

0 0 Volts 

7.0 Volts 

0.8 Volts 

MIN MAX UNITS 

80 mA 

60 mA 

-10 10 J.LA 

-10 10 J.LA 

2.4 Volts 

0.4 Volts 

TYP MAX 

4pF 

10pF 

3. A minimum of 100 ,usee time delay is required after application of Vn · (+5V) before proper device operation can be achieved. 
4. Effective capacitance calculated from the equation C ;;:; I ~ with LV;::;: 3V and Vn · nominal 

!::N 
5. Standby mode is defined as condition with addresses, latch and WE remain unchanged. 
6. AC timing measurements made with 2 TTL loads plus 100pF. 
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ELECTRICAL CHARACTERISTICS6 
(O°C :s;; T A :s;; 70°C and Vee = 5.0 volts ± 5%) 

MK4118-1 MK4118-2 MK4118-3 MK4118-4 

SYM PARAMETER MIN MAX MIN MAX MIN MAX MIN MAX UNIT NOTES 

tRe Read Cycle Time 120 150 200 250 ns 

tAA Address Access Time 120 150 200 250 ns 

teSA Chip Select Access Time 60 75 100 125 ns 

tesz Chip Select Data Off 
Time 0 60 0 75 0 100 0 125 ns 

tOEA Output Enable Access 
Time 

60 75 100 125 ns 

tOEZ Output Enable Data 0 60 0 75 0 100 0 125 ns 
Off Time 

tAZ Address Data Off Time 10 10 10 10 ns 

tASt Address to Latch 10 10 10 20 ns 
Setup Time 

tAIIL Address From Latch 40 50 65 80 ns 
Hold Time 

teSt CS To Latch Setup Time 0 0 0 0 ns 

tellL CS From Latch Hold 40 50 65 80 ns 
Time 

tLA Latch Off Access Time 155 200 260 320 ns 

twc Write Cycle Time 120 150 200 250 ns 

tAsw Address To Write 0 0 0 0 ns 
Setup Time 

tAHW Address From Write 40 50 65 80 ns 
Hold Time 

tcsw CS To Write Setup Time 0 0 0 0 ns 

kllw CS From Write 40 50 65 80 ns 
Hold Time 

tDSW Data To Write Setup Time 20 30 40 50 ns 

tDIIW Data From Write 20 30 40 50 ns 
Hold Time 

tWD Write Pulse Duration 35 50 60 70 ns 

tUlli Latch Duration, High 35 DC 50 DC 60 DC 70 DC ns 

tI.l>l. Latch Duration, Low DC DC DC DC ns 

tWEZ Write Enable Data 0 60 0 75 0 100 0 125 ns 
Off Time 

tl.Z Latch Data Off Time 10 10 10 10 ns 

twPI. Write Pulse Lead Time 75 90 130 170 
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STATIC READ CYCLE 
WE =L= HIGH 

14--------- IRC .----- - ..... -f4--IAA 

OE 

DATA OUT 

LATCHED READ CYCLE 
WE= HIGH 

ADORES ~ K 
- IASL - "" / 

4-- tAHL----.... 

IRC 

K 

" 
_-ICHL---'-_ / 

'\. / - ICSL ..-

'\. 

'" 
":. 

"" __ IOEA_ 

.. lAA 

, 

-
DATA 0 UT 

... r-
'" VALID 
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.. 

I. 

~ 
f.of---ILDH_ 

V , , 
/ , 

- ILZ 
~ 

,-----~ ,- , 
, , - IOEA _ 

!-IOEZ 

, 
VALID) -------, 

VALID 

'CSA 

ILA 

---- -------- ---------

/ VALID 

""----



WRITE CYCLE 
OE = LOW,L = HIGH 

'wc 

---'\ V \V V 
D 

1\ 
VALID 1\ DON'T CARE 

Jr\. VALID 
--.J 

AD 

-- 'ASW I--

- "\ 
-K 7f-

- -j'CS 'AHW 
'WPL 

~r 
'CHW 

~ 
'WD I---'AA_ -- '\vEZ I-- ~'DSW-

f4---- 'DHW __ - tAZ I+-

Alia DATA OUT \ V DIVALID \ VALID \ 1/ VALID 
VALID / '\ DATAOUP I\. DATA au 

DAT 
T 

I--tAZ-

'NOTE: Assumes twc ;;;'tT + tWD(min) + tWPL (min). If not then output will remain open as tAZ < tAA for an address 
change. Also OE may be used to maintain DO open. 

OPERATION 

READ MODE 

The MK4118 is in the READ MODE whenever the Write 
Enable control input (WE) is in the high state. The state 
of the 8 data I/O signals is controlled by the Chip Select 
(CS) and Output Enable (OE) control signals. The READ 
MODE memory cycle may be either STATIC (ripple­
through) or LATCHED, depending on user control ofthe 
Latch Input Signal iL). 

STATIC READ CYCLE 

In the STATIC READ CYCLE mode of operation, the 
MK4118 provides a fast address ripple-through access 
of data from 8 of 8192 locations in the static storage 
array. Thus, the unique address specified by the 10 
Address Inputs(An)definewhich 1 of 1024 bytes of data 
is to be accessed. The STATIC READ CYCLE is defined by 
WE = L = High. 

A transition on any of the 10 address inputs will disable 
the 8 Data Output Drivers after tAZ. Valid Data will be 
available to the 8 Data Output Drivers within tAA after all 
address input signals are stable, and the data will be 
output under control of the Chip Select (CS) and Output 
Enable (OE) signals. 

LATCHED READ CYCLE 

The LATCHED READ CYCLE is also defined by the Write 

Enable control input (WE) being in the high state, and it 
is synchronized by proper control of the Latch iL) input. 

As the Latch control input iL) is taken low, Address (An) 
and Chip Select (CS) inputs that are stable for the 
specified set-up and hold times are latched internally. 
Data out corresponding to the latched address will be 
supplied to the Data Output drivers. The output drivers 
will be enabled to drive the Output Data Bus under 
control of the Output Enable (OE) and latched Chip 
Select (CS) inputs. 

Taking the latch input high begins another read cycle for 
the memory locations specified by the address then 
appearing on the Address Input (An). Returning the 
latch control to the low state latches the new Address 
and Chip Select inputs internally for the remainder of 
the LATCHED READ CYCLE. 

NOTE: If the 'LATCH' function is not used pin 19 (T) 
must be tied high (VIH min). 

WRITE MODE 

The MK4118 is in the WRITE MODE whenever the 
Write Enable (WE) and Chip Select (CS) control inputs 
are in the low state. The status of the 8 output buffers 
during a write cycle is explained below. 

159 



WRITE MODE (Cont'd) 

The WRITE cycle is initiated by the WE pulse going low 
provided that CS is also low. The leading edge of the WE 
pulse is used to latch the status ofthe address bus. CS if 
active (low) will also be latched. NOTE: WE is gated by 
CS. If ES' goes low after 'WE, the Write Cycle will be 
initiated by CS, and all timing will be referenced to that 
edge. CS and the Addresses will then be latched, and 
the cycle must be terminated by WE going high. The 
output bus if not already disabled will go to the high Z 
state tW11 after WE. The latch signal, if at a logic high, 
will have no impact on the WRITE cycle. If latch is 
brought from a logic high to low prior to WE going active 
then the address inputs and CS will be latched. 
NOTE: The Latch control (T) will latch CS independent 

of the state, whereas WE will latch CS only when in the 
low state. Once latched, ES' and the address inputs may 
be removed after the required hold times have been 
met. 

Data in must be valid tDSW prior to the low-to-high 
transition ofWl:. The Data in lines must remain stable 
for tOHW after WE goes inactive. The write control of the 
MK4118 disables the data out buffers during the write 
cycle; however, output enable (O'E) should be used to 
disable the data out buffers to prevent bus contention 
between the input data and data that would be output 
upon completion of the write cycle. 

CERAMIC DUAL-IN-LiNE HERMETIC PACKAGING (P) 
24 PIN _____ 1 20v' 015 ____ -1 

PLASTIC DUAL-IN LINE PACKAGING (N) 
24 PIN 

'"+QCJ 
11 121 

! 

r-----1 250 005------1 
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FEATURES 

o Address Activated™ interface combines benefits of 
Edge Activated™ and fully static 

o High performance 

Part Number Access Time Cycle Time 

MK4801-55 55 nsec 55 nsec 
MK4801-70 70 nsec 70 nsec 
MK4801-90 90 nsec 90 nsec 

o Single +5 Volt Power Supply 

DESCRIPTION 

The MK4801 uses Mostek's SCALED POLY 5™ process 
and advanced circuit design techniques to package 
8192 bits of static RAM on a single chip comparable in 
size to previous 4K designs. Mostek's Address 
Activated™ circuit design technique is utilized to 
achieve high performance, low power, and easy user 
implementation. The device has a VIH = 2.1 V, VIL = 
0.8V, VOH = 2.4V, VOL = 0.4V making it totally 
compatible with all TTL family devices. 

The MK4801 is designed for all wide word high speed 
memory applications. The MK4801 presents the user a 

BLOCK DIAGRAM 

Dalllh'Illlh uulputs 
101 ••• 108 

V Sense Amp 
&W"Ir.D"",,, 

128.8.8 
M"mmv CeU Mat". 

1 K x 8-BIT ST ATle RAM 

MK4801 (P) Series 

o TTL Compatible 1/0 
Fanout: 2 - Standard TTL 

2 - Schottky TTL 
1 2 - Low power Schottky TTL 

o Low power - 500 mW active 

o 24-pin - ROM/PROM compatible pin configuration 

o CS, OE, and LATCH functions for flexible system 
operation 

high density cost effective alternative to bipolar and 
previous generation N-MOS fast memory. The 4801 
features a fast CS (50% of Address Access) function to 
permit memory expansion without impacting system 
access time. A fast OE (50% of access time) is included 
to permit data interleaving for enhanced system 
performance. The MK4801 features a flexible latch 
function to permit latching of the address and CS status 
at the users option. The latch function may be bypassed 
by merely tying the latch pin to VCC. Common data and 
address bus operation may be performed at the system 
level by utilizing the MK4801 's T and OE functions. 

PIN CONNECTIONS 

A7 1" • 
'-../ 

.24 Vee 

A6 ;2 ·23 A8 

AS 3- :22 A9 

A4 4 : 21 WE 

A3 5 B 
.20 DE 

A2 6. 19 l 
Al 7 : 18 CS 
AO 8 : 17 1/08 

1/01 9L 

1/02 '10, 

1/03 11 

PIN NAMES 
vss 12 

AO-A9 
CS 
VSS 

VCC 

Address Inputs 
Chip Select 
Ground 
Power (+5V) 

: 16 1/07 

:15 1/06 

.14 1/05 
13 1/04 

WE Write Enable 
OE Output Enable 
T latch 
1/01 - I/OsData In/ 

Data Out 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on any pin relative to VSS ... , ....................................................... -.5V to +7 .OV 
Operating Temperature TA (Ambient) ........................................................ O°C to +70°C 
Storage Temperature (Ambient) (Ceramic) ............................................ " .,. -65°C to +150°C 
Power Dissipation ................................................................................ 1 Watt 
Short Circuit Output Current ...........•......................................................•.... 20mA 
*Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. Th1s is a stress rating only and functional 
operatio device at these or any other-conditions above those indicated in the operational sections of this specification is not implied. Exposure to absolute maximum 
ratitions for extended periods may affect reliability. 

RECOMMENDED DC OPERATING CONDITIONS3 
(O°C :5 T A:5 + 70°C) 

SYMBOL PARAMETER 

VCC Supply Voltage 

VSS Supply Voltage 

VIH Logic "1" Voltage All Inputs 

VIL Logic "0" Voltage All Inputs 

DC ELECTRICAL CHARACTERISTICS. 1,3 
(O°C:5 TA :5+70°C) (VCC = 5.0 volts ± 5%) 

SYMBOL PARAMETER 

ICC1 Average VCC Power Supply Current Active 

MIN 

4.75 

0 

2.1 

-0.3 

TYP MAX UNITS NOTES 

5.0 5.25 Volts 1 

0 0 Volts 1 

7.0 Volts 1 

.8 Volts 1 

MIN MAX UNITS NOTES 

125 rnA 

ICC2 Average VCC Power Supply Current Standby 95 m"A 4 

ilL Input Leakage Current (Any Input) 

10L Output Leakage Current 

VOH Output Logic "1" Voltage lOUT = -1 rnA 

VOL Output Logic "0" Voltage lOUT = 4mA 

AC ELECTRICAL CHARACTERISTlCS1.3 
(O°C:5 TA:5 +70°C) (VCC = +5.0 volts ±5%) 

SYMBOL PARAMETER 

CI Capacitance on all pins (except 110) 

CliO Capacitance on 1/0 pins 

NOTES: 
1. All voltages referenced to VSS. 
2. Measured with 0 ::s: VI ::s: 5V and outputs deselected. (V( (' :: 5V) 

-10 10 p.A 2 

-10 10 p.A 2 

2.4 Volts 

0.4 Volts 

TYP MAX NOTES 

4pF 

10pF 

3. A minimum of 100 ",sec time delay is required after application of vee (+5V) before proper device operation can be achieved. 
4. Effective capacitance calculated from the equation C =.liU with I::!,.V = 3 and Vce nominal. 

b.V 

5. Standby mode is defined as condition when address, latch and WE remain unchanged. 

OPERATION 
READ MODE 

The MK4801 is in the READ MODE whenevertheWrite 
Enable Control Input (WE) is in the high state. The state 
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of the 8 c;lata 1/0 signals is controlled by the Chip Select 
(C5) and Output Enable (~) control signals. The READ 
MODE memory cycle may be either STATIC (ripple­
through) or LATCHED. depending on user control of the 
Latch Input Signal (L). 



ElECTRICAL CHARACTERISTlCS6 
(O"C ~ TA S 70°) (VCC= 5.0 volts ± 5%) 

MK4801-55 MK4801-70 MK4801-90 

SYMBOL PARAMETER MIN MAX MIN MAX MIN MAX UNIT NOTE 
, 

tRC Read Cycle Time 55 70 90 ns 

tAA Address Access Time 55 70 90 ns 

tCSA Chip Select Access Time 25 35 45 ns 

tCSl Chip Select Data Off Time 0 25 0 35 0 45 ns 
- .. -. 
tOEA Output Enable Access Time 25 35 45 ns 

tOEl Output Enable Data Off Time 0 25 0 35 0 45 ns 

tAl Address Data Off Time 10 10 10 ns 

tASL Address To Latch Setup Time 0 0 0 ns 

tAHL Address From Latch Hold Time 15 20 35 ns 

tCSL CS to Latch Setup Time 0 0 0 ns 

tCHL CS From Latch Hold Time 15 20 35 ns 

tLA Latch Off Access Time 75 10C 120 ns 

twc Write Cycle Time 55 70 90 ns 

tASW Address To Write Setup Time 0 0 0 
I 

ns 

tAHW Address From Write Hold Time 15 20 35 ns 

tcsw CS To Write Setup Time 0 0 0 I ns i 
- -- I---

i tCHW CS From Write Hold Time 15 20 35 ns 

tDSW Data To Write Setup Time 5 10 20 ns 

tDHW Data From Write Hold Time 10 15 20 ns 

tWD Write Pulse Duration 25 30 40 ns I 

tLDH Latch Duration, High TBD DC TBD DC TBD DC ns 

tLDL Latch Duration, Low TBD DC TBD DC TBD DC ns 

tWEl Write Enable Data Off Time 0 25 0 3C 0 40 ns 
1 

tLl Latch Data Off Time 0 0 0 ns 

!WPL Write Pulse Lead Tllne TSD TSD TSD ns 
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STATIC READ CYCLE 
WE = L = HIGH 

~------------__ ---tRC--------------~~~---

DATA OUT 

LATCHED READ CYCLE 
WE = HIGH 

VALID 

~============~~tR~C==============~.~ __ __ 

ADDRES~V "/ 

~I~~--~----~/~~------------~--~ 

- tASL -
-

C_SA. 
1~--tLA---~ 

r ~LDH_ 

~ V " 
,,"-----------------------"/ ' ~ -- - - - - -- - -- - - - -- - ---- - ---- tLZ 

'\ 
,,----- ..... , , 

~~ ____ ~-------L'~/~----~~'~------~~--------------~----------_tDEA _ 

__ tOEA--. +tOEZ 

I __ .. ~ ____ 'M • ~- ,-----+--:r---~" I / 
DATA OUT ----'-------------------l<..~ VALID /' -- - ---- VALID /)1-----------------<- VALID 

STATIC READ CYCLE 

In the STATIC READ CYCLE mode of operation, the 
MK4801 provides a fast address ripple-through access 
of data from 8 to 8192 locations in the static storage 
array. Thus, the unique address specified by the 10 
Address Inputs(An)define which 1 of 1024 bytes of data 
is to accessed. The STATIC READ CYCLE is defined by 
WE = L = High. 
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A transition on any of the 10 address inputs will disable 
the 8 Data Output Drivers after tAl. Valid Data will be 
available to the 8 Data Output Drivers within tAA after 
the last address input signal is stable, p~idi~thatthe 
CS and OE access times are satisfied. If CS or OE access 
times are not met, data access will be measured from 
the limiting pararneter (tCSA or tOEA) rather than the 
address. 



WRITE CYCLE 
T = HIGH, 
OE= LOW 

....... -------------twc-------------+j 

DON'T CARE VALID 

~-----tWPL------"'"" 

WE --+-_ 1----tCH~V---~ 

tDSW 

~-----tWD------~ 
tDHW 

DATA 1/0 D I VALID 
VALID * VALID 

}-------{DATA OUT]----~ DATA OUT 
~ ______________ J 

tAZ 'NOTE: Assumes twc ~tT + tWD (min) + tWPL (min). If not then output will remain open as tAZ < tAA for an 

address change. Also DE may be used to main-tain DO open. 

LATCHED READ CYCLE 

The LATCHED READ CYCLE is also defined by the Write 
Enable control input (WE) being in the high state, and it is 
synchronized with the Latch ([) input. 

As the Latch control input (I) is taken low, Address (An) 
and Chip Select (CS) inputs that are stable for the 
specified set-up and hold times are latched internally. 
Data corresponding to the latched address will be 
supplied to the Data Output drivers. The output drivers 
will be enabled to drive the Output Data Bus under 
control of the Output Enable (OE) and latched Chip Select 
(CS) inputs. 

Taking the latch input high begins another read cycle for 
the memory locations specified by the address then 
appearing on the Address Inputs (An). Returning the latch 
control to the low state latches the new Address and Chip 
Select inputs internally for the remainder of the 
LATCHED READ CYCLE. 
NOTE: If 'L' is left open it will automatically assume a 
"high" state. 

WRITE MODE 

The MK4801 is in the Write Mode whenever the Write 
Enable (WE) and Chip Select (CS) control inputs are in 
the low state. The status of the 8 output buffers during a 
write cycle is explained on the next page. 

The WRITE c~ is initiated by the WE pulse going low 
provided that CS is also low. The leading edge of the WE 
pulse is used to latch the status of the address bus. CS if 

active (low) will also be latched. NOTE: WE is gated by 
CS. If CS goes low after WE, the Write Cycle will be 
initiated by CS, and all timing will be referenced to that 
edge. CS and the Addresses will then be latched, and 
the cycle must be terminated by WE going high. The 
output bus if not already disabled will go to the high Z 
state tWEZ after WE. The latch signal, if at a logic high, 
will have no impact on the WRITE cycle. If latch is 
brought from a logic high to low prior to WE going active 
then the address inputs and CS will be latched. NOTE: 
The Latch control (L) will latch CS independent of the 
state, whereas WE will latch CS only when in the low 
state. Once latched, CS and the address inputs may be 
removed after the required hold times have been met. 

Data In must be valid tDSW prior to the low to high 
transition of WE. The Data In lines must remain stable 
for tDHW after WE goes inactive. The write control of 
the MK4801 disables the data out buffers during the 
write cycle; however, OE should be used to disable the 
data out buffers to prevent bus contention between the 
input data and data that would be output upon 
completion of the write cycle. 
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FEATURES 

o Organized as 1024 x S bits 

o High Performance 

Part number Access time Cycle Time 

MK4S0S-2 150 nsec 270 nsec 
MK4S0S-3 200 nsec 360 nsec 
MK4S0S-4 250 nsec 450 nsec 
MK4S0S-5 300 nsec 540 nsec 

o Single +5V ± (10%) power supply 

o On Chip Substrate Bias Generator 

DESCRIPTION 

The MK4S0S uses Mostek's N Channel Silicon Gate 
process and advanced circuit design techniques to 
package S192 bits of Dynamic RAM on a single chip. 
The MK4S0S is the first available 5V-only Dynamic 
MOS RAM and the first wide-word Dynamic RAM 
designed specifically for use in present and future 
generation microprocessor systems. Organized as 1024 
words x S bits, the MK480S utilizes MOSTEK's Edge 
Activated TM design techniques to provide a low-power, 
high-performance, cost effective RAM that includes 
many features designed to minimize external interface 

EPROM/ROM/RAM COMPATIBLE FAMILY 

WE 
CS 

A. 
A, 
NIC 

OE 
SEL 

Ce 
007 

OQ6 MK2716!T) 

1K x 8 
DYNAMIC 2Kx8 
RAM EPROM 

A. 

A, 

Vpp 

es 
AIO 

PD/PROG 

07 

2Kx8 
ROM 

WE 
cs 
A8 

A. 
Nle 
Of 
A10 

c-
007 

2KxB OQ6 

DYNAMIC 
RAM 

MOSTEI(. 
1 K x 8-BIT PSEUDOSTATICTM RAM 

MK4808(J/N)-2/3/4/5 

o Low Power - 150mW Active 
25mW Standby 

o 1 2S Refresh cycles/2m sec 

o All Pins TTL Compatible 

o 28 Pin ROM/PROM compatible package 

o Built in Refresh Multiplexer and Refresh Address 
Counter 

o Power Down (Standby) Refresh Mode 

o Automatic Precharge for minimum cycle time 

o Latched Address, CS and independent OE for 
easy interface in any microprocessor system 

circuitry while maintaining the internal efficiency of a 
Dynamic RAM. 

The MK4S0S requires only a single +5 volt (±10%) 
power supply and is fully TTL compatible on all inputs 
and outputs. A single Refresh pin allows flexible control 
of single cycle refresh, burst mode refresh, or automatic 
refresh in battery back-up mode. Common data I/O and 
independent Chip Select and Output Enable controls 
permit easy interface to either separate or multiplexed 
address and data bus systems. The MK4S0S select 
function must be active at address setup time for all 
memory cycle's. 

PIN OUT RFSH 28 Vee 

NC 27 WE 

A7 26 CS 

A6 25 AS 

AS 

EJ 
A9 

A4 NC 

A3 7 22 OE 
MK4S0S 

A2 21 SEL 

A1 9 20 EE 

AD 10 19 007 

000 " 18 006 

DO, 12 17 DOS 

002 13 16 DQ4 

V .. 14 15 DQ3 

000· 007 DATA OE OUTPUT ENABLE 
AO· A9 ADDRESS INPUTS SEL SELECT FUNCTION 
CE CHIP ENABLE WE WRITE ENABLE 
CS CHIP SELECT RFSH INTERNAL REFRESH 
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ABSOLUTE MAXIMUM RATINGS* 

Voltage on any pin relative to VSS ............................................................ -1.0V to +7 .OV 
Operating Temperature TA (Ambient) ............................................................ O°C to +70°C 
Storage Temperature (Ambient) (CERDIP) ..................................................... -65°C to +150°C 
Power Dissipation .................................................................................... 1 Watt 
Short Circuit Output Current ........................................................................... 20mA 
*Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions, above those indicated in the operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect reliability. 

RECOMMENDED DC OPERATING CONDITIONS 
(O°C ~ TA ";;+70°C) 

Symbol Parameter 

Vee Supply Voltage 

Vss Supply Voltage 

VIH Logic "1" Voltage All Inputs 

VIL Logic "0" Voltage All Inputs 

DC ELECTRICAL CHARACTERISTICS1 
(O°C ~ TA ";;+70°C) (VCC= 5.0 volts ± 10%) 

Symbol Parameter 

leel Average VCC Power Supply Current 
(Te = tc min) 

1eC2 Average Vee Power Supply Current 
(Standby) 

IIL Input Leakage Current (Any Input) 

IOL Output Leakage Current 

VOH Output Logic "1" Voltage 
louT = -1 mA 

VOL Output Logic "0" Voltage 
louT = 4mA 

AC ELECTRICAL CHARACTERISTICS1 
(O°C ~ TA ";; +70°C) (Vee = +5.0 volts ± 10%) 

Symbol Parameter 

CI Input Capacitance 

Co Output Capacitance 

NOTES: 
1. All voltages referenced to vss. 

Min 

4.5 

0 

2.2 

-1.0 

2. Measured with ov ~ VIN ~ 5V, Vet :;:; 5V. All other pins not under test = av. 
3. Output open circuit (CE high) 

4. An initial pause of 2ms is required after power-up followed by any 8 CE 
cycles before proper device operation is achieved. If refresh counter is to be 
effective a minimum of 64 active RFSH initialization cycles is required. The 
internal refresh counter must be accessed a minimum of every 2 ms if auto 
mode refresh function is used. 

5. AC measurements assume t! :::;: 5ns. 
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Typ Max Units Notes 

5.0 5.5 Volts 1 

0 0 Volts 1 

7.0 Volts 1 

0.8 Volts 1 

Min Max Units Notes 

30 mA 

5 mA 

-10 10 /-LA 2 

-10 10 /-LA 2,3 

2.4 Volts 

0.4 Volts 

Typ Max Notes 

7pF 10pF 9 

10pF 15pF 9,10 

6. VUI (min) and VI! (max) are reference levels for measuring timing of input 
Signals. Also, transition times are measured between VOl and VI!. 

7. Internal refresh counter initialization is required. 64 RFS'H stimulated cycles 
are sufficient for this purpose. R'Fs'R' reinitialization is required when 
intervals greater than 2ms have occurred between refresh cycles controlled 
by RFSH. 

8. Measured with a load equivalent to 2 TIL loads and 50pF (scope and jig) 
9. Effective capaCitance calculated from the equation C = ~ with i:::.V = 3V 

and power supplies at nominal levels. 6V 

10. Do\'l in high impedence state, by doing a read cycle with DE held at V 1tl • 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (4,5,6) 
(oac ~ T A ~ 70°C) (VCC = 5.0V ± 10%) 

Sym Parameter MK4S0S-2 MK4S0S-3 MK4S0S-4 MK4S0S-5 
Min Max Min Max Min Max Min Max 

I, Read, Write, or Refresh Cycle Time 270 360 450 540 

1,,\ Chip Enable Access Time 150 200 250 300 

t('lJ Chip Enable Data Off Time 35 35 55 65 

tOl .. \ Output Enable Access Time 35 45 55 65 

t,'EI Output Enable Data Off Time 35 45 55 65 

h,,· Address to CE Set Up Time 0 0 0 0 

tAllt Address from CE Hold Time 20 25 30 35 

tOt Chip Select to CE Set Up Time 0 0 0 0 

lew Chip Select from CE Hold Time 20 25 30 35 

tRCS WE to CE set up Time for Read Cycle 0 0 0 0 

tR('I1 WE from CE Hold Time for Read Cycle 0 0 0 0 

tel' Chip Enable Duration 150 oc 200 oc 250 oc 300 oc 

tp Chip Enable Precharge Time 50 65 80 95 

twsc Write Enable to CE Set up Time -
Early Write -30 -35 -40 -45 

tWH( Write Enable from CE Hold Time -
Early Write 65 80 95 100 

ksw Write Enable Delay from CE -
Late Write 30 5000 35 5000 40 5000 45 5000 

kllw CE hold time after WE - Late Write 105 140 175 210 

tDSC Data to CE Set up Time - Early Write -10 -10 -10 -10 

tDHC Data from CE Hold Time - Early Write 55 70 85 100 

tDSW Data to WE Setup Time - Late Write 0 0 0 0 

tDHW Data from WE Hold Time - Late Write 20 25 30 35 

tWD Write Pulse Duration 35 45 55 65 

tRl)l Refresh Pulse Duration - Single Cycle 35 10000 45 10000 55 10000 65 l000c 

kSR CE to RFSH set-up Time -
Latched Refresh 25 35 45 55 

tARA Auto Refresh Mode Delay Time 20 20 20 20 

tARII Auto Refresh Mode Hold Time 370 460 550 640 

tRD" Refresh Pulse Duration -
Auto Refresh 20 oc 20 00 20 00 20 oc 

tl Transition Time (rise and fall) 3 60 3 80 3 100 3 120 

tREF Refresh Period 2 2 2 2 

leER CE to RFSH Setup Time 25 35 45 55 

Units Notes 

ns 

ns 8 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 7 

ns 

Ils 

ns 

I-IS 7 

ns 6 

ms 7 

ns 
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READ CYCLE 

VIH 
CE 

VIL 

VIH 
ADD 

VIL 

VIH 
CS 

VIL 

VIH 
WE 

VIL 

VIH 
OE 

VIL 

VIH ----------------------------< VIL 
DATA 

WRITE CYCLE - EARLY WRITE (CfE - HIGH) 

VIH 
SEL 

vlL 

VIH 
CE 

vlL 

VIH 
ADD 

VIL 

VIH 
CS 

VIL 

VIH 
WE 

VIL 

tDSC tDHC 

VIH VALID 
DATA 

VIL DATAIN 
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WRITE CYCLE - LATE WRITE (OE = HIGH) 

tAHC 

SEL 

ADD 

CS 

DATA VIH ____________ < 
VIL 

SINGLE REFRESH CYCLE AFTER READ (OR WRITE) CYCLE COMPLETE 

SEL VIH~ 
VIL WIIII!II ////III !I//// ////II II II II IIJ 

~-------------~----------tc----------------------~ 

CE 
VIH 

VIL 

ADD 
VIH 

VIL 

VIH 
CS 

VIL 

OE 
VIH 

VIL 

VIH 
DATA 

VIL 

RFSH 
VIH 

VIL 

r-----------tc --------
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REFRESH BEFORE READ (OR WRITE) CYCLE COMPLETE (LATCHED REFRESH - SINGLE CYCLE) 

SEl VIH~ 
VIL Wl/III 11/11l1l///I /////////////// 
VIH 

CE 
VIL 

ADD 
VIH 

VIL 

CS 

DATA VIH ___ -++-__ < 
VIL 

tc-----...., 

AUTO REFRESH MODE 
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tCSR 

tARAf4---i-lnternal Auto Refresh Mode-------------I~ 
Single Refresh Cycle Approximately Every 15 !-,sec 
Only RFSH Input Recognized In Auto Refresh Mode 



OPERATION 

ADDRESSING 

The 10 address bits required to decode 8 of the 8192 
memory cell locations within the MK4808 are latched 
into the on-chip address latches by the high-to-Iow 
transition of Chip Enable (CE). Thus, the unique address 
specified by the 10 Address Inputs (An) define which 1 
of 1024 bytes of data is to be accessed. Chip Enable also 
latches internally the state of Chip Select (CS). For a 
device to be selecte~ CS must be high during the high­
to-low transition of CEo After the specified hold time, the 
Addresses and CS may be changed in anticipation of the 
next cycle. 

ACTIVE CYCLES 

The MK4808 can perform three types of active cycles, 
determined by user control of cr, OE, CS, WE, and 
RFSH. The cycles are READ, WRITE, and REFRESH. The 
MK4808 executes an automatic precharge at the end of 
any active cycle in preparation for the next active cycle. 
After the automatic precharge cycle is complete, the 
device will be in the standby mode until another active 
cycle is initiated. 

READ CYCLE 

A READ CYCLE is initiated by Chip Enable (CE) going low 
with Chip Select (CS) high and Write Enable (WE) high. 
ThEU!Ycle is complete when data is output(OE = LOW) or 
by CE going high. Completion of the cycle initiates the 
automatic precharge cycle. 

Data Out will become valid at access time provided that 
Output Enable (OE) is low. If OE is high at access time 
valid data will not appear at the output terminals 
although the data will be available to the output data 
buffers. Access time from OE is approximately 25% of 
CE access time, allowing adequate time for system 
decode of OE. If during the same CE cycle OE is taken 
high the outputs will be disabled; however, valid data 
may be reaccessed by taking OE low again. 

At the end of the READ CYCLE, CE going high unlatches 
the output. If both CE and OE are held low, data out will 
be valid indefinitely. The trailing edge of CE is non­
critical in that it can be taken high any time after 
meeting the minimum CE pulse width (teE). 

After valid data is output (CE = OE = LOW, t;:;' tAccESS), 
the MK4808 will initiate an automatic precharge cycle 
in preparation for the next active cycle. If OE does not go 
low to permit valid data out, precharge will be initiated 
by CE going high. The next active cycle may be initiated 
after the minimum cycle time (Tel and the minimum 
precharge time (Tp) have been satisfied. 

WRITE CYCLE 

A WRITE CYCLE is initiated by Chip Enable (CE) going 
low with Chip Select (CS) High and Output Enable ('DE) 
high. The cycle is complete when data is written into the 
memory array (WE = LOW) or by CE going high. 

Completion of the cycle initiates the automatic 
precharge cycle. 

Data may be written into the memory locations specified 
by the address by either an EARLY WRITE CYCLE or a 
LATE WRITE CYCLE. The type of WRITE CYCLE is 
determined b'i...!.he relative timing of the high-to-Iow 
transitions of CE and WE. 

In an EARLY WRITE CYCLE, WE and Valid Data In must 
be true with the specified setup and hold times relative 
to the high-to-Iow transitions of CEo Upon completion of 
the WRITE operation, the MK4808 will initiate an 
automatic precharge cycle in preparation for the next 
active cycle. The next active cycle may be initiated after 
the minimum cycle time (Tel and the minimum 
precharge time (Tp) have been satisfied. 

In a LATE WRITE CYCLE, the high-to-Iow transition of 
CE will latch the Addresses and CS internally; however, 
WE may be delayed as much as 5,..s to allow for more 
flexible system timing requirements. Valid Data In must 
be true with the specified setup and hold times relative 
to the high-to-Iow transition of WE. In this case, the 
LATE WRITE CYCLE is initiated by the high-to-Iow 
transition of WE. Upon completion of the WRITE 
operation (or upon CE' going high, should WE not go low) 
precharge will be initiated. The next active cycle may be 
initiated after the minimum cycle time (Tel and the 
minimum precharge time (T p) have been satisfied. 

REFRESH CYCLE 

The MK4808 can perform several types of REFRESH 
cycles, depending upon system requirements and/or 
user preference. As in other dynamic RAMs any active 
cycle performs refresh. Independent of the type of 
REFRESH cycle selected, 128 refresh cycles must be 
executed during each 2msec refresh interval. The user 
may specify the Refresh Address, or the Refresh 
Address generated by the interal Refresh Counter may 
be used. 

EXTERNAL REFRESH ADDRESS (RFSH = HIGH) 

This refresh mode is identical to the refresh mode of the 
MK4116. The ROW address specified by A" - A. defines 
the memory locations to be refreshed. A READ CYCLE or 
WRITE CYCLE at each of the 128 unique ROW 
addresses specified by Ao - A6 must be executed during 
each 2 msec refresh interval. These REFRESH CYCLES 
may be either distributed or burst mode. 

INTERNAL REFRESH ADDRESS (RFSH = 
PULSED LOW) 

System refresh logic may be simplified or eliminated by 
utilizing the internal refresh control logic of the 
MK4808. This REFRESH CYCLE is initiated by an active 
low pulse applied to the Refresh pin (RFSH). The RFSH 
pulse may occur during an active cycle or during 
Standby. In most microprocessor systems, it may be 
conveniently generated with each Instruction Fetch 
Cycle. (The MK3880 provides a RFSH output signal that 
connects directly to the RFSH input of the MK4808. 
Thus, the RAM appears totally static to the system.) 
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If the RFSH pulse occurs during standby, the RFSH 
CYCLE will be initiated immediate!YJ!.!.he RFSH pulse 
occurs during an active cycle, the RFSH command will 
be latched internally, and the LATCHED REFRESH 
CYCLE will be initiated upon completion of the 
automatic precharge of that active cycle, 

During the internally controlled REFRESH cycle, the 
Refresh Address specified by the internal Refresh 
Counter will be multiplexed onto the ROW address, the 
REFRESH CYCLE will be executed, and the internal 
Refresh Counter will be incremented. Upon completion 
of the REFRESH CYCLE, the MK4808 will initiate an 
automatic precharge cycle in preparation for the next 
active cycle. Another active cycle may begin after the 
minimum cycle time (Tel if RFSH is generated during 
standby. If a LATCHED REFRESH CYCLE is executed, 
two cycle times (2TC) and the minimum precharge time 
(T p) must be satisfied prior to the next active cycle. These 
REFRESH cycles may be either distributed or burst 
mode. 
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POWER DOWN AUTO REFRESH (RFSH = LOW) 

For either power down (battery back-up) operation or 
microprocessor single-step operation, it is convenient 
to utilize the AUTO REFRESH mode ofthe MK4808. The 
AUTO REFRESH mode is initiated by maintaining RFSH 
in the low state. If RFSH remains low longer than 20 
!,sec, the MK4808 will automatically initiate a single 
Internal Refresh Address REFRESH CYCLE 
approximately every 15 ~sec until the AUTO REFRESH 
mode is terminated by RFSH going high. During the 
AUTO REFRESH mode, all inputs except RFSH are 
inhibited, 

Valid Data Out from a previous READ CYCLE may be 
maintained on the 1/0 pins so long as CE and DE remain 
low from that cycle. Once the outputs are disabled by 
either rr or OE going high, the Valid Data Out may not 
be rea cess ed, since the IT and OE inputs are inhibited. 



FEATURES 

o Organized as 1024 x 8 bits 

o High Performance 

Part number Access time Cycle Time 

MK4809-2 150 nsec 270 nsec 
MK4809-3 200 nsec 360 nsec 
MK4809-4 250 nsec 450 nsec 
MK4809-5 300 nsec 540 nsec 

o Single +5V ± (10%) Power Supply 

o On Chip Substrate Bias Generator 

DESCRIPTION 

The MK4809 uses Mostek's N Channel Silicon Gate 
process and advanced circuit design techniques to 
package 8192 bits of Dynamic RAM on a single chip. 
The MK4809 is the first available 5V-only Dynamic 
MOS RAM and the first wide-word Dynamic RAM 
designed specifically for use in present and future 
generation mic;:roprocessor systems. Organized as 1024 
words x 8 bits, the MK4809 utilizes MOSTEK's Edge 
Activated TM design techniques to provide a low-power, 
high-performance, cost effective RAM that includes 
many features designed to minimize external interface 

EPROM/ROM/RAM COMPATIBLE FAMILY 

RFsH 1 

NC WE 

j~ A, cs Vee 14 Vee cs 
Ab A, A8 MK34000 Aij 

A, A, A'I A'l MK4816 

A, 
"C;p - - - CSJIcn- - - - - NC 

A3 Oe cs 1cwes; 0; 

A, 
ru_ AlO A10 Al0 

Al cr ~~R~'__ =.:~ __ IT 
An om 0, Os om 

Dao DQ6 MK21161Tl 2K X 8 2K x 8 Da. 

1K x 8 ROM DYNAMIC 

DYNAMIC 2K x 8 
RAM 

RAM EPROM 

MOSTEI{. 
1 K x 8-BIT PSEUDOSTATICTM RAM 

MK4809(J/N)-2/3/4/5 

o Low Power - 150mW Active 
25mW Standby 

o 128 Refresh cycles/2msec 

o All Pins TIL Compatible 

o 28 Pin ROM/PROM compatible package 

o Built in Refresh Multiplexer and Refresh Address 
Counter 

o Power Down (Standby) Refresh Mode 

o Automatic Precharge for minimum cycle time 

o Latched Address and CS and independent OE for 
easy interface in any microprocessor system 

circuitry while maintaining the internal efficiency of a 
Dynamic RAM. 

The MK4809 requires only a single +5 volt (±10%) 
power supply and is fully TIL compatible on all inputs 
and outputs. A single Refresh pin allows flexible control 
of single cycle refresh, burst mode refresh, or automatic 
refresh in battery back-up mode. Common data I/O and 
independent Chip Select and Output Enable controls 
permit easy interface to either separate or multiplexed 
address and data bus systems. The MK4809 select 
function must be active at address setup time for all 
memory cycle's. 

PIN OUT 

iiFSH 

NC 

A7 

A6 

AS 

A4 

A3 

A2 

Al 

AO 

000 

001 

002 

28 

27 

26 

2' 

:B~: 
7 MK4809 22 

8 21 

9 20 

10 

11 

12 

13 

14 

19 

18 

17 

16 

15 

Vee 

WE 
Cs 
A8 

A9 

NC 

6E 

m 
CE 

007 

0Q6 

005 

004 

003 

000·007 
AO-A9 
CE 
CS 

M 
SEL 
WE 
RFSii 

DATA 
ADDRESS INPUTS 
CHIP ENABLE 
CHIP SELECT 

OUTPUT ENABLE 
SELECT fUNCTION 
WRITE ENABLE 
INTERNAL REfRESH 
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ABSOLUTE MAXIMUM RATINGS* 

Voltage on any pin relative to VSS ............................................................ -1.0V to +7 .OV 
Operating Temperature TA (Ambient) ............................................................ O°C to +70°C 
Storage Temperature (Ambient) (CERDIP) ..................................................... -65°C to +150°C 
Power Dissipation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1 Watt 
Short Circuit Output Current ........................................................................... 20mA 
"Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. Exposure to absolute 
maximum ratin~ conditions for extended periods may affect reliability. 

RECOMMENDED DC OPERATING CONDITIONS 
(O°C ~ T A ~+ 70°C) 

Symbol Parameter 

Vee Supply Voltage 

Vss Supply Voltage 

VIH Logic "1" Voltage All Inputs 

V1L Logic "0" Voltage All Inputs 

DC ELECTRICAL CHARACTERISTICS1 
(O°C ~ T A ~+ 70°C) (VCC= 5.0 volts ± 10%) 

Symbol Parameter 

icC! Average VCC Power Supply 
Current (Tee = tee min) 

1eC2 Average Vee Power Supply 
Current (Standby) 

hL Input Leakage Current(Any Input)1 

IOL Output Leakage Current 

VOH Output Logic "1" Voltage 
lOUT = -1 rnA 

VOL Output Logic "0" Voltage 
lOUT = 4mA 

AC ELECTRICAL CHARACTERISTICS1 
(O°C ~ TA ~ +70°C) (Vee = +5.0 volts ± 10%) 

Symbol Parameter 

C1 Input Capacitance 

Co Output Capacitance 

NOTES: 
1. All voltages referenced to VSS. 

Min 

4.5 

0 

2.2 

-1.0 

Min 

-10 

-10 

2.4 

2. Measured with ov ~ VIN ~ 5V, Vl ( ;:; 5V. All other pins not under test::: av. 
3. Output open circuit ICE high) 

4. An initial pause of 2ms is required after power~up followed by any 8 CE 
cycles before proper device operation is achieved. If refresh counter IS to be 
effective a minimum of 64 active RFSH initialization cycles IS required. The 
internal refresh counter must be accessed a minImum of every 2 ms if auto 
mode refresh function is used. 

5. AC measurements assume tl ::: 5ns. 
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Typ Max Units Notes 

5.0 5.5 Volts 1 

0 0 Volts 1 

7.0 Volts 1 

0.8 Volts 1 

Max Units Notes 

30 rnA 

5 rnA 

10 p.A 2 

10 p.A 2,3 

Volts 

0.4 Volts 

Typ Max Notes 

7pF 10pF 9 

10pF 15pF 9,10 

6. VIII (min) and Vu. (max) are reference levels for measuring timing of input 
signals. Also, transition times are measured between VIII and VII. 

7. Internal refresh counter initialization is required. 64'RFS'R stimulated cycles 
are sufficient for this purpose. R"FS'R reinitializatlon is required when 
intervals greater than 2ms have occurred between refresh cycles controlled 
by RFSFi. 

8. Measured with a load equivalent to 2 TTL loads and 50pF (scope and jig) 
9. Effective capacitance calculated from the equation C::: ~ with 6.V::: 3V 

and power supplies at nominal levels. 6.V 
10. DOl r in high impedence state, by doing a read cycle with BE held at VIII. 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (4.5.6) 
(O°C ~ T A ~ 70°C) (VCC = 5.0V ± 10%) 

Sym Parameter MK4809-2 MK4809-3 MK4809-4 MK4809-5 Units 
Min Max Min Max Min Max Min Max 

k Read. Write. or Refresh Cycle Time 270 360 450 540 ns 

kl.\ Chip Enable Access Time 150 200 250 300 ns 

kll Chip Enable Data Off Time 35 35 55 65 ns 

t(lL\ Output Enable Access Time 35 45 55 65 ns 

tOl'1 Output Enable Data Off Time 35 45 55 65 ns 

tw Address to CE Set Up Time 0 0 0 0 ns 

t\ll{ Address from CE Hold Time 20 25 30 35 ns 

k", Chip Select to CE Set Up Time 0 0 0 0 ns 

kill Chip Select from CE Hold Time 20 25 30 35 ns 

tRl':-' WE to CE set up Time for Read Cycle 0 0 0 0 ns 

tlU II WE from CE Hold Time for Read Cycle 0 0 0 0 ns 

tn Chip Enable Duration 150 x 200 oc 250 % 300 oc ns 

t .. Chip Enable Precharge Time 50 65 80 95 ns 

twS{ Write Enable to CE Set up Time -
Early Write -30 -35 -4D -45 ns 

tl,l,lIl Write Enable from CE Hold Time -
Early Write 65 80 95 100 ns 

ks" Write Enable Delay from CE -
Late Write 30 5000 35 5000 40 5000 45 5000 ns 

kl!" CE hold time after WE - Late Write 105 140 175 210 ns 

tllS( Data to CE Set up Time - Early Write -10 -10 -10 -10 ns 

tl)ll( Data from CE Hold Time - Early Write 55 70 85 100 ns 

tJ):-'\\ Data to WE Setup Time - Late Write 0 0 0 0 ns 

tOil"" Data from WE Hold Time - Late Write 20 25 30 35 ns 

tWJ) Write Pulse Duration 35 45 55 65 ns 

bDI Refresh Pulse Duration - Single Cycle 35 10000 45 10000 55 10000 65 1000c ns 

kSl{ CE to RFSH set-up Time -
Latched Refresh 25 35 45 55 ns 

hR\ Auto Refresh Mode Delay Time 20 20 20 20 jJ.s 

t.\RII Auto Refresh Mode Hold Time 370 460 550 640 ns 

tRI}.\ Refresh Pulse Duration -
Auto Refresh 20 oc 20 oc 20 % 20 oc jJ.S 

t, Transition Time (rise and fall) 3 60 3 80 3 100 3 120 ns 

t}U-1 Refresh Period 2 2 2 2 ms 

t( I R CE to RFSH Setup Time 25 35 45 55 ns 

Notes 

8 

7 

7 

6 

7 
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READ CYCLE 

SEL V,H 
V,l ~~~ __________ ~ ____ ~~~~.~~~~~~~~~~~~~~~~ 

V,H 
CE 

V,l 

V,H 
ADD 

V,l 

V,H 
CS 

V,l 

V,H 
WE V,l 

V,H 
OE 

V,l 

DATA V,H _______________ -<. 
V,l 

WRITE CYCLE- EARLY WRITE (TIE = HIGH) 

tc 

v,H 
SEl 

V,l 

V,H 
CE 

v,l 

V,H 
ADD 

V,l 

V,H 
CS 

V,l 

tWH 
V,H tWD 

WE 
V,l 

('DSC VAUD 'DHC~ V,H 
DATA 

V,l DATA IN 
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WRITE CYCLE-LATE WRITE (Ot - HIGH) 

tAHC 

VIH 

Vll~~~ ________ ~ ____ ~~~~~~~~~~~~~~~~~~~~~~ 

VIH 

ADD 

CS 

vil i ! , t I 

'<-',SC-O< '~rr~-< 
:::~ Ii 

::: J'csc~ :'<-'
cHc1 ___________________ +-_____________ _ l~-,csw 

DATA VIH _______________________ -< 
Vil 

SINGLE REFRESH CYCLE AFTER READ (OR WRITE) CYCLE COMPLETE 

CE 
VIH 

Vil 

ADD 
VIH 

Vil 

VIH 
CS 

Vil 

DE 
VIH 

Vil 

DATA 
VIH 

Vil 

__ VIH 
RFSH 

Vil 

~--~-----tc----------~r------------tc----------~~ 
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REFRESH BEFORE READ (OR WRITE) CYCLE COMPLETE (LATCHED REFRESH - SINGLE CYCLE) 

VIH 

Vll~~~~~ ______ ~~~~~~~~~~~~~~~~~~~~~LL~~~_ 

VIH 
CE 

Vil 

ADD 
VIH 

Vil 

VIH 
CS 

Vil 

OE 
VIH 

Vil 

DATA VIH 
Vil 

RFSH VIH 
Vil 

~------------tc-----------;·~I~·~----------tc----------~ 

AUTO REFRESH MODE 

tCSR 

tARAI4--~-lnternal Auto Refresh Mode--------------------+i 
Single Refresh Cycle Approximately Every 15 !,sec 
Only RFSH Input Recognized In Auto Refresh Mode 

OPERATION 

ADDRESSING 

The 10 address bits required to decode 8 of the 8192 
memory cell locations within the MK4809 are latched 
into the on-chip address latches by the high-to-Iow 
transition of Chip Enable (CE). Thus. the unique address 
specified by the 10 Address Inputs (An) define which 1 
of 1024 bytes of data is to be accessed. Chip Enable also 
latches internally the state of Chip Select (CS). For a 
device to be selected. CS must be high during the high-
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to-low transition of CEo Afterthe specified hold time. the 
Addresses and CS may be changed in anticipation ofthe 
next cycle. 

ACTIVE CYCLES 

The MK4809 can perform three types of active cycles. 
determined by user control of CEo OE. CS. WE. and 
RFSH. The cycles are READ. WRITE. and REFRESH. The 
MK4809 executes an automatic precharge at the end of 
any active cycle in preparation for the next active cycle. 



After the automatic precharge cycle is complete, the 
device will be in the standby mode until another active 
cycle is initiated. 

READ CYCLE 

A READ CYCLE is initiated by Chip Enable (CE) going low 
with Chip Select (CS) high and Write Enable (WE) high. 
The cycle is complete when data is output (OE = LOW) or 
by CE going high. Completion of the cycle initiates the 
automatic precharge cycle. 

Data Out will become valid at access time provided that 
Output Enable (OE) is low. If OE is high at access time 
valid data will not appear at the output terminals 
although the data will be available to the output data 
buffers. Access time from OE is approximately 25% of 
CE access time, allowing adequate time for system 
decode of OE. If during the same CE cycle OE is taken 
high the outputs will be disabled; however, valid data 
may be reaccessed by taking OE low again. 

At the end of the READ CYCLE, CE going high unlatches 
the output. If both CE and OE are held low, data out will 
be valid indefinitely. The trailing edge of CE is non­
critical in that it can be taken high any time after 
meeting the minimum CE pulse width (ted. 

After valid data is output (CE = OE = LOW, t ~ tAcCESS), 
the MK4809 will initiate an automatic precharge cycle 
in preparation for the next active cycle. If OE does not go 
low to permit valid data out, precharge will be initiated 
by CE going high. The next active cycle may be initiated 
after the minimum cycle time (Tc) and the minimum 
precharge time (Tp) have been satisfied. 

WRITE CYCLE 

A WRITE CYCLE is initiated by Chip Enable (CE) goi!!g 
low with Chip Select (CS) High and Output Enable (OE) 
high. The cycle is complete when data is written into the 
memory. array (WE = LOW) or by CE going high. 
Completion of the cycle initiates the automatic 
precharge cycle. 

Data may be written into the memory locations specified 
by the address by either an EARLY WRITE CYCLE or a 
LATE WRITE CYCLE. The type of WRITE CYCLE is 
determined by the relative timing of the high-to-Iow 
transitions of CE and WE. 

In an EARLY WRITE CYCLE, WE and Valid Data In must 
be true with the specified setup and hold times relative 
to the high-to-Iow transitions of CE. Upon completion of 
the WRITE operation, the MK4809 will initiate an 
automatic precharge cycle in preparation for the next 
active cycle. The next active cycle may be initiated after 
the minimum cycle time (Tc) and the minimum 
precharge time (Tp) have been satisfied. 

In a LATE WRITE CYCLE, the high-to-Iow transition of 
CE will latch the Addresses and CS internally; however, 
WE may be delayed as much as 5JLs to allow for more 
flexible system timing requirements. Valid Data In must 
be true with the specified setup and hold times relative 

to the high-to-Iow transition of WE. In this case, the 
LATE WRITE CYCLE is initiated by the high-to-Iow 
transition of WE. Upon completion of the WRITE 
operation (or upon CE going high, should WE not go low) 
precharge will be initiated. The next active cycle maybe 
initiated after the minimum cycle time (Tc) and the 
minimum precharge time (Tp) have been satisfied. 

REFRESH CYCLE 

The MK4809 can perform several types of REFRESH 
cycles, depending upon system requirements and/or 
user preference. As in other dynamic RAMs any active 
cycle performs refresh. Independent of the type of 
REFRESH cycle selected, 128 refresh cycles must be 
executed during each 2msec refresh interval. The user 
may specify the Refresh Address, or the Refresh 
Address generated by the internal Refresh Counter may 
be used. 

EXTERNAL REFRESH ADDRESS (RFSH = HIGH) 

This refresh mode is identical to the refresh mode of the 
MK4116. The ROW address specified by Ao - A. defines 
the memory locations to be refreshed. A READ CYCLE or 
WRITE CYCLE at each of the 128 unique ROW 
addresses specified by Ao - A6 must be executed during 
each 2 msec refresh interval. These REFRESH CYCLES 
may be either distributed or burst mode. 

INTERNAL REFRESH ADDRESS (RFSH = 
PULSED LOW) 

System refresh logic may be simplified or eliminated by 
utilizing the internal refresh control logic of the 
MK4809. This REFRESH CYCLE is initiated by an active 
low pulse applied to the Refresh pin (RFSH). The RFSH 
pulse may occur during an active cycle or during 
Standby. In most microprocessor systems, it may be 
conveniently generated with each Instruction Fetch 
Cycle. (The MK3880 provides a RFSH output signal that 
connects directly to the RFSH input of the MK4809. 
Thus, the RAM appears totally static to the system.) 

If the RFSH pulse occurs during standby, the RFSH 
CYCLE will be initiated immediately. If the RFSH pulse 
occurs during an active cycle, the Fi'FS"R command will 
be latched internally, and the LATCHED REFRESH 
CYCLE will be initiated upon completion of the 
automatic precharge of that active cycle. 

During the internally controlled REFRESH cycle, the 
Refresh Address specified by the internal Refresh 
Counter will be multiplexed onto the ROW address, the 
REFRESH CYCLE will be executed, and the internal 
Refresh Counter will be incremented. Upon completion 
of the REFRESH CYCLE, the MK4809 will initiate an 
automatic precharge cycle in preparation for the next 
active cycle. Another active cycle may begin after the 
minimum cycle time (T c) if RFSH is generated during 
standby. If a LATCHED REFRESH CYCLE is executed, 
two cycle times (2TC) and the minimum precharge time 
(T p) must be satisfied prior to the next active cycle. These 
REFRESH cycles may be either distributed or burst 
mode. 
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POWER DOWN AUTO REFRESH (RFSH = LOW) 

For either power down (battery back-up) operation or 
microprocessor single-step operation, it is convenient 
to utilize the AUTO REFRESH mode of the MK4809. The 
AUTO REFRESH mode is initiated by maintaining RFSH 
in the low state. If RFSH remains low longer than 20 
!-,sec, the MK4809 will automatically initiate a single 
Internal Refresh Address REFRESH CYCLE 
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approximately every 15 !-,sec until the AUTO REFRESH 
mode is terminated by RFSH going high. DRFkng the 
AUTO REFRESH mode, all inputs except Hare 
inhibited. 

Valid Data Out from a previous READ CYCLE may be 
maintained on the 1/0 pins so long as CE and OE remain 
low from that cycle. Once the outputs are disabled by 
either CE or OE going high, the Valid Data Out may not 
be reaccessed, since the CE and 6E inputs are inhibited. 



FEATURES 

o Organized as 2048 x 8 bits 
o High Performance 

Part Number Access Time 

MK4816-2 150 nsec 
MK4816-3 200 nsec 

o Single +5V ± 10% power supply 

o On-Chip Substrate Bias Generator 

o Low Power -1 50mw Active 
25mw Standby 

DESCRIPTION 

Cycle Time 

270 nsec 
360 nsec 

The MK4816 uses Mostek's N Channel silicon Gate 
process and advanced circuit design techniques to 
package 16,384 bits of Dynamic RAM on a single chip. 
The MK4816 is the first available 5Vonly Dynamic MOS 
RAM and the first wide-word Dynamic RAM designed 
specifically for use in present and future generation 
microprocessor systems. Organized as 2048 words x 8 
bits, the MK4816 utilizes Mostek's Edge Activated ™ 
design techniques to provide a low-power. high­
performance. cost-effective RAM that includes many 

BLOCK DIAGRAM 

Cp 

MOSTEI{. 
2K x 8-BIT PSEUDOSTATICTM RAM 

MK4816(N/ J)-2/3 

o 128 Refresh cycles/2msec 

o All Pins TTL Compatible 

o 28 Pin ROM/PROM compatible package 

o Built in Refresh Multiplexer and Refresh Address 
Counter 

o Power Down (Standby) Refresh Mode 

o Automatic Precharge for minimum cycle time 

o Latched Address and CS and independent OE for 
easy interface in any microprocessor system 

features designed to minimize external interface 
circuitry while maintaining the internal efficiency of a 
Dynamic RAM .. 

The MK4816 requires only a single +5 volt (± 10%) 
power supply and is fully TTL compatible on all inputs 
and outputs. A single Refresh pin allows flexible control 
of single cycle refresh. burst mode refresh, or automatic 
refresh in battery back-up mode. Common data I/O with 
independent chip select and Output Enable controls 
permit easy interface to either separate or multiplexed 
address and data bus systems. 

PIN OUT 

RFSH l 
N/C 

A4 

A3 [ 

A2 [ 8 

A1 I 9 

AO [ 10 

000 [ 11 

DOl L 12 

002 13 

Vss [ 14 

000·007 
AQ·Al0 
CE 
CS 
OE 
WE 
RFSH 

DATA 

28 ] Vcc 

WE 

N/C 

OE 

005 

004 

DQ3 

ADDRESS INPUTS 
CHIP ENABLE 
CHIP SELECT 
OUTPUT ENABLE 
WRITE ENABLE 
INTERNAL REFRESH 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on any pin relative to VSS ............................................................ -1.0V to + 7.0V 
Operating Temperature TA(Ambient) ............................................................ O°C to +70°C 
Storage Temperature (Ambient) (CERDIP) ...................................................... -65°C to +150°C 
Power Dissipation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1 Watt 
Short Circuit Output Current ........................................................................... 20mA 
*Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions.above those indicated in the operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect reliability. 

RECOMMENDED DC OPERATING CONDITIONS 
(O°C :;;;; T A :;;;;+ 70°C) 

SYMBOL PARAMETER 

Vee Supply Voltage 

Vss Supply Voltage 

VIH Logic "1" Voltage All Inputs 

VIL Logic "0" Voltage All Inputs 

DC ELECTRICAL CHARACTERISTICS' 
(O°C:;;;; TA :;;;;+70°C) (VCC= 5.0 volts ± 10%) 

SYMBOL PARAMETER 

leel Average Vee Power Supply Current 
(Te = tc min) 

1eC2 Average Vee Power Supply Current 
(Standby) 

hL Input Leakage Current (Any Input) 

IOL Output Leakage Current 

VOH Output Logic "1" Voltage 
lOUT = -1 mA 

VOL Output Logic "0" Voltage 
lOUT = 4mA 

AC ELECTRICAL CHARACTERISTICS' 
(O°C:;;;; TA :;;;; +70°C) (Vee = +5.0 volts ± 10%) 

S YMBOL PARAMETER 

CI Input Capacitance 

Co Output Capacitance 

NOTES: 
1. All voltages referenced to Vss 

MIN 

4.5 

0 

2.2 

-1.0 

2. Measured with ov ~ VIN ~ 5V. Vee = 5V. all other pins' not under test = OV 
3. Output open circuit ICE high) 
4. An initial pause of 2ms is required after power-up followed by any 8 CE 

cycles before proper device operation is achieved. If refresh counter is to be 
effective a minimum of 64 active R"F'SH initialization cycles is required. The 
internal refresh counter must be accessed a minimum of every 2 ms if auto 
mode refresh function is used. 

5. AC measurements assume t-r =- 5ns 
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TYP MAX UNITS NOTES 

5.0 5.5 Volts 1 

0 0 Volts 1 

7.0 Volts 1 

0.8 Volts 1 

MIN MAX UNITS NOTES 

30 mA 

5 mA 

-10 10 J1.A 2 

-10 10 J1.A 2,3 

2.4 Volts 

0.4 Volts 

TYP MAX NOTES 

7pF 10pF 9 

10pF 15pF 9,10 

6. VIH (min) and VII. (max) are reference levels for measuring timing of input 
Signals. Also, transition times are measured between VIII and VII.. 

7 Internal refresh counter initialization is required. 64RFSH stimulated cycles 
are sufficient for this purpose. RF5H reinitialization is required when 
intervals greater than 2ms have occurred between refresh cycles controlled 
by RFSH. 

8. Measured with a load equivalent to 2 TTL loads and 50 pF. (Scope and Jig) 
9. Effective capacitance calculated from the equation C =-~ with b:.V ::: 3 

volts and power supplies at nominal levels. b:.V 
10. DOCT in high impedence state, by doing a read cycle with BE held at VIII 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING CONDITIONS. (4,5,6) 
(O°C ~ T A ~ 70°C) (Vcc = 5.0V ± 10%) 

SYMBOL PARAMETER MK4816-2 MK4816-3 UNITS NOTES 

MIN MAX MIN MAX 

tc Read. Write, or Refresh Cycle Time 270 360 ns 

tcEA Chip Enable Access Time 150 200 ns 8 

tcEZ Chip Enable Data Off Time 35 45 ns 

tOEA Output Enable Access Time 35 45 ns 

tOEZ Output Enable Data Off Time 35 45 ns 

tASC Address to CE Set Up Time 0 0 ns 

tAHC Address from CE Hold Time 20 25 ns 

tcsc Chip Select to CE Set Up Time 0 0 ns 

tcHC Chip Select from CE Hold Time 20 25 ns 

tRCS WE to CE set up Time for Read Cycle 0 0 ns 

tRCH WE from CE Hold Time for Read cycle 0 0 ns 

teE Chip Enable Duration 150 00 200 00 ns 

tp Chip Enable Precharge Time 50 65 ns 

twsc Write Enable to CE Set up Time - Early Write -30 -35 ns 

tWHC Write Enable from CE Hold Time - EarlyWrite 65 80 ns 

tcsw Write Enable Delay from CE - Late Write 30 5000 35 5000 ns 

tcHw CE hold time after WE - Late Write 105 140 ns 

tosc Data to CE Set up Time - Early Write -10 -10 ns 

tOHC Data from CE Hold Time - Early Write 55 70 ns 

tosw Data to WE Setup Time - Late Write 0 0 ns 

tOHW Data from WE Hold Time - Late Write 20 25 ns 

two Write Pulse Duration 35 45 ns 

tROI Refresh Pulse Duration - Single Cycle 35 10000 45 10000 ns 7 

tcSR CE to RFSH set-up Time - Latched Refresh 25 35 ns 

tARA Auto Refresh Mode Delay Time 20 20 /lS 

tARH Auto Refresh Mode Hold Time 370 460 ns 

tROA Refresh Pulse Duration - Auto Refresh 20 00 20 00 /lS 7 

h Transition Time (rise and fall) 3 60 3 80 ns 6 

tREF Refresh Period 2 2 ms 7 

tcER CE to RFSH Setup Time 25 35 ns 
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READ CYCLE 

tOEA I+-----to" 

_V1H -
OE 
VIL-~/~~~~~~~~LL~~~~ ______ ~ ____ +-~~~~~~~~~~LL~ 

V1H -
DATA V ---------------------------~ VALID 

I L - " .... __ D_A_T_A_O_U_T_J' 

WRITE CYCLE - EARLY WRITE (OE = HIGH) 

~--------tc-------~ 
_________ ~I ~----tCE----~~ 

-- V 1H -
CE v1L -

V1H-

ADDV 
I L -.L..L..L-'-U 

cs V 1H_ 

V I L - ______ --' 
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.. tWHC:-----i~ 

~~+--tWD-----~ 

tDSC 10.--.-1 I...I---~ tDHC 

VALID 
DATA IN 



WRITE CYCLE - LATE WRITE (OE = HIGH) 

I~·~-----------------------tc--------------------~ 

__ v1H_------------.1 I~.~----------- tCE-------------~ 
CE 

v 1L -

~---tcsw'---~ ~--

tDSW 

V 1W VALID 
DATA ----------------------------{I DATA IN 

V 1L-

SINGLE REFRESH CYCLE AFTER READ (OR WRITE) CYCLE COMPLETE 

ADD 

v 
DATA IH - _______ +-____ -{ 

v1l""C 

v 
RFSH- IH-

V 1L -

tOEZ __ 

VALID DATA 
OUT 

--- tCEZ 

~-----------tc--------~4-----------tc-------~.~1 
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REFRESH BEFORE READ (OR WRITE) CYCLE COMPLETE 
(LATCHED REFRESH - SINGLE CYCLE) 

ADD 

cs 

tOEZ tCEZ -
V 1H-

DATA 
V 1L _-----H----< VALID DATA 

OUT >-
~------~--------------------~ 

tCSR 

I 
1~4r----------tc-----------.~~14r-----------tc--------~ 

AUTO REFRESH MODE 

_ V1H -

CE V -
IL 

__ VIH­
RFSH V 

IL -
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tCSRI~_~ ~--~--------

Internal Auto Refresh Mode 
tARA ~---... --- Single Refresh Cycle Approximately Every 15 ).Isec 

Only RFSH Input Recognized In Auto Refresh Mode -



OPERATION 

ADDRESSING 

The 11 address bits required to decode 8 of the 16,384 
memory cell locations within the MK4816 are latched 
into the on-chip address latches by the high-to-Iow 
transition of Chip Enable (CE). Thus, the unique address 
specified by the 11 Address Inputs (An) define which 1 
of 2048 bytes of data is to be accessed. Chip Enable also 
latches internally the state of Chip Select (CS). For a 
device to be selected, CS must be high during the high­
to-low transition of CE. Afterthe specified hold time, the 
Addresses and CS may be changed in anticipation of the 
next cycle. 

ACTIVE CYCLES 

The MK4816 can perform three '!ype~f activ~cles, 
determined by user control of cr, OE, CS, WE, and 
lWSH. The cycles are READ, WRITE, and REFRESH. The 
MK4816 executes an automatic precharge at the end of 
any active cycle in preparation for the next active cycle. 
After the automatic precharge cycle is complete, the 
device will be in the standby mode until another active 
cycle is initiated. 

READ CYCLE 

A READ CYCLE is initiated by Chip Enable (CE)going low 
with Chip Select(CS)Highand Write Enable (WE) high. 
The cycle is complete when data is output (DE = LOW) or 
by CE going high. Completion of the cycle initiates the 
automatic precharge cycle. 

Data Out will become valid at access time provided that 
Output Enable (DE) is low. If DE is high at access time 
valid data will not appear at the output terminals 
although the data will be available to the output data 
buffers. Access time from DE is approximately 25% of 
CE access time, allowing adequate time for system 
decode of DE. If during the same cr cycle DE is taken 
high the outputs will be disabled; however, valid data 
may be reaccessed by taking DE low again. 

At the end of the READ CYCLE, CE going high unlatches 
the output. If both CE and DE are held low, data out will 
be valid indefinitely. The trailing edge of CE is non­
critical in that it can be taken high any time after 
meeting the minimum CE pulse width (tCE)' 

After valid data isoutput(CE = DE = LOW, t2tACCESS), 
the MK4816 will initiate an automatic precharge cycle 
in preparation forthe next active cycle. If DE does not go 
low to permit valid data out, precharge will be initiated 
by CE going high. The next active cycle may be initiated 
after the minimum cycle time (TC) and the minimum 
precharge time.(Tp) have been satisfied. 

WRITE CYCLE 

A WRITE CYCLE is initiated by Chip Enable (CE) going 
low with Chip Select (CS) High and Output Enable (DE) 
high. The cycle is complete when data is written into the 
memory array (WE = LOW) or by "IT going high. 

Completion of the cycle initiates the automatic 
precharge cycle. 

Data may be written into the memory locations specified 
by the address by either an EARLY WRITE CYCLE or a 
LATE WRITE CYCLE. The type of WRITE CYCLE is 
determined by the relative timing of the high-t9-low 
transitions of cr and WE. 

In an EARLY WRITE CYCLE, WE and Valid Data In must 
be true with the specified setup and hold times relative 
to the high-to-Iow transitions of CE". Upon completion of 
the WRITE operation, the MK4816 will initiate an 
automatic precharge cycle in preparation for the next 
active cycle. The next active cycle may be initiated after 
the minimum cycle time (Tc) and the minimum 
precharge time (Tp) have been satisfied. 

In a LATE WRITE CYCLE, the high-to-Iow transition of 
CE will latch the Addresses and CS internally; however, 
WE may be delayed as much as 5ILs to allow for more 
flexible system timing requirements. Valid Data In must 
be true with the specified setup and hold times relative 
to the high-to-Iow transition of WE. In this case, the 
LATE WRITE CYCLE is initiated by the high-to-Iow 
transition of WE. Upon completion of the WRITE 
operation (or upon CE going high, shouldWE not go low) 
precharge will be initiated. The next active cycle maybe 
initiated after the minimum cycle time (T c) and the 
minimum precharge time (T ) have been satisfied. 

REFRESH CYCLE 

The MK4816 can perform several types of REFRESH 
cycles, depending upon system requirements and/or 
user preference. As in other dynamic RAMs any active 
cycle performs refresh. Independent of the type of 
REFRESH cycle selected, 128 refresh cycles must be 
executed during each 2msec refresh interval. The user 
may specify the Refresh Address, or the Refresh 
Address generated by the interal Refresh Counter may 
be used. 

EXTERNAL REFRESH ADDRESS (RFSH = HIGH) 

This refresh mode is identical to the refresh mode of the 
MK4116. The ROW address specified by A.O - A6 defines 
the memory locations to be refreshed. A READ CYCLE or 
WRITE CYCLE at each of the 128 unique ROW 
addresses specified by AO - A6 must be executed during 
each 2 msec refresh interval. These REFRESH CYCLES 
may be either distributed or burst mode. 

INTERNAL REFRESH ADDRESS 
(RFSH = PULSED LOW) 

System refresh logic may be simplified or eliminated by 
utilizing the internal refresh control logic of the 
MK4816. This REFRESH CYCLE is initiated by an active 
low pulse applied to the Refresh pin (m=sH). The RFSH 
pulse may occur during an active cycle or during 
Standby. In most microprocessor systems, it may be 
conveniently generated with each Instruction Fetch 
Cycle. (The MK3880 provides a RFSH output Signal that 
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connects directly to the RFSH input of the MK4816. 
Thus, the RAM appears totally static to the system.) 

If the RFSH pulse occurs during standby, the RFSH 
CYCLE will be initiated immediately. If the RFSH pulse 
occurs during an active cycle, the RFSH command will 
be latched internally, and the LATCHED REFRESH 
CYCLE will be initiated upon completion of the automatic 
precharge of that active cycle. 

During the internally controlled REFRESH cycle, the 
Refresh Address specified by the internal ~efresh 
Counter will be multiplexed onto the ROW address, the 
REFRESH CYCLE will be executed, and the internal 
RefreGh Counter will be incremented. Upon completion 
of the REFRESH CYCLE, the MK4816 will initiate an 
automatic precharge cycle in preparation for the next 
active cycle. Another active cycle may begin after the 
minimum cycle time (TC) if RFSH is generated during 
standby. If a LATCHED REFRESH CYCLE is executed, 
two cycle times (2TC) and the minimum precharge time 
(T p) must be satisfied prior to the next active cycle. 
These REFRESH cycles may be either distributed or 
burst mode. 
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POWER DOWN AUTO REFRESH (RFSH = LOW) 

For either power down (battery back-up) operation or 
microprocessor single-step operation, it is convenient 
to utilize the AUTO REFRESH mode of the MK4816. The 
AUTO REFRESH mode is initiated by maintaining RFSH 
in the low state. If RFSH remains low longer than 20 
,.,.sec, the MK4816 will automatically initiate a single 
Internal Refresh Address REFRESH CYCLE 
approximately every 15 ,.,.sec until the AUTO REFRESH 
mode is terminated by RFSH going high. During the 
AUTO REFRESH mode, all inputs except RFSH are 
inhibited. 

Valid Data Out from a previous READ CYCLE may be 
maintained on the 1/0 pinsso long asCEandOE remain 
low from that cycle. Once the outputs are disabled by 
either CE or OE going high, the Valid Data Out may not 
be reaccessed, since the CE and OE inputs are inhibited. 



FEATURES 

o Organized as 2048 x 8 bits 

o High Performance 

Part Number Access Time 
MK4816-4 250 nsec 
MK4816-5 300 nsec 

o Single +5V ± 10% power supply 

o On-Chip Substrate 6ias Generator 

o Low Power -150mw Active 
25mw Standby 

DESCRIPTION 

Cycle Time 
450 nsec 
540 nsec 

The MK4816 uses Mostek's N Channel silicon Gate 
process and advanced circuit design techniques to 
package 16,384 bits of Dynamic RAM on a single chip. 
The MK4816 is the first available 5V only Dynamic MOS 
RAM and the first wide-word Dynamic RAM designed 
specifically for use in present and future generation 
microprocessor systems. Organized as 2048 words x 8 
bits, the MK4816 utilizes Mostek's Edge Activated ™ 
design techniques to provide a low-power, high­
performance, cost-effective RAM that includes many 

BLOCK DIAGRAM 

MOSTEI{. 
2K x 8-BIT PSEUDOSTATICTMRAM 

MK4816(NI J)-4/5 

o 128 Refresh cycles/2msec 

o All Pi ns TTL Compatible 

o 28 Pin ROM/PROM compatible package 

o Built in Refresh Multiplexer and Refresh Address 
Counter 

o Power Down (Standby) Refresh Mode 

o Automatic Precharge for minimum cycle time 

o Latched Address and CS and independent DE for 
easy interface in any microprocessor system 

features designed to minimize external interface 
circuitry while maintaining the internal efficiency of a 
Dynamic RAM. 

The MK4816 requires only a single +5 volt (± 10%) 
power supply and is fully TTL compatible on all inputs 
and outputs. A single Refresh pin allows flexible control 
of single cycle refresh, burst mode refresh, or automatic 
refresh in battery back-up mode. Common data I/O with 
independent chip select and Output Enable controls 
permit easy interface to either separate or multiplexed 
address and data bus systems. 

PIN OUT 
RFSH I 

N/C L 2 

A7 r 3 

A6 

A5 [ 

A4 [ 6 

A3 [ 

A2 [ 8 

A1 I" 9 

AD I"" 

DOO 

DOll 

D02 

Vss [ 14 

DOO-D07 
AQ-Al0 
CE 
CS 
OE 
WE 
RFSH 

DATA 

28 J Vee 

N/C 

OE 

DOl 

D06 

DOS 

D04 

D03 

ADDRESS INPUTS 
CHIP ENABLE 
CHIP SELECT 
OUTPUT ENABLE 
WRITE ENABLE 
INTERNAL REFRESH 
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ABSOLUTE MAXIMUM RATINGS* 

Voltage on any pin relative to VSS ........................................................ -1.0V to + 7.0V 
Operating Temperature TA (Ambient) ........................................................ O°C to + 70°C 
Storage Temperature (Ambient) (CERDIP) ................................................. -65°C to + 150°C 
Power Dissipation ................................................................................ 1 Watt 
Short Circuit Output Current ....................................................................... 20mA 
*Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect reliability. 

RECOMMENDED DC OPERATING CONDITIONS, 
(O°C 0;;; TA o;;;+70°C) 

SYMBOL PARAMETER 

Vee Supply Voltage 

Vss Supply Voltage 

VIH Logic "1" Voltage All Inputs 

VIL Logic "0" Voltage All Inputs 

DC elECTRICAL CHARACTERISTICS' 
(O°C 0;;; TA o;;;+70°C) (Vee= 5.0 volts ± 10%) 

SYMBOL PARAMETER 

leeI Average Vee Power Supply Current 
(Tc = tc min) 

1eC2 Average Vee Power Supply Current 
(Standby) 

IL Input Leakage Current (Any Input) 

'L Output Leakage Current 

IH Output Logic "1" Voltage 
lOUT = -lmA 

VOL Output Logic "0" Voltage 
lOUT = 4mA 

AC elECTRICAL CHARACTERISTICS' 
(O°C 0;;; TAO;;; + 70°C) (Vee = +5.0 volts ± 10%) 

SYMBOL PARAMETER 

CI Input Capacitance 

Co Output Capacitance 

NOTES: 
1. All voltages referenced to VSS. 

MIN 

4.5 

0 

2.2 

-1.0 

2. Measured with OV~ VIN.~ 5V, vee:::. 5V, all other pins not under test :: av. 
3. Output open circuit ICE high) 
4, An initial pause of 2ms is required after power-up followed by any 8 CE 

cycles before proper device operation is,achieved. If refresh counter is to be 
effective a minimum of 64 active R'F'SH initialization cycles is required. The 
internal refresh counter must be accessed a minimum of every 2 ms if auto 
mode refresh function is used. 

5. AC measurements assume tl = 5ns. 
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TYP MAX UNITS NOTES 

5.0 5.5 Volts 1 

0 0 Volts 1 

7.0 Volts 1 

0.8 Volts 1 

MIN MAX UNITS NOTES 

30 mA 

5 mA 

-10 10 J.l.A 2 

-10 10 J.l.A 2,3 

2.4 Volts 

0.4 Volts 

TYP MAX NOTES 

7pF lOPF 9 

10PF 15PF 9,10 

6. Viti (min) and V IL (max) are reference levels for measuring timing of Input 
signals. Also, transition times are measured between VIII and VII" 

7. Internal refresh counter initialization is required. 64 RF'S"H stimulated cycles 
are sufficient for this purpose. R"FS'H reinitialization is required when 
intervalS greater than 2ms have occurred between refresh cycles controlled 
by Rl'"SR. 

8. Measured with a load equivalent to 2 TIL loads and 50 pF. (Scope and JIG) 
9. Effective capacitance calculated from the equation C = Ii::. t with i::.V = 3 

volts and power supplies at nominal levels. 6V 
10. DOl r in high impedence state, by doing a read cycle with DE held at VII!. 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING CONDITIONS. (4,5,6) 
(O°C';;; TA';;; 70°C) (VCC = 5.0V ± 10%) 

SYMBOL PARAMETER MK4816-4 MK4816-5 UNITS NOTES 

MIN MAX MIN MAX 

tc Read, Write, or Refresh Cycle Time 450 540 ns 8 

tCEA Chip Enable Access Time 250 30e ns 

tcEZ Chip Enable Data Off Time 55 65 ns 

tOEA Output Enable Access Time 55 65 ns 

tOEZ Output Enable Data Off Time 55 65 ns 

tASC Address to CE Set Up Time 0 0 ns 

tAHC Address from CE Hold Time 30 35 ns 

t csc Chip Select to CE Set Up Time 0 0 ns 

tcHC Chip Select from CE Hold Time 30 35 ns 

tRcs WE to CE set up Time for Read Cycle 0 0 ns 

tRCH WE from CE Hold Time for Read Cycle 0 0 ns 

tCE Chip Enable Duration 250 00 300 oc ns 

tp Chip Enable Precharge Time 80 95 ns 

twsc Write Enable to CE Set up Time - Early Write -40 -45 ns 

tWHC Write Enable from CE Hold Time - EarlyWrite 95 100 ns 

tcsw Write Enable Delay from CE - Late Write 40 5000 45 500e ns 

tcHW CE hold time after WE Late Write 175 210 ns 

tosc Data to CE Set up Time - Early Write -10 -10 ns 

tOHC Data from CE Hold Time - Early Write 85 100 ns 

tosw Data to WE Setup Time - Late Write 0 0 ns 

tOHw Data from WE Hold Time - Late Write 30 35 ns 

two Write Pulse Duration 55 65 ns 

tROI Refresh Pulse Duration - Single Cycle 55 10000 65 l000e ns 7 

tcSR CE to RFSH set-up Time - Latched Refresh 45 55 ns 

tARA Auto Refresh Mode Delay Time 20 20 j.lS 

tARH Auto Refresh Mode Hold Time 550 640 ns 

tROA Refresh Pulse Duration - Auto Refresh 20 00 20 oc j.lS 7 

h Transition Time (rise and fall) 3 100 3 12e ns 6 

tREF Refresh Period 2 ,/. ms 7 

leER CE to RFSH Inactive Setup Time 45 55 ns 
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READ CYCLE 

ADD V1H- , 

V1l-""/'...L.I.:...L.J 

~----------------tc------------~~ 
~---tCE------~ 

tRCS tRCH 

tOEA 

V 1H -

DATA --------------------------------~ V1l -

VALID 
DATA OUT 

WRITE CYCLE - EARLY WRITE (OE = HIGH) 
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I' ...... f--------------- tC:----------.! 

CS V 1H-
V Il - _______ -' 

1 ..... ----- tWHC:------I~ 
~~~-tWD------~ r---------------------------

tDSC ~-~ I-or---t tDHC 

VALID 
DATA IN 



WRITE CYCLE - LATE WRITE (DE = HIGH) 

1~4~-----------------------tc--------------------~ 

v CS IH-

V�L-____ ..J 

~-----tCSW'---~ ~----

tDSW 

V 1W VALID 
DATA ----------------{I DATA IN 

V1L-

SINGLE REFRESH CYCLE AFTER READ (OR WRITE) CYCLE COMPLETE 

ADD 

tOEZ - tCEZ 

v 
DATA IH-

V1L-· -----~---~ 
VALID DATA 

OUT 
-- -- - - -- -- -1)----+----

~----------tc----------~----------------tc----------..I 
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REFRESH BEFORE READ (OR WRITE) CYCLE COMPLETE 
(LATCHED REFRESH - SINGLE CYCLE) 

ADD 

LS 

tOEZ tCEZ -V 1H-
DATA 

V I L _-----1-1-----< 
VALID DATA 

OUT 

__ V 1H -­

RFSH V1l -

~-----~-------------------~ 

tc -----------~ 

AUTO REFRESH MODE 

___ VIH _ 

RFSH V 
IL -
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/ / I II DON'T CARE / ! •.• 
, ," / / 

I---~ I-.------+-------~--- tRDA---------------------~ i'+--~ 

., Internal Auto Refresh Mode 
tARA ~----. ..... --- Single Refresh Cycle Approximately Every 15 )Jsec 

Only R FSH Input Recognized In Auto Refresh Mode -



OPERATION 

ADDRESSING 

The 11 address bits required to decode 8 of the 16,384 
memory cell locations within the MK4816 are latched 
into the on-chip address latches by the high-to-Iow 
transition of Chip Enable (CE). Thus, the unique address 
specified by the 11 Address Inputs (An) define which 1 
of 2048 bytes of data is to be accessed. Chip Enable also 
latches internally the state of Chip Select (CS). For a 
device to be selected, CS must be high during the high­
to-low transition of CEo After the specified hold time, the 
Addresses and CS may be changed in anticipation of the 
next cycle. 

ACTIVE CYCLES 

The MK4816 can perform three types of active cycles, 
determined by user control of CE, OE, CS, WE, and 
RFSH. The cycles are READ, WRITE, and REFRESH. The 
MK4816 executes an automatic precharge at the end of 
any active cycle in preparation for the next active cycle. 
After the automatic precharge cycle is complete, the 
device will be in the standby mode until another active 
cycle is initiated. 

READ CYCLE 

A READ CYCLE is initiated by Chip Enable (CE) going low 
with Chip Select (CS) High and Write Enable (WE) high. 
The cycle is complete when data is output (DE = LOW) or 
by CE going high. Completion of the cycle initiates the 
automatic precharge cycle. 

Data Out will become valid at access time provided that 
Output Enable (OE) is low. If OE is high at access time 
valid data will not appear at the output terminals 
although the data will be available to the output data 
buffers. Access time from OE is approximately 25% of 
CE access time, allowing adequate time for system 
decode of OE. If during the same CE cycle OE is taken 
high the outputs will be disabled; however, valid data 
may be reaccessed by taking OE low again. 

At the end of the READ CYCLE, CE going high unlatches 
the output. If both CE and OE are held low, data out will 
be valid indefinitely. The trailing edge of CE is non­
critical in that it can be taken high any time after 
meeting the minimum CE pulse width (teEl. 

After valid data is output (CE, = OE = LOW, t ~ tACCESS), 
the MK4816 will initiate an automatic precharge cycle 
in preparation for the next active cycle. If OE does not go 
low to permit valid data out, precharge will be initiated 
by CE going high. The next active cycle may be initiated 
after the minimum cycle time (Te) and the minimum 
precharge time (Tp) have been satiSfied. 

WRITE CYCLE 

A WRITE CYCLE is initiated by Chip Enable (CE) going 
low with Chip Select (CS) High and Output Enable (OE) 
high. The cycle is complete when data is written into the 
memory array (WE = LOW) or by CE going high. 
Completion of the cycle initiates the automatic 
precharge cycle. 

Data may be written into the memory locations specified 
by the address by either an EARLY WRITE CYCLE or a 
LATE WRITE CYCLE. The type of WRITE CYCLE is 
determined by the relative timing of the high-to-Iow 
transitions of CE and WE. 

In an EARLY WRITE CYCLE, WE and Valid Data In must 
be true with the specified setup and hold times relative 
to the high to low transitions of CE. Upon completion of 
the WRITE operation, the MK4816 will initiate an 
automatic precharge cycle in preparation for the next 
active cycle. The next active cycle may be initiated after 
the minimum cycle time (Te) and the minimum 
precharge time (Tp) have been satisfied. 

In a LATE WRITE CYCLE, the high-to-Iow transition of 
CE will latch the Addresses and CS internally, however, 
WE may be delayed as much as 5j.1s to allow for more 
flexible system timing requirements. Valid Data In must 
be true with the specified setup and hold times relative 
to the high-to-Iow transition of WE. In this case, the 
LATE WRITE CYCLE is initiated by the high-to-Iow 
transition of WE. Upon completion of the WRITE 
operation (or upon CE going high, should WE not go low) 
precharge will be initiated. The next active cycle may be 
initiated after the minimum cycle time (Te) and the 
minimum precharge time (Tp) have been satisfied. 

REFRESH CYCLE 

The MK4816 can perform several types of REFRESH 
cycles, depending upon system requirements and/or 
user preference. As in other dynamic RAMs any active 
cycle performs refresh. Independent of the type of 
REFRESH cycle selected, 128 refresh cycles must be 
executed during each 2msec refresh interval. The user 
may specify the Refresh Address, or the Refresh 
Address generated by the internal Refresh Counter may 
be used. 

EXTERNAL REFRESH ADDRESS (RFSH = HIGH) 

This refresh mode is identical to the refresh mode of the 
MK4116. The ROW address specified by Au - A6 defines 
the memory locations to be refreshed. A READ CYCLE or 
WRITE CYCLE at each of the 128 unique ROW 
addresses specified by Au - A6 must be executed during 
each 2msec refresh interval. These REFRESH CYCLES 
may be either distributed or burst mode. 
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INTERNAL REFRESH ADDRESS 
IRFSH = PULSED LOW) 

System refresh logic may be simplified or eliminated by 
utilizing the internal refresh control logic of the 
MK4816. The REFRESH CYCLE is initiated by an active 
low pulse applied to the Refresh pin .(RFSH). The RFSH 
pulse may occur during an active cycle or during 
Standby. In most microprocessor systems, it may be 
conveniently generated with each instruction Fetch 
Cycle. (The MK3880 provides a RFSH output signal that 
connects directly to the RFSH input of the MK4816. 
Thus, the RAM appears totally static to the system.) 

If the RFSH pulse occurs during standby, the RFSH 
CYCLE will be initiated immediately. If the RFSH pulse 
occurs during an active cycle, the RFSH command will 
be latched internally, and the LATCHED REFRESH 
CYCLE wi" be initiated upon completion of the 
automatic precharge of that active cycle. 

During the internally controlled REFRESH cycle, the 
Refresh Address specified by the internal Refresh 
Counter wi" be multiplexed onto the ROW address, the 
REFRESH CYCLE wi" be executed, and the internal 
Refresh Counter will be incremented. Upon completion 
of the REFRESH CYCLE, the MK4816 will initiate an 
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automatic precharge cycle in preparation for the next 
active cycle. Another active cycle may begin after the 
minimum cycle time (Te) if RFSH is generated during 
standby. If a LATCHED REFRESH CYCLE is executed, 
two cycle times (2TC) and the minimum precharge time 
(T p) must be satisfied prior to the next active cycle. These 
REFRESH cycles may be either distributed or burst 
mode. 

POWER DOWN AUTO REFRESH (RFSH == LOW) 

For either power down (battery back-up) operation or 
microprocessor single-step operation, it is convenient 
to utilize the AUTO REFRESH mode ofthe MK481 ~ 
AUTO REFRESH mode is initiated by maintaining RFSH 
in the low state. If RFSH remains low longer than 20 
JLsec, the MK4816 wi" automatically initiate a single 
Internal Refresh Address REFRESH CYCLE 
approximately every 15 JLsec until the AUTO REFRESH 
mode is terminated by RFSH going high. During the 
AUTO REFRESH mode, a" inputs except RFSH are 
inhibited. 

Valid Data Out from a previous READ CYCLE may be 
maintained on the liD pins so long as CE and DE remain 
low from that cycle. Once the outputs are disabled by 
either CE or DE going high, the Valid Data Out may not 
be reaccessed, since the CE and DE inputs are inhibited. 



MEMORY DATA BOOK 

Military IHi-Rel 
Memo 
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MOSTEI{. 
16K-BIT MOS READ ONLY MEMORY 

Processed to MIL-STD-883, Method 5004, Class B 

FEATURES 
o 2K x 8 organization with static interface 

o 450 ns max access time 

o Single +5V ± 10% power supply 

o 550mW max power dissipation 

o Contact programmed for fast turn-around 

DESCRIPTION 
The MKB34000 is a new generation N-channel silicon 
gate MOS Read Only Memory circuit organized as 2048 
words by 8 bits. As a state-of-the-art device, the 
MKB34000 incorporates advanced circuit techniques 
designed to provide maximum circuit density and reli­
ability with highest possible performance, while main­
taining low power dissipation and wide operating 
margins. 

The MKB34000 requires a single +5 volt (± 10% toler­
ance) power supply and has complete TTL compatibility 
at all inputs and outputs (a feature made possible by 
MOSTEK's lon-implantation technique). The three chip 
select inputs can be programmed for any desired 
combination of active high's or low's or even an optional 
"DON'T CARE" state. The convenient static operation of 
the MKB34000 coupled with the programmable chip 
select inputs and three-state TTL compatible outputs 
results in extremely simple interface requirements. 

FUNCTIONAL DIAGRAM 
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o 

MKB34000(P) 

o Three programmable chip selects 

o Inputs and three-state outputs - TTL compatible 

o Outputs drive 1 TTL load and 100pF 

o Ruggedized for use in severe military environments 

An outstanding feature of the MKB34000 is the use of 
contact programming over gate mask programming. 
Since the contact mask is applied at a later processing 
stage, wafers can be partially processed and stored. 
When an order is received, a contact mask, which 
represents the desired bit pattern, is generated and 
applied to the wafers. Only a few processing steps are 
left to complete the part. Therefore, the use of contact 
programming reduces the turnaround time for a custom 
ROM. 

Any application requiring a high performance, high bit 
density ROM can be satisfied by this device. The 
MKB34000 is ideally suited for 8-bit microprocessor 
systems such as those which utilize the Z80 or F8. The 
MKB34000 also provides significant cost advantages 
over PROM. 

PIN CONNECTIONS 

A7 1 

A6 2 

A5 3 
A44 

A3 5 

A2 6 

A1 7 

AO 8 

0, 9 

°210 
0311 

GND12 

·Programmable Chip Selects 

24VCC 

23 As 

22 A9 

21 CS3/CS3 N/C' 

20CS1/CS1 N/C' 

19 A10 

18 CS2ICS2 N/C' 

17 Os 

16°7 
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ABSOLUTE MAXIMUM RATINGS* 

Voltage on Any Terminal Relative to Ground ............................................... -0.5V to +7V 
Operating Tempeature TA (Ambient) -84 .............................................. -55°C to +125°C 
Operating TemperatureTA (Ambient) -80 ................................................ -40°C to 85°C 
Storage Temperature - Ceramic (Ambient) ............................................ -65°C to +150oC 
Power Dissipation ............................................................................... 1 Watt 

"Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated in the operating sections of this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 

RECOMMENDED DC OPERATING CONDITIONS6 
(Vel = 5V ± 10%) -55°C";; TA ,,;; +125°C) 

SYM PARAMETER 

Vn Power Supply Voltage 

VII Input Logic 0 Voltage 

VIII Input Logic 1 Voltage 

DC ELECTRICAL CHARACTERISTICS6 
(Vel = 5V + 10%) (-55°C 6 T \ ,,;; +125°C) -
SYM PARAMETER 

I" Vn Power Supply Current 

hil) Input Leakage Current 

lOlL) Output Leakage Current 

VOL Output Logic 0 Voltage @ 1011 

VOl! Output Logic 1 Voltage @ 1011 

AC ELECTRICAL CHARACTERISTlCS6 
(Vll = 5V ± 10%) (-55°C";; T\";; +=125°C) 

SYM PARAMETER 

t\Cl Address to output delay time 

MIN 

4.5 

-0.5 

2.2 

= 2.0mA 

= -220 J1.A 

ks Chip select to output delay time 

teD Chip deselect to output delay time 

CAPACITANCE 

SYM PARAMETER 

C", Input Capacitance 

COil Output Capacitance 

NOTES 

1 All Inputs 5.5V: Data Outputs open 

2 V1N~OVto55V 

3. Device unsetected; V OUT::: OV to 5 5V 

4. Measured with 1 TIL load and 100pF. transitIon limes -= 20ns 
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TYP MAX UNITS NOTES 

5.0 5.5 Volts 

0.8 Volts 

Vn Volts 

MIN MAX UNITS NOTES 

100 mA 1 

10 J1.A 2 

10 J1.A 3 

0.4 volts 

2.4 Vc< volts 

MIN MAX UNITS NOTES 

450 ns 4 

250 ns 4 

200 ns 4 

TYP MAX UNITS NOTES 

6 8 pF 5 

10 15 pF 5 

5 Capacitance measured with Boonton Meter of effective capacItance calculated from the 
eauatlon 

C -= I~ t with current equal to a constant 20mA 
6V 

6 A minImum 250)Js time delay is required after the applIcation ofVCC 1+5) before proper 
device operation is achieved 



TIMING DIAGRAM 

ADDRESS ~:: _________ ~ ________ V_A_L_I_D ________ ~~~ ________________ _ 

C tACC t 1 
PROGRAMMABLE 
CHIP SELECTS 

VOH 

DATA OUTPUT VOL 

t4-

>-

OPEN 

CS !4- t CD -. 

VALID K 

VALID OPEN -

* The chip select inputs can be user programmed so that either the input is enabled by a Logic 0 voltage (VILI, 
a Logic 1 voltage (VI HI, or the input is always enabled (regardless of the state of the input). See chart below 
for programming instructions. 

MOSTEK 34000 ROM PUNCHED CARD CODING FORMAT (1) 

FIRST CARD 

£Q.b§ 
1·30 

31·50 
60·72 

SECOND CARD 

1·30 
31·50 

THIRD CARD 

1·5 
33 

35 

37 

FOURTH CARD 

1-9 
15-28 

35-57 

INFORMATION FiElD 

Customer 
Customer Part Number 
MOSTEK Part Number (2) 

Engineer at Customer Site 
Direct Phone Number for 
Engineer 

MOSTEK Part Number (2) 
Chip Select One 
"1" = CS1 or "0" = CS1 
or "2" = Don't Care 
Chip Select Two 
"1" = CS2 or "0" = CS2 
or "2" = Don't Care 
Chip Select Three 
"1" = CS3 or "0" = CS3 
or "2" = Don't Care 

Data Format (3) 
Logic - ("Positive Logic" 
or "Negative Logic") 
Verification Code (4) 

DATA FORMAT 

128 data cards (16 data words/card) 
with the following format: 

£Q!& 
1-4 

5-7 

8-52 

NOTES 

INFORMATION FiElD 

Four digit octal address of 
first output word on card 
Three digit octal output 
word specified by address in 
column 1-4 
Next fifteen output words, 
each word consists of three 
octal digits. 

1 Positive or negative logic formats are acceptecl as noted In the fourth card 

Assigned by MOSTEK; may be left blank 

MOSTEK punched card coding format should be used. Punch "MOSTEK" starting in column 
one 

4 Punches as: la} VERIFICATION HOLD - j,e., customer verification of the data as reproduced 
by MOSTEK is required prior to prodUction of the ROM. To accomplish this MOSTEK supplies 
a copy of its Customer Verification Data Sheet (eVDS) to the customer 
(b) VERIFICATION PROCESS - i,e., the customer will receive a CVDS but production will 
begin prior to receipt of customer verification; (c) VERIFICATION NOT NEEDED - i,e, the 
customer WIll not receive a eVDS and production will begin immediately 

SUPPLEMENTAL DATA SHEET TO BE USED IN CONJUNCTION 
WITH MOSTEK MK34000(P/N)-3 DATA SHEET 
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MOSTEI(. 
16K-BIT READ ONLY MEMORY 

Processed to MIL-STD-883, Method 5004, Class B 

FEATURES 
D 2K x 8 organization with static interface 

D 450 ns max access time 

D Single +5V ± 10% power supply 

D 550mW max power dissipation 

D Extended operating temperature range 
-55°C OS;; TAOS;; 125°C; -84 
-40°C os;;TA OS;;85°C; -80 

DESCRIPTION 

The MKB34000 is a new generation N-channel silicon 
gate MOS Read Only Memory circuit organized as 2048 
words by 8 bits. As a state-of-the-art device, the 
MKB34000 incorporates advanced circuit techniques 
designed to provide maximum circuit density and 
reliability with highest possible performance, while 
maintaining low power dissipation and wide operating 
margins. 

The MKB34000 requires a single +5 volt ( ± 10% 
tolerance) power supply and has complete TIL 
compatibility at all inputs and outputs (a feature made 
possible by MOSTEK's ion-implantation technique). The 
three chip select inputs can be programmed for any 
desired combination of active high's or low's or even an 
optional "DON'T CARE" state. The convenient static 
operation of the MKB34000 coupled with the 
programmable chip select inputs and three-state TIL 
compatible outputs results in extremely simple 

FUNCTIONAL DIAGRAM 

'" 
'. '. 
" 
'. 
" 
'. 
" CSi/CSi/HC· 

'. 
" 

CS2:lCH/NC II 

. 
0 

CS3/Cs3/NC· 

MKB34000(P)-80/84 

D Contact programmed for fast turn-around 

D Three programmable chip selects 

D Inputs and three-state outputs -TTL compatible 

D Outputs drive 1 TIL load and 100pF 

D Ruggedized for use in severe military environ­
ments 

interface requirements. 

An outstanding feature of the MKB34000 is the use of 
contact programming over gate mask programming. 
Since the contact mask is applied at a later processing 
stage, wafers can be partially processed and stored. 
When an order is received, a contact mask, which 
represents the desired bit pattern, is generated and 
applied to the wafers. Only a few processing steps are 
left to complete the part. Therefore, the use of contact 
programming reduces the turnaround time for a custom 
ROM. 

Any application requiring a high performance, high bit 
density ROM can be satisfied by this device. The 
MKB34000 is ideally suited for 8-bit microprocessor 
systems such as those which utilize the Z80 or F8. The 
MKB34000 also provides significant cost advantages 
over PROM. 
PIN CONNECTIONS 

r--~-r--..., 

A7 1 24 VCC 

A62 23 As 

A5 3 22Ag 
A44 21 csa/csa N/C' 
Aa 5 20 CS1 /CS1 N/C' 
A2 6 19 A10 

A1 7 18 CS2/CS2 N/C' 
AO 8 170a 

0, 9 16°7 

°210 15°6 

°all 14°5 

GND12 13 0 4 

*Programmable Chip Selects 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on Any Terminal Relative to Ground ............................................. -0.5V to +7V 
Operating Temperature T A (Ambient) ..................................................... OOC to + 70°C 
Storage Temperature - Ceramic (Ambient) .......................................... -65°C to +1 50°C 
Power Dissipation ........................................... . ................................. 1 Watt 

"Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated in the operating sections of this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 

RECOMMENDED DC OPERATING CONDITIONS6 
(V" 5V ± 10'10) (-55~C ~ T.\ ~ T125"C) 

SYM PARAMETER 

V« Power Supply Voltage 

VII Input Logic 0 Voltage 

VIII Input Logic 1 Voltage 

DC ELECTRICAL CHARACTERISTlCS6 
(V" = 5V ± 1 0%) (-55'~C ~ T\ ~ T 1 25 'C) 

SYM PARAMETER 

'" V" Power Supply Current 

I" I, Input Leakage Current 

1011) Output Leakage Current 

V"I Output Logic 0 Voltage (ll leI! I 

V'JII Output Logic 1 Voltage ~ ,," I 

AC ELECTRICAL CHARACTERISTlCS6 
(V« = 5V ± 10%) (-55 G C ~ T\ ~ ·el25 C) 

SYM PARAMMETER 

t \l ( Address to output delay time 

MIN 

4.5 

-0.5 

2.2 

- 2.0mA 

= -220 JJ.A 

t" Chip select to output delay time 

tell Chip deselect to output delay time 

CAPACITANCE 

SYM PARAMETER 

C" Input Capacitance 

Cill'l Output Capacitance 

NOTES. 

1 All mputs 5 5V; Data Outputs open 

2 VIN;;OVto55V 

3 Devke unselected; V OUl :: av to 5 5V 

4 Measured with 1 nlload and 100pF, tranSition times:: 20ns 
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TYP MAX UNITS NOTES 

5.0 5.5 Volts 6 

0.8 Volts 

V" Volts 

MIN MAX UNITS NOTES 

100 mA 1 

10 JJ.A 2 

10 JJ.A 3 

004 Volts 

2.4 V" Volts 

MIN MAX UNITS NOTES 

450 ns 4 

250 ns 4 

200 ns 4 

TYP MAX UNITS NOTES 

6 8 pF 5 

10 15 pF 5 

5 Capacitance measured with Boonton Meter or effective capacitance calculated from the 
equation 

C co l.£.!.. with current equal to a constant 20mA 
t. V 

6 A minimum 250 us time delay IS reqUired after the applicatIon of V ce/+5) before proper 
deVIce operation IS achieved 



TIMING DIAGRAM 

____ ~----VA-LI-D--~X~--------
. C tAO" =i 

ADDRESS 

PROGRAMMABLE 
CHIP SELECTS 

DATA OUTPUT 

4--

> 

OPEN 

CS t ~ CO ...... 

VALID K 

VALID 

* The chip select inputs can be user programmed so that either the input is enabled by a Logic 0 voltage (VILl, 
a Logic 1 voltage (VI H), or the input is always enabled (regardless of the state of the input). See chart below 
for programming instructions. 

MOSTEK 34000 ROM PUNCHED CARD CODING FORMAT(1) 

FIRST CARD DATA FORMAT 

kQY! INFQRMATION FIELD 128 data cards (16 data words/card) 
with the following format: 

SECOND CARD 

THIRD CARD 

FOURTH CARD 

1-30 Customer 
31-50 Customer Part Number 
60-72 MOSTEK Part Number (2) 

1-30 Engineer at Customer Site 
31-50 Direct Phone Number for Engineer 

1-5 MOSTEK Part Number (2) 
33 Chip Select One 

"1" = CS1 or "0" =~ 
or "2" = Don't Care 

35 Chip Select Two 
"1" = CS 2 or "0" = CS 2 
or "2" = Don't Care 

37 Chip Select Three 
"1" = CS 3 or "0" = CS 3 
or "2" = Don't Care 

1-9 Data Format (3) 
15-28 logic - ("Positive Logic" 

or "Negative logic") 
35-57 Verification Code (4) 

COlS 

1-4 

5-7 

8-52 

NOTES-

INFORMATION FIELD 

Four digit octal address of 
first output word on card 
Three digit octal output 
word specified by address in 
column 1-4. 
Next fifteen output words, 
each word consists of three 
octal digits. 

1 Positive Of negative logic formats are accepted as 
noted in the fourth card 

2 AssIgned by MOSTEK; may be left blank 

MOSTEK punched card coding format should be 
used. Punch "MOSTEK" starting in column one 

4 Punches as' tal VERIFICATION HOLD - i.e .. 
customer veTification of the data as reproduced by 
MOSTEK is required prior to production of the 
ROM. To accomplish thIS MOSTEK supphes a copy 
of tts Customer Vertfication Data Sheet (eVDS) to 
the customer 

{hi VERIFICATION PROCESS - i,e, the customer 
will receIve a CVOS but production WIll not begrn 
prior to receipt of cuS10mer verification; (c} 
VERIFICATION NOT NEEDED - i e the customer 
Wtlt not receIve a CVOS and product ton will begtn 
Immediately 

SUPPLEMENTAL DATA SHEET TO BE USED IN CONJUNCTION 
WITH MOSTEK MK34000(P/N)-3 

OPEN -
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MOSTEI(. 
64K-BIT READ-ONLY MEMORY 

Processed to MIL-STD-883, Method 5004, Class B 

MKB36000(P)-O/80/83/84 

FEATURES 
o MKB36000 SK x S Organization-"Edge Activated'" 

operation (CE) 

o Maximum access time: 300ns (-S4) 
250ns (-S3) 
250ns (-SO) 
250ns (-0) 

o Single +5V ± 10% power supply 

o Low Power Dissipation - 220mW max active 

o Standard 24 pin DIP (EPROM Pin Out Compatible) 

o Extended operating ambient temperature range 
(-55°C ';;;:TA ';;;:+125°C): -S4 

DESCRIPTION 
The MKB36000 is a new generation N-channel silicon 
gate MOS Read Only Memory, organized as S192 words 
by S bits. As a state-of-the-art device, the MKB36000 
incorporates advanced circuit techniques designed to 
provide maxim(Jm circuit density and reliability with the 
highest possible performance, while maintaining lower 
power dissipation and wide operating margins. 

The MKB36000 utilizes what is fast becoming an 
industry standard method of device operation. Use of a 
static storage cell with clocked control periphery allows 
the circuit to be put into an automatic low power 
standby mode. This is accomplished by maintaining the 
chip enable (CE) input at a TTL high level. In this mode, 
power dissipation is reduced to typically 35mW, as 
compared to unclocked deviced which draw full power 

FUNCTIONAL DIAGRAM 

'" 
'" 
'10 -"" A, _v .. 

A, 
A, 
" A, 
A, 65536 BIT 

d " CELL MATRIX 
A, ! • 
" ~ ~ A. 

(-55°C';;;: TA ,;;;: 100°C): -S3 
(-40°C ';;;:TA ,;;;:+S5°C): -SO 
(-O°C';;;:T A ,;;;:70°): -0 

o Low Standby Power Dissipation - 55mW typical 
(CE High) 

o On chip latches for addresses 

o Inputs and three-state outputs-TTL compatible 

o Outputs drive 2 TTL loads and 100 pF 

o Ruggedized for use in severe military environments 

continuously. In system operation, a device is selected 
by the CE input, while all other are in a low power mode, 
reducing the overall system power. Lower power means 
reduced power supply cost, less heat to dissipate and an 
increase in device and system reliability. 

The edge activated chip enable also means greater 
system flexibility and an increase in system speed. The 
MKB36000 features onboard address latches 
controlled by the CE input. Once the address hold time 
specification has been met, new address data can be 
applied in anticipation of the next cycle. Outputs can be 
wire- 'OWed together, and a specific device can be 
selected by utilizing the CE input with no bus conflict on 
the outputs. The CE input allows the fastest access 
times yet available in 5 volt only ROM's and imposes no 

PIN CONNECTIONS 

A7 1 24VCC 

A62 23 As 

A5 3 22 AS 
A44 21 A12 
A3 5 20CE 
A2 6 19 A10 

A1 7 18 All 
Ao 8 17°8 
01 9 16°7 

°210 15°6 
°311 1405 

GND12 1304 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on Any Terminal Relative to VSS ................................................... -0.5V to +7V 
Operating Temperature TA (Ambient) -S4 .............................................. -55°C to +125°C 
Operating Temperature TA (Ambient) -S3 .............................................. -55°C to +l00°C 
Operating Temperature TA (Ambient) -SO ............................................... -40°C to +S5°C 
Operating Temperature TA (Ambient) -0 .................................................... O°C to +70oC 
Storage Temperature - Ceramic (Ambient) ............................................. -65°C to +150oC 
Power Dissipation ...................•............................................................ 1 Watt 

·Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated in the operating sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

RECOMMENDED DC OPERATING CONDITIONS· 
(-55°C T" ,;;; +125°C) for -S4; (-40°C';;; T, ,;;; +S5°C) for -SO 

SYM PARAMETER MIN 

V" Power Supply Voltage 4.5 

jV" Input Logic 0 Voltage ~1.0 

VIII Input Logic 1 Voltage 2.4 

DC ELECTRICAL CHARACTERISTICS 

TYP MAX UNITS NOTES 

5.0 5.5 Volts 6 

O.S Volts 

Vee Volts 

(V" = 5V ± 10%) (ELECTRICAL CHARACTERISTICS VALID OVER TEMPERATURE RANGE FOR EACH DEVICE6) 

SYM PARAMETER MIN TYP MAX UNITS NOTES 

Icc I V", Power Supply Current Active 40 mA 1 

Icc2 V", Power Supply Current Standby 10 mA 7 

1.,1.1 Input Leakage Current -10 10 j/oA 2 

1"", Output Leakage Current -10 10 fJ.A 3 

V,,, Output Logic "0" Voltage 0.4 Volts 
@ I"ll = 3.3mA 

V"" Output Logic "1" Voltage 2.4 volts 
@ 1,,,, = -220 j/oA 

AC ELECTRICAL CHARACTERISTICS 
(V" = 5V ± 10%)6 (ELECTRICAL CHARACTERISTICS VALID OVER TEMPERATURE RANGE FOR EACH DEVICE)" 

36000-0/80/83 36000-84 

SYM PARAMETER MIN MAX MIN MAX UNITS NOTES 

k Cycle Time 375 450 ns 4 

t" CE Pulse Width 250 300 ns 4 

hc CE Access Time 250 300 ns 4 

t(11 I Output Turn Off Delay 60 75 ns 4 

t\S Address Setup Time 0 0 ns 
Referenced to CE 

tl' CE Precharge Time 125 150 ns 
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CAPACITANCE 
(-55°C ~ T., ~ +125°C) 

SYM PARAMETER 

C, Input Capacitance 

Co Output Capacitance 

TYP 

5 

7 

1 Current is proportional to cycle rate ICC I is measured at the specified 
minimum cycle time 

2. VIN 0 OV 10 55V 

3 Device unselected; VOUT ::: OV to 5.5V 

4 Measured with 2 TTL loads and 100pF. transition times:: 20n5 

5 Capacitance measured with Boonton Meter or effective capacitance 

TIMING DIAGRAM 

CHIP ENABLE 

ADDRESS 

DATA OUTPUT 
VOH -
VOL -------

MAX 

8 

15 

calculated from the equation 

C o~Wllh 6, V 0 3voilS 
6,V 

UNITS 

pF 

pF 

NOTES I 
5 J 
5 I 

A minimum 250 #,S time delay is required after the application of Vee (+5) 
before proper device operation is achieved IT must be high dUring this 

periQd 

IT hIgh 

t C 

MKB36000 ROM PUNCHED CARD CODING FORMAT (1 & 6) 

COlS INFORMATION FiElD 

FIRST CARD 1-30 Customer 
31-50 Customer Part Number 
60-72 MOSTEK Part Number (2) 

SECOND CARD 1-30 Engineer at Customer Site 
31-50 Direct Phone Number for 

Engineer 

THIRD CARD 1-5 MOSTEK Part Number (2) 
FOURTH CARD 1-9 Data Format (3) 

15-28 logic - ("Positive logiC" 
or "Negative Logic") 

35-57 Verification Code (4) 

NOTES 

PosItive or negative logIC formats are accepted as noted in the fourth card 

2 Assigned by MOSTEK: may be left blank 

3 MOSTEK punched card codmg format should be used Punch "MOSTEK" 

startmg in column one 

4 Punches as: (a) VERIFICATION HOLD - I e customer venflcatlon of the 
data as reproduced by MOSTEK IS required prior to production of the ROM 

To accomplish thIs MOSTEK supplies a copy of Its Customer Verification 

DATA FORMAT 

512 data cards (16 data words/card) with the 
following format: 

--
COlS INFORMATION FiElD 

1-4 Four digit octal address of 
first output word on card 

5-7 Three digit octal output 
word specified by address in 
column 1-4 

8-52 Next fifteen output words, 
each word consists of three 
octal digits. 

Data Sheet (CVDS) to the customer 

(b) VERIFICATION PROCESS - I,e .. the customer will receive a CVDS but 
productIOn will begin prior to receipt of customer venfication: (cl 
VERIFICATION NOT NEEDED - Ie. the customer wilt not receive a CVDS 

and production will begin Immediately 

512 cards for MKB36000 

6 Please consult MOSTEK ROM Programming Guide for further details on 
other formats 
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DESCRIPTION (Continued) 

loss in system operating flexibility over an unclocked 
device. 

Other system oriented features include fully TTL 
compatible inputs and outputs. The three state outputs, 
controlled by the CE input, will drive a minimum of 2 
standard TTL loads. The MKB36000 operates from a 
single +5 volt power supply with a wide ± 10% 
tolerance, providing the widest operating margins 
available. The MKB36000 is packaged in the industry 
standard 24 pin DIP. 

Any application requiring a high performance, high bit 
density ROM can be satisfied by the MKB36000 ROM. 
This device is ideally suited for 8 bit microprocessor 
systems such as those which utilize the Z-80. It can 
offer significant cost advantages over PROM. 

OPERATION 

The MKB36000 is controlled by the chip enable (CE) 
input. A negative going edge at the CE input will activate 
the device as well as strobe and latch the inputs into the 
onchip address registers. At access time the outputs 
will become active and contain the data read from the 
selected location. The outputs will remain latched and 
active until CE is returned to the inactive state. 

PROGRAMMING DATA 

MOSTEK is now able to utilize a wide spectrum of data 
input formats and media. Those presently available are 
listed in the following table: 

Table 1 

Acceptable Media Acceptable Format 
CARDS MOSTEK 
PAPER TAPE INTEL CARD 
PROMS INTEL TAPE 
DATA LINK EA 

MOSTEK F-8 
MOTOROLA 6800 

SUPPLEMENTAL DATA SHEET TO BE USED IN CONJUNCTION 
WITH MK36000(P/N)-4/5 DATA SHEET 
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MOSTEI(. 
2048 x 8-BIT UV ERASABLE PROM 

Processed to MIL-STD-883, Method 5004, Class B 

FEATURES 

o Extended operating temperature (-40°C s. TA 
s.85°C) 

o Replacement for popular 2048 x 8 bit 2716 type 
EPROM 

o Single +5 volt power supply during READ operation 

o Fast Access Time in READ mode 

PIN 
MKB2716-78 
MKB2716-82 

Access Time 
450ns 
650ns 

o Low Power Dissipation: 603 mW max active 

o Power Down mode: 132 mW max standby 

DESCRIPTION 

The MKB2716 is a 2048x8 bit electrically program­
mable/ultraviolet erasable Read Only Memory, The 
circuit is fabricated with MOSTEK's advanced N­
channel silicon gate technology for the highest 
performance and reliability, The MKB2716 offers 
significant advances over hardwired logic in cost, 
system flexibility, turnaround time and performance, 

The MKB2716 has many useful system oriented 
features including a STANDBY mode of operation which 
lowers the device power from 603 mW maximum active 
power to 132 mW maximum for an overall savings of 
75%, 

BLOCK DIAGRAM 

i5E 
CE 'PGM 

AO 
THRU 

AlO 
, , 

: x : H----
i-DECODE ~ 

L' 

°OTHRU07 

~_vcc 
-GND 

MKB2716(T}-78/82 

o Three State Output OR-tie capability 

o Five modes of operation for greater system 
flexibility (see Table) 

o Single programming requirement: single location 
programming with one 50 msec pulse 

o Pin Compatible with MKB34000 16K ROM 

o TIL compatible in all operating modes 

o Standard 24 pin DIP with transparent lid 

o Ruggedized for use in severe military environments 

MODE SELECTION 

PIN CE/PGM OE 
MODE (18) (20) 

READ VIL VIL 

STAND8Y VIH Don't 
Care 

PROGRAM Pulsed VIH 
VIL to VIH 

PROGRAM VIL VIL 
VERIFY 

PROGRAM VIL VIH 
INHIBIT 

VCC(24) - 5V all modes 

PIN CONNECTIONS 
...-....--.-....... 

A7 1 

AS 2 

A5 3 

A44 

A3 5 

A2 6 

A1 7 

AO 8 
00 9 

°110 

°211 

GND12 

VPP 
(21 ) 

+5 

+5 

+25 

+25 

+25 

24VCC 

23 A s 

22 A9 

21 VPP 

200E 

19A10 

18CE 

17°7 

16 0 S 

15°5 

14 0 4 

13 03 

AO - A 10 Addresses 

OUTPUTS 

Valid Out 

Open 

Input 

Valid Out 

Open 

CE/PGM Chip Enable/Program 
OE Output Enable 
00 - 0 7 Outputs 
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ABSOLUTE MAXIMUM RATINGS* 

Voltage on any pin relative to VSS .......................................................... -0.3V to +6V 
(Except VPP) 
Voltage on VPP supply pin relative to VSS ................................................. -0.3V to +28V 
Operating Temperature TA (Ambient) ................................................. -40°C ';;;TA';;; 85°C 
Storage Temperature (Ambient) ................................................... -55°C';;; TA';;; +125°C 
Power Dissipation ................................................................................ 1 Watt 
Short Circuit Output Current ...................................................................... 50mA 

*Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device This IS a stress rating only and functional 

operation of the deVice at these or "any other conditions above those ,ndicated In the operating sections of this specification IS not Implied Exposure to absolute 
mi'tXlmum rating conditions for extended periods may affect deVice reliability 

READ OPERATION 
RECOMMENDED DC OPERATING CONDITIONS AND CHARACTERISTICS',2,4," 
(-40°C';;; T A';;; 85°C) (Vee = ±5%, Vpp = ±0.6V)' 

SYM PARAMETER MIN TYP MAX 

V,II Input High Voltage 2.0 V,, tl 

VII Input Low Voltage -0.1 0.8 

I" I V,, Standby Power Supply Current 10 25 
(OE VII, CE - VII,) 

I" , V,, Active Power Supply Current 57 100 
(DE CE VII) 

1"", V"" Current (V "" - 5.85V) 6 

VIlli Output High Voltage 2.4 
(loH = -400/LA) 

V'" Output Low Voltage .45 
(1", = 2.1 mA) 

III Input Leakage Current 10 
(V" = 5.25V) 

lUI Output Leakage Current 10 
(V," I = 5.25V) 

AC CHARACTERISTlCS',2,5 

(-40°C';;; T \ ,;;; 85 U C) (V" = ::>:5%, V"" - ::>:0.6V)· 

!SYM 

-78 -82 

PARAMETER MIN MAX MIN MAX 

I\c< Address to Output Delay 450 650 
(CE = OE = VII) 

tn CE to Output Delay 450 650 
(OE = VII) 

tOI Output Enable to Output 180 230 
Delay (CE = V,I) 

till Chip Deselect to Output a 130 0 150 
Float (CE = VII) 

t()I! Address to Output Hold a 0 
CE = OE = VII.) 
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UNITS NOTES 

Volts 

Volts 

mA 2 

mA 2 

mA 2,3 

Volts 

Volts 

/LA 

/-lA 

UNITS NOTES 

ns 

ns 6 

ns 10 

ns 9 

ns 



CAPACITANCE 
(L = 25°C)8 

SYM 

C,,, 

COl' 

NOTES-

PARAMETER TYP 

Input Capacitance 4 

Output Capacitance 8 

1 vee must be applied on or before and removed after Of at the same time as VPP 

MAX UNITS 

6 pF 

12 pF 

2 VPP and vee may be connected together except during programming. In which case the supply current IS the sum of ICC and IpP1 

NOTES 

7 

7 

3 The tolerance on VPP is to allow use of a driver circuit to switch VPP from vee to +25V In the READ and PROGRAM mode respectively 
4. All voltages with respect to VSS 

Load conditions:: ITIL load and 100pF., Ir:: IF:: 20ns. reference levels are lV or 2V for Inputs and .BV and 2V for outputs 
6 tOE is referenced to CE or the addresses. whichever occurs last 
7 Effective Capacitance calculated from the equation C ::f!j where f:,.V:: 3V 
8. Typical numbers are for TA :: 25°C and vee:: 5.0V 

9 tOF IS applicable to both CE and DE, whichever occurs fIrst 
10 OE may follow up to tACC - tOE after the falling edge of cr without effecting tACC 

SUPPLEMENTAL DATA SHEET TO BE USED IN CONJUNCTION 
WITH MOSTEK MK2716(T)-61718. 

r 
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MOSTEI(. 
2048 x 8-BIT UV,ERASABLE PROM 

Processed to MIL-STO-883, Method 5004, Class B 

FEATURES 

o Replacement for popular 2048 x 8 bit 2716 type 
EPROM 

o Single +5 volt power supply during READ operation 

o Fast Access Time in READ mode 

PIN 
MKB2716-7 
MKB2716-8 
MKB2716-12 

Access Time 

390ns 
450ns 
650ns 

o Low Power Dissipation: 525 mW max active 
o Power Down mode: 132 mW max standby 

DESCRIPTION 

The MKB2716 is a 2048x8 bit electrically program­
able/ultraviolet erasable Read Only Memory. The 
circuit is fabricated with MOSTEK's advanced N­
channel silicon gate technology for the highest 
performance and reliability. The MKB2716 offers 
significant advances over hardwired logic in cost, 
system flexibility, turnaround time and performance. 

The MKB2716 has many useful system oriented 
features including a STANDBY mode of operation which 
lovers the device power from 525 mW maximum active 
power to 132 mW maximum for an overall savings of 
75%. 

BLOCK DIAGRAM 

DE 
CE 'PGM 

MKB2716(T)-7/8/12 

o Three State Output OR-tie capability 

o Five modes of operation for greater system 
flexibility (see Table) 

o Single programming requirement: single location 
programming with one 50 msec pulse 

o Pin Compatible with MKB34000 16K ROM 

o TTL compatible in all operating modes 

o Standard 24 pin DIP with transparent lid 

o Ruggedized for use in severe military environments 

MODE SELECTION 

PIN CE/PGM OE VPP OUTPUTS 
MODE (1S) (20) (21) 
READ VIL VIL +5 Valid Out 
STANDBY VIH Don't +5 Open 

Care 
PROGRAM Pulsed VII' +25 nput 

VIL to VIH 
PROGRAM VIL VIL +25 Valid Out 
VERIFY 
PROGRAM VIL VIH +25 Open 
INHIBIT 

VCC(241 = 5V all modes 

PIN CONNECTIONS 
A7 1 24VCC 

A62 23 As 

AS 3 22 A9 
A44 21 VPP 
A3 5 200E 

A2 6 19A10 

A1 7 18CE 

AO 8 17°7 

00 9 16°6 

0110 15 Os 

°211 14°4 

GN012 13°3 

AO - A 10 Addresses 
CE/PGM Chip Enable/Program 
OE Output Enable 
00 - 07 Outputs 
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ABSOLUTE MAXIMUM RATINGS* 

Voltage on any pin relative to VSS .. , ....................................................... -0.3V to +6V 
(Except VPP) 
Voltage on VPP supply pin relative to VSS ................................................. -0.3V to +28V 
Operating Temperature TA (Ambient) .................................................... OOC TA 70°C 
Storage Temperature (Ambient) ................................................... -55°C TA +125°C 
Power Dissipation ................................................................................ 1 Watt 
Short Circuit Output Current ...................................................................... 50mA 

*Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated in the operating sections of this specification is not implied, Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

READ OPERATION 
RECOMMENDED DC OPERATING CONDITIONS AND CHARACTERISTICS',2,4,8 
(O°C :s;; T A :s;; 70°C) (Vee = +5V ± 5%, Vpp = Vee ± 0.6V)3 

SYM PARAMETER MIN TYP MAX 

VIII Input High Voltage 2.0 Vee+l 

VII. Input Low Voltage -0.1 0.8 

IeCl Vee Standby Power Supply 10 25 
Current (OE = V,I.; CE =VII,j 

1eC2 Vee Active Power Supply 57 100 
Current (OE = CE = VII.) 

11'1" Vpp Current (VI'P = 5.85V) 5 

Vo" Output High Voltage 2.4 
(lOH =-400JLA) 

VOL Output Low Voltage .45 
(101. = 2.1 mAl 

1,1. Input Leakage Current 10 
(V'N = 5.25V) 

101. Output Leakage Current 10 
(Vour = 5.25V) 

AC CHARACTERISTICS',2,5 
(O°C :s;; L :s;; 70°C) (Vee = 5V ± 5%, VI'" = 5V ± 0.6V)3 

UNITS NOTES 

Volts 

Volts 

mA 2 

mA 2 

mA 2,3 

Volts 

Volts 

JLA 

JLA 

-7 -8 -12 

SYM PARAMETER MIN MAX MIN MAX MIN MAX UNITS NOTES 

tAc( Address to Output Delay 390 450 650 ns 
(CE = OE = VII.) 

teL CE to Output Delay 390 450 650 ns 6 
(OE = VII) 

t(ll: Output Enable to Output 120 120 230 ns 10 
Delay (CE= VII) 150 150 

tl)' Chip Deselect to Output 0 100 0 100 0 150 ns 9 
Float (CE = VII.) 

tOil Address to Output Hold 0 0 0 ns 
(CE = OE = VII.) 



CAPACITANCE 
(I" = 25°C)8 

SYM 

C'N 

COUI 

NOTES; 

PARAMETER TYP 

Input Capacitance 4 

Output Capacitance 8 

1· V ! ( must be applied on or before VI')' and removed after or at the same time as VP1 >, 

MAX UNITS 

6 pF 

12 pF 

2. VI'I' and VI ( may be connected together except dUring programming, in which case the supply current IS the sum of I, ( and II')') 

3. The tolerance on VPI' is to allow use of a driver circuit to SWitch VI'I' from VI ( to ,25V in the READ and PROGRAM mode respectively. 

4, All voltages with respect to V-.,-.,. 

5. Load conditions = III! load and 100pF., tr tf 20ns, reference levels are lV or 2V for Inputs and 8V and 2V for outputs 

6. tOI IS referenced to CE or the addresses, whichever occurs last. 

7. Effective Capacitance calculated from the equation C ~~ Q where 6. V -3V 

8. Typical numbers are for T \ = 25'-'C and V( ( 5.0V. 

9. till is applicable to both CE and DE, whichever occurs first. 

10. DE may follow up to t \( ( - t'JI after the failing edge of CE without effecting t\( ( 

SUPPLEMENTAL DATA SHEET TO BE USED IN CONJUNCTION 
WITH MOSTEK MK2716(T)-617 /8. 

NOTES 

7 

7 
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MOSI'EI(. 
4096 x 1-81T DYNAMIC RAM 

Processed to MIL-STD-883, Method 5004, Class 8 

FEATURES 
o Industry standard 16·pin DIP (MK 4096) configura· 

tion 

o 150ns access time, 320 ns cycle (MK 4027·2) 
200ns access time, 375ns cycle (MK 4027·3) 
250ns access time, 375ns cycle (MK 4027·4) 

o ±10% tolerance on all supplies (+12V, ±5V) 

o ECl compatible on VBB power supply (-5.7V) 

o Low Power: 462mW active (max) 
27mW standby (max) 

DESCRIPTION 
The MKB 4027 is a 4096 word by 1 bit MOS random 
access memory circuit fabricated with MOSTEK's N· 
channel silicon gate process. This process allows the 
MKB 4027 to be a high performance state·of·the·art 
memory circuit that is manufacturable in high volume. 
The MKB 4027 employs a single transistor storage cell 
utilizing a dynamic storage technique and dynamic 
control circuitry to achieve optimum performance with 
tower power dissipation. 

A unique multiplexing and latching technique for the 
address inputs permits the MKB 4027 to be packaged 
in a standard 16·pin DIP on 0.3 in. centers. This package 
size provides high system· bit densities and is 
compatible with widely available automated testing and 
insertion equipment. 

FUNCTIONAL DIAGRAM 

"""--- ,:-:----.-~--

" 

" 
" 

" 

OY",",V CU~$ ------

':.::: ~ 
•• UU( ~H~U~ ."~ll.'f"5 

CI ... ""gAT. lOUT U'''I<' 

I 
J 

iO ••• 1 

MKB4027(J)-2/3/4 
o Improved performance with "gated CAS", "RAS 

only" refresh and page mode capability 

o All inputs are low capacitance and TTL compatible 

o Input latches for addresses, chip select and data in 

o Three·state TIL compatible output 

o Output data latched and valid into next cycle 

o Ruggedized for use in severe military environments 

System oriented features include direct interfacing 
capabil ity with TTL, only 6 very low capacitance address 
lines to drive, on·chip address and data registers which 
eliminates the need for interface registers, input logic 
levels selected to optimize noise immunity, and two chip 
select methods to allow the user to determine the 
appropriate speed/power characteristics of his memory 
system. The MKB 4027 also incorporates several 
flexible operating modes. In addition to the usual read 
and write cycles, read· modify write, page· mode, and 
RAS·only refresh cycles are available with the MKB 
4027. Page·mode timing is very useful in systems 
requiring Direct Memory Access (DMA) operation. 

PIN CONNECTIONS 

vBB 1 

DIN 2 

WRITE 3 

RAS4 

AO 5 

A26 

A17 

VDD8 

PIN NAMES 

AD . A6 Address Inputs 
CAS Column Address Strobe 
DIN Data In 
DOUT Data Out 
RAS Row Address Strobe 

16 VSS 

15 CAS 

14 DOUT 

13 CS 

12 A3 

11 A4 

10 A5 

9 vcc 

WRITE Read/Write Input 
VBB Power (-5V) 
VCC Power (+5V) 
VOD Power (+12V) 
VSS Ground 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on any pin relative to VB/l ........................................................... -1.5V to +20V 
Voltage on Vnn, Vee relative to Vss .......................................................... -1 .OV to + 15V 
VBB - V" (Vnn - Vss > 0) ............................................................................... OV 
Operati ng Temperature, TA (Ambient) ........................................................ O°C to + 70°C 
Storage Temperature (Ambient)(Ceramic) .................................................. -65°C to +150°C 
Storage Temperature (Ambient)(Plastic) .................... ; .............................. -55°C to +125°C 
Short Circuit Output Current ....................................................................... 50mA 
Power Dissipation ................................................................................ 1 Watt 
"Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated in the operating sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

RECOMMENDED DC OPERATING CONDITIONS4 
(O°C :0:;; TA :0:;; 70°C)' 

SYM PARAMETER MIN 

Vnn Supply Voltage 10.8 

Vet Supply Voltage 4.5 

Vss Supply Voltage 0 

VBB Supply Voltage -4.5 

V lilC Logic 1 Voltage, RAS, CAS, WRITE 2.4 

VIIl Logic 1 Voltage, all inputs except 2.2 
RAS, CAS, WRITE 

Vii. Logic 0 Voltage, all inputs -1.0 

DC ELECTRICAL CHARACTERISTlCS4 

TYP MAX UNITS 

12.0 13.2 Volts 

5.0 5.5 Volts 

0 0 Volts 

-5.0 -5.7 Volts 

, 7.0 Volts 

7.0 Volts 

.8 Volts 

(O°C :0:;; TA :0:;; 70°C)' (Viln = 12.0V ± 10%; Vee = 5.0V ± 10%; Vss = OV; -5.7V :0:;; VBB :0:;; -4.5V) 

SYM PARAMETER MIN TYP MAX UNITS 

Inn I Average VnD Power Supply Current 35 mA 

InD2 Standby VnD Power Supply Current 2 mA 

Inn) Average Vnn Power Supply Current 25 mA 
during "RAS only" cycles 

Icc Vee Power Supply Current mA 

IBB Average VB/l Power Supply Current 150 !1A 

11(1.1 Input Leakage Current (any input) 10 !1A 

IOil.1 Output Leakage Current 10 !1A 

VOIl Output Logic 1 Voltage @ 2.4 Volts 
101;1 ='-5mA 

VOL Output Logic 0 Voltage + 0.4 Volts 
101"1 = 3.2mA 
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2 

2 
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NOTES 
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8 

6 

7 
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NOTES: 

1. T \ is specified for operation at frequencies to h( ~ tl{{ (min). Operation at 
higher cycle rates with reduced temperatures and higher power dissipation 
is permissible provided that all AC parameters are met. See Figure 2 for 
derating curve. 

2. All voltages referenced to v.,..~. 

3. Output voltage will swing from V:-.~ to V( (' when enabled, with nooutput load. 
For purposes of maintaining data in standby mode, Vet" may be reduced to VS\ 
without affecting refresh operations or data retention. However, the VOIl 

(min) specification is not guaranteed in this mode. 
4. Several cycles are required after power-up before proper device operation is 

achieved. Any 8 cycles which perform refresh are adequate forthis purpose. 
5. Current is proportional to cycle rate IDIlI (max) is measured at the cycle rate 

specified by tlt( (min). See Figure 1 for IDDI limits at other cycle rates. 

6.1( (' depends on output loading. During readout of high level data Vel' is 
connected through a low impedance (1350 typ) to Data Out. At all other 
times in· consists of leakage currents only. 

7, All device pins at Ovolts except VillI which is at ~5 volts and the pin under test 
which is at +10 volts. 

8. Output is disabled (high-impedance) and RAS and CAS are both at a logic 1. 
Transient stabilization is required prior to measurement of this parameter. 

9. OV E; VOl I:::;;; +10V 
10. Effective capacitance is calculated from the equation: 

C = h.O with h.V = 3 volts. 
'6V 

11. AC measurements assume tl :::: 5ns. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (4.11.17) 
(O°C ~ TA ~ 70°C)' (Vnll = 5.0V ± 10%. V" = OV, -5.7V ~ V"" ~ -4.5V) 

MKB4027-2 MKB4027-3 MKB4027-4 

SYM PARAMETER MIN MAX MIN MAX MIN MAX UNITS NOTES 

tRC Random read or write cycle time 320 375 380 ns 12 

tRW( Read write cycle time 320 375 395 ns 12 

tRMW Read modify write cycle time 320 405 470 ns 12 

tRMW Page mode cycle time 170 225 285 ns 12 

lRAC Access time from row 150 200 250 ns 13,15 
address strobe 

teAC Access time from column 100 135 165 ns 14,15 
address strobe 

tOFF Output buffer turn-on delay 40 50 60 ns 

tRP Row address precharge time 100 120 120 ns 

tRAS Row address strobe pulse width 150 10,000 200 10,000 250 5,000 ns 

tRSIl Row address strobe hold time 100 135 165 ns 

teAS Column address strobe pulse width 100 135 165 ns 

teSH Column address strobe hold time 150 200 250 ns 

tRCll Row to column strobe delay 20 50 25 65 35 85 ns 16 

tASR Row address set-up time 0 0 0 ns 

tRAil Row address hold time 20 25 35 ns 

tAse Column address set-up time -10 -10 0 ns 

leAII Column address hold time 45 55 75 ns 

tAR Column address hold time 95 120 160 ns 
referenced to RAS 

tesc Chip select set-up time -10 -10 0 ns 

tell Chip select hold time 45 55 75 ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 

MKB4027-2 MKB4027-3 MKB4027-4 
SYM PARAMETER 

MIN MAX MIN MAX MIN MAX 
UNITS iNOTES 

tUIR Chip select hold time referenced 95 
to RAS 

t, Transition time (rise and fall) 3 35 

tRes Read command set-up time 0 

tRCH Read command hold time 0 

tWCII Write command hold time 45 

twel{ Write command hold time 95 
referenced to RAS 

tWI' Write command pulse width 45 

lew!. Write command to row strobe 50 
lead time 

t( WI. Write command to column strobe 50 
lead time 

tDs DATA in set-up time 0 

tDII Data in hold time 45 

tDllR Data !!: held time refere!1ced 95 
to RAS 

t( RP Column to row strobe precharge 0 
time 

tel' Column precharge time 60 

tRFSII Refresh period 

twcs Write command set-up time 0 

te\\,D CAS to WRITE delay 60 

tRWD RAS to WRITE delay 110 

tDolI Data out hold time 10 

NOTES; (Continued) 
12. The specifications for t,« (min and tl/.\\I (min) are used to indicate cycle time 

at which proper operation over the full temperature range (OO~T \ ~ 70G e) is 
assured. See Figure 2 for derating curve. 

13. Assumes that t/H P ::;;;; tl\{ IJ (max) 
14. Assumes that tK( P ;;3 tK( I) (max). 
15. Measured with a load cirCUit equivalent to 2 TTL loads and l00pF. 
16. Operation within the tK( II (max) limit, then access time is controlled 

exclusively by it \~. 

17. V IIH (min) or VIII (min) and VI. (max) are reference levels for measuring 
timing of input signals. Also transition times are measured between VIII( or 
VIII and VII 

AC ELECTRICAL CHARACTERISTICS 

2 

120 160 ns 

3 50 3 50 ns 17 

0 0 ns 

0 0 ns 

55 75 ns 

120 160 ns 

55 75 ns 

70 85 ns 

70 85 ns 

0 0 ns 18 

55 75 ns 18 

1"'" .~~ rus 'LV IUV 

0 0 ns 

80 110 ns 

2 2 ms 

0 0 ns 19 

80 90 ns 19 

145 175 ns 19 

10 5 ns 

18. These parameters are referenced to CAS leading edge In random write 
cycles and to WRITE leading edge is delayed write or read-mOdify-write 
cycles. 

19. hI{ \, tt "'I), and tK\',P are restrictive operating parameters in a read/write or 
read/modify/write cycle only. If hI{ ~ ~ hH ~ (min), the cycle IS an early write 
cycle and Data Out will contain the data written into the selectedcell.lftl IIIl 

~ tl lIP (min) and t ln\ I) ~ tK\\ 11 (min), the cycle is a read write cycle and Data 
Out will contain data read from the selected cell. If neither of the above sets 
of conditions is satisfied, the condition of Data Out (at access time) is 
indeterminate. 

(O°C ~ T A ~ 70°C) (VOl) = 12.0V ± 10%; Vss = OV; -5. 7V ~ VBB ~ -4.5V) 

SYM PARAMETER TYP MAX UNITS NOTES 

CII Input Capacitance (A" - As), D,i'i CS 4 5 pF 10 

C" Input Capacitance RAS, CAS, WRITE 8 10 pF 10 

Co Output Capacitance (DOl,) 5 7 pF 8,10 
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SUPPLEMENTAL DATA SHEET TO BE USED IN CONJUNCTION 
WITH MOSTEK MK4027(J)-1 12/3 AND MK4027(J)-4 DATA SHEETS. 
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MOSTEI(. 
4096 x 1-81T DYNAMIC RAM 

Processed to MIL-STD-883, Method 5004, Class 8 

MKB4027(J}-83/84; MKB4027(F}-84 
FEATURES 

o Extended operating temperature range (-55°C";; 
TA ";;+85°C) 

o Industry standard 16-pin DIP (MK4096) configura­
tion 

o 200ns access time, 375ns cycle (-83) 
250 ns access time, 375ns cycle (-84) 

o ± 1 0% tolerance on all supplies (+12V, ± 5V) 

o Low Power: 467mW active (max) 
40mW standby (max) 

DESCRIPTION 

The MKB4027 is a 4096 word by 1 bit MOS random 
access memory circuit fabricated with MOSTEK's N­
channel silicon gate process. This process allows the 
MKB4027 to be a high performance state-of-the-art 
memory circuit that is manufacturable in high volume. 
The MKB4027 employs a single transistor storage cell 
utilizing a dynamic storage technique and dynamic 
control circuitry to achieve optimum performance with 
low power dissipation. 

A unique multiplexing and latching technique for the 
address inputs permits the MKB4027 to be packaged in 
a standard 16-pin DIP on 0.3 in. centers. This package 
size provides high system-bit densities and is 
compatible with widely available automated testing and 
insertion equipment. 

FUNCTIONAL DIAGRAM 

" 

o Improved performance with "gated CAS," "RAS 
only" refresh and page mode capability 

o All inputs are low capacitance and TTL compatible 

o Input latches for addresses, chip select and data in 

o Three-state TTL compatible output 

o Output data latched and valid into next cycle 

o Ruggedized for use in severe military environ­
ments 

System oriented features include direct interfacing 
capability with TTL, only 6 very low capacitance address 
lines to drive, on-chip address and data registers which 
eliminates the need for interface registers, input logic 
levels selected to optimize noise immunity, and two chip 
select methods to allow the user to determine the 
appropriate speed/power characteristics of his memory 
system. The MKB4027 also incorporates several 
flexible operating modes. In addition to the usual read 
and write cycles, read-modify write, page-mode, and 
RAS only refresh cycles are available with the 
MKB4027. Page-mode timing is very useful in systems 
requiring Direct Memory Access (DMA) operation. 

PIN CONNECTIONS 

VBB 1 

DIN 2 

-wRifE3 

RAS4 

AO 5 

A26 

A,7 

VDD8 

PIN NAMES 

AO - A6 Address Inputs 
C S Column Address Strobe 
DIN Data In 
DOUT Data Out 
RAS Row Address Strobe 

16 VSS 

15CAs 

14 DOUT 

13 es 

12 A3 

11 A4 

10 A5 

9 vee 

WRITE Read/Write Input 
VBB Power (-5V) 
vee Power (+5V) 
VDD Power (.,.12V) 
VSS Ground 
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ABSOLUTE MAXIMUM RATINGS' 
Voltage on any pin relative to VBS 0000000000000000000000000000000000000000000000000000 0 0 0 0 0 0 0 0 -Oo5V to +20V 
Voltage on Voo, Vee relative to Vsso 0 0 0 0 ...... 0 0 0 0" 0 0 .... 0 0 .. 0 0 0 0 0 0 0 0 ...... 0 0 0 0 .... 0 .. 0 0 0 0 0 .. 0 -1.0V to +15V 
VBS - Vss (Voo - Vss > 0) 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 000 0 0 0 OV 
Operating Temperature (Ambient)(Ceramic) 0000000000000000000000000000000000000000000000000 0 -55°C to +85°C 
Storage Temperature (Ambient)(Ceramic) 00000000000000000000000000000000000000000000000000 0 -65°C to + 150°C 
Short Circuit Output Current 0000000000000000000000000000000000000000000000000000 0 0 0 0 0 0 0 0 0 0 0 00000000 50mA 
Power Dissipation 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 00 0 0 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 Watt 
·Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated in the operating sections of this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 

RECOMMENDED DC OPERATING CONDITIONS4 
(-55°C ~ TA ~ 85°C) 

SYM PARAMETERS 

V"" Supply Voltage 

Vee Ground 

V" Supply Voltage 

V"" Supply Voltage 

Ville Logic 1 Voltage, RAS, CAS, WRITE 

VIII Logic 1 Voltage, ali inputs except 

I 
"t57\"C r;;:c '"\i\'iD"iTC 
,.~...." ..... "v, VVI ,II L-

IVII I Logic 0 Voltage, all inputs 

MIN 

10.8 

4.5 
I 

0 

-4.5 

I 
2.7 

! 
2.7 

-1.0 

TYP MAX UNITS NOTES 

12.0 ! 13.2 Volts 2 

5.0 5.5 Volts 2,3 

0 0 Volts 2 

-5.0 -5.5 Volts 2 

7.0 Volts 2 

, 7.0 Volts 2 

i I 
.8 Volts 2 

DC ELECTRICAL CHARACTERISTlCS4 
(-55°C ~ T, ~ 85 D C)' (V"" = 12.0V ± 10%; Vee 5.0V ± 10%; V" = OV; V"" = -5.0V ± 10%) 

SYM I PARAMETER I 

hlDl Average V"" Power Supply Current 

1J)1l2 Standby VJ)f) Power Supply Current 

Ill".l Average VIJI) Power Supply Current during 
"RAS only" cycles 

I" Vee Power Supply Current 

I"" Average V"" Power Supply Current 

10.) Input Leakage Current (any input) 

IO(L) Output Leakage Current 

VOl! Output Logic 1 Voltage @ 1m I = -5mA 

VOl Output Logic 0 Voltage @ 101 I = 3.2mA 

NOTES: 
T \ IS speCified for operation at frequencies to tK( ::;:;: hI' (mm). Operation at 
higher cycle rates With reduced ambient temperatures and higher power 
diSSipation IS permissible provided that aU AC parameters are met. 

2. All voltages referenced to V ......... 
3. Output voltage will swmg from V" toV" when enabled, With no output load. 

For purposes of maintaining data In standby mode. V,, may be reduced to V ........ 
Without affecting refresh operations or data retention. However. the V"II 
imln) specificatIOn IS not guaranteed In thiS mode. 

4. Several cycles are reqUired after power-up before proper device operatIOn IS 
achieved. Any 8 cycles which perform refresh are adequate for thiS purpose. 

5. Current is proportional to cycle rate. IDili (max) is measured at the cycle rate 
228 specified by tRC (min). See Figure 1 for 11)1)1 limits at other cycle rates. 

MIN TYP MAX UNITS NOTES 

35 mA 5 

3.0 mA 8 

27 mA 

mA 6 

! 200 /-lA , 

10 /-lA 7 

10 /-lA 8,9 

2.4 Volts 

0.4 Volts 

. 6. I" depends on output loading. DUring readout of high level data V" is 
connected through a low Impedance i1350 typ) to Data Out. At all other 
times I, ( consists of leakage currents only. 

7. All deVice pins at 0 volts except VI!I! which IS at -5 volts and the pin under test 
which IS at . 10 volts. 

8. Output logiC IS disabled (high-Impedance) and RAS and CAS are both at a 
logiC 1 TranSient stabilization IS required prior to measurement of thiS 
parameter. 

9. OV %; V()I I ~ ·lOV 
10. Effective capacitance is calculated from the equation 

C ~~ Q WIth LV 3 Volts. 
II 

11. A.C. measurements assume tl 5ns. 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (4,",1) 
(-55°C ~ T, ~ 85°C)' (VIm = 12.0V ± 10%, Vcc = OV, VHH = -5.0V ± 10%) 

MKB4027-83 MKB4027-84 

SYM PARAMETER MIN MAX MIN MAX UNITS 

tRC Random read or write cycle time 375 380 ns 

tRWC Read-write cycle time 375 395 ns 

tRMW Read Modify Write Cycle 405 470 ns 

trl' Page mode cycle time 225 285 ns 

tRAC Access time from row address strobe 200 250 ns 

teAl' Access time from column address strobe 135 165 ns 

tOFF Output buffer turn-off delay 50 60 ns 

tRP Row address strobe precharge time 120 120 ns 

tRAS Row address and strobe pulse width 200 5000 250 5000 ns 

tRSH Row address strobe hold time 135 165 ns 

teAS Column address strobe pulse width 135 165 ns 

teSII CAS hold time 200 250 ns 

teSII CAS hold time 200 250 ns 

tRCD Row to column strobe delay 25 65 35 85 ns 

tASR Row address set-up time 0 0 ns 

tRAil Row address hold time 25 35 ns 

t\Sc Column address set-up time 0 0 ns 

teAII Column address hold time 55 75 ns 

tAR Column address hold time referenced to RAS 120 160 ns 

tesc Chip select set-up time 0 0 ns 

tCII Chip select hold time 55 75 ns 

tUIR Chip select hold time referenced to RAS 120 160 ns 

tl Transition time (rise and fall) 3 50 3 50 ns 

tRCS Read command set-up time 0 0 ns 

tRCII Read command hold time 0 0 ns 

tWUI Write command hold time 55 75 ns 

tWCR Write command hold time referenced to RAS 120 160 ns 

tWI' Write command pulse width 55 75 ns 

tRWI. Write command to row strobe lead time 70 85 ns 

t, WI. Write command to column strobe lead time 70 85 ns 

tDS Data in set-up time 0 0 ns 

NOTES 

12 

12 

12 

12 

13,15 

14,15 

16 

17 

18 
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ELECTRICAL CHARACTERISTICS (CONT'D) 

SYM PARAMETER 

tDH Data in hold time 

tDHR Data in hold time referenced to RAS 

tCRP Column to row strobe precharge time 

tcp Column precharge time 

tRFSH Refresh Period 

twcs Write command set-up time 

tewD CAS to WRITE delay 

tRWD RAS to WRITE delay 

tD()H Data out hold time 

NOTES (Continued): 

12. The specification for tlU (mm) and tR\\( (min) are used only to Indicate cycle 

time at which proper operation over the full temperature range (-55°C ~ T \ 
~ 85°C) IS assured. See Figure 2 for derating curve. 

13. Assumes that hm ~ tReD (max) 

14. Assumes that t'<I IJ;::;' t,,{ I) (max) 

15. Measured with a load Circuit p.qUlvalent to 2 TTL loads and 100pF. 

16. Cj:..;;,oi:io!i "v'Y'l~';I-1 ih.::: i.f( \( IlIld") iUllii. illt>UJe::. lhen {H( JJ (max) IS speclfiea t,« IJ 

(max) limit, then access time IS controlled exclusively by t( 1(. 

17. VIIl( (mm) Of VIII (mm) and V,I (max) are reference levels for measunng 
timing of Input Signals. Also, transition times are measured between VillI or 

AC ELECTRICAL CHARACTERISTICS 

MIN MAX MIN MAX UNITS NOTES _ .. 

55 75 ns 18 

120 160 ns 

0 0 ns 

80 110 ns 

2 2 ms 

0 0 19 

80 80 ns 19 

145 175 ns 19 

5 5 j.lS 

VIII and VII 

18. These parameters are referenced to CAS leading edge in random wnte 

cycles to WRITE leading edge in delayed write or read-modify-write cycles. 

19. hl(~, tl \\11, and tK\\11 are restricitve operating parameters in a read/write or 
read/modify/write cycle only. If tVd ~ ~ hH \ (min), the cycle is an early write 
cycle and the Data Out will contain the data written IOta the selected cell. If 
tl \\(, >-: t, "!' (min~ 8!"!d !;~' ... ;,? t""(t {:-7iiii), l~-(C {,yt;lt::! is (:I read-write cycle and 
Data Out Will contain data read from the selected cell. If neither ofthe above 
sets of conditions is satisfied, the condition of Data Out (at access time) IS 

indetermined. 

(-55°C:S;; T A :s;; 85°CP (VDD = 12.0V ± 10%, Vee = 5V ± 10%, Vss = OV, VBB = -5.0V ± 10%) 

SYM 

CII 

C" 

jCo 

230 

PARAMETER TYP MAX UNITS 

Input Capacitance (Ao - As). Dn" CS 4 5 

Input Capacitance RAS, CAS, WRITE 8 10 

Output Capacitance (Do[;r) 5 7 

SUPPLEMENTAL DATA SHEET TO BE USED IN CONJUNCTION 
WITH MOSTEK MK4027(J)-1/2/3 AND MK4027(J)-4 DATA SHEETS 

pF 

pF 

pF 

NOTES 

10 

10 

8,10 



MOSTEI(. 
16,384 x 1-81T DYNAMIC RAM 

Processed to MIL-STD-883, Method 5004, Class 8 

FEATURES 
o Recognized industry standard 16-pin configuration 

from MOSTEK 

o 150ns access time, 375ns cycle (MKB4116-2) 
200ns access time, 375ns cycle (MKB4116-3) 
250ns access time, 410ns cycle (MKB4116-4) 

o ± 10% tolerance on all power supplies (+12V, ± 5V) 

o low power: 462mW active, 20mW standby (max) 

o Output data controlled by CAS and unlatched at end 

DESCRIPTION 

The MKB4116 is a new generation MOS dynamic 
random access memory circuit organized as 16,384 
words by 1 bit. As a state-of-the-art MOS memory 
device, the MKB4116 (16K RAM) incorporates 
advanced circuit techniques designed to provide wide 
operating margins both internally and to the system 
user, while achieving performance levels in speed and 
power previously seen only in MOSTEK's high 
performance MK4027 (4K RAM). 

The technology; used to fabricate the MKB4116 is 
MOSTEK's double-poly, N-channel silicon gate, POLY 
IITM process. This process, coupled with the use of a 
single transistor dynamic storage cell, provides the 
maximum possible circuit density and reliability, while 

FUNCTIONAL DIAGRAM 

--'00 
--'" --'n 
--'" 

... -----

.,----1 

',---

"". I 

---....- --- ~~ 

MKB4116(J}-2/3/4 
of cycle to allow two dimensional chip selection and 
extended page boundary 

o Common 1/0 capability using "early write" 
operation 

o Read-Modify-Write, RAS-only refresh, and Page-
mode capability 

o 128 refresh cycle 

o ECl compatible on VBB power supply (-5.7V) 

o Ruggedized for use in severe military environments 

maintaining high performance capability. The use of 
dynamic circuitry throughout, including sense 
amplifiers, assures that power dissipation is minimized 
without any sacrifice in speed or operating margin. 
These factors combine to make the MKB4116 a truly 
superior RAM product. 

Multiplexed address inputs (a feature pioneered by 
MOSTEK for its 4K RAMS) permits the MKB4116 to be 
packaged in a standard 16-pin DIP. This recognized 
industry standard package configuration, while 
compatible with widely avilable automated testing and 
insertion equipment, provides highest possible system 
bit densities and simplifies system upgrade from 4K to 
16K RAMs for new operation applications. Non-critical 
clock timing requirements allow use of the multiplexing 
technique while maintaining high performance. 

PIN CONNECTIONS 

VBB 1 

DIN 2 

WRITE 3 

RAS 4 

AO 5 

A26 

A, 7 

VDD8 

PIN NAMES 

AO - A6 Address Inputs 
CAS Column Address Strobe 
DIN Data In 
DOUT Data Out 
RAS Row Address Strobe 

16 vss 

15cAS 

14 DOUl 

13 As 

12 A3 

11 A4 

10 A5 

gvcc 

WRITE Read/Write Input 
VBB Power (-5V) 
VCC Power (+5V) 
VDD Power (+12V) 
VSS Ground 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on any pin relative to VBII ........................................................... -0.5V to +20V 
Voltage on VOD, Vcc supplies relative to V" ................................................ -1.0V to +15.0V 
V BB - Vss (VOl) - V" ~ OV) .............................................................................. OV 
Operating Temperature, T A (Ambient) ........................................................ O°C to + 70°C 
Storage Temperature (Ambient) (Ceramic) ................•............................•... -55°C to +150°C 
Storage Temperature, (Ambient) (Plastic) .................................................. -55°C to + 125°C 
Short Circuit Output Current ....................................................................... 50mA 
Power Dissipation ..............................................................•................. 1 Watt 
*Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This IS a stress rating only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended perl ods may affect reliability. 

RECOMMENDED DC OPERATING CONDITIONS6 
(O°C ~ T A ~ 70°C) 

SYM PARAMETER 

VI)O Supply Voltage 

Vcc Supply Voltage 

Vss Supply Voltage 

VBB Supply Voltage 

V IHC Input High (Logic 1) Voltage, RAS, CAS, WRITE 

V!!-l. Inpllt High (Logic 1) VQ!t~ge, a!! !f'!puts except 
RAS, CAS, WRITE 

VII. Input Low (Logic 0) Voltage, all inputs 

DC ELECTRICAL CHARACTERISTICS 

MIN 

10.8 

4.5 

0 

-4.5 

2.4 

2.2 

-1.0 

TYP MAX 

12.0 13.2 

5.0 5.5 

0 0 

-5.0 -5.7 

- 7.0 

...,,, 
- LV 

- .8 

(O°C ~ TA ~ 70°C) (VDD = 12.0V ± 10%; Vcc = 5.0V ± 10%; -5.7V ~ VBB ~ -4.5V; V" = OV) 

SYM PARAMETER MIN MAX 

IDDI OPERATING CURRENT 35 

icci Average power supply operating current 
IBBI (RAS, CAS cycling; tRC = tRC Min) 200 

1002 STANDBY CURRENT 1.5 
ICU Power supply standby current RAS = Ville -10 10 
IBB2 Dour = High Impedance) 100 

10D3 REFRESH CURRENT 25 
ICeJ Average power supply current, refresh mode -10 10 
IBB3 (RAS cycling, CAS = VIHC; tRe = tRC min) 200 

IDD4 PAGE MODE CURRENT 27 
Icc4 Average power supply current, page-mode operation 
IBB4 (RAS = VII., CAS cycling; tpe = tpe min) 200 

IIILI INPUT LEAKAGE -10 10 
Input leakage current, any input 
(VBB = -5V, OV ~ VIN ~ +7.0V, all other pins 
not under test = 0 volts) 

1011.1 OUTPUT LEAKAGE -10 10 
Output leakage current (Dour is disabled, 
OV ~ Vour ~ +5.5V) 
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UNITS NOTES 

Volts 2 

Volts 2,3 

Volts 2 

Volts 2 

Volts 2 

\1_1 ... - ... 
V VII.;,:) L 

Volts 2 

UNITS NOTES 

rnA 4 

5 
J1A 

rnA 
J1A 
J1A 

rnA 4 
J1A 

J1A 

rnA 4 
5 

J1A 

J1A 

J1A 



DC ELECTRICAL CHARACTERISTICS (CONTINUED) 

SYM PARAMETER 

OUTPUT LEVELS 
VOH Output high (Logic 1) voltage (IOlT = -5mA) 
VOL Output low (Logic 0) voltage (IOlT = 4.2mA) 

NOTES: 

1. 1.\ is specified here for operation at frequencies to tlH ;"3 tin (min), Operation 
at higher cycle rates with reduced ambient temperatures and higher power 
dissipation is permissible, however. provided AC operating parameters are 
met. See Figure 1 for derating curve. 

2. All voltages referenced to V":>~. 

3. Output voltage will swing from VS~ to V, l when activated with no current 

MIN MAX UNITS NOTES 

2.4 Volts 3 
0.4 Volts 

loading. For purposes of malntaming data in standby mode. V, \ may be 
reduced to V~~ without affecting refresh operations or data retention. 
However, the Villi (min) specification IS not guaranteed in this mode 

4. JI •llI , IllIn and Illi'~ depend on cycle rate. See Figures 2, 3 and4 for Ippllmits at 
other cycle rates 

5. In I and I( (J depend upon output loading. During readout of high level data 
V( ( IS connected through a low impedance (135 11 typ) to data out. At all 
other times I( ( consists of leakage currents only. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (6,7,8) 

(O°C ,,;; TA ,,;; 70°C)' (V"J) = 12.0V ± 10%; Vee = 5.0 ± 10%, V" = OV, VBB = -5.7V ,,;; VBB ,,;; -4.5Vl 

MKB4116-2 MKB4116-3 MKB4116-4 

SYM PARAMETER MIN MAX MIN MAX MIN MAX UNITS NOTES 

tRe Random read or write cycle 375 375 410 ns 9 
time 

tRWC Read-write cycle time 375 375 425 ns 9 

tRMw Read modify write cycle time 320 405 500 ns 9 

tpc Page mode cycle time 170 225 275 ns 9 

tRAC Access time from RAS 150 150 250 ns 10,12 

teAC Access time from CAS 100 135 165 ns 11,12 

tOrr Output buffer turn-off delay 0 40 0 50 0 60 ns 13 

tr Transition time (rise and fall) 3 35 3 50 3 50 ns 8 

tRP RAS precharge time 100 120 150 ns 

tRAs RAS pulse width 150 10000 200 10000 250 5000 ns 

tRSI! RAS hold time 100 135 165 ns 

teSI! CAS hold time 150 200 250 ns 

teAS CAS pulse width 100 10000 135 10000 1650 5000 ns 

tRCD RAS to CAS delay time 20 50 25 65 35 85 ns 14 

tcRP CAS to RAS precharge time -20 -20 0 ns 

tASR Row Address set-up time 0 0 0 ns 

tRAH Row Address hold time 20 25 35 ns 

!Asc Column Address set-up time -10 -10 0 ns 

teAl! Column Address hold time 45 55 75 ns 

t.\R Column Address hold time 95 120 160 ns 
referenced to RAS 

tRcs Read command set-up time 0 0 0 ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (6,7,8) (CONT'D.) 

MKB4116-2 

SYM PARAMETER MIN MAX 

tKCIi Read command hold time 0 

tW(,1I Write command hold time 45 

tweK Write command hold time 95 
referenced to RAS 

twp Write command pulse width 45 

tK\\1 Write command to RAS 50 
lead time 

tcWL Write command to CAS 50 
lead time 

t"s Data-in set-up time 0 

t,," Data-in hold time 45 

tl)IIR Data-in hold time referenced 95 
to RAS 

tcl' CAS precharge time (for 60 
n::lru::a_l'Ylnno r>\Jrolo. ,.., ...... 1.,\ r--v ......................... , .......... ..... , .. yl 

t,U'I' Refresh period 2 

twes WRITE -20 

tew" CAS to WRITE delay 60 

tRW!) RAS to WRITE delay 110 

NOTES: 

6. Several cycles are required after power-up before proper device operation is 

achieved. Any 8 cycles which perform refresh are adequate for this purpose. 

7. AC measurements assume tl = 5ns. 

8. VIII( (min) or VIII (min) and VII. (max) are reference levels for measuring 
timing of input signals. Also transition times are measured between VIII( or 
VIII and VI!, 

9. The specifications for tlt( (min) tlt\!I\ (min) and tl{l\( are used only to indicate 

cy at which proper operation over the full temperature range (O°C::;;; T \ ~ 
70 'C) is assured. 

10. Assumes that tll.( I> b tl{( I) (max). If tl« II is greater than the maximum 

recommended value shown In this table, til. I( will increase by the amount 
that tl{( J> is greater than the maximum recommended value shown in this 

table, til. \e will increase by the amount that tl{( lJ exceeds the value shown 

11. Assumes that tj({ II (max). 

12. Measured with aload equivalent to 2 TTL loads and 100pF 

AC ElECTRICAL CHARACTERISTICS 

MKB4116-3 MKB4116-4 

MIN MAX MIN MAX UNITS NOTES 

0 0 ns 

55 75 ns 

120 160 ns 

55 75 ns 

70 85 ns 

70 85 ns 

0 0 ns 15 

55 75 ns 15 

120 160 ns 

80 100 ns 

2 2 ms 

-20 0 2 ns 16 

80 90 ns 16 

145 175 ns 16 

13. toll (max) defines the time at which the output achieves the open circuit 
condition and is not referenced to output voltage levels. 

14. Operation within the tll.( II (max) limit insures that til. \( (max) can be met. tl{( D 

(max) is specified as a reference point only if tll.( II is greater than the specified 
tll.()) (max) limit, then access time is controlled exclusively by t( \(. 

15. These parameters are referenced to CAS leading edge in early write cycles 

and to WRITE leading edge in delayed write or read-modify-write cycles. 

16. hl( \, t( 1\11 and tl{lll) are restrictive operating parameters in read write and 
read modify cycles only. If tl\( S;;;::, hl( s (min), the cycle is an early write cycle 
and the data out pin will reamin open circuit (high impedance) throughout 

the entire cycle. If t( 1\11;;;::' it 1111 (min) and tRIll);;;::' tll.\\p(min), the cycle is a read­
write cycle and the data out will contain data read from the selected cell. If 
neither of the above sets of conditions is satisfied the condition of the data 

out (at access tim) is indeterminate 

17. Effective capacitance calculated from the equation C::;: 16 t/6V 6Vwith 6 

::;: 3 volts and power supplies at nominal levels. 

18. CAS::;: VIII( to dIsable DUI I. 

(O°C ,s;; TA ,s;; 70D C) (V"1l = 12.0V ± 10%; Vss = OV; VBB = -5.7V,s;; VBB ,s;; -4.5V) 

SYM 

CII 

C" 

Co 
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PARAMETER TYP MAX UNITS 

Input Capacitance (AO - A6), D,N 4 5 

Input Capacitance RAS, CAS, WRITE 8 10 

Output Capacitance (Doer) 5 7 

SUPPLEMENTAL DATA SHEET TO BE USED IN CONJUNCTION 
WITH MOSTEK MK4116-213 AND MK4116-4. 

pF 

pF 

pF 

NOTES 

17 

17 

17,18 



MOSTEI(. 
16,384 x 1-81T DYNAMIC RAM 

Processed to MIL-STD-883, Method 5004, Class 8 

MKB4116(P / J)-83/93/84 

FEATURES 

o Extended operating temperature range (-55°C~ TA ~ 
+85°C) 

o Recognized industry standard 16-pin configuration 
from Mostek 

o 200ns access time, 375ns cycle (MKB4116-83/931 
250ns access time, 410ns cycle (MKB4116-841 

o ± 10% tolerance on all power supplies (+12V, ± 5V) 

o Low power: 462mW active, 30mW standby (max) 

o Output data controlled by CAS and unlatched at end 
of cycle to allow two dimensional chip selection and 
extended page boundary 

DESCRIPTION 

The MKB4116 is a new generation MOS dynamic 
random access memory circuit organized as 16,384 
words by 1 bit. As a state-of-the-art MOS memory 
device, the MKB4116 (16K RAM) incorporates 
advanced circuit techniques designed to provide wide 
operating margins, both internally and to the system 
user, while achieving performance levels in speed and 
power previously seen only in Mostek's high 
performance MK4027 (4K RAM). 

BLOCK DIAGRAM 

MKB4116(E/F)-93/84 

o Common I/O capability using "early write" operation 

o Read-Modify-Write, RAS-only refresh, and Page­
mode capability 

o All inputs TTL compatible, low capacitance, and 
protected against static charge 

o 128 refresh cycles(2msec refresh interval: -83, -84; 
1 msec refresh interval: -93) 

o Leadless chip carrier (E) and flat pack (F) available for 
high density applications, -93/84 

o Ruggedized for use in severe military environments 

The technology used to fabricate the MKB4116 is 
Mostek's double-poly, N-channel silicon gate, POLY ITM 
process. This process, coupled with the use of a single 
transistor dynamic storage cell, provides the maximble 
circuit density and reliability, while maintaining high 
performance capability. The use of dynamic circuitry 
throughout, including sense amplifiers, assures that 
power dissipation is minimized without any sacrifice in 
speed or operating margin. These factors combine to 
make the MKB4116 a truly superior RAM product. 

PIN CONNECTIONS 

Vss 1 

DIN 2 

WRITE 3 

RAS 4 

AO 5 

A26 

A, 7 

vDD 8 

PIN NAMES 

AO - AS Address Inputs 
CAS Column Address Strobe 
DIN Data In 
DOUT Data Out 
RAS Row Address Strobe 

16 vss 

15 CAS 

14 DoUT 

13 As 
12 A3 

11 A4 

10 AS 

9 VCC 

WRITE Read/Write Input 
VSS Power (-5VI 
VCC Power (·5V) 
VDD Power ('12V) 
VSS Ground 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on any pin relative to VBB ......•.................................................... -0.5V to +20V 
Voltage on VDD, Vee supplies relative to Vss ..............•.•.....•.•......•................ -1.0V to +15.0V 
VBB - Vss (VDD - Vss > OV) ......................•......... , ..... , •...................................... OV 
Operating Temperature. T A (Ambient) ............................................ , ......... -55°C to +85°C 
Storage Temperature (Ambient) ..•........................................................ -65°C to +150°C 
Short Circuit Output Current ..................................................•.................... 50mA 
Power Dissipation ....................•........................................................... 1 Watt 
*Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect reliability. 

RECOMMENDED DC OPERATING CONDITIONS6 
(-55°C";; TA ,,;; +85°C) 

SYM PARAMETER 

VDD Supply Voltage 

Vec Supply Voltage 

Vss Supply Voltage 

VBB Supply Voltage 

VIHC Input High (Logic 1) Voltage, RAS, CAS, WRITE 

VIH Input High (Logic 1) Voltage. all inputs except 
HAS, CAS, WRITE 

VIL Input Low (Logic 0) Voltage, all inputs 

DC ELECTRICAL CHARACTERISTICS 

MIN TYP 

10.8 12.0 

4.5 5.0 

0 0 

-4.5 -5.0 

2.7 -
2.4 -

-1.0 -

(-55°C";; TA ";; +85°C) (VDD = 5.0V ± 10%; -5.5V";; VBIl ";; -4.5V; Vss = OV) 

SYM PARAMETER MIN 

IDDI OPERATING CURRENT 
Icc I Averag.2..£.ower supply operating current 
IBBI (RAS, CAS cycling; tRc =0 tRC (min) 

IDD2 STANDBY CURRENT 
lecz Power supply standby current (RAS = VIHC, -10 

i IBB2 DouT = High Impedance) 

!IDD3 REFRESH CURRENT 
ICCl Average power supply current, refresh mode -10 
IBBl (RAS cycling, CAS = VIHC; tRC = tRC Mini 

IDD4 PAGE MODE CURRENT 
Icc4 Average power supply current, page-mode operation 
IBB4 (RAS = VIL, CAS cycling; tpc = tpc Min) 

"ILl INPUT LEAKAGE -10 
Input leakage, any input (VBIl = -5V, OV";; VIN ";; +7.0V, 
all other pins not under test = 0 volts) 

10lLI OUTPUT LEAKAGE -10 
Output leakage current (DouT is disabled, OV";; VOUT ";; +5.5V) 

OUTPUT LEVELS 
VOH Output high (Logic 1) voltage (lOUT = -5mA) 2.4 
VOL Output low (Logic 0) voltage (lOUT = 4.2mA) 
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MAX UNITS NOTES 

13.2 Volts 2 

5.5 Volts 2.3 

0 Volts 2 

-5.5 Volts 2 

7.0 Volts 2 

7.0 Volts 2 

.8 Volts 2 

MAX UNITS NOTES 

35 mA 4 
5 

400 J.lA 

2.25 mA 
10 J.lA 

200 p.A 

27 mA 4 
10 p.A 
400 p.A 

27 mA 4 
5 

400 p.A 

10 p.A 

10 p.A 

Volts 3 
0.4 Volts 



NOTES: 

1. T \ is specified here for operation at frequencies to tlU ~ lit! (min), Operation 
at hIgher cycle rates with reduced ambient temperatures and higher power 
dissipation is permissible, however, provided AC operating parameters are 
met. 

2. All voltages referenced to V ... ,. 

3. Output voltage will swing from v,~ to Vu when activated with no current 
loading. For purposes of maintaintng data in standby mode, V(( may be 

reduced to V~, without affecting refresh operations or data retention. 

However, the VOII (min) specifications is not guaranteed in this mode. 

4. 111111,1 111>;, and 11ID~ depend on cycle rate. See Figures 2,3, and4 for II III limits at 
other cycle rates. 

5. 1\ (1 and It (4 depend upon output loading. During readout of high level data 
VI ( is connected through a low impedance (135 n typ) to data out. At all 
other times 1(( consits of leakage currents only. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS(6.7.B) 
(-55°C <;:; TA <;:; +85°C)1 (VllI) = 12.0V ± 10%; Vcc = 5.0V ± 10%. V" = OV. -5.5V <;:; V"" <;:; -4.5V) 

MKB4116-83/93 MKB4116-84 

SYM PARAMETER MIN MAX MIN MAX UNITS NOTES 

tRC Random read or write 375 410 ns 9 
cycle time 

tRWC Read-write cycle time 375 425 ns 9 

tRMW Read-modify-write cycle time 405 500 I ns 9 

tpc Page mode cycle time 225 275 ns 9 

tRAC Access time from RAS 200 250 ns 10.12 

teAC Access time from CAS 135 165 ns 11.12 

tOFF Output buffer turn-off delay 0 50 0 60 ns 13 

tr Transition time (rise and fall) 3 50 3 50 ns 8 

tRP RAS precharge time 120 150 ns 

tRAS RAS pulse width 200 5000 250 5000 ns 

tRSH RAS hold time 134 165 ns 

tcSH CAS hold time 200 250 ns 

teAS CAS pulse width 134 5000 165 5000 ns 

tRCD RAS to CAS delay time 25 65 35 85 ns 15 

teRP CAS to RAS precharge time 0 0 ns 

t\sR Row Address set-up time 0 0 ns 

tRAH Row Address hold time 25 35 ns 

tASC Column Address set-up time 0 0 ns 

teAH Column Address hold time 55 75 ns 

ItAR Column Address hold time 120 160 ns 
referenced to RAS 

tRCS Read command set-up time 0 0 ns 

tRCH Read command hold time 0 0 ns 

tWCH Write command hold time 55 75 ns 

tWCR Write command hold time 120 160 ns 
referenced to RAS 

twp Write command pulse width 55 75 ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS(6,7,8) 
(-55°C';;; TA ,;;; +85°C)' (VOl) = 12.0V ± 10%; Vee = 5.0V ± 10%, Vss = OV, -5.5V ,;;; VBB ,;;; -4.5VJ 

MKB4116-83/93 MKB4116-B4 

SYM PARAMETER MIN MAX MIN MAX UNITS NOTES 

tRWL Write command to RAS 70 85 ns 
lead time 

teWL Write command to CAS 70 85 ns 
lead time 

tos Data-in set-up time 0 0 ns 15 

tOH Data-in hold time 55 75 ns 15 

tOHR Data-in hold time referenced 
to RAS' 120 160 ns 

tep CAS precharge time (for 80 100 ns 
page-mode cycle only) 

tREF Refresh period 2/1 2 ms 19 

twes WRITE command set-up time 0 0 ns 16 

tewo CAS to WRITE delay 80 90 ns 16 

I tRWl) I 'itAS to Ii'IiRiTE delay 145 175 ns 16 J 
AC ELECTRICAL CHARACTERISTICS 
(-55°C';;; T A';;; 85°C) (Voo = 12.0V ± 10%; V's = OV; -5.5V ,;;; VB" ,;;; -4.5V) 

SYM PARAMETER 

CII Input Capacitance (Ao - A 6), DIN 

CI2 Input Capacitance, RAS, CAS, WRITE 

Co Output Capacitance (Dour) 

NOTES: 

6. Several cycles are required after power¥up before proper device opeation is 
achieved. Any 8 cycles which perform referesh are adequate for this 
purpose. 

7. AC measurements assume t1 5n5. 
8. Ville (min) or Vldmax) are reference levels for measuring timing of input 

signals. Also, transition times are measured between VIII( or VIII. or VIJ . 

9. The specifications for be (min) tHMII (min) are used only to indicate cycle 
which proper operation over the full temperature range (-55 Q C:S;;T,1 :S;;85°C) 
is assured. 

10. Assumes that til.( I) Z tk( J) (max), If tl« D is greater than the maximum 
recommended value shown in this table, tKU) will increase by the amount 
that tlU'1> exceeds the value shown. 

11 Assumes that tl/.(,D ~ tl/.( II (max) 
12. Measured with a load equivalent to 2 TIL loads and 100pF 
13. tOI'l (max) defines the time at which the output achieves the open circuit 

condition and is not referenced to output voltage levels. 

Multiplexed address inputs (a feature pioneered by 
Mostek for its 4K RAMs) permits the MKB4116 to be 
packaged in a standard 16-pin DIP. This recognized 
industry standard package configuration, while 
compatible with widely available automated testing and 

TYP MAX UNITS NOTES 

4 5 pF 17 

8 10 pF 17 

5 7 pF 17,18 

14. Operation within the tK{ I> (max) limit insures that tR,\(' (max) can be met tl{("[1 
(max) is specified as a reference point only, if tlH!' is greater than the 
specified tR(,[) (max) limit, then access time is controlled exclusively by tc,u. 

15. These parameters are referenced to CAS leading edge in early write cycles 
and to WRITE leading edge in delayed wire or read-modify-write cycles. 

16. two, lewD, and tKWD afe restrictive operating parameters in read-write and 
read-modify-write cycles only. If tv .. es:::;;;: tW{ s (min), the cycle is an early write 
cycle and the data out pin will remain open circuit (high impedance) 
throughout the entire cycle. If kWll:::;;;: kWJ) (min) and tRWlJ ~ bWD (min), the 
cycle is a read-write cycle and the data out will contain data read from the 
selected cell. If neither of the above sets of conditions is satisfied the 
condition of the data out (at access time) is indeterminate. 

17, Effective capacitance calculated from the equation C ::: 1.6t1.6V with.6V ::: 3 
volts and power supplies at nominal levels. 

18. CAS::: VIII(" to disable Don·. 

insertion equipment, provides highest possible system 
bit densities and simplifies system upgrade from 4K to 
16K RAMs for new generation applications. Non-critical 
clock timing requirements allow use of the mUltiplexing 
technique while maintaining high performance. 

SUPPLEMENTAL DATA SHEET TO BE USED IN CONJUNCTION 
WITH MOSTEK MK4116-2/3 AND MK4116-4 DATA SHEETS 
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MOSTEI(. 
32,768 x 1-BIT DYNAMIC RAM 

Processed to MIL-STD-883, Method 5004, Class B 

FEATURES 

o Extended operating temperature range -55°C':;:; TA ':;:; 

85°C 

o Utilizes two industry standard MKB4116 devices in 
an 18-pin package configuration. 

o 200ns access time, 375 ns cycle (MKB332-83/93) 
250ns access time, 410ns cycle (MKB4332-84) 

o Separate RAS, CAS Clocks 

o ± 10% tolerance on all power supplies (+12V, ± 5V) 

o Low power: 482mW active, 40mW standby (max) 

o Output data controlled by CAS and unlatched at end 
of cycle to allow two dimensional chip selection and 
extended page boundary 

DESCRIPTION 

The MKB4332 is a new generation MOS dynamic 
random access memory circuit organized as 32,768 
words by 1 bit. As a state-of-the-art MOS memory 

FUNCTIONAL DIAGRAM 

RAS1 
I 

I - I CAS 1 I 
WE I 4116 

AO-A6 I 

DIN .1 DOUT 

I 
I 

I 
I 

I 
'-- I 

'--- I 
I 4116 - I RAS2 

CAS 2 I 
I 

I 

MKB4332(D)-83/93/84 

o Common I/O capability using "early write" operation 

o Read-Modify-Write, RAS-only refresh, and Page­
mode capability 

o All inputs TIL compatible, low capacitance, and 
protected against static charge 

o 128 refresh cycles (2 msec refresh interval: -83, 
-84; 1 msec refresh interval: -93) 

o Pin compatible to MKB4116 and MKB4164 

o Ruggedized for use in severe military environments 

device, the MKB4332 (32K RAM) incorporates 
advanced circuit techniques designed to provide wide 
operating margins, both internally and to the system 
user. 

PIN CONNECTIONS 

18 Vss 

17 CAS 1 

16 DOUT 

15 A6 

14 A3 

13 A4 

12 A5 

11 Vee 

10 CAS 2 

PIN NAMES 

&:!:!\6 ADDRESS INPUTS 
CAS COLUMN ADDRESS STROBE 

i.1JRTfE' REAO/INRITE INPUT 
Vas POWER (-5V) 

DIN DATA IN Vee POWER (+5V) 
I2m!T DATA OUT 
RAS ROW ADDRESS STROBE 

VOD POWER (+12V) 
Vss GROUND 

239 

I 



ABSOLUTE MAXIMUM RATINGS* 
Voltage on any pin relative to VHB ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• -0.5V to +20V 
Voltage on VI)!), Vee supplies relative to Vss ................................................ -1.0V to +15.0V 
VaH - Vss (VJ)J) - Vss > OV) .............................................................................. OV 
Operating Temperature, TA (Ambient) ...................................................... -55°C to +85°C 
Storage Temperature (Ambient) ........................................................... -65°C to + 150°C 
Short Circuit Output Current ....................................................................... 50mA 
Power Dissipation ................................................................................ 1 Watt 
·Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This IS a stress rating only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect reliability. 

RECOMMENDED DC OPERATING CONDITIONS6 
(O°C ~ T A ~ 70°C) 

SYM PARAMETER 

Vnn Supply Voltage 

Vel' Supply Voltage 

Vss 0 

VHH -4.5 

VIII( Input High (Logic 1) voltage RAS, CAS, WRITE 

VIII Input High (Logic 1) Voltage all inputs except 
RAS. CAS. WRITE 

VII. Input Low (Logic 0) Voltage, all inputs 

DC ELECTRICAL CHARACTERISTICS 

MIN 

10.8 

4.5 

0 

-5.0 

2.4 

2.2 

-1.0 

TYP MAX 

12.0 13.2 

5.0 5.5 

0 Volts 

-5.7 Volts 

- 7.0 

- 7.0 

- .8 

(O°C ~ T, ~ 70°C) (Vnn = 12.0V ± 10%; Vee = 5.0V ± 10%; -5.7V ~ VBa ~ -4.5V; Vss = OV) 

SYM PARAMETER MIN MAX 

IDlli OPERATING CURRENT I 36.5 
Iccl Average power supply operating current 
1,1I1i (RAS, CAS cycling; tHe = tR( Min) 300 

Ipll, STANDBY CURRENT 3.0 
Icc, Power supply standby current (RAS = VIII( -20 20 
I,!B' 0",1 = High Impedance) 200 

Inll.l REFRESH CURRENT 26.5 
InJ Average power supply current, refresh mode -20 20 
IBBl 300 JlA 

11,,,,, PAGE MODE CURRENT 28.5 

I" " Average power supply current, page-mode operation 
IBI" (RAS = VII., CAS cycling; tl'( = tl'( Min) 300 

IIII.I INPUT LEAKAGE -20 20 
Input leakage current, any input (VBB = -5V, OV ~ V", ~ + 7.0V, 
all other pins not under test = 0 volts) 

IOIl.1 OUTPUT LEAKAGE -20 20 
OUTPUT LEAKAGE 

~ 
Output leakage current (0"'1 is disabled, OV ~ VOl I ~ +5.5V) 

OUTPUT LEVELS 
Von Output high (Logic 1) voltage (I()[ I = -5mA 2.4 
VOl. Output low (Logic 0) voltage (I", I = 4.2mA) 0.4 
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UNITS NOTES 

Volts 2 

Volts 2,3 

2 

2 

Volts 2 

Volts 2 

Volts 2 

UNITS NOTES 

mA 4 
5 

}1A 

mA 
}1A 
}1A 

mA 4 
}1A 

mA 4 
5 

JlA 

JlA 

JlA 

Volts 3 
Volts 



NOTES: 

1. T \ is specified here for operation at frequencies to tl{{ ~ tlH (min), Operation 
at higher cycle rates with reduced ambient temperatures and higher power 
dissipation is permissible. however, provided AC operating parameters are 
met. See Figure 1 for derating curve. 

2. All voltages referenced to V~~. 

3. Output voltage will swing from V~~ to Vu when activated with no current 
loading. For purposes of maintaining data in standby mode. Vn may be 
reduced to V~';, without affecting refresh operations or data retention. 
However. the VO/II (min) specification is not guaranteed in this mode. 

4.1 1![)1. IDil\' and 11J1l~ depend on cycle rate. See Figures2, 3 and4for 11ll> limits at 
other cycle rates. 

5. In I and I( {~depend upon output loading. During readout of high level data 
VI ( is connected through a low impedance (135 n typ) to data out. At all 
other times tl I consists of leakage currents only. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS(6,7,B) 
(O°C ~ TA ~ 70°C)' (VDI) = 12.0V ± 10%; Vcc = 5.0V ± 10%, Vss = OV, -5.7V ~ V BB ~ -4.5V) 

MKB4332-83/93 MKB4332-84 

SYM PARAMETER MIN MAX MIN MAX UNITS NOTES 

tRC Random read or write cycle time 375 410 ns 9 

tRWC Read-write cycle time 375 425 ns 9 

tR\1W Read modify write cycle time 405 500 ns 9 

tpc Page mode cycle time 225 275 ns 9 

tRA< Access time from RAS 200 250 ns 10,12 

teAt Access time from CAS 135 165 ns 11,12 

tOFF Output buffer turn-off delay 0 50 0 60 ns 13 

h Transition time (rise and fall) 3 50 3 50 ns 8 

tRP RAS precharge time 120 150 ns 

tR.\S RAS pulse width 200 10000 250 5000 ns 

tRSH RAS hold time 135 165 ns 

teSIi CAS hold time 200 250 ns 

teAS CAS pulse width 135 10000 165 5000 ns 

tReD RAS to CAS delay time 25 65 35 85 ns 14 

teRI' CAS to RAS precharge time -20 0 ns 

tASR Row Address set-up time 0 0 ns 

tRAil Row Address hold time 25 35 ns 

tASC Column Address set-up time -10 0 ns 

te.\11 Column Address hold time 55 75 ns 

tAR Column Address hold time referenced 120 160 ns 
to RAS 

tRCS Read command set-up time 0 0 ns 

tKCII Read command hold time 0 0 ns 

t\\ CII Write command hold time 55 75 ns 

tWCR Write command hold time referenced 120 160 ns 
to RAS 

twp Write command pulse width 55 75 ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS(6.7.8) 
(O°C ~ T" ~ 70°C)' (VIlD = 12.0V ± 10%; Vee = 5.0V ± 10%, Vss = OV, -5.7V ~ VBH ~ -4.5V) 

MKB4332-83/93 MKB4332-84 

SYM PARAMETER MIN MAX MIN MAX UNITS NOTES 

tRWI. Write command to RAS lead time 70 85 ns 

kwi. Write command to CAS lead time 70 85 ns 

tcWI. : Write command to CAS lead time 70 85 ns 

tllS Data-in set-up time 0 0 ns 15 

tllH Data-in hold time 55 75 ns 15 

tllllR Data-in hold time referenced to RAS 120 160 ns 

tep CAS precharge time (for page-mode 80 100 ns 
cycle only) 

tIlL!' Refresh period 2 2 ms 

twes WRITE command set-up time -20 0 ns 16 

!cWD CAS to WRITE delay 80 90 ns 16 

tRWD RAS to WRITE delay 145 175 ns 16 

AC ELECTRICAL CHARACTERISTICS 
(-55°C ~ TA ~ 85°C) (VDD = 12.0V ± 10%; V" = OV; -5.7V ~ VBB ~ -4.5) 

SYM PARAMETER 

C" Input Capacitance (Ao - A,,). D,s 

C" Input Capacitance RAS, CAS 

Co Output Capacitance (Dour) 

CIJ Input Capacitance WRITE 

NOTES: 

6. Several cycles are required after power~upbefore proper device operation is 
achieved. Any 8 cycles which perform refresh are adequate for this purpose. 

7. AC measurements assume tl c:: 5ns. 

8. VIII( (min) or Vlfl (max) are reference levels for measuring timing of input 
signals. Also, transition times are measured between Vll !( or Vllt and V!!. 

9. The specifications for tl(( (min) tI01\\ (min) and h\\( (min) are used only to 
indicate cycle time at which proper operation over the full temperature 
range (-55"'C ~ l\ ~ 85"C) is assured. 

10. Assumes that tJ(( n ~ tJ\(!l (max). If t\{( J) is grater than the maximum 
recommended value shown in this table, kH will increase by the amount 
that tj(( j) exceeds the value shown. 

11 Assumes that t!((lJ ~ t K ( j} (max). 

12. Measured with a load equivalent to 2 TTL loads and 100pF. 

13. tOJ I (max) defines the time at which the ·output achieves the open circuit 
condition and is not referenced to output voltage levels. 
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TYP MAX UNITS NOTjX) 

8 10 pF 17 

8 10 pF 17 

10 14 pF 17,18 

16 20 pF 17 

14. Operation within the tKcldmax) limit insures that tR.\( (max) can be met. tR( IJ 

(max) is specified as a reference point only; if tR("1! is greater than the 
specified tl({ D (max) limit, then access time is controlled exclusively by t(.-\(. 

15. These parameters are referenced to CAS leading edge in early write cycles 
and to WRITE leading edge in delayed write or read-modify-write cycles. 

16. hI( S, kWIJ and !R\\.j} are restrictive operating parameters In read-Write and 
read-modify-write cycles only. If tw("S ~ two (min), the cycle is an early write 
cycle and the data out pin will reamin open circuit (high impedance) 
throughout the entire cycle. If h WI! ~ t( \\.11 (min) and tRW!> ~ tl{\\·1J (min), the 
cycle is a read-write cycle and the data out will contain data read from the 
selected cell. If neither of the above sets of conditions is satisfied the 
condition of the data out (at access time) is indeterminate. 

17. Effective capacitance calculated from the equation C 1.6t16V with.6V - 3 
volts and power supplies at nominal levels 

18. CAS ~ VUH to disable DO! I 



The technology used to fabricate the MKB4332 is 
Mostek's double-poly, N-channel silicon gate, POLY UTM 
process. This process, coupled with the use of a single 
transistor dynamic storage cell, provides the maximum 
possible circuit density and reliability, while 
maintaining high performance capability. The use of 
dynamic circuitry throughout, including sense 
amplifiers, assures that power dissipation is minimized 
without any sacrifice in speed or operating margin. 

These factors combine to make the MKB4332 a truly 
superior RAM product. 

Multiplexed address inputs (a feature pioneered by 
Mostek for its 4K RAMs) permits the MKB4332 to be 
packaged in a standard 18-pin DIP. This standard 
package configuration, is compatible with widely 
available automated testing and insertion equipment, 
and it provides the highest possible system bit densities 
and simplifies system upgrade from 16K to 64K RAMs 
for new generation applications. Non-critical clock 
timing requirements allow use of the mUltiplexing 
technique while maintaining high performance. 

SUPPLEMENTAL DATA SHEET TO BE USED 
IN CONJUNCTION WITH MOSTEK MK4332D, 
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MOSTEI(. 
4096 x 1-81T STATIC RAM 

Processed to MIL-STO-883, Method 5004, Class 8 

MKB4104(E)-4/5/6 
MKB4104(J)-4/34/5/35/6 

FEATURES 

o Combination static storage cells and dynamic 
control circuitry for truly high performance 

PART NUMBER ACCESS TIME CYCLE TIME 

MKB41 04-3/ -33 200 ns 310ns 
MKB41 04-4/ -34 250ns 385ns 
MKB4104-5/35 300ns 460ns 
MKB4104-6 350ns 535ns 

o Low Active Power Dissipation: 150mW (Max) 

o Battery backup mode (3V/10mW on -33, -34 and 
- 35) 

o Standby Power Dissipation less than 28 mW (at 
VCC = 5.5V) 

DESCRIPTION 

The MOSTEK MKB4104 is a high performance static 
random access memory organized as 4096 one bit 
words. The MKB41 04 combines the best characteristics 
of static and dynamic memory techniques to achieve a 
TTL compatible, 5 volt only, high performance, low 
power memory device. It utilizes advanced circuit 
design concepts and an innovative state-of-the-art N­
channel silicon gate process specially tailored to provide 
static data storage with the performance (speed and 
power) of dynamic RAMs. Since the storage cell is static 
the device may be stopped indefinitely with the CE clock 
in the off (Logic 1) state. 

All input levels, including write enable (WE) and chip 
enable (CE) are TTL compatible with a one level of 2.2 

FUNCTIONAL DIAGRAM 

, O~ 

'" 

" ClOUT 

, 
"0 

o Single +5V Power Supply ( ± 10% tolerance) 

o Fully TTL Compatible 

Fanout: 2 ~ Standard TIL 
2 ~ Schottky TTL 

1 2 ~ Low Power Schottky TTL 

o Standard 18-pin DIP 

o Leadless chip carrier (E package) available for high 
density applications, ~4/5/6 

o Ruggedized for use in severe military environments 

volts and a zero level of 0.8 volts. This gives the system 
designer for a logic "1" state, at least 200mV of noise 
margin when driven by standard TTL and a minimum of 
500mV when used with high performance Schottky 
TTL. These margins are wider than on most TTL 
compatible MOS memories available. The push-pull 
output (no pull-up resistor required) delivers a one level 
of 2.4V minimum and a zero level of .4 volts maximum. 
The output has a fanout of 2 standard TTL loads or 12 
low power Schottky loads. 

The RAM employs an innovative static cell which 
occupies a mere 2.75 square mils ('/2 the area of 
previous cells) and dissipates power levels comparable 

PIN CONNECTIONSr--~.,......., 

AO 1 

A1 2 
A23 

A34 

A45 

AS 6 

DOUT7 

WE8 
vss 9 

PIN NAMES 

AO - A 11 Address Inputs 
CE Chip Enable 
DIN Data Input 
DOUT Data Output 

18 vee 
17 A6 

16 A7 

15Aa 

14 Ag 

13 A10 

12 A11 

11 DIN 

lOGE 

VSS Ground 
vce Power (+5) 
WE Write Enable 
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ABSOLUTE MAXIMUM RATINGS* 

Voltage on any pin relative to VSS ........................................................ -1 .OV to + 7.0V 
Operating Temperature T A (Ambient) ........................................................ O°C to + 70°C 
Storage Temperature (Ambient) (Ceramic) ............................................... -65°C to +150oC 
Storage Temperature (Ambient) (Plastic) ................................................ -55°C to +125°C 
Power Dissipation ................................................................................ 1 Watt 
Short Circuit Output Current ...................................................................... 50mA 
"Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for e~tended periods may affect reliability 

RECOMMENDED DC OPERATING CONDITINS6 
(O°C ~ T, ~ + 70°C) 

SYM PARAMETER 

Vee Supply Voltage 

Vss Supply Voltage 

VIH Logic "1" Voltage All Inputs 

VII. Logic "0" Voltage All Inputs 

DC ELECTRICAL CHARACTERISTICS! 
(O°C ~ TA ~ + 70°C) (Vee = 5.0 volts ± 10%) 

SYM PARAMETER 

ice I Average Vee Power Supply Current 

leo Standby Vee Power Supply Current 

III. Input Leakage Current (Any Input) 

101. Output Leakage Current 

MIN 

4.5 

0 

2.2 

-1.0 

VOII Output Logic "1" Voltage IoU! = -5001J.A 

VOl Output Logic "0" Voltage loul =5mA 

AC ELECTRICAL CHARACTERISTICS! 
(O°C ~ TA ~ +70°C) (Vee = +5.0 volts ± 10%) 

SYM PARAMETER 

CI Input Capacitance 

Co Output Capacitance 

NOTES 

All voltages referenced to VSS 

ICCl is related to precharge and cycle times. Guaranteed maximum values 
for ICCl may be calculated by 

ICC! (mal ~ (5tp + !5 (tc - tpl + 47201- tc 

where tp and Ie are expressed in nanoseconds. Equation is referenced lothe 
-3 device, other devices derate to the same curve 

Output is disabled (open circuit). CE is at logiC 1 

4 All device pins at 0 volts except pin under test at 0 ~ VIN ~ 5.5 volts. (VII:::-
5VI 

OV'" VOUT '" +55V. (VCC ~ 5VI 

During power up. cr and WE must be at VIH for minimum of 2ms after Vee 
reaches 4.5V. before a valid memory cycle can be accomplished 

Measured with load current equivalent to 2 TTL loads and CL ~ 100 pF 

8 If WE follows CE by more than tws then data out may not remain open 

circuited 
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MKB4104 SERIES 

TYP MAX UNITS NOTES 

5.0 5.5 Volts 1 

a 0 Volts 1 

7.0 Volts 1 

.8 Volts 1 

MIN MAX UNITS NOTES 

27 mA 2 

5 mA 3 

-10 10 IJ.A 4 

-10 10 IJ.A 3,5 

2.4 Volts 

0.4 Volts 

TYP MAX NOTES 

4pF 6pF 14 

6pF 7pF 14 

9 Determined by user Total time cannot exceed tCE max 

10 Data-in set-up time is referenced to the later of the two fallmg clock edges 
CE or WE 

11 AC measurements assume tr = 5ns. Timing points are taken at .8Vand 2.0V 
on inputs and .BV and 2.0V on the output. Transition times are also taken 
between these levels 

12 IC ~ ICE + tp + 2n 

13 The true level of the output In the opell circuit condition will be determined 
totally by output load conditions. The output IS guaranteed to be open circuit 

within tOFF 
6t 

14 Effective capacitance calculated from the equation C = I 6. V with l:::" VeQual 
to 3V equal Vee nom mal 

!5 IRMW c tAC + IWPL + tp + 3tT +tMOD 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED OPERATING CONDITIONS6," 
(ODC :;:;; T, :;:;; + 70DC) (Vcc = +5.0 volts ± 10%), 

MKB4104-4/34 MKB4104-5/35 MKB4104-6 

SYM PARAMETER MIN MAX MIN MAX MIN MAX UNITS 

t, Read or Write Cycle Time 385 460 535 ns 

tAC Random Access 250 300 350 

teE Chip Enable Pulse Width 250 10000 300 10000 350 10000 

tp Chip Enable Precharge Time 125 150 175 

tAli Address Hold Time 135 165 190 

t..\S Adderes Set-Up Time 0 0 0 

tOFF Output Buffer Turn-Off Delay 0 65 0 75 0 100 

tRS Read Command Set-Up Time 0 0 0 

tws Write Enable Set-Up Time -20 -20 -20 

tl)Ht Data Input Hold Time 210 250 285 
Referenced to Ce I 

tDIIW Data Input Hold Time 90 105 125 
Referenced to WE 

tww Write Enabled Pulse Width 75 90 105 

tMOD Modify Time 0 10000 0 10000 0 10000 

tWPL WE to CE Precharge Lead Time 85 105 120 

tos Data Input Set-Up Time 0 0 0 

hm Write Enable Hold Time 185 225 260 

It Transition Time 5 50 5 50 5 50 

tRMW Read-Modify-Write 475 570 660 
Cycle Time 

NOTES 

12 

7 

13 

8 

8 

9 

10 

16 

I 
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STANDBY CHARACTERISTICS 
(T A = O°c: to 70°C) 

MKB4104-34 MKB4104-35 

SYM PARAMETER MIN 

VPD Vee In Standby 3.0 

I PI) Standby Current 

tF Power Supply Fall Time 100 

tR Power Supply Rise Time 100 

teE Chip Enable Pulse Width 250 

tpPD Chip Enable Precharge To Power 125 
Down Time 

V1H Min CE High "1" Level 2.2 

tRe Standby Recovery Time 500 

DESCRIPTION (Cont'd) 

to CMOS. The static cell eliminates the need for refresh 
cycles and associated hardware thus allowing easy 
system implementation. 

Power supply requirements of +5V ± 10% tolerance 
combined with TIL compatibility on all 1/0 pins permits 
easy integration into large memory configurations. The 
single supply reduces capacitor count and permits 
denser packaging on printed circuit boards. The 5V only 
supply requirement and TIL compatible 1/0 makes this 
part an ideal choice for next generation +5V only 
microprocessors such as MOSTEK's MK3880 (Z80). 
The early write mode (WE active prior to GE) permits 
common 110 operation, needed for Z80 interfacing, 
without external circuitry. 

MAX MIN MAX UNITS NOTES 

3.0 Volts 

3.3 3.3 mA 

100 IJ.sec 

100 IJ.sec 

300 IJ.sec 

150 nsec 

2.2 Volts 

500 IJ.sec 

The MK4104-3X series has the added capability of 
retaining data in a reduced power mode. VCC may be 
lowered to 3V with a guaranteed power dissipation of 
only 10mW maximum. This makes the MK4104 ideal 
for those applications requiring data retention at the 
lowest possible power as in battery operation. 

Reliability is greatly enhanced by the low power 
dissipation which causes a maximum junction rise of 
only at 8°C at 1.86 Megahertz operation. The MKB41 04 
was designed for the system designer and user who 
require the highest performance available along with 
MOSTEK's proven reliability. 

SUPPLEMENTAL DATA SHEET TO BE USED IN CONJUNCTION 
WITH MOSTEK MK4104P/J/N SERIES. 
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MOSTEI<. 
4096 x 1-BIT STATIC RAM 

Processed to MIL-STD-883, Method 5004, Class B 

MKB4104(P/J/E)-85/86 
FEATURES 

o Extended operating temperature range (-55°C 
~TA ~ 125°C) 

o Combination static storage cells and dynamic 
control circuitry for truly high performance 

PART NUMBER ACCESS TIME CYCLE TIME 
4104(J)-85 300ns 510ns 
4104IJ)-86 350ns 610ns 

o Average Power Dissipation less than 150mW 

o Standby Power Dissipation less than 53 mW 

DESCRIPTION 

The MOSTEK MKB4104 is a high performance static 
random access memory organized as 4096 one bit 
words. The MKB41 04 combines the best characteristics 
of static and dynamic memory techniques to achieve a 
TTL compatible, 5 volt only, high performance, low 
power memory device. It utilizes advanced circuit 
design concepts and an innovative state-of-the-art N­
channel silicon gate process specially tailored to provide 
static data storage with the performance (speed and 
power) of dynamic RAMs. Since the storage cell is static 
the device may be stopped indefinitely with the CE clock 
in the off (Logic 1) state. 

All input levels, including write enable (WE) and chip 
enable (CE) are TTL with a one level of 2.4 volts and a 
zero level of .65 volts. The push-pull output (no pull-up 
resistor required) delivers a one level of 2.4V minimum 
and a zero level of .4 volts maximum. The output has a 
fanout of 2 standard TTL loads or 12 low power Schottky 
loads. 

The RAM employs an innovative static cell which 
occupies a mere 2.75 square mils (V2 the area of 

FUNCTIONAL DIAGRAM 

I 0" 

" 

~ ""'" 

);, 

o Single +5V Power Supply (5% tolerance) 

o Fully TTL Compatible 
Fanout: 2 - Standard TTL 

2 - Schottky TTL 
1 2 - Low Power Schottky TTL 

o Standard 18-pin DIP 

o Leadless Chip Carrier (E package) available for high 
density applications 

o Rugged for use in severe military environments 

previous cells) and dissipates power levels comparable 
to CMOS. The static cell eliminates the need for refresh 
cycles and associated hardware thus allowing easy 
system implementation. 

Power supply requirement of +5V combined with TTL 
compatibility on all I/O pins permits easy integration 
into large memory configurations. The single supply 
reduces capacitor count and permits denser packaging 
on printed circuit boards. The 5V only supply 
requirement and TTL compatible I/O makes this part an 
ideal choice for next generation +5V only microproces­
sors such as MOSTEK's Z80. The early write mode 
(WE active prior to CE) permits common I/O operation, 
needed for Z80 interfacing, without external circuitry. 

Reliability is greatly enhanced by the low power 
dissipation which causes a maximum junction rise of 
only 6.6° at 1.6 Megahertz operation. The MKB 41 04 
was designed for the system designer and user who 
require the highest performance available along with 
MOSTEK's proven reliability. 

PIN CONNECTIONS 

Ao 1 c .• 

A12-

A23L 

A34'­

A45[ 

A56-

<lOUT 7-

WE S[ 

vss 9: 
'----' 

PIN NAMES 

AO - A 11 Address Inputs 
CE Chip Enable 
DIN Data Input 
DOUT Data Output 

:1S VCC 
~17 AS 

~16 A7 

" 15 Aa 
~ 14 A9 

~ 13 Al0 

j 12 All 

11 DIN 

'10 CE 

VSS Ground 
VCC Power (+5V ) 
WE Write Enable 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on any pin relative to V" ........................................... , .............. -1.0V to + 7.0V 
Operating Temperature TA (Ambient ....................................................... -55°C to 125°C 
Storage Temperature (Ambient) (Ceramic) ................................................. -65°C to +150°C 
Power Dissipation ................................................................................ 1 Watt 
Short Circuit Output Current ................................................................... ' .... 50mA 
"Stresses greater than those listed under "Absolute" Maximum Ratings" may cuase permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated in the operation sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect reliability. 

RECOMMENDED DC OPERATING CONDITIONS6 
(-55°C <S; T, <S; +125°C) 

SYM PARAMETER 

Vee Supply Voltage 

V" Supply Voltage 

VIII Logic "1" Voltage All Inputs 

VII. Logic "0" Voltage All Inputs 

DC ELECTRICAL CHARACTERISTICS 
(-55°C <S; T" <S; + 125°C) (Vee = 5.0 volts ± 5%) 

SYM PARAMETER 

icc I Average Vee Power Supply Current 

leu Standby Vee Power Supply Current 

IlL Input Leakage Current (Any Input) 

IOL Output Leakage Current 

MIN 

4.75 

0 

2.4 

-1.0 

VOll Output Logic "1" Voltage lOLl = -500jJ.A 

VOL Output Logic "-" Voltage lOUT = 5mA 

AC ELECTRICAL CHARACTERISTICS 
(-55°C <S; TA <S; +125°C) (Vee = +5.0 volts ± 5%) 

SYM PARAMETER 

CI Input Capacitance 

Co Output Capacitance 

NOTES: 

1. All voltages referenced to V~:-.. 

2. I( ( I is related to precharge and cycle times. Guaranteed maximum values for 
It ( I are at minimum cycle time. 

3. Output is disabled (open circuit), CE is at logic 1. 

4. All device pins at 0 volts except pin under test at O:S;; VI,:S;; 5.5V (V( ( = 5V) 

5. OV ~ VOl I :s;; ""t5.5V (V( ( = 5V) 

6. During power up, CE and WE must be at V 1ll for minimum of 2ms after V( ( 

react1es 4.75V, before a valid memory cycle can be accomplished 

7. Measured with load circuit equivalent to 2 TTL loads and CL = 100pF. 

8. if WE follows afterCE: by more than h\~, then data out may not remain open 

circuited. 

2509. Determined by user. Total cycle time cannot exceed it I max 

TYP MAX UNITS NOTES 

5.0 5.25 Volts 1 

0 0 Volts 1 

7.0 Volts 1 

.65 Volts 1 

MIN MAX UNITS NOTES 

27 mA 2 

10 mA 3 

-10 10 jJ.A 4 

-10 10 jJ.A 3,5 

2.4 Volts 11 

0.4 Volts 11 

MIN TYP MAX NOTES 

4pF 6pF 14 

7pF 7pF 14 

10. Data-in set-up time is referenced to the later of the two failing clock edges 
CE orWE, 

11. AC measurements assume tl = 5ns. Timing points are taken at .8V and 2.0V 

on inputs and .8V and 2.0V on the output. Transition times are also taken 
between these levels. 

12· T( = tn + tl' + 2tl. 

13. The true level of the output in the open circuit condition will be determined 
totally by output load conditions. The output is guaranteed to be open circuit 

within t'HI. 

14. Effective capacitance calculated from the equation C = 1 ill with ~ V 
equal to 3V and V( ( nominal ~V 

15. For RMW, t( I. = 1.\( + tIl 1'1 + 5\I(Jo. 

l6· t( = tl( + hII'I + tp + 3tt + hilHI. 



AC ELECTRICAL CHARACTERISTICS AND RECOMMENDED OPERATING CONDITIONS 6, " 

(-55°C"; TA"; +125°C) (VCC = +5.0 Volts ± 5%) 

SYM 

tc 

tAC 

tn 

tp 

tAH 

tAS 

tOH 

tws 

tOIlC 

tDHW 

tww 

tMOD 

twPI. 

tDS 

tWIl 

t, 

tRMW 

tRS 

MKB4104-85 MKB4104-86 

PARAMETER MIN MAX MIN MAX 

Read or Write Cycle Time 510 610 

Random Access 300 350 

Chip Enable Pulse Width 300 5000 350 5000 

Chip Enable Precharge Time 200 250 

Address Hold Time 165 190 

Address Set-Up Time 0 0 

Output Buffer Turn-Off Delay 0 75 0 100 

Write Enable Set-Up Time 0 0 

Data Input Hold Time Referenced 250 285 
to CE 

Data Input Hold Time Referenced 105 125 
to WE 

Write Enabled Pulse Width 90 105 

Modify Time 0 5000 0 5000 

WE to CE Precharge Lead Time 105 120 

Data Input Set-Up Time 0 0 

Write Enable Hold Time 225 260 

Transition Time 5 50 5 50 

Read-Modify-Write Cycle Time 620 735 

Read Set-Up Time 0 0 

SUPPLEMENTAL DATA SHEET TO BE USED IN CONJUNCTION 
WITH MOSTEK MK4104(P/N) DATA SHEET 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

NOTES 

12 

7 

15 

13 

8 

9 

10 

16 
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MOSTEI(. 
1 K x 8-BIT STATIC RAM 

Processed to MIL-STD-883, Method 5004, Class B 

o Address Activated™ Interface combines benefits of 
Edge Activated™ and fully static. 

o High performance 

PART ACCESS 
NUMBER TIME 

MKB4118-2 150 nsec 

MKB4118-3 200 nsec 

MKB4118-4 250 nsec 

o Single +5 volt power supply 

DESCRIPTION 

CYCLE 
tiME 

150 nsec 

200 nsec 

250 nsec 

The MKB4118 uses Mostek's Poly R N-Channel Silicon 
Gate process and advanced circuit design techniques to 
package 8192 bits of static RAM on a single chip. 
Mostek's Address Activated™ circuit design technique 
is utilized to achieve higher performance, low power, 
and easy user implementation. The device has a VIH = 
2.2, VIL = 0.8V, VOH = 0.4V making it totally compatible 
with all TIL family devices. 

The MKB4118 is designed for all wide word memory 

BLOCK DIAGRAM 

0; ___ -1 

Dati Inputs Ouf\IUu 
1/01 ••• 1108 

"0 Bulla, 

... ·---~Cont'oIloglC 

y Sense Amp 
&W".Ortver 

121118118 

I===~ MemoryCetIMalf," 

1---~8'92BItS1abcAAM 

MKB4118(P/N) Series 

o TTL compatible 1/0 
Fanout: 2 - Standard 

2 - Standard TIL 
2 - Shottky TTL 

12 - Low power Schottky TTL 

o Low Power - 400mW Active 

o 24-pin ROM/PROM compatible pin configuration 

o CS, OE, and LATCH functions for flexible system 
operation 

o Read-Modify-Write Capability 

o Ruggedized for use in severe military environment 

applications. The MKB4118 provides the user with a 
high-density, cost-effective 1 K x8 bit Random Access 
Memory. Fast Output Enable (OE) and Chip Select (CS) 
controls are provided for easy interface in 
microprocessor or other bus-oriented systems. The 
MKB4118 features a flexible Latch (L) function to permit 
latching of the address and CS status at the user's 
option. Common data address bus operation may be 
performed at the system level by utilizing the Land OE 
functions for the MKB4118. The latch function may be 
bypassed by merely tying the latch pin to Vee, providing 
fast ripple-through operation. 

PIN CONNECTIONS 

Al 1 

A6 2 

AS 3 

A4 4 

A3 !l 

A2 6 

A1 I 

AD • 

IlOl 9 

1102 10 

1/03 11 

Vss 1< 

PIN NAMES 

AO -A9 
CS 
Vss 
Vcc 

Address Inputs 
Chip Select 
Ground 
Power (+5V) 

23 A8 

22 A9 

21 WE 
20 Of 
19 r 
18 CS 
171'08 

161.'07 

151 106 

141!OS 

131/04 

WE Write Enable 
C)E". Output Enable 
I Latch 
1/011/08 Data Inl 

Data Out 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on any pin relative to Vss .......................................................... -0.5V to + 7.0V 
Operating Temperature TA (Ambient) ............... , ......................................... O°C to + 70°C 
Storage Temperature (Ambient) (Ceramic) ......................................... , ....... -65°C to +150°C 
Storage Temperature (Ambient) (Plastic). " .... " .......................................... -55°C to +125°C 
Power Dissipation ................................................................................ 1 Watt 
Short Circuit Output Current .... " ................................................................. 20mA 
"Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those' indicated in ttle operational sections of this specification is not implied. Exposure to absolute 

maximum rating conditions for extended periods may affect reliability. 

RECOMMENDED DC OPERATING CONDITIONS3 
(O°C :s; T A :s; 70°C) 

SYM PARAMETER 

Vee Supply Voltage 

Vss Supply Voltage 

V'H Logic "1"' Voltage All Inputs 

V'L Logic "'0"' Voltage All Inputs 

DC ELECTRICAL CHARACTERISTICS1.3 
(O°C :s; T A :s; + 70°C) (Vee = volts ± 5%) 

SYM PARAMETER 

MIN 

4.75 

0 

2.2 

-0.3 

icC! Average Vee Power Supply Current (Active) 

leu Average Vee Power Supply Current (Standby) 

he Input Leakage Current (Any Input) 

IOL Output Leakage Current 

VOII Output Logic "'1"' Voltage lOUT = -1 mA 

VOL Output Logic "0"' Voltage lOUT = 4mA 

AC ELECTRICAL CHARACTERISTICS1.3 
(O°C :s; T A:S; + 70°C) (Vee = +5.0 volts ± 5%) 

SYM PARAMETER 

C, Capacitance on all pins except 1/0 

C,xo Capacitance on 1/0 pins 

NOTES: 

1. All voltages referenced to v<;\, 

2. Measured with 0:::; VJ ~ 5V and deselected (V~~ -'- 5V, 

3. A minimum of 100/-lsec time delay is requj'red after application of Vc(' (+5) 

before proper device operation can be aChieved. 

5. Effective capacitance calculated from the equation C -= 1,0.t/,0. with ,0.Vand 
V(( nominal. 

5. Standby mode is defined as condition when addesses, latch and WE remain 
unchanged. 
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TYP MAX UNITS NOTES 

5.0 5.25 Volts 1 

0 0 Volts 1 

7.0 Volts 1 

0.8 Volts 1 

MIN MAX UNITS NOTES 

80 mA 

60 mA 5 

-10 10 J.lA 2 

-10 10 J.lA 2 

2.4 Volts 

0.4 Volts 

TYP MAX NOTES 

4pF 4 

10pF 4 



ELECTRICAL CHARACTERISTICS6 
(O°C .,;; T.., .,;; 70°C and Vee = 5.0 volts ± 5%) 

MKB4118-2 MKB4118-3 MKB4118-4 

SYM PARAMETER MIN MAX MIN MAX MIN MAX 

tRe Read Cycle Time 150 200 250 

tA,\ Address Access Time 150 200 250 

teSA Chip Select Access Time 75 100 125 

tesz Chip Select Data Off Time 0 75 0 100 0 125 

tOEA Output Enable Access Time 75 100 125 

tOEZ Output Enable Data Off Time 0 75 o • 100 0 125 

hz Address Data Off Time 10 10 10 

tASI. Address To Latch Setup Time 10 10 20 

tAW. Address From Latch Hold Time 50 65 80 

teSI. CS To Latch Setup Time 0 0 0 

teHI. CS From Latch Hold Time 50 65 80 

tl.A Latch Off Access Time 200 260 320 

twc Write Cycle Time 150 200 250 

tAsw Address to Write Set-up Time 0 0 0 

tAHW Address From Write Hold Time 50 65 80 

tcsw CS to Write Setup Time 0 0 0 

teHW CS From Write Hold Time 50 65 80 

tusw Data To Write Setup Time 30 40 50 

tUllw Data From Write Hold Time 30 40 50 

twu Write Pulse Duration 50 60 70 

tU>H Latch Duration, High 50 DC 60 DC 70 DC 

tl.l)l. Latch Duration, Low DC DC DC 

tWEZ Write Enable Data Off Time 0 75 0 100 0 125 

tLZ Latch Data Off Time 10 10 10 

twPI. Write Pulse Lead Time 90 130 170 

NOTES (Continued) 

6. AC"timing measurements made with 2 TTL loads plus 100pF 

SUPPLEMENTAL DATA SHEET TO BE USED IN 
CONJUNCTION WITH MOSTEK MK4118(P/N) SERIES DATA SHEET. 

UNIT NOTES 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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CERAMIC DUAL-IN-LiNE HERMETIC PACKAGING (P) 
24 PIN 

,-13=TT I-
. I 600·010 

02SA SIB ~ 010 i 

I 1 20U + 01S I 

~I I ~~;".!. 
I . , II " 12, 01 I 

J u .J 

, I ---11--- - .., ~ - I I 
I I 018 • 002 040 TVP 

, I _ :'O'~OO: j 
,,- 05~! r---"(:QUAlSPACts~~ l00-j 

1_.2. NOM =:j 

f 1 
'I 

010 + oo2------1f--

PLASTIC DUAL-IN LINE PACKAGING (N) 

~" . ..=J '·"'L,~~_",:~~L ~ .. _"~ .. ~ 
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By DR. ROBERT PROEBSTING 

ABSTRACT 

This paper discusses the evolution of dynamic MOS 
RAMs. Included is a discussion of address multi­
plexing and timing considerations of multiplexed 
address MOS RAMs. Static and dynamic sense ampli­
fiers are compared in terms of power consumption 
and layout problems and the benefits resulting from 
the use of dynamic sense amplifiers are discussed. 
Data sheet specifications of three presently 
available 16K dynamic MOS RAMs are presented. 

INTRODUCTION 

Semiconductor random access memories have been 
developed at a very rapid pace throughout this de­
cade. RAMs with very impressive performance have 
been produced using bipolar technology, while RAMs 
with moderate performance but very low cost have 
been produced using MOS technology. This paper 
will discuss dynamic MOS random access memories 
which are rapidly replacing core memories in most 
memory applications. This recent dominance by 
dynamic MOS RAMs in the random access memory 
market comes about as a result of the cost, perfor­
mance, and reliability associated with the integration 
of up to 16,384 bits of RAM on a single integrated 
circuit. This level of integration in turn is made 
possible by the use of dynamic circuit techniques, 
and more specifically by the use of dynamic data 
storage. These techniques have undergone very rapid 
development, causing the performance characteristics 
of available memory circuits to vary greatly from 
design to design as different techniques are incor­
porated. Dynamic and static sense amplifiers will be 
discussed, and the performance specifications of a 
commercially available 16K RAM using dynamic 
sense amplifiers will be compared to the specifi­
cations of two 16K RAMs using static sense ampli­
fiers. The state-of-the-art in commercially available 
MOS memory is a 16K x 1 dynamic circuit with a 
chip access time of 150 nanoseconds, and a read­
modify-write cycle time of 320 nanoseconds. Cost 
of dynamic MOS memory is rapidly decreasing and is 
now about 0.1 cent per bit at the chip level and about 
0.15 cent per bit at the system level. 

MOSTEI{. 
DYNAMIC MOS RAMS 

Technology 

DEVELOPMENT OF DYNAMIC MEMORY 

The first MOS RAMs used cross-coupled flip-flops as 
storage cells, each cell containing six or eight MOS 
transistors. The combination of a complex cell 
structure and a new technology gave rise to a high 
per-bit memory cost that found very few applications. 
But applications were expanded by major break­
throughs that significantly reduced the cost of MOS 
RAM. The first breakthrough was the development of 
the concept of dynamic memory storage - storing 
a digital "0" or "1" by a low or high voltage stored 
on a capacitor in a 3-transistor cell. However, this can 
cause a problem since the charge will eventually leak 
off any capacitor. If data is to be retained for longer 
than the self discharge time of a cell storage capacitor, 
typically two milliseconds, the data must be sensed 
before it is lost and then restored to its original volt­
age level. The operation of restoring the cell voltages 
to good levels is called a refresh operation. This 
simultaneously occurs in all cells of the externally 
addressed row of the memory matrix. To refresh the 
entire memory array, it is necessary to perform a 
refresh cycle to each of the 16 to 128 rows of the 
memory array at least once every two milliseconds. 

The seconrl major breakthrough in the development 
of MOS RAMs was the development of the single 
transistor cell. This cell is poorly named because it 
really consists of a single transistor plus a single 
capacitor, and the capacitor occupies the majority 
of the cell area. But this cell still occupied less than 
half the area of the earlier 3-transistor cell and per­
mitted integration of 4096 bits per chip compared 
to only 1024 bits per chip using the earlier 3-tran­
sistor cell. The three year delay between the intro­
duction of the 1-transistor cell was due to the diffi­
culty in sensing the small signal from the 1-transistor 
cell. For the first time; there was no amplifier built 
into every cell, and signal levels out of the memory 
matrix became millivolts instead of volts. Sense 
amplifiers have been developed to sense the small 
signals from the 1-transistor cell and will be discussed 
later. 

The l-transistor cell permitted integration of 4K 
bits per chip. In addition, improvements in the inter-
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nal peripheral or support circuits made this new gene­
ration of circuits much easier to use than were the 
earlier 1 K circuits. The 1 K circuits required multiple, 
critically-timed, high-capacitance, high-voltage clock 
signals. In the 4K chips, these were replaced by a 
single high-voltage, high-capacitance clock (22 pin 
version) or two TTL-level, low-capacitance clocks 
(16 pin version). The 1K chips required high voltages 
for address and data inputs, which were replaced by 
TTL-level inputs in the 4K chips. The high impedance 
output of the 1 K chips, requiring an external sense 
amplifier, was replaced by a low impedance output 
capable of driving one or more TTL loads in the 4K 
circuits. The relatively slow P-channel technology 
used for the 1 K chips was replaced by faster N­
channel technology for the 4K chips. Integration of 
4096 bits per chip reduced the per-bit chip cost, 
while the simplification of external support circuitry 
reduced other system costs. These savings made MOS 
memory cost competitive with magnetic core for the 
first time in most general applications. Integration of 
16,384 bits per chip promises to reduce the per-bit 
cost even further. Although 16K chips require the 
same external support circuitry as that required by 
4K chips, a given printed circuit board size, power 
supply, cooling system, set of address buffers, etc., 
supports four times as many bits when using 16K 
chips as when using 4K chips. Memory systems using 
16K chips should become less expensive than those 
using 4K chips some time in the first half of 1978. 

ADDRESS MULTIPLEXING 

While use of the single transistor cell increased the bit 
density on a chip, it degraded the access time by 
about 25 percent. This is due to the delay through 
the sense amplifiers in detecting and amplifying the 
very small signals from the memory cells. This delay, 
however, made the mUltiplexing of addresses a very 
attractive means for reducing package pin count for 
increased memory density on a printed circuit board. 

An MOS memory chip is physically arranged as a two 
dimentional array of cells. Certain address inputs are 
used for row selection and the remaining address 
inputs are used for column selection. Row selection is 
required before the sense amplifiers can begin their 
slow detection process. Column selection is not re­
quired until the outputs of the sense amplifiers are 
valid, since its function is to gate data from the 
selected sense amplifier to the data output circuitry. 
Since the column selection information is not used 
internally until well after the row selection infor­
mation is required, only the row addresses need to be 
available to the chip at the start of a cycle. The 
column address can come later with no penalty of 
access time; The multiplexed address memory takes 
advantage of this delayed need for column address. 
Instead of using 12 address pins to select one 
of 4096 memory cells, six address pins are used to 
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first select one of 64 rows, and subsequently the same 
pins are used to select one of 64 columns. The 
result is a 4096 bit RAM in a 16 pin' package, rather 
than in the more straightforward 22 pin package. 

When compared to the 22 pin 4K RAM, the 16 pin 
4K RAM has both advantages and disadvantages. The 
primary advantage of the 16 pin approach is the sub­
stantial increase in board density that it allows. A 
second advantage is the reduction in the required 
number of address buffers from 12 to 6. A third 
advantage is that multiplexing permits a faster mode 
of operation, called page mode, which shall be 
discussed later. Finally, two more specific advantages 
were available to users of the 16 pin design. These 
were the use of TTL-level timing signals rather than a 
high voltage clock, and the use of dynamic sense 
amplifiers rather than static sense amplifiers to reduce 
power comsumption. These last two differences were 
not a result of the multiplexing but were nevertheless, 
advantageous for users of the 16 pin design. 

The 16 pin implementation also had disadvantages. 
The multiplexed part required two timing signals 
and hence more complex timing. The first signal, 
RAS, initiates a cycle and strobes in the row address, 
and the second signal, CAS, strobes in the column 
address. Any skew in the timing of the second signal 
with respect to the first added directly to access time. 
Systems using the 22 pin design, which required only 
a single clock, had less complex timing and suffered 
no such degradation of access time. Finally, the 22 
pin design, not having the TTL to MOS level clock 
driver on the chip, dissipated less than 1 mW in the 
standby mode compared to about 10 mW per chip for 
the 16 pin part. 

In the first year after various designs were introduced, 
the 22 pin approach gained greater acceptance than 
the 16 pin approach, not because of the technical 
advantages or disadvantages of the two approaches, 
but because there. were two major MOS memory 
suppliers manufacturing the 22 pin part and only one 
manufacturing the 16 pin part. Many users would not 
choose a single-sourced product. Other users had a 
strong enough preference for the multiplexed concept 
to commit to that design, correctly assuming that the 
market they created for the 16 pin design would 
cause additional manufacturers to offer their own 
16 pin designs. Meanwhile, the 16 pin design was 
improved to eliminate the access time penalty due to 
mUltiplexing. This was accomplished by performing 
the critical timing of the second clock with circuitry 
on the chip rather than with external circuitry-a 
feature referred to as "gated CAS." With many users 
committed to a multiplexed design, other manu­
facturers began supplying this part. And with multi­
ple sourcing available, more and more users designed 
systems using the 16 pin part. This trend has es­
calated to the point where virtually all new memory 
system designs now incorporate the 16 pin device. 



The acceptance of address multiplexing generated by 
4K RAMs virtually assured its use in the next gene­
ration of dynamic MOS RAMs. And indeed all 16K 
RAMs on the market today use address multi­
plexing and are pin compatible with each other. 
Many new memory system designs take advantage of 
the pinout similarity between the 4K and 16K parts. 
Printed circuit boards are designed to accommodate 
either part, with only a single jumper wire required 
to switch from 4K to 16K chips, caused by the need 
for a seventh address pin on the 16K part, which 
replaces the chip select pin of the 4K part. Chip 
selection is accomplished on the 16K part by de­
coding RAS or CAS or both. 

MULTIPLEX TIMING CONSIDERATIONS 

Although address multiplexing provides some very 
substantial system benefits, it complicated system 
timing. It requires that both row and column add­
resses get into the chip in a short time using the 
same address pins. This establishes a rather tight 
timing window during which the individual events 
must occur. The sequence of events required to add­
ress the chip is as follows: (1) establish row add­
resses, (2) bring RAS low, (3) maintain row addresses 
valid for some minimum hold time, (4) establish 
column addresses, (5) bring CAS low, and (6) hold 
column addresses valid for some minimum time. To 
achieve specified access time from RAS, it is neces­
sary to bring CAS low within some specified maxi­
mum delay after RAS. 

Every attempt is made during the design of multi­
plexed chips to simplify the system timing problem. 
This is done by first reducing the row address hold 
time to an absolute minimum, since the system must 
not begin to establish column addresses until the 
minimum row address hold time is met. Then, if 
possible, the design is made to tolerate a negative set­
up time for the column addresses, which means 
that column addresses need not be valid until some 
time after CAS starts low. This also increases the time 
available for mUltiplexing. Finally, the critical RAS to 
CAS timing is done on the chip, which means that if 
CAS occurs earlier than needed by the chip, it is 
internally delayed until it is needed ("gated CAS"). 
For high performance memory systems, the use of 
a delay line to minimize timing skews is essential. 
With a delay line, the timing sequence can be net 
such that CAS occurs early enough after RAS to 
guarantee the specified access time from RAS. 

OPERATION OF MULTIPLEXED DYNAMIC RAMS 

In a multiplexed dp~ign, the 12 addresses of a 4K 
memory or the 14 addresses of a 16K memory are 
strobed into the memory chip in two groups of 6 
or 7 respectively. When an address becomes avail­
able for a memory operation, the row address must 

first be presented to the chip address pins. As soon as 
the row address inputs are valid, the first of two 
timing signals to the chip initiates a cycle. This signal 
strobes or latches the row address into the chip and 
is appropriately called Row Address Strobe or RAS. 
With no further commands to the chip, the latched 
addresses are converted to MOS voltage levels, de­
coded, and the selected row is enabled. Data is there­
by destructively read from each cell in the selected 
row by dumping its charge onto its respective column 
sense line. A sense amplifier for each column detects 
the change in voltage level on the column line re­
sulting from this deposited charge, and amplifies this 
signal. The amplified signals from the sense amplifiers 
are then impressed back onto the column sense lines, 
returning the cells to their original voltages. A cell 
whose voltage had decayed is restored to its original 
voltage in the process. At this time the sense ampli­
fiers contain the same data or information contained 
in the selected row, and the destructively-read cells 
in the row are restored (refreshed) to their proper 
voltage. 

When an active cycle is initiated by RAS going low, 
it must not be aborted. It is necessary to keep RAS 
low for some minimum length of time to allow the 
sense amplifiers time to restore data back into the 
destructively-read cells. To summarize, the function 
of the Row Address Strobe is to initiate a cycle, 
strobe or latch the row address, enable the selected 
row of memory cells, sense and restore the data in 
that row of memory cells, and maintain the sensed 
data from the entire row of addressed memory cells 
in their respective sense amplifiers. The sense ampli­
fiers maintain this data as long as RAS remains active. 
At the end of a cycle, when RAS is taken high, the 
selected row is immediately turned off, isolating the 
correct data in the cells. After the row is off, the half­
digit lines are prepared for a new cycle. 

The Column Address Strobe (CAS), on the other 
hand, controls column selection circuitry and the 
transfer of data from the selected sense ampl ifier to 
the output circuitry. After RAS strobes the row add­
ress information from the multiplexed address input 
pins, CAS strobes the column address from the same 
pins. When CAS goes active (low), the column address 
is strobed or latched into the circuit. This address is 
then decoded to select the proper column. Data from 
the selected sense amp I ifier is then transferred to the 
output buffer, completing read access. 

During a write operation, the same sequence of events 
occurs as in a read cycle, with identically the same 
timing as in a read cycle except that the write enable 
signal, WR ITE, is brought active (low). This causes 
the data at the data input to be strobed into the chip, 
buffered, and written into the selected sense amplifier 
and, thereby, into the selected cell. A -read-modify­
write cycle starts out as a read cycle until read access 

261 



time. Then when input data becomes available to the 
memory, WRITE must be activated. As in a write­
only cycle, this causes the data to be written into 
both the selected sense amplifier and into the selected 
cell. The active cycle must not be terminated until 
the internal write circuitry has had sufficient time to 
complete the write operation. 

PAGE MODE OPERATION 

The Row Address Strobe transfers the data from an 
entire row of memory cells into their respective sense 
amplifiers. The Column Address Strobe transfers the 
single bit of data from the selected sense amplifier 
into the output buffer. This organization permits data 
to be transferred into or out of multiple column lo­
cations of the same row by having multiple column 
cycles during a single active row cycle. This mode of 
operation is called page mode. A page of memory 
is defined as those memory locations sharing a 
common row address, but not necessarily confined 
to a single chip. 

After a row has been selected by the Row Address 
Strobe, the contents of all cells in that row are 
available in their respective sense amplifiers. Re­
petitive column address cycles, while maintaining 
a single active row cycle, permit faster operation than 
is possible in the normal operating mode. This is 
because the delay through the sense amplifier only 
adds to the access time of the first column in the page. 
Data to be accessed from each subsequent column is 
already available in its respective sense amplifier. 
Therefore, page mode access is the access time from 
CAS, which is typically two-thirds the access time 
from RAS. Page mode reduces power consumption 
while typically doubling maximum operating fre­
quency. Read, write, and read-modify-write cycles 
can be performed in either normal cycles or in 
page cycles. Page mode operation has a number of 
applications, with high-speed block transfer of data 
being the most important. 

SENSE AMPLIFIER CONSIDERATIONS 

The one-transistor memory cell has been simplified 
to a rather minimal structure: a capacitor stores 
digital data as a high or low voltage, and a transistor 
selectively connects the capacitor to a digit/sense 
line. (See Fig. 1.) Conduction through the transistor 
is controlled by its gate which is electrically con­
nected to the other gates in a row. When a row is 
enabled by the row decoder, all transistors in that 
row become conductive, transferring charge from 
their respective capacitors to their respective digiti 
sense lines, destructively reading data. Each column 
has its own sense amplifier, whose function is to 
detect this charge and to amplify the signal caused 
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by this charge. The amplified signal is a full logic 
level, either at ground or close to V DO. 

The cell transistors remain conductive throughout 
this period so that the amplified signals from the 
sense amplifiers feed back into their respective 
cells, refreshing the voltage levels in the cells. 

To maximize the signal into the sense amplifier, 
a large cell capacitance and a small digit/sense line 
capacitance are desired. This is because the cell and 
its digit line form a capacitive divider that attenuates 
the signal from the cell. But integration of large num­
bers of bits on one circuit requires a physically small 
cell size which implies an electrically small cell 
capacitance. Integration of large numbers of bits also 
requires that many cells share a common digit/sense 
line, causing this line to be physically long and to 
therefore have high stray capacitance. To keep the 
signal attenuation to an acceptable level, steps are 
taken to both maximize cell capacitance and to 
minimize digit line capacitance. Cell capacitance can 
be increased by using a double layer polysilicon 
fabrication process, which increases the percen­
tage of cell area used for the capacitor. Digit line 
capacitance can be reduced by simply cutting the 
line in half. The sense amplifier is then placed in the 
center of a digit line, and senses a differential voltage 
between the two halves of the line. In 16K designs, 
the cell capacitance is typically 0.04 picofarad and 
the stray capacitance of one half-digit is typically 
1 picofarad. Thus the signal from the memory cell is 
attenuated by a factor of 25 before being sensed by 
the sense amplifier. 

Between cycles, the two halves of each digit line are 
equilibrated to precisely the same voltage. When an 
active cycle is initiated by RAS going low, these lines 
are momentarily allowed to float. Then a row is enab­
led, transferring charge from the enabled cell in each 
column to its half of its digit line. On each digit line, 
only a single memory cell is selected. This cell may be 
located on either the top or bottom half of the digit 
line. If the cell was originally at a high Voltage, it 
causes its half-digit line voltage to be at some "high" 
value. If the cell was originally at a low voltage, its 
resulting half-digit line voltage is some "low" value. It 
should be noted that the attenuation of the digit line 
causes the "high" and "low" voltages to differ by 
less than one-half volt. The half-digit line not con­
taining the addressed cell is simultaneously adjusted 
to a voltage somewhere between the "high" and 
"low" voltages of the addressed half by a special cell 
called a "dummy ceiL" Thus if a cell originally con­
tained a high Voltage, the voltage of its half-digit line 
will be approximately one-quarter volt above the 
adjusted intermediate voltage of the other half­
digit line. If the cell originally contained a low 
voltage, the voltage of its half-digit line will be ap­
proximately one-quarter volt below the intermediate 



voltage of the other half-digit line. It is now up to 
the sense amplifier to detect this differential signal 
of one-quarter volt or less. 

A detailed analysis of the sense amplifier will not be 
attempted. It will simply be noted that the sense 
amplifier consists of a balanced flip-flop. Since the 
addressed cell, in conjunction with the dummy 
cell, guarantees an initial voltage imbalance to this 
flip-flop, the positive feedback of the flip-flop causes 
it to latch up. The half-digit line having the lower 
initial voltage goes to ground while the other half­
digit line goes to or in the case of a dynamic sense 
amplifier, remains near VDD. 

Two types of sense amplifiers have been used in 
commercially available products. These are variations 
of the static amplifier in Fig. 1, and of the dynamic 
amplifier in Fig. 2. Both are about equal in their 
ability to detect and amplify small signals. The load 
resistors, R 1 and R2, in the static ampl ifiers consume 
a substantial amount of power, typically half or more 
of the total chip power. Since these resistors are not 
present in dynamic amplifiers, the total power con­
sumption of memory chips employing dynamic sense 
amplifiers is much less than that of circuits employing 
static sense amplifiers. There are, however, formid­
able design or layout problems associated with the 
use of dynamic sense amplifiers which will be dis­
cussed presently. These problems are severe enough 
that many chip designers chose to incorporate power­
consuming static sense amplifiers into their designs. 

To understand the differing circuit requirements for 
static and dynamic sense amplifiers, one must look at 
a write cycle or more accurately, a read-modify-write 
cycle. Suppose, in Fig. 1, cell 64 had originally stored 
a low voltage and was read. The sense amplifier, de­
tecting a lower voltage on node B than on node A, 
will drive node B to ground and node A near VDD' 
Transistor T3 then turns on, and the data from the 
cell becomes available to the output buffer at one 
end of the data bus. Now, assume that it is desired to 
write opposite data back into the cell. This requires 
forcing a high voltage onto node B and onto the 
storage capacitor, C64. To do this, the data input 
buffer will drive the input/output data bus to ground. 
Transistor T3 then forces node A to ground, over­
powering R 1. When node A goes to ground, transistor 
T2 turns off. This allows R2 to pull node B to VDD 
as required to write the high level into the storage 
cell. Without R2, node B would simply remain at 
ground, and a high voltage could not have been writ­
ten into the cell. With these resistors, data can be 
written into a cell in either half of the matrix with a 
single input/output data bus. A trade-off exists in the 
resistance value chosen for R 1 and R2. Since either 
R1 or R2 will dissipate power in all of the sense 
amplifiers, a low value resistor results in a very high 

power consumption. But the digit line capacitance of 
node B is quite large, and a high value resistor means 
an excessively long write time. There is no good 
compromise, and circuits using static sense amplifiers 
consume high power and have long write times. 

Memory Cells and Static 
Sense Amplifier 

COLUMN 
DECODE 
OUTPUT 

Memory Cells and Dynamic 
Sense Amplifier 

ROW 0 

ROWI~ -_. ~i 
CELLS 

ROW 63 .II' 

DATA BUS 

COLUMN 
DECODER 
OUTPUT 

INTERNAL 
+1611 

SUPPLY 

COMPLEMENT 
INPUT lOUT PUT 
DATA BUS 

ROW 64 

ROW 126 

ROW 127 

Figure 2 

Figure 1 Memory Cells and Static Sense Apmlifier. Memory chips using static 
sense amplifiers consume twice the power of chips using dynamic sense amplifiers, 
due to the conduction through either Rl or R2. 

Figure 2 Memory Cells and Dynamic Sense Amplifier. The use of dynamic sense 
amplifiers requires both true and complement input/output data busses. This, in 
turn, requires either two full column decoders or placement of a single column 
decoder with the sense amplifiers in the center of the memory. 

On paper, the dynamic sense amplifier solves the 
problem very well. Referring now to Fig. 2 and 
having again read a low voltage from cell 64, assume 
it is again desired to write a high voltage back into 
the cell. Now, as before, the input buffer drives the 
true data bus to ground, with transistor T3 causing 
node A to follow. But, in addition the input buffer 
also forces the complement data bus to V DD, with 
transistor T4 causing node B to follow. In forcing 
node B to VDD, the complement data bus performed 
the job previously done by the resistor. With row 64 
still selected, the high voltage on node B is transferred 
into the cell, and the write operation is complete. It 
should be noted that transistors T3 and T4 function 
only as switches and can have very low resistances to 
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speed-up write time. No speed-power trade-off is 
involved. Therefore, memory designs using dynamic 
sense amplifiers consume far less power and write 
much faster than do designs using static sense ampli­
fiers. 

The layout problem associated with the dynamic 
sense amplifier is that it requires both a true and a 
complement data bus. These, in turn, require that the 
column decode outputs be available in both the top 
and bottom halves of the memory array. Placing 
single column decoder above (or below) the memory 
array is ruled out since it is not practical to run its 
outputs through the memory array to the other side. 
One solution to the layout problem is to use two en­
tire column decoders, one above the top half of the 
array to service the true data bus, and the other 
below the bottom half of the array to service the 
complement data bus. This gains all the advantages of 
using dynamic sense amplifiers, but the duplication of 
the column decoder consumes a substantial amount 
of sil icon area, thereby raising the cost of the ch ip. 

A second solution is to use a single column decoder 
located in the center of the memory array along with 
the sense amplifiers. This approach requires great 
care in design. If the column decoder is located in 
the center of the chip, it is topologically necessary 
for the digit lines to cross the buffered column 
address signals. Just one address signal, moving 
from ground to VOO, capacitively couples more 
signal onto a digit line than that provided by the 
memory cell. At first thought, this is frightening 
indeed. But on second thought, there are 127 un­
selected row lines that cross the digit lines and they 
do not cause a problem. They are quiet. Indeed if all 
lines crossing the digit line are kept quiet until the 
sense amplifier detects and amplifies its signal, there 
is no problem. With a multiplexed design, it is parti­
cularly easy to insure that the buffered column add­
ress lines remain quiet during this time, since multi­
plexing automatically causes the column address to 
be processed after the row addresses have been 
processed. 

The advantages of dynamic sense amplifiers over 
static sense amplifiers are rather dramatically illus­
trated in Table 1. The power differences between the 
MK4116 and the other parts is due almost entirely 
to the choice of sense amplifiers. So is the write time. 
Other performance differences between the various 
designs are due to alternate circuit techniques used 
throughout the designs, not necessarily related to the 
choice of sense amplifier. 

OTH E R MOS RAMS 

The very small area occupied by a single-transistor 
cell makes dynamic MOS RAM substantially less 
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Table 1 

PART NUMBER MK4116·2 2116-2 TMS4070-2 
MOSTEK (INTEL) (TI) 

SENSE AMP DYNAMIC STATIC STATIC 

MAX IDD(MA) 35 69 76 

V DD TOLERANCE ±10% ±10% ±5% 

ACCESS TIME 150 200 250 
(FROM RASI (nsl 

ACCESS TIME I 100 125 165 
(FROM CAS) (nsl 

MAX RAS to CAS 
delay for specified 50 75 80 
RAS access (ns) 

Row Address 20 45 50 
Hold Time (ns) 

Col Address -10 -10 a 
Setup Time (nsl 

WRITE TIME 60 125 165 
After READ 

MIN READ or 375 350 400 
WRITE CYCLE 
(ns) 

MIN READ- 375 400 590 
MODIFY·WRITE CYCLE 

R E FR ESH Cycles 128 64 128 
REFRESH Interval 2ms 2ms 2ms 

PAGE MODE Yes Yes Yes 

Package Pins 16 16 16 

DATA SHEET SPECIFICATIONS FOR COMMERCIALLY AVAIL­
ABLE 16K MOS RAMs. All numbers pertain to fastest speed selection. 

expensive than other forms of MOS RAM. For many 
applications, however, 'other forms of MOS RAM 
deserve consideration. All of the RAMs described 
below operate from a single +5 volt supply, compared 
to the +12, +5, and -5 volt supplies required by 
dynamic RAMs. All use static cells, eliminating the 
refresh cycles requi red by dynamic RAMs. These cir­
cuits are not multiplexed, simplifying system timing. 
These considerations make this group particularly 
attractive in small memory systems. 

By using dynamic circuit techniques with a static 
(flip-flop) cell, low active power and even lower 
standby power can be achieved. Such 4K RAMs are 
now available with under 100 mW active power and 
under 10 mW standby power. Access times are similar 
to those of dynamic RAMs. 

When access time is of paramount importance, static 
cells are used with static peripheral circuits. This 
permits access times of 50 nanoseconds or below at 



active power levels of about 500 mW, and standby 
power of about 35 mW. Lower power versions are 
also available with longer access. times. 

For applications requiring extremely low power 
dissipation, complementary MaS RAMs are very 
attractive. These circuits are the most expensive 
of the group, but consume nanowatts to microwatts 
during standby and microwatts to milliwatts when 
active. They also tolerate extremely wide variations in 
power supply voltage, often from 3 to 15 volts. 

CONCLUSION 

Some of the dynamic MaS RAMs on the market 
today consume considerably less power than others. 
Some are considerably faster than others. But com­
pared to other technologies, all of these parts re­
present very attractive building blocks for random 
access memory systems. The highest power 16K 
circuits only consume about 35 watts in a 256K work 

CHIP PHOTOGRAPH OF MK4116 
Figure 3 

x 32 bit per word system. The slowest circuits permit 
system access times faster than 500 nanoseconds. 

The high storage density resulting from the use of 
small 16 pin packages, each containing 16K bits, is 
very important in the design of large memory systems. 
The combination of TTL compatibility of all inputs 
and outputs, and relatively straightforward timing 
requirements make these circuits equally attractive 
for small memory systems. 

In systems requiring extremely fast access times, 
bipolar technology provides the best answer. In 
systems tolerant of relatively slow serial access rather 
than requiring fast random access, other technologies, 
including disc, CCD, or bubble memories are po­
tentially less expensive than dynamic MOS. But for 
those applications requiring random access memory 
of low to moderate performance, the combination 
speed, power, density, reliability and cost of dynamic 
MaS memory just can't be matched by any other 
technology today. 

The column decoders are located with the sense amplifiers between the top and bottom halves of the memory array. The chip size of this 16K RAM 
is 122 mils x 227 mils. 
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MOSTEI{. 
AN IN-DEPTH LOOK AT MOSTEK'S HIGH PERFORMANCE MK4027 
By DERRELL COKER Application NOte 

---

The MK 4027, like its predecessor the MK 4096, 
is a 4096 word by 1 bit N-Channel MOS Random 
Access Memory circuit that is packaged in a standard 
16-pin DW_ This small package size is the result of a 
unique multiplexing and latching technique for the 
address inputs which MOSTEK pioneered for its 4K 
RAM family. This innovative approach to dynamic 
RAM design has proven to be one of the most im­
portant semiconductor memory milestones in the 
past few years. With more than a dozen manufac­
turers having announced their intentions to produce 
equivalent circuits with identical pin configurations, 
the MOSTEK 16-pin 4K RAM family has become an 
industry standard. 

Figure 1 

The purpose of this appl ication note is to acquaint 
the user with the MK 4027, and to provide a more 
complete and in-depth understanding of the circuit 
(and its use) than can be obtained from the data sheet 
alone. MOSTEK realizes that most experienced mem­
ory system designers go through a process of evaluat­
ing many potential memory devices and making a 
judgement as to which device is best for a particular 
application. MOSTEK also realizes that this evalua­
tion process can be a very tedious and time consum­
ing endeavor, especially if several potential candidates 
are to be evaluated. Therefore, the information pre­
sented in this application note is divided into major 
sections and presented in the order that MOSTE K has 
found to be most desirable in the typical evaluation 
process used by most designers. 
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BACKGROUND 

The pin configuration for the 16-pin 4K RAM 
was originated by MOSTEK Corporation when the 
MK 4096 was announced in 1973. Basically, the 16 
pin device is made possible by eliminating six of the 
twelve address inputs required to select one out of 
4096 bit locations in the RAM. Addressing is accom­
plished by the external generation of negativ)&oing 
Rowand Column Address Strobe signals (R and 
CAS) which latch incoming multiplexed addresses 
into the chip. This same addressing technique is 
carried over from the MK 4096 to the higher perfor­
mance MK 4027. 

PIN CONNECTIONS 
Figure 2 

(-5V POWER SUPPLY) VB. 

(DATA INPUT) D,N 

I 

2 

(WRITE ENABLE STROBE) WRITE 3 

(ROW ADDRESS STROBE) RAS 4 

(ADDRESS INPUT) Ao 

(ADDRESS INPUT) A2 

(ADDRESS INPUT) A, 

(+12V POWER SUPPLY) Voo 8 

:---p 16 Vss (GROUND REF, 0 VOLTS) 

P 15 CAS (COLUMN ADDRESS STROBE) 

P 14 DOUl (DATA OUTPUT) OPl3 CS (CHIP SELECT) 

P 12 A:5 (ADDRESS INPUT) 

P II A4 (ADDRESS INPUT) 

P 10 A5 (ADDRESS INPUT) 

_p 9 Vee (+5 V POWER SUPPLY) 

In addition to improved performance characteris· 
tics, the MK 4027 also incorporates several different 
and flexible operating modes and system- oriented 
features. These features include direct interfacing ca­
pability with TTL, low capacitance inputs and out­
put, on-chip address and data...@9jsters, two methods 
of chip selection, simplified (RAS-only) refresh oper-

4027 PROCESS STEPS 
Figure 3 
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ation, and flexible column address timing to compen· 
sate for system timing skews. Also, the MK4027 of­
fers a unique cycling operation called page-mode. 
Page· mode timing is very useful in systems requiring 
Direct Memory Access (DMA) operation. 

Before delving into the more detailed aspects of 
the MK 4027, it is helpful to obtain a basic under­
standing of the internal circuit operation. Once a de­
signer understands the fundamental operation of the 
MK 4027, it is much easier to see how and why the 
device operates with such improved performance 
over existing 4K dynamic RAM designs. 

Much of the internal structure of the MK 4027 is 
made possible by state-of-the-art processing. The 
MK 4027 is fabricated with MOSTEK's ion-implanted 
N-Channel silicon gate (Poly 1) process, whose basic 
steps are illustrated in figure 3. This process allows 
independent adjustment of gate and field oxide 
thresholds by ion-implantation (a technique intro­
duced by MOSTEK in 1971), which maximizes per­
formance, density, and reliability. 

INTERNAL CIRCUIT OPERATION 

The.internal circuit operation of the MK 4027 is 
unlike any other 4K RAM in the industry. The 
M K 4027 utilizes a revolutionary new architecture for 
semiconductor memories. The circuit layout and de· 
sign techniques incorporated within the MK 4027 are 
the main reasons for the increased performance capa­
bilities and the additional system-oriented features. 
As an aid in understanding the operation of the 
MK 4027 refer to the block. diagram in figure 4. 

A major difference between the MK 4027 and 
most conventional RAMs is that the MK 4027 has 
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only one internal decoder and only one set of input 
buffers for both the Rowand Column addresses. This 
feature greatly reduces the active silicon area and 
Input capacitance. Note also that the internal single 
transistor storage cell matrix is divided into two sec· 
tions with the sense amplifiers and input/output cir· 
cuitry located between the two. This type of sense 
amp configuration causes data stored in half of the 
memory to be inverted from the data stored in the 
opposite half. However, this inversion is completely 
invisible at the device terminals. The sense amplifiers 
incorporated within the MK 4027 are dynamic, ba­
lanced, differential sense amps which dissipate no 
D C or steady· state power. Furthermore, virtually 
all of the circuitry used in the MK 4027 is dynamic 
and consequently, most of the power dissipated by 
the MK 4027 is a function of operating frequency 
rather than active duty cycle. 

MEMORY CYCLES 

The MK 4027 will begin a memory cycle as soon 
as the Row Address Strobe (MS) input is activated. 
This is done by changing the voltage potential at the 
RAS input from a high level to a low level. The first 
internal action that takes place is the conversion of 
the TTL-compatible ~ signal to the MOS (12 volt) 
level that is required within the chip. The internal 
amplifier that performs this conversion is, of necessi­
tv, powered up at all times. Therefore, the RAS in­
put buffer always dissipates some D ~wer. The 
steady-state power dissipated by the RAS input buf­
fer is the main component of the overall standby 
power. 

MK 4027 FUNCTIONAL BLOCK DIAGRAM 
Figure 4 
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After the Row strobe reaches the proper level 
internally, a series of internal clock edges are generat­
ed to perform special control functions. The first of 
these clocks serves as a signal to "trap" the first set of 
six addresses into the address input buffers. These 
input buffers then generate the address into both true 
and complement form in high level, as required by 
the decoder. The addresses are then decoded for se­
lection of the proper row in the memory cell matrix. 
Also, as the selected row is enabled, a set of dummy 
cells are enabled on the opposite side of the sense 
amplifier from the selected Row. These dummy cells 
serve to establish the proper trip point or reference 
voltage as required by the sense amps to differentiate 
between a one level and a zero level when the selected 
cell is read. As the selected Rowand dummy cells are 
enabled, the address input buffers are already being 
reset and precharged so that the column addresses can 
be multiplexed into the chip. 
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The last action initiated by the row clocks causes 
the data in all 64 cell locations in the selected Row to 
be latched into the sense amplifiers which, in turn, 
restore proper data back into the cells. (This action is 
known as refreshing.) The selected Row output from 
the decoder remains enabled as long as the Row Ad­
dress Strobe (RAS) is at a logic 0 level. 

The second chain of events within the MK 4027 
memory cycle, assuming that liAS is active, occurs 
when the Column Address Strobe (eA'S) is activated. 
As soon as the CAS is brought to logic 0 level, the 
output buffer is turned off and the output assumes 
the high impedance (open-circuit) state. If, at this 
time, the input circuitry is ready to process the co­
lumn data, the low level CAS signal is converted to 
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high level (12V) CAS. However, if the circuit is not 
yet ready to process column data, generation of the 
hi~h level CAS si~nal is delayed. The internal mech­
anism for determining whether the MK 4027 is ready 
to process the column information is controlled by 
a signal from the row clock generator. This signal in­
hibits all column clocks until the sequence of row 
clocks has progressed to the appropriate time in the 
memory cycle. The internal "gating" of the RAS 
and CAS clocks has a very significant impact on ex­
ternal operation of the part. This is discussed in de­
tail in a later section of this application note. 

After CAS reaches the proper internal level, a 
series of clock edges are generated which operate in 
a similiar manner to the RAS clocks. In the case of 
CAS, however, the second rather than the first clock 
serves to "trap" the second set of six addresses into 
the address input buffers. These buffers again gen­
erate true and complement high level addresses as re­
quired by the decoder. Also, at this time the W1i1i! 
circuitry is enabled and the input/output data buses, 
which are routed through the center of the cell ma­
trix, and the output buffer are all precharged to pro­
per levels. 

If the WRITE input is activated, a parallel series 
of clocks are enabled in addition to those enabled by 
the CAS circuitry alone. While the column addresses 

FUNCTIONAL FLOW CHART 
Figure 5 

are trapped into the address input buffers and con­
verted into true and complement high-level addresses, 
the WFfiTt input is converted to a high-level clock 
and data is latched into the data input buffer where 
it is also converted to true and complement, high­
level information. It should be pointed out that the 
CAS circuitry also enables the Chip Select (CS) input. 
The Chip Select input buffer is essentially the same 
type of circuit as an address input buffer, but, if the 
Chip Select input is not activated, the remaining se-­
ries of CAS clocks are inhibited. 

If, at this point in time, the chip has receiveda 
Row Address Strobe and a Column Address Strobe 
(with the Chip Select active), the chip will initiate 
either the Read or Write operation as Indicated by the 
state of the WRlTE input. The decoder selects the 
proper column by enabling the coupling transistors 
which connect the selected columns to the data 
input/data output differential bus pairs. During a 
read cycle, data is transferred from the selected sense 
lines to the I/O bus pairs. A write cycle will cause 
data to be transferred from the selected data I/O bus 
to the sense lines so that proper data is forced into 
the selected storage cell. A fter the correct data is 
present on the 1/0 bus, the data output buffer is 
latched and the correct information is presented at 
the output of the chip. Once the output buffer is 
latched, the output is decoupled from the internal 
I/O bus. 

THE SELECTED COLUMNS AND I/O BUS PAIAS.I-----~____j 
TRANSfERRING DATA fROM THE SENSE LINES '--"-''--''-'-:.:....:~~ __ ---1 
TO THE I/O BVS PAIRS DURING A READ 
CYCLE OR FROM THE I/O BUS PAIRS TO THE 
SENSE LINES AND SElECT£O cnL DURING A 
WRIT[ CYCLE ALSO, RESET AND PRECHARGE 
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After the chip has performed all the functions 
required for a read, write or refresh operation, it re­
mains in a Quiescent state until the input control 
clocks (RAS and CAS) are taken to the inactive (high) 
state. If RAS remains active and CAS is taken to the 
precharge (high) condition, the previously selected 
column will be turned off and the multiplexed por­
tion of the address decoder will be reset and precharg­
ed,ready for a n.ew CAS cycle. However, the previ­
ously selected row will remain enabled and the sense 
amps will retain the information read from that row. 
(This feature of the M K 4027 makes possible "page­
mode" operation.) When RAS is terminated, the se­
lected Row is turned off, the sense lines and the data 
I/O buses are precharged and the dummy cells are re­
set. Also, the input buffers and decoders are reset 
and precharged, ready for a new RAS cycle. Deacti­
vating RAS also forces CAS i.!l1Q. the precharge condi­
tion internally, even though CAS may remainactive 
at the input. 

The internal workings of the MK 4027 can be 
best summarized by referring to the Functional Flow 
Chart in figure 5. From this brief outline of the in­
ternal operation of the device it is easy to see how the 
MK 4027 is capable of so many different and flexible 
timing modes. Besides the usual read, write, and 
read-modify-write cycles, the MK 4027 is also capable 
of "page-mode" cycles (very useful in Direct Memory 
Access operation) and "delayed-write" cycles (very 
useful in shift register applications.) While keeping 
in mind the internal structure of the MK 4027 it is 
now appropriate to delve into a more detailed discus­
sion of the external characteristics and system impli­
cations of the M K 4027 memory device. 

EXTERNAL DEVICE CHARACTERISTICS 

ADDRESSING 

As stated earlier, the 12 address bits required to 
decode one of the 4096 cell locations within the MK 
4027 are multiplexed onto the 6 address inputs and 
latched into the on-chip address latches by externally 
applying two negative-going, TTL-level clocks. The 
first clock, the Row Aeldress Strobe (RAS), latches 
the 6 row address bits into the chip. The second 
clock, the Column Address Strobe (CAS), subse­
quently latches the 6 column address bits plus Chip 
Select (CS) into the chip. Each of these clock signals, 
RAS and CAS, triggers off a sequence of events which 
are controlled by different delayed internal clocks. 
Th~ two clock chains are linked together logically in 
such a way that the address multiplexing operation is 
done outside of the critical path timing s~nce for 
read data access. The later events in the C-AS clock 
sequence are inhibited until the occurence of a delay­
ed signal derived from the RAS clock chain. This 
"gated CAS" features allows the CAS clock to be ex­
ternally activated as soon as the Row Address Hold 
Time specification (tRAH) has been satisfied and the 
6 address inputs have been changed from Row ad­
dress to Column address information. This results in 
a system limit of tRCD= tRAH + tr + tASC (tT = 
one transition time). 

Note that CAS can be activated at any time 
after tRAH and it will have no affect on the worst 
case data access time (tRAC) up to the point in time 
when the delayed row clock no longer inhibits the 
remaining sequence of column clocks. Two tiel?? 
end points result from the internal gating of 
which are called tRCD (min) and tRCD (max). No 

data storage or reading errors will result if CAS is 
applied to MK 4027 at a point in time beyond the 
tRCD (max) limit. However, access time will then 
be determined exclusively by the access time for 
CAS (tGAC) rather than from RAS (tRAC), and 
access time from RAS will be lengthened by the 
amount that tRCD exceeds the tRCD (max) limit. 

The signHicance of this "gated CAS" feature is 
that it allows a multiplexed circuit, such as the 
MK 4027, to be comparable in performance (access 
time) with non-mu Itiplexed devices such as the 18-
and 22-pin 4K RAMs. In essence, it allows the 
designer to compensate for system timing skews that 
may be encountered in the multiplexing operation 
when addressing the device. In the MK 4027, the 
"window" available for multiplexing from row ad­
dress to column address information while still 
achieving minimum access time (tRAC) is a full 25% 
of access time. 

MEMORY CYCLES 

Once the MK 4027 is properly addressed, the 
device is capable of performing various types of 
memory cycles. Selection of the various cycles, whe­
ther read, write or some combination thereof, is 
controlled by a combination of CAS and WRITE, 
while RAS is active. Also, since Chip Select (CS) 
does not have to be valid until CAS, which is well in­
to the memory cycle, it is possible to start a cycle be­
fore it is known which is the selected device. 

Data is retrieved from the memory in a read-only 
cycle by maintaining WR ITE in the inactive or high 
state throughout the portion of the memory cycle in 
which CAS is active. Data read from the selected cell 
will be available at the output within the specified 
access time. 

Data to be written into a selected cell is latched 
into an on-chip R~~ter by a combination of WR ITE 
and CAS while is active. The later of these sig­
nals (WRlTE" or CAS) to make its negative transition 
is the strobe for the Data-In register. This permits 
several options in the write cycle timing. In a write 
~e, if the WRITE input is brocgR§ low pri.or to 
CAS, the Data In is strobed in by , and the set-up 
and hold times are referenced to CAS. If the data in­
put is not available at CAS time or if it is desired that 
the cycle be a read-write cycle, the WR ITE signal will 
be delayed until after CAS goes low. In this "delayed 
write cycle" the data input set-up and hold times are 
ref!l..@!lced to the negative edweR~trR ITE rather than 
to CAS. Note that delaying until after the 
negative edge of CAS is termed a "read-write cycle" 
rather than read-modify-write. I n a read-write cycle, 
it is not necessary to wait until data is valid at the out­
put before the write operation is started. This feature 
Is very useful when the M K 4027 is used in sequen­
tial memory applications or in systems that employ 
"interleaving techniques." However, if a true read­
modify-write cycle is required (where the write opera­
tion occurs afte~d access), then WRITE can occur 
while RAS and CAS are still active and after tCAC, 

To take full advantage of this CAS/WRITE signal 
relationship it is necessary for one to understand how 
the Data Out Latch is controlled. The most import­
ant fact to remember is that any change in the.£Q!Jdi­
tion of the Data Out Latch is initiated by the CAS ne­
gative edge. The output buffer is not affected by 
memory cycles in which only the RAS signal is ap­
plied to the MK4027. WheneverCASmakesanegative 
transjtion, the output will go unconditionally open-
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circuited, independent of the state of any other input 
to the chip. If the cycle in progress is a read, read­
modify-write, or a delayed write cycle and the chip is 
selected, then the output latch and buffer will again 
go active, and at access time will contain the data 
read from the selected cell. This output data is the 
same polarity (not inverted) as the input data. If the 
cycle in-1ll9gress is a write cycle (WR ITE active low 
before CAS goes low) and the chip is selected, then at 
access time the output latch and buffer will contain 
the input data. Once having gone active, the output 
will remain valid until thr MK 4027 receives the next 
CAS n~ive edge. Intervenin~fresh cycles in 
which RAS is received, but no C~, will not cause 
valid data to be affected. Conversely, the output will 
assume the open-circuited state during any~le in 
which the MK 4027 receives a CAS but no RAS sig­
nal (regardless of the state of any other inputs). The 
output will also assume the open-circuit state in nor­
mal cycles if the chirL!s unselected. Note that if the 
chip is unselected (CS high at CAS time) WRiii: 
commands are not executed and, consequently, data 
stored in the memory is unaffected. 

The three-state data output buffer presents the 
data output pin with a low impedance to Vce for a 
logic 1 and a low impedance to VSS (Ground) for a 
logic O. The effective resistance to VCC (logic "1" 
state) is 420n maximum and < 100 n typically. The 
resistance to VSS (logic "0" state)is 125n maximum 
and < 50n typically. The separate VCC pin allows 
the output buffer to be powered from the positive 
supply voltage of the logic to which the chip is inter­
faced. During battery standby operation, the VCC 
pin may have power removed without affecting the 
MK 4027 refresh...Qlli1ration. This allows all system 
logic except the RAS timing circuitry and the refresh 
address logic to be turned off during battery standby 
to conserve power. 

Specified on the MK 4027 data sheet are two 
electrical characteristics of the device which guaran­
tee the appropriate state of the data o~Wst dw~nrT~ 
write cycle. These two specifications, to 
delay (tRWD) and CAS to WRiii: delay (tCW!;)) are 
not restrictive operating parameters. They are Includ­
ed in the data sheet as electrical characteristics only. 
The values listed in the "minimum" and "maximum" 

THESE PARAMETERS APPLY TO ALL MK 4027 MEMORY CYCLES: 
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SYMBOL 

tRFSH 

tRP 

tRCD 

tASR 

tRAH 

tASC 

tCAH 

tCSH 

tAR 

tcsc 

tCH 

tCHR 

tCRP 

tOFF 

tRAS 

tCAS 

tRAC 

tCAC 

tT 

DEFINITION 
Maximum time that the device will retain stored data without being refreshed. 

RAS precharge, or RAS inactive time of a cycle. 

RAS to CAS lead time. Operation within the tRCD (max) limit insures that tRAC 
(max) can be met. tRCD (max) is specified as a reference point only; if tRCD is 
greater than the specified tRCD (max) limit, then access time is controlled exclusively 
by tCAC. 

Row address set-up time. 

Row address hold time. 

Column address set-up time. 

Column address hold time. 

Column address strobe hold time 

Column address hold time referenced to RAS. 

Chip select set-up time. 

Chip select hold time. 

Chip select hold time referenced to RAS. 

CAS inactive to ~ active precharge time. 

Output buffer turn-off delay. 

~ pulse width or active time. 

CAS pulse width or active time. 

Access time from RAS falling edge. 

Access time from CAS falling edge. 

Transition time (rise and fall). Transition times are measured between VIHC or 
VIH and VIL. VIHC (min) or VIH (min) and VIL (max) are reference levers for 
measuring timing of Input signals. 



columns should be inserted as terms in the following 
equations: 

3. If tCWD does not meet the above constraints 
then the data out latch will contain indetermi­
nate data at access time. 1. If tCWD + tT ,,;;; tCWD (min), the data out 

latch will contain the data written into the se­
lected cell. 

2. If tCWD;;' tCWD (max) + tT and tRWD ;;, 
tRWD (max) + tT. the data out latch will con­
tain the data read from the selected cell. 

The following diagrams are representations of the 
MK 4027 timing waveforms for read, write and delay­
ed-write or read-modify-write cycles. A list of the 
timing parameters associated with each cycle is also 
included. 

READ CYCLE 
Figure 6 
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Random read or write cycle time. tRC (min);;' tT + tRAS + tT + tRP. 

Read command set-up time. 

Read command hold time. 

Device access time, tACC, is the longer of two calculated intervals: 
1. tACC = tRAC, or 

2. tACC = tRCD + tT + tCAC 
* This parameter is not shown in the timing waveforms. 
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WRITE CYCLE 
Figure 7 
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Random read or write cycle time. tRC (min) ~ tT + tRAS + tT + tRP. 

Write command hold time referenced to CAS. 

Write command hold time referenced to RAS. 

Write command pulse width. 

Write command to RAS lead time. 

Write command to CAS lead time. 

Data In set·up time (referenced to CAS). 

Data In hold time (referenced to CAS) 

Data In hold time (referenced to RAS) 



READ - WRITE / READ - MODIFY - WRITE CYCLE 
Figure 8 
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Read-write or "delayed write" cycle time. tRWC (min);;;' tT + tRCD + tT + TCWD 
+ tRWL + tT + tRP. This is the minimum time to insure that both a read and write 
operation will occur at the same address in a single memory cycle. 

Read command set-up time. 

Write command pulse width. 

RAS to WRITE delay. 

C'AStoWRITE delay. 

Write command to RAS lead time. 

Write command to CAS lead time. 

Data In set-up time (referenced to WFfTTE'). 

Data In hold time (referenced to WFfI11:). 
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PAGE MODE READ CYCLE 
Figure 9 
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PAGE MODE 

Keeping in mind the above mentioned cycle oper­
ations it is now appropriate to introduce another ca­
tegory of memory cycles. The "page-mode" opera­
tion allows for successive memory operations at mul­
tiple column locations. at the same row address.with 
increased speed and with decrease~ power. ~hls IS 
done by strobins the row address Into .the chip and 
keeping the RA signal active (at a.loglc.Ol through­
out all successive memory cycles In which th~ row. 
address is common. This "page-mode" operation will 
not dissipate ttltlower associa~ed with ~he negative 
going edge of RAS. Also, the time required for strob­
ing in a new row address is eliminated, thereby de­
creasing the access and cycle times. Every type of 
cycle-read, write, read-modify-wr.ite and delayed­
write cycles-can all be.J2e~formed I.n t~e page mode. 
Also, the chip select (CS) IS. operative In page mode 
just as in normal cycles. It IS not necessary that the 
chip be selected during the first. cycle for subsequent 
cycles to be selected properly In a page operatl<:m. 
Likewise the CS input can be used to select or disab­
le any cy'cle (s) in a series of "page" cycles. This fea­
ture allows the page boundary to be extended beyond 
the 64 column locations in a single chip. The page 
boundary can be extended by applying RAS to mul­
tiple 4K memory blocks and decoding CS to select 
the proper block. 

The addition of page mode to the MK 4027's 
repertoire of features adds only two additional con­
straints to the timing parameters mentioned earlier. 
The first constraint is that the length of time that a 
single chip canJ:!m}ain in the page mode is limited to 
the maximum RAS pu Ise width J.!aAS) as specified 
on the data sheet. Second, the CAS prechar@.jjme 
(tcP), or the time from the positive ed~f CAS in 
one page cycle to the negative edge of CAS in subse­
quent page cycles must be obeyed. 

The following timing waveforms illustrate the 
page mode operation. Note that the page-mode 
write cycle dew~ti t~e Data In set:.!:I.Q.and hold tir:nes 
referenced to T rather than C1\S. Once again, 
this is to illustrate the flexibility of the write cycle 
operation. Page-mode operation is p~rticularly use­
fu I in transferring large blocks of data Into or out of 
memory. 

REFRESH 

Refresh ofthe dynamic cell matrix is accomplished 
by performing a memory cy~le at eac~ of ~he 64 row 
addresses within each 2 millisecond time Interval. 

"RAS ONLY" REFRESH CYCLE 
Figure 11 

DOUT 

Any cycle in which a RAS signal occurs, accomplishes 
a refresh operation. A read cycle will refresh the se­
lected row, regardless of the stat~ of th.e Chip Select 
(CS) input. A write or read-modlfy-wrlte cycle also 
refreshes the selected row, but the chip should be un­
selected to prevent writing data into the select~d 
cell. If during a refresb cycle. the MK 4027 receives 
a RAS signal but no CAS signal, the state of the out­
put will not be a~fected .. Ther~fore, data from the 
previous cycle Will remaln..l@!.ld throughout the re­
fresh cy~ However, if "RAS-onl(' refresh cycl.es 
(where RAS is the only signal applied to the chip) 
are continued for extended periods, the output buf­
fer may eventually lose proRer dat~ and .g~ op~n­
circuit. The output buffer will regain activity w!th 
the first cycle in which CAS is applied to the chip. 

The following diagram illustrates the "RAS-only" 
refresh cycle: 

POWER DISSIPATION 

The worst case power dissipation of the M K 4927, 
continuously operating at the fastest cycle rate, IS 
the sum of [VOO (max) X 100 (max) plus VBB 
(max) X I BB (max) 1 , where maximum currents are 
the maximum currents averaged over one memory 
cycle. The worst case power for the M K 4027 with 
a cycle rate of 375 nanoseconds is less than 470fl.1W, 
while the typical power is 170 mW at a 1 J..!S cycle time. 

Typical power supply current wavefo~ms. for 
various types of memory cycles are shown In figure 
12. From this picture it is easy to see that most of 
the power drawn by the MK 4027.is the result ~f an 
address strobe charging the capacitances of various 
internal circuit nodes. 

Note also that there is very small DC component 
in the current waveforms, independent of how long 
the address strobes remain active. This is because 
most of the circuitry in t~K 4027 is dynamic, 
with the exception of the RAS input buffer. 

. The first portio!J.....Q.f the current waveforms 
illustrates a normal RAS/CAS memory cycle. As ex­
pected, the 100 waveform has three major current 
peaks above ground level. These occur when ~AS 
goes active, then when CAS internally goes active, 
and finally when both RAS and CAS go back into 
precharge. On the other hand, b~th posi~ive and ne-. 
gative current transients are associated With I BB. ThiS 
results in peak currents that can be two to four or­
ders of magnitude higher than the average 0 C value. 

The second.£Y£le is representative of a page-mode 
cycle in which CAS is completely enveloped by RAS. 
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Note that delaying CAS until well after RAS goes ne­
gative demonstrates the relative contributions of R"AS 
and CAS to total power. This type of cycle opera­
tion has the effect of reducing the peak current assoc­
iated with R"AS and CAS going into precharge simul­
taneously. Instead, two smaller current spikes are 
generat~ach coinciding with the separate termina­
tion of I.,;A:, and RAS. From the current waveform it 
is clear that approximately 60% of all active power is 
due to RAS and only about 40"10 of all active power is 
due to 00. Thus, even with increased frequency, 
the maximum power dissipated in a page-mode opera­
tion is less than that in a normal cycle. 

The third cycle is a "AAS-only" cycle which can 
be used for the refresh operation. Note that the 
MK 4027 will dissipate considerably less power when 
the refresh operation is accomplished wittLs...:,'RAS­
only" cycle as opposed to a normal RAS/CAS cycle. 

TESTING THE MK 4027 MEMORY DEVICE 

Production testing of each MK 4027 memory 
device begins early in the process of every MK 4027 
wafer. Once a wafer is processed, each individual die 
on that wafer is subjected to probe testing. This is 
where each die is probed and tested for functionality, 
leakage and continuity. All die that pass this test are 
then packaged and subjected to further Quality As­
surance Processing. 
The next bavage of tests include the following: 

100% Temperature Cycling-screened to 10 cycles, 
-65°C to +150'C 
100% Centrifuge - screened to insure positive die 
and bond attachment 

100% Dynamic Burn-In - each device is operated 
at conditions well beyond data sheet limits for 
many hours to insure that only quality devices 
reach the end user. 

All MK 4027 devices that pass the previous tests 
are then final tested for customer use. At final test, 
all devices are tested at high temperature, to all data 
sheet AC and DC specifications with wide guardbands. 
This type of Quality Assurance Processing and Test­
ing insures that not only does every MK 4027 per­
form well within the established data sheet limits, but 
also exhibits the quality and reliability standards ne­
cessary for today's (and tomorrow's) data processing 
applications. 

Thorough testing of every MK 4027 is performed 
on what MOSTEK calls "MASTER TESTERS." These 
machines incorporate a very versatile pattern genera­
tor made by Computest and a very sophisticated para­
metric measurement unit (PMU) and clock section 
that was conceived and constructed by MOSTEK Test 
Equipment design engineers. This combination of 
purchased and custom designed hardware is ·controll­
ed by a PDP-11 minicomputer. These MASTER 
TESTE RS are used not only in production testing 
but also in the engineering characterization of the 
MK 4027. This permits excellent correlation between 

100% Pre-burn testing at high temperature (for characterization and production testing on the device. 
function, leakage, and continuity) The test equipment is also used as an analysis tool in 

RAS / CAS CYCLE - LONG RAS / CAS CYCLE - RAS ONLY CYCLE 
Figure 12 
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MOSTE K's 4K testing area. 

the "continuing engineering" phase of MK 4027 pro­
duction. 

Establishing one's own incoming inspection and 
testing procedures for a device as complicated as a 
4K dynamic RAM is one of the most important and 
critical procedures in any production program. Usua­
lly the effectiveness of the screening procedure may 
not be known until several assembled systems have 
been field tested for several months. Therefore, it is 
important that proper screening procedures are em­
ployed early in any production program. 

Many times, in establishing electrical end-point 
tests, it is necessary to know the pro~er externa! ad­
dressing sequence to insure sequential addressln~ 
within a memory device. The internal address bit 
map of the MK 4027 is arranged in a somewhat un­
usual fashion to keep the chip size to a minimum. 
Therefore, sequentially addressing the M K 4027 can­
not be done with a straight binary count without the 

circuitry shown below. Note that this is for testing 
purposes only and is certainly not required or recom­
mended for system use. 

MK 4027 ADDRESS INTERPOLATION 
Figure 13 
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Also since the sense amplifiers within the MK4027 
are located in the center of the memory matrix, data 
stored in half of the memory will be inverted from 
the data presented at the input pin. Once again( this 
inversion is completely transparent to the user (I.e., 
data stored in the memory as a "1" or "0" at the in­
put will, when subsequently accessed, appear as a 
"1" or "0" respectively at the output). However, if 
one wishes to determine the polarity of data stored 
in the memory, refer to the following chart. 

ROW ADDRESS A5 

o 
DATA STORED 

inverted data 
true data 
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MOSTEI{@ 
COMPATIBLE MK4027 AND MK4116 MEMORY SYSTEM DESIGNS 

By DAVID WOOTEN Application Note 
INTRODUCTION 

Memory Systems design is very much like any other 
interface design. It requires knowledge of the system 
being interfaced to and also an in-depth knowledge 
of the resource being interfaced. This in-depth 
knowledge must include the functional and electrical 
characteristics of the device as well as power require­
ment, noise sensitivities and driver requirements. 
This application note will attempt to cover all of the 
areas that are relevant to designing a memory system 
using the MK4027 or the MK4116. The discussion 
centers around a memory board that was designed 
for the LSI-ll* microcomputer. Many of the 
techniques and methods used in this design can be 
applied to almost any other memory system design. 

THE LSI-ll*BUS 

The LSI-ll * microcomputer bus is used for all data 
transfers within the system. It has four types of 
cycles that are of significance to the memory system: 
read, write, read-modify-write and refresh. The 
timing for each of these cycles as seen from the 
interface side of the bus receivers is given in Figs. 1, 
2, and 3. Since the memory can never institute a 
bus cycle it is always a slave device. As can be seen 
from the timing diagrams, all cycles are interlocked 
asynchronous. The bus cycles have three phases; 
device selection, transfer initiation and transfer 
termination. Device selection (either memory or 
peripheral) is accomplished by the bus master placing 
the device address on the multiplexed address­
data lines. After allowing time for bus delays, driver­
receiver skews and address decode the bus master 
sends SYNC to signal that a transfer will take place 
between the bus master and the addressed device. 
The type of cycle is identified by the state of the 
WTBT and the REF lines. Transfer initiation occurs 
when the bus master asserts DIN or DOUT. DIN 
and DOUT are used to control the direction of 
data flow. DI N causes the flow to be from slave 
to master (read cycle) and DOUT from master 
to slave(write cycle). Transfer termination is caused 
by the addressed device (slave) asserting RPL Y. 
This indicates to the master that the read data is 
available on the address/data lines' or that the write 
data has been received by the slave. In response to 
RPLY the bus master drops DIN or DOUT and 
the slave in turn drops RPL Y. For a read-modify­
write cycle the DI N- RPL Y sequence is followed by 

a DOUT-RPL Y sequence. This allows read-modify­
write to be done with only one address assertion. 
The LSI-ll* also has a protocol to allow for refresh 
of dynamic RAMs. Refresh is normally done under 
control of the LSI-ll * microcode. A refresh cycle 
consists of a DI N-RPL Y sequence with RFSH active. 
During a refresh cycle no data is transferred and 
only A l-A6 have any significance. These addresses 
are used to indicate which row of a dynamic RAM 
is to be refreshed. Sixty· four refresh cycles are 
generated in a burst every 1.6ms. 

READ (REFRESH) CYCLE TIMING 
Figure 1 

WTBT 

WRITE CYCLE TIMING 
Figure 2 

DOUT ----1--"1" 

Figure 3 
OAL ~ADDR DATA DATA 
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* LSI-11 is a trademark of Digital Equipment Corporation 
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There are several points about the bus timing that 
should be mentioned in passing as they will influence 
some of the decisions made later. Since the transfers 
on the bus are asynchronous the memory does not 
have to respond in a fixed period of time. This is 
unl ike many other microprocessors that favor syn­
chronous transfers. Another point that should be 
made is that the cycle time requirements for the 
memory are not very stringent. In fact, the absolute 
minimum cycle time with a !Dns access memory is 
over 800 ns. This leaves quite a bit of 'dead' time in 
the cycle as far as the memory is concerned. 

The final point is that logically there is no difference 
between transfers between the CPU and memory, or 
CPU and peripheral. Usually, the upper 4K words of 
the 32K word address space is reserved for peripheral 
addresses. When an address within the range is placed 
on the bus, BS7 is asserted to flag the address as being 
within the 4K I/O page. There is, however, no reason 
why the memory cannot be made to respond to some 
of the addresses in the I/O page as long as it does not 
conflict with peripheral addresses. 

MK4027 FUNCTIONAL DESCRIPTION 

Addressing 

The 12 address bits required to decode 1 of the 
4096 cell locations within the MK 4027 are multi­
plexed onto the 6 address inputs and latched into the 
on-chip address latches by externally applying two 
negative going TTL level clocks. The first clock, the 
Row Address Strobe (RAS), latches the 6 row address 
bits into the chip. The second clock, the Column 
Address Strobe (CAS), subsequently I atches the 
6 column address bits plus Chip Select (CS) into the 
chip. The internal circuitry of the MK 4027 is 
designed to allow the column information to be 
externally applied to the chip before it is actually 
required. Because of this, the hold time require­
ments for the input signals associated with the 
Column Address Strobe are also referenced to RAS. 
However, this gated CAS feature allows the system 
designer to compensate fpr timing skews that may 
be encountered in the multiplexing operation. Since 
the Ch ip Select signal is not required until CAS time, 
which is well into the memory cycle, its decoding 
time does not add to system access or cycle time. 

Data Input/Output 

Data to be written into a selected cell is latched into 
an on-chip register by a combination of WRITE and 
CAS while RAS is active. The later of the signals 
(WRITE or CAS) to make its negative transition 
is the strobe for the Data In register. This permits 
several options in the write cycle timing. In a write 
cycle, if the WR ITE input is brought low prior to 
CAS, the Data In is strobed by CAS, and the set-up 
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and hold times are referenced to CAS. If the data 
input is not available at CAS time or if it is desired 
that the cycle be a read-write cycle, the WR ITE 
signal must be delayed until after CAS. In this 
"delayed write cycle" the data input set-up and hold 
times are referenced to the negative edge of WR ITE 
rather than to CAS. Note that if the chip is un­
selected (CS high at CAS time) WRITE commands 
are not executed and, consequently, data stored in 
the memory is unaffected. 

Data is retrieved from the memory in a read cycle by 
maintaining WR ITE in the inactive or high state 
throughout the portion of the memory cycle in 
which CAS is active. Data read from the selected 
cell will be available at the output within the 
specified access time. 
Data Output Latch 

Any change in th..!L£9ndition of the Data Out Latch is 
initiated by the CAS signal. The output buff", ic nM 

affected by memory (refresh) cycles in wh . .;n only 
the RAS signal is applied to the MK 4027. Whenever 
CAS makes a negative transition, the output will go 
unconditionally open-circuited, independent of the 
state of any other input to the chip. If the cycle in 
progress is a read, read-modify-write, or a delayed 
write cycle and the chip is selected, then the output 
latch and buffer will again go active and at access 
time will contain the data read from the selected 
cell. This output data is the same polarity (not 
inverted) as the input data. If the cycle in progress is 
a write cycle (WRITE active low before CAS goes low) 
and the chip is selected, then at access time the output 
latch and buffer will contain the input data. Once 
having gone active, the output will remain valid 
until the MK 4027 receives the next CAS negative 
edge. Intervening refresh cycles in which a RAS is 
received (but no CAS) will not cause valid data 
to be affected. Conversely, the output will assume 
the open-circuit state during any cycle in which 
the MK 4027 receives a CAS but no RAS signal 
(regardless of the state of any other inputs). The 
output will also assume the open circuit state in 
normal cycles (in which both RAS and CAS signals 
occur) if the chip is unselected. 

The three-state data output buffer presents the data 
output pin with a low impedance to VCC for a logic 
1 and a low impedance to VSS for a logic O. The 
output resistance to VCC (logic 1 state) is 420 n 
maximum and 135 n typically. The output resistance 
to VSS (logic 0 state) is 125 n maximum and 35 n 
typically. The separate VCC pin allows the output 
buffer to be powered from the supply voltage of the 
logic to which the chip is interfaced. During battery 
standby operation, the VCC pin may have power 
removed without affecting the MK 4027 refresh 
operation. This allows all system logic except the 
RAS timing circuitry and the refresh address logic to 
be turned off during battery standby to conserve 
power. 



Refresh 

Refresh of the dynamic cell matrix is accomplished 
by performing a memory cycle at each of the 64 row 
addresses within each 2 millisecond time interval. 
Any cycle in which a RAS signal occurs, accomplishes 
a refresh operation. A read cycle will refresh the 
selected row, regardless of the state of the Chip 
Select (CS) input. A write or read-modify-write 
cycle also refreshes the selected row, but the chip 
should be unselected to prevent writing data into the 
selected cell. If, during a refresh cycle, the MK 4027 
receives a RAS signal but no CAS signal, the state of 
the output will not be affected. However, if "RAS­
only" refresh cycles (where RAS is the only signal 
applied to the chip) are continued for extended 
periods, the output buffer may eventually lose proper 
data and go open circuit. The output buffer will 
regain activity with the first cycle in which a CAS 
signal is applied to the chip. 

Power Dissipation/Standby Mode 

Most of the circuitry in the MK 4027 is dynamic 
and most of the power drawn is the result of an 
address strobe edge. Because the power is not drawn 
during the whole time the strobe is active, the 
dynamic power is a function of operating frequency 
rather than active duty cycle. Typically, the power 
is 170mW at 1 Jl sec cycle rate for the M K 4027 
with a worse case power of less than 470mW at 320 
nsec cycle time. To minimize the overall system 
power, the Row Address Strobe (RAS) should 
be decoded and supplied to only the selected chips. 
The CAS must be supplied to all chips (to turn off 
the unselected output). Those chips that did not 
receive a RAS, however, will not dissipate any power 
on the CAS edges, except for that required to turn 
off the outputs. If the RAS signal is decoded and 
supplied only to the selected chips, then the Chip 
Select (CS) input of all chips can be at a logic O. 

The chips that receive a CAS but no RAS will be 
unselected (output open-circuited) regardless of the 
Chip Sele~ input. For refresh cycles, however, 
either the CS input of all chips must be high or the 
CAS input must be held high to prevent several 
"wire-OR'd" outputs from turning on with opposing 
force. Note that the MK 4027 will dissipate con­
siderably less power when the refresh operation is 
accomplished with a "RAS-only" cycle as opposed 
to a normal RAS/CAS memory cycle. 

Page Mode Operation 

The "Page Mode" feature of the MK 4027 allows for 
su~cessive memory operations at multiple column 
locations of the same row address with increased 
speed without an increase in power. This is done by 

strobing the row address into the chip and keeping 
the RAS signal at a logic 0 throughout all successive 
memory cycles in which the row address is common. 

This "page mode" of operation will not dissipate the 
power associated with the negative going edge of RAS 
Also, the time required for strobing in a new row 
address is eliminated, thereby decreasing the access 
and cycle times. The chip select input (CS) is opera­
tive in page mode cycles just as in normal cycles. 
It is not necessary that the chip be selected during 
the first operation in a sequence of page cycles. 

Likewise, the CS input can be used to select or 
disable any cycle(s) in a series of page cycles. This 
feature allows the page boundary to be extended 
beyond the 64 column locations in a single chip. 
The page boundary can be extended by applying 
RAS to multiple 4K memory blocks and decoding 
CS to select the proper block. 

MK4116 FUNCTIONAL DESCRIPTION 

Addressing 

The 14 address bits required to decode 1 of the 
16,384 cell locations within the MK 4116 are multi­
plexed onto the 7 address inputs and latched into the 
on-chip address latches by externally applying two 
negative going TTL-level clocks. The first clock, the 
Row Address Strobe (RAS), latches the 7 row address 
bits into the chip. The second clock, the Column 
Address Strobe (CAS), subsequently latches the 7 
column address bits into the chip. Each of these 
signals, RAS and CAS, triggers a sequence of events 
which are controlled by different delayed internal 
clocks. The two clock chains are linked together 
logically in such a way that the address multiplexing 
operation is done outside of the critical path timing 
sequence for read data access. The later events in the 
CAS clock sequence are inhibited until the occurence 
of a delayed signal derived from the RAS clock chain. 
This "gated CAS" feature allows the CA'S clock to be 
externally activated as soon as the Row Address Hold 
Time specification (tRAH) has been satisfied and the 
address inputs have been changed from Row address 
to Column address information. 

Note that CAS can be activated at any time after 
tRAH and it will have no effect on the worst case 
data access time (tRAC) up to the point in time when 
the delayed row clock no longer inhibits the re­
maining sequence of column clocks. Two timing 
endpoints result from the internal gating of CAS 
which are called tRCD (min) and tRCD (max). 
No data storage or reading errors will result if CAS is 
applied to the M K 4116 at a point in time beyond the 
tRCD (max) limit. However, access time will then be 
determined exclusively by the aFcess time from CAS 
(tCAC) rather than from RAS (tRAC), and access 
time from RAS will be lengthened by the amount 
that tRCD exceeds the tRCD (max) limit. 
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Data Input/Output 

Data to be written into a selected cell is latched 
into an on-chip register by a combination of WR ITE 
and CAS while RAS is active. The later of the signals 
(WR ITE or CAS) to make its negative transition is 
the strobe for the Data In (Din) register. This permits 
several options in the write cycle timing. In a write 
cycle, if the WR ITE input is brought low (active) 
prior to CAS, the Din is strobed by CAS, and the 
set-up and hold times are referenced to CAS. If 
the input data is not available at CAS time or if it 
is desired that the cycle be a read-write cycle, the 
WRITE signal will be delayed until after CAS has 
made its negative transition. In this "delayed write 
cycle" the data input set-up and hold times are 
referenced to the negative edge of WR ITE rather than 
CAS. (To illustrate this feature, Din is referenced 
to WRITE in the timing diagrams depicting the 
read-write and page-mode write cycles while the 
"early write" cycle diagram shows Din referenced to 
CAS). 

Data is retrieved from the memory in a read cycle by 
maintaining WRITE in the inactive or high state 
throughout the portion of the memory cycle in which 
CAS is active (low). Data read from the selected 
cell will be available at the output within the spec­
ified access time. 

Data Output Control 

The normal condition of the Data Output (Dout) 
of the MK 4116 is the high impedance (open-circuit) 
state. That is to say, anytime CAS is at a high level, 
the Dout pin will be floating. The only time the 
output will turn on and contain either a logic 0 or 
logic 1 is at access time during a read cycle. Dout will 
remain valid from access time until CAS is taken back 
to the inactive (high level) condition. 

If the memory cycle in progress is a read, read-modify 
write, or a delayed write cycle, then the data output 
will go from the high impedance state to the active 
condition, and at access time will contain the data 
read from the selected cell. This output data is the 
same polarity (not inverted) as the input data. Once 
having gone active, the output will remain valid until 
CAS is taken to the precharge (logic 1) state, whether 
or not RAS goes into precharge. 

If the cycle in progress is an "early-write" cycle 
(WRITE active before CAS goes active). then the 
output pin will maintain the high impedance state 
throughout the entire cycle. Note that with this 
type of output configuration, the user is given full 
control of the Dout pin simply by controlling the 
placement of WRITE command during a write 
cycle, and the pulse width of the Column Address 
Strobe during read operations. Note also that even 
though data is not latched at the output, data can 
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remain valid from access time until the beginning 
of a subsequent cycle without paying any penalty 
in overall memory cycle time (stretching the cycle). 

This type of output operation results in some very 
significant system implications. 

Common I/O Operation - If all write operations 
are handled in the "early write" mode, then Din 
can be connected directly to Dout for a common 
I/O data bus. 

Data Output Control- Dout will remain valid dur(ng 
a read cycle from tCAC until CAS goes back to a high 
level (precharge), allowing data to be valid from one 
cycle up until a new memory cycle begins with no 
penalty in cycle time. This also makes the RAS/CAS 
clock timing relationship very flexible. 

Two Methods of Chip Selection- Since Dout is not 
latched, CAS is not required to turn off the outputs 
of unselected memory devices in a matrix. This means 
that both CAS and/or RAS can be decoded for chip 
selection. If both RAS and CAS are decoded, then a 
two dimensional (X, Y) chip select array can be 
realized. 

Extended Page Boundary- Page-mode operation 
allows for successive memory cycles at multiple 
column locations of the same row address. By 
decoding CAS as a page cycle select signal, the page 
boundary can be extended beyond the 128 column 
locations in a single chip. (See page-mode operation). 

Output Interface Characteristics 

The three state data output buffer presents the data 
output pin with a low impedance to V CC for a logic 
1 and a low impedance to VSS for a logic O. The 
effective resistance to V CC (logic 1 state) is 420 n 
maximum and 135 n typically. The resistance to 
VSS (logic 0 state) is 95 n maximum and 35 n 
typically. The separate V CC pin allows the output 
buffer to be powered from the supply voltage of 
the logic to which the chip is interfaced. During 
battery standby operation, the V CC pin may have 
power removed without affecting the MK 4116 
refresh operation. :rhis allows all system logic except 
the RAS timing circuitry and the refresh address 
logic to be turned off during battery standby to 
conserve power. 

Page Mode Operation 

The "Page Mode" featu re of the M K 4116 allows for 
successive memory operations at mUltiple column 
locations of the same row address with increased 
speed without an increase in power. This is done 
by strobing the row address into the chip and 
maintaining the RAS signal at a logic 0 throughout 
all successive memory cycles in which the row address 



is common. This "page-mode" of operation will not 
dissipate the power associated with the negative going 
edge of RAS. Also, the time required for strobing in a 
new row address is eliminated, thereby decreasing the 
access and cycle times. 

The page boundary of a single MK 4116 is limited 
to the 128 column locations determined by all 
combinations of the 7 column address bits. However, 
in system applications which utilize more than 
16,384 data words, (more than one 16K memory 
block), the page boundary can be extended by 
using CAS rather than RAS as the chip select signal. 
RAS is applied to all devices to latch the row address 
into each device and then CAS is decoded and serves 
as a page cycle select signal. Only those devices which 
receive both RAS and CAS signals will execute a 
read or write cycle. 

Refresh 

Refresh of the dynamic cell matrix is accomplished 
by performing a memory cycle at each of the 128 
row addresses within each 2 millisecond time interval. 
Although any normal memory cycle will perform the 
refresh operation, this function is most easily accom­
pi ished with "RAS-only" cycles. RAS-only refresh 
results in a substantial reduction in operating power. 
This reduction in power is reflected in the 1003 
specification called out in the MK4116 data sheet. 

Power Considerations 

Most of the circuitry used in the MK 4116 is dynamic 
and most of the power drawn is the result of an 
address strobe edge. Consequently, the dynamic 
power is primarily a function of operating frequency 
rather than active duty cycle. This current char­
acteristic of the MK 4116 precludes inadvertent burn 
out of the device in the event that the clock inputs 
become shorted to ground due to system malfunction. 

Although no particular power supply noise restriction 
exists other than the supply voltages remain within 
the specified tolerance limits, adequate decoupling 
should be provided to suppress high frequency noise 
resulting from the transient current of the device. 
This insures optimum system performance and 
reliability. Bulk capacitance requirements are minimal 
since the M K 4116 draws very little steady state 
(DC) current. 

In system applications requiring lower power diss­
ipation, the operating frequency (cycle rate) of the 
MK 4116 can be reduced and, the (guaranteed 
maximum) average power dissipation of the device 
will be lowered in accordance with the 1001 (max) 
spec limit curve illustrated in Figure 4. NOTE: 
The MK 4116 family is guaranteed to have a 
maximum 10Dl requirement of 35m A @ 375ns 

cycle with an ambient temperature range from 0° to 
70°C. A lower operating frequency, for example 1 
microsecond cycle, results in a reduced maximum 
I DO 1 requirement of under 20mA with an ambient 
temperature range from 0° to 70° C. 

CYCLE TIME 'RC (ns) 
375 320 

1 OmA +--l-+[7~+--+-+--+-l---l----l--l--~---l---l 
e-+...+---l---l----l---l--+--+.-- t f.---- -+--I---I----l--l---l 

--r 
e-+--+--l---j--+ ~+-. r ----
f--+-+-l-+-+-t-- 1---- - - - -1---1----1---l---l 

1.0 2.0 3.0 4.0 

CYCLE RATE (MHz).IO'/, Rc(ns) 

Fig. 4 Maximum 1001 versus cycle rate for deVice operation at extended fre 
quencies. 1001 (max) curve is defmed by the equation 

IDOl (max) rnA'" 10 + 9.4 x cycle rate [MHz] for ·2/3 only 

IDOl (max) rnA eo 10 + 8.0 x cycle rate [MHz] for -, only 

It is possible to operate certain versions of the MK 
4116 family (the -2 and -3 speed selections for 
example) at frequencies higher than 2.66 MHz 
(375ns cycle), provided all AC operating parameters 
are met. Operation at shorter cycle times « 375ns) 
results in higher power dissipation and, therefore, a 
reduction in ambient temperature is required. 

Although RAS and/or CAS can be decoded and used 
as a chip select signal for the MK 4116, overall system 
power is minimized if the Row Address Strobe (RAS) 
is used for this purpose. All unselected devices 
(those which do not receive a RAS) will remain in 
a low power (standby) mode regardless of the state 
of CAS. 

TERMINAL CHARACTERISTICS OF THE 
MK4027 AND MK4116 

Inputs 

Addresses, Chip Select and Din - The address, Din 
and CS input circuitry for the MK4027 and MK4116 
is shown in Fig. 5. This particular input circuit has 
some characteristics that make it particularly useful 
for the address and dpta inputs. First of all, it has a 
low input capacitance which is very important in 
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large arrays of memory chips where it is desirable 
to tie many address inputs together and to drive 
them with a single buffer. This circuit also allows 
the address hold time for row addresses to be very 
short. This makes the available 'window' for address 
multiplexing as wide as possible. 

Clocks - The RAS, CAS, and WRITE inputs are 
basically MOS inverter stages. (Fig 6) The RAS 
input buffer is always active (the depletion load 
on the inverter is always supplying current to the 
inverter) because the device must always be able to 
respond to RAS transitions. The RAS input buffer 
accounts for the vast majority of the 1.5 ma of 
standby current on VOO. The CAS and WRITE 
buffers differ from the RAS buffer in that the load 
device is clocked. When the memory is in standby 
(RAS high), the CAS and WRITE buffers load device 
is turned off. The input capacitance of the RAS, 
CAS, and WRITE buffers is fairly high (10pf) in 
comparison to the address inputs. This is because 
the input transistors are comparatively large since 
they have to have good current handling capability 
and also because of "Miller" effects during input 
transitions. In most cases this higher input capaci­
tance is not a problem because the number of 
devices on each f:lAS or CAS buffer is small when 
compared to the number of devices on eacp address 
buffer. . .. 

PAD 

Figure 5: ADDRESS AND DATA INPUTS 

PAD 

D---------I 

Figure 6: CLOCK INPUT CIRCUIT 
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MK4116 AND MK4027 COMPATIBLE DESIGNS 

Because of their similarities it is very easy to design 
a memory system that will accommodate either the 
MK4027 or the MK4116. This is often a very 
desirable goal because it allows the memory system 
to be tailored to meet a wide range of overall system 
requirements. There are some differences however, 
between the MK4027 and MK4116 that require 
'special consideration. 

Refresh And Dout Interaction 

In many systems that use transparent refresh, such as 
this * LSI-11 memory system, it is required that 
refresh take place immediately after a memory read 
or write cycle. If refresh takes place after a read cycle 
it may be required that the read data be held while 
refresh takes place. The only way to accomplish this 
in a compatible design is by adding data latches. The 
MK4027 will, in fact, work without latches if "RAS 
only" refresh is used. The MK4116, however, requires 
that CAS be held low to maintain the output data 
which means that no cycle may start while the data 
is being held. 

Address Multiplexing 

The differing address requirements for the MK4027 
and M K4116 can be accommodated without jumpers. 
Fig. 7 shows a multiplexing scheme that uses the 
'extra' multiplexer in a 74S158 to supply an 
inverted address to half the memory. When row 
addresses are selected two of the multiplexor outputs 
contain the same address data. The MK4027 will 
ignore this address data because it is applied to the 
CS input which is a 'don't care' at RAS time. The 
MK4116, however sees this input as another address 
and will strobe it in at RAS time. When column add· 
resses are selected the extra multiplexor contains 
a complement address. The MK4027 uses this input 
as a CS input and the MK4116 uses it as another 
column address. Two high order addresses are used 
such that they are part of the RAS decode for the 
MK4027 but are not terms in the RAS decode for 
the MK4116. The net effect is that for the MK4027 
half the chips will receive CS and only one selected 
row will receive RAS. For the MK4116 the column 
data on half the rows will be reversed around A6. 

Generating The Memory Timing 

The timing generator for the * LSI-11 memory system 
has many responsibilities. It must provide the row 
address hold time (tRAH), it must generate the 
multiplexing control signal, it must provide column 
address setup time, it must generate a column address 
strobe delay, it must generate a valid data or end of 
write signal, and must provide the necessary 
precharge interval (TRP). 



Any number of methods may be used to generate 
this timing such as an oscillator driving a counter or 
a shift register; or a series of one-shots. However, each 
of these methods has a number of problems. The 
oscillator is necessarily asynchronous to cycle 
initiation and the cycle startup problems are acute. 
The one-shot approach simply cannot be made 
accurate when short delays are required. The simplest 
and most reliable solution to generating the necessary 
timing edges is to use a delay line. 

The timing and control logic is shown in Fig. 8 
All cycle timing is derived from the delay line. 
The input to the delay line is a low going signal 
that propagates to the end of the line and resets 
the input such that the new memory cycle can be 
initiated whenever the output of the line returns 
high. 

The delay line shown has a 200 ns total delay with 
5 taps at 40 ns intervals. This line was chosen becal,lse 
it was a standard 'off the sheJf' item and was 
adequate for prototyping. The delay line timing and 
resulting system timing for read and write cycles is 
shown in figs. 9 and 10. 

The synchronous refresh timing is similar to the read 
cycle timing but the asynchronous refresh (fig. 11) 
cycle has some in~eresting features. When the refresh 
interval timer indicates that a refresh should occur all 
further external cycles are inhibited from starting. 
After a 50ns delay if no cycle is in progress the 
address multiplexor can be switched to select the 
refresh addresses from the refresh address counter. 
After an additional 50ns delay to allow refresh 
addresses to stabilize, the cycle is started and proceeds 
much like~ other cycle except no RPL Y is gene­
rated and CAS is inhibited. 

~ 
LA7_1A ,. 
LA8- 2A 

.-------l .. 
LAS- 3A 

LAl_1A 

1Y ,. 
LA2- 'A 

~ 2VI--______ -j 
~ , " 

LA3-3A 'V 1-______ -1 ,. 
LM- 4A 

1Y 
ADRO 

I--_---"'''''''''A''-' '"---l~ 
I--_--=AD"'A'~---I~ I AOR2 so. ~ ta._2.3 

~ ,V 

~ 
,V 

lOA _ 48 -=illr1O
-:: 

~S04 I ""A' '04 } 

~-' ... --J '04 4VI--______ -j I-__ ;!!AD~A~' .... --If"'''o,; ~ ADR3 ;,.~~~ 4B 4V 

108- S : n S '00 

r-< ,. ~ :1-_-""1l~.1l= 'A r 18 2OC_ ~:: 1vl------L .. -,-_-l: 
L.....-- 2B flII 2VI--------j ,. m 

LAS-lA 

I---....1!!!!lU-.l"S04 -) ~ ~ -
v -'->rOWlO8tlADR4~}tarOWS2 

I----""""-'"---l-[:>- ---. J ADA5 .... 
:------ 3A ~ lA14 6 3A ~ 

L: ~: 3Y 

L..-+-==-_--I4B 4VI--_I--____ -j .. 

-r---t- ....... LAl3' 

S04 tontW$1.3 } 
CS INPUTS FOR MK4027 

'04 
I---~~'----I'::)O----..... 10.DW,O.2 A6INPUTSFORMK4116 

J J.. MULTIPLEX 
::~:~~H ...... _ ... ____________ .1 -= Jl J3 ---=-

_~"-_+---LA-13---__I:: ~ 11-_-+--+>-q~QJ2' ::OJ04~O';:;I;==j:: ::::1--+~=-+-tj::::-=--~~:--"Co_;;_~-,.:~-:'--t--++--l+-~-4;-soo" R_S.Itc10 ~ 
I--~ LA14 - 2A f'I ~2 --< ,; lV3 -~ SOO~O~Se/ec1 ___ 

".~ 1-__ --,-_---' - 4;;'\ ~.-LA16_ 3A : 1:3 ! 2V3 ~ 74837 RASl 

~;;-..."--+------_l3B LBS7 ---( 2V2 

L8S7-LatchedBankSelecI7 

Ju_Gu" ... "" MK4HS 

l_nJI.J2.JII J3.J4.J& 

~Sin .""'" 
" n 

'" .. .. , S 

'" 
.,. 

110'::_ , .... , 
J'Q.JI1.JI2 

" JI1 J12 

" '" " 
-For 2 rowaof MK4118 ifttUIl 
_w""",_lnrowooa2 

RowSIlect 
~4A .. LA" -- 2A 2Y1 

LA'2 -- 28 2YO ~2 ~.RAS2 

-r04 

"-------' 

-, Row Select 

REFRESH ...JJ"'"t;!'!'-J,"I'!''+-I--__ +-HH-+--<L 0800-:/,/ 3 174S37~ 'RAS3 
ENABLE I -L-./. ----t RAS ENABLE 

L-__ "'lI.c 'S20::~/ BOARD SELECT 

SELECT INHIBIT ~CiiO 
CAS ENABLE 

S02 

S..,ingAdd ... 

I~"'II - - =:. ""'" "'"" =:. ..... """ c= .... =:. 0_ ,- - =:. '''''''' 0_ =:. " .... 0 .... .=. '''''' 0_ " .... 

REFRESH---+---t=:J 

FIG. 7 MEMORY ADDRESS DECODING LOGIC 

287 



288 

D,N 

•• 8URSl 
4MOIST 
lUBURSl 
IUD'ST 

SYNC 

READ CYCLE 

BRPLY L 

TO 

T, 

T2 

T3 

TO 

TS 

RAS ENABLE 

MULTIPLEX 

CAS ENABLE 

ADDRESS 

" ClDSED 
DPE,. 
D'~N 
OPE,. 

,C,-J 
) 

1--40ns~ 

I 

r - - - - - - - - - - - - --, 
I I 

CYC~~ CO"'P~H( , 

FIG. 8 MEMORY TIMING AND CONTROL LOGIC 

, 
) 

f-- 40 "'---+j 

I 
1+-40 ns---+j 

I 
f-i-40 ns->oj 

I 
I+-OOns~ 

I 

ROW ADDRESSES X COLUMN ADDRESSES X 

FIG.9 READ CYCLE TIMING 

I 



DOUT .p 
WRITE CYCLE _____ ~-CJ 

10-1 I 
~40ns~1 

I 
L.-40 n$---..I 

I 
1.-40 ns-.-I 

I 
f+-40ns~ 

~ 
1+-40ns~ 

I 

I- 240n5 

I RAS ENABLE ____ ....J 

I MULTIPLEX ________ ...J 

I- 200ns 

CAS ENABLE I 
---------~ 

BAPLY L 

ADDRESS ROW ADDRESSES 

~NET~~~S~L REFRES~ 

r-~50"'----I 

X COLUMN ADDRESSES 

FIG. 10 WRITE CYCLE TIMING 

\ 

I / r-( 
I 

/ I 

I 
-I 

I 

I 
+I 

I 

L,< , 
X 

REFRESH ENABLE I..-------------------------~ 

f--~50"'__I L-__ _ 

REFRESH START I 

RAS ENABLE 

MULTIPLEX 

CAS ENABLE 

ALL RAs 

ALL CAS 

ADDRESS 

________________ ~~~::_~4=O-"~'_~~~------------J 
I~~~------------~r­
fo-40",~ 

240n$ 

_______ ~r------_----------------~R~O~W~ADDRE~ES 
_-..::RO:.:W:.:A:.:D:::D:;:RE:.:S:.:S _~X REFRESH ADDRESSES ~ 

FIG.11 INTERNAL REFRESH CYCLE TIMING 

289 



Refresh Techniques 

In most memory systems it is difficult to guarantee 
that the normal order of events will cause all the rows 
within a memory to be accessed within tbe specified 
refresh interval. For this reason, most dynamic 
memory systems have special circuitry that will cause 
extra memory cycles in an ordered manner such that 
all rows of memory devices are accessed within the 
2 ms interval. 

There are three commonly used techniques for 
introducing these extra memory refresh cycles. 
The first is in a "burst" where all normal memory 
accesses are inhibited for a fixed period of time while 
all rows are accessed. The second is "cycle stealing" 
where single memory cycles are periodically stolen 
from the CPU in order to refresh a single row. The 
third and most common is "transparent" where refresh 
cycles are periodically generated for refresh but they 
are introduced at a time when the memory is not 
being accessed and thus they are transparent to the 
CPU (i.e. the CPU is not affected by refresh). 

The *LSI-l1 microcode has provisions for performing 
"burst" refresh and the memory system described 
here will respond to the "burst" refresh from the LSI-
11.* In addition, this memory system also has 
provisions for "transparent" refresh so that the 
"burst" refresh on the LSI-11 * can be disabled for 
enhanced real-time system response. 

The LSI-1" generates 64 cycles for refresh of 4K 
dynamic RAMs. The MK4116 requires 128 cycles for 
refresh. Instead of trying to do two refresh cycles 
for each synchronous refresh request, the distributed 
refresh is allowed to run even in the burst mode when 
the board is populated with MK4116's. Thus, 64 
refresh cycles are provided by the LSI-11* and 64 
cycles are generated by the on-board refresh running 
at half speed. In order to eliminate addressing 
problems the on-board refresh counter is used for all 
refresh cycles. 

Synchronous and Asynchronous Refresh 

One of the most important factors in a dynamic 
memory design' is deciding whether the memory 
refresh will be synchronous or asynchronous. For 
synchronous refresh, the designer can use some 
system event (clock) to trigger refresh. In the 
asynchronous system the designer must provide 
for a local event to trigger the refresh. With an 
asynchronous refresh there will usually be cases when 
a system memory request and local refresh request 
occur simultaneously. To provide for such circum­
stances, some arbitration scheme must be present on 
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the asychronously refreshed memory. Extreme care 
must be taken in the design of the arbitration logic 
because if it does not contain adequate safequards 
the memory system can (and will) malfunction 
causing some rather interesting and impossible to 
duplicate errors. Because of the inherent difficulties 
of asynchronous refresh it should be used only as a 
last resort. This is probably why DEC included the 
refresh microcode in the" LSI-1 f'to allow refresh to 
be system synchronous. 

The arbitration logic for this memory system is 
shown in Fig. 8. For normal read Qr write cycles, 
without refresh interference, the and-or-invert (AOI) 
sets the cycle start latch which feeds the delay line 
generating the memory timing signals. When an 
asynchronous refresh must take place the 
INTERNAL REFRESH REQUEST signal inhibits 
any bus requested cycles (read, or write) from setting 
the cycle start latch. After a short delay the output 
of the cycle start latched is sampled and if no cycle 
is in progress the address multiplexer is switched 
to select the refresh addresses and the refresh cycle 
is allowed to start. In the event of the refresh request 
overriding the read/write requests, the output of the 
AOI might not allow the cycle start latch to set 
properly and a timing glitch could propagate through 
the delay line. To prevent such a catastrophic event, 
the output of the open collector AOI gate has an RC 
delay that serves to stretch any low going pulse 
making it wide enough to insure proper setting of 
the latch. 

The refresh enable has an alternate path that bypasses 
the arbitration delay. This is used for synchronous 
refresh cycles that are generated by the LSI-11 ~ 
The arbitration can be bypassed because it is possible 
to merge the synchronous refresh requests and not 
cause a conflict with a normal cycle. 

DRIVING MaS WITH TTL 

Driver Characteristics 

For the Schottky devices the important parameters 
are the output impedance in the high and low level 
output state and the rise and fall time of the signal. 
The worst case high level output impedance can be 
calculated by using the lOS values for the device 
and observing that the voltage across the current 
limiting resistor in the Schottky output stage is 
given by: 



The larger the voltage across the resistor the higher 
its resistance, so by assuming a small value for VBE 
(0.65V) and a large value for the drop across the 
Schottky diode in the driver (0.6V), a safe worst 
case number can be calculated. 

For the low level output impedance the low level 
output current (IOL) and low level output voltage 
(VOL) can be used. Assuming a small value for the 
low level open circuit output voltage (VOLa) of 
about 0.2 volts the output impedance can be 
estimated by: 

ROL = VOL - VOLa 

10L 
Calculations for the 74S04 give a worst cas.e output 
impedance of about 114n in the high level state and 
about 15n in the low level state. The 74S04 has a 
worst case high level output impedance of about 
89n and a worst case low level impedance of about 
5n. The values for the 74S04 can be used for most 
Schottky TTL functions because the output structures 
are similar. 

Line Termination 

It is not obvious that line termination is necessary, 
but it is. If no termination is used, a low going 
signal will be injected into the line having an ampli­
tude that can be calculated by dividing the signal 
swing between the source impedance and the char­
acteristic impedance of the line. For a 3 volt negative 
signal swing from a 75S37 into a 50n line the 
transmitted signal will have an amplitude of 2.7 volts. 
This signal will propagate to the end of the line, be 
100% reflected at the end of the line and return 
to the driver. At the driver the signal will reflect 
about 80% and 180 0 out of phase. In the case where 
the fall time of the signal is shorter than the two way 
propagation delay of the line the resulting reflection 
from the driver will cause the signal to swing positive 
at the end of the line to about 2.0 volts. This amount 
of ringing obviously cannot be tolerated so some 
types of termination must be used. 

Termination of the line at the 'receiving' end is 
one method that is often used in TTL transmission 
line systems .. This type of termination has several 
drawbacks. If a simple pullup resistor to +5 volts is 
used, the low level DC current through a resistor with 
a resistance equal to the impedance of the line will 
in most cases consume almost all of the drive 
capability of the bus driver. Even if the line imped­
ance is as high as 200n the logic '0' level current 
through a 200 n resistor would be 25 mAo 

When considering termination of lines in a memory 
array it becomes very impractical to use receiving' 
end termination. If terminating pairs were used the 
driver would have to be capable of sinking about 
30 mA for each terminated line because of the 
low impedance of signal lines in a memory array. 

The best choice for line termination is to use a 
series resistor at the driver. This approach is not 
practical when driving TTL loads because the II L 
current causes a loss of logic '0' level. MaS loads 
however, have such small current requirements that 
this is not a problem. A series resistor of lOOn· 
with 100 MaS loads would produce only 0.1 volt of 
signal level loss. Series damping has an additional 
advantage over parallel termination in that it draws 
no DC supply current. For proper termination 
of the line it is necessary to match the low level 
source impedance of the driver to the impedance of 
the line being driven. This reduces ringing in the 
low level where the margins are most critical. In 
cases where multiple liries are being driven by the 
driver, the parallel combination of the lines should be 
used for the line impedance and the series resistor 
chosen accordingly. In practice, the resistor value 
is best chosen empirically. The board should be 
designed to accommodate the resistors and then 
different values tried on a prototype. The waveform 
with the ideal resistor will be slightly underdamped. 

DELAY TIME CALCULATIONS 

The switching delays for TTL devices driving capaci­
tive loads such as memory signal lines can best be 
estimated by using the equation for the charge time 
of an RC circuit. R will be the maximum output 
impedance of the gate plus the series damping 
resistance, and C is the sum of the capacitances of the 
inputs being driven plus the capacitance of the board. 
When calculating the capacitance of the line the 
data sheet typical values for capacitance should be 
used rather than the maximums. This is because high 
input capacitance is not a function of the wafer lot, 
and the probability of having mostly worst case 
capacitance on the same siqnal line is very very small. 

The equation for the maximum rise time is: 

3.85V - VIH 
tr=-RCln 

3.85V - 0.2V 

3.85V - VIH 
-RCln -----

3.65V 

V I H = 2.2 volts for addresses on 4027 

VIH= 2.4 volts for addresses on 4116 and clocks 
on 4027 

VI H = 2.7 volts for clocks on 4116 
The fall time is: 

tf = -RCln...JL= 1.6RC 
3.95 

SERIES LOADS/ LOAD 
SIGNAL V,H DRIVER RESISTOR LINE CAPACITANCE 

4027 CLOCKS 2.4 74S37 22H 16 148pF 

4116 CLOCKS 2.7 74537 22(2 16 148pF 

4027 ADDRESSES 2.2 74537 22(2 32 169pF 

4116ADDRESSES 2.4 74$04 22(2 32 168pF 

tpLH tpHL 

15ns 6.5ns 

19ns 6.5ns 

lans tons 

21m lOns 

Table 1 Calculated Propagation Delays for Memory Signal Buffers 
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Power Distribution and Decoupling 

The layout for dynamic memories is of special 
importance. Layout techniques that have been used 
successfully in the past for older generation MOS 
memories are simply inadequate for current state­
of-the-art memories such as the MK4027 and 
MK4116. The newer devices have shallow diffusions 
that make possible fast memory devices but the 
shallow diffusions and fast switching speeds create 
larger current transients with higher frequency com­
ponents than did the older designs.(Fig. 12) In order 
to tame these current transients and prevent them 
from generating voltage spikes that can cause loss of 
data and 'soft' errors every effort must be made to 
minimize the impedance in the decoupling path for 
the device. 

The decoupling path is the trace distance from a 
power pin through a decoupling capacitor and to 
package ground. The impedance of this path is 
determined by the line inductance and the series 
impedance of the decoupling capacitor. Because the 
current transients on the MK4027 and MK4116 have 
significant harmonic content up to 100MHz the line 
inductance is one of the most critical factors. The 
line inductance can be minimized either by providing 
a power plane or by griding the power. In order to 
increase the effectiveness of the grided power, de­
coupling capacitors should be placed judiciously. 
A capacitor placement that has shown to be very 
effective is shown in Fig. 13. VDD and VBB are 
decoupled at every other chip with 0.1 JlF 
capacitors such that the decoupling creates a 
'checkerboard' pattern. This particular pattern 
was used on the LS 1-11" memory board and 
measurements of the V DD noise with a differential 
probe showed that the noise was below 400 m V 
peak-to-peak. 
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Placement of Oecoupling Capacitors in 4 x 8 Memory Matrix 

FIG. 13 

x = 0.1 IJ. F from Voo to Vss 

0'" 0.1 Jl F from Vas to Vss 
o " 0.1 P. F from Vee to Vss 

X = 2--->5 J1 F from VOD to Vss 

." 1 u. F from Vss to Vss 

While the 0.1 Jl F decoupling capacitors are more 
than adequate for suppression of transients some 
larger bulk capacitors should be used to provide 
enough energy storage to prevent supply droop. The 
long term (cycle time) current requirements of the 
MK4027 and MK4116 are fairly low at 35 mA max. 
Assuming 64 memory devices all cycling at the maxi­
mum rate of 375 ns with 120 ns of precharge only 
8.4 Jl F of capacitance is required to keep the voltage 
drop below .1 volts. As with the high frequency 
decoupling it is good practice to distribute the bulk 
capacitance around the storage matrix to minimize 
the effects of the inductive and resistive voltage 
drops. 
Decoupling of the V CC (+5) supply is fairly non­
critical. In most cases only one row of memory 
devices is accessed at a time. The V CC supply, there­
fore only needs to provide enough current to charge 
one Dout line for each column of memories. The 
V CC decoupling capacitors (0.1 Jl F) were placed at 
the top and bottom of each column of memories. 
The VCC voltage at each device was measured when 
a data '1' was being read. The drop in V CC was 
less than 300 mV. Calculations of the resultant 
rise time indicate that a 300 mV decrease in VCC 
would cause less than a 10% increase in output 
rise time at VCC=4.75 volts. 

Bulk decoupling of the VCC supply is usually not 
required in the memory. The DC current loading 
of the VCC supply is dependent on the TTL loading 
and is usually quite small (less than 1 mA for each 
8 bits in the output word). The bulk decoupling, 
therefore, can be provided by the bulk capacitance 
used for the TTL. 
The other performance advantages of griding the 
power are the crosstalk between signal lines is 
decreased because of the close proximity of ground; 
and ground voltage differentials between the TTL 
drivers and the memory devices is reduced enhanCing 
the noise immunity to switching transients from the 
TTL devices. 



Most of the layout techniques used in the memory 
array should be extended to the TTL circuitry 
on all boards. Ground should be grided where­
ever possible. The decoupling paths should be kept as 
short as possible. Board ground should connect 
to backplane ground at as many points as possible. 
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Oecoupling Currents With Grided Power And 

Checkerboard Oecoupling 

Signal Lines 

Routing of the signal lines within the memory matrix 
is fairly straight forward. Address and clock lines can 
be daisy chained along each row and cause no cross-

talk problems when a good ground mesh is employed. 
In cases where multiple rows of chips are driven by 
the same TTL buffer the lines should be vertically 
bused outside the memory and tapped for each 
horizontal row of chips. The lines should in no case 
be snaked through the memory. Snaked lines are 
more susceptible to externally induced noise and 
crosstalk because of the longer path to the signal 
source. 

Naturally, all lines should be kept as short as possible. 
This implies that the signal drivers and receivers 
should be physically close to the memory array. In 
cases where there are a large number of memory 
chips in each row the address drivers should be 
placed in the center of the array. (Fig. 16) If the RAS 
and CAS buffers drive one row of memory chips each 
can be placed either in the center of the array or on 
the side of the array. If the drivers will not fit in the 
middle of the matrix, they may be placed below the 
matrix. The signal lines would then be routed 
vertically and 'rd' for each horizontal connection. In 
such cases, it is recommended that each stub be the 
same length in order to minimize the distortion of the 
signal edges caused by mismatched stubs. 

MISCELLANEOUS POWER CONSIDERATIONS 

Power Sequencing 

Thp. data sheets for the M K4027 and M K4116 state 
that no special power sequencing is required for 
proper device operation. This does not mean that the 
power sequencing should be ignored. In many systems 
the power supply lines exhibit overshoot on power up. 
This can cause VDD at the memory to exceed data 
sheet limits for a short period of time. If VBB is not 
applied when VDD overshoots, breakdown can 
occur and destroy the memory. If a system does 
have this overshoot, sequencing the supplies so that 
VBB is applied first will provide extra margin and 
help prevent device destruction. 

The data sheet specified that VBB should not be 
allowed to go positive with respect to ANY other 
input. If it does, injection currents can occur and 
cause loss of functionality. Special precautions 
should be taken in the VBB power distribution to 
prevent this occurance. A high current Schottky 
diode from VBB to ground can protect against 
many of the hazards such as an open V BB supply 
or a momentary short to a signal or power line. 
Note that the layout in Fig. 15 has the V BB run 
next to ground in the memory array. This will help 
reduce the chance of memory damage should a 
screwdriver or scope probe get loose in the system. 
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FIG.15 SUGGESTED P.C. LAYOUT FOR MK4027 OR MK4116 
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FIG. 16 TYPICAL PLACEMHIT FOR DRIVERS WITHIN MEMORY MATRIX 

Power Calculations 

Calculation of the VOO supply current involves a 
fairly simple averaging procedure. The active refresh 
and standby currents are averaged over any given time 
period and multipliEld times the maximum supply 
voltage to give the maximum power dissipation. 
The equation for the maximum average I DO is given 
by: 

100AVE = [nACC x cACC [lOrnA (tRAS + l20ns) + 

9.4mA x 10-6 5] + nREF x cREF [ lOrnA (tRRAS + 

l20ns) + 6.5mA x 10-65]+ 1002 [nTOTAL x 15 - nACC x 

CAcdtRAS + 120ns) -nREF x cREF (tRRAS + 120ns)] 115 

nACC = Number of devices accessed per normal 
cycle" 

nREF = Number of devices refreshed per RAS only 
refresh cycle 

nTOTAL = Total number of devices in system 

cACC = Frequency of normal accesses 

cREF = Frequency of refresh cycles 

tRAS = RAS active time for normal cycles 

tR RAS = RAS active time for refresh cycles 

This equation takes into account the variations 
in current vs operating frequency and current vs 
duty cycle and provides for differences in number 
of devices in standby and number of devices active. 
As an example, assume a board with 8 rows of 
8 chips per row. Refresh will occur every 7p.s but 
only half the devices will be refreshed every refresh 
cycle. The other parameters are: 

nACC = 8 

nREF = 32 

nTOTAL = 64 

cACC= 2MHz 

cREF = 1/7p.s ~ 143KHz 

tRAS = 240ns 

tR RAS = 200ns 

1002= 1.5ma (MK4116) 

100 = 8 x 2 x 106 [1 x 1O-2A (240 x 1O-9s) 
AVE 

+ 9.4 x 1O-3A x 1 x 1O-6s] + 32 x 143 x 103 

[1 x 1O-2A (200 x 1O-9s + 120 x 1O-9s) + 6.5 
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x 10-3 x 1 x 1O-6s] + 1.5 x 10-3 [64 x Is -8 

x 2 x 106 (240 x 1O-9s + 120 x 10-9s) - 32 x 143 

x 103 (200 x 10-95 + 120 x 10(-95)] 

100AVE = 337.6ma 

Power calculations for the'LSI-11 board using dis­
tributed refresh and with MK4027 gives: 

nACC = 16 

nREF = 16,32,48,64 

nTOTAL = 16,32,48,64 

cACC = 1 MHz (bus limit) 

cREF = 32.5 Khz 

tRAS = 240ns 

tRRAS = 240ns 

1002 = 2.0ma 

Yielding a maximum 100 current of 233 mA for 4K 
words, 270 mA for 8K, 307 mA for 12K and 344mA 
for 16K. 
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Using the MK4116 we have: 

nACC = 16 

nREF = 16,32 

nTOTAL = 16,32 

cACC= lMHz 

cREF = 65KHz 

tRAS = 240ns 

tRRAS = 240 ns 

1002 = 1.5ma 

This gives a maximum average 100 current of 233 
mA for 16K and 267 mA for 32K. 

It is interesting to note that on a per chip basis the 
MK4116 actually consumes less power than the 
MK4027 even though the MK4116 is refreshed 
at twice the rate. 



MOSTEI{. 
zao INTERFACING TECHNIQUES FOR DYNAMIC RAM 

By JERRY WINFIELD Application Note 
INTRODUCTION 

Since the introduction of second generation micro­
processors, there has been a steady increase in the 
need for larger RAM memory for microcomputer 
systems. This need for larger RAM memory is due in 
part to the availability of higher level languages such 
as PL/M, PL/Z, FORTRAN, BASIC and COBOL. 
Until now, when faced with the need to add memory 
to a microcomputer system, most designers have 
chosen static memories such as the 2102 1 Kx 1 or 
possibly one of the new 4Kx 1 static memories. 
However, as most mini or mainframe memory de­
signers have learned, 16-pin dynamic memories are 
often the best overall choice for reliability, low power, 
performance, and board density. This same philo­
sophy is true for a microcomputer system. Why 
then have microcomputer designers been reluctant 
to use dynamic memory in their system? The most 
important reason is that second generation micro­
processors such as the 8080 and 6800 do not provide 
the necessary signals to easily interface dynamic 
memories into a microcomputer system. 

Today, with the introduction of the Z80, a true third 
generation microprocessor, not only can a micro­
computer designer increase system th rough put by 
the use of more powerful instructions, but he can 
also easily interface either static or dynamic memo­
ries into the microcomputer system. This application 
note provides specific examples of how to inter­
face 16-pin dynamic memories to the Z80. 

OPERATION OF 16-PIN DYNAMIC MEMORIES 

The 16-pin dynamic memory concept, pioneered by 
MOSTEK, uses a unique address multiplexing tech­
nique which allows memories as large as 16,384 bits 
x 1 to be packaged in a 16-pin package. For example 
the MK4027 (4,096xl dynamic MaS RAM) and the 
MK4116 (16,384xl dynamic MaS RAM) both use 
address multiplexing to load the address bits into 
memory. The MK4027 needs 12 address bits to select 
1 out of 4,096 locations, while the MK4116 requires 
14 bits to select 1 out of 16,384. The internal memo­
ries of the MK4027 and MK4116 can be thought of 
as a matrix. The MK4027 matrix can be thought of 
as 64x64, and the MK4116 as 128x128. To select 
a particular location, a row and column address is 
supplied to the memory. For the MK4027, address 
bits AO-A5 are the row address, and bits A6-Al1 

are the column addresses. For the MK4116, address 
bits AO-A6 are the row address, and A7-A13 are the 
column address. The row and column addresses are 
strobed into the memory by two negative going 
clocks called Row Address Strobe (RAS) and Column 
Address Strobe (CAS). By the use of RAS and CAS, 
the address bits are latched into the memory for 
access to the desired memory location. 

Dynamic memories store their data in the form of 
a charge on a small capacitor. In order for the dyna­
mic memory to retain valid data, this charge must 
be periodically restored. The process by which data 
is restored in a dynamic memory is known as re­
freshing. A refresh cycle is performed on a row of 
data each time a read or write cycle is performed on 
any bit within the given row. A row consists of 64 
locations for the MK4027 and 128 locations for the 
MK4116. The refresh period for the MK4027 and the 
MK4116 is 2ms which means that the memory will 
retain a row of data for 2ms without a refresh. 
Therefore, to refresh all rows within 2ms, a refresh 
cycle must be executed every 32MS (2ms+64) for the 
MK4027 and 16MS (2ms+128) for the MK4116. 

To ensure that every row within a given memory is 
refreshed within the specified time, a refresh row 
address counter must be implemented either in ex­
ternal hardware or as an internal CPU function as in 
the Z80. (Discussed in more detail under Z80 Refresh 
Control and Timing.) The refresh row address counter 
should be incremented each time that a refresh cycle 
is executed. When a refresh is performed, all RAMs 
in the system should be loaded with the refresh 
row address. For the MK4027 and the MK4116, a 
refresh cycle consists of loading the refresh row 
address on the address lines and then generating a 
RAS for all RAMs in the system. This is known as a 
RAS only refresh. The row that was addressed will 
be refreshed in each memory. The RAS only refresh 
prevents a conflict between the outputs of all the 
RAMs by disabling the output on the MK4116, and 
maintaining the output state from the previous 
memory cycle on the MK4027. 

Z80 TIMING AND MEMORY CONTROL SIGNALS 

The Z80 was designed to make the job of interfacing 
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to dynamic memories easier. One of the reasons the 
Z80 makes dynamic memory interfacing easier is 
because of the number of memory control signals 
that are available to the designer. The Z80 control 
signals associated with memory operations are: 

IVIEMORY REQUEST (MREQ) - Memory request 
signal indicating that the address bus holds a valid 
memory address for a memory read, memory write, 
or memory refresh cycle. 

READ (RD) - Read signal indicating that the CPU 
wants to read data from memory or an I/O device. 
The addressed I/O device or memory should use this 
signal to gate data onto the CPU data bus. 

WRITE (WR) - Write signal indicating that the CPU 
data bus hold valid data to be stored in the addressed 
memory or I/O device. 

REFRESH (RFSH) . Refresh signal indicates that 
the lower 7 bits of the address bus contain a refresh 
address for dynamic memories and the current MREQ 
signal should be used to generate a refresh cycle for 
all dynamic memories in the system. 

Figures 1a, 1b, and 1c show the timing relationships 
of the control signals, address bus, data bus and 
system clock <1>. By using these timing diagrams, 
a set of equations can be derived to show the worst 
case access times needed for dynamic memories with 
the Z80 operating at 2.5MHz. 

The access time needed for the op code fetch cycle 
and the memory read cycle can be computed by 
equations 1 and 2. 

(1) tACCESS OP CODE~ 3(tc/2HDLtp (MR) -tS<I>(D) 

OP CODE FETCH TIMING 
Figure la. 

AO-A 15 

where: tc ~ Clock period 

tDL4>(MR) ~ MREQ delay from falling edge of clock. 

tS<l>(D) ~ Data setup time to rising edge of clock 
during op code fetch cycle. 

let: tc ~ 400ns; tDLtp(MR) ~ lOOns; tS<l>~ 50ns 

then: tACCESS OP CODE - 450ns 

(2) tACCESS MEMORY READ ~ 4(tc/2) -tDLiP(MR) 
-tSiP(D) 

where: tc ~ Clock period 

tDLtp(MR) ~ MREO delay from falling edge of clock 

tStp(D) ~ Data Setup time to falling edge of clock 
let: tc ~ 400ns; tDL (MR) ~ lOOns; ts (D) ;p ~ 60ns 

then: tACCESS MEMORY READ ~ 640ns 

The access times computed in equations 1 and 2 are 
overall worst case access times required by the CPU. 
The overall access times must include all TTL buffer 
delays and the access time for the memory device. 
For example, a typical dynamic memory design 
would have the following characteristics, (see 
Figure 2). 

The example in Figure 2 shows an overall access time 
of 336ns. This would more than satisfy the 450ns 
required for the op code fetch and the 640ns required 
for a memory read. 
CPU MREO buffer delay .............. 12ns (8T97) 
Memory gating and timing delays ............. 40ns 
Memory device access time .... 250ns (MK4027/4116-4) 
Memory data bus buffer delay .......... 17ns (8T28) 
CPU data bus buffer delay. . . . . . . . . . . . . 17ns (8T28) 

VAL I D REFRESH 
ADDRESS AO-A6 

336ns 

RFSH -+------~~----------__ ~~ 

Rii -4-___ -,1 

00-07 
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MEMORY READ TIMING 
Figure lb. 

TI 

_--- 400ns 

/ \ 

AO-AI5 

100 ns_ 

MREQ 

DO-D7 

MEMORY WRITE TIMING 
Figure le. 

AO-AI5 

WR 

DO-D7 

Ie 

\ 

VALID MEMO RY ADDRESS AO-AI5 

-tDL"i"(MR) 

1\ 

L"" ... _., 640ns 

90ns -

200ns 
tDlD) 

T2 

lsI (D)_ 60ns -
read---~ 

ADDRESS AO-AI5 

- IDL T lWR) 

IW(WRL) 

-360ns--_~ 

DATA OUT 
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Z80 REFRESH CONTROL AND TIMING 

One of the most important features provided by the 
Z80 for interfacing to dynamic memories is the 
execution of a refresh cycle every time an op code 
fetch cycle is performed. By placing the refresh cycle 
in the op code fetch, the Z80 does not have to allo­
cate time in the form of "wait states" or by 
"stretching" the clock to perform the refresh cycle. 
I n other words, the refresh cycle is "totally trans­
parent" to the CPU and does not decrease the system 
throughput (see Figure 1 a). The refresh cycle is 
transparent to the CPU because, once the op code 
has been fetched from memory during states T 1 
and T 2, the memory would normally be idle during 
states T 3 and T 4. 

Therefore, by placing the refresh in the T 3 and T 4 
states of the op code fetch, no time is lost for refre­
shing dynamic memory. The critical timing parameters 
involving the Z80 and dynamic memories during 
the refresh cycle are: tw(MRH) and tw(MRL)' The 
parameter known as tW( M R H) refers to the time that 
MREQ is high during the op code fetch between the 
fetch of the op code and the refresh cycle. This time 
is known as "precharge" for dynamic memories and is 
necessary to allow certain internal nodes of the RAM 
to be charged-up for another memory cycle. The 
equation for the minimum tW(MRH) time period is: 

(3) tW(MRH) = tW(<I> H) + tf -30 
where: tW(<I> H) is clock pulse width high 

tf is clock fall time 
let: tW(<I> H) = 180ns; tf = 10ns 
then: tW(MRH) = 160ns (min) 

A tW(MRH) of 160ns is more than adequate to meet 
the worst case precharge times for most dynamic 
RAMs. For example, the MK4027-4 and the 
MK4116-4 require a 120ns precharge.The other 
refresh cycle parameter of importance to dynamic 
RAMs is tW(MRL), (the time that MREQ 
is low during the refresh cycle). This time is important 
because MREQ is used to directly generate RAS. The 
equation for the minimum time period is: 

(4) 

where: 
let: 
then: 

tW(MRL) = tc-40 
tc is the clock period 
tc = 400ns 
tW(MRL) = 360ns 

A 360ns tW(MRL) exceeds the 250ns min RAS time 
required for ~he MK4027-4 and the MK4116-4. 

By controlling the refresh internally with the Z80, 
the designer must be aware of one limitation. The 
limitation is that to refresh memory properly, the 
Z80 CPU must be able to execute op codes since the 
refresh cycle occurs during the op code fetch. The 
following conditions cause the execution of op codes 
to be inhibited, and will destroy the contents of 
dynamic memory. 
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(1) Prolonged reset> 1 ms 
(2) Prolonged wait state operation> 1 ms 
(3) Prolonged bus acknowledge (DMA) > 1 ms 
(4) <I> clock of < 1.216 MHz for 16K RAMs 

< .608 MHz for 4K RAMs 

The clocks rate in number 4 are based on the Z80 
continually executing the worst case instruction 
which is an EX (SP), HL that executes in 19 T 
states. Therefore, by operating the Z80 at or above 
these clocks frequencies, the user is ensured that the 
dynamic memories in the system will be refreshed 
properly. 

Remember to refresh memory properly, the Z80 
must be able to execute op codes! 

DELAY FOR A TYPICAL MEMORY SYSTEM 
Figure 2. 

40 ns 

DO~D7 

17ns 

<D 
C 
~ 
~ 

~ 
8T28 

17ns 

<D 

C;; 
~ 

'" '" '" 
8T2B 

MK4027-4/MK4116~4 
250ns ACCESS 

DIN Dour 

SUPPORT CIRCUITS FOR DYNAMIC MEMORY 
INTERFACE 

Two support circuits are necessary to ensure reliable 
operation of dynamic memory with the Z80. 

The first of these circuits is an address latch shown in 
Figure 3. The latch is used to hold addresses A 12" 
A15 while MREQ is active. This action is necessary 
because the Z80 does not ensure the validity of the 
address bus at the end of the op code fetch (see 
Figure 4). This action does not directly affect dy­
namic memories because they latch addresses inter­
nally. The problem comes from the address decoder 
which generates RAS. If the address lines which drive 
the decoder are allowed to change while MREQ is 
low, then a "glitch" can occur on the RAS line or 
lines (if more than one row of RAMs are used) 
which may have the effect of destroying one row of 
data. 

The second support circuit is used to generate a 
power on and short manual reset pulse. Recall from 
the discussion under Z80 Timing and Memory Con-



ADDRESS LATCH 
Figure 3. 

AI2 

AI3 

AI4 

AI5 

10 

2D 

3D 

40 

7475 

IQ 

20 

3Q 

4Q 

G G 

l J 
] 
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Figure 4. 
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trol Signals that one of the conditions that will 
cause dynamic memory to be destroyed is a reset 
pulse of duration greater than 1 ms. The circuit shown 
in Figure 5a can be used to generate a short reset 
pulse from either a push button or an external 
source. Additionally the manual reset is synchronized 
to the start of an Ml cycle so that the reset will not 
fall during the middle of a memory cycle. Along with 

MANUAL AND POWER-ON RESET CIRCUIT 
Figure 5a. 

+5 10K 

10K 
Hi <">-o.JV'VV''--_ 

rX:i:NL 2201\ 

+ 
168~f 

Jl414 

MANUAL AND POWER-ON RESET CIRCUIT 
Figure 5b. 

10K 

the manual reset, the circuit will also generate a 
power on reset. 

If it is not necessary that the contents of the dynamic 
memory be preserved, then the reset circuit shown in 
Figure 5b may be used to generate a manual or 
power on reset. 

+5 

1000pl 

CPU RESE T 

74132 7404 

+~ 

10K 

:>Q----.. cPU RESET 

+ 74132 7404 

68~'l 

EXTERNAL > ____ ~------,p2v2VO~--~~--~------~ 
RESET 
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-L 
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302 



Col 
.0 

Col 

Wii I I 
1~51 11 l L DDllD 

------I~ B :yr DIN - r- r-- >-- r-- _ '"-AO 
A1 

A' 
A8 A2 
A9 

======::12A C A2 - '"- r-- - r-- - -
-======1~: D ~! = = f= = f= = = - JB A5 - '-- r-- - r-- - --======::10A CS .. A6 - - r-- ,-- r-- - -,- ~ ~ -m - - r-- r- r-- r-- -

.G S ·~5\1". R MK402;:::- ,- -- -,- r 1 A' 
AIO 

A4 
A" 
A5 
A .. A6 
A13 

+5'1 

AI2 
AI. 
AI4 
AI5 

MREO 

= or DA 

~ ra~4116-4 '::=lr-----I=:::::'j:+t=~::j:+=BU 
'A 'B Ar-

----.!!o--~~: B 1--
- .. ~ 3A BIlS97 i------+-1r-t-

38 c ~ 

~A SDr- V'" J....-'ffi t: 

~ oJlT ~ 
_________ "-'<"70 "8 AO I ~ 
________ ---1"~9 JIO 2 ~ 7400 7400 RAS 
________ -'"":'-lig "'2 :~. ~ 

~"' ~CEI ~~22~ 
JI' QJI6 .12 

+!5V- ~~ ~ J24 -, 7432 
1404 - "25 ......---... -d 

~--

+5V 

See Tables 1 and 2 for jumper options. 

;>----4---r--1D s Q~M~UX~ ___ ~ 

I 
7404 

------------~-~-~CK 
74874 

__ ______ f RFSH 

lID. 

TA 

~ 
I 

4 
5 
6 

.E!lil 
$(1) 
m-
Cl)Cl -z 

m 
X 

~ 
""0 
r 
m 
Z 
o 
..... 
~ 
::I: 
m 
s:: 
~ 
o 
c 
l> 
Cl 
:D 

~ 



DESIGN EXAMPLES FOR INTERFACING THE 
Z80 TO DYNAMIC MEMORY 

To illustrate the interface between the Z80 and 
dynamic memory, two design examples are presented. 
Example number 1 is for a 4K/16Kx8 memory and 
the example number 2 is a 16K/64Kx8 memory. 

Design Example Number 1: 4K/16KxB Memory 

This design example describes a 4K/16Kx8 memory 
that is best suited for a small single board Z80 based 
microcomputer system. The memory devices used in 
the example are the MK4027 (4,096x1 MOS Dyna­
mic RAM) and the MK4116 (16,384x 1 MOS Dyna­
mic RAM). A very important feature of this design 
is the ease in which the memory can be expanded 
from a 4Kx8 to a 16Kx8 memory. This is made 
possible by the use of jumper options which con­
figure the memory for either the MK4027 or the 
MK4116. See Table 1 and 2 for jumper options. 

Figure 6 shows the schematic diagram for the 
4K/16Kx8 memory. A timing diagram for the Z80 
control signals and memory control signals is shown 
in Figure 7. The operation of the circuit may be 
described as follows: RAS is generated by NANDing 
MREQ with RFSH + ADDRESS DECODE. RFSH 
is generated directly from the Z80 while address 
decode comes from the 74LSI38 decoder. Address 
decode indicates that the address on the bus falls 
within the memory boundaries of the memory. 
If an op code fetch or memory read is being executed 
the 81 LS97 output buffer will be enabled at approxi­
mately the same time as RAS is generated for the 
memory array. The output buffer is enabled only 

DESIGN EXAMPLE NO.1 MEMORY TIMING 
Figure 7. 

MREQ -----'-, 

MUX ____ -+-----J 

CAS-----r--, 

DATA BUS 
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52n5 

181ns 

during an op code fetch or memory read when 
ADDRESS DECODE, MREQ, and AD are all low. 
The switch multiplexer signal (MUX) is generated on 
the rising edge of <I> after MREQ has gone low during 

. an op code fetch, memory read or memory write. 
After MUX is generated and the address multiplexers 
switch from the row address to column address, 
CAS will be generated. CAS comes from one of the 
outputs of the multiplexer and is delayed by two 
gate delays to ensure that the proper column address 
set-up time will be achieved. Once RAS and CAS 
have been generated for the memory array, the 
memory will then access the desired location for a 
read or write operation. 

7404 
22ns} 

15ns 
Generate RAS from MREQ 

7400 

63ns RAS to rising edge of <I> 

74S74 10ns <I> to MUX 

74S157 
15ns) 

22ns 

15ns 

Generate CAS from MUX 7404 

7404 

tCAC 165ns CAS access time 

81 LS97 22ns Output buffer delay 

349ns Worst case access 



The worst case access time required by the CPU 
for the op code fetch is 450ns (from equation 1); 
therefore, the circuit exceeds the required access time 
by 101 ns (worst case). 

The circuit shown in Figure 6 provides excellent 
performance when used as a small on board memory. 
The memory size should be held at eight devices 
because there is not sufficient timing margin to allow 
the interface circuit to drive a larger memory array. 

Design Example Number 2: 16Kx8 Memory 

This design example describes a 16K/64Kx8 memory 
which is best suited for a Z80 based microcomputer 
system where a large amount of RAM is desired. 
The memory devices used in this example are the 
same as for the first example, the MK4027 and the 
MK4116. Again as with the first example, the 
memory may be expanded from a 16Kx8 to a 64Kx8 
by reconfiguring jumpers. See Table 3 and 4 for 
jumper options. 

Figure 8. shows the schematic diagram for the 16K/ 
64K memory. A timing diagram is shown in Figure 9. 
The operation of the circuit can be described as 
follows: RAS is generated by NAN Ding MREQ with 
ADDRESS DECODE (from the two 74LS138s) + 
RFSH. Only one row of RAMs will receive a RAS 
during an op code fetch, memory read or memory 
write. However, a RAS will be generated for all rows 
within the array during a refresh cycle. MREQ is 
inverted and fed into a TTL compatible delay line to 
generate MUX and CAS. (This particular approach 
differs from the method used in example number 1 
in that all memory timing is referenced to MREQ, 
whereas the circuit in example number 1 bases its 

4K x 8 CONFIGURATION(MK4027) JUMPER 
Table 1 

memory timing from both MREQ and the clock. 
Both methods offer good results, however, the TTL 
delay line approach offers the best control over the 
memory timing.) MUX is generated 65ns later and is 
used to switch the 74157 multiplexers from the 
row to the column address. The 65ns delay was 
chosen to allow adequate margin for the row address 
hold time tRAH. At 110ns, CAS is generated from 
the delay line and NANDed with RFSH, which 
inhibits a CAS during refresh cycle. After CAS is 
applied to the memory, the desired location is then 
accessed. A worst case access timing analysis for the 
circuit shown in Figure 8can be computed as follows: 

74LS14 ""'} Generate RAS from MREQ 
74LSOO 15ns 
delay line 50ns MUX from RAS 
delay line 4~'} CAS delay from MUX 
7400 20ns 

tCAC 165ns Access time from CAS 
8833 30ns Output buffer delay 

347ns 

The required access time from the CPU is 450ns 
(from equation 1). This leaves 103ns of margin for 
additional CPU buffers on the control and address 
lines. This particular circuit offers excellent results for 
an application which requires a large amount of RAM 
memory. As mentioned earlier, the memory timing 
used in this example offers the best control over the 
memory timing and would be ideally suited for an 
application which required direct memory access 
(DMA). 

CONNECT: J13 toJ14 
ADDRESS CONNECT 
OOOO-OFFF J17toJ25 
1000-1FFF J18toJ25 

Connect: J2 to J3 
J4 to J6 
J7 to J8 
J9 to J10 
J11toJ12 

CONNECT: J14toJ15 
ADDRESS CONNECT 
8000-8FFF J17 to J25 
9000-9FFF J18 to J25 

2000-2FFF J19 to J25 
3000-3FFF J20 to J25 
4000-4FFF J21 toJ25 
5000-5FFF J22 to J25 
6000-6FFF J23 to J25 
7000-7FFF J24 to J25 

16K x 8 CONFIGURATION (MK4116YJUMPER CONNECTIONS 
Table 2 

CONNECT: J1 to J2 
J4 to J5 
J8toJ11 
J10 to J13 
J12 to J 16 
J14 to J 16 

ADDRESS 

0-3FFF 
4000-7FFF 
8000-BFFF 
COOO-FFFF 

AOOO-AFFF J19 to J25 
BOOO-BFFF J20 to J25 
COOO-CFFF J21 to J25 
DOOO-DFFF J22toJ25 
EOOO-EF FF J23 to J25 
FOOO-FFFF J24 to J25 

CONNECT 

J17toJ25 
J18toJ25 
J19toJ25 
J20 to J25 
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16K x 8 CONFIGURATION (MK4027) 
Table 3 

CONNECT: Jl to J3 
J5 to J6 
J7 to J8 
J9toJl0 
JlltoJ12 
J13toJ14 

!...A",D",D,",-R,-"E~S""S,-: _--,,0,-,,-3:.!..F-'...F.!..F c.;A""D",D:.:..R",E""S",,-S,-: _--,4-=-00,,--,0,--7:...:F...:F...:..F 
CONNECT: J24 to J25 CONNECT: J16 to J17 

J26toJ27 J18toJ19 
J28 to J29 J20 to J21 
J30 to J31 J22 to J23 

64K X 8 CONFIGURATION(MK4116) 

Table 4 

CONNECT: J1 to J2 
J4 to J5 
J8 to J 11 
J10 to J13 
J12 to J15 
J14toJ15 

ADDRESS: O-FFFF 
CONNECT: J32 to J33 

J34 to J35 
J36 to J37 
J38 to J39 

SYSTEM PERFORMANCE CHARACTERISTICS 
Table 5 

The system characteristics for the preceeding design 
examples are shown in Table 5. 

ADDRESS: 8000-BFFF 
CONNECT: J40 to J41 

J42 to J43 
J44 to J43 
J46 to J47 

ADDRESS: COOO-FFFF 
CONNECT: J32 to J33 

J34 to J35 
J36 to J37 
J38 to J39 

EXAMPLE # MEMORY CAPACITY MEMORY ACCESS POWER REQUIREMENTS 

4K/16Kx8 349ns max. 

2 16K/64Kx8 347ns max. 

* All power requirements are max.; operating temperature o°C 
to 70°C ambient, max +12V current computed with 280 
executing continuous op code fetch cycles from RAM at 
1.6 Jl s intervals. 
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+12V @ 0.0250 A max. 
+5V @ 0.422 A max. * 
-5V @ 0.030 A max. 
+12V @ 0.600 A max. 
+5V @ 0.550 A max. * 
-5V @ 0.030 A max. 



DESIGN EXAMPLE NO.2 SCHEMATIC DIAGRAM 
Figure 8. 
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M EMORY ARRAY 
32 DEVICES 

16k ,S (MK 4027-4) 
64k ,8 (MK4116-4) 

AO A7 AI AS A2 A9 A3 AIO 

010 ODVR RCVS 
000 I 
011 0 S 001 I 

8833 012 0 
002 I 
013 0 S 003 I 

014 
S 

004 
015 

S 005 8833 016 B 
006 
DI7 

A4 A5 007 

CS(A6) 

33 33 33 

A4 All A5 AI2 A6 AI3 AI4 A 15 

FOR JUMPER OPTIONS SEE TABLES 3 AND 4 
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02 

03 

04 

05 

06 
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DESIGN EXAMPLE NO.2 MEMORY TIMING 
Figure 9. 

\ / \ / \ / 
OP CODE FETCH 

37ns 

RAS 

50ns 

MUX 

65 n5 
CAS 

• 195n5 ... 

DATA BUS 

347ns----1 

PRINTED CIRCUIT LAYOUT 

One of the most important parts of a dynamic 
memory design is the printed circuit layout. Figure 
10 illustrates a recommended layout for 32 devices. 
A very important factor in the P.C. layout is the 
power distribution. Proper power distribution on 
the VOO and VBB supply lines is necessary because 
of the transient current characteristics which dynamic 
memories exhibit. To achieve proper power distri­
bution, VOO, VBB, VCC and ground should be laid 
out in a grid to help minimize the power distribution 
impedance. Along with good power distribution, 
adequate capacitive bypassing for each device in the 
memory array is necessary. In addition to the in­
dividual by-passing capacitors, it is recommended that 
each supply (VBB, Vee and VOO) be bypassed with 
an electrolytic capacitor 20#F. 

By using good power distribution techniques and 
using the recommended number of bypassing capa­
citors, the designer can minimize the amount of noise 
in the memory array. Other layout considerations 
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J lOOns 

REFR ESH / 
37ns 

are the p.lacement of signal lines. Lines such as 
address, chip select, column address strobe, and 
write should be bussed together as rows; then, bus 
all rows together at one end of the array. Intercon­
nection between rows should be avoided. Row 
address strobe lines should be bussed together as a 
row, then connected to the appropriate RAS driver. 
TTL drivers for the memory array signals should be 
located as close as possible to the array to help 
minimize signal noise. 

For a large memory array such as the one shown in 
design example number 2, series terminating resistors 
should be used to minimize the amount of negative 
undershoot. These resistors should be used on the 
address lines, CAS and WRITE, and have values 
between 20 n to a 33 n . 

The layout for a 32 device array can be put in a 5" x 
5" area on a two sided printed circuit board. 



SUGGESTED P. C. LAYOUT FOR MK4027 or MK4116 
Figure 10. 
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4MHz zao DYNAMIC MEMORY INTERFACE 
CONSIDERATIONS 

A 4MHz zao is available for the microcomputer de­
signer who needs higher system throughput. Consid­
erations which must be faced by the designer when 
interfacing the 4MHz zao to dynamic memory are 
the need for memories with faster access times 
and for providing minimum RAM precharge time. 
The access times required for dynamic memory inter­
faced to a 4MHz zao can be computed from equa­
tions 1 and 2 under zao Timing and Memory Control 
Signals. 

Access time for op code fetch for 4MHz Z80, 

let: tc ~ 250ns; tDL~ (MR) ~ 75ns; ts<p (D) ~ 35ns 
then: tACCESS OP CODE ~ 265ns 

Access time for memory read for 4MHz Z80, 

let: tc ~ 250ns; tDL~(MR) ~ 75ns; ts~ (D) = 50ns 

then: tACCESS MEMORY READ ~ 375ns 

The problem of faster access times can be solved by 
using 200ns memories such as the MK4027-3 or 
MK4116-3. Depending on the number of buffer 
delays in the system, the designer may have to use 
150ns memories such as the MK4027-2 or MK4116-2. 
The most critical problem that exists when inter­
facing dynamic memory to the 4MHz zao is the 
RAM precharge time (trp). This parameter is called 
tW/MRH) on the zao and can be computed by the 
fol owing equation. 

(4) tW(RH) ~ tW(<PH) + tf·20ns 
let: tW(<PH) = 110ns; tf = 5ns 
~hen: tW(MRH) ~ 95ns 

A tW(MRH) of 95ns will .not meet the minimum pre­
charge time of the MK4027-2 or MK4116-2 which is 
100ns. The MK4027-3 and MK4116-3 require a 
120ns precharge. Figure 11 shows a circuit that will 
lengthen the tW(MRH) pulse from 95ns to a mini­
mum of 126ns while only inserting one gate delay 
into the access timing chain. Figure 12 shows the 
timing for the circuit of Figure 11. The operation of 
the circuit in Figure 11 can be explained as follows: 
The D flip flops are held in a reset condition until 
MREQ goes to its active state. After MREQ goes 
active, on the next positive clock edge, the D input of 
U1 and U2 will be transferred to the outputs of the 
flip flops. Output QA will go high if M1 was high 
when <P clocked U1. Output QB will go low on the 
next positive going clock edge, which will cause 
the output of U3 togo low and force the output of 
U4, which is RAS, high. The flip flops will be reset 
when MREQ goes inactive. 

The circuit shown in Figure 11 will give a minimum 
of 126ns precharge for dynamic memories, with the 
zao operating at 4MHz. The 126ns tW(MRH) is com­
puted as follows. 

110ns 

5ns 
20ns 
·9ns 

tW(<P H) - clock pulse widthhigh (min) 
tF - clock full time (min) 

tDLiIMR) - MREQdeiay (min) 
74S74 delay (min) 

126ns tW(MRH) modified (min) 

4MHz zao PRECHARGE EXTENDER FOR DYNAMIC MEMORIES 
Figure 11 
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TIMING DIAGRAM FOR 4MHz l80 PRECHARGE EXTENDER 
Figure 12 
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APPENDIX 

MEMORY TEST ROUTINE 

passes, which will execute in less than 4 minutes 
for a 16Kx8 memory. If an error occurs, the program 
will store the pattern in location '2C'H and the 
address of the error at locations '2D'H and '2E'H. 

This section is intended to give the microcomputer 
designer a memory diagnostic suitable for testing 
memory systems such as the ones shown in Section 
VI. 

The routine is a modified address storage test with an 
incrementing p'attern. A complete test requires 25610 

The program is set up to test memory starting at loca­
tion '2F'H up to the end of the block of memory 
defined by the bytes located at 'OC'H and 'OD'H. 
The test may be set up to start at any location by 
modifying locations '03'H - '04'H and '11'H - '12'H 
with the starting address that is desired. 

i1XRTS LISTING 
LOC OBJ CJDE STM! SOURC~ STATEMeNT 

PAGE 0001 

0001 ;TRANSLATED FROM DEC 1976 INTERFACE MAGAZINE 
0002 
0003 ;THIS IS A lQ~~FIED ADDRESS STORI~E TEST WITH AN 
0004 ;INCR~n~NTI~~ ?A!TERN 
0005 ; 
0006 ;256 PASSZS MUST BE EXECUTED BEFORE THE MEMCRY IS 
0007 ;COMPLETELY T2S!EO. 
0008 , 
0009 ;IF AN ERROR JCCURS, THE PATTERN WILL BE STORED 
0010 ;AT LOCATION '002C'H AND THE ADDRESS OF THE 
0011 ;EPROR LOCATION W~LL B~ STORED AT '0020'H AND 
0012 ; '002E 'H. 
0013 
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MEMORY TEST ROUTINE (Cont'd.) 
0014 
0015 
0016 
0017 
0018 
0019 
0020 
0021 
0022 
0023 
0024 
0025 
0026 
0027 
0028 
0029 
0030 
0031 
0032 
0033 
0034 

0000 0035 
0000 0600 0036 

0037 
0002 212FOO 0038 
0005 7D 0039 
0005 AC 0040 
0007 A8 0041 
0008 77 0042 
0009 23 0043 
OOOA 7C 0044 
0008 FE10 0045 
OOOD C20500 0046 

0047 
0010 212FOO 0048 
0013 7D 0049 
0014 AC 0050 
0015 p.e 0051 
0015 BE 0052 
0017 C22500 0053 
001A 23 0054 
0018 7C 0055 
001C FE10 0056 
001E C21300 0057 
0021 04 0058 

LOC OBJ CJDE STMT 

~022 C3noo 0059 
0060 

0025 222;)00 0061 
J028 322COO 00152 
002B 76 0063 
002C 0064 
0020 0065 
J02F 2FOO 0066 

0058 
0069 
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;THE CONTENTS F LOCATIONS 'OOOC'H AND '001D'H 
;SHOULD 3E S~: CTED ACCORDING TO TEE FOLLOWIKG 
;~EMORY SIZE T BE TESTED 
, 
;TOP OF ME~ORY TO 
;BE TESTED VALUE OF EPAGE 

4K 
8~ 

16K 
32K 
48K 
64K 

• 10' H 
'20'H 
'40'H 
'80'H 
'CO'K 
'FF'H 

;THE PROGRA~ IS SET UP TO START TESTING AT 
;LOCATION '002F'H. THE STARTIN~ ADDRESS FOP THE 
;TEST CAN B~ ~ODIFIED BY CHANGI~G LOCATIONS 
;'0003-0004'~ !.~D '0011-0012'~. 

;TEST TIME FOR A 16K X 8 MEMORY IS APPROX. 4 MIN 

ORG OOOOH 
LD :S,O ICLEAR 8 PATRN MODIFIER 

;LOAD UP 
LGOP: 
:ILL: 

IIE:10RY 
LD HL,START ;GET STAFTING ADDP 
LD A,: ;LOW BYTS TO A:CM 

;aEAD 

TEST: 

SOURCE 

;E3R08 
,XIT: 

FA TRN: 
BYTE: 
START: 
EPAGE: 

XOR H ;XOR wITH HIGH 31TE 
XOR B ;XOR WITH PAT~EaN 
LD (HL),A ;SToeE IN ADDR 
INC HL ;INCREME~7 ADD" 
LD A,H ;LOAD HI;H BYTE OF 
CP EPAGE ;:OMPARE .ITH STOF 
JP NZ,FILL ;NOT DONE,GO BACK 

AND CHECK TEST DATE 
LD HL,START ;GET STARTI!G ADDE 
L~ A,L ;LOAD LO' BY~E 
XOR H ;XOR WITH HI';H BYTE 
XOR B ;XOR WITH MODIFIES 

AVDR 
ADDB 

CP (HL) ;COMPARE WITH ME~CRY LOC 
JP NZ,FXIT ;ER80R EXlr 
INC HL ;UPDATE ~EMORY ADDRESS 
LD A.H ;LOAD HIGH BYTE 
CP EPAGE ;COMPARE iITH STOP ADDR 
JP NZ,TEST ;LOOP BACK 
INC B ;UPDATE MODIFIER 

MXRTS LISTING PAGE 0002 
STATEMENT 

JP LOOP ;RST WITH NEW MODIFIER 
EXIT 

LD (BYTE),HL ;SAVE ERPOF ADDRESS 
LD (PATRN),A ;SAVE BAD ?A TTERN 
HALT ;FLAG OFEPATOR 
DEFS 
DEFS 2 
7lEFW S 
::.:cU 10H ;SET UP FOR 4K TEST 
<ND 



A TESTING PHILOSOPHY FOR 16K DYNAMIC MEMORIES ----------------------------
By ROBERT W. OWEN Testing 

Today several semiconductor manufacturers are 
moving 16384 bit dynamic MOS memories into 
volume production. The circuit will be the most cost­
effective method of providing medium performance, 
large capacity randomly accessible data storage over 
the next several years and will in all likelihood be 
shipped in larger volume to more users than has any 
previous memory chip. This burgeoning market will 
confront many engineers with the problems of per­
forming comparative evaluations, writing incoming 
device tests, system and diagnostic tests, and field 
troubleshooting and repair of memory systems 
containing many 16K chips. A thorough understand­
ing of the device permits the engineer to evaluate the 
adequacy of manufacturers' outgoing screens and, if 
necessary" to institute efficient incoming tests which 
comprehend the differences or shortcomings in the 
individual designs or outgoing test procedures. 

Since the 16K has established the state-of-the­
art in MOS design and processing at this point in time, 
the test sequences utilized must be carefully con­
sidered to keep test times to a reasonable minimum 
while at the same time adequately screening out 
marginal devices. The testing considerations them­
selves are applicable to earlier 1 K and 4K circuits as 
well; the penalties for inadequacy are greater. 

A brief description of manufacturing test proce­
dures which relate ultimately to the quality and 
reliability of the memory chip would include charac­
terization tests, in which the processing constraints 
and operating limits of a specific design are deter­
mined; reliability tests, which subject production 
lots to abnormal stresses in order to convert latent 
defects into failures prior to the final test; and the 
final test itself in which the manufacturer must 
always tread a thin line between test throughput 
(minimum test cost per device) and thoroughness. 
The quality of these tests varies from manufacturer 
to manufacturer and is manifested in the quality of 
their shipped product. Good design and quality 
processing are not enough, alone, to guarantee relia­
bility; they must always be augmented by adequate 
testing. 

BASIC CONSIDERATIONS 

The storage element in all 16K RAMs is an MOS 
capacitor with data transfer and isolation controlled 
by a single transistor. This is the well known single 

transistor (IT) cell, used for the first time in the 4K 
memory devices which have been available for several 
years. The small size of the cell (about 0.7 mil2 when 
fabricated in the double level polysil icon process) 
is sufficient inducement that the disadvantages are 
tolerated by the designer. Read-out is destructive, 
requiring an internal restore operation after each 
read. Available signal levels are dictated by the ratio 
of cell to digit line capacitance and are on the order 
of one to two hundred millivolts. Charge storage is 
of course dynamic in nature, since the charge stored 
on the capacitor will eventually leak off. 

Storage time is an intrinsic device parameter; 
refresh time (more properly refresh interval) is a 
timing parameter which specifies the maximum 
allowable interval separating two operations on the 
same storage location which will re-establish the full 
charge on a partially-decayed high level. 

The storage time of any dynamic MOS RAM 
may be expressed by the empirical equation 

where 

and 

tSTORAGE = A exp (-BT) 

T is junction temperature in °c 

B is a variable relating the magnitude of 
the generation-recombination current 
to the junction temperature (units of 
1/ oC) 

A is a scaling constant reflecting such 
variables as junction area, bulk defect 
density, and sense amplifier design. 

Note that the term "B" in the equation is not a 
constant. Conventionally it is assumed that the 
storage time doubles for every 1 0 ° C decrease in 
ju nction temperature, wh ich is equ ivalent to assuming 
that B = 0.069. Data shows that a typical value for 
B is 0.055,but that it does in fact vary at least 30% 
from this typical value. This equation is graphed in 
Figure 1 for several different values of B, arbitrarily 
assuming a minimum storage time of 2 milliseconds 
at T J = 100°C. The storage time at T J = 25 ° C for this 
hypothetical device will lie somewhere between 50 
milliseconds and 381 milliseconds. If room tempera­
ture testing is to be attempted, the refresh interval 
would have to be set at 381 milliseconds, since any 
lesser value would not guarantee 2 milliseconds at 
100° C. The devices which failed such a test would 
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not necessarily be failures at 2 ms, 100°C, and would 
therefore have to be rescreened at the 100° C tempera­
ture. The efficiency of this procedure depends upon 
the number of good devices found by the first screen, 
but in general the number of units requiring a second 
test is so great that the first screen may as well be 
eliminated in favor of a 100% screen at the maximum 
junction temperature. 

Storage time is of course not the only parameter 
of interest. Other parameters which need to be 
verified over the temperature range include access 
time, power dissipation, and input/output levels. 
Access time and power dissipation are functions of 
transistor gain. Gain is temperature dependent 
through carrier mobility and is about 25% lower at 
100 ° C than at 0 ° C. Access time is therefore worst­
case at elevated temperatures. The memory will 
dissipate more power at low temperature, although 
much of the power required is capacitive and there­
fore frequency rather than temperature related. 
Signal levels are functions of transistor threshold 
voltage, which decreases about two millivolts for 
every 1°C increase in temperature. Input high levels 
and output high and low levels are normally worst­
case at low temperature and must be guardbanded if 
tested only at high temperature. (One 16K RAM, the 
MOSTEK MK 4116, utilizes an integrated reference 
voltage for address and data inputs which removes the 
th reshold voltage dependence and therefore the 
temperature dependence of these inputs.) As will be 
discussed later, a few timing parameters become 
worst-case as the memory becomes faster, and need 
to be guardbanded if testing only at high temperature. 
On balance, however, due primalji.v to the extreme 
variation of storage time with temperature, it is most 
practical to conduct tests at the maximum junction 
temperature only and guardband non-worst-case 
parameters. 

The two junction temperatures singled out in 
Figure 1 were not chosen at random. The equation 
describing temperature rise over an ambient is 

where 

and 
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0JA is the junction to ambient thermal 
resistance (for 16 pin ceramic DIP 
mounted in a socket on a double­
sided PC board, the most widely ac­
cepted value is 70° C/watt) 

PD is the power dissipation of the 
device under the conditons of interest. 

To calculate /':, T, assume the following specified 
values: 

IDD (ACTIVE) = 35 MA 

IDD (STANDBY) = 1.5 MA 

VDD (MAXIMUM) = 13.2V 

tcycle = 375 ns 

and assume that the refresh test is conducted by 
writing 16384 bits at the 375 ns cycle rate, pausing 
in the standby condition for the refresh interval, then 
reading all bits again at 375 ns. The rise in junction 
temperature can now be calculated: 

tREFRESH = 2ms; duty factor (DF) = 

2( 16384)375ns = 0.86 
2(16384)375ns + 2ms' 

/':, T = eJA (PD ACTIVE (DF) + PD STANDBY 
(1 - DF)) 

70°C!W (0.035 (13.2) 0.86 + 0.0015 

(1 - 0.86) ) 

28°C 

tREFRESH = 381ms; duty factor (DF) = 

2( 16384)375ns = 0.03 
2(16384)375ns + 381ms 

/':, T = 70° C!W (0.035 (13.2) 0.03 + 0.0015 

(13.2) (1 - 0.03) ) 

2.3°C 

The junction temperature of a device executing a 
381 ms refresh test at T A = 25 ° C would rise only 
2.3 degrees to 27.3 °c, while the same device execut­
ing a 2ms refresh test at T A = 70 0 C would have a 
junction temperature of 98°C. 

Strictly speaking, the foregoing calculations are 
true only if the refresh test in question is run in a 
continuous mode allowing the junction temperature 
to stabilize. The thermal mass of the device is not 
negligible; in fact e JA is a function of time and has 
a time constant of approximately 60 seconds in most 
test situations. Much of the effectiveness of the N2 
test patterns can be attributed to higher junction 
temperatures due simply to the test length. An N2 
pattern, with N equal to 16384 and a cycle time of 
375ns, requires 100 seconds. The value of e JA after 
100 seconds of testing is about 80% of its final 



STORAGE TIME VS JUNCTION TEMPERATURE 
Figure 1 
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value. The junction rise for PD = 462 milliwatts is 

6 T = B JA PD = (0.8) (700 C/W) (.462) = 260 C 

and this rise has occurred during the test. The storage 
time of the device may be reduced by as much as a 
factor of 6 and the device speed is approximately 
10% less. These benefits can of course be attained 
without resorting to the use of N2 patterns by pre­
calculating the final junction temperature and setting 
the temperature chamber accordingly. This approach 
is common but not without its pitfalls. If the con­
struction of the test chamber is such that heat is 
maintained throughout the test, the self-heating 
must be considered; if the device is held in an ele­
vated ambient prior to the test, then removed and 
inserted into the test socket, the combined effects 
of heat loss in the socket and self-heating during the 
test must be characterized. 

An accurate method for measuring junction 
temperature uses the device itself as a temperature 
reference. All signal inputs connect to pn+ diodes 
which may be calibrated by utilizing the fact that if 
diode current is held constant, diode voltage is 
linearly proportional to temperature. Calibrate an 
input on a reference device by stabilizing the device 
at an accurately measured reference temperature, 
injecting a constant current, and measuring the 
diode drop (from the input to the VBB pin). When 
this has been performed at several temperatures a 
calibration curve of diode voltage versus temperature 
may be constructed and the device used to measure 
unknown temperatures by injecting current, measur­
ing the diode voltage, and referring to the calibration 
chart. The procedure requires care, but once cali­
brated the device is capable of profiling heat loss at 
the test site or junction temperature rise durin~ 

operation with great accuracy. Several hints: a good 
value for the current is 100 JIA; the voltage measure­
ment requires millivolt accuracy; the measurement 
cannot be made while the device is operating because 
of noise in the substrate (operate the device, then 
switch out the functional inputs and switch in the 
measurement circuitry). Each device must be cali­
brated separately since the magnitude and slope of 
the relationship varies. 

RELIABILITY TESTING 

Although the user may not resort to reliability 
screening himself, relying solely on the manufacturer 
to choose appropriate tests and apply them wisely, he 
should be familiar with the basic failure mechanisms 
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and methods employed to screen them out prior to 
shipment. 

Published data on 4K and 16K silicon gate MaS 
memories (1 )(2) indicate that two failure mecha­
nisms account for between 50% and 85% of all re­
ported RAM failures. These two mechanisms, oxide 
defects and defects caused by foreign contamination, 
vary in the type of screen required for elimination. 

Oxide defects are imperfections in the Si02 
gate oxide introduced during the manufacturing 
process which can rupture when subjected to an 
electrical field for some period of time. This failure 
mode may be screened by subjecting all devices to 
an overvoltage stress; the effectiveness of the screen 
is directly dependent upon the field intensity, hence 
the voltage applied, and. to a lesser degree on time. 
One screen employed by se~eralmanufaciurers ~ub­
jects the RAM to an operational test in which the 
magnitude of the supply voltages is increased by 
approximately 50% over nominal. This may occur 
in the testing prior to burn-in, at the burn-in itself, or 
in the final test prior to shipment. If the overstress 
occurs at the burn-in itself it may last for 12 to 24 
hours, while an overstress during a functional test 
sequence normally would last less than one second. 
A commonly-accepted rule of thumb is that the 
effectiveness of the oxide defect screen varies with 
E~ A 24 hour burn-in would, according to this 
ru Ie, be about 17 times as effective as a one-second 
test assuming both were run at the same voltage, 
however, increasing the voltage (field strength E) by 
50% increases the efficiency of the screen by the 
same 50%. Clearly the overvoltage screen is necessary; 
it is incumbent upon the manufacturer to perfrom 
such a screen himself as it is doubtful he would 
authorize the user to stress the RAM beyond the 
data-sheet limits. 

The second large category of failures are those 
caused by contamination of the device by some 
mobile impurity ion such as sodium. These impurities 
can move under ,applied voltage and temperature 
conditions to some point in the circuit where they 
can alter the threshold voltage of the MaS transistor. 
For an N channel 16K memory, the threshold voltages 
will be lowered if the contaminant is a positive ion 
and failures can occur either on normal transistors or 
on spurious field oxide transistors. This failure mode 
is widely known and reported, and is accelerated by 
thermal stress. The rate of acceleration is predicated 
by the equation (3), 



EA 
R= Ro exp (-KTk ) 

where 

R is reaction rate 

Ro is a constant 

EA is activation energy in electron volts (eV) 

K is Boltzmann's constant (8.63 x 10-5 eV/OK) 

Tk is temperature in degrees Kelvin (OK). 

The activation energy for contamination-related 
failures is approximately 1.0 eV, and therefore such 
failures are subject to removal by high-temperature 
burn-in, and most manufacturers perform an operat­
ing burn-in at 125 ° C for some number of hours (nor­
mally 12 - 24 hours) to reduce the incidence of field 
failures. On the other hand, the acceleration rate for 
for gate oxide failures is reported to be between 
0.1 - .05 eV and the high-temperature screen would 
be marginally effective for gate oxide defects. 

At least one manufacturer has combined the 
overvoltage and high temperature screens and is 
currently subjecting all 16K RAM's to a 24 hour 
burn-in at 125°C with. the device power supplies 
at 50% overvoltage (+18 v, -7 v). Here again, such 
testing is properly done by the manufacturer, but 
the user should satisfy himself as to the adequacy 
of the reliability screens performed by the various 
manufactu rers. 

Reliability can be greatly impacted by proper 
design techniques. As an example, consider the 
equation given for thermal acceleration of failures. 
Rewriting the equation to allow a comparison of 
reaction rates at two different temperatures Tk 1 and 
Tk2, we have: 

EA Tk2 - Tk1 
exp(--( ) ). 

K Tk1 Tk2 

Now the effect of power dissipation upon reliability 
can be evaluated. For two 16K RAMS, one dissipat­
ing 900 milliwatts and one dissipating 450 milli­
watts while operating atTA = 70°C, 

TJ1 = 70°C + (70°C/W) (0.900 W) = 133°C 

TJ2( = 70°C + (70 'C/W) (0.450 W) = 101.5°C 

and assuming that EA = 1 eV, 

R1 133 - 101.5 
- =exp(- ( )) 
R2 8.63 x 10-5 (133+273)(101.5+273) 

R1 
-=0.097 
R2 

which predicts a failure rate for the 900 milliwatt 
device of about 11 times that of the 450 milliwatt 
device, due to the 31.5 ° C difference in junction 
temperature. 

MULTIPLEXED DEVICES 

All 16K devices announced to date have fol­
lowed the pinout and address multiplexed architec­
ture pioneered by MOSTEK for their 4K RAM in 
1973. The reduction in number of address lines from 
14 to 7 (for the 16K) is bought at the expense of a 
more complex cycle with more timing parameters(4}. 

Some of these parameters must be examined in detail, 
as a proper understanding of their interrelationship 
is necessary. The timing diagram of Figure 2 shows 
the timing parameters necessary for standard write 
and read operations. The data output signal is shown 
for both the MOSTE K and I ntel designs. 

Three clocks, RAS (Row Address Strobel, 
C-AS (Column Address Strobe), a.!1d WRITE, must be 
provided along with seven multiplexed address lines 
and the DIN (data in) if the memory is to execute a 
write cycle. Most of the testing difficulties arise from 
the relationship of RAS to CAS, from the relation­
ships of the addresses to RAS and CAS, and from 
the relationships of the addresses to RAS and CAS, 
and from CAS to the DOUT (data output). 

RAS initiates the cycle by going from the high 
state to the low state. It must have remained high 
long enough for internal nodes to be precharged to 
a known initial state prior to initiation of a new cycle; 
if the parameter tRP is violated (made too short) 
internal clocks address buffers, decoders, and sense 
amplifiers are ~ot adequately initialized. Once RAS 
goes low it must remain low long enough (tRAS) for 
the selection of the accessed cells, sense operation, 
and restoration of the destroyed data (the1T cell 
reads out destructively). When"'RAS goes low it clocks 
in the seven row addresses if the row address setup 
and hold specifications (tASR and tRAH) have been 
met. For the Intel design, if CAS is low when RAS 
goes low, a refresh-only operation is initiated; for the 
MOSTEK design, CAS may be low at the RAS 
transition (may in fact stay low for some time after 
the RAS transition since the parameter tCRP is 
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negative) without prejudicing the new cycle, wh ich 
may be either a read or write cycle. The Intel ability 
to perform a Q4 cycle refresh hinges on this timing 
parameter. If !=lAS finds CAS low, the. most signifi­
cant row address bit along with all column address 
bits are ignored. This causes the selection of one row 
in each 8K half of the array and activation of all 
256 sense amplifiers. Refresh may then be performed 
as though the array were organized as 64 rows by 256 
columns. For the MOSTEK part, and for the Intel 
part if RAS finds CAS high, refresh must be per­
formed on all 128 rows. 

CAS is used to clock the column addresses, 
select one of the 128 active sense amplifiers and 
transfer its data to the output in a read or read/­
write cycle. The high to low transitiori of CAS 
latches the column addresses if the column address 
setup and hold specifications J.!Asc and tCAH) 
have been met. To prevent the RAS to CAS timing 
from intruding into the access time specification, 
16K designs allow CAS to go active as soon as the 
row address hold time has been met and the column 
address is established on the address inputs. I n fact, 
a negative specification on the column address setup 
allows switching CAS low even during the multiplex' 
time. This negative specification becomes harder to 
meet as the part becomes faster (higher VDD, lower 

TIMING DIAGRAM 
Figure 2 

WRITE CYCLE (EARLY WRITE) 

temperature) and in any event is one of the more 
trying parameters "'to test, since the slowest of the 
seven address signals (with respect to CAS) deter­
mines the actual value of tASC' Even though CAS can 
go negative at tRAH, it is not required to do so until 
somewhat later in the cycle. The latest time for the 
CAS transition with respect to RAS is given by the 
parameter tRCD (max) - note that tRCD (min) 
equals the row address hold time tRAH' The param­
eter tRCD (max) is actually a pseudo-limitation, 
since the only effect of exceeding tRCD(max) is to 
extend the access time specification (actually the row 
access) tRAC by the actual value of tRCD minus 
tRCD (max). 

Manufacturers are willing to live with the limita­
tions posed by the negative value for column address 
setup time in order to provide a more usable part. 
The amount of time available to the user to switch 
his mu Itiplexer without artificially delaying CAS 
and thereby degrading access time is simply the 
value of the maximum allowable RAS to CAS delay 
minus the required row address hold time, minus the 
required column address setup time (Multiplex time = 

tRCD (max) - tRAH -tASC)· If tASC is a negative 
number it adds to rather than decreases the multiplex 
time. In order to guarantee this specification, the 
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KEY PARAMETERS OF CURRENTLY AVAILABLE 16K RAMS 
Figure 3 

MANUFACTURER 

PART NUMBER 

RAS ACCESS 

CAS ACCESS 

MULTIPLEX TIME 

PRECHARGE TIME 

NUMBER OF REFRESH CYCLES 

NUMBER OF SENSE AMPS 

DIE AREA 

VDD TOLERANCE 

IDD CURRENT 
(MAXIMUM) 

POWER DISSIPATION 
(MAXIMUM) 

manufacturer must place a minimum access time 
requirement on his testing - that is, parts which are 
too i9ll must be rejected, as they will not meet the 
negative tASC specification. It is to be expected that 
as faster 16K designs become available, this negative 
parameter will become smaller, or possibly will go 
to zero. 

In addition to clocking the column addresses, 
CAS controls the state of the data output. The 
MOSTE K version open·circuits the output with the 
low to high transition of CAS. Intel uses the high to 
low edge of CAS for the same purpose. This allows 
compatibility with the earlier 4K designs which also 
used the high to low edge of CAS. The 4K's have, 
however, an extra chip select input which can be 
used in conjunction with RAS and CAS to deselect 
the output. With the Intel 16K the only way to 
guarantee a deselected output is to insert an extra 
cycle which leaves RAS high while clocking CAS. 
MOSTEK overcomes this difficulty by unlatching 
the output with the rising edge of CAS. This makes 
the output state independent of the previous cycle 
and eliminates the need for the "CAS-only" deselect 
cycle. If the MOSTEK part is operated in a minimum 
cycle with RAS and "CAS going high at the same time, 
the output is only valid for the deselect time (tOF F) 
plus the amount that the speed of the actual device 
exceeds the specified speed (if any). To overcome 
this difficulty, MOSTEK allows the user to leave 
CAS low while RAS goes into precharge, thereby 

INTEL MOSTEK 

2116·2 4116·2 

200 ns 150 ns 

125 ns 100 ns 

40 ns 40 ns 

75 ns 100 ns 

64 or 128 128 

256 128 

33930 mils2 22330 mils2 

±10% ±10% 

69mA 35mA 

911 mW 462mW 

prolonging the output and, incidentally, adding the 
second major timing difference, that of the state of 
CAS when RAS goes low, which was discussed earlier. 

CHIP ARCHITECTURE AND CELL LAYOUT 

The architecture of the chip can have a direct 
bearing on the types of tests which should be con­
ducted, as can the layout of the storage cell. Precise 
details are difficult to acquire as· most manufacturers 
consider them proprietary. Interest in the 16K has 
prompted the generation of several articles and papers 
which give some details useful in testing considera· 
tions(5)(6)(7). Figure 4 gives a gross overview of two 
chip architectures which nevertheless provide some 
useful information. 

The most obvious difference is in the division of 
the 16K array into two 8K halves serviced from the 
middle by 128 sense amplifiers (MOSTEK MK 4116), 
or into four 4K quadrants, each pair serviced by 128 
sense amplifiers (for a total of 256) from their 
.respective centers (Intel 2116). All other factors 
being equal, in particular assuming approximately 
equal cell capacitances (reported by MOSTEK and 
Intel as 0.04 pF and 0.03 pF, respectively), the extra 
subdivision on the Intel chip means that the digit 
lines are only half as long as in the MOSTEK chip 
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TWO 16K RAM CHIP ARCHITECTURES 
Figure 4 
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PROCESS COMPARISON 
Figure 5 
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and, since signal varies with the ratio of digit line to 
cell capacitance, that the I ntel sense amplifier should 
have twice the available signal as does the MOSTEK 
version. Since the digit line halves (or quarters) are 
precharged during the RAS"' inactive time (tRP) to 
(hopefully) equal voltage, and since any difference in 
the starting values of the digit line voltages subtract 
directly from the available signal, MOSTEK may be 
rather more concerned about the precharge time than 
Intel, and, in fact, the value of tRP for the MOSTEK 
150 nanosecond part is specified to be 100 nano­
seconds, while the tRP value for the Intel 200 nano­
second part is actually smaller (75 nanoseconds). 

On the other hand, the substrate (back of the 
chip) may be considered a noise collector which 
couples all areas of the circuit together. Since the 
clocks and decoders, prime noise generators, are 
strung along the short diminsion of both chips, a 
reasonable estimate of the substrate noise would be 
that it peaks in the center of the short axis, falling to 

DOUBLE-LEVEL POL YSILICON GATE 
PROCESS FLOW 

INITIAL OXIDE/NITRIDE 

MASK 1 DEFINES ACTIVE AREA 

FIELD OXIDATION 

GATE OXIDATION 

DEPOSIT POLYSI LICON 

MASK 2 DEFINES POLY I 

INSULATING OXIDE 

DEPOSIT POL YSI LICON 

MASK 3 DEFINES POLY II 

PHOSPHOROUS DIFFUSION 

INSULATING OXIDE 

MASKS 4 & 5 DEFINE CONTACTS 

ALUMINUM 

MASK 6 DEFINES METALLIZATION 

TOP GLASS 

MASK 7 OPENS PAD AREAS 

zero toward the edges. The sense amplifiers in the 
MOSTEK design are located in the center and would 
presumably see a balanced noise coupling onto the 
digit lines, while the Intel sense amplifiers, located 
at the one quarter and three quarter points, might 
see more noise coupled onto the digit line quarters 
near the chip center than on the outer digit line 
quarters. 

Since the sense amplifier naturally inverts one of 
the digit lines, it would be convenient if the test 
equipment made provision for exclusive - 0 Wing 
either the most significant row address bit (for the 
MOSTEK design) or the second most significant row 
address bit (for the I ntel design) with data into and 
out of the device under test such that a programmed 
input of all "ones" would be stored by the chip as 
all "highs". This facility would greatly simplify 
refresh and disturb tests. Of course, the sense ampli­
fier inversion is logically removed by the chip itself 
so that it is transparent to the user, but the capability 
would be extremely useful in a test environment. 
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Both MOSTEK and Intel have resorted to the 
double-level polysil icon gate process to reduce the 
area of the memory cell. The process is basically an 
extension of the single-level polysilicon gate process 
common in the semi-conductor industry for ye~. 
Figure 5 is a basic comparison of the POLY II\.!3! 
process as implemented by MOSTEK, and the stand­
ard single level poly process. There is only one 
additional mask required, plus one extra deposition 
and one extra oxidation step. Figure 6 depicts a cross­
section through the cell and the cell schematic. The 
transfer gate (POLY II transistor) is used only in the 
cell; the threshold voltage for this transitor may be 
adjusted independently of the threshold voltage of 
the peripheral transistors. The ratio of digit line to 
cell capacitance is about 20: 1 for the MOSTEK 
design and approx imately 13: 1 for the Intel. 

MK4116 CELL AND CROSS-SECTION 
Figure 6 

r-POL~~PACJTOR +POLY.II TRANSISTOR + DIFFUSED BIT LINE -1 

POLY.II 

&~POLYI 

METAL 
WORD LINE 

BIT 
LINE 

Figure 7 shows the cell layout which with 
minor variations, is used by both MOSTEK and Intel. 
The adjacent cells are located either on ,the same row 
or on rows separated by one word line and are always 
on adjacent columns. The first level polysilicon sheet 
wh ich forms the common capacitor plate for all 
cells also forms the gate of an MOS field transistor 
which links neighboring cells. It may therefore be 
necessary to check for cell to cell interactions due to 
less than ideal field threshold voltage of this device. 
Also, the channel length of the transfer gate is deter­
mined by the relative alignment of first poly to 
second. If the misalignment is too great, the threshold 
voltage of the transfer gate may be reduced due to 
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short channel effects, making it advisable to check 
carefully for data loss due to the inability to keep 
deselected cells from leaking through the transfer 
gate to the digit line. 

TEST PATTERNS 

The problem of developing test patterns to test 
memories for various pattern sensitivities has been 
extensively reported in the literature (8)(9)(10) . More 
recently, the emphasis has shifted towards analysis 
of the design and adoption of test sequences which 
exploit possible weaknesses (11). This approach is 
necessary if test times for 16K RAM's are to be kept 
within practical bounds. The following information, 
although believed to be general, applies specifically 
to the MOSTEK design. 

The 16K RAM is basically a synchronous 
machine built around a rectangular memory array, 
the coordinates of which are "rows" and "columns". 
The synchronous machine provides the timing control 
for the input latches, row decoder, sense amplifier, 
column decoder, write circuitry, and output latch. 
In contrast to earlier, asynchronous RAM's, the 16K 
nearly always fails digitally. That is, if a problem 
exists with the input latches, the wrong output 
will be generated (but not a "late" output wh ich 
is correct but delayed by, for example, poor input 
levels). There is no "worst-case" pattern for access 
time since access time is controlled by the internal 
clock generators. This greatly simplifies the testing 
of gross functionality, which must only assure cell 
uniqueness and output validity over the specified 
timing and power supply ranges. 

On the other hand, the memory array and sense 
amplifiers must still be checked for pattern sensi­
tivities. Considering the signal detection capabilities 
of the sense amplifier, and its precharge requirements, 
a probable "worst-case" pattern for a sense amplifier 
is a single bit of DATA in a field of DATA .. If such a 
pattern is run in a "row fast" mode, each sense 
amplifier will be required to perform some number 
of reads of DATA, a single detection of DATA, and 
complete the scan reading DATA. If the DATA bit 
occupies, at some time, each of the locations along 
the digit line, the ability of the sense amplifier to 
pick signal out of noise and to remove completely 
any influence of the preceding cycles on the present 
cycle will have been checked. Note that this pattern 
would require only as many scans as there are bits per 



sense amplifier, and that all columns can be checked 
simultaneously. 

MK4116 CELL LAYOUT 
Figure 7 
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Considering the row select function, noise 
coupling considerations indicate that here too a worst 
case pattern might be either a single DATA bit in 
a field of DATA, or, perhaps, a solid field. Here also 
the word "field" has a restricted meaning, applying 
only to all cells connected to a single row select 
line. 

Several patterns check for the above failure 
modes efficiently; one of particular interest is the 
2N3/2 "Moving Diagonal" pattern, which requires 
128 write· read scans through the entire array. On the 
first scan, all bits are written to l5Ai'A" with the 
exception of the 128 bits along the major diagonal 
which are written to OAT A. The read scan verifies 
the correct operation of the array under these condi· 
tions. On each succeeding scan, the position of the 
diagonal of DATA is shifted until, on the 128 scan, 
it has occupied every possible position in the array. 
Each cell has once been the only DATA cell in a row 
and column of DATA. This pattern has proven to be 
quite effective in screening the 16K RAM. 

Refresh tests can be separated into two cate­
gories: still and dynamic. Still refresh tests are per-

formed by writing all locations, pausing for the 
refresh interval with RAS and CAS inactive (high), 
and reading all cells. The inactive pause allows the 
cells to leak low but also allows internal nodes wh ich 
are bootstrapped above VDD by the trailing edge of 
RAS or CAS to decay so that both the cells and the 
dynamic periphery are tested. Unfortunately, such a 
test normally is not worst case for the cell, as noise 
generated during active cycles can contribute to the 
loss of data in the cell. The dynamic refresh tests 
write data into some subset of cell (normally half of 
the cells) and, during the refresh interval, perform 
either read or write cycles on the cells not being 
tested, the intent being to couple charge-degrading 
noise onto the unaccessed test cells. Both tests are 
necessary to completely guarantee functionality of 
the 16K. 

During the active portion of a cycle, 127 of the 
128 rows are not selected, and must remain at 0 F F to 
prevent partial selection of a transfer gate. A test with 
maximum active time provides greatest opportunity 
for such partial selection to occur. This test might 
perform a write scan with minimum precharge times 
(tRP) and maximum active time (tRAS), followed by 
a read-modify-write scan under the same basic timing 
conditions, followed by a read scan to verify the 
"modify-write" operation. This important test is 
often overlooked but is in fact worst-case for many of 
the internal circuits. 

For users desiring a basic but adequate test 
sequence, the above patterns provide a good starting 
point. Figure 8 summarizes such a sequence which 
should provide a reasonable degree of confidence 
in any RAM which passed. Special timing modes and 
certain timing parameters would be left unchecked, 
but could be e,!sily added if desired. This test se­
quence. requ ires (28N + 4N3 /2) cycles, of wh ich all 
but 8N may be at the fastest allowable cycle rate. 
The 8N are at the slowest allowable cycle rate (maxi­
mum cycle length). I f the cycle times are 375 nano­
seconds and 10 microseconds, respectively, this 
sequence would execute in just over 4.5 seconds, 
exclusive of tester overhead and power supply settling 
times. 
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POSSIBLE MINIMUM TEST SEQUENCE FOR 16K RAM 
Figure 8 

TEST DESCRIPTION DATA PATTERN FUNCTION POWER SUPPLIES CYCLE COUNT 
VDD VBB 

MAXIMUM CYCLE DIAGONAL FUNCTIONALITY 13.2 -4.5 2N (teye= 10,uS) 

DIAGONAL 13.2 -5.5 2N (t eye = 10 ,uS) 

DIAGONAL 10.8 -5.5 2N (t eye = 10 ,uS) 

DIAGONAL 10.8 -4.5 2N (tcyc= 10 ,uS) 

LOAD READ PARITY and 10.8 -5.5 2N 
PARITY 

10.8 -4.5 2N 

13.2 -5.5 2N 

13.2 -4.5 2N 

LOAD READ CHECKERBOARD BIT INTERACTIONS 10.8 -5.5 2N 
and 
CHECKERBOARD 

10.8 -4.5 2N 

13.2 -5.5 2N 

13.2 --4.5 2N 

MOVING DIAGONAL FUNCTIONALITY 10.8 -5.5 2N3/2 

DIAGONAL 
2N3/2 13.2 -4.5 

DYNAMIC REFRESH ALTERNATE DATA RETENTION 10.8 -5.5 lN + 2 mS 
ROWS 

DYNAMIC REFRESH ALTERNATE DATA RETENTION 10.8 -5.5 lN + 2 mS 
ROWS 

STILL REFRESH ALL HIGHS DATA RETENTION 10.8 -5.5 2N + 2 mS 

REFERENCES 

MOSTEK 1977 MEMORY PRODUCTS CATALOG, pages VII·l 
through VII-15. 

Battett, C.R., and Smith, R.C. "Failure Modes and Reliability of 
Dynamic RAMS", COMPCON Spring 1977 Technical Digest, March 
1977,pp.179-182. 

Peck, D.S. and Zierd!, C.R., "The Reliability of Semiconductor Devices 
in the Bell System", Proceedings of the IEEE, Vol. 62, No.2, 
February 1974, pp. 185-211. 

Brown, J.R. Jr. "Timing Pecularities of the 16 Pin Multiplexed Address 
RAM", Burroughs Technical Memorandum, November 1976. 

Ahlquist, C.N., et ai, "A 16384 - Bit Dynamic RAM", IEEE Journal 
of Solid-State Circuits, Vol. SC-ll, No.5, October 1976, pp. 570-573. 

Schroeder, P.R., and Proebsting, R.J., "A 16K x 1 Bit Dynamic RAM, 
ISSCC Digest of Technical Papers, February 1977, pp. 12-13. 

324 

Kuo, C.K .. et ai, "16·K RAM Built with Proven Process May Offer 
High Start·Up Reliability", Electronics, May 13,1976, pp. 83-86. 

Huston, R.E., "Testing Semiconductor Memories", 1973 Symposium 
on Semiconductor Memory Testing Digest of Papers, October 1973, 
pp.27-62; 

Feldmann, D., and Healy, J.E., "Probleme bei der Freigabe - und 
Wareneingangspruefung von Halbleiterspeichern", EJektro-Anzeiger, 
No. 18, September 24, 1976. 

Cocking, J., "RAM Test Patterns and Test Strategy", 1975 Semi­
conductor Test Symposium, Digest of Pape". October 1975, pp. 1-8. 

Foss. R.C., and Harlan, R., "MOS Dynamic RAM-Design for Test­
ability", 1976 Semiconductor Test Symposium, Digest of Papers, 
October 1976, pp. 9-12 



MOSTEI{@ 
OPTIMIZED TESTING OF 16K RAMS 

By ROBERT W. OWEN 

The new generation of 16K dynamic MOS 
memories places a much greater burden on the test 
engineer than did the earlier 1 K ,and 4K designs. The 
size of the memory means that generalized test se­
quences which test these devices as black boxes will 
be far too expensive in terms of test time per device. 
Even though the semiconductor industry appears to 
have standardized on one compatible pin-out with the 
major controversies being decided in favor of 128 -
cycle refresh and output latch controlled by the 
column address strobe as in the MOSTEK MK 4116, 
there are pitfalls for the user who does not appreciate 
the fact that vendor design and testing differences 
will result in devices with different characteristics. 
Test sequences which do not comprehend these 
differences will not be successful in eliminating 
marginal devices. Therefore, the test engineer must 
acquire an in-depth knowledge of each vendor's 
device and the test sequences utilized must reflect 
th is knowledge. 

The following table illustrates graphically the 
test time penalties paid in moving from 4K to 16K: 

Test times for various test patteins 
(375 ns cycle) 

N=4096 N=16384 
-- ---- I-----

2N (Load- Read) 3 mS 12 mS 

2N3/2 (Moving pattern, 197 mS 1.6 Sec 
row or column 
ping-pong) 

2N2 (Ping-pong) 12.6 Sec 201 Sec 
GALPAT) 

When testing the 4K RAM, the test engineer 
could treat the device as a black box, generate all 
address transitions by using N2 patterns, and hope 
for the best. Using such an approach on the 16K 
would result in a tester throughput of fewer than 
400 parts per ~. 

TEST TEMPERATURE 

The single most important decision to be made 
concerning dynamic RAM testing is test temperature. 
MOS devices have three basic parameters which are 
functions of temperature: threshold voltage, carrier 
mobility, and leakage currents. For N-channel silicon 
gate processes, threshold voltage is typically 200 
millivolts lower at 100'C than at O'C. Carrier mobility, 
which relates to transistor gain and therefore to 
circuit speed, is about 25% lower at 100°C than at 
O°C. The effects of these two variables, once charac-

Testing 

terized for a particular device, may be easily included 
by adjusting parameters such as input and output 
levels for the temperature range variations expected. 
A third variable, leakage current, is more dramatic 
in its effect on the device. 

The refresh time of any dynamic MOS Memory 
may be expressed by 

where 

and 

tREF=Ae-BT 

T is junction temperature in °C 
B is a variable relating the magnitude of the 
generation - recombination current to the 
junction temperature (units of 1rC) 

A is a scaling constant reflecting such 
variables as junction area, sense amplifier 
design, bulk defect density. 

Typical values for the variable B range from 
0.053/ °C to 0.060r C implying a temperature be­
havior in which refresh time is halved for every 
11.6 °C to 13.1° C increase in junction temperature. 

Testing should be conducted at elevated tempera­
tures in order that this large variation may be tested 
without having to extrapolate from some non-worst­
case temperature. (Since mobility is also worst-case 
at elevated temperature, most timing parameters are 
also worst-case at elevated temperatures and need not 
be guardbanded.) 

Most 16K RAMS are specified over the tempera­
ture range 0 ° C to 70 ° C ambient. The junction 
temperature T J depends, however, on the power 
dissipation (PD) of the device by the equation 

TJ=T A + PD8JAX 

Where 8JAX is the thermal impedance between the 
device junction and system ambient. Figure 1 graphs 
this equation for 8JAX=70 °C per watt (standard 16 
pin ceramic dual in line package). 

If the device junction temperature is stabilized 
by using a long warm-up cycle prior to the first test, 
the proper test temperature is the system ambient 
temperature. If the test is short enough that the 
junction temperature does not rise appreciably under 
test, the proper test temperature is the junction 
temperature given in Figure 1. For example, a device 
which dissipates 430 mW must be tested atTJ=1 OO°C 
in order to guarantee functionality at T A=70 ° C. 
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JUNCTION TEMPERATURE VS. POWER DISSIPA­
TION 
Figure 1 JUNCTION TEMPERTURE VS POWER DIS$IPA TlON 
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THE MOSTEK MK 4116 

The block diagram of the MOSTE K M K 4116 
(F igure 2) may be examined for testing implications. 
Note that the address input buffers are shared while 
the row and column decoders are independent. 
An addressing scheme which provides the maximum 
possible number of bit reversals per cycle will check 
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for possible interactions due to the previous address. 
This can be accomplished efficiently in a basic load­
read (2N) test by using one of the addressing schemes 
variously referred to as "address complement", 
"address select", or "MASEST". 

Note further that the data out buffer is timed 
exclusively by an internal clock generator driven 
by CAS. There is no reason, then, to search for some 
test sequence or data pattern which is "worst-case" 
for the access time. Access time is absolutely deter­
mined by clock delays internal to the circuit and is 
only influenced by influencing these delays. Access 
time, along with most other timing parameters is 
worst-case at low VOO (+10.8 volts). VBB has almost 
no influence on access time. 

Still referring to Figure 2, note that there are 
two 8K sub-arrays split by the sense-refresh amplifiers 
in the middle and having "dummy cells" at each side. 
These establish a voltage reference for the balanced 
sense amplifiers. One of the array halves, therefore, 
inverts data and will store an input "one" as a low 
level in the storage cell (a second inversion is per­
formed by the output circuitry so that this internal 
inversion is not seen at the device terminals!. This 
inversion must be taken into account when perform­
ing a refresh test. 
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The layout of the storage cell in the M K 4116 is 
shown in Figure 3. This is a conventional one-transis· 
tor dynamic storage cell, although implemented by 
using MOSTEK's double·level polysilicon (Poly IITM) 
process. The row (word) select lines are metal, 
eliminating concern over propagation delays down 
the long 80 mil word lines. Data transfer to and from 
the cell is through the diffused column (digit) lines. 
The top plate of the storage capacitor is VDD (first 
level of polysilicon) which allows charge to be stored 
in the depleted region beneath this level. Metal word 
lines contact the second poly level which forms the 
gate of the transfer device isolating the storage cell 
from the digit I ine. The cell is relatively insensitive 
to variations in the doping level of both first and 
second poly. In fact, performance of the cell is 
primarily influenced by junction depth, oxide thick­
ness, and mask geometry, all parameters wh ich tend 
to remain constant. 
MK4116 CELL LAYOUT 
Figure 3 

I w , z 
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" c 

~ORD LINE 

ACTIVE __ 

POLY I 
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METAL 

CONTACT X 

Figure 4 relates the cell, sense amplifier, and 
dummy cells. This figure provides a measure of 
topological information in addition to the electrical 
schematic. Capacitor-to·capacitor adjacencies in Figure 
4 were carefully drawn to reflect the physical relation· 
ship of the actual layout. 

MK4116 CELL, DUMMY CELL, SENSE AMPLIFIER 
Figure 4 

WORD M + 1 WORD M 

LATCH VOD 

DIGIT N + 1 

DUMMY 
WORD 

Because of the cell layout, tests to eliminate 
bit·to-bit sensitivities need to be considered carefully. 
The conventional "checkboard" pattern will result in 
an alternating bit·by-bit data pattern, as usual, but a 
"vertical bar" pattern consisting of alternate columns 
of highs and lows will accomplish the same result. 

Two neighboring bits which might influence one 
another may be located on the same row or be 
separated by one row, but will not be on adjacent 
rows. Such bits must be on adjacent columns. There 
is also a topological mapping in the decoder layout 
which must be considered if rows and columns are 
to be accessed in a sequential manner. 

SENSE AMPLIFIER MARGIN 

Sense amp operation is straightforward: 

1. Digit and Digit lines are precharged high, 
word lines and the dummy cell are pre­
charged low, and LATCH is precharged 
high. 

2. The selected word line turns on to VDD 
along with the dummy word line accessing 
the dummy cells in the array half wh ich 
does not contain the accessed cells. The 
accessed cells ~ thus connected via the 
transfer gates to the digit and digit lines. 
Charge redistribution between the cells and 
digit lines causes a voltage drop on the digit 
line of zero to 0.3 volts if the cell contained 
a high level (depending on the amount of 
decay in the cell since the last access), or of 
about 0.5 volts if the cell was initially low. 
The dummy cell pulls the cTI9It line down by 
0.4 volts. 

3. Latch is driven to ground allowing the 
balanced sense amplifier to discharge the 
digit or CJTgltline, whichever started at the 
lower voltage. 

Accessing a stored low level requ ires that the 
digit line be discharged by the cell, whereas accessing 
a stored high level is accomplished whenever the digit 
line is relatively undisturbed. 

Design and layout of the storage array and 
sense amplifier is complicated by the presence on 
critical nodes of noise which adds to or subtracts 
from signal voltages, causing a data·dependent reduc· 
tion in overall margin. The data pattern wh ich creates 
worst-case coupling and smallest margins in the 
M K 4116 is a solid field of discharged cells. 

Insufficient precharge of the sense amplifier, 
which can arise from several distinct types of proces­
sing defects, causes the result of the current cycle to 
depend upon the preceding cycle. One data pattern 
which efficiently checks for such failure modes is 
the "major diagonal" or its extension, the 2N3/2 
"moving diagonal". Beginning with a major diagonal 
of ones in a field of zeroes, each successive pass 
through the memory moves the diagonal up one 
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position such that in 128 passes it has occupied every 
possible position. Each bit has then been the only 
high in a row and column of low bits. 

REFRESH TESTING 

Refresh tests may be roughly divided into two 
~ubgroups - active and static. Active refresh indicates 
that the device is continuously operated for the 
period during which the unaddressed row or rows is 
allowed to decay. 

Such a test provides an opportunity for in· 
creased cell leakage, either by sub-threshold con· 
duction through transfer gates whose word line 
has been driven slightly positive due to noise cou· 
piing, by cell to cell leakage if the disturbing cycles 
are conducted on adjacent cells, or by charge carriers 
injected into the substrate by some nearby node. 
On the other hand, a static refresh test in which both 
RAS and CAS remain inactive for the entire refresh 
interval allows internally precharged nodes to decay. 
Such a test insures that, in addition to data being 
retained for the refresh interval, the peripheral 
circuits are also functioning after the pause. 

If the refresh tests are being conducted at 
elevated temperatures with a stable junction tempera· 
ture, the worst voltage corner for refresh is low 
VDD (10.8 volts) and high VSS (-5.5 volts). If the 
devices are allowed to self-heat prior to testing, then 
the high VDD (13.2 volt) corner provides maximum 
power dissipation, maximum junction temperature, 
and minimum refresh time. In any event, high VSS 
results in higher leakage current and shorter refresh 
times. 
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DECODER AND I/O 

In addition to functional tests to check for the 
failure modes just described it is, of course, necessary 
to verify proper operation of the decoders and the 
input and output of data. Here no special techniques 
are required beyond those widely utilized in industry 
1 K and 4K RAM testing since this functionality may 
be proven with simple 2N tests. In fact, testing of 
the M K 4116 with its data output latch controlled 
exclusively by CAS is much simpler since there is 
no influence on the current cycle by a previous 
cycle as is the case for latched output designs. Par~· 
metric tests verifying input and output leakage specI­
fications are also identical to that required by 4K 
devices, although here again the control of data out 
by CAS simplifies the output leakage measurement. 

SUMMARY 

Some of the basic failure mechanisms of the 
MK 4116 have been explained, along with suggested 
tests which efficiently isolate each mechanism. The 
only other required tests check the remaining data 
sheet timing parameters at the specified voltage 
limits to verify mimimum and maximum values, 
and are simple load·read patterns. It should be pos­
sible to implement a highly effective device screen 
which takes no longer than 20 seconds per device 
and still provides high confidence that defective 
devices will be eliminated. 



MOSTEI{. 
TERMINAL CHARACTERISTICS OF THE MK4116 

INPUT PROTECTION CIRCUIT 

All signal inputs to the MK 4116 have the input 
protection circuit shown in Figure 1 integrated onto 
the chip. The purpose of the circuit is to protect 
the device from damage caused by static voltages that 
may be encountered during shipping and handling. 

INPUT PROTECTIVE CIRCUITRY 
Figure 1 

R, = soon R2= 70n 
INPUT 
GATE 

T 1 is a metal gate field transistor having a thres· 
hold voltage of approximately 12 volts, and 01 
is a N+ -P diode whose breakdown is lowered by 
the presence of a gate electrode at substrate (VBB) 
potential on the periphery of the diode. 

Conventional testing of the electrostatic protec· 
tion devices using a 50-100 picofarad capacitor 
charged to some variable potential in the range of 500 
to 1000 volts and discharged into the input through a 
1 K·2K ohm resistor have been performed by MOSTEK 
and demonstrate that the protection is adequate. Cus­
tomer tests of the protective devices should be 
limited to 50 picofarads, 500 volts discharged through 
a 1 K ohm resistor. Exposure to conditions exceeding 
these may affect reliability of the device. 

All power supply inputs (VOO, VCC, VSS) are 
essentially large area N+ diffusions to the P-type 
substrate (VBB). 

The functional circuitry for the clock inputs 
(RAS, CAS, WRITE) looks like: 

CLOCK INPUT CIRCUIT 
Figure 2 

Testing 
which is a fairly conventional MaS inverter. 

When determining the input capacitance of any such 
circuit, the power supplies should be at normal 
operational levels and, if an AC signal is supplied at 
the input, the amplitude of this signal should be 
normal (0-3 volts) to reduce the voltage gain and 
therefore the Miller capacitance of the input stage. 

The input stage for address and data input sig­
nals is: 
ADDRESS AND DATA INPUTS 
Figure 3 

TA --vv--

where T A is an internally generated clock and V R R 
an internally generated reference voltage (approxi­
mately one-eighth of VOO). T A isolates the storage 
capacitor CA from the external signal as soon as pos­
sible after RAS or CAS, allowing the applied signal to 
change during the operation of the internal latch. 
Note that, if the external signal switches to a level 
more than one threshold voltage below ground 
(or has negative undershoot going more than one 
threshold below ground) the transistor T2 may turn 
back on at the improper moment, allowing the dis­
charge of capacitor CA and resulting in improper 
operation of the input latch. This is the reason that 
the V I L of all signals is I imited to -1.0 volts in the 
negative direction. 

The data output circuitry is given in Figure 4. 
DATA OUTPUT CIRCUITRY 
Figure 4 
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In general, extreme care must be exercised when 
making measurements on the DOUT that both the 
transistors of the output stage are turned "OFF". It 
is sufficient on the M K 4116 (although not on the 
earlier MK 4027 which has a latched output) to have 
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VDD and VBB within the normal operating range and 
the CAS level above 2.7 volts (VIHC). Under these 
conditions, both transistors will be held "OFF" and 
leakage measurements may be made on the output 
pin. 



MOSTEI{. 
ADDRESSING CONSIDERATIONS WHEN TESTING THE MK4116 

By ROBERT W. OWEN Testing 
Customer engineers responsible for evaluation 

and incoming testing of Random Access Memories 
normally require a description of the internal topology 
of a device in order to check for "worst case" patterns 
or to optimize test sequences. This paper will provide 
such information for the M K 4116 16·kilobit dynamic 
RAM. 

Due to the complexity of the part, this informa­
tion is not quite so straightforward as in earlier 
RAMs produced by MOSTEK. It is necessary that 
the test engineer keep in mind four separate topolo­
gical alterations: 

1. Address Topology 

The labels for address pins as given on the 
M K 4116 data sheet were selected for mar­
keting convenience and do not reflect the 
internal least sign ificant bit (LSB) to most 
significant bit (MSB) layout. It is necessary 
to relabel the seven address lines according 
to Figure 1. 

All references in this paper to a particular 
address are understood to refer to the 
actual M K 4116 address, not the data sheet 
address. 

2. Decode Topology 

Efficient layout of the row and column 
decoders results in a scramble of the ad­
dress inputs which must be observed if, for 
example, it is required that rows and columns 
be accessed in a "nearest neighbor" manner. 
The logic necessary to descramble this de­
code topology is given in Figure 2. Note 
carefully that Figure 2 gives addresses in 
terms of their row (Rn) and column (Cn) 
components. The multiplexing of Rn and Cn 
such that Rn is valid at RAS time and Cn 
is valid at CAS time produces the address 
input An. 

3. Data Polarity 

Utilization of a balanced sense amp located 
between rows 6310 and 6410 of the matrix 
requires that one of the two halves of the 
matrix invert data (this inversion is compre­
hended by internal circuitry so that it is 

transparent to the user). If it is necessary, 
for example, to write all 16 kilobits to a 
charged state, the data polarity of Figure 3 
must be observed. 

4. Bit Topology 

Maximum utilization of silicon real estate 
required that the matrix layout be done as 
indicated by Figure 4. 

Note that instead of "conventional" layouts 
which have all cells on the same side of the 
bit I ine, the cells of the M K 4116 are laid 
out in pairs, one on each side of the bit 
line. Also, in contrast to "conventional" 
layouts having the transfer gates in one 
row, the transfer gates associated with one 
word line in the MK 4116 occur in pairs, 
one above and one below the (metal) word 
line. This layout has implications for the test 
engineer. For examp Ie, a data pattern wh ich 
writes alternate columns to the same data 
state (called by MOSTEK "VBAR") will 
perform a check for bit-to-bit shorts as well 
as the conventional "checkerboard" pattern. 
The addressing sequences required to per­
form a "nearest neighbor disturb" are there­
fore a function of both the decode and the 
bit topology. 

For the sake of completeness, although not 
strictly necessary, Figure 5 relates the loca­
tion of inputs and the individual bits to the 
actual chip. 

TRANSFORMATION FROM DATA SHEET PIN 
NAMES TO MK4116 INTERNAL PIN NAMES 
Figure 1 

PIN MK 4116 MK4116 
NUMBER DATA SHEET ACTUAL 

13 A6 AO 
10 A5 A1 
11 A4 A2 
12 A3 A3 
7 A1 A4 
6 A2 A5 
5 AO A6 
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EXTERNAL ADDRESS TRANSFORMATION REQUIRED TO DESCRAMBLE MK4116 INTERNAL DE­
CODER (MULTIPLEXER NOT SHOWN) 
Figure 2 

AO 

DRO 

A1 
[>-R1 

R2 
ROW 

A2 ADDRESS 

A3 R3 

A4 R4 

AS RS 
BINARY 
ADDRESS AS RS 
INPUTS 

AO l> 2D Co 

A1 C1 

A2 C2 COLUMN 

A3 C3 ADDRESS 

A4 C4 

AS Cs 

AS Cs 

NOTE: The logic symbols ~D- and ---{»-
. are used solely to indicate the logic function "Exclusive - OR" and "NOT", respectively; 

The above figure is not a suggested implementation of logic. 

EXTERNAL TRANSFORMATION NECESSARY TO COUNTERACT THE INTERNAL INVERSION OF 
DATA WITHIN THE MK4116 . 
Figure 3 
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DATA=JD-DJN 

RS 

(ROW ADDRESS MSB) 

NOTE: The same transformation will be required on the DOUT of the MK 411S. This data inversion 
is transparent to the user and need be considered only in testing of the MK 411S. 

NOTE: The logic symbol ~ D- is used solely to indicate the logic function 

"Exclusive - OR". The above figure is not a suggested implementation of logic. 



INTERNAL BIT TOPOLOGY OF THE MK4116 
Figure 4 

C4 
I 

C3 , C2 , 

SENSE 
AMPS 

C,' t CO 
I 

The area represented here is physically located in the lower right hand corner of the 
bottom half array. (See Figure 5) 
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INTERNAL TOPOLOGY OF THE MK4116 
Figure 5 
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MOSTEI{. 
MK4116 POST BURN-IN FUNCTIONAL TEST DESCRIPTION 

This defines the functional test sequence used by 
MOSTE K for post burn-in final testing of its 16384 
bit dynamic randon-access memory, the MK 4116. 
The same sequence, with Test No.4 deleted, is used 
for the QC audit performed immediately prior to 
shipment, and for periodic readings during all life 
test studies performed by MOSTEK. The testers 
used for all such testing at MOSTEK are Siemens 203 
(or an earlier version of the same basic tester, the 
Computest V200). 

The test temperature is an equivalent junction 
temperature for operation at 70°C continuous still 
air ambient as calcualted from the equation 

TJ=TA+PD8JX. 

Any parameter which is not worst-case at the 
elevated temperature is compensated to account for 
variation over the 0 ° C-70 ° C specified operating 
temperature range. 

All timing edges are set to data sheet limits 
plus or minus guardband deltas where appropriate; 
the power supplies are set to the minimum and 
maximum data sheet limits plus or minus appropriate 
guardband deltas (with the exception of V CC wh ich 

Testing 

set to the minimum data sheet level only). Input 
levels are 

VIH = minimum data sheet limit minus guard­
band delta. 

VIHC = minimum data sheet limit minus guard­
band delta. 

VI L = maximum data sheet limit plus guard­
band delta. 

unless otherwise noted. The output load is as shown 
in the attached figure. 

MOSTEK reserves the right to make changes in this 
test sequence at any time and without notice. 

OUTPUT LOAD 
Figure 5 

VBIAS (8.38 volts at MOSTEK Final Test) 
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CAl 
CAl 
OJ 

TEST NO. 

2 

3 

4 

5 

6 

7 

TITLE 

Continuity (low bias) 

Continuity (high bias­
attempted only if Test 
1 fails) 

Pre-stress 

Stress 

Post-stress 

I DD operating (average) 
(1001) 

Substrate Leakage 
(IBB2) 

DESCRIPTION 

Force - 0.7 volts relative to VBB on each pin in 
turn, and check for a current of 100 /1A or greater 
on each pin. If a pin fails continuity, High Bias Conti­
nuity (Test 2) is attempted. 

Force - 5.0 volts relative to VBB on each pin in turn, 
and check for a current of 100 /1 A or greater on each 
pin. If all pins pass this test, the part is rejected as a "high 
su bstrate resistance" part. 

An address parity data pattern is written into the matrix 
using a binary addressing sequence (rows fast). The 
data pattern is immediately read back using the same 
addressing sequence. The write and read sequences are 
repeated for data complement. 

Multiple runs are made using a procedure the same as 
Test 3 except that errors are ignored and the voltage 
between the power supplies is increased. 

Same as Test 3 

With VBB at the data sheed minimum and VDO at the 
data sheet maximum, measure 100 (average) while 
repetitively writing "zero" at location (0,0) at minimum 
tRC' Reject the part of the measured value exceeds 1002 
(max). 

All pins other than VBB are grounded. VBB is biased at 
-20 volts through the meter and checked for less than 
10/1A leakage current. 

REASON 

Th is test checks for 
minimum functionality. 

Places maximum field 
intensity across gate oxides. 

Th is test checks to see if the 
stress either destroyed or 
latched up the part. 
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TEST NO. 

8 

9 

10 

11 

12 

TITLE 

Input Leakage 
(1I(l)) 

100 Standby 

Output leakage 
(IO(l)) 

VBUMP 

Start-up - Address 
Parity 

DESCRIPTION 

VBB is biased at -5 volts with respect to all other 
supplies, ground, and the output pin. All inputs are 
forced to 0 volts and the current measured on each 
individual input is considered a failure if it exceeds 
7 J1A magnitude. 10 volts is then forced sequentially on 
each input, and the current is again measured to the same 
fail condition. 

The device is powered up with minimum VBB, maximum 
VOO, and maximum VCC. The output is left floating 
and unused inputs arc forced to 0 volts. Multiple toggles 
between 5 volts and 0 volts are applied to RAS and CAS; 
after toggling RAS and CAS are at 5 volts. The maximum 
100 in the standby state is then measured. 

The device is powered up with maximum VOO, 
maximum VCC, and minimum VBB. Unused inputs 
are forced to 0 volts. Multiple toggles between 5 
volts and 0 volts ar~lied to RPS and CAS; after 
toggling, RAS and CAS are at 5 volts. 5.5 volts is 
connected to the output pin through the meter, and 
the current is measured against a failure condition of 
leakage greater than 7 J1A. The output pin is then forced 
to 0 volts and the current is again measured against the 
same failure conditions. 

At minimum VOO and maximum VBB the entire matrix 
is written to discharge cells. The VOO and VBB supplies 
are then slewed in the positive direction, and the entire 
matrix is read for discharge cells. 

After powering up all supplies from 0 volts, eight RAS­
only cycles at maximum cycle time are executed before 
the entire matrix is written with complement data 
using a binary addressing sequence (rows fast). It is 
then read for complement data, written with true data, 
and finally read for true data using the same addressing 
sequence. 

REASON 

This test verifies proper 
sense amp margins for 
detection of low storage 
states. 

This test checks that the 
internal circuitry is 
adequately initialized with 
8 preliminary cycles. 
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TEST NO. 

13 

14 

15 

16 

TITLE 

TMO D-Diagonal 

YFAST-Rows 0, 63, 64,127 

Page Mode-Address Parity 

Early CAS, Late Write­
Displaced double checker­
board 

DESCRIPTION 

The entire matrix is written to a background of comple­
ment data. Using a binary addressing sequence (rows fast) 
the matrix is written using cycles with RAS and CAS active 
pulse widths of 10/1SEC. There is a standby stall executed 
after each column has been written to finish the refresh 
limit interval. The matrix is then read using the same 
length cycles and addressing scheme with no standby 
stalls. The procedure is repeated for complement data. 

Using a binary addressing sequence in a column fast 
mode, the matrix is written with data until the re­
fresh limit interval is reached. At that time each row 
is refreshed using a single RAS-only cycle. The entire 
matrix is written, read, written with complement 
data, and read for complement data is this matter. 

Using a binary addressing sequence (rows fast), the 
entire matrix is written to a background of zeroes. 
For the number of page cycles that can be executed 
during the RAS active time of 10/1 seconds, each row 
is written with true data. A portion of all 128 rows 
is written, read, written with complement data, and 
read for complement data using page mode. This 
procedure is repeated for a new set of addresses 
until the entire matrix has been finished. Finally 
using a normal cycle binary addressing sequence 
(rows fast) the entire matrix is read for complement 
data. 

Using a binary addressing sequence (rows fast) 
throughout this test, the entire matrix is written 
with complement data, written with true data, 

REASON 

This test checks both the 
ability to write and the 
validity of the output data 
at the end of a long active 
cycle. It checks the ability 
of the row decoders to hold 
the 127 non-selected row 
lines "OF F" during a long 
active cycle, and the ability 
of the sense amplifiers to 
read a single bit in a field 
of complement data. 

This test checks for column 
decoder noise effects on the 
sense amps and for the other, 
noise related failure modes. 

This test checks reading, 
writing, and duration of page 
mode operation. It also 
checks the refresh limit 
interval. 

This test checks for the 
refresh limit during an in­
active stall as well as "Early 
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TEST NO. 

17 

18 

19 

TITLE 

Address Complement­
Horizontal Bars 

March-Ones 

March-Checkerboard 

DESCRIPTION 

read for true data, and written with comple· 
ment data using normal cycles. Using a 
late write cycle, the matrix is read for complement 
data and written with true data in the same cycle. 
After the entire matrix is written, a standby stall 
is executed for the refresh limit interval. Using a 
late write cycle, the matrix is read for true data and 
written with complement data in the same cycle. 
Another standby stall for the refresh limit interval 
follows. The matrix is read for complement data using 
normal cycles. Finally, the entire matrix is written with 
true data, read, written with complement data, and read 
for complement data using cycles with minimum tRCD. 

Using a rows fast, complement addressing sequence 
(address, address complement, address + 1, ... ), the 
entire matrix is written, read, written with complement 
data, and read for complement data. 

Using a binary addressing sequence (rows fast), the 
entire matrix is written with true data. The matrix is 
then scanned by first reading a cell, then writing it with 
complement data, and finally reading it for complement 
data before proceding to the next cell location. The 
memory is scanned again by reading a cell for complement 
data, then writing it with true data, and finally reading 
it for true data before proceding to the next cell location. 
The procedure is then repeated with the addresses comple­
mented during an identical data and data complement 
sequence. 

Same as Test 17. 

REASON 

CAS" and "Late Write" 
modes of operation. 

This test checks the integ­
grity of the address latches 
and decoders using an ad­
dressing sequence which 
generates many transitions 
on all address inputs. 

Checks for address uni­
queness. 



W 
4lIo o 

TEST NO. 

20 

21 

22 

23 

24 

25 

26 

TITLE 

High Impedance Output 
State 

Vertical Bar 

Vertical Bar; Wide inputs 

Double Checkerboard 

Ones 

Walking Diagonal 

Matrix High 

DESCRIPTION 

Using a binary addressing sequence (rows fast), 
the entire matrix is written with ones and the 
output is checked to be in an open-circuit state. 
Next, while the entire matrix is read, the output 
is checked to be in an open-circuit state during the 
time CAS is in precharge. The procedure is re­
peated with zeroes as the data. 

Using a binary addressing sequence (rows fast), 
the entire matrix is written to a background of 
complement data. Then the matrix is written with 
complement data, and finally read for complement 
data. 

This test is the same as Test 20 except input signal 
levels are at the data sheet extremes. 

Same as Test 20 

Same as Test 20 

This is the same as Test 20 except the test is run 
with the diagonal in all 128 possible positions. 

Using a binary addressing sequence (rows fast), 
all the cells in the matrix are written to a charged 
state. For the refresh limit interval an attempt is 
made to disturb half the matrix by generating write 
cycles which use column fast complement addressing. 
The test half of the matrix is then read for charged 
cells. The other half of the matrix is tested for the 
refresh with the same procedure (the disturbs 
generated use column fast addressing). 

REASON 

This test checks the open­
circuit state of DOUT. 

Checks for column decoder 
or adjacent bit interactions. 

Th is test checks refresh 
in a dynamic disturb 
environment. 
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TEST NO. 

27 

28 

TITLE 

Matrix Low 

tCRP-Address Parity 

DESCRIPTION 

This is the same as Test 25 except the cells in the matrix 
are written to the discharged state and the disturb time is 
100 milliseconds. 

This is the same as Test 20 except that CAS goes into 
precharge (logic 1) after RAS goes active (logic 0). 
and the output is checked for a continued valid 
condition for the duration of the CAS active time. 

REASON 

This test checks for faulty 
gate oxides which allow dis­
charged cells to leak toward 
VDD· 

This test checks that the 
output remaining is de­
pendent only on CAS re­
maining active (logic 0) and 
is independent of RAS re­
turning to the inactive (pre­
charge: logic 1) state. 



TEST NUMBER 

All functional Tests 
(additional parameters 
are listed below) 

Test 11 

Test 12 

Test 13 

Test 14 

Test 15 

Test 16, 17, 18 
20,21,22 
23,24,26 

Test 19 

Test 25 

Test 27 
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PARAMETERS CHECKED 

tRAC, tCAC, tRP, tRAS (min), tRSH 
tCSH, tCAS (min), tRCO (max), tRSH 
tRAH, tASC, tCAH, twP, tos, tOH 

tRWL, tCWL 

tRAS (max), tCAS (max), tRWL, tCWL, tREF 

tRWL, tCWL, tREF 

tRCS, tRCH, twCH, tcp, tREF, tRAS (max) 

tRCO (min), tRCS, tRCH, twCH, tWCR, tOHR, tREF, 
tcwo, tRWO 

tRCS, tRCH, tWCH, tWCR, tOHR 

tOFF (max), twcs 

tRCS, tRCH, twCH, twCR, tOHR, tREF 

tCRP 



MOSTEI(. 
TEST IMPLICATIONS OF HIGHER SPEED 16K RAMS 

By JERRY G. TAYLOR Testing 

As the delivery of a new generation of 16K dynamic 
MOS random access memories reaches higher volume 
stages, new and more complex problems are confront­
ing both the device test engineer and the test equip­
ment manufacturer. Economically feasible solutions 
to many of the problems will require the adoption 
of new and sometimes controversial philosophies 
regarding memory testing. Certainly a more thorough 
characterization and knowledge of each device type 
is required in order to insure adequate testing within 
reasonable test time limits. 

TESTING PROBLEMS 

Probably the most obvious problem associated with 
testing 16K RAMs is that of test times. Since many 
commonly used pattern sensitivity tests vary in length 
as a function of the number of bits in the memory 
(N) by a factor of N3/2 or N2, test time consider­
ations for production testing of 16K RAMs can be 
quite significant. The following table illustrates the 
test time penalties paid in moving from 4K RAM 
testing to 16K RAMs: 

TEST TIMES FOR VARIOUS TEST PATTERNS 
(CYCLE RATE = 375n.) 

N=4096 N=16384 
2N(load-readl 3m. 12m. 
2N3/2(moving pattern. row or 

column Ping-Pong) 197m. 1.6.ec. 

2N2(Ping-Pong GALPAT) 12.6.ec. 201.ec. 

The test times listed assume only one pass testing. 
Testing at multiple voltage corners, timing sets, 
temperatures, etc. will increase the test times listed 
for each pattern accordingly. 

A second problem which is aggravated by higher 
speed specifications for 16K RAMs is that timing 
accuracies on presently available memory test equip­
ment are often not adequate to test particular timing 
specifications. For example, higher speed 16K RAM 
specifications call for a row address setup time speci­
fication of Ons and a row address hold time specifi­
cation of 15ns relative to the row address strobe in­
put. For a tester specified at ± 1 ns accuracy on any 

timing edge from the programmed value including 
internal clock skews, cables, driver, and transition 
times, the actual value of a row address hold time 
programmed to be 15ns could be as I ittle as 13ns or 
as much as 17ns and still be within the tester specifi­
cation. Since the actual device speed distribution for 
th is parameter may be less than 10ns wide, a ± 2ns 
tester accuracy could result in significant correlation 
problems between testers if an attempt were made to 
specify and test this parameter to the actual device 
capabil ities. 

A potentially more severe problem affecting 16K 
RAM test correlation is power supply, input, and 
output noise during functional testing. Power dissi­
pation on 16K dynamic RAMs is dynamic in nature 
with power supply current transients sometimes in 
excess of 100ma occurring synchronously with inter­
nal device clock edges charging and discharging the 
capactive loads of internal circuit nodes. As seen in 
Figure 1, the rise and fall times of these current 
transients can sometimes be as short as 10ns. Because 
of these transients, it is extremely important that 
proper power supply decoupling techniques be used 

TYPICAL CURRENT WAVEFORMS FOR MK4116 
Figure 1 

miCAs CYCLE LONG RAg/CAS CYCLE RAs ONLY CYCLE 

50 NANOSECONDS I DIVISION 
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and that the amount of resistance and inductance in 
the power supply leads from the tester be minimized 
to insure relatively "clean" signals at the device dur­
ing functional testing. However, even with extensive 
engineering precautions it is sometimes impractical 
to achieve less than two or three hundred millivolts 
of peak-to-peak noise on power supply and signal 
inputs at the device during functional testing espec­
ially when a temperature controlled handler is also 
involved. Temperature controlled handlers usually 
complicate the problem of minimizing inductance 
and decoupling power supplies as near to the device 
as possible and therefore can add significantly to the 
magnitude of noise at the device. 

Figures 2 and 3 are examples of the relative integrity 
of the input signals measured at the device during 
functional testing of a 16K RAM with the device 
under the test being physically located first at the test 
head and then at the end of the handler interface 
connections. For the example shown, the total lead 
length for each handler interface signal connection 
including contactor is approximately 2 inches. 

The effects of noise during functional testing vary 
depending on device type and test conditions. How­
ever, in general, noise problems become more severe 

16K RAM INPUT TEST SIGNALS AT TEST HEAD 
Figure 2 

Address Input 
(1 Volt/Division) 

RAS 
(1 Volt/Division) 

CAS 
(1 VoltlOlllision) 

50 Nanosflconds/Division 
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on higher speed devices. Since the internal clocks of 
these devices operate at a higher speed, the current 
transients on the power suppl ies increase in magni­
tude and thus induce more noise than slower devices. 
Also the "windows" during which data is sampled 
become shorter on faster devices enabl ing noise of 
short durations to have a more severe effect. For 
example, consider a previous generation 4K RAM 
with a minimum specified access time of 250ns and 
a minimum address valid time of 60ns versus a new 
generation 16K RAM with a minimum specified 
access time of 120ns and a minimum address valid 
time of 15ns. The 250ns 4K RAM typically requires 
that the addresses be valid for a minimum of 30ns in 
order to interpret the address data correctly. How­
ever, on the faster 16K RAM design, in order to allow 
more time for system address multiplexing, a circuit 
was developed capable of interpreting valid addresses 
in less than 5ns. For the 4K RAM the effects of a 
noise transient of a 5ns duration on an address input 
during the vali'd address sampling time would pro­
bably be insignificant since it's magnitude would be 
integrated over a 30ns period but for the 16K RAM 
the effects of the same noise transient du ring it's 
address sampi.ing time would obviously be much 
more significant. Noise transients should not cause 
failures in 16K RAM operation unless the peak volt­
ages of the transients violate the specified dc opera-

16K RAM INPUT TEST SIGNALS AT TEST SITE OF 
TEMPERATURE HANDLER 
Figure 3 

Address Input 
(1 Volt/Division) 

RAS 
. (1 Volt/Division) 

CAS 
(1 Volt/Division) 

50 Nanoseconds/Division 



tion conditions for the device. Therefore for a sys­
tem having a dc logic "0" level of 0.4 volts, a posi­
tive 400 millivolt noise transient should have no 
effect on the operation of 16K RAMs in the system 
specified to operate with an input logic "0" level of 
0.8 volts maximum. However, under "worst case" 
test conditions with the dc logic "0" input level set at 
0.8 volts, transients of even smaller magnitudes can 
cause device failures resulting in tester correlation 
problems. 

As 16K RAM designs continue to achieve higher 
performance goals, the problems of distinguishing 
device failures versus failures induced by noise tran­
sients or timing inaccuracies of the test equipment 
are reaching a new order of significance. Attempts to 
do "worst case" testing of all specified device para­
meters simultaneously will usually result in the failure 
of some quantity of devices that actually, will meet 
specifications. I n many cases a thorough characteri­
zation of the device design and process to be utilized 
can eliminate the need for 100% testing for all 
specified limits and conditions. 

CHARACTERIZATION 

The success of any characterization and resulting 
economically feasible production test program for a 
particular 16K RAM device type is highly dependent 
upon the RAM design. If the device is marginal and 
subject to complex pattern, data, temperature, 
or voltage sensitivities the development of a compre­
hensive and economically practical production test 
procedure could prove to be impossible. Unlike 
previous 1 K and 4K RAM designs, deficiencies 
such as N2 pattern sensitivities cannot be tolerated 
in 16K RAMs. When proper techniques are utilized, 
it is possible for 16K dynamic RAMs to be designed 
so that sensitivities due to process variations and 
weaknesses can be detected using relatively simple 
and economical address and data pattern test se­
quences. 

The goal of a 16K RAM device characterization 
should be to identify any sensitivities of the parti­
cular 16K RAM design over the full production 
range of process parameters and the resulting pro­
duction tests requ ired that are comprehensive in 
screening for device sensitivities, optimized in terms 
of test time and economics, and operate within the 
constraints of the available test equipment. One of 
the first and most important steps in such a character­
ization is the selection of the sample to be analyzed. 
The sample should be large enough to contain a vari­
ety of process weaknesses and cover several different 
fabrication weeks to allow for a maximum of pro­
cess parameter variation. For some tests such as 
timing and input voltage parameter characterization, 
a few hundred devices are probably sufficient, but for 
other tests such as pattern characterization where 

more random types of sensitivities can occur, several 
thousand devices may be required. In order to insure 
that particular device characteristics do not change 
over a period of time, it is advisable to periodically 
repeat portions of the characterization sequence. 

Since virtually all characterization tests will be re­
peated at the specified temperature extremes for the 
device, the junction temperature at which each 
device should be tested in order to guarantee the 
specified maximum ambient temperature for that 
device type should be first determined. Most 16K 
RAMs are specified over the temperature range 
O°C to 70°C ambient. The junction temperature 
(T J) of each device depends on the power dissipa­
tion (PD) of that device by the equation: 

TJ = T A + PD 8JAX 

8JAX is the thermal impedance between the device 
junction and system ambient. Figure 4 is a graph of 
this equation for 8 JAX = 700 e per watt which is 
standard for a 16 pin ceramic dual-in-line package. 
In order to calculate the proper junction test temper­
ature for a 700 e ambient, the power dissipation on a 
sample of 16K RAMs must be measured operating 
continuously at an ambient temperature of 700 e 
and at the maximum specified frequency. 

JUNCTION TEMPERATURE VS. POWER DISSIPA­
TION FOR T A =7fJ'C 
Figure 4 
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If the device junction temperature is stabilized by 
using a long warm-up period at the maximum specified 
operating frequency prior to the first test, the proper 
test temperature is the specified maximum ambient 
temperature. If the test is only a few seconds long, 
then the junction temperature will rise during test 
only by a few degrees and the proper test temper­
ature should be nearer to the calculated value for 
junction temperature. 
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The first stages of the characterization tests should 
include an extensive analysis of the voltage, power 
dissipation, and timing characteristics and margins 
of the device. The test patterns used for these tests 
will generally be very simple such as a load-read 
checkerboard or diagonal pattern. For input voltage 
and timing testing, each device should first be tested 
at the specified limits for all parameters at the four 
voltage corner extremes of VDD and VBB' VCC 
margin testing is usually not necessary since this 
power supply is connected only to the device output. 
Each input timing and voltage parameter should then 
be varied separately until a failure occurs, recording 
the last passing value of the parameter being tested. 
If during these tests any parameter evaluated appears 
to fail or be marginal to a specified limit, then the 
reason for this condition should be further evaluated 
with the cause being isolated to a design process or 
tester fault. A typical example of this type of con­
dition for a 16K RAM might be an indication from 
the initial characterization data that the maximum 
input zero level specification of 0.9 volts on the add­
ress inputs is marginal when in fact further investi­
gation isolates the problem to noise on the address 
inputs at the device during the times at which the row 
and column addresses were being strobed into the 
device. In this case it would be necessary to correct 
the problem on the test equipment or compensate 
the input zero voltage level so that the data from 
further characterization tests would not be errone­
ously influenced. 

A widely used and highly effective method of char­
acterizing power supply margins is to run a V DD vs. 
VBB schmoo plot. This method involves holding 
VDD or VBB at a fixed value while searching for 
the failure limits of the other power supply followed 
by changing the fixed value of the supply to a new 
value and repeating the procedure. All parameters 
except VDD and VBB should be held at the speci­
fied limits during the tests. Figure 5 is an example of 
a typical schmoo plot for a 16K RAM. Again any 
indication of a failing or marginal condition to a 
specified limit should be investigated further and 
the cause isolated. 

Probably the most lengthy portion of a 16K RAM 
device characterization is the pattern sensitivity 
evaluation. In the case of many 1 K and 4K RAM 
evaluations this portion of the characterization was 
not completed. Instead lengthy pattern sensitivity 
tests were inserted into production test programs 
with the hope that these tests would be effective in 
screening for any pattern sensitivities that might 
exist. This philosophy can obviously not be economi­
cally applied to 16K RAM testing. 

A thorough 16K RAM pattern sensitivity characteri­
zation should include a variety of pattern tests 
designed to screen for different types of failure 
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VDD VS. VBB SCHMOO PLOT FOR 16K DYNAMIC 

RAM 
Figure 5 

modes and sensitivities of RAMs. These tests are 
usually referred to by names such as load-read, 
address complement, march, active refresh, still 
refresh, walking columns, walking diagonal, galloping 
rows, galloping columns, wrJte disturb, surround 
disturb, column disturb, and galpat. It is usually 
sufficient to run most of the pattern tests at maxi­
mum specified frequency but a sample of patterns 
such as march, address complement, and walking 
diagonal should also be run at the slowest specified 
cycle rates. Each device in the characterization 
sample should be screened for pattern sensitivities at 
the four (4) corners of the VDD and VBB power 
supplies and at the specified temperature extremes. 
The test procedure should be such that all test 
patterns are tried on each device regardless of pre­
vious test pattern failures for the device under test 
with the test conditions recorded on all failures. 
Because of test time constraints it should be suffi­
cient to run the longer N2 pattern tests such as 
gal pat on a sample of a few hundred devices covering 
a wide range of process parameters, while screening 
a larger sample of devices to the remaining pattern 
tests. By analyzing the data gathered from the test 
described, it should be possible to define a set of 
test patterns and conditions that is optimal in terms 
of test time without sacrificing test integrity. The 
result of an optimized test flow is that pattern tests 



are run only at the power supply voltage corners that 
have been identified as "worst case" for that pattern, 
and lengthy pattern sensitivity tests are uti I ized only 
when the device sensitivities that these patterns de­
tect cannot be identified using shorter test patterns. 

When sensitivities of a device to lengthy test pattern 
sequences are discovered, it is often possible to 
develop alternate test methods and patterns that 
result in dramatically reduced test times and are 
designed specifically to screen for device related 
failure modes. The development of such a procedure 
usually requires that the failure mechanism be well 
understood in relation to the particular device design. 

A successful example of a test procedure developed 
to screen for a particular device sensitivity is pre­
sently being used in the production testing of one 4K 
RAM device. During the characterization of this 
device a sensitivity to a disturb type of pattern was 
discovered. The pattern used consisted of writing the 
full memory with "1's" followed by writing a "0" 
two thousand times at the base location. The entire 
memory, excluding the base cell, was then read 
checking for an all "1 's" pattern. The base location 
was then written to a "1" and the entire procedure 
repeated with the base cell incrementing through 
all possible memory locations. Assuming a 500ns 
cycle rate, the test time for this sequence was greater 
than 20 seconds. Initial investigation of the problem 
revealed that after each base cell had been written 
2000 times it was necessary to read only the column 
of the base location instead of the entire array in 
order to generate the failure mechanism, which re­
duced the test time to 4 seconds. Upon further 
investigation it was found that the failures were 
caused by voltages slightly in excess of the device 
threshold voltage being coupled onto the row select 
line connected to the gates of the one transistor 
storage cells for that row. Since the base cell on the 
failing column was repeatedly being written to a 
"0" causing the column digit bus to be low each 
cycle, the voltage coupled onto the failing row was 
sufficient to cause the stored "1" level on the failing 
cell to be discharged through the cell transistor 
somewhat each cycle. When enough disturb cycles 
had occurred to discharge the cell sufficiently, the 
failure resulted. Since the failure mechanism is 
highly dependent on the threshold voltage of the cell 
transistor which varies as a function of the VBB 
supply voltage, it was possible to reduce the number 
of disturb write cycles of the base location required 
from 2000 to 100 cycles by implementing the test at 
a VBB supply voltage 0.5 volts more positive than 
the specification normally allows, further reducing 
the test time requirement to approximately 200 
milliseconds. In order to prevent an unnecessary 
yield loss due to the abnormal supply voltage con­
ditions, a relaxation of the input "0" voltage level 
was required for the test. 

PRODUCTION-TESTING 

Once the initial 16K RAM device characterization is 
completed enough data concerning the characteristics 
and sensitivities of the particular design should be 
available to establish a logical and comprehensive 
production test sequence. Since single temperature 
production testing is economically desirable, the 
characterization data must be analyzed for the 
feasibility of insuring that all devices' specifications 
are met over the entire operating temperating range 
for the device while testing at a single temperature. 
The high temperature extreme virtually always 
proves to be the only practical choice for a single 
test temperature because of refresh and parameter 
margin characteristics of 16K dynamic RAMs. The 
"worst case" condition for pattern sensitivities 
power supply margins and timing parameters is 
typically at high temperatures, but the lower tem­
perature limits can be "worst case" for some device 
parameters such as input levels and power dissip­
ation. For the device parameters that prove to be the 
"worst case" at the lower temperature extreme, it 
should be possible to determine the proper guard­
bands to be used for high temperature testing from 
the characterization data. 

An important factor which is too often not tho­
roughly comprehended in establishing the production 
test conditions for high performance 16K dynamic 
RAMs is the characteristics and limitations of the 
production test equipment to be utilized. As 
discussed previously, tester timing skews of as I ittle as 
± 1ns can be significant and cause severe correlation 
problems considering the large number of critical 
input timing specifications relative to the clock 
inputs for 16K RAMs. Because of variables such as 
internal tester clocks, skews, cables to remote tem­
perature handlers, and individual driver character­
istics, controlling input timing skews to a tighter 
specification often proves to be impractical. Fortun­
ately, however, for most 16K dynamic RAM designs, 
virtually all critical input timing parameters track the 
column access time of the device as a relatively con­
stant percentage, and by analyzing the device char­
acterization data a correlation factor for each input 
timing parameter relative to column access time can 
usually be established. Since the specified column 
access times, even for higher performance 16K 
dynamic RAMs, is a relatively large value (typically 
gOns or greater), a ±2ns maximum total measurement 
error is of much less significance. Therefore for most 
16K RAM designs, testing for the proper column 
access times on each device and relaxing the pro­
grammed test conditions on input timing signals by 
a few nanoseconds so that even "worst case" tester 
timing skews will not violate the specified device 
limits is sufficient to guarantee that all device timing 
specifications are met without causing severe tester 
correlation problems. 
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The problems associated with variations in signal 
integrity and noise are usually among the most diffi­
cult test equipment related problems to be addressed 
in 16K dynamic RAM testing. The maximum effort 
practical should be extended to insure that the 
integrity of the signals applied to the device under 
test are the best possible, but often even this does not 
prevent noise related tester correlation problems. 
For most 16K dynamic RAMs, test equipment noise 
related failures occur when noise transients on the 
input signals at the device during functional testing 
exceed the "worst case" spedfied input logic level 
voltages for that device. Unless the noise levels are 
excessive, relaxing the programmed dc input voltage 
levels usually eliminates most failures of this type, 
but may not be desirable if input voltage le\(el speci­
fications for the device are to be guaranteed. Even 
though it is not always possible to eliminate noise 
related device failures when testing for "worst case" 
input voltage levels, it is possible to separate potential 
noise related failures by running a portion of the test 
patterns for each VBB and VDD power supply volt­
age corner tested at relaxed dc input levels and then 
change the input voltage levels to the specified "worst 
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case" limits for the rematntng test patterns at that 
supply Voltage. Devices which pass relaxed input 
levels tests and then fail when the specification dc 
limits are applied can be placed through the test 
program software into a separate physical bin. 
Devices in this bin would then require further analysis 
in order to determine if the failures were device or 
noise related. 

CONCLUSION 

In order to establish test conditions for higher speed 
16K dynamic RAMs that are effective and economi­
cal, the particular characteristics and sensitivities of 
both the device and production test equipment to be 
utilized must be understood. Test flows that are 
optimized for the particular characteristics of a 16K 
RAM design can result in dramatic savings in pro­
duction testing costs without sacrifices in test inte­
grity. However, economic success of an optimized 
16K dynamic RAM test flow depends upon per­
forming a thorough and lengthy device characteri­
zation and the choice of a design that is not sensitive 
to a wide variety of complex test conditions. 



MOSTEI(. 
16K-THE NEW GENERATION DYNAMIC RAM 

By DERRELL COKER 

Extensive design effort has been expended in the devel­
opment of 16K RAMs to insure that many of the problems 
and peculiarities of the previous generation RAMs (1 K's 
and 4K's) have been eliminated. This paper will show how 
such undesirable device characteristics as excessive power 
dissipation, inadequate noise margins (at the input and 
output terminals), restrictive timing, and unexplained 
"50ft errors", have all been designed out of the new genera­
tion 16K dynamic RAMs. 

Looking back at some of the popular MOS RAMs of the 
early 1970'5, one cannot help but remember the many 
different device configurations, each with its own peculiar 
operating modes and timing restrictions. Memory devices 
have emerged which require multiphase, high level clocks 
and others with multiplexed address inputs and/or multi­
plexed I/O. With a strong move towards standardization, 
the semiconductor memory industry is in a much more 
fortunate situation with 16K RAMs than with any previous 
memory product. Never before could the user experience 
such numerous benefits from a single memory device. 

16K Technology Overview 

Before delving into the user benefits and features of 
16K RAMs, it is first necessary to take a look at two of the 
most important, yet most often ignored aspects of a device -
chip architecture and process. These two elements combine 
to serve as a reference point for comparing any LSI device 
to a similar one, and for establishing a device as a "state­
of-the-art" product. 

MK 4116 FUNCTIONAL DIAGRAM 
Figure 1. 
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Technical Brief 

The block diagram (functional layout) of the MOSTEK 
MK 4116 appears in Figure 1. The chip is organized inte 
nally as two 8K sub-arrays which form a single 128x 1 
balanced array. The column decoder and sense-refresh 
amplifiers are in the middle of the matrix and "dummy 
cells" are located at each side. The "dummy cells" establish 
a voltage reference for the balanced sense amplifiers. One of 
the array halves inverts data and will store an input "one" 
as a low level in the storage cell (a second inversion is 
performed by the output circuitry so that this internal 
inversion is not seen at the device terminals). The control 
circuitry surrounding the array is controlled by networks 
of clock generators which are activated by the externally 
applied Rowand Column Address Strobe (RAS and CAS) 
signals. Access time is determined exclusively by clock 
delays internal to the circuit and is influenced only by 
influencing these internal delays. This design featu re can 
greatly inpact testing since there is no reason to search for 
a test sequence or data pattern wh ich is worst-case for 
access time. As a final comment, note that the address 
input buffers are mu Itiplexed between row and column 
'ddresses wh ile the row and column decoders are indepen­

dent circuits. This greatly reduces the input capacitance at 
these terminals over previous multiplexed RAMs where 
each address pin was connected to two input buffer circuits. 

As with most 16K RAM devices, the MOSTEK 
MK 4116 is fabricated with a two level N-channel poly­
silicon gate process and a single transistor dynamic storage 
cell. The two level polysilicon process greatly enhances 
circuit density without a substantial increase in process 
complexity over the standard single level N-channel poly­
silicon process. Both processes, however, allow independent 
adjustment of gate and field oxide th resholds by ion­
implantation which maximizes performance, density, and 
reliability. 

The layout of the storage cell in the M K 4116 is shown 
in Figure 2. This is a conventional one-transistor dynamic 
storage cell implemented with MOSTEK's double-level 
polysilicon (Poly II) process. The row (word) select lines 
are metal, eliminating concern over propagation delays 
down the long (80 mil) word lines. Data transfer to and 
from the cell is through the diffused column (digit) lines. 
The top plate of the storage capacitor is VDD (first level of 
polysilicon) which allows charge to be stored in the de­
pleted region beneath this level. Metal word lines contact 
the second poly level which forms the gate of the transfer 
device isolating the storage cell from the digit line. The cell 
is relatively insensitive to variations in the doping level 
of both first and second poly. I n fact, performance of the 
cell is primarily influenced by junction depth, oxide thick­
ness, and mask geometry, all parameters which tend to 
remain constant. 
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A cross section of a single storage cell is shown in 

Figure 3. Using the standard silicon gate process this cell 
would be made of two elements -the pass transistor and a 
storage capacitor. However, because of the use of two 
levels of poly-silicon, no layout space is required to separate 
these components and, therefore, should be regarded as 
one component only. Actual dimensions of the double­
poly cell are approximately 14.5 I'm x 30 I'm. It is esti­
mated that by the end of 1977, further refinements of the 
basic five mask Poly II * process technology wi II produce 
16K RAM devices with an overall chip area less than 
18,000 mil 2. 

MK 4116 CELL AND CROSS·SECTION 
Figure 3. 
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* Actually, the Poly II process uses a total of seven 
mask steps. However, only five mask steps are requ ired to 
define the product; the other two are very non-critical 
mask operations which enhance device reliability and 
improve yield. 

Timing Considerations 

Although the multiplexed address 16K RAM requires 
two strobe signals (RAS and CAS) for control purposes, 
the timing of these clocks is very flexible when compared 
to the original multiplexed RAM introduced in 1973. The 
original design made no allowances for the additional time 
required to perform the address mUltiplexing. Also, since 
the internal RAS and CAS clock generators functioned 
totally independent of one another, several unnecessary 
restrictions were put on the "precharge" and "refresh" 
operations. Several 16K RAM designs (including MOSTEK's 
MK 4116) have overcome these timing inconveniences by 
enhancing the operation of the internal clock generators 
and implementing a feature called "gated CAS". 

The inclusion of the "gated CAS" feature allows for 
more flexible timing on the RAS to CAS delay time speci­
fication so that the system designer can compensate for 
timing skews and "uncertainties" that may be encountered 
in the multiplexing operation (refer to Figure 4). 

READ CYCLE 
Figure 4. 1----- READ CYCLE---_ 
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Each of the control signals, RAS and CAS, triggers 
a sequence of events which are controlled by different 
delayed internal clocks. The two clock chains, as illustrated 
in Figure 5, are linked together logically such that the 
address multiplexing operation is done outside of the 
critical path timing sequence for read data access. 

GATED INTERNAL CLOCK CIRCUITRY 
Figure 5. 
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The later events in the CAS clock sequence are inhibited 
until the occurance of a dela~ signal derived from the 
RAS clock chain. This "gated CAS" feature allows the CAS 
clock to be externally activated as soon as the Row Address 
Hold Time (tRAH) specification has been satisfied and the 
address inputs have been changed from Row Address to 
Column Address information. 

Note that CAS can be activated at any time after tRAH 
and it will have no effect on the worst-case data access 
time (tRAC) up to the point in time when the delayed row 
clock no longer inhibits the remaining sequence of column 
clocks. Two timing end-points result from the internal 
gating of CAS which are called tRCD (min) and tRCD 
(max). No data storage or reading errors will result if CAS 
is applied to the device at a point in time beyond the 
tRCD (max) limit. However, access time will then be 
determined exclusively by the access time from CAS (tCAC) 
rather than from RAS (tRAC), and access time from RAS 
will be lengthened by the amount that tRCD exceeds the 
tRCD (max) limit. This relationship is depicted in Figure 6. 

GATED CAS TIMING RELATIONSHIP 
Figure 6. 
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Also, as a result of the entertwined clock generators, 
precharge of all internal circuitry is initiated by RAS going 
to the inactive state. This removes several timing restrictions 
from the trailing edge of CAS, allowing the simplified 
"RAS only" refresh operation as well as improved operation 
of the Data Output. 

WRITE CYCLE 
Figure 7 
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Basically, Data Out of the "unlatched" type of 
16K RAM is valid within the specified access time and will 
remain valid until the Column Address Strobe (CAS) is 
taken to the inactive state. However, in early write cycles 
(WRITE active low before CAS goes low, see Figure 7) the 
data output will remain in the high impedance (open­
circuit) state throughout the entire cycle. This type of 
output operation results in some very significant system 
implications. 

Common I/O Operation - If all write operations are 
handled in the "early write" mode, then DiN can be con­
nected directly to DOUT for a common I/O data bus. 

Data Output Control - DOUT will remain valid during a 
read cycle from tCAC until CAS goes back to a high level 
(precharge), allowing data to remain valid from one cycle up 
until a new memory cycle begins with no penalty in cycle 
time. This makes the liAS/CAS clock timing relationship 
very flexible. 

Two Methods of Chip Selection - Since DOUT is not 
latched, CAS and/or RAS can be decoded for chip selection. 
If both RAS and CAS are decoded, then a two dimensional 
(X,Y) chip select array can be realized. 

Noise Margins 

The ability of an MOS memory device to interface with 
logic families outside its own has always been a marginal 
situation. With the new generation 16K RAM, the problems 
of high capacitance, high level address inputs have been 
eliminated along with the old familiar design glitch which 
caused the address inputs of several popular RAM types to 
source current out of their input terminals. As veteran 
designers might recall, this condition injected a significant 
current spike on the address lines which decreased noise 
margin and prevented the use of Schottky address drivers 
in the system. To overcome these problems in 16K RAM 
design means, that for the first time, MOS memory 
elements can be surrounded by high performance logic 
families (Schottky TTL) in the system to achieve maximum 
performance with adequate noise margins. 

To provide wide operating margins and noise immunity 
desired by users, a special input stage has been incorporated 
into the MK 4116 to detect true TTL input levels. A circuit 
schematic of this stage is shown in Figure 8. The principle 
behind this curcuit is a simple differential amplifier which 
compares the incoming TTL level to an on-chip 1.5 volt 
reverence level. This type of circuit can be designed to 
detect "one" levels greater than or equal to 2.2 volts and 
"zero" levels less than or equal to 0.8 volts. 

In the circuit in Figure 8, a positive common mode 
voltage boost is capacitively coupled to the gates of tran­
sistors T3 and T 4 to assu re that at least one of them is 
turned on when the "latch" command is initiated from the 
control clock generator. Note that the input buffer will 
latch properly even though both the input and reference 
voltages may be less than the device threshold voltage. The 
addition of Tl and Cl in the VI N path helps to increase the 
amount of negative undershoot on VIN which can be 
tolerated between the time TA goes low and the time the 
latching action takes place. This type of input circuit 
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MK 4116 ADDRESS INPUT BUFFER 
FigurE 8. 
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requires the shortest possible address hold times and allows 
the input circuitry to function independent of device 
th resholds and other process parameters. 

The output drive capability of a RAM is also <l very 
important area of concern. Many times the load circuit 
which a vendor uses to measure the access time of a device 
is not representative of typical system loading conditions. 
If actual system loading is much greater than the load used 
by the manufacturer to measure access time, then the device 
will be marginal in the system. With typical system capac· 
itance loading far in excess of 60pF, it is necessary for the 
new generation 16K RAMS to accommodate two TTL 
loads in addition to driving 100pF capacitance. 

Power Dissipation 

A major breakthrough in the reduction of active power 
dissipation in dynamic RAMs results from the use of 
dynamic circuitry throughout the entire device, specifically 
in the sense amplifiers. Without going into a detailed dis­
cussion of dynamic RAM design, it will suffice to say that 
dynamic flipflop type level detector is made possible by 
providing an access path to both the true and comp lement 
sense lines associated with each amplifier. This sense 
amplifier configuration does not require digit pull-up 
transistors which are the major source of active power 
dissipation in a dynamic RAM. Figure 9 is a comparison of 
the current waveforms (characteristics) of two similar 
RAMs, one incorporating the dynamic sensing approach 
and the other using static loads in the sense amp circuits. 

The user benefits derived from RAMs designed with 
dynamic sense amplifiers extends far beyond a simple 
reduction of the power dissipation. Although low power 
is of sign ificant importance, even more important is the 
increased inherent reliability (which will be discussed later) 
and the impact that the dynamic current characteristics 
have on system design. 

Since most of the power drawn by the MK 4116 is the 
result of an address strobe transition, the dynamic 'power is 
primarily a function of operating frequency rather than 
active duty cycle (as is the case with "static" sense amp 
designs). This dynamic current characteri.stic precludes 
inadvertent burn-out of the device in the event that the 
clock inputs become shorted to ground due to system 
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malfunction. With the old conventional design, maximum 
current is drawn by the device any time the strobe inputs 
are activated. This is the reason that many of the previous 
generation RAMs had restrictions on the maximum time 
the chip enable strobe could remain active. 

STATIC VS. DYNAMIC SENSE AMP 
CHARACTERISTICS 
Figure 9. 
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Fig. 10 Maximum 1001 versus cycle rate for device opera­
tion at various frequencies. 1001 (max) curve is defined 
by the equation: 
1001 (max) [mAl = 10 + 9.4 x cycle rate [MHz]. 



Not only does the dynamic current characteristic of this 
device prevent inadvertent burnout, it also allows the 
manufacturer of such devices to specify the operating power 
as a function of frequency rather than by a "fixed" con­
dition. As illustrated in Figure 10, this allows the system 
designer to have a worst-case power specification, guaran­
teed by the manufacturer, which applies to real "use" 
conditions. 

System Relaibility 

Reliability is certainly not a new buzz word in the MOS 
memory market. Reliability (or in some cases, the lack of it) 
has been an important topic for many years. As most of the 
"old-timers" will recall, many of the 1 K and early 4K 
dynamic RAMs exhibited a phenomenon known as "soft 
failures" that drove even the experts into a state of panic. 
As 4K RAMs matured it became apparent that something 
had to be done to improve the reliability of dynamic RAMs 
and restore the credibility of the manufacturers before the 
advent of 16K devices. 

In evaluating the problems of system reliability, it has 
been determined that there exists a strong correlation be­
tween memory devices which exhibit "soft failures" in 
systems and memory devices which are intolerent of power 
supply noise and/or marginal input levels. Discrete device 
testing may prove that the RAM is functional and meets 
all specifications; however, what is important to the user 
is the "real" system environment. 

The new 16K RAM devices have overcome the problems 
associated with power supply noise by insuring proper 
operation over a wider power supply range - ± j 0% rather 
than ± 5% 

The basic nature· of a -dynamic RAM is such that 
the current drawn by the device during an active cycle can 
be several orders of magn itude greater than the cu rrent 
drawn while the device is in standby. This sudden change 
in current requirement can create seemingly incurable noise 
problems within a system if proper decoupling is not 
implemented. 

Although no particular power supply noise restnctlon 
exists other than the supply voltages remain within the 
specified limits, adequate decoupling should be provided 
to suppress high frequency noise resulting from the tran­
sient current of the new 16K RAM devices. This insures 
optimum system performance and reliability. Bulk capac­
itance requirements are minimal since the MK 4116 draws 
very little steady state (DC) current. This characteristic 
of the 16K RAM can greatly reduce the expense and com­
plexity of power supply .design. This is especially important 
when costs of $1 to $1.50/watt are common for a good, 
quality power subsystem. 

I n addition to operating margin, memory component 
power consumption is also a major factor affecting 
reliability. As described earlier, the technology used to 
manufacture 16K RAMS produces low power devices which 
generate little heat and are less prone to failures induced 
by high temperature. Remember, system reliability is 
inversely proportional to operating temperature. 

CONCLUSION 

The new generation 16K RAM devices come closer 
to answering the needs and addressing the complaints of 
semiconductor memory users than any previous Random 
Access Memory Product. These emerging 16K RAM devices 
are designed and manufactured with the latest state-of-the­
art processing techniques; one which requires few devices 
per memory cell; has simple, easily controlled, mature 
processing techniques, requires minimal, simple peripheral 
circuitry; dissipates little power; is free of intrinsic 
reliability problems; and is manufactured by responsible 
careful, and experienced vendors. 
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MOSTEI{. 
UNCOMPROMISING 4K STATIC RAM 

By SAM YOUNG 

Easy to use the new crop of n-channel MaS 4096 
static random-access memories may be, but the tug 
of war between speed and power still looms_ How­
ever, one RAM stands out because it avoids a com­
promise between these vital parameters. 

Some of its competitors offer fast access times of 
less than 100 nanoseconds, but require multiple 
power supplies or dissipate high power. Others, such 
as complementary-metal-ox ide-semiconductor RAMs, 
use little power, say less than 200 milliwatts, but have 
access times well above 500ns. The M K41 04 is special 
in being both fast and power-thrifty. 

Combining static- and dynamic-memory techniques, 
the chip achieves a maximum access time of 200 ns 
(150 ns typical) and maximum cycle time of 260 ns. 
Yet it dissipates a maximum of only 120 milliwatts of 
active power at 4 megahertz and a very low 27 
mW in standby. An additional low-power mode of 
10 mW is available for battery backup operation, 
achieved simply by lowering the power supply voltage 
from 5 volts to 3 V. 

Moreover, the 4104 is extremely easy to use. It needs 
only a single power supply, which is in the conven­
tional transistor-transistor-Iogic position. The device 
is supplied in the la-pin package now standard for 
static memories. It is designed to operate at ordinary 
transistor-transistor-Iogic levels with loose power­
supply tolerances of ± 10%, greatly reducing the 
cost of close regulation common with ±5% parts. 

In addition, the 4104 can accept any TTL input sig­
nal meeting worst-case specifications, thus eliminating 
all level-converting interface circuits that may be 
needed with other 4K static designs. Moreover, since 
the 4104 was designed to be tolerant of inputs with 
very slow rise times, it can directly accept signals 
from low-power Schottky TTL for low-power appli­
cations. Finally, the 4104 will sink 4 millial1)peresat 

RUNS FAST ON LITTLE POWER 
Application Note 

0.4 V and source 500 microamperes at 2.2 V, making 
it agreeable with all types of TTL-compatible data­
bus interface circuits commonly used in memory 
system design. 

A NEW CELL DESIGN 

Unlike typical static memories with their six-tran­
sistor cells, the 4104 has cells of only four transisto 
and two ion-implanted polysilicon resistors that act as 
loads (Fig. 1). This cell design saves space, as well as 
reducing power dissipation. 

Space is saved because polysilicon load resistors can 
be fabricated practically in the same region as the 

NEW STATIC CELL 
Figure 1 

Vee 

WORD LINE 
FROM ROW -+-..--+------+-_-t­
OECODER 

A nev: static RAM cell design that uses resistors as loads saves space and 
redu.:es power consumption. Each 5000 megohm resistor is an ion~im­
planted polysilicon device that draws less than 1 nanoampere of 
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COMPACT 
Figure 2 

The 4104'5 cell, which contains four transistors and two ion-implanted resistors, is considerably smaller than conventional six transistor static 
cells. Cell area is only 2.75 mil2 or less than half the size of standard static designs. Power is reduced in half. 
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transistors themselves (Fig. 2). The cell area is only 
2.75 square mils-less than half the size of standard 
six-transistor cells. 

Power is reduced because the high-impedance (5,000-
megohm) resistors conduct less than 1 nanoampere of 
current. Also, using ion-implantation to fabricate 
these loads allows the load-current levels to be ad­
justed. The resulting power dissipation is only 20 
microwatts per memory cell. 

The resistors display a negative temperature co­
efficient and therefore are self-compensating for the 
increased current leakages that traditionally occur at 
elevated temperatures. The low currents in the resis­
tors also allow the cell to retain data even when the 
power supply voltage is as low as a few hundred 
millivolts above the transistor threshold voltage 
(typically 1 V). It is this feature that permits the 
RAM to retain data reliably at very low levels of 
supply voltage. 

Besides polysilicon resistive loads, the MK4104 is one 
of the few 4K static RAMs to use dynamic (clocked) 
interface circuits to control the memory array. This 
dynamic interface makes it possible to use perfor­
mance-boosting circuit techniques similar to those 
employed in high-performance dynamic RAMs, such 
as the MK4027. 

DYNAMIC INTERFACES AND SENSE AMP 

As in the 4027, signals generated internally from the 
chip-enable clock cause the internal circuits to power 
down once their functions have been accompl ished. 
Th is results in significantly lower power dissipation. 
Moreover, dynamic circuits are faster since low­
capacitance precharge nodes can be employed to 
shorten the memory cell's RC discharge-time 
constant. 

Once clocks are provided to power the interface, they 
may also be used to service dynamic sense ampl ifiers, 
further improving speed. The 4104 has a differential 
sense amp conceptually similar to those of the 4027 . 
• t can detect differential signals as "low as 100 mV, as 
compared to other static RAM devices, which may 
require several volts for reliable operation. 

As in the 4027, the dynamic balanced sense amplifier 
uses several clock phases to achieve low-power, high­
performance sensing. High speed is achieved by 
sensing :a small differential voltage, thereby mini­
mizing the time required to charge the data bus. The 
sense amplifier is clocked on after enough time has 
been allowed for a 100 mV differential to appear on 
the data bus. Since the sense circuit has a 1-mV 
sensitivity, a 1 OO-m V sense level allows enough 
margin for circuit and process variations. 

Because the interfaces and sense amp utilize clocked 
operation and dissipate power only for short intervals 
when activated, the power dissipation is dependent 
on the clock frequency and therefore is subject to 
reduction at lower frequencies. For example, the 
typical power dissipation at 1 MHz is 23 mW, com­
pared to 70 mW at 4 MHz (Fig. 3). By contrast, the 
power dissipation for a fully static RAM would re­
main constant at its high (active) level. Because there 
is no significant dc path during clock-on periods, 
damage from high currents cannot occur to the 

POWER DOWN 
Figure 3 

The 4104 is the only static RAM with frequency-dependent power 
dissipation, resulting from the use of dynamic interfac~ circuits. 
Clock-on time ([ow-level) for curve 1 is 100 ns; clock-off tfme (high­
level) for curve 2 is 200 ns. For both curves, ambient temperature is 
25 C and power-supply voltage is 5 V" 

memory should the clock input become shorted to 
ground when system malfunctioning may occur. 

The MK4104 is organized internally as two 32-by-64 
bit memory subarrays, with the row decoders in the 
middle (Fig. 4), although to the user it is simply a 
4K-by-l-bit RAM. The device contains all buffers, 
decoders, and internal clock generators needed for 
complete static operation. The decoders are con­
ventional dynamic NOR-gate circuits. The address 
buffers are a combination of static and dynamic 
circuitry, permitting a very fast sample-and-hold tech­
nique for address capture. 
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ORGANIZATION 
Figure 4 
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The chip is organized as two 32-by-64-bit arrays, resulting in a 4-k-by-l-bit static device containing ali buffers, ciock generators, decoders, and 
sense amplifiers. To minimize power consumption, the interface circuits are dynamic. 

USING THE 4104 

With a sense amp and interfaces of the dynamic type, 
this RAM operates differently from its static com­
petitors. The negative-going edge of the chip-enable 
pulse triggers a sequence of internal clock edges. 
They activate the address buffers, discharge the 
precharge clock, transfer true and complement 
address data to the inputs of the row and column 
decoders, and finally transfer the decoded row and 
column addresses to the proper word line and 
select line_ 

Then the static input-address buffers are turned off 
so that they no longer consume power. After a 
delay to allow time for the cell to transfer data to 
the differential output sense circuitry, additional 
clocks activate the output sense circuitry and finally 
the output buffer. The data is now available at the 
output terminals of the device. 

Once the data is present, the positive-going edge of 
the chip-enable pulse causes the precharge clock to 
go high, discharging all other clocks and opening the 
output circuit. As long as the chip-enable clock is 
high, the chip remains in the precharge mode, which 
is also the low-power standby mode. Data will be 
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maintained indefinitely in this mode. It is now ready 
for the next cycle: read, write, read/write, or read/ 
modify/write. Each of these operating cycles is 
initiated by activation of the chip-enable clock. 

Address inputs must be stable before this activation. 
Since these inputs are sampled and latched internally 
early in the cycle, only a short address-hold time 
(typically 75 ns) is required. This feature eliminates 
the need for system address latches to support the 
memory. Enhanced performance may be obtained by 
generating the new address in the previous cycle, thus 
circumventing the slow-address propagation path. 

Data outputs become valid after activation of the 
chip-enable clock. The data-out pin will be in an 
open circuit mode before appearance of valid data for 
a simple read. By loading the output with a resistor 
to either the Vcc power supply or ground, the user 
may choose the data-valid direction on the output 
bus to which the RAM is connected. Now, during 
a write cycle, the data-out pin will remain an open 
circuit if the write-enable pin is activated (typically 
no later than 80 ns after chip-enable). This property 
permits the designer to employ common-I/O oper­
ation, which is useful for most microcomputer 
systems. 



The data-out pin will then contain valid data during 
the write portion of the read/write or read/modify/ 
write cycle, assuming the write-enable pulse's 
negative going edge occurs after the specified access­
time interval. Data will remain valid for all cycle 
types until the chip-enable pin is deactivated. 

To write into the MK4104, data inputs must be valid 
when the write-enable signal goes negative. Data 
inputs are sampled internally and must remain valid 
until all internal nodes are charged. This occurs 
before the write-enable trailing edge. The write 
cycle is then completed by either the write-enable 
signal or the return of the chip-enable signal to the 
inactive state. 

BUILDING A SYSTEM 

The MK4104 may be easily integrated into large 
memory configurations in highly compact board 
layouts. The single-supply device in an 18-pin dual 
in-I ine package yields a higher packing density than 
can be achieved with any dynamic or 22-pin static 
RAMs. 

The pinout was chosen to eliminate crosstalk on 
critical signals within the array on the storage board. 
The power pins were positioned to allow maximum 
connection area between the chip and the power­
ground bus of the printed-circuit card. Data-out and 
data-in pins were positioned to allow optimum 
placement of decoupling capacitors within the mem­
ory array, as well as to separate the clock signals from 
address signals. 

Since refresh is not required, designers can eliminate 
components that cause time delays, as well as undesir­
able power-supply transients. And the 5-V ± 1 0% 
supply, combined with the elimination of refresh 

EASY DRIVING 
Figure 5 
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transients, greatly eases memory decoupling require­
ments. In fact, memory system of MK4104s will re­
quire less than a third of the decoupl ing capacitors 
recommended for dynam ic- RAM systems. 

In building memory sizes greater than 4096 bits, the 
typical power dissipation of 8 mW results in major 
power savings to the user. For example, a 16K-by-
9-bit storage board designed with clocked-interface 
MK4104s would require 940 mW for the memory 
array, while the same configuration designed with 
static-interface RAMs would require approximately 
18,000 mW. The larger the memory size or the lower 
the operating frequency, the greater this differential 
becomes. The power saving reduces cooling and 
power costs to the user, as well as improving overall 
reliability. At typical system design costs of $1.00 
to $1.50 per watt, this savings can be significant. 

The 16K-by-9-bit system's basic circuitry (Fig. 5) 
consists of readily available NAND gates and inverters. 
These support chips can be standard-TTL, high-speed­
TTL, Schottky-TTL, or low-power-Schottky-TTL 
parts. Since the total signal capacitance is directly 
related to the number of RAMs connected to each 
signal, the performance of the overall system may be 
improved by dividing the capacitance load among 
several drivers when large numbers of memory 
chips must be driven. 

For systems using microprocessors with common 
input/output data buses, the MK4104's data-in 
pin may be connected to the data-out pin. To avoid 

\ conflict on the data bus, the write operation must 
be implemented in the early write mode. This merely 
requires that the write-enable signal be activated 
prior to the chip-enable pulse, thereby guaranteeing 
the data-out pin will be open during write operations. 

The support circuitry required with the 4104 can be designed with standard TTL or Schottky TTL parts. Low capacitance imputs permit high 
fan-out capability, which is useful in large control systems. 
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TESTING AND RELIABILITY 

The MK4104 presents no significant testing problems 
beyond those intrinsic to static RAMs generally. 
Since the device uses an internal timing generator to 
strobe the data-out circuitry, the access time is 
insensitive to address and data patterns, which simp­
lifies worst-case testing for the user. 

In order to reduce the time for testing, a user can 
combine a static cell test with a low V cc mode 
(3-V) test. Writing and reading data at normal voltage 
is combined with a wait period at Vcc = 3V to 
verify that all cells are static and that the part can 
retain data at reduced power-supply Voltage. 

A principal factor affecting reliability is junction 
temperature, which is related. to power dissipation 
and ambient temperature. At SOmW dissipation, the 
MK4104 operates at a junction temperature of about 
75°e (7ooe ambient). Typical nonclocked parts 
under similar operating conditions have junction 
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temperatures approximately 300 e higher because of 
their higher power dissipation. The lower junction 
temperature of the MK4104 should result in signifi­
cantly better reliability. 

The single 5-V supply reduces stress on oxides and 
other key areas within the die. Many failure modes 
requiring high voltage as a catalyst cannot occur 
within this RAM. 

"Soft" errors, another problem plagu ing static 
RAMs, are generally thought to be caused by poor 
margin-to-input signal levels, poor tolerances to 
supply noise, or both. Those error signal occurrences 
are minimized in the MK4104. The chip is designated 
for a loose ± 1 0% power supply to increase its toler­
ance to system noise. Its peripheral circuitry is truly 
compatible with TTL input levels: a 2.2V input-high 
voltage level compared to a 2.4-V level for most other 
static random-access memories, and an O.S-V input­
low voltage that yields an easy-to-live-with 200-mW 
worst-case noise immunity. 



MOSTEI{. 
WHY "EDGE-ACTIVATED" STATIC MEMORIES? 

By DAVID WOOTEN 

MOSTE K has recently introduced a new family of 
"edge-activated" static RAMs and ROMs. These 
devices have completely static data storage Wh ich 
requires no refresh; however, their peripheral cir­
cuitry takes advantage of many MaS circuit design 
techniques that were developed for dynamic memory 
devices. These techniques allow MOSTE K's ROMs 
and static RAMs to attain the best speed/power 
product that has yet been achieved in other static 
RAM or ROM of comparable size. The decision 
to combine a static storage cell with dynamic periph­
ery was based on the fact that wh ile the fully static 
approach lends itself to bipolar circuit design, it is 
actually an 'unnatural' mode for MaS circu its. 
Static circuits simply do not take full advantage 
of the character of MOS devices. With a properly 
executed dynamic MaS circuit it is possible to imple­
ment a very complex timing and logic function 
that can operate at speeds comparable to or exceeding 
the speed of a static circuit performing the same 
function. The dynamic circuit will also, in virtually 
every instance, have a much lower power dissipation 
than the static circuit. 

The advantage of low power dissipation cannot be 
overstated. The feature makes feasible new applica­
tions for static memories; it means lower system 
costs by reducing power supply and cooling require­
ments; and it yields a more reliable product. Reli­
ability is enhanced because there is so little heat 
generated by these devices to harm the memories 
or other components in the system. In short, the 
"edge-activated" static memory is an innovation that 
promises so many advantages over fully static memo­
ries that it should become the industry standard for 
NMOS static devices. 

The speed/power advantages that dynamic circuits 
have over static circuits can easily be demonstrated 
with a 'NOR' decoder of the type that is commonly 
used in memory devices as row or column decoder. 
In a typical 4K RAM there are 64 of these decoders 
that are used as row decoders and 64 as column 
decoders. It should be obvious that the power con­
sumption in each of these 128 decoders must be kept 
as small as practical or the chip's power consumption 
would be so large as to make it useless. In the static 
row decoder (F ig. 1 A) a row is selected when all 
address inputs to the decoder are low making the 
output high. The need to keep the power consump­
tion of this decoder at a minimum is in direct conflict 
with the desire to make it as fast as possible. The 
only way to make the decoder fast is to make the 
pull-up resistance small so that the capacitance of the 

Technical Brief 

STATIC 'NOR'ROW DECODER 
Figure 1A VDD 

~--~--__ ~--__ --~--~~~WORDLINE 
(ROW 9) 

DYNAMIC 'NOR'ROW DECODER 
Figure 1B 

VOO 

(ROW 54) 

word line can be charged quickly. However, only 
one row decoder's output is high; while the output 
of each of the other 63 decoders is low, causing the 
resistor current to be shunted to ground. This means 
that the pull-up resistance must be large in order 
to reduce power consumption. As an illustration, 
assume that the row decoders in a 5 volt 4K RAM 

. can be allowed to dissipate 300mW typical (this does 
not leave much for the rest of the chip but who's 
counting). 63 of the decoders are going to dissipate 
all of the power giving an allowable value of pull-up 
of about 5.3K. Since the 5.3K of the selected row 
must charge about 5pf of word line capacitance 
(typical word line capacitance in a 4K memory 
matrix) this gives a T of about 16ns. Now, lets try the 
same problem with a dynamic decoder. In the dy­
namic decoder (Fig. 1 B) the decode is accomplished 
by presetting (precharging) node A all of the decoders 
to a high state during the chip inactive time. The pre­
charge clock is turned off at chip enable time and the 
addresses are strobed into the decoders causing node 
A on all but the one selected decoders to go low. The 
'on' resistance of a decoder transistor is less than 
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500 n and the total capacitance at node A is about 
Apf giving a T of only .2ns. If we allow 5 T for the 
decoders to settle before turning on the low imped­
ance row clock (<PR), that charges the selected row 
line, and assume a maximum row drive impedance 
of 1 K, we see that we can get the output of the 
dynamic decoder to the 63% voltage point in only 
6ns as opposed to the 26ns for the static decoder. 
The really interesting thing is that the only power 
consumed by the dynamic decoder is the transient 
power drawn during capacitor charge time. Therefore, 
by using a dynamic decoder, it is possible to ac­
complish the decode in less time at a much lower 
power dissipation than is possible with the static 
decoder. 

Dynamic circuit techniques can offer similar savings 
in speed and power for virtually every function of 
the memory circuit. Also, in cases where it is desired 
to use static circuits, it is possible to use the clocks 
available from dynamic circuits to selectively disable 
power consuming portions of the static circuits when 
they are not being used. This, and the fact that the 
quiescent dynamic circuits consume only leakage 
currents, make it possible for the device to have an 
'automatic standby'. The impact of this feature 
can be seen in typical memory systems that have a 
low average memory duty cycle. Table 1 is a compari­
son of two 64K byte memory systems one using the 
MK 4114 edge-activated 1 K x 4 static RAM and the 
other using the fully static 2114. Note that even if the 
worst case numbers are used for the MK 4114 and 
typical numbers are used for the 2114, the 2114 
system consumes 1250% more power than the 
M K 4114 system. Using worst case numbers we find 
that the 2114 system would consume over 90 
watts which is over 20 times as much power as the 
MK4114. 

This difference in device power consumption has 
many system impl ications such as the size of the 
power supply and the cooling capacity of the en­
closure. But if these factors are of no concern, 
the lower power consumption of the MK 4114 
has an even more important system implication. 
Since each chip in our 4114 memory system dis-

sipates at least 400 mW per chip, their junction 
temperature is about 28°C above ambient (0 JAX for 
18-pin ceramic package 70°C/watt). However, the 
average temperature rise in the MK 4114 memory 
system is only 1047° C wh ich is more than 26° Clower 
than the 2114. It should be noted that this does not 
include the effects of heat transfer between devices 
in a system. Actually, the difference in junction 
temperature will be much greater. As every compo­
nent engineer knows, junction temperature has a 
profound effect on MOS device reliability. According 
to the temperature acceleration curves given in 
MI L-STD-883A, a 26°C decrease in junction tempera­
ture represents an order of magnitude increase in 
chip reliability. 

The low power and high reliability advantages of us­
ing dynamic circuits in static RAMs and ROMs 
are not gained without some penalty. One penalty 
is that in order for the chip to generate clocks inter­
nally the user must supply an activation edge. Obvi­
ously, if this causes the chip to be impossible or even 
very difficult to design into a system, the advantages 
of the dynamic design would probably not be worth 
the penalty. However, this is hardly ever the case. 
In almost every application of static RAMs the 
system already provides a signal that can be used to 
generate the activation edge for the memory. In 
fact, most fully static designs are implemented using 
some kind of selection for the memory that can be 
used as the clock for the edge-activated devices. A 
good example is a Z80 to static RAM interface 
(Fig. 2). When the decoder is connected as shown 
(as it usually is) it makes absolutely no difference 
which flavor of static RAM is used. The static and 
edge-activated devices will both function properly. 

Another penalty of the edge-activated approach is 
that dynamic circu its are more difficult to design. 
For manufacturers who do not have much back­
ground in dynamic circuit design, this means that 
edge-activated static memory design would be higher 
risk for them than fully static design. MOSTE K, of 
course, is the current industry leader in dynamic cir­
cuit design as evidenced by its MK 4027 4K dynamic 

COMPARISON OF FULLY STATIC VS. EDGE·ACTIVATED STATIC MEMORY SYSTEM POWER 
T~ble 1 
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Memory System Size 
Required System Transfer Rate 
Average Cycle Rate Per Chip 
Average Power Per Chip 
Total Memory Power Consumption 
Total Memory Current at +5Volts 

2114 
(TYPICAL VALUES) 

64K Bytes 
3M Byte 
47 KHZ 
400MW 
51.2 Watts 
10.24 Amps 

MK4114 
(WORST CASE VALUES) 

64K Bytes 
3M Byte 
47 KHZ 
32MW 
4.1 Watts 
0.82 Amps 



8K BYTE STATIC RAM SYSTEM FOR Z80 
Figure 2 
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and M K 4116 16K dynamic RAMs. Therefore, Systems that use these devices can have smaller power 
MOSTEK has the expertise necessary to bring the supplies, less cooling equipment and operate more 
benefits of dynamic circuit techniques to the static _ reliably. Naturally, MOSTEK expects other semi­
RAM and ROM market. conductor manufacturers to eventually follow it's 

In conclusion, by using the dynamic circuitry wher­
ever possible, MOSTEK is capable of producing static 
memory devices that offer great speed power benefits. 

lead in this area. The impetus for them will be pro­
vided for customers who recognize and demand the 
advantages that edge-activated devices provide. 
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MOSTEI{® 
DESIGNING WITH MOSTEK'S 

EDGE-ACTIVATED MEMORY CONCEPT 
By SAM YOUNG 

ABSTRACT 

Historically, 5V static MOS RAMs have been slow, 
or have had high operating power and standby power, 
or have been some compromise thereof. The user, 
therefore, had to give up the high speed, low standby 
power attributes of dynamic RAMs in order to 
avoid the complications of refresh, non-static storage 
and multiple power supplies. This compromise was 
not acceptable to MOSTEK designers. An alternative 
was sought and the Edge Activated* RAM concept 
was born. 

INTRODUCTION 

The Edge Activated concept permits the use of circuit 
techniques not previously possible with static storage. 
The Edge Activated concept employs an internal 
clock generator to permit operation with very low 
power consumption. The clock generator permits use 
of a unique cell which enhances performance and 
reduces chip area. The Edge Activated part, of course, 
does not require refresh or any other periodic activa­
tion. The Edge Activated component remains in low 
power mode, 75% of active power, when the clock is 
not active. For the static RAM member of the family, 
an additional power down option is available for 
battery back-up. The standby power may be reduced 
from 28 to 10mW reducing Vcc to 3V. The Edge 
Activated concept was designed for ease of use· and 
reliable performance. 

THE CONCEPT 

The Edge Activated concept can best be explained by 
referencing Figure 1. The Edge Activated T M RAM 
requires all address inputs to be valid prior to initia­
tion of a negative going edge-on the chip enable input. 
The chip enable signal must remain valid for a speci­
fied duration, equivalent to the minimum access time 
of the component. A recovery time between cycles, 
50% of specified access is required for proper opera­
tion. DO becomes available, tACC after CE and re­
mains valid until chip enable is deactivated. 

The requirements of the Edge Activated interface is 
one which is readily available from most micro­
processor chips or can be readily obtained from 
processor/memory controller timing. 
·Trademark of MOSTEK Corporation 

Application Note 

LOW VOLTAGE, EDGE-ACTIVATED RAM/ROM 
FAMILY 
Figure 1 

~---------~----------~ 

CHIP ENABLE VIH 
VIL 

DATA OUTPUT ~g~ _____ OPEN -----j-~V;;;AL:;;ID~i 

1. A SIMPLE HIGH TO lOW TRANSISTION ATTHE CHIP ENABLE 
(CE) INPUT ACTIVATES THIS ENTIRE FAMilY OF MEMORY DEVICES 

2. RETURNING TO CE INPUT TO A HIGH LEVEL IS ALL THAT IS 
REQUIRED TO ACHIEVE A 75% REDUCTION IN DEVICE OPERATING 
POWER· we CALL THIS FEATURE "AUTOMATIC STANDBY" 

3. ADDRESS INFORMATION IS STROBED AND LATCHED INTO A SET 
OF ON-CHIP REGISTERS, 

4. YOU HAVE FUll CONTROL Of THE DATA OUTPUT; THIS IS 
DETERMINED BY THE CEPULSE WIDTH. 

BENEFITS TO THE USER 

OPEN -

The Edge Activated concept brings multiple advan­
tages to the user. These benefits are: 

5 volt 10% tolerance power supply 
TTL logic compatibility 
Low active power - 1/5 that ach ieved with other 
design techniques. 
Low standby power-1/5 to 1/30 that achieved with 
other design techniques. 
I ncreased system density 
Reduced voltage/power data retention mode 
Denser components 
Improved reliability 
Reduced system cost 

The power savings achievable by utilizing MOSTEK's 
Edge Activated concept is graphed in Figure 2. 
This figure shows the power dissipation of MK4104 
devices in various system configurations. For com­
parison, a 64Kx9 memory with Edge Activated static 
RAMs dissipates 4.9W while non-Edge Activated 
static RAMs would dissipate 102W in a similar app 
Iication. As everyone knows, power costs money, 
reduces reliability and density in a system. 
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MEMORY SIZE VERSUS POWER DISSIPATION 
Figure 2 
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THE FAMILY 

The Edge Activated family consists of the following 
products: 

Dynamic RAM Static RAM ROM 
MK4027 MK4104-4Kx1 MK36000-
MK4116 MK4114-1Kx4 64K ROM 

4027/4116 

The Edge Activated 4027/4116 have been widely 
copied and are presently the industry standard Dy­
namic 4K and 16K RAMs. The knowledge developed 
to permit these complex RAMs to meet the memory 
users objectives of speed, density, and reliability 
has been applied to the newer members of the Edge 
Activated family. 

4104/4114 

The MK4104 4Kx1 and its lKx4 equivalent the 
MK4114 are both static RAMs applying the Edge 
Activated concept previously defined. The static 
RAM features 200ns access time while expending 
a mere 120mW of power. 
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4104 OPERATION 

The requirements for correct operation of this Edge 
Activated RAM for its various cycles types as 
follows: 

READ CYCLE 

The read cycle operates as follows, reference Figure 
3. Address information present at input pins Ao-A 11 
must be valid (;;. 2.2 for a logic "1 ";.;; 0.8 for a 
logic "0") before the CE clock becomes less negative 
than 2.2 volts. The address lines must be valid until 
T AH (address hold timer) nsec after CE has been 
activated (';;0.8V). Data out will become valid TACC 
nsec after CE is activated and will remain valid until 
CE becomes more positive than 0.8 volts. The data 
hold time t off is influenced by the capacitive 
loading external to the 4104 device. After a short 
recovery time, (TP) approximately 50% of access time, 
the 4104 is ready to accept a new cycle. 

EAR L Y WR ITE CYCLE 

The early write cycle has the same address require­
ments as a read cycle. The early write cycle requires 
that WE be valid no later than 20nsec after CEo 
In this mode the data out buffer will stay open cir­
cuit permitting common I/O operation (DO pin 
connected to the 01 pin). 

The cycle is initiated by CE going active (referenced 
Figure 4). Data in will be latched into the chips 
registers by the later occurring event of CE and WE. 
The Data in line may change after the TDH (Data 
in hold) parameter has been met. The write enable 
pulse must remain valid for TWH (write enable hold) 
nanoseconds. Since TWH is much greater than the 
minimum write enable pulse width, it is the para­
meter which determines the WE pulse width. The 
write cycle is completed by the CE pulse returning to 
the inactive state. The trailing edge of WE may return 
to the inactive state as soon as TWH is met or as late 
as 0 nsec before CE goes active for the next cycle. 
If the next cycle is another early write the WE write 
enable signal may remain active low. 

WRITE CYCLE 

The write cycle is a less restrictive early write cycle. 
In this mode the user should not care what state the 
data out pin is in. The WE leading edge is then non­
critical relative to CE being activated. In this mode 
(reference Figure 4) the TWPL (write enable to chip 
enable precharge lead time) and the TWW (WE 
pulse width) are the limiting parameters. This simply 
requires a minimum WE pulse width and a minimum 
Wi: pulse overlap with chip enable active. 01 is 
latched in by WE being activated. The hold time is 
determined by TDHC or TDHW which ever is longer. 
The cycle is terminated in a manner similar to the 
early write. 



TIMING WAVEFORMS 
READ CYCLE 
Figure 3 

ADDRESSES 

WRITE CYCLE 
Figure 4 
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READ-WRITE 

The read-write cycle is a combination of the read 
only and write only cycles. In this mode after address 
is stable IT is activated and T ACC (access time) 
later data out is valid. At T ACC time the WE pulse 
may be activated without disturbing the data out 
from the RAM. Data in must be valid prior to WE 
active for proper operation. The hold time in this 
mode is determined by TDHW. The read-write cycle 
is terminated in a manner similar to the write cycle. 

READ-MODIFY-WRITE CYCLE 

The read-modify-write cycle is an extension of the 
read-write cycle. After data is read WE is delayed 
until data in information is available to the RAM. 
This cycle requires a longer CE active pulse, hence a 
longer cycle time, due to the time needed to modify 
the read data. This cycle terminates in a mariner 
similar to the read-write cycle. Reference Figure 5. 

MK36000 

The MK36000 is an Edge Activated concept ROM. 
This unique ROM has a density of 65,536 bits with 
access time of less than 250ns while dissipating a 
stingy 200mW when selected and 50mW w~en de­
selected. It is conceivable in 1978, this ROM, 1cept 
can achieve performance characteristics approi:lching 
lOOns access times. The ROM uses MOSTEK's 

TIMING WAVEFORMS (CONT'D) 
READ-MODIFY-WRITE CYCLE 
Figure 5 

standard N-channel silicon gate process and obtains 
its performance features through the Edge Activated 
circuit design concept. For comparison, previous 
ROMs have achieved speeds of 350ns while expending 
about 600mW of power dissipation. The operation 
of the ROM is identical to the basic Edge Activated 
concept operation of Figure 1. 

APPLICATION TO A Z-80 MICROPROCESSOR 

The Edge Activated component may be interfaced to 
a Z-80 microprocessor with minimal additional 
components. Figures 6 and 7 show typical imple­
mentations of the 4104 (4Kxl static) and 4114 
(lKx4 static) RAMs. A non-Edge Activated 
RAM would have a similar interface. A ROM could 
be implemented in a similar manner. For a ROM the 
R/W, DIN signals and associated logic could be 
eliminated. 

IMPLEMENTING THE EDGE ACTIVATED 

Implementing the Edge Activated component is 
similar to utilizing any other dense memory com­
ponent. The requirements are typical of all dense 
memory products available today. The MK4104 is 
chosen for this section since much has already been 
written about dynamic RAMs. Several design funda­
mentals must be realized and adhered to in order to 
allow a successful design effort. 
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zao Nx1 STATIC RAM INTERFACE 
Figure 6 
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DECOUPLING 

Edge Activated RAM's require a high current for a 
very short intervals of time. This requires use of 
high frequency decoupling capacitors within the 
memory matrix. Since the frequencies of interest can 
be as high as 100MHz very high frequency response 
capacitors are required. Ceramic 0.1JlF capacitors 
have been empirically found to best serve this func­
tion. The MK4104 pinout was chosen to permit 
implementation of the required capacitors with 
minimum area loss. One capacitor every other RAM 
is suggested. The configuration of Figures 8 and 9 are 
suggested to achieve optimum performance with 
axial or radial lead capacitors. 

MATRIX INTERCONNECT TECHNIQUE AND 
PLACEMENT OF HIGH FREQUENCY CAPACITOR 
WITHIN MK4104 MATRIX 
Figure 8 

PLACEMENT OF RADIAL LEAD DECOUPLING 
CAP. WITHIN MK4104 MATRIX 
Figure 9 

O.l.uF HIGH 
FREQ. CAP. 
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POWER DisTRIBUTION 

The MK4104 pinout was designed to permit use of 
two-sided printed circuit boards. Multilayer boards 
can, of course, be utilized with good results. The 
power and ground distribution scheme of Figure 10 
offers the following advantages: 

A. Low inductive path between the RAM and its 
decoupling capacitors. 

B. Low ground impedance to reduce induced 
noise. 

C. Minimized ground offset between TTL 
memory drivers and memory chips. 

D. Supplies constant impedance reference for 
signals traversing the board-reduces reflections 

E. Reduces intersignal cross talk due to reduced 
signal to ground spacing. 

MK4104 POWER-BUS DISTRIBUTION SCHEME, 
FOR COMPACT LAYOUTS 
Figure 10 

LOGIC DESIGN 

The M K41 04 was designed to permit use of standard 
TTL logic without requiring any level enhancing 
devices. A typical design of a 16Kx9 memory board is 
shown in Figure 11. Chip enable is decoded in order 
that it occurs on only one memory word simul­
taneously. Address lines and WE may go to all chips 
simultaneously. See Figure 12 for architecture. 

The resistors in series with the line are required to 
eliminate signal ringing caused by the impedance 
mismatch between the driver and the line. In general, 
omitting these resistors will result in signal character-
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istics which violate the RAM specification. The 
exception to this is where a slow driver, such as 
low power Schottky, is utilized and the line lengths 
are kept reasonably short. 

Terminating the signal line at the receiving end is 
an alternative method which may be employed, 
this techniques has several drawbacks which are as 
follows: 

A. Termination to ground requires a driver which 
can source a large current. 

B. Termination to +5 requires a driver which can 
sink a large current. Implementing a standard 
TTL gate will not permit the line to be correctly 
matched. This also reduces the VIL margin. 

C. Termination to ground and +5 can be imple­
mented. This adds components and also reduces 
the VI L margin due to current the driver must 
sink in the low state. 

D. Quite often there are several ends to terminate 
making end termination impractical. 

A third technique using Schottky diode clamps was 
found to be not as effective as the series damping 
resistor approach. 

MATRIX ROUTING 

The interconnect scheme shown in Figure 8 is sug­
gested to minimize cross talk within the memory 
array. The MK41 04 pinout was constructed to permit 
optimum signal routing without impacting board 
area. Chip enable is routed near ground to minimize 
cross talk problems. 
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SIGNAL ROUTING CONSIDERATIONS 

Care should be taken in the memory layout to avoid 
routing signals in a manner that could cause cross 
talk problems. Signal cross talk is directly impacted 
by spacing between signals, length of parallelism and 
proximity to ground. The number of signals switching 
simultaneously will also influence the amount of 
signal induced into an adjacent line. To avoid cross 
talk problems, the designer should avoid placing 
signals sensitive to noise spikes in close proximity to 
groups of signals simultaneously switch ing at in­
opportune times. Many memory designers can attest 
to redesigning boards for this reason alone. A situa­
tion of this type to avoid with the MK4104, would 
be positioning the chip enable etch, in the boards 
logic area, in the center of the twelve address lines, 
or in a group of data lines. This problem exists for all 
memory devices be they Edge Activated or not. 

CONCLUSION 

The Edge Activated component is unique in today's 
memory market. The high density, fast performance 
and very low power make it a very flexible part to 
uti I ize. The battery mode feature of the MK4104/ 
4114 opens up multiple portability and battery 
standby applications. Potential uses cover the gamut 
from mainframe memories to small specialty app­
lications in biomedical electronics or process control. 

The simple interface of the RAM makes it a natural 
choice for manufacturers requiring an easy to use 
part. Above all, the Edge Activated family is manu­
factured by MOSTEK CORPORATION whose 
products are among the most reliable in the industry. 
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By DAVID HUFFMAN 

With today's faster, more powerful microcomputer 
chips emerging in abundance, and larger, more 
memory-intensive programs being written, semi­
conductor memory requirements for larger storage 
capacities, faster access times, and lower subsequent 
costs have become dominant system design factors. 
Basic semiconductor memory-chip technology in­
volves variations of random-access memory (RAM) 
and read-only memory (ROM). RAM allows binary 
data to be written in, and to be read out. New and 
different programs and data can be loaded and 
stored in RAM as needed by the processor. Because 
information is stored electrically in RAM its contents 
are lost whenever power goes down or off. When 
fixed, or unchanging, programs and data are needed 
by the processor, they are loaded into some form of 
ROM. In ROM, information is physically (perman­
ently) embedded; therefore, its contents are preserved 
whenever power is off or interrupted momentarily. 

Semiconductor memory chips are normally manu­
factured using either bipolar or metal-oxide semicon­
ductor (MOS) technologies. Bipolar and MOS 
memories implement bipolar transistor and MOS 
field-effect transistor (MOSF ET) arrangements, res­
pectively, to store addressable sequences of binary 
15 and as. MOS memories are either static or dy­
namic. Static memory depends on a dc level for 
operation; it is easier to implement in many cases, 
but requires more power. Dynamic memory requires 
clock signals or level changes for operation; thus more 
external circuitry may be needed. However, chip 
size and thus cost is reduced as is power dissipation. 

Typically, ROM has been the limiting component 
in computer system design, operation, and manufac­
turability. Problems like slow access time, high power 
dissipation, long prototype and production cycles, 
and lack of second sources have concerned computer 
system and equipment designers. This article sum­
marizes the present MOS ROM state-of-the-art and 
describes the progress made by the semiconductor 
industry in manufacturing improved ROMs. 

ROM TYPES AND PRINCIPLES 

Major types of read-only memory (ROM) are: basic 
mask programmed ROM; electrically programmable, 
ultraviolet erasable (EPROM); electrically alterable 
(EAROM); electrically erasable (EE ROM); and field 
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programmable (p/ROM). EPROM is electrically pro­
grammable, then erasable by ultraviolet (UV) light, 
and programmable again. Erasability is based on the 
floating silicon gate structure of an n- or p-channel 
MOSFET. This gate, situated within the silicon dio­
xide layer, effectively controls the flow of current 
between the source and drain of the storage device. 
During programming, a high positive voltage (nega­
tive if p-channel) is applied to the source and gate 
of a selected MOSFET, causing the injection of 
electrons into the floating silicon gate. After voltage 
removal, the silicon gate retains its negative charge 
because it is electrically isolated (within the silicon 
dioxide layer) with no ground or discharge path. 
This gate then creates either the presence or absence 
of a conductive layer in the channel between the 
source and the drain directly under the gate region. 
In the case of an n-channel circuit, programming with 
a high positive voltage depletes the channel region 
of the cell; thus a higher turn-on voltage is required 
than on an unprogrammed device. The presence or 
absence of this conductive layer determines whether 
the binary 1-bit or the a-bit is stored. The stored bit 
is erased by illuminating the chip's surface with UV 
light. The UV light sets up a photocurrent in the sili­
con dioxide layer which causes the charge on the 
floating gate to discharge into the substrate. A 
transparent window over the chip allows the user to 
perform erasing, after the chip has been packaged and 
programmed, in the field. EAROMS use electrical 
pulses to clear all bits simultaneously. 

The p/ROM has a memory matrix in which each 
storage cell contains a transistor or diode with a 
fusible I ink in series with one of the electrodes. 
After the programmer specifies which storage cell 
positions should have a 1-bit or a a-bit, the p/ROM 
is placed in a programming tool which addresses the 
locations designated for a 1-bit. A high current is 
passed through the associated transistor or diode to 
destroy (open) the fusible link. A closed fusible link 
may represent a a-bit, while an open link may rep­
resent a 1-bit (depending on the number of data 
inversions done in the circuit). A disadvantage of the 
fusible-link p/ROM is that its programming is per­
manent; that is, once the links are opened, the 
produced bit pattern cannot be changed. 

Two other types of p/ROM that are not as prevalent 
in the industry, but deserve mention are EEROM and 
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EAROM. The first, EEROM or electrically erasable 
ROM, works similarly to the "floating gate" EPROM 
but can be erased (all bits) by electrically pulsing the 
device. The EAROM or electrically alterable ROM 
utilizes special processing techniques that allow bit 
locations to be reprogrammed at any time. However, 
unlike a RAM, the write cycle is very long preventing 
its use as a non-volatile RAM where both read and 
write cycles are to be used. Both EEROM and 
EAROM are used mostly in specialized applications 
where nonvolatility and electrical erasability are 
requirements. 

In mask-programmed ROM, the memory bit pattern 
is produced during fabrication of the chip by the 
manufacturer using a masking operation. The mem­
ory matrix is defined by row (X) and column (Y) 
bit-selection lines that locate individual memory 
cell positions. 

For example, in Fig 1 refer to column C2 and row 
127 as the storage cell location of interest. When the 
proper binary inputs on the address lines are decoded, 
the cell at R127 ' C2 will be selected. If the drain 
contact of this cell is connected to bit line L2, then 
L2 will be pulled below threshold, turning off device 
C2; note that devices Co' C1, and C3 through C15 
will also be off since they are not addressed. There­
fore, device A pulls the OUT line to Vcc for a logic 1 
output when cell R 127 , C2 is selected. 

Alternatively, consider when cell R 127 ,C2 is masked 
it does not have a drain contact to bit line L2. Then 
when this cell is addressed, device C2 is now con­
nected to Vcc and will be turned on. Thus, the OUT 
line will be pulled to ground through device C2 and 
will appear as a logic 0 output. To program a 1 or a 0 
into a ROM storage cell, the drain contact will or 
will not be connected, respectively, to the particular 
bit line. Note that this type of programming is 
permanent. An alternative method of performing the 
same operation would be to eliminate the gate of the 
storage cell. 

Typical ROM applications include code converters, 
look-up tables, character generators, and nonvolatile 
storage memories. In addition, ROMs are now playing 
an increasing role in microprocessor-based systems 
where a minimum parts configuration is the main 
design objective. The average amount of ROM in 
present microprocessor systems is in the 10K- to 
20K-byte range, while some applications utilize as 
much as 30K or 40K bytes. Fig 2 shows a block 
diagram of a typical microprocessor system in which 
ROM is the predominant program storage element. 
In this particular application, the 16K ROM is used to 
store the control program that directs CPU operation. 
It may also store data that will eventually be output 
to some peripheral circuitry through the CPU and the 
peripheral input/output (P I/O) device. 

PORTION OF ROM MATRIX AND OUTPUT CIRCUITRY OF MK 34000 
Figure 1 VCC 

VCC 

1_ FROM COLUMN 0 DECODE ----,-------
VCC 

FROM COLUMN 3 DECODER 

1 

------1-
I 
1 CELL R 127 C2 

FROM ROW--;2-;1 
DECODER 

I 1 1 1 I 1 1 1 1 1 1 1 1 
1 1 1 1 I 1 I I I 1 I 1 CELL R 127 C 15 --:--+ -, --r -'-I-,-,---r-r--'-I-r-l--1 

1 I I I I 1 1 1 I I I 1 1 I 
1- I 1 = I 1 1 1 1 I 1 1 I I 
I -: I I I 1 1 I I I I I I I I : -
1 I 1 I 1 1 I I I I 1 1 1 1 I 

LO I L2 I I I I 1 I 1 1 I I 1 I F' I "1 I I '" I I I I I 1 
~ __ !_l~CE~'=--R~~~_1 _, __ 1 __ 1 __ 1_ 1 __ , __ , __ ~ _1 __ 'pELL ROCI5 

FROM ROW()T ., I I I I I I I 1 1 1 I Ii 
DECODER 1 I 1 1 1 1 I I I I 1 I I 

-=- I, -::- 1 I 1 1 I 1 I I I 1 I I -=- VCC 

I 1 1 I I I 1 1 I 1 I I 
J.... -L-L-L-L-L-L..L-L....L-L-L....L 

= 

If drain contact is made (1 state) when particular cell is accessed, storage transistor will cause OUT line on 
device A to pull high (to Vcc). If contact is not made to drain, device will pull OUT line low (0 state). 
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SYSTEM DEVELOPMENT CYCLE For many designs, fast manufacturing turnaround 
time on ROM patterns is essential for fast entry into 

In a microprocessor system development cycle, seve- system production. This is especially true for the 
ral types of memory (RAM, ROM, and EPROM or consumer "games" market. Several vendors now 
p/ROM) are normally used to aid in the system design. advertise turnaround times that vary from two to six 
After system definition, the designer will begin weeks for prototype quantities (typically 25 pieces) 
developing the software control program. At this after data verification. Data verification is the time 
point, RAM is usually used to store the program, when the user confirms that data have been trans­
because it allows for fast and easy editing of the data. ferred correctly into ROM in accordance with the 
As portions of the program are debugged, the de- " input specifications. 
signer may choose to transfer them to p/ROM or 
EPROM while continuing to edit in RAM. Thus, he 
avoids having to reload fixed portions of the program 
into RAM each time power is applied to the develop-
ment system. 

Decision making on the part of designer and manu­
facturer is required during the next step in the 
development cycle. Depending on the type and quan­
tity of microprocessor systems to be produced, 
a decision has to be made as to whether ROM, 
p/ROM, or EPROM will be used for permanent 
program storage. If only a few systems are to be 
manufactured, it may be more cost-effective to use 
either p/ROM or EPROM. EPROM-based storage 
also allows the main program to be changed at any 
time, even in the field by the end-user. The p/ROM­
based system requires replacement; however, it is 
field programmable. If the main requirement is a 
minimum parts configuration and many micropro­
cessor systems must be produced the decision should 
be to use ROM-based storage. 

MICROPROCESSOR BLOCK DIAGRAM 

Figure 2 

T 

Typical microprocessor system utilizes CPU, P I/O, 
and 16K ROM. 

Contact programming is one method that allows 
ROM programming to be accomplished in a shorter 
period of time than with gate mask programming. 
The step-by-step ROM manufacturing process is listed 
in Table 1. N-MOS ROMs go through basically the 
same processing steps. In mask programming, most 
ROMs are programmed with the required data bit 
pattern by vendors at the first (gate) mask level, 
which occurs very early in the manufacturing process. 
In contact programming, actual programming is not 
done until the fourth (contact) mask step, much 
later in the manufacturing process. That technique 
allows wafers to be processed through a significant 
portion of the manufacturing process, up to "contact 
mask". and then stored until required for a user 
pattern. Some vendors go one step further and prog­
ram at fifth (metal) mask. This results in a signifi­
cantly shorter lead time over the old gate-mask­
programmable time of 8 to 10 weeks; the net effect 
is time and cost savings for the end user. 

MOS ROM MANUFACTURING PROCESS FLOW 

Table 1 

Wafer 
Oxidation 
Nitride 
First Mast 
(Gate Mask) 
Etch 
Second Mask 
Implant 
Polysilicon 
Third Mask 
Oxidation 
Fourth Mask 
(Contact) 
Etch 
Metall ization 
Fifth Mask 
Glassification 
Sixth Mask 
Test 
Assemble 
Ship 

-'-'--r--
Time Saved In 
ROM Turnaround 

_~l_ 
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ROM VS DISCRETE LOGIC COSTS 
Table 2 

ROM Capacity 
(Total Bits) 

Functional Estimated 
ROM Cost IC Gates ICs IC Dollars 

8K 
16K 
32K 
64K 

$7 to 8 
$8 to 9 
$16* 
$20"'. 

500 to 999 50 to 99 $20 to 39 
1000 to 1999 100 to 199 $40 to 79 
2000 to 3999 200 to 399 $80 to 159 
4000 to 7999 400 to 799 $160 to 319 

* Projected cost 

COST CONSIDERATIONS 

Consider a typical microprocessor system and what 
ROM can provide in terms of cost savings over 
discrete logic and EPROM. Assume that a single gate 
function can be replaced with eight to ten bits of 
ROM and that most of today's transistor-transistor 
logic (TTL) integrated circuits (ICs) contain on the 
order of ten functional gates having an average selling 
price of $0.40. The typical microprocessor system 
contains 20K bytes of ROM. Table 2 compares the 
costs of ROM versus discrete logic. 

From the table, one 16K (2048 x 8-bit) ROM can 
replace 100 to 200 TTL packages. Depending on the 
total quantity of ROMs required, it can be seen 
that they are a cost-effective alternative to discrete 
logic. 

Additional savings are possible when ROM is used. 
Board area is reduced, which lowers material cost; 
fewer packages reduce insertion costs; and, with 
smaller boards and fewer interconnections, the cost 
of incoming inspection is also decreased. When 
board troubleshooting costs go down, overall system 
reliability increases. 

At this time, the largest cost-effective EPROM size 
available is 1024 x 8 bits or 8192 total bits. However, 
there are many 2048 x 8 bit, or 16K ROMs available. 
At an average selling price of $16/EPROM and 
$8/ROM, it is evident that ROM remains the most 
cost effective solution. For every two 8K EPROMs, 
only one 16K ROM is needed. The disadvantage of 
ROM in small quantities is the mask charge (usually 
$500 to $1000). In larger production quantities, 
the mask charge is waived when a minimum number 
of parts have been purchased (typically 500 to 
1000 pieces/pattern). 

KEY PERFORMANCE 

With faster and more powerful microprocessors 
entering the market, ROM performance is more 
important than ever, especially since ROM has typ­
ically been the limiting factor in system processing 
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speed and operation. When 16K ROMs were intro­
duced several years ago they were fairly slow, with 
access times ranging from 550n5 to well over 1.0 
J.ts. These ROMs made it difficult to take advantage 
of the full speed capability of newer microprocessors. 
If processing speed was paramount, the designer 
usually selected bipolar ROMs, which possess fast 
speed but have high power dissipation. Density costs 
are also higher. 

Newer MaS ROMs (such as the MK34000, and 
and 36000) provide the system designer with both 
speed and density. Access time is 300ns worst case, 
specified over the full power supply and temperature 
ranges. In addition,since many microprocessors 
now have only a single power supply requirement 
(5V), the trend in 16K,/32K/64K ROM designs is also 
slanted to this single voltage. Most vendors offer a 
±5% supply voltage tolerance and at least one speci­
fies ± 10%. 

OTHER PARAMETERS 

Many ROM-based memory applications are subject to 
various detrimental environmental conditions. For in­
stance, an intelligent data entry terminal used on a 
busy outdoor loading dock could be exposed to 
vibration-generated electrical noise, extreme temper­
ature variations from -20 to 125° F (-28 to 51°C), 
machine-generated noise, and power line fluctuations. 
Critical ROM parameters, such as temperature range, 
input levels, output drive, power supply tolerance, 
and power dissipation, are being accommodated by 
innovative memory design and processing techniques 
to optimize performance and reliability. 

Extensive use of ion implantation as a means of 
controlling circuit zero bias threshold voltages is now 
prevalent. One ROM vendor uses a substrate bias 
generator, often called a charge pump which results in 
much wider operating tolerances. Input levels of 
2.0V, ± 10% power supply tolerances, wider operating 
temperature ranges, faster access times, and lower 
power dissipation are now available. 



Important data sheet parameters that a designer 
should examine when specifying ROMs are listed in 
Table 3. Of course, which parameters are important 
to the individual designer depends entirely on the 
application. In the loading dock example cited 
previously, temperature range may be the most 
critical. In a military airborne application, temp­
erature range and power dissipation would be most 
important. 

IMPORTANT DATA SHEET PARAMETERS 
Table 3 

General 

Absolute maximum voltage ratings - voltages beyond 
which parts are likely to be destroyed 

Absolute maximum temperature - operating and 
storage temperatures beyond which parts may be 
permanently damaged 

"Recommended" operating conditions- operating 
conditions that the manufacturer requires for 
proper operation 

DC parametrics- current and voltage parameters at 
specified conditions 

Timing diagrams - part timing specifications essential 
for system design 

Capacitance specifications - particular input and 
output specifications required to avert drive prob­
lems 

Package specifications- pin·outs and package me­
chanical data for layout and environmental require­
ments 

Specific 

Voltage and current levels - input and output low 
and high voltage and current levels on all inputs 
and outputs 

Power supply regulation - detailed power supply re­
gulation specifications 

Output capacitance test value - this value deter­
mines maximum number of parts which can be 
strung together and still meet specifications 

Standby and output leakages 

Input and output leakages 

Timing parameters - all timing parameters required 
to totally specify system operation 

Input methodologies - ROM's truth table should 
indicate accepted input methodologies including 
card, tape, or transmit formats 

Operating temperature specifications - should allow 
for proper system margins after enclosure temp­
erature rises are taken into account 

CHARGE PUMP TECHNIQUE 

Although the ROM charge pump technique has been 
utilized for several years, a new design approach has 
evolved (Fig 3). The charge pump is an on-chip bias 
generator that is used to shift the thick-field thres­
holds (VT) to their proper operating levels, as well as 
to reduce junction capacitance of the circuit. In dy­
namic RAMs, an external VBB power supply is used 
for this purpose. This fixed value bias is useful, as 
such, but it does not compensate thresholds over 
temperature. In the MK34000 and 36000 ROMs 
(16K, and 64K respectively). the charge pump 
approach does temperature compensate for 
thresholds by utilizing a method of VT feedback. 
A threshold detector compares VT values of the 
circuit with an on-chip voltage reference (VR). 
Significantly, VR is always a fixed percentage of the 

V CC supply rather than being VT dependent. Nor­
mally, the V CC supply can be held constant over a 
specified temperature range; thus, the reference will 
also remain constant, keeping VT constant. Even if 
the supply voltage changes, the reference voltage will 
cause the effective VT to be within its operating 
range for a particular supply potential. 

The bias generator is actually an on-chip gated oscill­
ator (A) that, when operating, "charges up" the 
substrate capacitance of the chip with a negative 
potential. The threshold detector will turn the 
oscillator on or off if it detects either an inequality 
or an equality, respectively, of V Rand VT- This is 
especially important for VT versus temperature. 
Typically, as temperature goes up. VT goes down; 
with normal process tolerance included in the total 
VT, this could severely limit the allowable specified 
levels and temperature range. The threshold detector 
is sufficiently accurate so that it can compensate for 
small changes in VT during normal operation of the 
part. Fig 4 shows the behavior.of VT, VBB, and com­
pensated VTC over an extremely wide temperature 
range. The outstanding feature of the compensated 
VT curve, is that it is flat over a significant range in 
temperature. It can be shown that the overall effect 
is an improvement in system margins, improved 
yields, and reliability. This is all possible with no 
increase in chip size and an insignificant increase in 
power supply current (typically 1 mAl. 

SYSTEM RELIABILITY 

Replacing many random logic circuits with a single 
MaS ROM not only makes good economic sense, but 
also significantly increases reliability. Printed circuit 
(PC) board area is reduced along with a multitude or 
system interconnections. It is possible for a single 
ROM to eliminate 2000 interconnections when bond­
ing wires and PC board etches are taken into account. 
This means fewer chances for opens, shorts and lay­
out problems. When using ROMs, troubleshooting is 
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ON-CHIP SUBSTRATE BIAS GENERATOR 
Figure 3 
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Simplified circuit diagram of an on-chip substrate bias generator which utilizes a method of VT feedback. Circuit will only gen­
erate a negative bias when VT does not equal reference voltage. When operating, circuit draws a minimum amount of power while 
requiring no additional layout space on chip. 

OPERATING MARGINS 
Figure 4 
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By comparing curves showing VT versus ambient 
temperature for circuit with and without substrate 
bias generator, it can be seen that operating margins 
of a noncompensated device may be quite limited. By 
utilizing VT feedback method of device operation, VT 
can be held constant over significantly wide temp­
erature range. Plot also shows Vss versus temper­
ature with generator operational. 



simplified because there are fewer components, inter­
connects, and contacts. 

SCREENING REQUIREMENTS 
SPECIFIED FOR MIL-STD-883, CLASS B Table 4 

Test Method Condition Test Level 
In addition, vendors have learned techniques for 
lowering the power supply current requirements of Visual 2010.2 Condition 8 100% 
ROMs. One method utilized is a static matrix with 

Stabil ization 100B.l Condition '6 
dynamic or "edge activated"* control circuitry. Bake 24h at 150 C 100% 
The fvlK36000 ROM, for instance, draws a typi- T emperatu re 1010.1 Condition C 100% 
cal average current of only 40mA, compared with Cycle -65 to 150°C 

80mA typical of a comparable density totally static 10 cycles 

device. When supply current is low, chip temperature Centrifuge 2001.1 Condition E 100% 

is low and reliability is enhanced. 30k Gs VI 
Plane 

Many vendors now offer enhanced reliability screen-
Hermiticity 

Fine 1014.1 5xlO·B 100% 
ing as an option. This screening may include tempera- Atm-cm 3/s 

ture cycling for detecting die- and bond-related prob- Gross 1014.1 Condition C 

lems, and also fine and gross hermeticity testing. In Pre-Bum-In Static and Mfg's 
addition, many offer an option on burn-in to weed Electrical Test Dynamic Tests Option 

out infant mortalities. Extended temperature range Burn-In 1015 Condition D 100% 

16K ROMs are available, as well as devices processed 
(Dynamic ~~0=~2~~';: at Operating) 

to MI L-STD-883A, Level B. Table 4 lists the 100% 
screening requirements called out by this specifi- Final Static and 100% 

cation. While this screening has historically been re-
Electricals Dynamic per 

Data Sheet I 
served for military applications, more users are re-

See Mf9'sJ qui ring it as a matter of course. Screening of this Quality Sample 

type means that the user receives the highest reli- Conformance Quality Specification 

ability possible in his parts. External Visual 2009 100% 

COMPARISON OF SEVERAL AVAILABLE 16K ROMs Table 5 

American General I 

Mostek Micro Systems Instruments Intel Motorola Synertek 
Parameter MK34000 S6831B R03-9316A/B 12316E/8316E 68316E 2316B 

Input Voltage 
High (V IH) 2.0 V min 2.0 V min 2.2 V min 2.4 V min 2.0 V min 2.0V min 
Low (V IL) 0.8 V max 0.8 V max 0.65 V max 0.8 V max 0.8 V max 0.8 V max 

)utput Voltage 
High (V OH ) 2.4 V at 220J.1A 2.4 V at 1 00J.1A 2.2 V at 100 J.1A 2.4 V at 400J.1A 2.4 V at 220J.1A 2.4 V at 200J.1A 
Low (VOL) 0.4 V at 3.3 mA 0.4 V at 2.1 mA 0.45 V at 1.6 mA 0.4 V at 1 mA 0.4 V at 1.B mA OAV at 2.1 mA 

Power Supply BOmAmax TBD max 110 mA max 120mA 130mA 98mA max 
Current (Icc) 30 mA typ 30 mA typ 90mA typ Typ 

OUtput Leakage 10 J.1A 10 J.1A 10 J.1A 10 J.1A 10 J.1A 10 J.1A 
Current 

Input Leakage 10 J.1A 2.5 J.1A 10 J.1A 10 J.1A 2.5 J.1A 10 J.1A 
Current 

Power Supply 5 V ±10% 5V±5% 5 V±5% 5V±5% 5 V ±5% 5V±5% 
Voltage 

Access Time 350 ns 450 ns 450 ns 450 ns 500 ns 450 ns 
Referred to 
Addresses 

Chip Select 175 ns 200 ns 200 ns 120 ns 300 ns 250 ns 
To Output 
Delay Time 

Chip Deselect 150 ns 150 ns 200ns 100 ns 175 ns 250 ns 
To Output 
Delay Time 

- ._-.. 
Operating Temp Ot070°C o to 70°C ° o to 70 C o to 70°C ° o to 70 C o to 70°C 

Range 

Extended Temp Ves Ves Ves NA Ves NA 
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STANDARDIZATION 

Standardization has resulted in several important 
advantages. Previously, different pin-out images, 
various data input formats and media, and different 
circuit operating modes made system design difficult. 
ROM vendors have now realized that future product 
upgrading has significant market value. Also, products 
that have a second source are more likely to succeed 
in the highly competitive memory market. 

At the present time there are 1024 x 8 and 2048 
x 8 bit EPROMs, 1024 x 8 ROMs, 2048 x 8 ROMs, 
and the newer 4096 x 8 and 8192 x 8 bit ROMs. 
All vendors sourcing these devices have chosen a 
standard pin-out configuration (Fig 5) to ease the 
designer's task in system upgrading. 

PIN-OUT SEQUENCES 
Figure 5 
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Manufacturers of 8K and larger density MOS ROMs have stan­
darized their pin-out sequences. Significance of these pin 
images is that they are upgrade pin-compatible with presently 
available 1024 x 8 and 2048 x 8 EPROMs. 

A designer that implements a standard 8K or 16K 
EPROM can easily change to an 8K, 16K, 32K or 
64K ROM by simply using strap options on his stand­
ard board. A change from an 8K EPROM to an 8K 
ROM involves only opening the VSS supply line to 
pin 21, opening the V DO supply line to pin 19, and 
altering the function of pin 18 from PROG RAM to 
CS/CS (see Fig 6). This can be done on either the ROM 
or the card edge connector. The N/C (no-connect) 
option available on some 8K ROMs makes even this 
unnecessary. Upgrading to larger ROMs involves inter­
changing chip selects and address lines. 
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Second sources are now plentiful. While performance 
compatible ROMs are not always available, vendors are 
making progress along these lines. Some of the pre­
sently available 8K and 16K EPROM pin-compatible 
ROMs are analyzed in Table 5. The point of the analy­
sis is that the devices listed are basically similar with 
the same pin-out, method of operation, and general 
characteristics. Not only do the manufacturers benefit 
but so do the users. 

Standard input formats and media for ROM data have 
been problem areas. Not long ago, a vendor would 
accept data only in his format (ie, hexadecimal or 
octal) and only on card decks. Now virtually any form 
of transferring data is acceptable. For example, data 
have been transferred to ROM from media as diverse 
as telephone data links, EPROMs, and paper tapes. 
Table 6 lists some examples of the currently available 
methods of media data transfer. As can be seen from 
this table, the designer may put his ROM data into 
essentially any form. The possibility of error is re­
duced because no conversions of the data need be 
made to other media to accommodate different vendors. 

ACCEPTABLE FORMAT AND MEDIA FOR INPUT 
OF ROM DATA 
Table 6 

Format 

Mostek 
National 
Fairchild 
Intel Card 
Intel Tape 
Electronic Arrays 
Mostek FB 
Motorola 6800 

CONCLUSIONS 

Media 

Card Deck 
Paper Tape 
ROM 
p/ROM 
Data Link 

Turnaround time has been reduced to a tolerable level, 
pin-outs are being standardized, ROMs are providing 
larger memory capacity with higher performance, and 
data are more easily transferred. In the future, the 
greatest number of applications will most likely be in 
microprocessor systems. Microprocessor memory 
requirements continue to increase as control programs 
get larger and applications become more sophisticated. 
Concurrently the microprocessor is becoming higher 
performance with more control capability, as wit­
nessed by recent 16-bit high speed devices. Today's 
new generation MaS ROMs are being designed to 
interface directly and easily while occupying a mini­
mun of space. The importance and necessity of ROMs 
to system design have resulted in a continual effort by 
the semiconductor industry to improve performance, 
reliability, and cost. 



EPROM AND ROM PIN CONNECTION COMPATIBILITY 
Figure 6 

64K ROM 
32K ROM 
16K ROM 
8K ROM 8K ROM 16K ROM 32K ROM 64K ROM 

SAME A7 24 -VCC SAME SAME SAME SAME 

SAME A6 2 23 -AS SAME SAME SAME SAME 

SAME A5 3 22 -A9 SAME SAME SAME SAME 

SAME A4 4 21 -VBB CS/NC CS/NC CS/NC A12 

SK 
-CS/WE SAME A3 5 20 CS/NC CS/NC CE CE 

AZ 
E 

-VDD SAME 6 P 19 SAME/NC Al0 Al0 Al0 
R 

SAME Al 7 0 lS -PROGRAM CS/NC CS/NC All All 
M 

SAME AO S 17 Os SAME SAME SAME SAME 

SAME 01 9 16 07 SAME SAME SAME SAME 

SAME 02 10 15 06 SAME SAME SAME SAME 

SAME 03 11 14 05 SAME SAME SAME SAME 

SAME VSS 12 13 04 SAME SAME SAME SAME 

Virtually all pin connections are same for an SK EPROM through a 64K ROM. Significant difference occurs on the EPROM 
VB B, V D D, and program pins. These pins in ROM are either CS/CS functions or address inputs with some manufacturers allow­
ing no-connect options_ With N/C option, EPROM can be directly replaced by ROM with no circuit change, except when using 
16K or larger. 
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MOSTEI{. 
MINIMIZING THRESHOLD VOLTAGE TEMPERATURE 

DEGRADATION WITH A SUBSTRATE BIAS GENERATOR 
By DAVID HUFFMAN/DENNIS SEGERS/BOB GREEN Application Note 

As with any MOS circuit, tight controls must be 
maintained on process parameters to insure that 
performance and reliability are maximized. This is 
important not only to a semiconductor manufacturer 
but to the user as well. The dependence of proper 
operation on processing is more critical in today's 
advanced N-channel circuits than in older generation 
P-channel circuits. This partially accounts for the 
limited manufacture of N-channel in the early history 
of MOS technology. Through research and 
experience, it has become possible to manufacture 
highly reliable and good performance N-channel 
circuits with a fair degree of consistency. 

There are still, however, problems that are intrinsic to 
MaS circuitry that are difficult to compensate for by 
just controlling process parameters, in particular 
temperature variations. In Mostek's MK30000/MK-
34000 and MK36000 (8K/16K and 64K ROMs 
respectively), a c.ircuit has beim incorporated with 
the standard design that has minimized· procesf> 
and temperature dependence. This circuit called a 
substrate bias generator, compensates for variations 
in the threshold voltage due to temperature excurs­
ions, aging and other conditions. While the substrate 
bias generator is and has been utilized on various 
circuits, the approach used by Mostek presents an 
innovative departure from the old idea. 

Threshold Voltage 
One of the most critical parameters in an N-channel 
MOS circuit is threshold voltage (VT), or the minimum 
voltage potential required to be applied to the gate of 
an MOS device to turn the device on. Threshold 
voltage can be defined by the following set of 
equations: 
Eq.1 
VT"'VFB + 2¢B j2Es q NA (2!ilB) 

CO 
Where VFB = ¢ms +----'O"-'f.::..S __ 

Co 
¢8 =!I In(NA\ 

q nl J 
¢ms = metal/silicon work function 
Ofs = surface charge density/unit area 
Co = gate capacitance/unit area 
The term O,s can also be divided into several 
components that will help to show how it is process 
dependent. It would include a term for the fixed 
surface charge on the Si/Si 0, interface -ass, a term for 
oxide ion contamination -as and also some secondary 
terms which have only minor effect. Table I 
summarizes how each term is affected by the process. 

Table 1 

PARAMETER PROCESS 

N· Impurity concentration In gate region. 

¢ Gate metal (poly silIcon/aluminum) 

Q,. Crystal orientation. oxide growth technology. 
mobile gate oXide contamination. oxide 
charge due to Ionization 

Co Gate oxide thickness. density of dIelectric 

Many different process techniques have been 
developed over the past few years to better control 
each of the above terms, so that any chosen optimum 
VT can be as reproducible as possible. Mostek for 
example, pioneered the use of ion-implantation as a 
means of controlling the NA term. Utilizing a 1-0-0 
crystal orientation which has the lowest number of 
surface states on the Si/Si 02 interface will minimize 
the O,s term. However, it is still very difficult to maintain 
a high percentage of the threshold distribution at the 
desired value. In a production environment a VT 
distribution of ± 250mV is generally considered to be 
good. 

This situation presents the MOS designer with a 
number of problems. He must take into account the 
fact that the VT'S as well as other important parameters 
will vary considerably from their ideal values. The 
design must be done on a basis of worst case 
conditions. Therefore, the designer is forced into a 
trade-off position between an ideal speed-power 
product and circuit stability. Obviously a superior 
circuit design would be achievable if the designer was 
assured that the VT'S would always be at their optimum 
values over the specified operating conditions in a 
system. 

To the system designer, threshold voltage manifests 
itself in many ways in the actual operating 
characteristics of the circuit. Input high and low levels 
are directly dependent upon VT. This in turn will 
determine noise margins of the circuit. Power supply 
tolerances and output drive capability also depend on 
thresholds. Due to the intrinsic dependence of VT with 
temperature, the operating temperature range of a 
circuit and in turn the system is limited. 

It is evident that if thresholds could be maintained at 
their optimum values regardless of process variations 
and temperature excursions, a superior I.C. is 
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possible. As a consequence the system designer is 
given the greatest latitude in his design tolerances. 

Controlling Thresholds with VBB 

The .effective threshold voltage of a MaS device can be 
shifted from the process controlled value defined in 
Eq. 1 in the following manner' 

Eq. 2 

The l::. VTterm is caused by the addition or substraction 
of an electric field atthe gate region, which is generally 
due to some negative potential applied to the substrate 
of the circuit. This potential is commonly known as 
back bias or Vss. In dynamic RAMs for instance, a 
typical VBB of -5 volts is used in order to shift thickfield 
thresholds to higher values and to reduce junction 
capacitances. However, until recently, the idea 
of making Vss variable in order to precisely control 
thresholds has been overlooked. Mostek has utilized 
this idea in all of its new ROM designs by means of an 
on chip substrate bias generator. This bias generator, 
or "charge pump" as it is often called, is capable of 
supplying between -.5V to -3.5V to the substrate in 
order to maintain thresholds at their most desirable 
levels. Since Vss is generated internal to the device, 
many of the problems associated with an external Vss 
supply are avoided. Generally an external supply has 
to be well regulated and may require a special 
sequencing with the other supplies used. If this 
external Vss supply is lost, the circuit may become 
catastrophically damaged or the longterm reliability 
can be adversely affected. 

CHARGE PUMP 
Figure 1 

g~c7::':T~~..JIIIIIII"IIII11I11I1I1"'""" tlll"~ 
l ! i 

The charge pump is actually a gated oscillator which is 
controlled by a threshold detector. (See Figure 1) The 
threshold detector compares the thresholds of the 
circuit with an on chip voltage reference (VR). This 
reference is not threshold dependent; rather, it is a 
voltage which remains at a fixed percentage of the Vee 
power supply. 

The operation of the charge pump can be understood 
by a careful examination of the power-up sequence 
illustrated in the left portion of Figure 1. When the Vee 
supply is first turned on the threshold detector 
compares the unbiased VT'S (threshold voltage at 
Vss=OV) with the reference voltage VR. The unbiased 
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Vr's are set by the process at about .5 volts below the 
optimum value. The threshold detector sees this 
difference and turns on the oscillator. The substrate 
voltage will go more negative each time the charge 
from C, is dumped into C, (the substrate capacitance). 

During the first part of t.hecycle, device 1 turns on 
pulling node (A) to Vee while node (B) is held 
approximately at VT. The second part of the cycle, 
node (A) is pulled to ground by device 2. This forces 
node (B) below the Vss node. Device 4 conducts and 
puts more charge on the substrate capacitor Cs. As Vss 
goes more negative, the effective thresholds begin to 
rise correspondingly. When Vss reaches a magnitude 
sufficient to raise VT eff to its desired value, the 
threshold detector turns off the oscillator. 

During normal operation, substrate leakage will tend 
to decrease Vss and thus VTeff. The threshold detector 
however is sufficiently accurate that it can see these 
small changes and again activate the oscillator in order 

. to bring VT eff back to its nominal level. This is shown in 
the right half of Figure 1. 

Advantages of the Charge Pump 
The advantages of a charge pump should be obvious. 
Because thresholds are no longer entirely dependent 
upon process parameters, much tighter VT 
distributions are possible. Instead of VT spreads of 
400mV-SOOmV the circuit designer can expect to see 
distributions as tight as ± 2SmV. Tothe user this means 
much wider operating tolerances while maintaining 
optimum performance in the circuit. 

THRESHOLD VOLTAGE VS. AMBIENT 
TEMPERATURE FOR A TYPICAL LOW VT 
MOS DEVICE 
Figure 2 

" 

The most important aspect of the charge pump is how 
it compensates VT eff over temperature. All MOS 
circuits exhibit degrading characteristics as the 
ambient temperature varies. This is primarily due to 
the intrinsic dependence of VT upon temperature. 
Virtually every term in Eq. 1 has some linear or 
logarithmic temperature dependence. The overall 
effect of this is illustrated in Figure 2. It appears as a 
linear decrease of VTwith increasing temperature at an 
approximate 2. 7mV fOC rate. The limit to the operating 
range of a circuit can occur when the device 
thresholds shift to such an extent that either a DC level 
problem occurs within some critical inverter stage or 
the device no longer meets the required input or output 
levels. 



VT (lilA) VS. AMBIENT TEMPERATURE WITH 
CHARGE PUMP 
Figure 3 

" " . .,,,t--------------_~ 

Figure 3 illustrates how the charge pump helps to 
overcome the problem. The data shown represents 
values typical of measurements taken from several 
manufacturing lots of the MK34000. Thresholds were 
found to be virtually constant from -35°C (the lower 
temperature limit of the experiment) up to about 95° C. 
Beyond 95°C, substrate leakage began exceeding the 
current capability of the charge pump. As a result VT'S 
begin falling at a rate close to the 2.7mV;oC typical of 
any low threshold MaS device. Figure 4 illustrates how 
VBfl varied with temperature in order to maintain the 
VT'S shown in Figure 3. 

VBB VS. AMBIENT TEMPERATURE WITH CHARGE 
PUMP OPERATIONAL 
Figure 4 

20 '0 a 10 20 30 40 50 50 70 ao 90 '00 110 ,20 '30 UO 
TEMP'C 

The real significance of the above is best seen when 
comparing Figures 2 and 3 on the same plot along with 
the limits of the distributions. This is graphically 
shown in Figure 5. A typical low VT MOS device might 
be capable of operating over a range of thresholds 
from .40V to 1.05 volts. If an MaS circuit could be 
designed and processed repeatedly with ideal 
thresholds, the operating temperature range would be 
very wide. Since it cannot be done that accurately and 
consistently the operating temperature is more limited 
as shown by the typical MaS curve in Figure 5. For 
example, if it is assumed the device will not properly 
operate outside the .40V to 1.05V VT range, then the 

device will only operate from -6°C to +87°C. Outside of 
this range, the processing tolerances of the non­
charge pump part do not allow proper operation. 

As can be seen in Figure 5, with the charge pump 
working, VT is much tighter around the nominal value. 

COMPARISON OF THRESHOLD DISTRIBUTIONS 
FOR A TYPICAL MOS DEVICE WITH AND 
WITHOUT A CHARGE PUMP 
Figure 5 

Even with large variations in the no bias VT, the pump 
sufficiently compensates to keep VT ell well within its 
operating tolerances over a wide range in temperature. 
This means the circuit can be expected to operate over 
a much wider temperature limit with no significant 
change in VT. 

The result is the charge pump has its greatest effect on 
the input levels of a circuit. It allows the designer to 
process the circuit to a VT level that gives the best 
speed/power product commensurate with the TTL 
level inputs. In a normal production situation on an 
uncompensated device, the thresholds would have to 
be set artificially high to allow for process and 
temperature tolerances on VT. The following shows 
how the charge pump effects this situation. 

In an MaS device, the10wer limit that can be tolerated 
on V, is determined by the input low level. On a 5 vo:! 
only ROM such as the MK 34000, the lower limit on VT is 
set at .5 volts. This number is the lowest VT tolerable for 
proper operation of the part. The upper limit to VT can 
be determined by the following equations. 

EQ 4 VT"ppe,=VTNOM + 6. VTBE + 6. VTT 
where VTNoM=Nominal VT excluding tolerances 

Vp=Process tolerance of VT 

6.VT8E=Change in VT due to body effect 

6.VTl =Change in VT due to temperature 

In Eq 3 the nominal VT will be set by the lower limit of V, 
plus whatever process and temperature tolerances 
have to be allowed for. Using the numbers mentioned 
before, where Vp= ± 250mV and 6. VTT= -300mV (over 
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range of -55°C to + 125°C centered at R.T.), it can 
be seen that VT nominal is 1.05V. The upper limit to VT 
would be 1.05V plus Vp (250mV) andL':>VTT (200mV) or a 
total of 1.5V. The designer in this case would have to 
set the process VT to 1.05volts and design thecircuitto 
operate over a range of .5 volts up to 1.5 volts. 

This in itself may not be an unsolvable problem, 
however, theL':>VTBE term has been neglected. At the 
upper level of VT a problem occurs with the output high 
level. Equation 5 shows why. 

EQ 5 VOH max= Vee - VTuppe,-f::,vTBE 

where V cc= 5 volts ± 10% 

VT"ppec= 1.5V 

If Vee is taken to be at the lower tolerance (4.5V) and 
VTuppe,=1.5 volts then ignoring theL':>VTBE term puts the 
maximum output high level at 4.5 volts -1.5V or 3.0 
volts. By the time the body effect term is subtracted, 
the level may be below 2.0 volts which is unacceptable 
in a TTL compatible product. 

By going thru the same analysis with the charge pump 
operational, and using the following numbers for Vp 

and6VTT, it can be shown that the process VTcan be set 
at a much lower level than before. 

Vp= ± 50mV 

L':>Vn= ± 100mV 

This fact helps to optimize the speed power/product of 
the circuit while allowing true TTL compatibility on the 
inputs and high drive capability on the outputs. 

Figures 6 and 7 show the distribution of input levels of 
uncompensated and compensated 16K ROMs. 
Although these are room temperature distributions, 
extending the temperature would tend to further widen 
the uncompensated distribution. 

INPUT HIGH LEVELS 
Figure 6 

, 
OFOIST 
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INPUT LOW LEVELS 
Fi.gure 7 
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MK34000 

As was eluded to above, output drive is at least partially 
enhanced by the operation of the charge pump in two 
ways. Since VTNOM is lower, the overall output drive is 
made larger (see Eq 5). Over temperature (particularly 
from -55° C to +125° C) the charge pump holds VT 
constant, which in turn keeps output drive at a higher 
level. 

Also with a compensated device, a power supply 
tolerance of ±10% is mQre easily accomplished. Again 
referring to Equation 5, if the upper limit of VT is 
abnormally high, then the amount of tolerance on the 
power supply is reduced. On an uncompensated 
device, the VT makes it extremely difficult to design an 
input stage with true TTL levels. Since the reference 
voltage VR is kept at a fixed percentage of the Vee 
supply, the output level will not decrease by the total 
change in Vee, if Vee should decrease. Rather output 
drive would only decrease by an amount determined 
by the fixed percentage that VA is of Vee. 

User Benefits 
The user benefits created by the charge pump are 
quite obvious. It is no longer necessary to utilize an 
external power supply (requiring regulation) to 
accomplish the tasks of shifting the operating 
thresholds and reducing junctions capacitance. The 
substrate bias generator performs these functions with 
only a slight increase in circuit power dissipation 
(typically 5mW) and not a significant increase in 
overall chip size. This saves the cost of an extra supply 
with a non-significant increase in the I.C. price. 

The charge pump allows the circuit designer and thus 
the system designer greater design tolerances, as 
witnessed by the MK30000 and 34000 performance 
specifications. It gives the system designer ± 10% 
power supply tolerances while allowing greater 
output drive. This can be a significant advantage in 
a 5 volt only ROM, Input levels can be specified 
at true TTL levels providing the widest noise margins 
possible when used with high performance control 
circuitry such as standard TTL or Schottky TTL. 



Power dissipation is kept to a minimum while access 
time is the fastest of any 5 volt only ROMs available. 
Due to the charge pump compensating for VT changes 
with temperature the specified operating temperature 
range can be increased to -55°C to +125°C with only 
minimal loss in system performance (namely access 
time and power dissipation). 

Another important factor is cost. The charge pump 
narrows the VT distribution of the MK30000/ 
34000 and MK36000 making them highly repeatable 
and manufacturable products. This not only reduces 
the device costs but increases yields, reducing the lead 
time for production quantities because of an increased 
number of available chips. 
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MOSTEI(. 
MOS READ-ONLY MEMORIES 

ROM Programming Guide 

ROM PROGRAMMING GUIDE 

It has always been MOSTEK's policy to service its 
customers ROM needs in the most efficient way 
possible. I n continuing with this effort, MOSTEK 
has revised its ROM Procedure to better facilitate 
the market we serve. This new ROM programming 
guide and information form will insure that all 
pertinent information is received with the purchase 
order. This will reduce the unnecessary delays which 
develop when sufficient information is not avail­
able. 

DESCRIPTION OF ROM FORM 

The first part of the ROM programming form is 
concerned with providing all necessary customer 
information to MOSTEK. This will simplify any 
correspondence which may be necessary to com­
plete the order in question. 

The ROM generic type simply indicates the ROM 
series the customer wishes to purchase. This in­
cludes the following MOSTEK series: 

MK2300 Series 
MK2400 Series 
MK2500/2600 Series 
MK28000 Series 
M K30000 Series 
MK31000 Series 
MK34000 Series 
MK36000 Series 

PACKAGE TYPE 

The package type must be included on both the ROM 
form and the purchase order to prevent parts being 
produced in the wrong package. Currently, all proto­
types and any follow-on quantities built in Dallas 
will be ceramic. Remember: P = Ceramic, N = Plastic. 

CUSTOMER NUMBERS 

In the event the customer assigns a part number to 
the MOSTEK ROM selected, this number should be 
entered on the ROM form. This number will simplify 
any communication which may be necessary between 
the customer and MOSTEK. 

SPECIAL BRANDING 

Special branding of MOSTEK ROMs is possible if the 
instructions are indicated on the ROM programming 
form. But due to space and printing limitations, any 
special branding desired must be limited to 10 char­
acters on one line. 

CUSTOMER SPECIFICATIONS 

If the customer desires different specifications for 
the ROM selected than appears on the appropriate 
MOSTEK data sheet; it is imperative that these 
specification changes be well documented and sent to 
MOSTEK as early as possible. This is important 
because any specification change must be reviewed 
and accepted by MOSTEK before the ROM order 
can be processed. 

ROM DATA 

MOSTEK will accept a number of media and formats 
for the inputting of programming data. This flexi­
bility will make it easy for a customer to have his 
ROM order processed as quickly as possible. In all 
cases the actual ROM contents is preceded by four 
header cards or records which contain important 
programming information such as chip select codes, 
logic, and verification codes. Refer to the approp­
riate MOSTEK data sheet for the description of the 
header cards and the MOSTEK format for the actual 
ROM data. The following table shows the formats 
and media that can be most easily processed by 
MOSTEK. When filling out the ROM programming 
form, check the appropriate block under pattern 
media. 

PATTERN MEDIA 

Punched Cards: Use standard 80 column cards 
punched as per the applicable format. MOSTEK's 
four header cards must be included. 

Paper Tape: Use 1", 7 or 8 bit ASCII coded paper 
or mylar tape. Tape records should be card images 
ending with a carriage return and line feed if a card 
format is being used. 

ROMS/PROMS: On MOSTEK's ROMs of 4096 
bit and larger density, PROMs of the 2708 and 2716 
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type or pin compatible ROMs may be submitted for 
the ROM contents. They must, however, be accom­
panied by the header cards required forthe MOSTEK 
ROM type or that information in written form. 
Each PROM or ROM submitted must also be clearly 
marked so that no question arises as to its starting 
memory location. 

VERIFICATION MEDIA 

For pattern verification, MOSTEK can supply either 
a printout, paper tape, card deck, or reprogrammed 
PROMs. Formats of cards and tapes are as shown in 
the table of acceptable formats. 

To insure rapid turnaround of data verification infor­
mation, acceptable media and formats should be used 
as outlined in the tables. If another method is desired, 
contact MOSTEK so that all arrangements can be 
made and an accurate schedule can be generated. Quick 
turnaround of verification information cannot be 
guaranteed in cases where new software has to be 
developed. Remember, when filling out the ROM 
programm ing form, check the appropriate block 
under verification media. 

HOW THE PROGRAM WORKS 

MOSTEK's ROM program is designed for maximum 
safety with two verification steps that limit the lia­
bility of both the customer and MOSTEK. However, 
if circumstances dictate, MOSTEK is flexible enough 
to vary its procedures to better serve its customers. 

PATTERN VERIFICATION 

Upon receipt of the ROM programming information 
form and the ROM input data, MOSTEK engineering 
will re-generate the pattern data for customer verifi­
cation. At this point, no liability is incurred for 
either party. Following customer verification, 
MOSTEK begins prototype production. This veri­
fication step can be waived so that prototype pro­
duction begins immediately upon receipt of the 
input data. The time savings is the time for 
MOSTEK engineering to generate verification plus 
the time necessary for the customer to receive and 
verify the data. This savings is usually less than two 
weeks. If data verification is waived, the customer is 
liable for the mask charge plus the prototype parts. 

PROTOTYPE VERIFICATION 

The second verification step in MOSTEK's ROM 
Program is that of prototype verification. The proto­
type quantity is usually 25 parts which are considered 
part of the order quantity for billing purposes. 
After the customer has verified the prototype, in 
writing, as being correct, MOSTEK will proceed 
with the production of the total remaining order. 
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The prototype verification step can also be waived 
and MOSTEK will immediately begin production 
instead of prototype. The time savings gained from 
waiving prototype verification is usually 5-6 weeks. 
If prototype verification is waived, the customer is 
liable for the mask charge plus all work-in-process 
material if a customer mistake occurs. 

WAIVERS OF VERIFICATION 

Arrangements must be worked out with MOSTEK 
prior to committing deliveries based on verification 
waivers. If an order is accepted by MOSTEK waiving 
pattern verification, the quoted cycle time begins 
upon receipt of the input data and only a small 
quantity of parts will be produced as prototypes. If 
MOSTE K accepts an order waiving prototype veri­
fication, the quoted cycle time will begin upon 
notification of pattern verification. 

GENERAL INFORMATION 

Production capacity cannot be reserved without a 
purchase order. Therefore any quotes for delivery 
will be subject to change until a purchase order is 
obtained. 

Moderate quantities of parts are usually available 
from the MOSTEK Dallas Assembly facility shortly 
after prototype shipments. These units will always 
be ceramic packages and, if delivered in less than 
8 weeks after prototypes, will require a $2.00 per unit 
adder in addition to the ceramic package price. 

The appropriate MOSTEK price sheet contains 
information on order minimums and price adders. 

ACCEPTABLE MEDIA 

PAPER 
MK TYPE CARDS TAPE ROM PROM 

MK2300P X X 
Series 

MK2400P X X 
Series 

MK2500/2600P X X X 
Series 

MK28000P/N X X X X 
Series 

MK30000P/N X X X X 
Series 

MK31000P/N X X X X 
Series 

MK34000P/N X X X X 
Series 

MK36000P/N X X X X 



READ ONLY MEMORIES 

NUMBER ACCESS SUPPLY VOLTAGES POWER DIS PACKAGE 

DEVICE ORGANIZATION LOGIC BITS (nsl VDD 
r-

VGG V BB I VCC VSS (MWI MAX TYPE PINS 

MK2300 64x7x5 Static 2240 1000 0 -12 +5 750 Ceramic 24 

MK2400 256x10 Static 2560 500 0 -12 +5 850 Ceramic 24 

MK2500 512x8 or Static 4096 700 0 -12 +5 950 Cer/Plas 24 

I 1 
I 

1024x4 

MK2600 512x8 or Static 4096 700 0 -12 

I 
+5 950 Cer/Plas 24 

1024 x 4 1 I 

MK28000 2048x8 or Dynamic 16384 600 -12 I +5 1000 Cer/Plas 24 

4096x4 i j 

MK30000 1024x8 Static 8192 450 -+ +5 0 TBD Cer/Plas 24 

MK31000 2048x8 Static 16384 550 +5 0 300 Cer/Plas 24 
MK34000 2048x8 Static 16384 350 +5 0 330 Cer/Plas 24 

MK36000 8192x8 Dynamic 65536 250 +5 0 220 Cer/Plas 24 

ROM CROSS REFERENCE 

MOSTEK AMD INTEL MOTOROLA AMI I FCLD SYNERTEK NATIONAL EA G.I. 

MK2500P I S52~ MM4232/5232 

--

II 
MK2600P AM9214 53514 3514 

MK28000P/N EA4800/4900 

MK30000P/N* AM9208 2308/8308 EA2308A 

MK31000P/N 2316A/8316A S6831A SY2316A RO-3-8316A/8 

MK34000P/N 2316E/8316E MCM68316E 568318 SY2316B RO-3-9316A/B 

MK36000P/N 

* MOSTEK's MK30000 operates from +5 volts only 
User must consult the applicable MOSTEK Data Sheet for timing conformance. 

ACCEPTABLE FORMAT 
INTEL INTEL MOSTEK MOT 

MK TYPE MOSTEK NAT FCLD CARD TAPE EA F-8 6800 

MK 2300P Series X 

MK 2400P Series X 

MK 2500/2600P Series X X X 

MK 28000P/N Series X X X X 

MK 30000P/N Series X X X X X X 

MK 31000P/N Series X X X X X X 

MK 34000P/N Series X X X X X X 

M K 36000P /N Series X X X X X X 
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ROM PROGRAMMING FORM 

CUSTOMER NAME __________________________________________________ __ 

ADDRESS 

CITY _____________________ STATE _____ _ ZIP ________ _ 

PHONE (_ EXTENSION 

CUSTOMER CONTACT TITLE 

MOSTEK REP. OR DIST. 
---------------------------------------

ROM Generic Type ___________ _ 

Package Type __________ . __ __ 

Customer Part Number 

Branding Requirement 

Customer Specification: Yes 

No Parts to be tested to standard 

Data Sheet 

Date customer spec sent to MOSTEK ______________________ _ 

PATTERN MEDIA VERIFICATION MEDIA 

0 PROM (2708/2716) 0 PROM (2708/2716) 

0 PIN COMPATIBLE ROMS 0 PIN COMPATIBLE ROMS 

0 PAPER TAPES 0 PAPER TAPES 

0 CARD DECK 0 CARD DECK 

0 TAPE OF CARD DECK 0 TAPE OF CARD DECK 

0 OTHER - NOTE 1 0 OTHER - NOTE 1 

NOTES: (1) Other Media Require Factory Approval 

Date Pattern Data Sent to MOSTEK __________ _ 

Does Customer Require Prorotypes Yes_No __ 

Pattern Verification Required by Customer 

Prototype Verification Required by Customer 

COMMENTS: (waiver explanation) 
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Customer Order Number 

Date of Customer Order 

Distributor Order Number to MOSTEK 
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MK36000 HIGH SPEED/LOW POWER 64K ROM 

by Dennis R. Wilson and Paul R. Schroeder 

A 64K ROM using standard N-channel silicon gate 
technology will be described. Cell layout affords a small 
die area for a given number of bits, while differential 
sensing and dynamic clocking has permitted the 
combination of high speed and low power. Operating 
from a single 5V supply, the chip has a typical access 
time of 80ns and typical power of 150mW. The cell area 
is 0.25mils 2 (158M 2 ) and the overall chip area is 183 x 
190 mils; 4.65 x 4.83mm. 

BLOCK DIAGRAM OF 64K ROM 
Figure 1 

OUT 1 OUT 2 OUT 3 OUT .. 

Figure 1 shows a block diagram of the circuit, and a 
photograph of the device is shown in Figure 2. The chip 
is organized as 8K words by 8 bits per word. The memory 
array is divided into four 16K quadrants, each 
containing the data for two outputs. The column 
decoders provide a 1 of 32 selection and the row 
decoders a 1 of 256 selection. 

The schematic diagram of the basic cell and the 
interfacing differential sense amplifiers is shown in 
Figure 3: photograph of cell appears in Figure 4. The 
small cell area was achieved by sharing not only the 
outputs of each cell, but also by sharing the virtual 
ground line between cells, resulting in only 112 contact 
per memory cell. Programming of information in the 
array has been achieved by selecting which devices in 
the array receive a threshold modifying implant. 

The negative going edge of CE starts an internal timing 
cham of dynamic clocks. These internal timing edges 
latch in addresses, which provide dynamic X-Y 
decoding, and transfer data through a set of differential 

Technical Brief 

amplifiers and latching flipflops to the output buffer. The 
chip then automatically goes back into precharge mode 
except for the static output buffers which trap data until 
the positive going edge of CE open-circuits the outputs. 

The memory cell and differential amplifier shown in 
Figure 3 operate as follows. During precharge (CE high), 
all data buses, output buses, and column lines are 
clamped to the 5V supply, VCC. This is done with 
depletion transistors to avoid a threshold voltage loss. 
The negative-going edge of CE starts the internal timing 
clocks bringing the precharge clock, PC, to ground 
which leaves the data lines floating and equilibrated at 
VCe- After decoding takes place, the selected poly row 
line is driven to Vee, applying gate drive to both the 
reference cell transistor Tll, and the memory cell 
transistors, T8, T9, and Tl O. For this example, assume 
that the cell transistors are programmed to a "0" or low 
threshold. Both the selected column, COLN and the 
reference column are pulled to ground (Vss) turning on 
the reference transistor T11 and a pair of cell 
transistors, T9 and T1 O. The reference data line, node 
22, and the two data lines, nodes 11 and 13 begin to 
discharge. The widths of the cell and reference 
transistors are in a ratio such that the cell transistors, 
T 9 and Tl 0, discharge the data lines at about twice the 
rate as the reference transistor, T11, discharges the 
reference data line. At the same time COLN is 
discharging to ground, the differential amplifiers are 
activated through devices T3 and T6. As a signal 
difference developes between the reference data line, 
node 22, and the data lines, nodes 11 and 13, the 
differential devices Tl and T2, and T1 and T5 produce 
true and complement data on the output bus lines, 
nodes 17 and 18, and nodes 19 and 21. When a few 
hundred millivolts of differential signal is available on 
the output buses, this information is latched by cross 
coupled flipflops in the appropriate output buffer. This 
information then steers the output clock enable signal 
to either the pull-up or pull-down drivers of the output 
buffer. If a "1" had been programmed into the cell, the 
cell transistors would have had a high threshold and the 
data lines in the array would remain high. This would 
produce complement data on the ouput buses. 

For every column access, a pair of cells and differential 
amplifiers are activated. The memory array is split into 
four 16K blocks, each of which provides two outputs of 
the 8K words by 8 bits per word configuration. The 
diodes T3, T6, and T7 in the differential amplifiers serve 
to prevent adjacent amplifiers from becoming active 
when a particular column line is accessed. The 
depletion clamp, T17 serves to hold the adjacent column 
line at Vcc, further avoiding potential noise 
contributions from adjacent cells. 
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Figure 5 shows a photo9rllph of tYPical access time for 
nominal supply and temperature conditions and Table 1 
shows a summary of the device characteristics. 

PHOTOGRAPH OF 64K ROM 
Figure 2 
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TYPICAL CHARACTERISTICS OF 64K ROM 
Table 1 

Technology 
Cell size 
Die size 
Access time 
Cycle time 
Supply 
Active current 
Standby current 
Input levels 
Output levels 

N 51 Gate 
0.25 mil/ 
183 x 190 mils (34. 770)miF 
80ns 
150l"ls 
·5 (.1.10%) 
30m A 
4mA 
2.0 0.8 
240.4 



SCHEMATIC OF ROM CELL AND DIFFERENTIAL 
AMPLIFIERS 
Figure 3 
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OSCILLOGRAPH OF MEMORY ACCESS TIME 
Figure 5 
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MOSTEI{. 
NEW GENERATION SEMICONDUCTOR MEMORY DEVICES 

By DR. PAUL SCHROEDER Technology 

Semiconductor memory is an area which 
has been characterized by dramatic and revolution­
ary technology development. This process has led 
to the current generation of highly sophisticated 
memory devices which today offers the user 
greater density, performance and reliability than 
ever before at lower cost. While some signs of 
maturity in this field are now becoming discern­
able - particularly in the quality of design and 
product reliability - the pace of innovation seems 
little diminished. A host of recently or soon to be 
introduced new products provide the user a new 
generation of devices with superior characteristics 
for a wide spectrum of applications. 

In this paper an overview of the status of 
process technology will be given first. Then indi­
vidual areas of memory development will be 
examined with the intent of assessing the current 
state-of-the-art and providing some insight into 
where next generation efforts might lead. 

Technology Status 

Because of its market size and the impor-. 
tance of scale of integration, memory is unique in 
its capacity to support new process and device 
technologies. As a result, hardly a new technology 
is invented which is not immediately applied to 
some memory device. Nor is it likely that a major 
new device is designed which does not require a 
special process technology to build it. Today, 
supporters can be found for a variety of technolo­
gies which, in addition to standard NMOS and 
bipolar, include 12 L, CMOS, DMOS, VMOS, 
SOS, as well as a number of CCD structures. How­
ever, the overwhelming bulk of mainframe and 
general purpose devices utilize NMOS silicon gate 
or some variant thereon (such as two level poly). 
High performance versions, which employ shallow 
(preferably implanted) source drain regions and 
scaled device dimensions are beginning to appear 
which may significantly challenge bipolar in the 
very high speed « 50ns access) range, although 
the fastest speeds are still the exclusive preserve of 
bipolar devices. 

At the opposite end of the spectrum, 
extremely low power static memories have been 
introduced which employ NMOS silicon gate 

augmented with high impedance poly resistors. 
Memory cells implemented in this technology have 
standby currents comparable to CMOS while 
retaining the cost and speed advantages of the 
simpler NMOS process. Because of these 
it is likely that this form of NMOS will largely 
displace CMOS in the low power/battery back-up 
RAM market. 

While NMOS silicon gate retains its pre­
eminence as the mainstream memory technology, 
a number of challengers cannot be ignored. Newer 
forms of bipolar structures, particularly 12 L, are 
being used to achieve cell areas comparable to 
those in MOS. Dynamic concepts, previously an 
MOS exclusive, are now being introduced to 
bipolar. If these efforts are successful, the cost and 
density edge of MOS could be reduced. However, 
the gap is sufficiently great that it is unlikely that a 
major technology shift to bipolar will occur for 
main memory applications in the near future. 

Another technology receiving current inter­
est is VMOS. By using a vertical structure and 
anisotropic etch techniques, very short channel, 
high density MOS structures can be fabricated. 
Speeds comparable to those of bipolar devices have 
been achieved. Unfortunately, the level of process 
complexity required is high, and it is questionable 
whether acceptable reliability and yield can be 
achieved for LSI devices. 

Other technologies such as DMOS and 50S, 
have found only limited interest or application to 
memory. 

For the future, it appears that NMOS 
silicon gate will continue to dominate as an area 
of development activity. Efforts are underway to 
push to higher performance levels by reducing 
gate oxide thickness and other dimensions, along 
with the use of all-implanted shallow diffusions. 
These developments are expected to increase MOS 
speeds by as much as a factor of two beyond those 
presently achieved, even keeping conventional 
optical lithography. Further out, much more 
dramatic advances, both in performance and 
density, are expected when electron beam pro­
cessing becomes a reality. A first solid step in 
this direction has now been taken with the com­
mercial availability of E·beam mask exposure 
systems. Direct wafer processing, however, re­
mains a number of years off, despite a number of 
laboratory systems which have existed for some 
time. 
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let us next look at some of the product 
areas where these technologies are or will be 
applied. 

Static RAMs 

Several product areas show particularly 
strong activity as indicated by new product intro­
ductions. This is especially true of 4K static RAMs. 
Two main lines of development have emerged, one 
aimed at speed and the other power. In the high 
speed area, sub-50 nsec access time is the universal 
goal and both MOS and bipolar devices are or will 
soon be available. Parts in this speed range are 
generally asynchronous (no chip-enable clock) 
and high powered (-500mW dissipation). 

However, by using the chip select input to 
gate po~er to selected internal circuits, a reduction 
of standby power to one tenth that of active has 
been achieVed. Characteristically, the circuits used 
in these high speed parts are relatively simple, the 
burden of performance being placed on the process 
technology. 

In the area of low power, 200 ns access 
devices have been recently introduced which 
provide dramatic power reductions over previous 
NMOS statics. This advance has been made possible 
by two new developments: (1) the successful 
implementation of a static cell which employs 
near-intrinsic polysilicon load res,~tors and (2) the 
application of dynamic circuit techniques to the 
peripheral circuitry. The high impedance loads 
permit static cell operation at current levels com­
parable to PN junction leakage. Consequently, 
virtually all power is dissipated in peripheral 
circuitry. This dissipation is, in turn, reduced to 
very low levels (without sacrificing speed) by 
using the same dynamic circuit techniques that 
have been used in dynamic RAMs. This clocked 
CE approach thus provides low active power 
(",50mW typically) with even lower standby power. 
For those applications which require data retention 
under battery-backup conditions for prolonged 
periods, additional power reduction is possible at 
reduced supply voltages. It is expected that further 
improvements of these devices will take place, 
particularly with regard to speed. Sub-100 ns 
access performance is possible with advanced but 
existing technology and efforts to achieve these 
speeds are underway. 

ROMs and PROMs 

The next big step in ROMs soon to hit the 
market will be devices at the 32K and 64K levels. 
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Cell area in these ROMs is 0.25 mil2 or less which 
represents about a factor of two reductio~ from 
previous designs. As in the case of static RAMs, 
application of dynamic circuit techniques provides 
a means of achieving much higher performance, 
both in terms of higher speed and lower power, 
than is possible with more conventional approaches. 
Typical operating power in one recently an­
nounced 64K ROM designed with a clocked CE 
should be well under 100mW in the active mode 
and approximately one fourth that in standby. 
Access speeds in the 200ns to 300ns range are 
achievable with such NMOS devices. 

While the density in ROMs has quadrupled, 
that of new generation EPROMs has also increased 
although only by a factor of two. New 16K device~ 
are now available, either as three supply (+12V 
+5V) versions, or as 5 volt single-supply parts (fo~ 
read mode). While 5 volt operation is highly 
desirable, particularly in microprocessor systems, 
the multisupply versions offer easy upgrade of 
systems already designed for the older 8K devices. 

Dynamic RAMs 

For the moment, most of the controversy 
that has historically accompanied dynamic RAM 
progress has settled down with industry consensus 
on a single 16K (as well as 4K) multiplexed specifi­
cation. Higher speed versions of these parts have 
been introduced recently with access times of 
120ns. Even faster versions are in development and 
may be expected soon. 

Most of the interest in this area now 
focuses on what is coming next and how soon. 
Generally, industry expectations are that the next 
major product will be at the 64K level, that its 
characteristics will be similar to the present 16K, 
and that parts will become available in the 1979-
1980 time frame. The probable die size is antici­
pated to be in the range of 40,000 to 50,000 
square mils. 

However, the most desirable product or 
that which will emerge may not correspond to 
these projections. Some key questions that need to 
be answered are: How should the next part be 
organized - 64K x 1, 16K x 4, or other? How 
should the part be packaged? What values of 
supply voltage (and how many) are optimum? 
Should the inputs be TTL compatible, or ECl? 
What speed-power tradeoffs are there? Is a uni­
versal part possible or are different designs and 
organizations essential for different applications? 
The answers to these questions and others, if not 
assessed properly, may cause as much confusion in 
the next major dynamic RAM product as occurred 
in the early 4K days. 



CCO's 

Serial CCO memories have now emerged at 
the 64K density level. However, the big question 
that still remains is whether a major market for 
CCO serial devices will actually develop. Oie size 
for these new 64K parts are generally very large by 
current standards and involve rather complex 
processing. Consequently, the costs of these 
devices might not become low enough to be 
attractive for widespread applications. It seems 
possible that any big market for these CCO memo­
ries will wait until smaller cells, substantially faster 
operation, less expensive fabrication, or higher 
density, perhaps at the 256K level, allow the 
economics to become more attractive. 

Conclusion 

NMOS continues to be the dominant tech­
nology in semiconductor memory, with more ad­
vanced forms moving into both higher speed 
applications previously served only by bipolar and 
into some very low power areas which, up until 
now, were exclusively CMOS. While the fastest 
memory components are presently bipolar, it is 
significant that NMOS performance has relatively 
more to gain from anticipated future progress in 
reducing device dimensions. 

The move to single 5 volt, clocked operation 
is becoming evident among most types of memory 
devices. Asynchronous operation will remain desir­
able only in the highest speed products where con­
siderations of system skew become extremely 
important. 
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MOSTEI{. 
EVOLUTION OF MOSTECHNOLOGY 

ABSTRACT 

In the past decade the computer industry has wit­
nessed the introduction and domination of the MOS 
RAM. Technology changes from PMOS to NMOS 
occurred with storage mechanisms going from 3 ele­
ments to 1. Density, correspondingly improved by a 
factor of 16 times while performance improved by a 
factor of 2. In this time frame devices evolved from 
complex interface requirements to simple TTL circui­
try. These remarkable performance/density improve­
ments were achieved with clever process and design 
innovations. Techniques used in the past have reached 
their limit with ROM at 64K, dynamic RAM at 16K 
and static RAM at SK. A new technology will need to 
emerge to permit further density improvements for 
the future. Process and design techniques of the past 
and future will be discussed with attention paid to 
products and applications they will serve and create. 

INTRODUCTION 

The first density increment of MOS RAM to gain 
wide acceptance in the computer industry was the 1 K 
device. The 1 K device utilized P-Channel MOS tech­
nology due to the more tolerant nature of the pro­
cess. Unlike its predecessors the 64 and 256 bit RAM 
the 1 K devices incorporated all decoding circuits o~ 
the chip. The 1 K market was dominated by the 1103 
from I ntel and the 4006 from MOSTE K. The 1103 
and 4006 were both dynamic memory devices using a 
small capacitor to temporarily store data. This storage 
technique required a periodic refreshing to retain 
data. The 1103 requir.ed high level clocks and com­
plex timing considerations while the 4006 was de­
signed for TTL compatibility and minimal timing re­
quirements. The 1103 became the dominant part and 
was still being consumed in volume last year. The 
4006 pinout was used by a static RAM of 1 K bits. 
This device generically known as the 2102 has en­
joyed enormous usage. 

The 1103 and 4006 utilized a three transistor cell for 
bit storage. These cell configurations are illustrated in 
Figure 1. The primary difference in these cells being 
separate Read, Write, buses required by the 1103. 
These devices, the most dense of their generation, 
packaged 1024 bits of RAM in approximately 20K 
sq. mils of silicon. The 1 K device promised ease of 
implementation when compared to core, and flexible 
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INTEL 1103 AND MOSTEK 4006 
Figure 1 

INTEL 1103 MOSTEK 4006 
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modularity as well as long term cost savings. How­
ever, due to unforeseen design complications these 
devices initially did not achieve thier goal. The 1 K 
RAM started the displacement of core. The next 
generations, the 4K and 16K dynamic RAMs, all but 
completed the task. 

The 4K device, which became the next generation of 
semi-conductor memory, introduced to the world a 
wide variance in circuit types available. There were at 
least 5 major designs available to confuse the user. 
These were two differently pinned 22-pin devices, 
two differently pinned 1S-pin devices, and a "maver­
ick" 16-pin device which many people thought would 
never make it. As we all know today, the multiplexed 
device survived and in fact went on to become the in­
dustry standard. This standard pin configuration is 
presently being utilized in the 16K device as well as 
its successor the 64K RAM. The first 4K devices util­
ized a 3 transistor cell similar to that of the early 1 K 
devices. However, N-channel MOS was the technology 
of all 4K devices rather than P-channel. The inherent 
advantages of N-channel such as low thresholds for 
TTL compatibility, faster inherent speed, and greater 
density, created the incentive needed to develop the 
required process capability. 

The early 3T 4K devices did not survive and were 
rapidly replaced with the second generation 4K, 
which utilized a single transistor and capacitor for 
storage to greatly enhance density. The major pro­
blem to overcome with this cell was the small amount 
of signal available for detection. Several sensing 
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schemes were developed to handle this problem. One MK4116 CELL LAYOUT 
technique utilized a single ended sense amplifier. The Figure 3a 
balance technique had far better characteristics and 
became the dominant technique which is utilized 
today. These different sense configurations are shown 
in figure 2. It must be appreciated that without de­
velopment of these sense amplifiers the single transis­
tor cell would not be possible. MOSTE K .combined an 
innovative layout scheme with the balanced sense 
amp to permit use of active rather than passive load 
circuits for writing through the sense amplifier. This 
has resulted in a halving of the dynamic RAM's power 
dissipation. The 4K devices were well accepted by the 
user community and slowly but surely began a long 
but continuous displacement of core memories. 

BALANCED SENSE AMPLIFIER 
Figure 2a 

If<m'll ROWII 

Figure 2b 

The MK 4096 introduced by MOSTEK in 1973 esta­
blished the industry standard pin out. The successor 
to the 4096 was the revolutionary MK 4027 from 
MOSTEK which dramatically reduced the die size 
while dramatically improving the speed. The 4027 set 
new standards within the industry and established the 
specification standards that have to be met. The 
4027 utilizes MOSTEK's process known as Poly I. This 
process utilizes a single transistor cell which has an 
area of about 1.008 mil'. The successor to the 4027 
is MOSTEK's MK 41-16, 16K dynamic RAM. The 
16K was made possible by the Poly IITM process 
which reduced the single transistor cell size to .55 
miF. The Poly IITM process utilizes two levels of 
Poly in the cell location. The implementation of this 
cell is shown in figure 3. 
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RAM density improvements in the past have come 
from both circuit and process innovations. The graph 
of figure 4 shows the evolutionary decrease in the 
number of devices per cell as a function of density in­
crease. Today we are at a minimum cell configura­
tion, one transistor and one capacitor. The 
Poly II (TM) process permits packaging the capacitor 
and transistor in the space of only one device, since 
no layout space is required to separate these compo­
nents as in the Poly I process. A further decrease in 



the number of components or improvements in lay­
out seems unlikely. Process innovation will, however, 
continue. In devices through 16K a two dimensional 
shrinking of dimensions has been employed along 
with circuit improvement to create a manufacturable 
die size. 

DEVICES/CELL VS BITS/CHIP 
Figure 4 
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SQUEEZING 

In the past device density has increased by reducing 
the number of elements per cell as well as a two 
dimensional reduction in geometry. The two dimen­
sional reduction results in a "squeezing" of signal 
lines and spaces. The graph of figure 5 illustrates the 
storage cell area advantage gained by this technique. 

MEMURY CELL AREA VS BITS/CHIP 
Figure 5 
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The slope in the graph lines indicate the squeezing 
mechanism while the verticle steps show cell element 
reduction. The one anomaly to this lies in the 4K re­
gion. Significant area reduction here was achieved by 
going from the MK 4096 metal gate single transistor 
cell to the silicon gate single transistor cell of the MK 
4027. This required a major technology improvement 
as did the Poly II (T M) process of the 16K. 

Two dimensional squeezing has been used on all pre­
vious generation products. Reductions of up to 40% 
have been realized, for a given design, using this tech­
nique. The chart of Figure 6 illustrates the die size 
and technology evolution of several major products 
from MOSTEK. 

RANDOM ACCESS MEMORY DENSITY 
EVOLUTION 
Figure 6 
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Looking back historically, the replacement of each 
generation MOS RAM by its successor has taken place 
by introducing a new memory cell of about one half 
the area of its predecessor and by tightening design 
rules used. As a result die size has increased by about 
a factor of 2 while the number of bits per chip has in­
creased by a factor of 4. It is interesting to note that 
in evolving from a 64 bit device to a 16K device the 
RAM circuit density has increased by a factor of 
more than 60. 

The devices per cell now stand at an effective 1, due 
to the Poly II process. It therefore seems unlikely 
that a further density improvement will happen here. 
The next generation will require significant improve­
ment in the remaining area of impact, that is, device 
geometries. The technique which currently looks the 
most promising, and is being pursued by multiple 
companies, is known as scaling. 

SCALING 

Scaled process technology will be the process which 
permits the next_generation of semiconductor compo­
nents. "SCALED" refers to circuits in which all phy­
sical dimensions, horizontal and vertical have been re­
duced by scaling factor, as has the operating voltage. 
This differs from the "squeezing" previously dis­
cussed in that 3 dimensions rather than 2 are impact­
ed. Figure 7 shows three dimensional characteristics 
affected by scaling. In scaling theory all parameters 
are scaled by a factor K. For a 5 volt part scaled from 
12 volts to 5 volts the scaling factor K is 5/12ths. 
Figure 8 shows MOSTEK's current N-MOS techno­
logy compared to resulting geometries based on ap­
plyinQ a 5/12ths scaling factor. This approach yields 
"a brute force" process which will not necessarily be 
manufacturable. Therefore, a slight modification to 
the straight-forward scaling technique must be made. 
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SCALING THEORY 
Figure 7 

"BRUTE FORCE" APPROACH 
Figure 8 
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The benefits of scaling are numerous. The most signi­
ficant is that die area goes dO\,AJn bV a factor of 1(2 
permitting the next generation of products. A second 
benefit of scaling is that device performance increases 
dramatically thereby permitting the N-MOS techno­
logy to participate in a broader applications spectrum 
than was previously available. The process developed 
by MOSTEK applying scaling theory is called 
SCALED POLY 5. 

SCALED POLY 5 

Scaled Poly 5 is MOSTE K's process for the next gene­
ration of products. Scaled Poly 5 is MOSTEK's cus­
tomized utilization of the scaling theory previously 
discussed. In the section on Scaling Characteristics, 
characteristics of "brute force" scaling were shown. 
Figure 9 gives the key parameters of MOSTEK's pro­
cess. 

SCALED POLY 5 
Figure 9 
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The modifications to "brute force" scaling were made 
to enhance manufacturability, performance and relia­
bility. For example, the low ~substrate resistivity (6 
ohm per centimeter) would result in higher junction 
capacity and body effect. Both are undesirable traits 
impacting performance. One must also consider 
manufacturing tolerance on parameters. This is a defi-
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nite consideration when choosing a center for process 
narameters. 

Reliability is a major concern. It was learned early in 
semiconductor memory days that an unreliable part 
cannot be applied to products. The scaled Poly 5 pro­
cess has been optimized to meet MOSTEK's high 
standards of reliability. Scaling's impact on reliability 
influencers is shown in figure 10. The decrease in vol­
tage and power dissipation will improve the inherent 
reliability of the device. The increase in current den­
sity shown will not impact the device due to the 
overly conservative guidelines used in past genera­
tions. 

SCALING AND RELIABILITY 
F'gure 10 

Reliability Parameter Scaled by 
Field Strength Vito. . . .......... 1 -
Power Per Unit Area VII A. . 1 ___ 
Current Density 1/ A ................. 11K t 
Device Power Dissipation .. . .. K' , 
Device VOltage . . ...... K t 

1978 is a transition year between process techno­
logies. At MOSTEK, all new products are being 
designed to work on either current process techno­
logy (5 microns) or new generation SCALED POLY 
5. To accomplish this goal all new products are de­
signed to operate on a single 5 volt power supply. All 
products use advanced state-of-the-art design tech­
niques and perform very respectably on the standard 
process. The MK36000 64K ROM which has a typical 
access time of 80ns when manufactured utilizing Poly 
I process exemplifies this approach. This design was 
used as an R&D development tool for the Scaled Poly 
5 process. The resulting device, termed MK 9009, has 
a typical access time of less than 40ns. Figure 11 gives 
the characteristics of the two devcies. 

POLY 5 PROCESS DEVELOPMENT 
Figure 11 

Die Dimensions 
Die Area 
No. of Die/Wafer (3") 
Min. Poly Width 
Min. Line Width 
Junction Depth 
Access Time 

MK36000 

183 X 190 MILS 
34,770 Sq. MILS 
170 
5.0 Microns 
2.5 Microns 
1.3 Microns 
80 nsec (typ) 

MK9009 

105 X 109 MilS 
11,445 Sq. MilS 
575 
2.5 Microns 
1.0-1.5 Microns 
.4 Microns 
40 nsec (typ) 

SCALED POLY 5 PHOTOLITHOGRAPHIC 
REQUIREMENTS 

We previously discussed the evolution of device/die 
size to achieve the level of integration required. Cor­
respondingly, device geometries have significantly de­
creased. Geometry requirements as a fuction of 
device technology are shown in figure 12. During the 
evolutionary period from 1960 thru now, geometry 
requirements have increased by more than a factor of 
5. Significant developments have also occurred in 
photolithographic technology to permit evolution 
from 1 K to 161<. In 1980 our goal is to manufacture 
devices with two micron dimensions. A quick snap­
shot of typical equipment used in this segment shows 



several problems must be overcome. Today's mea­
suring equipment is accurate to a ± 0.18 microns 
(10% of what is to be measured). Measurement stan­
dards are accurate to ± 0.1 microns. The contact 
printers have a runout of ± 0.75 microns on 4 inch 
wafers, a huge percentage of the geometries involved 
for future technology. Advances in this area are obvi­
ously required. These are being attacked and over­
come. Methods such as E Beam as well as "step and 
repeat" printing are available today. These techniques 
have the ability to address and resolve some of the 
problems facing the manufacturing aspect of the next 
generation of technology. 

GEOMETRY REQUIREMENTS 
Figure 12 

1960 1965 1970 fg-15'- 1980 
Leading 
Technology Discrete Digital P-Mos N-MOS Poly 5 

Line Width 10.0 7.0 - 9.0 5.0 - 8.0 3.5 - 5.0 2.0 
(Microns) 

Interconnect 
Technology 

Metal Metal Metal Metal Poly Metal 
Double 
Level 
Poly 

The key to more complex, cost effective LSI is in ~y ~~ and Device 
Creativity. 

APPLICATIONS SPECTRUM 

Circuit design and technology improvements are 
continuously opening up new markets for semicon­
ductor memories. The semiconductor industry his­
torically has decreased prices by about 28% with 
each volume doubling of the industries experience. 
Fortunately, the RAIVI market has proven itself to be 
very price elastic, creating new opportunities at each 
price level, thereby permitting the necessary increases 
in volume to keep the trend going. 

The memory applications spectrum of Figure 13 in­
dicates the broadening spectrum of the component 
market. At the left most end of the spectrum, techno­
logy improvements resulting in low cost are most sig­
nificant, while at the right most end performance is 
key. In fact, the cache and 2900 (4 bit slice) market 
have previously been dominated by bipolar memory 
due to the inability of the MOS memory to meet the 
speed performance required. The introduction of 
scaled technology is currently permitting N-channel 
silicon gate MOS to enter this market segment. 

MOS-MEMORY APPLICATION SPECTRUM 
Figure 13 PERFORMANCE 

C05T( ELECTRONIC MICROPROCESSOR MINI MAINfRAME CACHE 

GAMES APPLICATIONS COMPUTERS COMPUTERS MEMORY 

PERFORMANCE lj.lS-450nS 450-200nS 250-15OnS 200·100nS l00-3OrIS 

PRODUCT RAM SRAM DRAM DRAM DIS RAM 

ROM ROM Cco 
EPROM EPROM 

MOSTEK will soon introduce several new products 
which utilize state of the art design techniques as well 
as the scaled Poly 5 process to expand our penetra­
tion into the memory application spectrum. 

NEW GENERATION PRODUCTS 
MK4801 

The MK 4801 is a 1 Kx8 very high performance static 
RAM. This device combines a new circuit design tech­
nique (address activation) with enhanced process 
technology to achieve sub 100 nanosecond perfor­
mance. The circuit will have speed grades available 
from 55 to 90 nanoseconds, with higher perfor­
mances available in 1979. As all new static RAM pro­
ducts from MOSTEK, the 4801 can be manufactured 
on the Scaled Poly 5 or Poly R process. A typical 
access/cycle time of 75 nanoseconds at 200 miliwatts 
dissipation has been measured on devices manu­
factured on Poly R. 

The 4801 uses a unique storage cell design to achieve 
a very small die size. Figure 14 illustrates this cell. 
The cell, a mere 2 mil', yields a die size of 27,900 
square mils when utilizing 5 micron design rules, ala 
MK 4104. The design technology used yields approxi­
mately a 2 times density improvement on the stand­
ard process when compared to current generation 4K 
devices. Application of the Scaled Poly 5 process 
reduces this die size to approximately 14,000 square 
mils as well as significantly enhancing performance. 
Results similar to the 9009 R&D project are antici­
pated. The 4801 is architectured for speed. The 
Address Activated TM interface permits asynchronous 
operation for the user while maintaining internal ad­
vantages of clocked circuit technology. A fast chip 
select path was designed to permit external decoder 
delays without impacting access time. The 4801 has 
been designed for use in all wide word high perfor­
mance RAM applications. 

HIGH PERFORMANCE 4801 
2 MIL' STATIC RAM CELL 
Figure 14 

Data 

RPOLY 

Row Word 
Line 

RPOLy 
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MI< 4118 

The MK 4118 is a sister part to the MK 4801. The 
part is intended for medium to low speed applica­
tions. This device was architectured with next genera­
tion as well as existing microprocessors in mind. 
Speed grades of 120 to 250 nanoseconds will be 
available. An output enable (OE) and latch (L) func­
tion has been included to permit use with common 
address and data I/O, 16 bit microprocessors. The MK 
4118 is packaged in the industry standard 24-pin 
ROM/PROM compatible configuration shown in fig­
ure 15. The device is socket compatible with the 
4801 and gives the user a static RAM configuration 
covering applications from 55ns through whatever. 
The MK 4118 can be used in an asynchronous mode, 
like the 4801, or a synchronous mode similar to the 
MK 4104. The part employs a function called Latch 
to accomplish the synchronous mode. When acti­
vated, LATCH will latch the status of the address and 
chip select pins. This easy to use memory packages 
8K of RAM in an area comparable to a 4K device. 

MI<4118 PIN OUT 
Figure 15 

A7 ~ 
A6 2 

A5 3 

A4 4 

A3 5 

A2 6 El AI 7 

AO 8 

01 9 

02 10 

03 11 

Vss 12 

PIN NAMES 

AO-A9 
CS 
DIN 
DOUT 
Vss 
Vcc 

MK 4816 

Address Inputs 
Chip Select 
Data Input 
Data Output 
Ground 
Power (+5VI 

P 24 Vee 

23 A8 

22 A9 

21 WE 

200E 

19 L 

18 CS 

17 08 

16 07 

15 06 

14 05 

13 04 

Write Enable 
Output Enable 
Latch 
Data In/ 
Data Out Port 

The MK 4816 is a 16K dynamic RAM organized as 
2K x 8. The RAM operates with a single 5 volt ± 10% 
power supply with performance in the 100-150ns 
region. Designed to function in cost sensitive wide 
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word applications the 4816 features several functions 
to enhance usability. The MK 4816 features a built in 
refresh mechanism controlled by an external pin 
called refresh. The refresh has two modes of opera­
tion; when the refresh pin is pulsed from high to low 
then back again an internal counter will replace exter­
nal addresses and a RAM cycle occurs, refreshing one 
row of cells. This operation is repeated 128 times 
every two miliseconds. For standby mode operation 
the refresh pin may remain active. In this mode the 
MK 4816 will execute a refresh cycle appro1<imately 
every 16 microseconds satisfying the data hold re­
quirements with no external stimulus. This feature 
greatly simplifies control circuitry needed and elimi­
nates all address multiplexer parts. 

The MK 4816 employs an output enable function for 
common I/O operation and an extra chip select for 
multi-dimension selection. The 4816 employs 
MOSTEK's Edge Activated (TM) interface and ope­
rates with power dissipation of only 150 miliwatts 
when active and 28 miliwatts when in standby. The 
edge activated concept inherently features the address 
latch function required for common I/O machines 
such as the Z8000 and 8086. The MK 4816 packages 
2K bytes of microprocessor memory in a die size of 
only 291< miF. This compares \A!ith competitive- pro­
ducts supplying the same market with die sizes of 
about 25K miJ2 for 4K of static RAM or a total of 
100 miJ2 of Silicon for the same bit density. The MK 
4118 from MOSTEK reduces the Silicon area to 56K 
miJ2. The MK 4816 is packaged in the ROM/PROM 
compatible 28-pin configuration of figure 16. 

MK4816 PIN OUT 
5V ONLY DYNAMIC RAM 
Figure 16 

RFSH 

HC 2 

A7 3 

A6 4 

AS 5 

A4 6 

A3 7 

A2 8 

Al 9 

AO 10 

1/01 11 

1/02 12 

1/03 13 

V" 14 

THE 64K RAM 

28 V" 

27 WE 

26 CS 

25 AS 

24 A9 

23 HC 

22 OE 

21 Al0 

20 CE 

19 1/08 

18 1/07 

17 1/06 

16 IIOS 

15 1/04 

In 1979 MOSTEK will sample a 5 volt only sub lOOns 
64K RAM. The SCALED Poly 5 process developed in 



1977 /78 will be employed to make the 64K RAM a 
,cost effective, produceable part. The 64K RAM will 
have a die size of approximately 35,000 sq mils per­
mitting use of the industry standard 16-pin package. 
The pin out and key features are shown in figure 17. 
The pin configuration of figure 17 indicates that pin 
1 is not needed in implementing the basic 64K RAM 
functionality. A new feature will appear at pin 1 
which has not been implemented in previous gen­
eration RAMs. 

MK4164 PIN OUT 
64K RAM 
Figure 17 

CAS 

DOUT 

The design goal of the 64K RAM is to have 128 cycle 
refresh every 2ms making it compatible with its pre­
decessor the 16K dynamic RAM. 128 refresh cycles 
require use of only 7 of the 8 address pins. To main­
tain refresh compatibility with previous generation 
dynamic RAMs, pin 9 (A7) will not be used as a re­
fresh address. The 64K being a scaled Poly 5 device 
will use 2 micron geometries. The device's dissipation 
will be a low 300mw at twice the operating frequency 
of the 16K. The MK 4164's performance evolution 
will follow the graph of fig 18. 

PROJECT ACCESS TIME FOR DYNAMIC RAMS 
Figure 18 
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The 64K RAM design and process represents a con­
vergence of several developments at MOSTEK during 
the past several years. The techniques needed to 
achieve a useable 64K RAM, required several break 
throughs which are currently being proven on prede­
cessor parts. Figure 19 illustrates the evolutionary 
process required to develop this major product. 

SCALED POLY 5 EVOLUTION PROCESS 
Figure 19 

Sense Amps 
411616K RAM 

CONCLUSION 

N-channel Silicon Gate MOS will continue to domi­
nate the memory market. New technology break­
throughs such as Scaled Poly 5 and Address Activated 
design techniques will permit NMOS to conquer new 
market segments. Smaller die sizes and increasing vol­
umes will continue to reduce costs, thereby further 
expanding the market. The chart of figure 20 illus­
trates the memory market share by technology. In 
conclusion, N channel MOS will continue to expand 
its application spectrum and remain the dominant 
technology in the 80's. 

MEMORY MARKET SHARE BY TECHNOLOGY 
Figure 20 
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GLOSSARY OF PROCESS NAMES 

SP I N - Metal gate N channel process. (Self-aligned 
Poly Interconnect N-channel) 

POLY I - Single level Poly N-channel Silicon gate 
POLY II - Double level Poly N-channel Silicon gate 
POLY R - Single level Poly N-channel Silicon gate in-

corporating Poly Silicon Resistive loads. 
SCALED POLY 5 - Double level Poly N-channel Sili­

con gate ion implant. 
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by Sheff Eaton, Dave Huffman and Ward Parkinson 

INTRODUCTION 

Until recently most leading-edge memory chips have 
been designed primarily for large mainframe storage. To 
use them In microprocessor systems required not only 
considerable adaptation but also additional ICs to 
interface the memory chips. But now comes a new 
breed of smart memory chips-a 2-k x 8 dynamic RAM 
and two fully static 1-k x 8s- specifically designed for 
!-,P applications, and cache memory uses as well. 

While conventional memory chips can accept only read, 
write, and select commands, the smart memory devices 
do that and more: Besides accepting additional 
commands, they present parallel data on byte-wide 
outputs, and provide many other features for users, 
including the following: 

• 5-V-only operation. 
• Automatic power-down. 
• Automatic refresh for dynamics 
• ROM/PROM/EPROM compatibility. 
• Output enable (OE) command. 
• Chip select (CS) command. 
• Latch command-for synchronous operation. 

TODAY'S MEMORY-USE SPECTRUM 
Figure 1 
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WIDE-WORD RAMS 

Technology 

To see the design tradeoffs possible with this family, see 
Table 1. 

The 16K dynamic MK4816 (with single-pin refresh) and 
the 8K static MK4118 can both be used readily with any 
of the present-generation and new generation MOS 
microprocessors such as the Z80, Z8000, 8085, and 
8086. For high-performance applications, another 8K 
static (MK4801) provides a choice of 55, 75, and 90-n~ 
access times. 

The new parts are configured as 1024 words x 8 bits in 
fully static designs or as 2048 words x 8 bits in an 
internally refreshed format. The refresh timing cycles 
are supplied by the chip itself and are largely 
transparent to the user. Whatever the configuration, the 
Mostek RAMs typically dissipate a low 200 to 300 mW 
of power, and offer fast data access down to 55ns. 

THE MEMORY-USE SPECTRUM 

The impact of this family cannot be appreciated fully 
without noting that semiconductor memory 
applications cover a broad spectrum, from low-speed 
uses in games to very high-speed applications in cache 
memory. For !-,P applications, medium-performance 
RAMs generally suffice, and cost is a major selection 
factor. But as Fig. 1 shows, cache memory users pay a 
higher price for high speed. 

In the center of the spectrum is main-store memory, 
which has relatively balanced density, performance, 
and cost requirements. A typical main-store memory is 
32 bits wide and 1 /2 to 1-million words deep. Memories 
this large (in fact, most memories larger than 64K to 
128K bytes) warrant some sort of error­
detection/error-correction scheme, which favors a "by 
1" or serial-output memory device. 

So far, the NMOS dynamic RAM using address 
multiplexing and a "by 1" bit-serial organization has 
been the most efficient and cost-effective for main 
memory. So long as the needed memory depth is 
greater than the depth of the available by-1 memory 
ChiPS, the by-1 minimizes the number of lines, the input 
and output capacitances, the pin count, the board area 
and the cost. However, while by-1 RAMs are excellent 
for conventional main storage applications, they are 
less than attractive for many others. 

The most dynamic growth over the past four years has 
come from electronic games and !-,P-based products. 
Increased use of memory in such systems has been the 
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CHARACTERISTICS OF NEW BYTE-WIDE RAMs 
Table 1 

Type Memory Process/ Access Unique Features Other Leading Features 
Number Organization Pinout Time 

MK4816 2K x 8 Dynamic N-Channel 150 typ First byte-wide dynamic Edge activated™ 
Si gate First 5V only dynamic 150mW active, 25mW standby 
28 pin First one-pin refresh Competes with 2102 and 2114, statics, 

cutting cost and space 

MK4801 1 K x 8 static Scaled 55 First 2 mil 2 static RAM cell Fully static, 250mW typical 
Poly 5 75 Double capacity at double speed, 
24 pin 90 Fast as the 4K xl 2147 compared to 4K statics 

now dominant 

MK4118 1 K x 8 static N-Channel 120 Faster than the X8s Fully static 
Si gate 150 now available Lower cost than 4801 
24 pin 200 

250 

key item in penetrating low-costlhigh-volume markets. 
As a result, both general-purpose minis and dedicated 
microcomputers have come down in price while staying 
functionally equivalent. Indeed, CPU cost is so low in 
this area that JlP system costs tend to be in proportion to 
memory requirements. 

Until the 2114 (1 K x 4) static RAM, it took eight 2102-
type RAMS to implement 1 K x 8 of memory. Before the 
2114, few RAMs were designed to interface directly 
with a microprocessor, because chip designers 
concentrated on the processors themselves. Even the 
better RAMs would not work with all processors. 

ROM and PROM grabbed a lot of attention because of 
their nonvolatility, which was needed for fixed 
instruction set storage, usually a bigger requirement 
than RAM. ROMs and PROMs have always been "by4" 
or "by 8" because of the convenience of putting 
instructions in the least amount of packages. 

WHY BYTE-WIDE RAMS? 

Recently however, three trends have stepped up the 
demand for wide-word RAMs-declining cost of JlPS, 
further improvements in memory density and cost, and 
the emergence of high-volume dedicated-computer 
markets such as the automotive market. Such 
applications as JlP memory, CRT refresh memory, CRT 
buffer memory-being very shallow-all lend 
themselves to a "by 8" memory organization and its 
minimum number of packages. 

Cache memory, high speed buffer memory, writable 
control store, scratch pad memory and 
terminal/communications buffer memory stress speed 
much more heavily than cost. Fast bipolar memories 
have usually been used here, at the expense of package 
count, cost, and high power. However, recent 
technological innovations such as scaling and the four­
transistor (six-element) static cell concept enable MOS 
memories to compete with bipolar for cache. 

Though cache applications have a large number of bits, 
there are usually a small number of words; that is, they 
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Competes with 2102 and 2114 static, 
cutting cost and space 

are wide but shallow memory matrices. For instance, a 
typical cache memory in a minicomputer is 32 bits wide 
but only 2K to 4K words deep. Clearly, a wide-word 
memory chip is most efficient here. 

MK4816-FAST BUT LOW-COST 

The ~v~K4816 16K dynamic RA~v1 is the first 5V-only 
dynamic MOS memory. It's also the first wide-word 
dynamic RAM, and the first RAM designed specifically 
for present and future microprocessor systems. Using 
small dynamic-memory cells offsets the cost of the 
slightly greater overhead circuitry required for proper 
operation of dynamic memories. 

The MK4816 is designed to minimize the off-chip 
support circuits, while maintaining the internal 
efficiency of a dynamic RAM. Its cell size is three times 
smaller than in typical static cells, while its die size-
29,000 mil 2- approaches that of 4K static RAMs. Built 
with standard N-channel silicon gate technology, the 
device requires only a single +5V power supply. 

High speed, low-power operation stems from edge­
activated dynamic logic, which produces a typical 

16K DYNAMIC RAM MK4816 
Figure 2 

MK4801/4118 PINOUT 

IVIK 4816 PINOUT 01-08 ARE DATA 
INPUT AND OUTPUT 



access time of 100ns at a power-dissipation of only 
25mW standby and 150mW active. 

System-oriented features include single-pin refresh, 
automatic refresh in battery back-up mode, and 
common data 1/0. Full TTL compatibility is also provided 
on all inputs and outputs. See Fig. 2 for the pinout. 

The MK4816 can handle a variety of read, write, and 
refresh cycles. Read and write cycles are initiated by the 
falling edge of chip enable (CE) which also latches the 
state of 11 address inputs and the chip select input. In a 
read cycle, data become valid after one access time 
assuming that both CE and OE (output enable) are low. 
After the data are read or written, the memory returns to 
a precharged condition. 

After it's fully precharged, the internal logic will initiate 
a refresh cycle, provided the RFSH pin is brought low 
during the previous cycle. Waveforms for this type of 
latched-refresh cycle, together with those for typical 
read and write cycles, are shown in Fig. 3. Since the 
single-refresh step renews the charge in only one row 
of the RAM matrix, 128 such steps must take place 
every 2ms. 

Although latched-refresh operation is particularly 
convenient for achieving refresh in minimum time, the 
chip may also be refreshed simp!y"by clocking the RFSH 
pin 128 times every 2ms, while CE remains high. In this 
as in all types of refresh cycles, addresses are generated 
internally and automatically incremented and stored at 
the end of each refresh cycle. Since the on-chip refresh 
function in the 4816 uses an extremely small part of 
chip area, it's clear that. at least for wide-word RAMs, 
refresh is more efficiently performed on-chip. 

Ultimately, the single-pin refresh concept could be 
extended to fully static operation, by means of an 
internal oscillator to generate refresh-request pulses at 
fixed intervals. But this function has not been 
implemented on the MK4816 because of the long 
access and cycle times involved and because arbitration 
logic always has some finite probability of indecision. In 
such "hidden refresh" designs, if an external cycle is 
requested at precisely the same time as an internal 
refresh request, arbitration logic allows either cycle to 
go ahead, with the other immediately following. From a 
user's viewpoint, such a "hidden-refresh" device 
appears totally static with an access time equal to one 
refresh cycle time plus a normal access time. 

Instead, the 4816 has a battery back-up or self-refresh 
mode, which is initiated after RFSH has been low for 
about 15 p.s. During the self-refresh mode, the states of 
all inputs except RFSH are ignored and refresh is 
performed automatically through refresh-request 
pulses derived from an internal oscillator. A rising edge 
on RFSH terminates the self-refresh mode and active 
read or wrife cycles can follow after one cycle time. 

The self-refresh mode, with its fully automatic on-chip 
timing, is also particularly useful for single-step 
operation, since it is not necessary to provide external 
refresh pulses between instructions. The memory will 
always refresh itself independently of the time interval 

between clock pulses. Data can be read during the self­
refresh mode since output data will remain valid 
throughout the self-refresh interval if CE and OE are 
held low. 

The MK4816's memory matrix is structured around a 
single row of 128 sense amplifiers each fed by a 
balanced bit line loaded with 64 memory cells. Data 
from both ends of eight selected bits are amplified, 
latched and buffered into eight data 1/0 pins. Input 
addresses are derived from either the external address 
pins or the internal refresh counter. Refresh-request 
pulses controlling the refresh counter are derived either 
from the RFSH pin itself or the inteno I oscillator, which 
also doubles as the charge pump for generating the 
negative substrate bias. 

Architecturally, the MK4816 is easy to use with all 
microprocessors. As shown in Fig. 4, it can be 
connected directly to the Z80 with only one logic gate 

MK4816 2K x 8 RAM 
Figure 3 
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WIDE-WORD DEVICES-A RESPONSE TO CHANGING NEEDS 

As the spectrum of microprocessor applications 
continues to expand and as high-speed, general­
purpose computers continue to grow, the semi­
conductor industry is preparing for a surge in memory 
demand. Designing products that will ease the 
system designer's work, the industry is providing the 
most cost-effective, highest-density and highest­
performance memories ever. 

Bit density for semiconductor memory has increased 
steadily and quickly since the integration of an R-S 
flip-flop into the integrated circuit. In just 15 years, 
single-bit memories have given way to 64-K bit 
memories. There was one goal behind this evolution: 
Replace core-implemented main memory with 
something cheaper and smaller. 

added for single-step capability. The 8085 also 
interfaces easily by taking advantage of the 8085's 
status bits (So and 5,) to refresh the MK4816 following 
each instruction fetch. 

latched refresh is particularly easy to implement in 
microprocessor systems since RFSH can be delayed 
slightly from CE to accomplish asynchronous refresh in 
minimum time. The MK4816 may also be used in 
multiplexed data and address systems, with the OE pin 
for control, and in CRT systems where the normal 
sequent;(]! addressing autornaticaliy refreshes the 
memory by addressing all positions within 2ms. 

While recognizing that clocked, dynamic RAMs with 
automatic refresh will clearly be the most cost-effective 
byte-wide RAM for use with microprocessors, 
MOSTEK has also developed two fully static 1 K x 8 
RAMs. Functionally alike, and identical in pinout, the 
4801 and 4118 differ only in production process and in 
speed. 

BIT DENSITY WAY UP 

With a die the same size as the 4816's and using the 
standard N-channel production process and tolerances, 
the 4801 typically runs a 50 to 90ns acces~ycle with 
typical power of 250mW. This means an 8-to-1 increase 
in bit density per chip over the 93415 bipolar 1 K x 1, and 
15-to-1 decrease in system power per bit. 

low power and high speed are achieved using a 2-mi1 2 

cell that eliminates connections to Vcc. Power is fed to 
the cell from the column lines, through 1-nA intrinsic 
poly load resistors (see Fig. 5). 

This economical design limits the matrix current to just 
8 p.A. Column and~row decoders are modified tree 
decoders (Fig. 5) that dissipate only leakage current in 
both active and standby modes. 

The key to the 4801 's high speed is an ECl-style linear 
differential amplifier for sensing the column signal (Fig. 
5). The differential amplifier's output is amplified and 
translated to full TTL levels with a strobed differential 
latch. The strobe signal, derived by sensing an address 
change or address activation, allows fully static ripple­
through operation. 
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But core replacement is no longer a problem. Now the 
concern is differing consumer/industrial memory 
requirements. Where typical IJP systems have a more 
fixed need for memory per CPU at lower cost per bit, 
cache and scratch pad memories require very high 
performance, with less emphasis on cost. The result? 
High-speed, but low-cost MOS RAMs-both dynamic 
and static. 

The new dynamic and static chips are configured in a 
"by 8" or "byte-wide" organization. They will be 
effective for those applications outside main store 
memory where a "by 1 " bit organization is either not 
attractive technically (because of system constraints 
such as power) or not efficient for implementing 
wide-word shallow memories. 

Since a completed cycle results in automatic chip 
power-down until the next address change, the user 
doesn't have to deselect the chip, but can use the 
simple, fast CS. The result is a chip that is as easily used 
for retrofit as for newer clocked systems. 

Some very useful features on both the 4801 and 4118 
increase their flexibility. As shown in Fig. 10 several 
control functions have been added. In addition to the 
normal R/W, and CS (chip select) there is also OE 
(output enable) and"[ (latch). Both"[ and OE inputs may 
be used to simulate a clocked RAivi for easy interface to 
any p.P (see Table 2). 

The 4801 and 4118 may be tied to any p.P or mini bus 
without 551 interface devices. The pinout, like a 2708's 
or 2758's may be used interchangeably with EPROMs 
or bipolar PROMs to assist in p.C product development 
(see pinout in Fig. 2). 

Besides being able to interface easily in a "clocked" 
mode, both the devices may also be used as fully static 
ripple-through RAMs. The latch input may be tied high, 
OE low, and the part can be used to replace directly eight 
93415/425s, eight 2102s or two 2114s. This means 
existing designs can be upgraded for improved density, 
power and cost. 

Some conflicts occur when these common-I/O three­
state RAMs are used to replace separate I/O open 
drain/collector products. But these are painlessly 
resolved by correctly using OE, the latch input, or both. 
But even without OE, and even when RAMs with access 
times of 50 and 90ns are used in parallel, bus conflicts 
are resolved on-chip. During read accesses, the outputs 
of the 4801 are first opened at 30% of TAA and closed 
later in the cycle. Similarly, the tON time transition of CS 
is slower than tOFF (CS). Holding the R/W pin low for a 
write cycle unconditionally opens outputs in 20ns. 

The 4801 can be used with popular minicomputers that 
time-multiplex the address and data by having the latch 
input trap addresses and CS. Data inputs are trapped on 
the rise of R/W during a write cycle. 

Available at speeds as low as 55ns max, the 4801 is the 
first high-speed, byte-oriented memory chip. Two 
important applications for this high-density 1 K x 8 RAM 



TRUTH TABLE FOR 4801/4118 1K x 8 RAMs 
Table 2 

OE WE CS Latch Mode Output Power 

L H L H Read Select DOUT Address 
Activated 

L H H H Read selected Open Address 
Activated 

H X X H Chip deselected Open Address 
Activated 

L L X H Write address & 
CS latched until Open 
cycle terminated (DIN) Active 
by WE. H 

- - - L Latches addresses See 
and CS at state above Standby 
present when 
latch switched low 

are cache and read/write microprogram memory for 
efficient emulation of different instruction sets with a 
bit-slice !-,P. Both applications require fast read cycles, 
while caches need a fast write cycle as well. Typically, 
the depth of these memories is shallow, less than 16-K, 
with words that can be 72 to 100 bits wide. For these 
applications, the by-8 organization makes the 4801 
ideal. 

Consider CS. There has lately been much interest in 
using this pin to power-down the chip on by-1 memory 
parts. This is done in Intel's 2147 4K x 1 but only by 
making CS delay similar to tAA. 

On the 4801, CS gates the outputs only and inhibits 
write when disabled. Since CS delay is just 30% of tAA, 
memory depth can be expanded incrementally from 1 K 

MK4801 STATIC RAMs 55ns ACCESS TIME 
Figure 5 

up without the additional delay of a decoder to allow 
memory expansion. Further OE is provided to assure 
that three-state can be used rather than open collector 
and to resolve the problem of two chips being on 
simultaneously. 

In the write mode, addresses and CS are automatically 
latched on the selected chip when R/W goes low, 
which avoids the early write of a previously selected cell 
when entering a write cycle. On a typical static part, 
every address bit must settle and write before any bit 
change. But autolatch on the 4801 chip can 
substantially improve skew sensitivity of write timing 
relative to address. Further, the addresses are internally 
held after R/W goes high for as long as the chip needs to 
complete the write cycle. 

Meanwhile, the addresses on the bus may be changed 
in preparation for the next read or write cycle. This also 
relieves the address-to-write skew on the trailing edge 
of write. 

Loading on the address I ines is significantly improved by 
replacing eight 93415s with one 4801 or 4118. This 
also improves board density 4-to-1 (since the 4801 is in 
a 24-pin package) and pin count by 5-to-1. 

The 4118 is slower than the 4801, but it's also more 
economical. It has the same pinout and operates in the 
same modes. The differences stem from the process 
technologies that are used to manufacture two devices. 

Since the 4801 is intended for high-speed, high­
performance applications, it is offered in 55, 75, and 
90ns speed selections and is manufactured using 
Mostek's new "Scaled Poly 5"TM technology, which will 
eventually reduce chip size to approximately 14,000 
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mill. The 4118, on the other hand, will be run on 
Mostek's standard N-channel silicon gate production 
line and is intended for J.lP applications calling for 10% 
power-supply tolerance, TTL compatibility, density, low 
cost, and easy interface. Its access/cycletimes are 120, 
150, 200, and 250 ns. 

FUTURE TRENDS 

Obviously, if history means anything, the trend toward 
higher density will continue-2K x 8 statics are under 
way and 16K x 1 are planned. These new static RAMs 
will eventually have to go to a 28-pin package, at least. 

Dynamic byte-wide RAMs should also start 
proliferating. Since this market is geared to reducing 
space and cost, the dynamic, byte-wide trend may move 
into any of several directions. On one hand, 
semiconductor vendors are heavily involved in 
designing 64K x 1 dynamic RAMs. On the other hand, it 
is reasonable to expect that a family of devices will also 
emerge, organized as 4K x 8 and 81< x 8. 

However, with rock-bottom cost and space weighing in 
more heavily than specific implementations, several 
vendors are considering clocked static RAMs with 
multiplexed data and address, which will reduce pin 
count considerably for specialized applications. With a 
mUltiplexing scheme, 11< x 8 of RAM could be in a 300-
mil wide, 18-pin package. 

Clocked multiplexed RAMs can be implemented two 
ways. One is to multiplex the eight outputs onto eight of 
the 10 address pins using two clock cycles-one for 
address and the second for data. But unless the data are 
unmultiplexed and remultiplexed off-chip to achieve 16 
bits of address and data, data width will be limited to 8 
bits. 

WRITE-CYCLE TIMING OF 4801/4118 8K STATIC 
Figure 7 
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MK4801/4118 BYTE-WIDE STATIC RAMs 
Figure 6 
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A better alternative is to multiplex eight bits of address, 
followed by eight more bits of address, and then 
multiplex eight data bits onto the same 8-bit bus, using 
hard-wire select to choose a given package. This 
method requires three clock cycles for eight data bits or 
four cycles for 16 data bits. 

This latter concept, used successfully at the 4-bit level 
on the Intel 4004 J.lP, can result in a very low-cost 
minimum-pin-count byte-wide memory with the best 
packing density. The most severe limitation (because of 
the number of clock cycles) would be lowered data 
bandwidth, but the success of multiplexed 16-pin 
dynamic RAMs and the demands for lower costs will 
outweigh this drawback. 
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MOSTEI{. 
N-CHANNEL MOS - ITS IMPACT ON TECHNOLOGY 

by David Wooten Technology 
INTRODUCTION PIN CONNECTIONS MK4027 & MK4116 

Figure 1 

The development of the solid state memory has pro­
ven to be one of the most important elements in the 
evolution of the computer. The fact that semicon­
ductor memories can be manufactured at low cost 
and in high volume has made the cost of computing 
less expensive at all levels. Low cost memory has re­
duced the cost of mainframes and mini-computers 
and low cost memory devices have been the keystone 
in the development of microcomputers. 

Although bipolar devices play an important role, 
most of the current development in semiconductor 
memories is concentrated on N-channel Metal Oxide 
Semiconductors (N-MOS). The flexibility of N-MOS 
has made possible several types of memory devices 
each with its own nitch of applications. The three 
basic types of N-MOS memory are dynamic RAMs, 
static RAMs, and ROMs. 

DYNAMIC RAMS 

Dynamic Random Access Memories are considered 
the real workhorses of the memory industry. Because 
of their high density, low power consumption, and 
low cost, Dynamic RAMs have become the first 
choice for mainframe memory and for memory inten­
sive minicomputers and microcomputers. Dynamic 
RAMs began to replace core and memory with the in­
troduction of the 1 Kx 1 1103, however, the general 
acceptance of Dynamic RAMs really came about with 
the introduction of the 4Kx 1 devices in 1973. Most 
of the early 4K Dynamic RAMs were 22 pin devices 
but 18 pin devices were also available. Then in 1974 
MOSTEK introduced the 16 pin 4K Dynamic RAM 
with multiplexed addresses. The 16 pin device gained 
a great deal of acceptance and has become the indus­
try standard because the board packing density with 
16 pin devices was about twice that of the 22 pin de­
vices. Another factor that accelerated the acceptance 
of the multiplexed Dynamic RAMs was that the 16 
pin mUltiplexed configuration could be easily modi­
fied to accommodate a 16Kx1 Dynamic RAM. Pre­
sently MOSTEK and others offer a 4Kx1 (MK 4027) 
and a 16Kx1 (MK4116) that are functionally iden­
tical making it possible for a memory system designer 
to design a board that can accommodate either part. 
This allows an easy upgrade of 4K based systems to 
16K based systems with no extra investment in de­
sign. 
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Before delving into some of the system aspects and 
applications of 4K and 16K multiplexed Dynamic 
RAMs, it is necessary to discuss the fundamental op­
eration of the device. The MOSTEK MK4027 and 
MK4116 will serve as the models for the discussion. 
(Refer to the pin configuration in Fig. 1). As stated 
earlier, the basic operation of the MK4116 is very 
similar to that of the MK4027. The data storage 
within the memory is a matrix format with an equal 
number of rows and columns. The row address is 
applied to the address inputs and are strobed 
(latched) into the chip when RAS (Row Address 
Strobe) is applied. The Column Addresses are then 
applied and CAS (Column Address Strobe) is asserted 
causing them to also be latched. For the MK4027 
there are 6 address lines to address, 64 rows and 64 
columns giving 64 x 64 = 4096 bits. An additional 
pin (CS) is used for chip selection. For the MK4116 
the CS input is replaced by a seventh address input 
giving 128 rows and 128 columns for 128 x 128 = 
16384 bits. The Chip Select input that is present 
with the MK4027 is replaced with the additional ad­
dress input required for the 16K RAM. With the 
MK4027.the output is controlled by the negative go­
ing transition of CAS. (See Figures 2 & 3). Once the 
output is set it cannot change until the part receives 
the next CAS. Without a Chip Select signal, the only 
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READ CYCLE TIMING FOR MK4116 & MK4027 
Figure 2 
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DEVICE DESCRIPTIONS (Cont'e!! 

possible method of chip selection on the 16K RAM 
would be decoding the Row Address Strobe. The 
Column Address Strobe (CAS) must activate every 
memory cycle to turn off the latched outputs of un­
selected RAMs. In giving up the Chip Select a very 
important system feature also disappears - the option 

422 

/ 

COpy OF INPUT 
DATA 
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(or function) of two dimensional decode within a 
memory matrix. Therefore, instead of the conven­
tional latch output that is incorporated in the existing 
4K RAMs, the MK4116 requires a slightly modified 
output stage to allow more system flexibility. The 
Data Out of the MK4116 becomes valid within the 
specified access time and will remain valid until the 
Column Address Strobe (CAS) is taken to the inactive 



DEVICE DESCRIPTIONS (Cont'd) 

state. However, in early write cycles (WR ITE active 
low before CAS goes low) the data output will remain 
in the high impedence (open circuit) state throughout 
the entire cycle. The purpose of the new approach of 
controlling the data output is to allow the 16K RAM 
to be the "universal memory" for all types of system 
requirements. The flexibility of this circuit will 
become apparent as we explore a wide spectrum of 
data processing applications. 

THE DYNAMIC RAM IN MICROPROCESSOR 
SYSTEMS 

The amount of read/write memory associated with 
microprocessor based system is ever increasing. 
Microcomputer applications range from computerized 
games to commercial transaction processing ma­
chines. Random Access Memory associated with 
these applications should be flexible in operation, tol­
erant of power supply noise, reliable, simple to inter­
face, and offer the highest possible system bit density. 
The Dynamic RAMs definitely have a home with 
these types of products. 

A block diagram for a typical 16 pin Dynamic RAM 
memory system is illustrated in Figure 4. The 

BLOCK DIAGRAM 
Figure 4 
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common elements of this system - which include in­
terface logic, timing generator, decode logic, multi­
plex circuitry, refresh logic, and buffers - can be im­
plemented using approximately 12-20 standard TTL 
devices. A full 64K by 8 bit system, which is the 
maximum amount of addressable memory for most 
common microprocessors, can be constructed on a 
single (Double-sided) Printed Circuit Board in an area 
less than 50 square inches. 

The functions of most microprocessor based memory 
systems are reasonably simple and straight forward 
when compared to some mini-computers and large 
mainframes. Microprocessor memory modules are 
usually synchronous and initiate processor requested 
read or write cycles upon command. Refresh of 
Dynamic RAMs in a microprocessor based system is 
easily handled during the portion of an instruction 
cycle that does not require a memory access. 

Since most microprocessor systems do not require 
specialized memory operations such as read-modify­
write cycles, timing considerations for the Dynamic 
RAMs can be kept very simple. Therefore, interface 
convenience and device tolerance are more important 
than device operating modes. By not having an out­
put latch on the 16K RAM, a very important micro­
processor interface concept - the common I/O data 
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THE DYNAMIC RAM IN MICROPROCESSOR 
SYSTEMS (Cont'd) 
bus - can be realized. For interface convenience, the 
data input pin of the 16K RAM can be directly con­
nected to the data output pin on the PC board. If 
common I/O operation is desired for the 16K RAM, 
then all write operations should be executed in the 
early write mode (WR ITE active low before CAS goes 
low). 

Two typical examples of the logic required for a 
microprocessor interface can be seen in Figure 5 and 
Figure 6. Figure 5 shows a minimum RAM system 
for the zao microprocessor. The RAM system con­
sists of either a MK4027's giving 4K bytes of RAM or 
a MK4116's giving 16K bytes of RAM. This is the 
type of interface that would be found in small micro­
processor systems where the RAM is located on the 
same board as the microprocessor. Figure 6 shows a 
larger memory organization where the memory is on 
a separate board. 

In both examples it can be seen that Dynamic RAMs 
interface very easily to microprocessor busses mainly 

because of the synchronous nature of microprocessor 
systems. This makes it easy to accomodate the multi­
plex and refresh timing of the RAMs. 

MINICOMPUTER/MAINFRAME APPLICATIONS 

A logical progression beyond the simple micro­
processor systems are the minicomputer applications 
and then mainframe computers. Here, concepts like 
multiway interleaved memory, Direct Memory Access 
(DMA), multiport memory and asynchronous bus 
techniques become a very important part of the sys­
tem. Usually in these larger, more diverse data pro­
cessing applications memory content integrity and re­
liability become absolutely necessary. Many times 
special error detection/correction schemes are em­
ployed to ensure maximum system reliability. In an 
error corrected system extra bits of memory are 
added to each memory word. When the word is 
written into the memory a hamming type code is gen­
erated and stored in the extra bits. When the data is 
read from the memory the extra bits are used to 
check the validity of the data. The check code is 
such that if a single bit of the read word is incorrect it 
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LARGE MEMORY Z80 INTERFACE 
Figure 6 
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MINICOMPUTER/MAINFRAME APPLICATIONS 
(Cont'd) 

can be corrected and if two memory bits are incorrect 
it is detected and flagged as an uncorrectable error. 
Thus, the error correction allows for a complete 
memory chip failure while maintaining data integrity. 
In these types of applications, the 4K and 16K multi­
plexed Dynamic RAMs begin to have a very signifi­
cant impact over any previous memory product. In 
systems like these, read-modify-write cycles and new 
concepts like "page mode" operation and "read­
while-write" memory begin to impact system de­
sign. 

The "read-while-write" memory operation of the 16K 
RAM simply implies that both a read operation and 
write operation can occur at the same memory ad­
dress almost simultaneously. This is done by strob­
ing both the row and column address into the device 
and then waiting a sufficient amount of time after the 
Column Address Strobe is activated before the 
WR ITE command is given. The MK4116 and MK-
4027 has been designed and characterized such that a 
read operation can begin at a particular address and, 
even before data is accessed from the memory, a 
write operation can begin at the same address and 
within the same memory cycle. The result of this op-
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MINICOMPUTER/MAINFRAME APPLICATIONS 
(Cont'd) 
eration is that data stored at a particular cell location 
will appear at the output of the device within the 
specified access time and data at the input pin will be 
written into the same selected cell location. The 
read-while-write operation is different from a read­
modify cycle in that read-modify-write cycle implies 
that data is read from the selected cell, then modi­
fied, and finally the modified data is written into the 
selected location. 

The read-modify-write cycle is usually used in con­
junction with error detection/correction schemes 
while the read-while-write operation is used for high 
speed shift register of buffer applications. 

The major design difference between microprocessor 
and minicomputer memory systems is that on the 
minicomputer system the memory transfers are very 
likely to be asynchronous. The main benefit of an 
asynchronous memory cycle is that it allows the sys­
tem to operate as fast or as slow as necessary. Thus, 
when a system is pushed to its performance limits, it 
is fairly easy to increase the system throughput by 
upgrading the memory system. This can be accom­
plished in several ways but the most common ap­
proaches are by adding a cache memory (very fast 
content addressable memoryj or by using faster mem­
ory devices as main storage. Making the memory sys· 
tem faster makes the asynchronous bus run faster and 
thus the system performance is improved. There is, 
however, one major problem with asynchronous 
busses when Dynamic RAMs are used. Since the 
asynchronous bus can request a memory cycle at any 
time there is no convenient time to do refresh. This 

MEMORY I iMING AND CONTROL LOGIC 
Figure 7 

$1 51 
~ C~OSUI 

OPE'" OPE .. 
OPE,. OPE ... 

CLOSEQ ""HI 

426 

requires that some contention logic be placed in the 
memory system to arbitrate between normal memory 
cycles and refresh cycles. The design of this conten­
tion logic is nontrivial to say the least, but it is not an 
unsolvable problem. Figure 7 shows the control logic 
for a memory card for use with an LSI-11 * micro­
computer. The arbitration logic (upper left corner) 
is designed such that distributed refresh cycles take 
priority over bus initiated cycles. If a distributed re­
fresh request comes at about the same time as normal 
cycle request the output of the gate (the 74565) 
might glitch causing the input to the delay line to 
glitch. A glitch into the delay line would cause a 
series of timing glitches on the major control signals 
(RAS and CAS) to the memory chip. To prevent the 
glitches on the output of the 74S65 a pulse stretch­
ing RC is added. This insures that the low going pulse 
from the AOI gate is long enough to properly set the 
latch made of the 74S132 and 74S00 gates which, in 
turn insures a proper timing waveform into the delay 
line. Note also that a delay is required between re­
questing a refresh cycle and starting refresh cycle (de­
lay circuit is bottom center of Figure 7). This delay 
allows the output of the latch to stabilize so that if a 
bus requested cycle is started it can complete before 
the refresh cycle starts. The convenient thing about 
the asynchronous bus in this scheme is that if the re­
fresh cycle starts before the bus requested cycle the 
asynchronous handshake signal (BRPLY-L) can be de­
layed until the normal cycle is complete. 

COST CONSIDERATIONS 

Currently Dynamic RAMs offer about a 2 to 1 cost 
advantage over Static RAMs on a per bit basis. This 
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COST CONSIDERATIONS (Cont'd) 

does not mean, however, that Dynamic RAMs are the 
most cost effective solution for all applications. Fac­
tors such as interface complexity, board density, data 
retention (battery back-up), power supplies, and test­
ing cost have a great deal of influence on the overall 
memory system cost. The additional cost for a 
Dynamic RAM interface over a static RAM interface 
is about $15. This added cost includes the refresh 
control and multiplexing logic; and the insertion and 
testing costs of the added logic. Additional power 
supply cost can be as small as $1 if +12 volt and -5 
volt supplies are required in the system for other than 
the memory. It can be as much as $20 if these sup­
plies must be added just to support the memory. If 
we assume a $3.00 component cost for a 4Kx1 Dy­
namic RAM, a $15.00 component cost for a 16Kx1 
Dynamic RAM and a $6.00 component cost for a 4K 
Static RAM, it should be evident that in systems 
requiring 4K bytes or less of memory the Static RAM 
is the best choice. For systems requiring 16K bytes 
or more of memory Dynamic RAMs are the most cost 
effective mainly because it only takes 8 MK4116's to 
get 16K bytes vs. 32 4K statics. The resu Iting savings 
in board area and insertion costs outweigh the pos­
sible extra cost of the power supply and control logic. 

A summary of estimated system cost for various 
memory sizes is given in Fig. 8. For this comparison 
it is assumed that insertion costs are negligible (they 

FUTURE TRENDS IN N-MOS DYNAMIC RAMS 

1978 will see the 16K RAM become the mainstay of 
the industry and attention will turn to the 64K bit 
Dynamic RAM. Some samples of the 64K RAM will 
be available by the end of the year but volume pro­
duction will not be achieved until the middle or end 
of 1979. The 64K Dynamic RAM should operate on 
a single supply voltage with +5 volts being the most 
desireable. This single supply operation will make the 
64K dynamic part very easy to design into a system. 
Not only is power sequencing not required but power 
distribution and decoupling is simplified. Another 
benefit is that since the substrate voltage is generated 
on the chip there is no damage of accidently shorting 
the substrate to a positive supply voltage which can 
destroy the part. 

Other strong possibilities for 1978 are Dynamic 
RAMs in an 8 bit configuration for use in micropro­
cessor systems. These parts will allow for simple in­
terface to microprocessors and present a strong chal­
lenge to Static RAMs in low end systems. 

Packaging technology for Dynamic RAMs will allow 
higher densities than is presently possible with the 
standard DIP. Dynamic RAMs consume so little pow­
er that the current 16 pin package is not required for 
proper heat dissipation. 

are not in reality) and that the +12V and -5V supplies STATIC RAMS 
must be added for the Dynamic RAM system with a 
cost of $20 + $1/watt. For the Static RAM it is Static RAM technology has advanced almost as rap-
assumed only that the +5 volt supply must be in- idly as Dynamic RAM technology and even though 
creased to support the memory at a cost of $1 /watt. Static RAMs do not match the densities of Dynamic 
Two types of static RAMs are shown one being a fully RAMs they are cost effective in many applications. 
static 4Kx1 RAM that requires 500mW/device and The ease of use of Static RAMs makes them popular 
the other is an Edge Activated in 4Kx1 RAM that has devices for small memory systems and the semicon-
a frequency dependent power dissipation. ductor industry offers many different types of de-

TYPICAL MEMORY SYSTEM COSTS (EXCLUDING PCB) 
Figure 8 

COMPONENT MK4116 MK4027 TMS4044 MK4104 

COMPONENT COST 
EACH ($) 15.00 3.00 6.00 6.00 

MEMORY SIZE 
(K BYTES) 16K 4K 8K 12K 16K 4K 8K 12K 16K 4K 8K 12K 16K 

MEMORY COMPONENT 
COST ($) 128.00 24.00 48.00 72.00 96.00 48.00 96.00 144.00 192.00 48.00 96.00 144.00 192.00 

INSERTION COST ($) 8.00 8.00 16.00 24.00 32.00 8.00 16.00 24.00 32.00 8.00 16.00 24.00 32.00 

ADDED POWER 
SUPPL Y COSTS ($) 22.75 22.76 24.00 25.25 26.48 .79 1.08 1.39 1.69 6.00 12.00 18.00 24.00 

INTERFACE COST ($) 20.00 20.00 20.00 20.00 20.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 

TOTAL ($) 178.75 74.76 108.00 1412.00 174.78 59.79 116.09 172.39 228.69 65.00 127.00 189.00 251.00 
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STATIC RAMS (Cont'd) 

vices to match the diversity of applications. Most of 
the current user attention is presently focused on the 
4K bit Static RAMs that have become available with· 
in the last year. The two most popular configurations 
for the 4K Statics are the 4Kx1 part with the "Bur· 
roughs" pinout and the 1 Kx4 part with the "Intel" 
2114 pinout. The unfortunate thing about most of 
the new Static MOS RAMs is that besides density they 
offer very little new in the way ot technology. The 
exceptions to this are the MOSTE K MK4104 and the 
Intel 2147. 

The MK4104 from MOSTEK uses dynamic circuitry 
in all but the storage matrix. The majority of the 
power in fully static parts is consumed by the buffers 
and decode circuitry. By replacing this power con­
suming static circuitry with very low power dynamic 
circuitry, MOSTEK achieves a part with the benefits 
of both Static and Dynamic RAMs, i.e. a Static RAM 
with low power. The importance of low power in a 
memory device cannot be overstated. Analysis of a 
large memory system shows that the memory device 
remains in a quiescent state most of the time. There­
fore, the steady state power of the memory devices 
determines the power consumed by the memory sys­
tem. Take, for example, two 16K byte memory sys­
tems for a Z80 microprocessor organized as 4 rows of 
8 chips (Figure 10) one of which consists of fully Sta­
tic RAMs with 500mW dissipation for each device 
and one system employing Edge Activated TM mem­
ory system Static RAMs such as the MK4104. The 
memory system cycie time is 1.2p.s worst case and 
then the average cycle time for single row of chips is 
4 x 1.2ns or 4.8p.s. At this cycle rate the system em­
ploying MK4104's consumes about 35.2 mw/chip or 
1.125 watts for the memory while the fully Static 
RAM systems draws 500mW!chip or 16 Watts. This 
factor of 14 In power saving for the Edge Activa­
ted TM memory system translates to lower power 
supply costs, lower cooling costs, and higher reliabil­
ity. Because the MK4104's only consume an average 
of 35.2mW the junction temperature inside the pack­
age will only be about 2.5° C above the temperature 
outside the package. The junction temperature of the 
fully Static RAM will be about 35°C above ambient 
or over 32° C hotter than the MK41 04 in the same en­
vironment. MI L-STD-883 predicts that this 32°C 
difference in junction temperature would make the 
M K41 04 system 14 times as reliable as the fully static 
memory system. 

The 2147 is intended to be a major competitor to the 
bipolar RAMs that have dominated the sub 100ns 
memory market. Intel achieves this impressive per­
formance with a process they call H-MOS. This in 
reality is little more than a slightly scaled process 
with arsenic diffusion of source and drain. 

Because of its high speed and matching price the 
2147 has little application in microprocessor systems 
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and only limited uses in minicomputers. In mini­
computers the 2147 finds its best use in cache and 
writeable control store applications. Cache memory 
is a fairly small, high speed cohtent addressable mem­
ory that is used to increase the apparent memory per­
formance. When the computer presents an address to 
the memory system the cache memory is checked to 
see if the requested data is resident. If it is, the data 
can be accessed rapidly. If not, a. normal memory 
cycle is initiated and the data is read into the CPU 
and into cache so that it will be available. if required 
again. The power of cache memory calI be seen from 
a simple example. DEC uses a 2K byte cache on the 
PDP-11!70 that is backed up by2M bytes of main 
memory. 95% of all memory accesses find the re­
quired data in the cache ('hit'). If the cache access 
time is 290ns and the main memory access time is 
500ns, the memory system performs a~. if it were 2M 
bytes of 31 Ons memory. Thus, the 2K bytes of cache 
improves the memory system performance by an im­
pressive 38%. Even if the system uses the memory at 
only 50% of its capabilities this improves the system 
throughput by 19%. 

Writeable control store allows a computer to have a 
variable instruction set. The control store elf a com­
puter directs the computer in the execution of the in­
structions. By having a 'vvriteable control store it is 
possible to change the. execution of instructions to 
the point of introducing an entirely different instruc­
tion set. Writeable control store is a very powerful 
mechanism in that it allows the optimization of the 
instruction set to fit different program requirements 
and even allows one computer to emulate another. 
The.only problem with the 2147 incache and write­
able control store applications is its 4Kxl configura­
tion. Because cache and writeable control store gen­
erally prefer a small number of wide words this would 
be better served by a wide word (x8) RAM. 

For this reason MOSTEK has developed a 1Kx8 high 
speed static RAM called the MK480i. The MK4801 
utilizes a static storage cell that is very similar to the 
MK4104 (reference cell dwg. in Fig. 9) with one ex­
ception. Rather than returning the load resistors to 
Vcc they are tied to the digit lines. The elimination 
of the Vcc line in the matrix allows the MK4801 to 
have a basic cell size of only 2.0mi12 as compared to 
2.7miI2. This particular arrangement can be used 
because the duty cycle of the digit lines is very low 
meaning that they are almost always at Vcc. Keeping 
the digit lines at Vcc requires that the MK4801 
operate somewhat differently from typical fully static 
parts. In the MK4801 an address transition detector is 
used on each address line. When any address changes, 
a set of clocks is triggered causing precharge of the 
output circuitry and other dynamic nodes. The row 
addresses are decoded in a no power tree decoder and 
a transition generated clock causes the addressed data 
to be latched into the output buffers. Once the data 
is latched the digit lines are again precharged to Vcc. 



NEW S'tATIC CELL 
Figure 9 
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A new static RAM cell design that uses resistors as loads saves space 
and reduces power consumption. Each 5000 megohm resistor is an 
ion-implanted polysilicon device that draws less than 1 nanoampere 
of current. 

STATIC RAMS (Cont'd) 

This marriage of static and dynamic circuit tech­
niques allows the MK4801 to achieve very impressive 
performance characteristics. The access times are be­
low lOOns with 60ns being typical. Even at 60ns, 
access time the MK4801 consumes less than 300mWo 
«350mW typical). To the user the MK4801 appears 
fully static with equal access and cycle times, and 
fully asynchronous operation. 

The MK4801 is packaged in a PROM/ROM compati­
ble 24 pin package and has four control lines that 
allow easy implementation of a wide range of func­
tions. A Chip Select (CS) is included for ease of 
memory expansion. The CS access time is less than 
50% of access time so that CS decoding doesnot de­
grade system performance. The Data I/O lines are bi­
directional and the output enable (DE) control can 
be used to prevent possible driver conflicts. The 
access time from OE is also less than 50% of address 
access. 

Naturally one of the control lines is a write Enable 
(WE). When WE goes low the output is uncondition­
ally open circuited so that new data can be placed on 
the data lines. When WE goes high the new data is 
latched on chip and written into the addressed cell. 

The fourth control line is on address and chip select 
latch control (LATCH). This is one of the most 
powerful controls on the MK4801. 'Nhen the address 
is latched the MK4801 is forced into a quiescent state 
and the power dissipation drops by 40%. In systems 
that must conserve power LATCH can be decoded 
and the selected part unlatched and allowed to access. 

Another configuration that can be achieved with the 
LATCH function is a memory system with a multi­
plexed address and data bus. While the address is 
valid all chips are unlatched and accept new address 
and CS information. Before the address lines are 
turned around to transmit data LATCH would go low 
preserving the address and CS information. Then 
when OE or WE is asserted the selected chip would 
either place data on the bus or accept new data. 

The MK4801 should find wide application in cache, 
writeable control store and buffer memory appli­
cations. Because of the small cell size MOSTEK is 
able to produce an 8K bit static RAM that is only 
27,900 mil2 which is only slightly larger than the 
2147 4K bit static RAM. This small die size will 
make the MK4801 a very cost effective part. 

The list applications for Static RAMs is endless. The 
majority of systems using small amounts of RAM, 4K 
bytes or less, use Static RAMs and one rather large 
computer manufacturer (I BM) uses Static RAMs 
almost exclusively in their mainframe computers. 

Because the power consumptions is such an impor­
tant factor in memory systems the probability is large 
that most future generation of Static RAMs will in­
corporate some sort of power saving circuitry. Even 
2147, which is aimed at the bipolar market has a 
power gating circuit that reduces power to about 
150mW when the part is not being accessed. New 
Static RAMs that are aimed at microprocessor appli­
cations will almost certainly contain dynamic circuits 
and high speed (sub lOOns) MOS RAMs will have 
either power gating circuits or some other dynamic 
circuit mechanism to reduce power consumption. 

The movement toward Edge Activated TM static 
memory devices would not occur if users found them 
more difficult to use. This, fortunately, is not the 
case and many engineers have discovered that their 
microprocessor system actually generates what 
amounts to a clock for their fully Static RAM system. 
If we look again at the Z80 Static RAM interface 
board (Figure 10), we find that the output of the 
chip select decoder is clocked by MR EQ. This signal 
is properly conditioned so that the Edge Activat­
ed TM Static RAM directly replaces the fully Static 
RAM with no change in interface. 

One of the most significant indicators that future 
microprocessor oriented static memory components 
will need to be Edge Activated TM is the growing 
trend toward microprocessors with multiplexed 
address and data busses. Any RAM that interfaces to 
this kind of microprocessor will need to have on-chip 
address latches to capture the addresses while they 
are on the b,us or else extra support circuitry would 
be required. These mUltiplexed microprocessors 
supply a signal to cause address capture and if Edge 
Activated TM memories are used this signal can be 
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MEMORY ARRAY 
Figure 10 
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SWITCH SETTING TABLE 

51 52 

O=Open 

C=Closed 

53 54 STARTING ADDRESS (HEX) 

o 0 0 0 

1 0 0 0 

2 0 0 0 
3 0 0 0 

4 0 0 0 
5 0 0 0 

€ '-' 0 0 
7 0 0 0 
8 0 0 0 
9 0 0 0 

A 0 0 0 
BOO 0 

COO 0 
o 0 0 0 

CEO 0 0 

C F 0 0 0 

Memory 

Size 

4K 
BK 

12K 
16K 

+5V Current Requirements 
Installed Support 

Jumpers Circuitry MK4104 TMS4044 

150mA 105mA SDOmA 
J1 150mA 145mA 1600mA 
Jl,J2 150mA 185mA 240DmA 
Jl,J2,J3 150mA 225mA 3200mA 



used almost directly to clock the memory and latch 
the addresses on the memory chip so that no external 
latches are required. 

FUTURE TRENDS IN N-MOS STATICS 

The 2147 and MK4104 mark the paths for future 
Static RAM developments. In the higher speed mem­
ory market look for copies of the 2147 from many 
vendors and expect some wider word RAMs that are 
better suited for both writeable control store and 
cache applications. MOS Static RAMs with guaran­
teed access times below 50ns should be available 
before the end of 1978 as should some 16K devices. 

In the moderate speed range of the MK4104 expect a 
lot of edge activated type of parts especially in 8 bit 
word configurations. 81< RAMs are beginning to be­
come available (EMM Semi) and 16K RAMs are a pos­
sibility before 1979. Don't expect to see many fully 
static parts in this speed range. 

ROMS 

The big news in the ROM world is the availability of 
32K bit and 64K bit ROMs. All of these devices are 
in 8 bit word configurations and are primarily target­
ed at microprocessor applications. 

In ROMs, as in other types of memories, the most im­
portant circuit in the chip is the memory array. In 
order to achieve the high densities found in the 32K 
and 64K ROMs some new cell structures had to be 
developed. AMI and MOSTEK both have applied 
new cell structues to their 64K ROMs to achieve their 
small chip size. AMI uses VMOS which is a major 
modification of the standard NMOS process. The 
VMOS transistor is built vertically along the wall of 
the grove in the silicon (Figure 11). AMI claims that 
the VMOS process allows higher density memory 
storage than is possible with standard NMOS process. 
Their 64K ROM with a .21 mil2 storage cell is really 
the first attempt to prove the economic viability of 
VMOS. 

CUTAWAY VIEW OF A VMOS TRANSISTOR 
Figure 11 

MOSTEK on the other hand has solved the problem 
of cell density by using a standard single-level poly­
silicon NMOS process along with a modified cell lay­
out. This cell layout uses a contact sharing technique 
that results in the equivalent of 2 bits of data storage 
per contact rather than 1 bit per contact as in older 
designs. The cell at .25 mil2 is almost as small as the 
VMOS 64K ROM cell and uses a much less complex 
process. By combining this dense memory layout 
with dynamic sensing and control circuitry MOSTEK 
achieves in the MK36000 the highest performance 
NMOS ROIJI to date. 

MOSTEK currently offers a 250ns access time part 
with less than 50mW of standby power and less than 
220mW of active power. By the end of the 2nd quar­
ter of 1978, rJlOSTEK will be offering 150ns and 
200ns access time 641< ROMs. This makes the 
MK36000 speed compatible with all currently avail­
able or announced I'liMOS microprocessors and even 
speed compatible with many bit slice bipolar pro­
cessors. 

One of the nice things about the new larger ROMs is 
even though they differ slightly in their functional 
characterization they generally are alike in their pin­
outs (Figure 12). Most of the new 32K and 64K 
ROMs offer pin compatibility with their smaller pre­
decessors. This allows for easy upgrade of existing 
systems allowing cost reduction and added software 
features. 

INDUSTRY STANDARD ROM PINOUTS 
Figure 12 
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The availability of these new large ROMs should start 
a revolution in microprocessor software because the 
cost of ROM program memory is now so low that 
there is no longer any need for the programmers to 
worry about squeezing every last excess byte out of 
this code, and they can start using higher level lan-
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ROMS (Cont'd) 

guages that offer many benefits. Not only are pro­
grams written in higher level languages easier to write 
and debug, they are also easier to document and 
maintain. Also, since higher level languages are port­
able, there is no need to worry about losing a large 
software investment when the next generation of 
microprocessor comes along. The industry average 
for a line of debuged code is about $10. This makes 
the cost of generating 8K bytes of assembly language 
code about $45,000 for production run of 1000 sys­
tems with 8K bytes of ROM each the cost of the soft­
ware is almost twice the cost of the ROMs that hold 
it. It can even be argued that code ~enerated by com­
pilers for high level languages are more efficient than 
assembly language code. Certainly a programmer 
who knows all the idiosyncrasies of a particular mach­
ine can write code that is tighter and/or faster than 
code generated by a compiler, if he is given enough 
time. However, the time required to learn all the 
tricks for a particular machine and to tweek the code 
make this very costly and slows the software develop­
ment cycle. Thus, programmers generally spend their 
time just getting the jobs done on time and produce 
less than optimum code. The worst inefficiency of 
optimized assembly language is that it is difficult to 
document and almost impossible to maintain. If, in 
two years it is desired to add a feature or r:orrect a 
minor bug that is discovered in the field, pray that 
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the original programmer is still around and that he 
remembers exactly what was (wing on. 

Another benefit of the new larQe ROMs is that they 
can help cut the overall system cost. Not only do 
they allow for consolidation of the contents of smal­
ler ROMs but they allow for the inclusion of special 
features from several machines. For example, a par­
ticular microcomputer board might have four dif­
ferent 16K ROM options that has software for four 
different applications. Those four patterns can be 
placed in one 64K ROM and switch selection (hard­
ware or software) could select the proper code for 
each application. This reduces inventory costs for 
not only the ROMs but also for the boards because 
the same board can be used in any of the applica­
tions. Also, if a bug is found in a piece of code that 
happens to be used in all applications only one ROM 
will need to be corrected if the large 'higher priced' 
ROM were used. 

CONCLUSION 

The developments in NMOS memory technology have 
been impressive by any standards. NMOS has proven 
itself repeatedly as the technology holds promise for 
continued improvement in terms of density, speed, 
and flexibility. This will undoubtedly lead to further 
improvements in microprocessor and minicomputer 
flexibility and processing power. 



MOSTEI(. 
CCDs-PRODUCTION DEVICE OR LAB EXPERIMENT 

By Milt Gosney 

SUMMARY 

For the past several years, semiconductor 
manufacturers have promised large, low-cost serial 
memories based upon charge-coupled device 
technology. Such memory circuits are intended to be 
solid-state replacements for moving surface memories. 
The cost per bit of CCO serial memory has been 
projected to be from three to four times cheaper than 
equivalent semiconductor random-access memory, 
based upon assumptions that CCOs inherently have 
greater data densities, higher yields, and simpler 
processing that their RAM counterparts. 

But the assumptions on which the success of CCOs is 
based may not be achievable, making cost projections 
overly optimistic. In actual practice, there is little 
inherent density increase in CCO serial memory over 
random-access memory using the same layout design 
rules. Also, the processes are at best no simpler, and 
yields will at best be worse since CCOs have additional 
yield loss imposed by charge-transfer efficiency 
considerations. The originally projected 3X to 4X 
improvement in cost per bit of CCOs over RAM will 
probably continue to be much closer to 1 X; presently, 
the cost is 50 millicents/bit for both CCO and RAM.' 

Consequently, the CCO finds itself in a difficult 
situation-its manufacturing cost/bit will probably be 
higher than that of RAM, yet its customers expect a 
selling price significantly less than that of RAM. For 
these reasons, it is doubtful that the CCO serial memory 
will become the overall success that originally was 
projected. Historically, the technology and linewidth 
improvements which were supposed to give the CCO its 
price advantage have also impacted RAM density and 
price. RAMs of equivalent density and price have 
obsoleted existing CCO serial memories before they 
ever reached significant levels of yield and delivery. 
CCOs may find limited success in memory systems. 
where the user specifically wants to eliminate the 
mechanical moving-surface components, and is willing 
to pay the price to achieve that goal. But even there, 
price and availability may favor RAMs over CCOs. 
Perhaps the major usage for CCOs will be in 
applications taking advantage of the analog serial 
storage nature of CCOs such as filters and delay-lines. 

INTRODUCTION 

A. Historical Overview 

In 1970, Boyle and Smith of Bell Telephone 
Laboratories announced a new device concept which 
they named "Charge-Coupled Semiconductor 

Technical Brief 

Oevices."2 Called CCOs for short, these devices 
featured dynamic storage of data in MOS capacitors, 
with the ability to transfer the data by sequentially 
switching the gate Voltages. Boyle and Smith saw 
possible applications as "a shift register, as an imaging 
device, as a display device and in performing logic."2 

It is no wonder in 1970 that the CCO was hailed as a 
significant breakthrough in memory density. Boyle and 
Smith's CCO was the worlds first look at single 
transistor-type storage cells at a time when the state­
of-the-art in memorycircuittechnologywasthe 1024-bit 
MOS RAM with three-transistor cells. 3 Because of its 
simple configuration, the CCO offered a significant 
potential increase in semiconductor memory density 
over conventional 3-T dynamic circuit approaches. In 
addition, the CCO process was simple, (one mask) and 
so its expected yield should be higher than 
conventional MOS circuits. Boyle and Smith foresaw 
the greatest possible density in which the CCO storage 
gates transferred data in serial fashion, and therefore, 
they projected application of the CCO storage 
phenomena for serial memories (shift registers). 
Nevermind that suitab!e means for detecting the charge 
packets reliably did not exist at the time, nor were the 
early CCOs suitable for manufacture; the basic 
phenomena of single-capacitor or transistor storage 
had been disclosed, and provided the basis for many 
projections about memory size and cost which would 
be realized by 1T dynamic RAMs in the years to come. 

The projections about memory size and cost were 
based mainly upon the individual bit sizes of the 
proposed CCO memories which were three to four 
times smaller than equivalent 3-T dynamic RAM cells. 
And as MOS processing technology continued to 
improve in the early 70's, line widths became smaller, 
and projected circuit densities increased using the 
CCO cells as stepping stones. But semiconductor RAM 
technology was not standing still either. By 1973, 
suitable sense-amplifiers had been designed which 
made possible one-transistor per bit RAM circuits.' The 
one transistor per bit RAM design resulted in a 4x 
increase in memory circuit density over the old 1K 
three-transistor designs, using the same processing 
and layout linewidths. But more important, the one 
transistor RAM was a manufacturable embodiment of 
the CCD storage phenomena in a random-access 
configuration. 

The 4K dynamiC RAM was the leading edge of 
memory technology in the 1973 through 1975 time 
frame. With 4K RAMs rapidly becoming a commercial 
success, digital CCO serial memories of significantly 
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greater capacity than 4K would be required to achieve 
the bit cost reductions projected for CCO memory. 
Electronics magazine mentioned that 16K and 32K 
CCO serial memory circuits might become available by 
the end of 1974, and described in some detail a 16K 
memory chip in development at RCA. Fairchild did 
introduce a 9KGCO in Januaryof 19756 and described a 
16K part to be introduced several months later. Intel? 
also introduced a 16K CCD in February of 1975. But 
these parts did not enjoy huge success because of 
delivery problems, and they were essentially obsoleted 
by 16K RAMs which were introduced in 1976. With 16K 
RAMs becoming commercially successful, CCO de­
signs jumped to 64K in 1977, with 64K RAM designs 
closely following. 

Today, the 64K RAM being the leading edge of 
memory technology requires that CCO serial memory 
must be 256K to have commercial interest, and at least 
several manufacturers have alluded to 256K 
development programs' 

B. Hodges Principle 

density. And since the RAM is the more attractive ci rcu it 
of the two, it will predominate. To this date, Hodges 
Principle (orthetime-windowlimitto CCO market)' has 
not been proven false. In the following section, the 
assumptions by which the 3x to 4x improvements in 
CCO memory cost over RAM were forecast will be 
examined, and it will be shown that in fact this 
improvement is closer to 1x. This paper restates 
Hodges Principle that the RAM embodiment of the CCO 
phenomena will continue to prevail over the serial 
memory versions. 

DISCUSSION 
A. CCO and 1T -RAM Oynamic Storage 

Both serial CCOs and one-transistor RAMs utilize 
dynamic storage on the semiconductor surface in MOS 
structures. Figure 1 is a schematic representation of an 
MOS-type storage structure which could be either the 
input or output of a CCO serial shift register, or the 
storage capacitor and address transistor of a 
one transistor RAM. The storage region is the silicon 
surface beneath the storage gate wherein a 
field induced junction contains a negative charge of 
mobile electrons (denoted an). Essentially, the surface 

The pattern of projected CCO density being rapidly of the semiconductor behaves like a capacitive voltage 
caught and made obsolete by commercial RAM circuits divider-the upper capacitor is the fixed gate 
has given rise to serious doubt about the viability of capacitance, the lower capacitor is the space-charge 
CCO memory products.' Basically, the reason that region of the field induced junction, and the field 
RAMs have been so closely behind CCO serial memory induced junction itself is the intermediate conducting 
in capacity was first stated by Oave Hodges at the 1975 plate. The purpose of the transfer or address gate is to 
ISSCC in an informal discussion session entitled "cco form a temporary conductive path between the diffused 
Memories: Will They Make It?" Hodges pointed out junction and the field-induced junction. Assuming that 
that CCD serial memory and one transistor RAMs are VG2 is a potential greater than the threshold voltage, 
the same basic storage phenomena and technology, then the surface potential of the field-induced junction 
and that any linewidth and technology Improvement will be set equal to the junction potential when VG1 is 
that can improve CCO density will also improve RAM turned on (assuming that VG1 is greater than Vj + Vtx). 

A DOUBLE-POLYSILICON GATE MOS STORAGE STRUCTURE. 
Figure 1 
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By using the depletion approximation, the 
dependence of the surface charge On upon thesurface 
potential ¢s can be written as: 

where 

On/q is the surface charge density in electrons/cm 2 

Co is the gate oxide capacitance/cm2 

VG is the gate voltage (with respect to the substrate) 

VFB is the flat-band voltage of the structure 

q is electronic charge 

NA is the doping density of the substrate 

KSfO is the permittivity of the semiconductor 

¢s is the surface voltage or surface potential, 
measured in volts with respect to substrate. 

This evaluation shows that for a given gate voltage, flat­
band voltage, oxide thickness, and doping density, 

there is an inverse relationship between surface 
potential and surface charge. 

Figure 2 is a plot of Equation 1 showing the 
dependance of surface charge upon surface potential 
with substrate doping density as a parameter. This plot 
assumed numbers typical for present day 16K RAM's 
with +12 and -5 volt supplies. The most important 
feature is that the inversion layer charge is 
approximately inversely proportional to surface 
potential. As substrate doping density increases, body 
effect increases, and the On vs.¢s curve becomes more 
curved. For a given set of conditions, the maximum 
surface potential Id>s max) is simply the gate voltage 
minus the threshold voltage computed with the body 
effect shift at the<ps max value. The maximum surface 
potential can be calculated from Eq. 1 with On = O. 

The minimum surface potential corresponds to 
inversion, and results in band-bending approximately 
equal to 2 <Pb, where <Pb is the bulk Fermi potential. 
Minimum surface potential also corresponds to 
maximum charge in the inversion layer. If the transfer 
gate is turned off, minimum surface potential is in an 
equilibrium condition. Withtransfergateturned off,any 
other surface potential is not at equilibrium; and 
leakage currents arising from generation current in the 

DEPENDENCE OF SURFACE CHARGE Qn UPON SURFACE POTENTIAL)11's (DOPING IS A PARAMETER) 
FOR THE MOS STORAGE STRUCTURE SHOWN IN FIGURE 1. 
Figure 2 
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space charge region plus diffusion current from the 
adjacent neutral region (plus any other source of hole­
electron pairs such as light) cause a decay in surface 
potential toward the equilibrium valL'e. As surface 
potential decays, the surface charge density increases 
toward its maximum value; the potential well tends to 
"fill" with charge as a result of a leakage current. 

Thus, high surface potentials are empty wells and 
correspond to logic level "1 "s. The time required for a 
logic level "1" to decay to a logic level "0" (an empty well 
to fill up due to leakage currents) is a measure of the 
dynamic storage time. In actual circuits, the dominant 
leakage current at high temperatures is from diffusion 
current in the substrate, and refresh time in RAMs8 (or 
minimum frequency in CCOs) is determined by how 
much decay in surface potential will be allowed by the 
sense amplifier before logic errors occur. 

In Figure 2, both the maximum charge density and 
maximum surface potential increasewith more positive 
gate-voltages and more negative threshold voltages 
since the size and capacity of the potential well is 
proportional to (VG, - Vtx). In one-transistor RAMs, 
the surface potential (and surface charge density) is set 
by the appropriate digit line during a write operation, 
and read out by the same digit line during a read 
operation. In CCOs charge (or surface potential) 
stored in one cell is transferred to an adjacent cell by 
increasing its gate voltage, which in turn increases its 
surface potential, making it more attractive to charge. 
Charge then flows from the present stored well intothe 
well with the higher driving force. The CCO is then buta 
serial embodiment of the MOS dynamic storage 
phenomena, and the 1 T RAM is the random-access 
embodiment. 

B. Density Trade-offs In Semiconductor Dynamic 
Memories-CCD Serial VS. One-Transistor 
Random-access 

Since its inception, the CCD has been clouded in an 
aura of mystique. Apparently, many people believe that 
CCDs are a technology that is completely different 
from MOS dynamic RAMs-the commonality being 
mainly some similarities in wafer processing.9 Users 
apparently believe that CCOs are "simpler devices", 
and that "cost of MOS cannot approach that of CCOs, 
because the CCO basically is a simpler device".9 It is 
important to realize that CCOs and RAMs are nothing 
more than shift registersand random-access memories 
implemented using the same basic storage phenomena 
and silicon-technology building blocks. 

In 1970, CCOs offered a significant density 
advantage over the existing 3T RAM cells, because the 
CCO was essentially one-transistor storage. In todays 
world, the density advantage (with the same design 
rules) available at the chip level is likely less than two, 
even though a clear 2x advantage can be demonstrated 
when comparing CCD and RAM cells made with 
minimum-resolution unit building blocks. 

To illustrate this point, compare the simplified CCD 
and RAM memory cells shown in Figure 3. In each case, 
the comparison is being made of a CCD and one­
transistor RAM cell layout, with every required 
component being designed with absolute minimum 
geometry ie., the minimum resolution unit of length R. 
Without regard to how silicon linewidths, metal 
linewidths, and contacts might later be patterned, 
consider only how the area of silicon should optimally 
be proportioned between isolation or field (denoted F), 
and active area (denoted either D for diffusion, T for 
transistor transfer region, or S for transistor or 

COMPARISON OF RAM AND CCD MEMORY CELLS USING MINIMUM RESOLUTION UNIT BLOCKS 
Figure 3 
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capacitor region). The area of each, F, S, 0, orT region 
is 1 R2 unit of area. Thus, Figure3shows thatastandard, 
two-phase eeo cell and a 1-T RAM cell consist of the 
same eight basic resolution space units. 

But it can be argued that a standard two-phase eeo 
wastes half of the storage area in the array, because all 
transfers in the serial portion of the eeo memory 
blocks (see Figure 4) are done simultaneously, so for 
every storage bit, there must be an empty bitto receive 
the charge. The so-called electrode per bit eeo (see 
Figure 5) essentially doubles the bit density by 
propagating a single empty storage site back through 
the CCO register.'o The electrode per bit approach to 
building CCOs, in conjunction with the SPS register 
layout, provides a memory array that in principle could 
approach the 4R2 area/bit memory density, doubling 
the available RAM density. (But next generation RAMs 
can be layed out uSing 6R2 area units). 

In actual practice, however, manufacturable memory 
circuits are not built using minimum resolution units to 
define active areas. Instead, minimum critical 
dimensions are constrained to be larger than minimum 
resolution units to accomodate the alignment of other 
processing levels, including the metal and poly-silicon 
linewidths, and contact openings. In addition, the 
linewidths must be sufficiently greater than minimum 
resolution to permit accurate control under normal 

processing conditions. Also, layouts are done in a 
mannerto maximize the storage capacitance area, and 
minimize the transfer and field regions, so for these 
reasons, practical circuits must be larger than the 
minimum sizes shown in Figure 3. 

Perhaps the greatest practical limitation of density is 
not one of linewidth and alignment alone, but of the 
necessity of interfacing the memory array to its 
appropriate I/O circuits and clock drivers. A standard 
eeo configured in the SPS array requires two low­
frequency clocks to drive the major portion of the 
parallel storage array. Going to the electrode-bit 
configuration almost doubles the storage density in the 
parallel array, but obtaining this density increase is at 
the expense of a clock decoder to provide the ripple­
through clock signals necessary to propagate the 
single empty transfer bit back through the eeo 
registers. The output of the ripple-through clock is a 1-
of-N output clock, much like the row decoders ina RAM. 
Referring back to Figure 3, the memory array for both 
RAM and electrode/bit cannot be any smaller in the 
horizontal direction than the pitch of the 1-of-N clock 
driver or decoder circuit. In the vertical direction, the 
eeo appears to be smaller than the RAM cell; but the 
practicality of laying out the ceo in the SPS array 
means the vertical pitch cannot be less than that of the 
serial portion of the array, which requires a minimum of 
4R resolution units. 

SPS ORGANIZATION OF CCO MEMORY BLOCK VS. SERPENTINE LAYOUT 
Figure 4 
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ELECTRODE/BIT CCD VS. STD. TWO ELECTRODE/BIT CCD. 

Figure 5 
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In summary, for a given process technology and line­
width capability, a practical layout of a RAM and an 
electrode/bit CCD with the same total bit capacity will 
have similar chip dimensions. For example, presently 
available 64K RAM and CCD chips have linewidths in 
the 2.5 to 5.0 micron range, with chip sizes in the 35,000 
square mil range."'12 Continued increases in bit density 
and circuit capacity will be a direct result, in the future, 
of smaller linewidths, with the rate of density increase 
being metered by improvements in fine linewidth 
technology. But then, by pushing existing linewidth 
technology to make possible a 256K CCDwili only hasten 
the arrival of 256K RAMs-back once again to 
Hodges Principle. 

There is one possible manner in which CCD serial 
memories could achieve significant bit densities over 
RAM while using equivalent linewidths. This technique 
is called multilevel storage, and takes advantage of the 
analog nature of the CCD serial registers. In 
conventional digital circuits, 1 'sandO'sare represented 
by high and low logic voltage levels, with appropriate 
guard-bands and noise margins. Since the CCO serial 
registers can be used for analog signals, the 
appropriate guard bands and noise margins can, in 
principle, be set up in such a manner that the surface 
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potential in a single storage area can represent two, 
three, or more logic bits. This requires, four, eight, or 
more analog voltage ranges to encode the data 
sequence as shown in Figure 6. While multilevel storage 
offers the promise of increased density without 
requiring finer linewidths, the practical difficulties of 
data readout in the presence of noise and other 
disturbances does not make this technique an 
immediate contender fo,r significant density 
improvements. 

C. Processing and Yield Consideration­
CCO vs. RAM Memory 

Another assumption frequently made about CCDs is 
that their processing is simpler, and that their yields are 
greater than their dynamic RAM counterparts. To be 
competitive in overall capacity, both CCO and random 
access memory circuits will be built using double­
polysilicon gate n-channel MOS processes, with 
leading-edge technology linewidths; so at best the pro­
cess is equivalent to RAM processes. Figure 7 shows 
the layout and structure of a typical double-poly RAM 
type cell, which can be implemented in a basic five­
mask sequence. (This does not include double-coat 
masks in the count, nor the final mask to remove 
protective oxide from bond pads.) Figure 8 shows the 



structure of a eeD serial memory structure using 
essentially the same number of masks. Although it is 
called a surface-channel four-phase eeD, the 
structure in Figure 8 can have self-registered depletion 
implants under the second-poly gates, and thus be 
operated in a two-phase manner. Astructureofthetype 
in Figure 8 can be used to build electrode/bit SPSarrays 
which serve as building blocks for larger capacity eeD 
serial memory chips, and processing would be about 
the same as RAM circuits, except for differing implant 
conditions. 

One of the major differences between operation of 
the RAM and eeD serial memories is the number of 
transfers of the stored data, and the loading by the 
sense amplifier of the stored data during a read 
operation. In the RAM, the data charge during a write 
cycle makes a single transferfrom the digit line (acting 
as an infinite source) into the storage cell. During read 
out, the finite amount of charge is transferred from the 
storage cell into the digit line. Although significant 
capacitive loading (greater than 10X) is present, the 
success of one-transistor RAMs indicates that 
satisfactory sense amplifiers can be bu ilt that will detect 
the finite charge packet, ascertain its correct state (1 or 
0). and rewrite the data back into the stored cell. On the 
other hand, the eeD has a much more favorable read­
out situation. Since the output bit feedsdirectly intothe 
sense amplifier, there is no loading from a long digit 
line, so capacitive loading is reduced, permitting the 
possibility of smaller storage cells. (Once again, the 
size of the storage cell is limited by layout 
considerations.) But since the eeD is a serial memory, 
the finite charge packets undergo multiple transfers 
within the eeD from the input tothe output. And since 
each internal transfer involves the movement of one 
finite charge from one storage site to the next in a 
specified transfer interval, any effect of incomplete 
transfer will be cumulative, and will result in dispersion 
of the data waveforms. So in addition to dynamic 

SURFACE POTENTIAL VOLTAGE RANGES 
FOR SINGLE AND MULTILEVEL 
DATA STORAGE 
Figure 6 
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storage, the eeD also sees a gradual data distortation 
due to charge transfer efficiency being less than unity. 
That is, for any given eeD, there is a maximum storage 
time that data can stay in dynamic storage before 
leakage currents cause data error, and there is a 
maximum number of transfers before data is lost. 
Therefore, using the same basic process for both eeD 
and RAM and with all other factors being even, the 
additional performance requirements of adequate 
charge transfer efficiency in the eeD means that the 
final yield for the eeD will not be better than that of the 
RAM. 

There are techniques that can be used to improve the 
overall transfer efficiency. One such technique is 
called the "buried channel" eeD (See Figure 9) in 
which N-type doping in the channel results in a 
potential distribution which causes the signal charge 
to flow in a layer below the silicon-silicon dioxide 
interface where surface scattering is reduced and 
fringing fields aid charge transfer. But while charge 
transfer efficiency improves, the amount of signal 
charge is reduced, and the additional processing steps 
again take a penalty in final probe and test yield. 
Another technique to improve density is to form both 
the storage and transfer regions under a single 
polysilicon gate region. Figure 10 shows a eeD with 
both storage and transfer regions under the same poly 
gate regions; such a CCD would be a two electrode/bit, 
two phase device." Although the apparent bit density 
doubles, considerably more processing steps are 
required to implement this type of eeD, with an 
appropriate yield loss encountered. The bit density 
is not necessarily doubled, because the edge of the 
depletion implant assumes the nature of a critical 
dimension; it must be accurately placed in respect to 
the Poly-Si gate line widths. Although the linewidth 
requirements are relaxed at poly levels, the additional 
steps offset the advantage of the wider poly-lines. 

Diffused Poly-I I-address 
Digit line 

~ 

CONCLUSIONS 

The viability of eeD serial semiconductor memory 
products has been based upon three major 
assumptions: 

1. Significant inherent density improvement 
of eeD over RAM 

2. Simpler device, hence simpler processing. 

3. Higher yields 

These th ree factors are then combi ned to project a 2Xto 
4X improvement in cost per bit of CCO serial memory 
over its RAM counterpart. 

LAYOUT AND CROSS-SECTION OF DOUBLE-POLY 
PROCESS RAM CELL. 
Figure 7 
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However, the experience in the marketplace over 
the last few years does not support the above assump­
tions and price projections. There are good reasons to 
believe that the price projections are overly 
optimistic-that any price advantage of eeo memory 
over RAM will be less than 2X per bit. This is because 
the eeo and one-transistor dynamic RAM are but serial 
and random-access embodiments of the same basic 
storage phenomena-dynamic storage in MOS 
structures. Therefore, they are the same basic 
technology, and share the same basic problems. Forthe 
same linewidth and layout limitations, there is little 
density advantage in the completed circuits. The 
process is at best no simpler, and the yields at best are 
no better. How then can a eeo serial memory part 
which is more expensive to manufacture per bit sell for 
less per bit than its RAM counterpart?There is no doubt 
that good eeD parts can be designed and 
manufactured, and that they will be technically 
satisfactory; what is questionable is delivery of parts at 
the 2X to 4X below RAM cost/bit projected prices. 

From a manufacturers standpoint, because of the 
previously discussed density and yield situation, itdoes 
make business sense to divert capacity from RAM 
production to build parts (eeOs) which cost more to 
make, but must sell for less. Again, there is little 
incentive to make the capital investment necessary to 

build the higher density eeD parts profitably, and then 
not use that capability to build higher performance 
RAM's. So users of eeD serial memory must be 
cautious in their designs to be sure that the projected 
price and delivery schedules for eeD parts can be met. 
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LAYOUT AND CROSS-SECTION VIEWS OF 2 DOUBLE-POLY PROCESS CCD. 
(4 PHASE OR QUASI-TWO PHASE) 
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3URIED CHANNEL VS. SURFACE CHANNEL CCD'S 
Figure 9 
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MOSTEI(. 
MIL-STD-883, METHOD 5004, CLASS B 

INTRODUCTION 

The Defense and Aerospace industries are more 
concerned than ever today about the price and 
performance of the integrated circuits they purchase. 
The traditional military Ie manufacturers have met the 
stringent reliability requirements of the military at the 
cost of being several years behind the state of the art in 
commercial products. Mostek, which has long been 
known for being at the leading edge in MOS technology, 
has a separate Military Products Department serving 
the special needs of the Defense and Aerospace 
industries. This organization has the primary objective 
of providing Mostek's state of the art products screened 
to MIL. STD. 883, Methods 5004.4 and 5005.5. As MIL­
M-38510 slash sheets are issued, the Military Products 
Department will qualify Mostek's products in the JAN 
38510 program. 

MOSTEK "MKB" FLOW CHART** 
MIL-STD-883, METHOD 5004, CLASS Br---, 

Military Processing 

Mostek is currently pursuing the qualification of the 
industry standard 16K dynamic RAM, MK4116. This 
effort will result in the QPL listing of the most advanced 
MOS device to date. 

MIL-STD-883, METHOD 5004, CLASS B 

This method establishes screening procedures for total 
lot screening of microelectronics to assist in achieving 
levels of quality and reliability commensurate with the 
intended application. By purchasing a memory product 
to Mostek's demanding standards the user can be 
assured of high quality military components. 
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MOSTEK "MKB" FLOW CHART** 
MIL·STD·883. METHOD 5004. CLASS B (continued) 
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MOSTEI{. 
MILITARY PRODUCTS 

Reference Guide 
1.0 PURPOSE 

This specification established the lot screening and quality conformance requirements used to 
achieve a level of quality and reliability commensurate with Class B of MIL-STD-883. 

2.0 SCOPE 

MKB prefixed MOS/LSI microcircuits 

3.0 GENERAL 

3.1 APPLICABLE DOCUMENTS 

The following documents of issue in effect on the date of relase of the Mostek sales orderform 
a part of this specification except where amended herein. 

3.1.1 MIL-M-385l0 Microcircuits. General Spec for 

3.1.2 MIL-STD-883 Test Methods and Procedures for Microcircuits 

3.1.3 MIL-STD-13l3 Microelectronics. Terms and Definitions 

3.1.4 MIL-C-45662 Calibration Systems Requirements 

3.1.5 MIL-STD-l05 Sampling Tables 

3.1.6 Applicable Device Data Sheet 

3.1.7 Mostek Sales Order 

3.1.8 Customer Purchase Order 

3.2 DOCUMENT HIERARCHY 

In the event of any conflict between this document and the referenced documents. the 
following order or precedence applies: 

3.2.1 This document 

3.2.2 Customer Purchase Order 

3.2.3 Customer Device Specification 

3.2.4 Mostek Device Data Sheet 

3.2.5 Other Military Standards and Specification 

3.3 DEFINITIONS 

Terms. definitions and symbols are not defined herein shall have the same meaning as is 
commonly associated with the term. definition. or symbol used. 
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3.4.6.1 Manufacturers identification 

3.4.6.2 Assembly location 

3.4.6.3 Inspection lot date code 

3.4.6.4 Manufacturers part type 

3.4.6.5 Customer part no. (when applicable) 

3.4.7 INDEX POINT 

Each microcircuit package shall contain an index notch, tab or mark to denote pin 
one of the device. 

3.4.8 WORKMANSHIP 

All microcircuits supplied under this specification shall be manufactured using good 
engineering, production, and inspection practices as established by industry 
standards and inhouse controlled processing specifications. 

3.4.9 LOT TRACEABILITY 

Each inspection lot shall have traceability sufficient to detail all processing data 
related to the manufacture of that lot from wafer scribe through product shipment. 
All inspection lots shall be relatable to any or all production lots combined to form 
the inspection lot. 

3.4.10 COUNTRY OF ORIGIN 

Unless domestic manufacture is specifically required by the customer purchase 
order, MKB devices may be either of domestic or foreign origin. 

Manufacture of MKB type devices at facilites not solely owned and operated by 
Mostek shall not be permitted. 

4.0 PRODUCT ASSURANCE PROVISIONS 

4.1 SAMPLING AND INSPECTION 

Mostek shall be responsible for the performance of all inspections, as judged necessary by 
Mostek, required to produce product in compliance with this specification. 

4.1.1 Inspections shall, as a minimum, be in accordance with MIL-STD-883 Method 5004 
and Table 1 herein. 

4.1.2 Quality conformance testing shall be in accordance with MIL-STO-883 Method 
5005 and Table 2 herein. 

4.1.3 Sampling plans shall be per MIL-STD-105 and MIL-M-38510 Appendix B. 

4.2 TEST EQUIPMENT AND CALIBRATION 

Mostek shall maintain test equipment sufficient to measure all electrical parameters and 
mechanical limits specified herein. Environmental tests subcontracted by Mostek shall be 
performed by subcontractors having active letters of laboratory suitability issued by D.E.S.C. 

4.2.1 Calibration shall be per MIL-C-45662 on all inhouse equipment used to measure 
electrical parameters and/or mechanical dimensions which affect the quality or 
reliability of finished product produced under this document. 
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4.2.2 EQUIPMENT ACCURACY 

Environmental and testing equipment shall have accuracies which meet or exceed 
the accuracy requirements of MIL-STD-883. 

f4.3 LOT SCREENING 

All products shall be screened on a 100% basis to the tests and conditions specified in Table 1 
herein. Electrical test subgroups shall be in accordance with Table 2 herein. 

4.3.1 BURN IN 

Burn-in shall be performed per MIL-STD-883 Method 1015 Condition D. 
a) Ta = 125°C 
b) t = 160 hrs min 
c) Burn-in P.D.A. shall be 10% as measured by D.C. parametric failures occuring at 

the first electrical test after completion of burn-in. Rejects occuring at electrical 
test performed prior to burn-in shall not be included in the P.D.A. calculation. 
P.D.A. shall be calculated as follows: The total D.C. parametric failures divided by 
the total quantity submitted for burn-in. 

d) Cool down with Bias: Bias during cool-down shall not be removed from devices 
while oven temperature conditions are above 35°C. 

4.3.2 DYNAMIC RAMS ONLY 

Voltage cell stress shall be performed per MIL-STD-883 Method 1015 Condition D 
except as follows: 
a) Ta = 125°C 
b) t = 12 hrs min 
c) Vdd, Vbb = Accelerated - Refer to detail burn-in specification 
d) Voltage stress shall be inserted in Table 1 after hermiticity and prior to burn-in. 

4.4 Processes in addition to those specified in Table 1 may be performed by Mostek where 
deemed necessary to enhance the quality or reliability of products manufactured under this 
document. 

5.0 QUALITY CONFORMANCE 
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5.1 Quality conformance tests consisting of Groups A and B shall be performed on each 
inspection lot as defined herein. Groups B, C, and D shall be generic unless otherwise 
specified on the customer purchase order. 

5.1.1 GROUP A 

Inspection shall be in accordance with Mostek Spec 651-00020-10 and Table 2 
herein. Group A may be sampled using either of the following methods: 
a) A random sample taken from the entire inspection lot, or 
b) A random sample taken from each production lot combined toform an inspection 

lot. 

5.1.2 GROUP B 

Inspection shall be in accordance with Mostek Spec 651-00021-10 and Table 2 
herein. Group B may be sampled using one of the following methods: 
a) Catalog product-generic random sample taken from the first production lot 

(representing an inspection lot seal week) received by Q.A. Each inspection lot 
seal week shall have a minimum of Group B performed, or 

b) Customer inspection lot specific-random sample taken from the entire inspection 
lot. 



5.1.3 GROUP C 

Inspection shall be in accordance with Mostek Spec 651-00022-10 and Table 2 
herein. Group C may be sampled using one of the following methods: 
a) Catalog product-generic random sample taken from the production lot produced 

for quality conformance testing. Production lots will be periodically manufactured 
(each 13 weeks) for the performance of Group C. Each microcircuit group, by 
device type, shall be produced, on a rotating basis, to insure each device type 
conforms to the requirements set forth herein. Microcircuit grouping shall be per 
Table 4, or 

b) Customer inspection lot specific-random sample taken from the entire inspection 
lot. 

5.1.4 GROUPO 

Inspection shall be in accordance with Mostek Spec 651-00023-10 and Table 2 
herein. Group D may be sampled using one of the following methods.: 
a) Catalog product-generic random sample taken from the production lot produced 

for quality conformance testing. Production lots will be periodically manufactured 
(each 26 weeks) for the performance of Group D. Each microcircuit group, by 
package type, shall be produced, on a rotating basis, to insure each package type 
conforms to the requirements set forth herein. Microcircuit grouping shall be per 
Table 4 herein. 

b) Customer lot specific-random sample taken from entire insp. lot. 

5.2 NON-CONFORMANCE 

5.2.1 P.D.A. 

Any lot exhibiting a percent defective greater than 10% but less than 20% may be 
resubmitted to burn-in one time. The resubmission P.D.A. shall be 7%. Lots having 
percents defective greaterthan 20% (initial) or 7% (resubmission) shall be submitted 
to M.R.B. for disposition. 

5.2.2 QUALITY CONFORMANCE 

Any subgroup(s) failed by an inspection lot may be resubmitted one time using a 
tightened LTPD. A second resubmission using tightened LTPD's is permitted only if 
Failure Analysis indicates the failure mechanism can be removed by rescreening 
the entire lot and the failure mechanism is not the result of poor basic design or 
processing. The inspection lot need only be resubmitted to the failed subgroup. 

5.2.3 QUALITY CONFORMANCE FAILURE 

5.3 DATA 

Quality Conformance Failure shall occur anytime an inspection lot is withdrawn 
from quality conformance during a non-compliance condition or if the inspection lot 
fails to meet the requirements of Paragraphs 5.1.1,5.1.2,5.1.3, or 5.1.4. Shipment 
of inspection lots which fail quality conformance testing is prohibited unless 
specifically requested by the customer. 

Data to be supplied with MKB products at time of shipment shall include one copy of the 
following attributes data: 

5.3.1 Group A 

5.3.2 Group B (Generic or lot specific, if specified on P.O.) 

5.3.3 Group C (Generic or lot specific, if specified on P.O.) 
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5.3.4 Group D (Generic or lot specific, if specified on P.O.) 

5.3.5 Lot processing summary, including P.D.A. data. 

5.3.6 Certificate of compliance 

6.0 PROCESSING OPTIONS 

6.1 The following list of options may be ordered in addition to the MKB process defined by this 
document. Each option process must be specifically ordered on the customer P.O. with 
additional cost adders determined by Mostek. 

6.1.1 Customer pre-cap visual inspection 

6.1.2 Cutomer source inspection-finished goods shipping 

6.1.3 Government source inspection-finished goods shipping 

6.1.4 Radiographic insp. per 88312012 

6.1.5 P.I.N.D. test per 88312020 A or B 

6.1.6 Destructive physical analysis 

6.1.7 240-hour burn-in per 883/1015 D 

6.1.8 Failure analysis of life test failures 

6.1.9 Non-standard temperature electrical testing 

6.1.10 Quality conformance Groups B, C, and/or D generic 

6.1.11 Quality conformance Groups B, C, and/or D lot specific 

7.0 PACKAGING FOR SHIPMENT 

7.1 Each microcircuit shall be fully enclosed in an antistatic material with sufficient conductivity 
to permit bleed-off of static charges and to prevent the introduction of electronic charges from 
the external environment. 

7.2 Each intermediate shipping container shall be clearly marked with an "electrostatic 
sensitive" warning label. 

7.3 All products procured by this document shall be packaged for shipment using well established 
packaging techniques to insure delivery to the purchaser in good working order. 

8.0 ORDERING INFORMATION 

8.1 The customer purchase order shall specify the following: 

8.1.1 Device type 

8.1.2 Package type 

8.1.3 Source inspection detail requirements 

8.1.4 Quality conformance requirements 

8.1.5 Processing options (Para. 6.0) 
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8.1.6 Test data requirements (Para. 5.3) 

8.1.7 Quantity required 

LOT SCREENING 
Table 1 

Process 

Scribe 
Break 
Sort 
Die Inspect 
Die Mount 
Wire Bond 
Pre-Seal Inspect 
Lid Seal 
Stabilization Bake 
Temp Cycle 
Centrifuge 
Fine Leak 
Gross Leak 
Elect Test 1 
Voltage Stress 
Elect Test 2 
Burn-In 
Final Test 1 
Final Test 2 
Symbolize 
External Visual 
Quality Conformance 

QUALITY CONFORMANCE 
(MIL-STD-883 Method 5005) 
Table 2 

MIL-STD-883 Method 

2010 Condo B 

2010 Condo B 

1008 Condo C 
1010 Condo C 
2001 Condo E 
1014 Condo B 
1014 Condo C 
Max Rated Temp 
1015 Condo D. 12 hrs. min. 
Max Rated Temp 
1015 Condo D. 160 hrs min 
Max Rated Temp 
Min Rated Temp 

2009 
5005 

Group Subgroup LTPD 

Group A 
2.5.8.0 5 
2.5.8max.l0 7 
3.6.8min.11 7 

Group B 
1 2 Devices 
2 3 Devices 
3 15 
4 1 Device 
5 15 
6 3 Devices 

Group C 
1 5 
2 15 

Group D 
la 15 
lb 3 Devices 
2 15 
3 15 

4 15 3023-10 
5 15 

Mostek Specification 

0063-Xx 
0064-00 
0065-00 
0066-01 
0067-00 
0068-00 
0069-01 
0070-XX 
0074-10 
1012-10 
1010-10 
0071-10 
1016-10 
Data Sheet 
690-XXXXX-XX 
Data Sheet 
690-XXXXX-XX 
Data Sheet 
Data Sheet 
0077-05 
0088-00 
3028-10 

Mostek Specification 

3020-10 
Data Sheet 
Data Sheet 
Data Sheet 
3021-10 
1022-10 
21150-10 
1027-10 
0081-10 
1074-10 
70584-10 

3022-10 
690-XXXXX-XX 
3022-10 

3023-10 
1022-10 
70584-10 
3023-10 
3023-10 

3023-10 
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3.3.1 INSPECTION LOT 

A group of microcircuits of the same device type, package type, and lead finish 
manufactured on the same production line using like production techniques which 
are sealed within seven calendar days beginning on Monday. 

3.3.2 PERCENT DEFECTIVE ALLOWABLE (PDA) 

The maximum percent defectives allowed which will allow a lot to continue normal 
processing. PDA shall be imposed across burn-in and measured by D.C. parametric 
failures only. PDA for MKB type dev ices shall not exceed 10%. 

3.4 ITEM REQUIREMENTS 
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3.4.1 PACKAGE CONFIGURATION 

The package lead configuration and physical dimensions shall be as specified in the 
detail device specification. 

3.4.2 CASE MATERIAL 

All devices manufactured under this document shall be hermetically sealed in a 
ceramic package. No organic materials shall be used inside the device package and 
the use of desicant material shall not be permitted. 

3.4.3 LEAD MATERIAL 

All leads shall be plated in such a manner as to resist corrosion blistering, cracking 
and or peeling. Lead material may be either Type A (KOVAR) or Type B (ALLOY 42). 

3.4.3.1 LEAD FINISH 

Lead finish shall consist of one of the following: 

PACKAGE TYPE LEAD FINISH 
P,F,E Gold (99.7% pure, 501l in min) over Ni underplate 

(50Il in - 2001l in) 
J Tin Plate (1 001l in min to 500il in max) 

NOTE: "P" Type packages with hot solder dip lead finish may be supplied 
as an alternate to the "J" Type package but not without prior notification 
to the customer. 

3.4.4 ELECTRICAL REQUIREMENTS 

All devices manufactured under this document shall be guaranteed to meet the 
electrical characteristics specified in the customer device specifications as mutually 
agreed upon or the Mostek device data sheet. 

3.4.5 ENVIRONMENTAL REQUIREMENTS 

All end items manufactured under this document shall be capable of meeting the 
requirements of this specification after exposure to any or all of the environmental 
tests and conditions specified herein. 

3.4.6 DEVICE MARKING REQUIREMENTS 

Each end item manufactured under this specification shall be legibly and 
permanently (to the extent of MIL-STD-883 Method 2015) marked with the 
following information: 



SORT 

LID 
SEAL 

100% 
CENTRIFUGE 

30KG Y1 PLANE 
METHOD 2001 

TA = MAX RATED 
TEMP 

METHOD 1015 
TA = +125°C 

T A = MAX RATED 
TEMP 

TA MIN RATED 
TEMP 
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I 
A 

SYMBOLIZE 

\ 

I 
GROUP A 

\ 

I a.c. FINE 
LEAK SAMPLE 

5 x 10-8 

\ 
PASS 

I 
a.c. GROSS 

I I a:: A Ii' CAAJlnl r:: _ .... "., V_.VI r L.L. 

C 
\ 

PASS 

I 
/ 

GROUP 
B 

\ 

I GROUP 

I CAND D 
(CUSTOMER 

\ OPTION) 

I 

I EXTERNAL 
VISUAL 

\ 

I 
a.c. FINAL 

INSPECT 

\ 
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\ 

I 
J 

, I ELECTRICAL \ 
TEST 

METHOD 5005 

I \ALL SUBGROUPS I 

REJ 
'*NOTE ,1 \ 

FINE LEAK 
100% SCREEN 

I \ J 

, REJ ( 
*NOTE 1 

GROSS LEAK \ 
100% SCREEN 

I 

, 
I 

\ 

J 

, I \ AUTO LEAD 
STRAIGHTEN 

J \ 
(OPTIONAL) 

j 

\ 

I 
J 

I , 
a.c. FINE 

LEAK SAMPLE 

\ j 

I 

! \ n r f':!DI"\CC -.-. _.,"' ........ 
LEAK SAMPLE 

I 

I 
I \ 

PRE-PACK I INSPECT 

\ J 

I 
I a.c. \ 

SHIPPING I 
INSPECT 

\ J 

*NOTE 1: LTPD - 5. SS = 77. Accept = 1, 
Reject = 2. If lot fails. subm it for 100% screen. 

**Mostek reserves the right to implement changes 
the MKB flow. All MKB 
TD-883. Method 5004. 

without notice to optimize 
devices conform to MIL-S 
Class B. 



-
MIL STO 1050 

TABLE I TABLE II-A 
Sample size code letters Single sampling plans for normal inspection (Master table) 

Lot or 
General inspeclion levels Sample Acceptable auality Levels (normal inspection) 

size Sample 
batch size NORMAL code size .010 .015 .025 .040 .065 0.10 0.15 0.25 0.40 0.65 1.0 1.5 2.5 4.0 

I LEVEL III letter 
II Ac Re Ac Re Ac Re Ac Re Ac Re Ac Re Ac Re Ac Re Ac Re Ac Re Ac Re Ac Re Ac Re Ac Re 

1 ~ 
2 to 8 A A B A 2 

9 to 15 A B C B 3 o 1 

16 to 25 B C 0 C 5 o 1 

0 8 o 1 
26 to 50 C 0 E 

51 to 90 C E 
E 13 o 1 1 2 

F 

91 to 150 0 F G 
F 20 o 1 1 2 2 3 

G 32 o 1 t 1 2 2 3 3 4 
151 to 280 E G H t 

H 50 o 1 1 2 2 3 3 4 5 6 
281 to 500 F H J 

J 80 01 1 2 2 3 3 4 5 6 7 8 
501 to 1200 G J K 

K 125 01 1 2 2 3 3 4 5 6 7 8 10 11 

1201 to 3200 H K L 
L 200 01 1 2 2 3 3 4 5 6 7 8 10 11 1415 

3201 to 10000 J L M 
M 315 01 12 2 3 3 4 5 6 7 8 10 11 1415 21 22 

10001 to 35000 K M N 
N 500 01 1 2 23 3 4 5 6 7 8 10 11 1415 

r 
35001 to 150000 L N P P 800 01 1 2 23 34 5 6 7 8 10 11 1415 

T < 150801 to 500000 M P a 

t 
a 1250 01 1 2 23 34 56 7 8 10 11 1415 2112 

500001 and over N a R t R 2000 1 2 23 34 56 78 10 11 1415 21 22 

= Use first sampling plan below arrow. II sample size equals, or exceeds, lot or batch size, 

01 ..... 

do 100 percent inspection 
= Use first sampling plan above arrow. 

Re = Rejection number. Ac = Acceptance number. 

6.5 10 

Ac Re Ac Re , 
J 

o 1 

1 2 

1 2 2 3 

2 3 3 4 

3 4 5 6 

5 6 7 8 

7 8 10 11 

10 11 1415 

1415 2122 

2122 

15 25 

Ac Re Ac Re 

l 1 2 

1 2 2 3 

2 3 3 4 

3 4 5 6 

5 6 7 8 

7 8 10 11 

10 11 1415 

1415 21 22 

2122 

! 

s: 
r 

I 

s: 
W 
00 
01 -o 

~17l 
~ l i I 
-U l • 
r;.", 
Z@ 
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TABLE C-l. LTPD sampling plans 1/2/ 
Minimum size of sample to be tested to assure, with a 90 percent confidence, that a lot having percent-defective equal 
to the specified L TPD will not be accepted (single sample). 

Max. Percent 
Defective 20 15 10 7 5 3 2 1.5 1 0.7 
(LTPD) or \ 

Acceptance Minimum Sample Sizes 
Number (C) (For device-hours required for life test, multiply by 1000) 
(r = c + 1) 

0 
11 15 22 32 45 76 116 153 231 328 
(0.46) (0.34) (0.23) (0.16) (0.11 ) (0.07) (0.04) (0.03) (0.02) (0.02) 

1 
18 25 38 55 77 129 195 258 390 555 
(2.0) (1.4) (0.94) (0.65) (0.46) (0.28) (0.18) (0.14) (0.09) (0.06) 

2 
25 34 52 75 105 176 266 354 533 759 
(3.4) (2.24) (1.6) (1.1) (0.78) (0.47) (0.31 ) (0.23) (0.15) (0.11 ) 

3 
32 43 65 94 132 221 333 444 668 953 
(4.4) (3.2) (2.1) (1.5) (1.0) (0.62) (0.41) (0.31) (0.20) (0.14) 

4 
38 52 78 113 158 265 398 531 798 1140 
(5.3) (3.9) (2.6) (1.8) (1.3) (0.75) (0.50) (0.37) (0.25) (0.17) 

5 
45 60 91 131 184 308 462 617 927 1323 
(6.0) (4.4) (2.9) (2.0) (1.4) (0.85) (0.57) (0.42) (0.28) (0.20) 

6 
51 68 104 149 209 349 528 700 1054 1503 
(6.6) (4.9) (3.2) (2.2) (1.6) (0.94) (0.62) (0.47) (0.31) (0.22) 

7 
57 77 116 166 234 390 589 783 1178 1680 
(7.2) (5.3) (3.5) (2.4) (1.7) (1.0) (0.67) (0.51 ) (0.34) (0.24) 

8 
63 85 128 184 258 431 648 864 1300 1854 
(7.7) (5.6) (3.7) (2.6) (1.8) (1.1) (0.72) (0.54) (0.36) (0.25) 

9 
69 93 140 201 282 471 709 945 1421 2027 
(8.1) (6.0) (3.9) (2.7) (1.9) (1.2) (0.77) (0.58) (0.38) (0.27) 

10 
75 100 152 218 306 511 770 1025 1541 2199 
(8.4) (S.3) (4.1 ) (2.9) (2.0) (1.2) (0.80) (O.SO) (0.40) (0.28) 

-----

1/ Sample sizes are based upon the Poisson expone,ntial binomial limit. 

0.5 0.3 

I 

461 767 
(0.01) (0.007) 

778 1296 
(0.045) (0.027) 

1065 1773 
(0.080) (0.045) 

1337 2226 Ii 
(0.10) (0.062) 

1599 2663 
(0.12) (0.074) i 

1855 3090 
(0.14) (0.085) I 

2107 3509 
(0.155) (0.093) 

2355 3922 
(0.17) (0.101) 

2599 4329 
(0.18) (0.108) 

2842 4733 
(0.19) (0.114) 

3082 5133 
(0.20) (0.120) 

2/ The minimum quality (approximate AQL) required to accept (on the average) 
19 of 20 lots is shown in parenthesis for informaUon only. MIL-5-19500E 



MEMORY DESIGNERS GUIDE 

Memory Systems 
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MOSTEI(. 
MEMORY SYSTEMS 

Custom System Engineering 

ENGINEERING FOR YOUR CUSTOM PRODUCT 

Mostek Memory Systems offers an experienced design 
team to meet your custom applications. This experience 
covers the range from small and large capacity single 
cards to multi megabyte box memories. Custom systems 
require a close working relationship between buyer and 
seller to insure a quality product delivered on schedule. 

Board density, reliability and quality are just part of the 
Mostek story; you can also count on value with 
competitive prices, OEM discounts and a full one year 
warranty on custom products. 

MAKE OR BUY 

There are many considerations beyond the purchase of 
materials. Mostek's design team specializes in digital 
systems and provides continual design update to offer 
the best value in the industry. 

If you are involved in a decision to either build your own 
product or have Mostek Memory Systems build it for 
you, please consider the following factors: 

Make Buy 

Cost Variable-affected by inflation Estimate Known and exact 

Delivery 

Inventory 

Overhead 

Design 
Experience 

Warranty 

Capital 
Resources 

often low, G&A and overhead not considered 

Subject to internal scheduling priorities Certain-set by contract 

Maximum-typically 60 POs for each Minimum-one item required 
memory type 

Maximum added Minimum added 

Variable Team of engineers specialized in 
memory designs 

Absorbed by manufacturer One year 

Must be spent on special test Available for alternate uses. 
equipment and fixtures 
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