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TELECOMMUNICATIONS

Information on the following Mostek telecomunications
circuits is contained in the 1982 Telecommunications Data
Book which is available separately.

Integrated Tone Dialers

MK5087 Integrated Tone Dialer

MK5089 Integrated Tone Dialer

MK5087/89 Electronic Drive Application Brief
MK5091 Integrated Tone Dialer

MK5092 Integrated Tone Dialer

MK5094 Integrated Tone Dialer

MK5380 Integrated Tone Dialer

MK5382 Integrated Tone Dialer with Redial
Integrated Dialer Comparison - Tone Il vs Tone Il Application Brief
Loop Simulator Application Brief

Integrated Pulse Dialers with Redial
MK50981 Integrated Pulse Dialer with Redial
MK50982 Integrated Pulse Dialer with Redial
MK50991 Integrated Pulse Dialer with Redial
MK50992 Integrated Pulse Dialer with Redial
Current Sources Application Brief

Pulse Dialer Comparison Application Brief

Repertory Dialers
MK5170 Repertory Dialer
MK5175 Ten-Number Repertory Dialer

Integrated Tone Decoders

MK5102-5 Integrated Tone Receiver

MK5102-5 DTMF Decoder Application Note
MK5102/S3525A DTMF Receiver System Application Brief
MK5103-5 Integrated Tone Decoder

DTMF Receiver System Application Brief

Active Speech Networks
MK5242 Active Speech Network

CODECs

MK5116 u-255 Law Companding CODEC
MK5151 u-255 Law Companding CODEC
MK5156 A-Law Companding CODEC
MK5316 Companding CODEC with Filters
Integrated PCM CODEC Technology Update

Transmit/Receive Filter
MK5912-3 PCM Transmit/Receive Filter
CODEC/Filter Demo Board Application Brief




INDUSTRIAL PRODUCTS

Information on the following Mostek industrial circuits is
contained in the 1981 Industrial Products Data Book which is
available separately.

Frequency Generator
MK50240/1/2 Top-Octave Frequency Generator

Digital Alarm Clock
*MK50250 Series MOS Digital Alarm Clock

Counter/Display Decoders

MK5002/5/7 Four-Digit Counter/Display Decoder
MK5002/7 Application Note

MK50395/6/7 Six-Decade Counter/Display Decoder
MK50395/6/7 Application Note

MK50398/9 Six-Decade Counter/Display Decoder

Counter/Time-Base Circuit
MK5009 Counter Time-Base Circuit
MK5009 Application Note

uP-Compatible A/D Converters/Analog Multiplexers
MK5168-1 uP-Compatible A/D Converter

MK50808 Eight-Bit A/D Converter/8-Channel Analog Multiplexer
MK50816 Eight-Bit A/D Converter/16-Channel Analog Multiplexer
A/D Converter Demo System Application Brief

*Not Recommended For New Design
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TECHNOLOGY

From its beginning, Mostek has been an
innovator. From the developments of the 1K
dynamic RAM and the single-chip calculator
in 1970 to the current 64K dynamic RAM,
Mostek technological breakthroughs have
proved the benefits and cost-effectiveness of
metal oxide semiconductors. Today, Mostek
represents one of the industry’s most
productive bases of MOS/LSI technology,
including Direct-Step-on-Wafer processing
and laser implemented redundant circuitry.

The addition of the Microelectronics
Research Center in Colorado Springs adds a
new dimension to Mostek circuit design
capabilities. Using the latest computer-aided
design techniques, center engineers will be
keeping ahead of the future with new
technologies and processes.

QUALITY

The worth of a product is measured by
how well it is designed, manufactured and

111

tested and by how well it works in your
system.

In design, production and testing, the
Mostek goal is meeting specifications the
first time on every product. This goal requires
a collective discipline from the company as
well as individual efforts. Discipline, coupled
with very personal pride, has enabled
Mostek to build in quality at every level of
production.

PRODUCTION CAPABILITY

The commitment to increasing production
capability has made Mostek the world’s
largest manufacturer of dynamic RAMs. We
entered the telecommunications market in
1974 with a tone dialer, and have shipped
millions of telecom circuits since then.
Millions of our MK3870 single-chip
microcomputers are in use throughout the
world. Recent construction in Dallas, Ireland
and Colorado Springs has added some
50 percent to the Mostek manufacturing
capacity.




THE PRODUCTS

Telecommunications Products

Mostek is the leading supplier of tone
dialers, pulse dialers, and CODEC devices.
As each new generation of telecom-
munications systems emerges, Mostek is
ready with new generation components,
including PCM filters, tone decoders,
repertory dialers, new integrated tone
dialers, and pulse dialers.

These products, many of them using
CMOS technology, represent the most
modern advancements in telecom-
munications component design.

Industrial Products

Mostek’s line of Industrial Products offers
a high degree of versatility per device. This
family of components includes various
microprocessor-compatible A/D converters,
a counter/time-base circuit for the division
of clock signals, and combined
counter/display decoders. As a result of the
low parts count involved, an economical
alternative to discrete logic systems is
provided.

Memory Products

Through innovations in both circuit design,
wafer processing and production, Mostek
has become the industry’s leading supplier
of dynamic RAMs.

Examples of Mostek leadership are
families of x1 and x8 high performance static
RAMs and our extremely successful 64K
ROMs with more codes processed than any
other mask-ROM in the industry. Another
performance and density milestone is our
256K ROM, the MK38000. In MOS Dynamic
RAMs, Mostek led the way as the world’'s
leading supplier of 16K devices.

Our MK4564 64K dynamic RAM uses
advanced circuit techniques and design to
enhance manufacturability to satisfy the
demands of a huge marketplace.

Microcomputer Components

Mostek’'s microcomputer components
cover the entire spectrum of microcomputer
applications.

Our MK68000 16-bit microprocessor is
designed for high-performance, memory-
intensive systems.

Our Z80 is today's industry-standard 8-bit
microprocessor. The Mostek 3870 family of
single-chip microcomputers offers upgrade
options in ROM, RAM, and I/0—all in the
same socket. The MK38P70 EPROM
piggyback microcomputer emulates the
entire family and is ideal for low-volume
applications.



Development systems include the
RADIUS™ remote development station that
lets you use your host minicomputer to
develop the applications software. The
program is then downloaded into the
RADIUS which then lets you perform real-
time in-circuit emulation and debug. The
Mostek Matrix™ Development System is a
stand-alone hardware and software debug
and integration system.

Microcomputer Systems

Mostek is the world’s leading manufac-
turer of Z80-based STD BUS system
components. A new line of microsystems
utilizing the VME BUS and based on the
MK68000 will be available soon.

Computer systems include our Matrix line
which utilize STD BUS cards to let you
custom-design your own system.

Military Products

An extension of the high quality in
fabrication and design inherent in Mostek’s
product line allows many of our ICs to be
made available screened to MIL-STD-883. In
addition, select parts are qualified to the
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rigors of MIL-M-38510 and are processed on
our QPL certified lines.

The MKB product line begins with the
complete Memory Products offering, and
extends into microprocessors and gate
arrays. Leadless Chip Carrier packaging and
prepared customer SCDs address the
particular needs of the military community.

Memory Systems

Taking full advantage of our leadership in
memory components technology, Mostek
Memory Systems offers a broad line of
products, all with the performance and
reliability to match our industry-standard
circuits. Mostek Memory Systems offers add-
in memory boards for popular DEC, Data
General, and Perkin-Elmer minicomputers.

Mostek also offers special purpose and
custom memory boards for special applications.

Gate Arrays

Utilizing the technology developed by
United Technologies Microelectronic
Research Center, Mostek plans to market
custom gate array circuits in the second half
of 1982.
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MICROELECTRONIC PRODUCTS

Package Descriptions

Plastic Dual-In-Line Package (N)
40 Pin | T ik

L

1802010 -
T .

. et 1 s R S

060 ¢ 010

LR

EH

19 EQUAL SPACES @ 100 ————of

Ceramic Dual-In-Line Package (P)
40 Pin

-
=
- ¢
19 EQUAL SPACES - 100 1900

P-PROM Package (R)
40 Pin

L Em"‘“.‘:u‘;’?'.&‘:z..J socxeTemn
000 ¢ 012(UD) 390 +.025
~110+.013 -
ulnlnlniud) )—rmrq‘mr:]——ﬂﬁ-_rr“"!““ [m:——\\ﬁ

T T e
b :

19 EQUAL BPACES @ 100 = 1.800-

NOTE: Above disgram ilustrates microcomputer device only

11-5




Leadless Hermetic Chip Carrier (E) T
32 Pin (Proposed JEDEC Type E) Rt P—

Plastic Dual-In-Line Package (N)
28 Pin

Ceramic Dual-In-Line Package (P)
28 Pin

4002 ¢ je—— 595+ 016 —»f

W ‘HIHIHII"IIIWI o |
J T h
Ll! EQUAL SPACES @ 1 004] -

L

Py

]

Cerdip Hermetic Package (J)
28 Pin

>

1
— }-——ooo +.020 1

1.470 MAX. 614 TYP.
500
. 10 g
|

e

018 *.003
13 EQUAL SPACES AT .100 EACM

d=
g |
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Plastic Dual-In-Line Package (N) PPN St
24 Pin

1{;
i
L1

=]

-] ;r
T#——%
I
T
|
kS

Ceramic Dual-In-Line Package (P)

24 Pin E ﬂ T

fe——596+ 016y

B

Cerdip Hermetic Package (J) £ d
24 Pin

: 12
i }~— 076 +.030

=N
I \ 1200 MAX.
e [
120 MIN. 5%
[
l.__

|oo -| l<- 650 NOM. —»1

8%.003
11 EQUAL SPACES (@ 1oo
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Ceramic Dual-In-Line Package (P)
20 Pin

B —

|+ 205+ 015
|

.020

Mm > |- 008
012
V
100 + 010-1 -~— g:g I
.018 % '0 .003
‘4—— 9 EQUAL SPACES @ 100 =2
¢ ¢
h 430 + 015 -—‘
20 Pin
012R
080
- MAX.
025

§ 045+ 005

fe— 045 TYP

Plastic Dual-In-Line Package (N)
18 Pin

——I 030 + 010
9 1

o

10 18

850 MAX,

R

i
.130£.010
f 120
ons MIN.
MIN.
.018+.003
le—"

060 *.010
’ 8 EOUAL SPACES
T @ .100

NOTE: Overall length includes 010 flash on eitt

L_ 3504 oso—cj

¢ L3

her end of package

Ceramic Dual-In-Line Package (P)
18 Pin

\em e

) .310+.015

il
— I<— 050 + .015

900% 015

1= ‘

’-zssz .m.(

120 MIN|
b el
038
.100 .01 o.( . 0—1:12‘003 057

"-‘—‘ 8 EQUAL SPACES @ .100

| +0‘5 ‘

——T——f—um - 4.%‘1’%
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¢

-8



Dual-In-Line Double Density Ceramic Package (D)

i8Pinn Aesa- =
295t .015
.1 I.-nso +.015 N
.900% 020
.170 MAX. non
[}
l | 030 MIN
120 "
MIN. N o1z
f 038
-”-.ma: 003 ~057
‘___‘ 8 EQUAL SPACES 300
AT .100%.008 EQUALS .800 *.008 385
0.A.(T.N.A.} ¢ ¢
18 10

Cerdip Hermetic Package (J)

18 Pin
PO o090 U
- }"'045 018
910 MAX Y_:%r_g;
I l ! IOOLA)(
l g I b '
|20'MIN '3%
- :,:l.l;, - o
Leadless Hermetic Chip Carrier (E)
18 Pin (Proposed JEDEC Type F)
_ |ﬁ
Figure A

Leadless Hermetic Chip Carrier (E)
18 Pin (Proposed JEDEC Type F)
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Plastic Dual-In-Line Package (N) LA~~~ n%mw
16 Pin

C
d
AV AVAVAVAVAVAS

760 MAX.

oo
060 * 010
7 EOUAL sPAcEs

NOTE" Overall length includes .010 flash on either end of package

Ceramic Dual-In-Line Package (P) L AT

16 Pin ) Hj

.310+.015

T o Tt T

|
l-—295% .015&’

i
r\mm‘r Ny,
12OMIN i AFMW 1 "g?_g
100 + 0104 o1e4> o o8 [
H—7EOUALSPACES@ 100 ——»f I<7 §§g —
¢ ¢
Ceramic Flat Package (F) = e——
16 Pi T
in ————— E.mg 003
050x7=,350 A 400 + 010
TOL.NGN AcCUM, — — % -
| e—— === ———1-—"
———— | —
. — e O] y——
[«—.270 *.008 —»{ 010 (78
- p— [
¥ 007 +.004
Cerdip Hermetic Package (J) DA AL AA]
16 Pin
PO Lo U
— "-035“ 025
780 MAX D-%
) | !
?' 'T'Y'Y'? e
A
: -.350 NOM. p

01 3' 003
7 EQUAL SPACES « 100
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Plastic Dual-In-Line Package (N) Ao b7
8 Pin

PATAvY)
1 4 300 |
NOM.
le— .400 MAX. — 250 o g
- e b
.160 £ .010 T
I ; 008

8l
Nl

120
06 MIN.
MIN. f L_ _J
+ 4
060+ 015 350+ 060
018 ¢ 003 [3 ¢
3 EQUAL
SPACES (.100

NOTE: Overall length includes .010 flash on either end of package

68000 Family
Ceramic Dual-In-Line Package (P)
64 Pin

MILLIMETERS INCHES NOTES:
D"\M B':?Z al\;%x“ 3N:I7h:) ;‘ 'QXO 1. Dimension|[-A-Jis datum.

B 12225 [ 2296 | 0.900 [0.920 2. Positional tolerance for leads:

: 32 Jo. y -10.25 (0.010)
c | 305 | 4.32 [0.120 [0.170 [Blo.25 0010 W[ 7] AW
D | 0.38 | 053 0015 |0.021 3. [T is seating plane.
F | 076 | 1.40 |0.030 |0.057 4. Dimension “L" to center of leads
G 2.54 BSC 0.100 BSC when formed parallel. )
J | 020 | 0.33 |0.008 [0.013 5. Dimensioning and tolerancing per
K | 254 | 419 |0.100 [0.165 ANSI Y145, 1973.
L }2261]23.11]|0.890 |0.910
M - 10° - 10°
N | 102 | 152 |0.020 |0.060

Case 746.01
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Ceramic Dual-In-Line Package (P)
48 Pin

48 = = 28
LSUFFIX
. CERAMIC PACKAGE

CASE 740-02
24

T A

J m
Gl {
fe—t —
ILLIMETERS| _INCHES

DIM| MIN [ MAX | MIN [ MAX NOTES:

A ]160.35|61.57 |2.376 |2.424 LDIMENSIONIS DATUM.

B 114.63115.34 10576 |0.604 2. POSITIONAL TOLERANCE FOR LEADS:

C | 305] 432 [0120]0.160

D | 0.381] 0533[0.015 [0.021 Pore:

F_| 0.762] 1.397]0.030 {0.055 3.(His SEAT"?,G,.P LANE.

o1 254850 1 0100850 4. DIMENSION “'L” TO CENTER OF

315203 05350008 [00:3 LEADS WHEN FORMED PARALLEL.

« T 254 419 0100 0165 5. DIMENSIONING AND TOLERANCING

L |14.99] 1565 [0.590 | 0.616 PER ANSI Y14.5, 1973.

M| 0° | 10° | 0° | 10°

N [ 1.016] 1.524[0.040 | 0.060

12



ORDERING INFORMATION

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

Example: MKi4167P;-13
l 1

. Dash Number

2. Package

3. Device Number

1. Dash Number

4. Mostek Prefix

One or two numerical characters defining specific device performance characteristics and operating

temperature range.

2. Package

- CER-DIP

mMmom-HA X2
'

- Flat pack
3. Device number

TXXX or 1XXXX
2XXX or 2XXXX
3XXX or IXXXX
38XX

4AXXX or 4XXXX
5XXX or BXXXX
TXXX or 7XXXX

4. Mostek Prefix

- Gold side-brazed ceramic DIP

- Epoxy DIP (Plastic)

Tin side-brazed ceramic DIP

- Ceramic DIP with transparent lid
- Ceramic leadless chip carrier

- Dual density RAM-PAC

Shift Register, ROM

ROM, EPROM

ROM, EPROM

Microcomputer Components

RAM

Counters, Telecommunication and Industrial
Microcomputer Systems

MK - Standard Prefix

MKB - Military Hi-Rel screening to MIL-STD-883 Class B for extended temperature range operation.

MKI - Industrial Hi-Rel screening for -40°C to +85°C operation.
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U.S. AND CANADIAN SALES OFFICES

CORPORATE HEADQUARTERS

Mostek Corporation
1215 W. Crosby Rd.
P.0O.Box 169
Carroliton, Texas 75006

REGIONAL OFFICES

Northeastern Area
Mostek

49 W. Putnam, 3rd Floor
Greenwich, Conn. 06830
203/622-0955

TWX 710-579-2928

Northeast U.S.

Mostek

29 Cummings Park, Suite #426
Woburn, Mass. 01
617/935-0635

TWX 710-348-0459

Southeastern Area

Mostek

40018 Greentree Executive Campus
Route #

Mariton, New Jersey 08053
609/596-9200

TWX 710-940-0103

Southeast U.S.

Mostek

13907 N. Dale Mabry Highway
Suite 201

Tampa, Florida 33618
813/962-8338

TWX 810-876-4611

Upstate NY Region

Mostek

4651 Crossroads Park Dr., Suite 201
Liverpool, NY 13088
315/457-2160

TV\VX 710-945-0255

Chicago Region

Mostek

Two Crossroads of Commerce
Suite 360

Rolling Meadows, IIl. 60008
312/577-9870

TWX 910-291-1207

North Central U.S.
Mostek

6101 Green Valley Dr.
Bloomington, Mn. 55438
612/831-2322

TWX 910-576-2802
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Michigan

Mostek

Orchard Hill Place
21333 Haggerty Road
Suite 321

TWX 810-242-1471

Central U.S.
Mostek

4100 McEwen Road
Suite 151

Dallas, Texas 75234
214/386-9340
TWX 910-860-5437

Southwest Region
Mostek

4100 McEwen Road
Suite 237

Dallas, Texas 75234
214/386-9141

TWX 910-860-5437

Chevy Chase #4

7715 Chevy Chase Dr., Suite 116
Austin, TX 78752
512/458-5226

TWX 910-874-2007

Western Region
Northern California
Mostek

1762 Technology Drive
Suite 126

San Jose, Calif. 95110
408/287-5080

TWX 910-338-2219

Seattle Region
0!

stek
1107 North East 45th St.
Suite 411
Seattle, WA 98105
206/632-0245
TWX 910-444-4030

Southern California
Mostek

18004 Skypark Circle
Suite 140

Irvine, Calif. 92714
714/549-0397

TWX 910-695-2513

Arizona Region

Mostek

2150 East Highland Ave.
Suite 101

Phoenix, AZ 85016
602/954-6260

TWX 910-957-4581



U.S. AND CANADIAN REPRESENTATIVES

ALABAMA

Conley & Associates, Inc.
3322 Memorial Pkwy., S.W.
Suite 17

Huntsville, AL 35801
205/882-0316

TWX 810-726-2159

ARIZONA

Summit Sales

7825 E. Redfield Rd.
Scottsdale, AZ 85260
602/998-4850

TWX 910-950-1283

CALIFORNIA
Harvey King, Inc.
8124 Miramar Road
San Diego, CA 92126
714/566-5252

TWX 910-335-1231

COLORADO
Waugaman Associates*
4800 Van Gordon
Wheat Ridge, CO 80033
303/423-1020

TWX 910-938-0750

CONNECTICUT

New England Technical Sales
240 Pomeroy Ave.

Meriden, CT 06450
203/237-8827

TWX 710-461-1126

FLORIDA

Conley & Associates, Inc.*
P.O. Box 309

235 S. Central

Oviedo, FL 32765
305/365-3283

TWX 810-856-3520

Conley & Associates, Inc.
4021 W. Waters

Suite 2

Tampa, FL 33614
813/885-7658

TWX 810-876-9136

Conley & Associates, Inc.
P.0. Box 700

1612 N W. 2nd Avenue
Boca Raton, FL 33432
305/395-6108

TWX 510-953-7548

*Home Office

GEORGIA

Conley & Associates, Inc.
3951 Pleasanldale Road
Suite 2

Doravnlle GA 30340
414/447-6992

TWX 810-766-0488

ILLINOIS

Carlson Electronic Sales*
600 East Higgins Road

Elk Grove Village, iL 60007
312/956-8240

TWX 910-222-1819

INDIANA

Rich Electronic Marketing*
599 Industrial Drive
Carmel, IN 46032
317/844-8462

TWX 810-260-2631

Rich Electronic Marketing
3448 West Taylor St.
Fort Wayne, IN 46804
219/432-5553

TWX 810-332-1404

1I0WA

REP Associates
980 Arica Ave.
Marion, IA 52302
319/393-0231

KANSAS

Rush & West Associates*
107 N. Chester Street
Olathe, KN 66061
913/764-2700

Wichita 316/683-0206
TWX 910-749-6404

KENTUCKY

Rich Electronic Marketing
8819 Roman Court

P. 0. Box 91147
Louisville, KY 40291
502/499-7808

TWX 810-535-3757

MARYLAND

Arbotek Associates
3600 St. Johns Lane
Ellicott City, MD 21043
301/461-1323

TWX 710-862-1874

MASSACHUSETTS

New England Technical Sales*
135 Cambridge Street
Eurhngton MA 01803
617/272-0434

TWX 710-332-0435

Computer Marketing

241 Crescent St./2nd Floor
Waltham, MA 02164
617/894-7000
710-324-1503

MICHIGAN
Action Components
21333 Haggerty Road

313/349-3940

MINNESOTA

Cahill, Schmitz & Cahill, Inc.*
315 N. Pierce

St. Paul, MN 55104
612/646-7217

TWX 910-563-3737

Micro Resources, Inc.
2700 Chowen Avenue South
Minneapolis, MN 556416

MISSOURI

Rush & West Associates
481 Melanie Meadows Lane
Ballwin, MO 63011
314/394-7271

NORTH CAROLINA
Conley & Associates, Inc.
4050 Wake Forest Road
Suite 102

Raleigh, NC 27609
919/876-9862

TWX 510-928-1829

NEW JERSEY

Tritek Sales, Inc.

21 E. Euclid Ave.

HaddonileI1d NJ 08033
/4.

9-1551
215/627-0149 (Phlladelphla Line)

TWX 710-896-0881

NEW MEXICO
Waugaman Associates
P.0. Box 14894
Albuquerque, NM 87111

9004 Menaul NE

Suite 7

Albuquerque, NM 87112
505/294-1437
505/294-1436 (Ans. Service)

1-16

NEW YORK
ERA Inc.

354 Veterans Memorlal Highway
725

Commack,
516/543-0510

TWX 510-226-1485
{New Jersey Phone #
800/645-5500, 5501)

Precision Sales Corp.

6 Arbustus Ln., MR-97
Binghamton, NY 13901
607/648-3686
607/648-8833

Precision Sales Corp.*
1 Commerce Blvd.
Liverpool, NY 13008
315/451-3480

TWX 710-545-0250

Precision Sales Corp.
3594 Monroe Avenue
Pittsford, NY 14534
716/381-2820

Precision Sales Corp.
Drake Road

Pleasant Valley, NY 12569
914/636-3233

OHIO

The Lyons Corp.

4812 Frederick Rd.
Dayton, Ohio 45414
513/278-0714
TWX 810-459-1754

The Lyons Corp.

4615 N. Streetsboro Rd.
Richfield, Ohio 44286
216/659-9224

TWX 810-427-9103

OREGON

Northwest Marketing Assoc.

9999 S.W. Wilshire St.
Suite 124

Portland OR 97225
503/297-2581

TELEX 910-464-5167

TENNESSEE

Conley & Associates, Inc.
1128 Tusculum Bivd
Suite D

Greenville, TN 37743
615/639-3139

TWX 810-576-4597

UTAH

Waugaman Associates
10332 South 1540 W
South Jordan, UT 84065
801/264-0570

or
801-254-0572
TWX 910-925-4073

WASHINGTON

Northwest Marketing Assoc.*
12835 Bellevue-Redmond Rd.
Suite 203E

Bellevue, WA 98005
206/455-5846

TWX 910-443-2445

WISCONSIN

Carlson Electronic Sales
Northbrook Executive Ctr.
10701 West North Ave.
Suite 209

Milwaukee, Wl 53226
414/476-2790

TWX 910-222-1819

CANADA

Cantec Representatives Inc.*
1573 Laperriere Ave.
Ottawa, Ontario

Canada K1Z 773
613/725-3704

TWX 610-562-8967

Cantec Representatives Inc.
15 Charles Street, East
Kitchener, Ontario

Canada N2G2P3
519/744-6341

TWX 610-492-2683 (Toronto)

Cantec Representatives Inc.
8 Strathearn Ave, Unit 18
Brampton, Ontario

Canada L6TAL8
416/791-5922

TWX 610-492-2683

Cantec Representatives Inc.
3639 Sources Blvd.

Suite 116

Dollard Des Ormeaux, Quebec
Canada H9B2K4
514/683-6131

TWX 610-422-3985



U.S. AND CANADIAN DISTRIBUTORS

ARIZONA

Kierulff Electronics
4134 E. Wood St.
Phoenix, AZ 85040
602/243-4101

TWX 910/951-1550
Kierulff Electronics
1806 W. Grant Rd.
Suite 102

Tucson, AZ 86705
602/624-9986
TWX 910/952-1119

CALIFORNIA
Arrow Electronics
4029 Westerly Place
Bldg. 15, Unit 113

Newport Beach, CA 92660

(714) 851-8961

TWX 910/595-2861
Arrow Electronics
19748 Dearborn St.
Chatsworth, CA 91311
(213) 701-7500

TWX 910-493-2086
Arrow Electronics
9511 Ridgehaven Court
San Diego, CA 92123
(714) 565-4800

TWX 910/335-1195
Arrow Electronics

521 Weddell Dr.
Sunnyvale, CA 94086
408/745-66/

TWX 910/339-9371
Kierulff Electronics
2585 Commerce Way
Los Angeles, CA 90040
213/725-0325

TWX 910/580-3106
Kierulff Electronics
3969 E. Bayshore Rd.
Palo Alto, CA 94303
415/968-6292
Kierulff Electronics
8797 Balboa Avenue
San Diego, CA 92123
714/278-2112

TWX 910/335-1182
Kierulff Electronics
14101 Franklin Avenue
Tustin, CA 92680
714/731-5711

TWX 910/595-2599
Schweber Electronics
17811 Gillette Avenue
Irvine, CA 92714
714/556-3880

TWX 910/595-1720
Schweber Electronics
3110 Patrick Henry Dr.
Santa Clara, CA 95050
408/496-0200
Zeus/West, inc.

1130 Hawk Circle
Anaheim, CA 92807
714/632-6880

TWX 910/691-1961

COLORADO

Arrow Electronics
2121 South Hudson St.
Denver, CO 80222
(303) 768-2100

TWX 910/931-0552

Kierulff Electronics
10890 E. 47th Avenue

Denver, CO 8023

303/371-6500

TWX 910/932-0169

CONNECTICUT
Arrow Electronics

12 Beaumont Rd.
Wallingford, CT 06492
203/265-7741

TWX 710/476-0162
Schweber Electronics
Finance Drive
Commerce Industrial Park
Danbury, CT 06810
203/792-3500

TWX 710/456-9405

FLORIDA

Arrow Electronics
1001 N.W. 62nd St.
Suite 108

Ft. Lauderdale, FL 33309
305/776-7790

TWX 510/955-9456
Arrow Electronics

50 Woodlake Dr.
Palm Bay, FL 32905
305/725-1480

TWX 510-959-6337
Diplomat Southland
2120 Calumet
Clearwater, FL 33515
813/443-4514

TWX 810/866-0436
Kierulff Electronics
3247 Tech Drive

St. Petersburg, FL 33702
813/676-1966

TWX 810/863-5625

GEORGIA

Arrow Electronics
2979 Pacific Drive
Norcross, GA 30071
404/449-8252

TWX 810/766-0439
Schweber Electronics

303 Research Drive, Suite 210

Norcross, GA 30092
404/449-9170

ILLINOIS

Arrow Electronics

492 Lunt Avenue

P. 0. Box 94248
Schaumburg, IL 60193
312/893-9420

TWX 910/291-3544
Kierulff Electronics
1536 Landmeier Rd.

Elk Grove Village, iL 60007

312/640-0200

TWX 910/222-0351
Schweber Electronics
904 Cambridge Dr.

Elk Grove Viliage, IL 60007

312/364-3750

INDIANA

Advent Electronics
8446 Moller
Indianapolis, IN 46268
317/872-4910

TWX 810/341-3228
Arrow Electronics
2718 Rand Road
Indianapolis, IN 46241
317/243-9353

TWX 810/341-3119
Pioneer Electronics
6408 Castleplace Drive
Indianapolis, IN 46250
317/849-7300

TWX 810/260-1794

10WA

Advent Electronics

682 58th Avenue

Court South West
Cedar Rapids, IA 562404
319/363-0221

TWX 910/5256-1337
Arrow Electronics

1930 St. Andrews Dr., NE
Cedar Rapids, IA 52402
(319) 395-7230
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MARYLAND

Arrow Electronics

4801 Benson Avenue
Baltimore, MD 21227
301/247-5200

TWX 710/236-9005
Pioneer Electronics
9100 Gaither Road
Gaithersburg, MD 20877
301/948-0710

TWX 710/828-0545
Schweber Electronics
9218 Gaither Rd.
Gaithersburg, MD 20877
301/340-5900

TWX 710/828-9749

MASSACHUSETTES
Arrow Electronics
Arrow Drive

Woburn, MA 01801
617/933-8130

TWX 710/393-6770
Kierulff Electronics

13 Fortune Drive
Billerica, MA 01865
617/935-5134

TWX 710/390-1449
Lionex Corporation

1 North Avenue
Burlington, MA 01803
617/272-1660

TWX 710/332-1387
Schweber Electronics
25 Wiggins Avenue
Bedford, MA 01730
617/275-!

TWX 71 0/326 0268
Zeus/New England, Inc.
25 Adams Street
Burlington, MA 01803
617/273-0753

TWX 710/322-0716

MICHIGAN
Arrow Electronics
3810 Varsity Drive

TWX 810/223 6020
Pioneer Electronics
13485 Stamford
Livonia, MI 48150
313/525-1800

TWX 810/242-3271
Schweber Electronics
10260 Hubbard Ave.
Livonia, Mi 48150
313/525-8100

TWX 810/242-2983

MINNESOTA
Arrow Electronics
5230 W. 73rd Street
Edina, MN 55435
612/830-1800
TWX 910/576-3125
Kierulff Electronics
7667 Cahill Rd.
Edina, MN 55435
612/941-7500
TWX 910/676-2721

MISSOURI

Arrow Electronics
2380 Schuetz Road

St. Louis, MO 63141
314/567-6888

TWX 910/764-0882
Olive Electronics

9910 Page Blvd.

St. Louis, MO 63132
314/426-4500

TWX 910/763-0720
Semiconductor Spec
3805 N. Oak Trafficway
Kansas City, MO 64116
816/452-3900

TWX 910/771-2114

NEW HAMPSHIRE
Arrow Electronics

1 Perimeter Rd.
Manchester NH 03103
603/668-6!

TWX 7!0/220 1684

NEW JERSEY

Arrow Electronics

Pleasant Valley Avenue

Morrestown, NJ 08057

609/235-1900

TWX 710/897-0829

Arrow Electronics

285 Midland Avenue

Saddlebrook, NJ 07662

201/797-5800

TWX 710/988-2206

Kierulff Electronics

3 Edison Place

Fairfield, NJ 07006
201/575-675(

TWX 710/734-4372

Schweber Electronics

18 Madison Road

Fairfield, NJ 07006

201/227-7880

TWX 710/734-4305




U.S. AND CANADIAN DISTRIBUTORS

NEW MEXICO

Arrow Electronics

2460 Alamo Ave. S.E.
Albuguerque, NM 87106
505/243-4566

TWX 910/989-1679

NEW YORK

Add Electronic

7 Adler Drive

E. Syracuse, NY 13057
315/437-0300
Arrow Electronics
900 Broad Hollow Rd.
Farmingdale, L1., NY 11735
516/694-6800

TWX 510/224-6494
Arrow Electronics
7705 Maltlage Drive
P. 0. Box 370
Liverpool, NY 13088
315/652-1000

TWX 710/545-0230
Arrow Electronics
3000 S. Winton Road
Rochester, NY 14623
716/275-0300

TWX 510/253-4766
Arrow Electronics

20 Oser Ave.
Hauppauge, NY 11787
516/231-1000

TWX 510/227-6623
Lionex Corporation
400 Oser Ave.
Hauppauge, NY 11787
516/273-1660

TWX 510/227-1042
Schweber Electronics
3 Town Line Circle
Rochester, NY 14623
716/424-2222
Schweber Electronics
Jericho Turnpike
Westbury, NY 11590
516/334-7474

TWX 510/222-3660
Zeus/Long Island
401 Broad Hollow Rd.
Melville, NY 11746
516/752-9551

TWX 710/567-1248

Zeus Components Components, Inc.

100 Midland Avenue
Port Chester, NY 10573
914/937-7400

TWX 710/667-1248

NORTH CAROLINA
Arrow Electronics

938 Burke St.

Winston Salem, NC 27102
919/725-8711

TWX 510/931-3169
Arrow Electronics

3117 Poplarwood Court
Suite 123, P.O. Box 95163
Raleigh, NC 27625

TWX 919/876-3132
Hammond Electronics
2923 Pacific Avenue
Greensboro, NC 27406
919/275-6391

TWX 510/925-1094

*Franchised for USA and Canada excluding California for military products

OHIO

Arrow Electronics
7620 McEwen Road
Centerville, OH 45459
513/435-5563

TWX 810/459-1611
Arrow Electronics
6238 Cochran Road
Solon, OH 44139
216/248-3990

TWX 810/427-9409
Pioneer Electronics
4800 East 131st Street
Cleveland, OH 44105
216/587-3600

TWX 810/422-2211
Pioneer Electronics
4433 Interpoint Blvd.
Dayton, OH 45424
513/236-9900

TWX 810/459-1622
Schweber Electronics
23880 Commerce Park Road
Beachwood, OH 44122
216/464-2970

TWX 810/427-9441

OKLAHOMA

Quality Components
9934 East 21st South
Tulsa, OK 74129
918/664-8812

OREGON

Kierulff Electronics
14273 NW Science Park
Portland, OR 97229
503/641-9150

TWX 910/467-8753

PENNSYLVANIA
Arrow Electronics
650 Seco Rd.
Monroeville, PA 15146
412/856-7000
Pioneer Electronics
560 Alpha Drive
Pittsburgh, PA 15238
412/782-2300

TWX 710/795-3122
Pioneer Electronics
261 Gibraltar
Horsham, PA 19044
215/674-4000

TWX 510/665-6778
Schweber Electronics
101 Rock Road
Horsham, PA 19044
215/441-0600

SOUTH CAROLINA
Hammond Electronics
1035 Lowndes Hill Rd.
Greenville, SC 29602
803/233-4121

TWX 810/281-2233

TEXAS

Arrow Electronics
10125 Metropolitan Dr.
Austin, TX 78758
512/835-4180

Arrow Electronics
13715 Gamma Road
Dallas, TX 75240
214/386-7500

TWX 910/860-5377
Arrow Electronics
10700 Corporate Drive
Suite 1

Stafford, TX 77477
713/491-4100

TWX 910/880-4439
Quality Components
4257 Kellway Circle

TWX 91 0/860 5459
Quality Components
2427 Rutland Drive
Austin, TX 78758
512/835-0220
TWX 910/874-1377
Quality Components
6126 Westline
Houston, TX 77036
713/772-7100
Schweber Electronics
10625 Richmond, Suite 100
Houston, TX 77042
713/784-3600
TWX 910/881-4836
Zeus/Dallas, Inc.
14001 Goldmark Dr.
Suite 250

Dallas, TX 75240
214/783-7010
TWX 910/867-9422
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UTAH

Arrow Electronics

4980 Amelia Earhart Dr.
Salt Lake City, UT 84116
(801) 639-1135

Kierulff Electronics

2121 South 3600 West
Sait Lake City, UT 84119
801/973-6913

WASHINGTON
Arrow Electronics
14320 NE 21st
Bellevue, WA 98005
(206) 643-4800
TWX 910/444-2017
Kierulff Electronics
1053 Andover Park East
Tukwila, WA 98188
206/575-4420
TWX 910/444-2034
Zeus/West

23701 150th S.E.
Monroe, WA 98279

WISCONSIN

Arrow Electronics
434 Rawson Avenue
Oak Creek, Wi 53154
414/764-6600

TWX 910/262-1193
Kierulff Electronics
2212 E. Moreland Blvd.
Waukesha, Wi 563186
414/784-8160

TWX 910/265-3653

CANADA

Prelco Electronics

2767 Thames Gate Drive
Mississauga, Ontario
Toronto LAT 1G5
416/678-0401

TWX 610/492-8974
Prelco Electronics

480 Port Royal St. W.
Montreal 357 P.Q. H3L 289
514/389-8051

TWX 610/421-3616
Prelco Electronics

1770 Woodward Drive
Ottawa, Ontario K2C OP8
613/226-3491

Telex 05-34301

R.AE. Industrial

3455 Gardner Court
Burnaby, B.C. V5G 4J7
604/291-8866

TWX 610/929-3065
Zentronics

141 Catherine Street
Ottawa, Ontario
K2pP1C3

613/238-6411
Zentronics

8 Tilbury Court
Brampton, Ontario
L6T3T4 (Toronto)
416/451-9600

Telex 06-97678
Zentronics

505 Locke St.

St. Laurent, Quebec

H4T IX7

514/735-5361

Telex 058-27535
Zentronics

590 Berry Street

St. James, Manitoba
R2H OR4
204/775-8661
Zentronics

480 “A” Dutton Drive
Waterloo, Ontario

N2L 4Cé

519/884-5700

R.A.E. Industrial

11680 170th St.
Edmonton, Alberta T5S 1J7
403/451-4001

Telex 03-72653
Zentronics

550 Cambie St.
Vancouver, B.C. V6B 2N7
604/688-2533

Telex 04507789
Zentronics

3651 21st Street, N.E.
Calgary, Alberta T2E 6T5
403/230-1422
Zentronics

9224 27th Avenue
Edmonton, Alberta TEN 182
403/463-3014
Zentronics

30 Sommonds Drive, Unit B
Dartmouth, N.S. B3B1R3
902/463-8411



INTERNATIONAL MARKETING OFFICES

EUROPEAN HEAD OFFICE
Mostek International

Av de Tervuren 270-272 Bte 21
B-1150 Brussels/Belgium

GERMANY
PLZ1-5

Mostek GmbH
Friedlandstrasse 1

PLZ8

Mostek GmbH
Zaunkonigstr. 18
D-8012 Ottobrunn

JAPAN

Mostek Japan KK
Sanyo Bldg. 3F
1-2-7 Kita-Aoyama

UNITED KINGDOM
Mostek U.K. Ltd.
Masons House,
1-3 Valley Drive

02/762.18.80 D-2085 Quickborn (089) 95.10.71 Minato-Ku, Tokyo 107 Kingsbury Road

Telex: 62011 (04106) 2077/78 Telex: 5216516 (03) 404-7261 London, NW.9
Telex: 213685 Telex: J23686 01-204 9322

FRANCE ITALY Telex: 25940

Mostek France s.ar.l. PLZ 6-7 Mostek ltalia SRL SWEDEN

30 Rue du Morvan Mostek GmbH Via F.D. Guerrazzi 27 Mostek Scandinavia AB

SILIC 505 Schurwaldstrasse 15 120145 Milano Magnusvagen 1/8 tr

F-94623 Rungis Cedex D-7303 Neuhausen/Filder (02) 318.56337/349.2696 S-17531 Jarfalla

(1)687 34.14 (07158) 66.45 and 34.23.89 0758-343 38/343 48/183 30

Telex: 204049 Telex: 72.38.86 Telex: 333601 Telex: 12997

INTERNATIONAL SALES REPRESENTATIVES/DISTRIBUTORS

ARGENTINA Mecodis HONG KONG THE NETHERLANDS SWEDEN

Rayo Electronics S.R.L. 2 Rue Pasteur Cet Limited Nijkerk Elektronika BV TRACO AB, Box 32

Belgrano 980, Pisos 6y2
1092 Buenos Aires
(38)-1779, 37-9476
Telex - 122153

AUSTRALIA

Amtron Tyree Pty.Ltd.
176 Botany Street
Waterloo, N.S.W. 2017
(61) 69-89.666

Telex - 25643

AUSTRIA

Transistor Vertriebsges, mbH
Auhofstrasse 41 A

A-1130 Vienna

(0222) 82 9451, 83 9404
Telex - 0133738

BRASIL

Cosele, Ltd.

Rua da Consolacao, 867

Conj. 31

01301 Sao Paulo

(56) 11-257.35.35/258.43.25
Telex - 1130869

BELGIUM

Sotronic

14 Rue Pere De Deken
B-1040 Brussels

02 736.10.07

Telex - 25141

DENMARK

Semicap APS

Gammel Kongevej 148
DK-1850 Copenhagen
01-22.15.10

Telex - 15987

FINLAND

Insele Oy
Kumpulantie +
SF-00520 Helsinki 52
0735774

Telex: 122217

FRANCE

Copel

Rue Fourny, Z.I.

B.P. 22, F-78 530 BUC
(1)956 1018

Telex: 69379

Facen

110 Av de Flandre
F59290 Wasquehal. Nord
(2)98.92.15

Branch Offices in
Chalon/Saone, Lille,
Nancy, Rouen, Strasbourg

F-94380 Bonneuil
(1) 339.20.20
Telex: 250303

PEP.

4 Rue Barthelemy
F-92120 Montrouge
(1)-735.33.20
Telex: 204 534

Scaib

80 Rue d'Arcueil

SiuIC 137

F-94523 Rungis Cedex
(1)-687.23.12

Telex: 204674

Sorhodis

150-152, Rue A. France
F69100 Villeurbanne
(78) 850044

Telex: 380181

GERMANY

Dr Dohrenberg
Bayreuther Strasse 3
D-1000 Berlin 30
(030) 213.80.43
Telex: 0 184860

Neye Enatechnik GmbH
Schillerstrasse 14
D-2085 Quickborn
(04106) 612-1

Telex: 0 213.590

Branch offices in: Berlin, Hannover,
Dusseldorf, Darmstadt, Stuttgart,
Munchen

Raffel-Electronic GmbH
Lochnerstrasse 1
D-4030 Ratingen 1
(2102) 280.24

Telex: 8585180

Siegfried Ecker
Koenigsberger Strasse 2
D-6120 Michelstadt
(6061) 2233

Telex: 4191630

Matronic GmbH
Lichtenberger Weg 3
D-7400 Tuebingen
(7071) 24331

Telex: 7262879

Dema-Electronic GmbH
Bluetenstrasse 21
D-8000 Munchen 40
(089) 288018/19
Telex: 05-29345

1402 Tung Wah Mansion
199-203 Hennessy Road
‘Wanchai, Hong Kong
(5)-72.93.76

Telex - 85148

ISRAEL

Telsys Ltd.

12, Kehilat Venetsia St.
Tel Aviv. Israel
482126/7/8

Telex: 032392

ITALY

Comprel s.r.l.

V.le Romagna. 1

1-20092 Cinisello B. (Ml)
(02) 61.20.641/2/3/4/5
Telex: 332484

Branch offices in
Bologna, Firenze,
Lavagna, Loreto,
Padova, Roma, Torino,
Vicenza, Bari

Emesa S.P.A.

Via L. da Viadana, 9
1-20122 Milano
(02) 869.0616
Telex: 335066

Branch offices in
Torino, Bologna, Roma

JAPAN

Systems Marketing, Inc.
4th Floor, Shindo Blgd.
3-12-5 Uchikanda,
Chiyoda-Ku,

Tokyo, 100

(81) 3-254.27.51

Telex - 25761

Teijin Advanced Products Corp.

1-1 Uchisaiwai-Cho
2-Chome Chiyoda-Ku
Tokyo, 100

(81) 3-506.46.73
Telex - 23548

KOREA

Vine Overseas Trading Corp.

Room 308 Korea Electric
Association Bldg.

11-4 Supyo-Dong Jung-Ku

Seoul

(82) 2-66-1663

n-19

Drentestraat 7

NL - 1083 HK Amsterdam
(020) 428. 933

Telex: 11625

NEW ZEALAND

E.C.S. Div. of Airspares
P.0. Box 1048

Airport Palmerston North
(77)-047

Telex - 3766

NORWAY

Hefro Teknisk A/S
Postboks 6596
Rodelokka, Oslo 5
02-38.02.86
Telex: 16205

PORTUGAL

Digicontrole LDA

Rua Tenente Ferreira Durao 33 R/t
1300 Lisboa

19-688442/652613

Telex: 15084

SINGAPORE

Dynamar International, LTD.
Suite 526, Cuppage Road
Singapore 0922

SOUTH AFRICA
Radiokom

P.O. Box 56310
Pinegowrie

2123,

Transvaal
789-1400

Telex - 8-0838 SA

SPAIN

Comelta S.A.

Emilio Munoz 41, ESC 1
Planta 1 Nave 2
Madrid-17

01-754 3001/3007
Telex: 42007

Branch Office
Diputacion, 79
Entlo 1
Barcelona-15
32570 62
3257575
Telex: 519 34

$-12221 Enskede
08-13 21 60
Telex: 10 689

Lagercrantz Elektronik AB
Box 48

S$-19421 Upplands Vasby
0760 861 20

Telex: 11275

SWITZERLAND
Memotec AG
Einschlagweg, 2
CH-4932 Lotzwil
063-28.11.22
Telex: 68636

TAIWAN

Dynamar Taiwan Limited
P.O. Box 67-445

2nd Floor, No. 14, Lane 164
Sung-Chiang Road

Taipei

5418251

Telex - 11064

UNITED KINGDOM
Celdis Limited

37-39 Loverock Road
Reading

Berks RG 31 ED
0734-58.51.71
Telex: 848370

Lock Distribution Ltd.
Neville Street
Chadderton

Oldham

Lancashire

OL9 6LF
061-652.04.31
Telex: 669971

Pronto Electronic Systems Ltd.
466-478 Cranbrook Road,
Gants Hill liford

Essex 1G2 6LE

01-554 6222

Telex: 895 4213

VSi Electronics (UK) Ltd.
Roydondury Industrial Park
Horsecroft Rd.

Harlow

Essex CM19 5BY

(0279) 35477

Telex: 81387

Thame Components Ltd.
Thame Park Road
Thame, Oxon OX9 3XD
084 4213146

Telex: 837917
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MOSTEK.

MEMORY COMPONENTS

64K-Bit Read-Only Memory

MK36000(P/J/N) Series

FEATURES

0O MK36000 8K x 8 Organization—
“Edge Activated” * operation (CE)

O Access Time/Cycle Time

P/N Access Cycle
MK36000-4 250 ns 375 ns
MK36000-5 300 ns 450 ns

O Single +5V £ 10% Power Supply

DESCRIPTION

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

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

[m]

Standard 24 pin DIP
O Low Power Dissipation - 220mW Max Active

O Low Standby Power Dissipation - 45mW Max, (CE High)

[m]

On chip latches for addresses

(]

Inputs and three-state outputs - TTL compatible

]

Outputs drive 2 TTL loads and 100pF

O MKB version screened to MIL-STD-883

enable (CE) input at a TTL high level. In this mode, power
dissipation is reduced to typically 45mW, as compared to
unclocked devices which 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 system
flexibility and an increase in system speed.

FUNCTIONAL DIAGRAM (MK36000)

Qg Q1 Q; 03 04 Q5 Qg 07

i
s i g
A1 —f
A ﬁ ——Vee
10— 8| Y DECODER v
ag 5 1/32x8 ~——Vss
~— % L

1] —
A7 — g I
As — 2 |~
A —f 5 s
Ay —sf i ..gg 66636 BIT I
Ay —| 8 __Eg CELL MATRIX 4 g

4 4 5'
Ay — § L x q § ° -
[ p— | 15 g
Ao — | ° 2

PIN CONNECTIONS

A7 1 [124 Vee

As 2] [123 Ag

As 30 [122 A9

Ay 4 521 A12

A3 5[] []20 CE

A2 6] | mk3sooo [[119 A1

A 70 (118 A1

Ao 80 [117 Q7

Q% 9] 16 %

91100 (115 0

0,110 14 q,

Vgs 12 113 o
PIN NAMES
Ag-A12  Address Vss GND
Qp-Q7 Outputs CE Chip Enable
Vece +5V

* Trademark of Mostek Corporation




ABSOLUTE MAXIMUM RATINGS*

Voltage on Any Terminal Relative to Vgg « . oo vttt e -10Vto+7V
Operating Temperature Ty (Ambient) . ....... ... i i e 0°C to +70°C
Storage Temperature - Ceramic (AmbIent) . ... ...ttt i i ittt ie e -65°C to +150°C
Storage Temperature - Plastic (AMDIENT) .. ..o ututu ittt ittt iie e eeeeeeieeeeeennnaannnn -55°C to +125°C
oY= B T Y YT T (oY o AP 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®

(0°C =T, =+70°C)
SYM | PARAMETER MIN TYP MAX UNITS|NOTES
Vee Power Supply Voltage 45 5.0 5.5 \Y 6
Vi Input Logic O Voltage -1.0 0.8 \%
\m Input Logic 1 Voltage 20 Vee \

DC ELECTRICAL CHARACTERISTICS
(Vee = BV £10%) (0°C < T, < +70°C) ©

SYM | PARAMETER ' MIN TYP MAX UNITS|NOTES
lect Ve Power Supply Current (Active) 40 mA 1
leco V¢ Power Supply Current (Standby) 8 mA 7
||(|_) Input Leakage Current -10 10 vA 2
|0(|_) Output Leakage Current -10 10 uA 3
VoL Output Logic “0” Voltage 04 \

@ lgyr =33 mA
Von Output Logic “1” Voltage 24 \Y)

@ lgyt = =220 kA

AC ELECTRICAL CHARACTERISTICS
(Vee = BV £10%) (0°C < T, < +70°CP

-3 5
SYM PARAMETER MIN | MAX [ MIN | MAX | UNITS|NOTES
tc Cycle Time 375 450 ns 4
tee CE Pulse Width 250 (10000 | 300 |10000| ns 4
tac CE Access Time 250 300 | ns 4
torr Output Turn Off Delay 60 75 ns 4
tan Address Hold Time Referenced to CE 60 75 ns
tas Address Setup Time Referenced to CE 0 0 ns
t, CE Precharge Time 125 150 ns
NOTES: 5. Capacitance measured with Boonton Meter or effective capacitance
1. Current is proportional to cycle rate. Iccq is measured at the specified calculated from the equation: C = AQwith AV = 3 volts
minimum cycle time. Data Outputs open.
2. VN=0V1t055V(Vec=5V) 6. A minimum 2 ms time delay is required after the application of V¢ (+5)
3. Device unselected; VoyT =0V t0 5.5V before proper device operation is achieved. CE must be at V)H for this time
4. Measured with 2 TTL loads and 100 pF, transition times = 20 ns period.

7. CE high.

-2



CAPACITANCE

(0°C =Tp =70°C)
SYM PARAMETER TYP MAX UNITS NOTES
G Input Capacitance 5 8 pF 5
Co Output Capacitance 7 15 pF 5

TIMING DIAGRAM

\"
CHIP ENABLE = F 51'
V"_ - \
- tce =| - tp ——
tas lt— tan le—torr—]
ADDRESS Vi — // 7
VALID
A Y,
-t tA(_: o
Vou = y
DATA OUTPUT v OPEN ' VALID E——OPEN

oL

DESCRIPTION (Continued)

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 ROM’s and imposes no 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 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.

n-3

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 microprocessor systems
such as those which utilize the Z80. 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 activate the device
as well as strobe and latch the inputs into the on-chip
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.
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MOSTEK.

64K-BIT MOS READ-ONLY MEMORY

MK37000(P/J/N) Series

FEATURES
O Organization: 8K x 8 Bit ROM - JEDEC Pinout

O Pin compatible with Mostek’s BYTEWYDE™ Memory
Family

O Access Time/Cycle Time

P/N ACCESS CYCLE
MK37000-5 | 300 ns 450 ns
MK37000-4 | 250 ns 375 ns

DESCRIPTION

The MK37000 is a N-channel silicon gate MOS Read
Only Memory, organized as 8192 words by 8 bits. As a
state-of-the-art device, the MK37000 incorporates
advanced circuit techniques designed to provide
maximum circuit density and reliability with the highest
possible performance, while maintaining low power
dissipation and wide operating margins. The MK37000
is to be used as a pin/function compatible mask
programmable alternative to the 2764 8K x 8 bit
EPROM. As a member of the Mostek BYTEWYDE

0O Mask ROM replacement for 2764 EPROM

O No Connections allow easy upgrade to future
generation higher density ROMs

O Low power dissipation: 220mW max active, 45mW
max standby

O CE and OE functions facilitate Bus control

0O MKB version screened to MIL-STD-883

Memory Family, the MK37000 brings to the memory
market a new era of ROM, PROM and EPROM
compatibility previously unavailable.

Use of clocked control periphery and a standard static
ROM cell makes the MK37000 the lowest power 64K
ROM available. Active power is a mere 220mW while
standby (CE high) is only 45mW. To provide greater
system flexibility an output enable (OE) function has
been added using one of the extra pins-available on the

FUNCTIONAL DIAGRAM (MK37000)

Qp 01 Q2 03040505 Q7

] OUTPUT BUFFERS OF
Az
A8
Aol 5 Y DECODER «——Vee
<
Ay o3 1/32x8 — vgg
Ag—f %
3 —
Ay — & |
Ag —> 2 |
:5 —lg »Eo 65536 BIT <
4 "2 o8 CELL MATRIX w
Az o 2 L@ a2z
Ay —»2 - ;a —
. 50 e
Ao _.Lr_. 55
| @
TRUTH TABLE
CE | OE [ MODE | OUTPUTS| POWER
ViH X | Deselect High-Z Standby
ViL | ViIH | Inhibit High-Z Active
ViL | V)L | Read Dout Active

PIN CONNECTIONS

ne 1cfs 128 vee
A2 20 127 NC
Ay 3( 126 NC
Ag 401 [125 Ag
As 5[] [124 Ag
Aq 600 [123 Aqq
A 70 [122 GE
Ay, 80 [121 Ay
Ay 90 120 €E
Ag 100 119 oy
Qo 110 18 g
Q, 1200 [117 qq
a, 130 (116 Qg
Vss14E (115 Q3
PIN NAMES
AO - A12-Address 'NC - No Connection
CE - ChipEnable OE - Output Enable
Qg - Q7 - Outputs Vee- +5V supply
Vgs - Ground

X = Don’t Care

-5




ABSOLUTE MAXIMUM RATINGS*

Voltage on Any Terminal Relative to Vgg .....ovviin it -1.0V to +7V
Operating Temperature TA (Ambient). ... o i enes 0°C to +70°C
Storage Temperature—Ceramic (AmMbIieNnt) .......oiiiiiiiiiiiiiiiiiiiiiiiiiiieanneeeennnns -65°C to +150°C
Storage Temperature—Plastic (AmbIieNnt) .. .......tiiitiiiietrieeinernueenneeennnneennns -565°C to +125°C
Lo T LTl DT 7T o - Y e o 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®

(0°C =Tp = +70°C)
SYM PARAMETER MIN TYP MAX UNITS NOTES
Vece Power Supply Voltage 4.5 5.0 5.5 \
ViL Input Logic O Voltage -1.0 0.8 \
ViH Input Logic 1 Voltage 2.0 Vee \"

DC ELECTRICAL CHARACTERISTICS ¢
(Vecc =5V £10%) (0°C=Tp = +70°C)

SYM PARAMETER MIN TYP MAX UNITS NOTES
Icct Vcc Power Supply Current (Active) 40 mA 1
lcc2 VCC Power Supply Current 8 mA 7
(Standby)
'l(L) Input Leakage Current -10 10 wA 2
lo(L) Output Leakage Current -10 10 uA 3
VoL Output Logic 0"’ Voltage 0.4 \%
@ loyt =3.3mA
VoH Output Logic “1" Voltage 24 \%
@ loyt = -220KA

AC ELECTRICAL CHARACTERISTICS®
(Vo = 5V £ 10%) (0°C < Tp < +70°C)

-4 -5

SYM PARAMETER MIN | MAX | MIN [ MAX |[UNITS | NOTES
tre Read Cycle Time 375 450 ns 4
tce CE Pulse Width 250 (10,000 300 ([10,000| ns 4
tCEA CE Access Time 250 300 | ns 4
tCEZ Chip Enable Data Off Time 60 75 ns
tAH Address Hold Time Referenced

to CE 60 75 ns
taAs Address Setup Time Referenced

to CE 0 0 ns
tp CE Precharge Time 125 150 ns
tOEA Output Enable Access Time 80 100 ns
toEZ Output Enable Data Off Time 60 75 ns

11-6



CAPACITANCE

(0°C =Tp =70°C)
SYM PARAMETER TYP MAX UNITS NOTES
C Input Capacitance 5 8 pF 5
Co Output Capacitance 7 15 pF 5
TIMING DIAGRAM ¢ |
Figure 1 RC o
CHIP ENABLE Vi - K \n____
lf«———— tcE l«——— tp —
tAs te— tAH —>l te-tCEZ >
Yin— VALID (
ADDRESS Vi — /
re——tcea—>| I-'—'OEZ"—"
OUTPUT ENABLE ViH— j
v tOEA>
DATA OUTPUT OH_
——————— OPEN ———g
VoL VALID }——-— OPEN
NOTES:

1. Current is proportional to cycle rate. Iccq is measured at the specified
minimum cycle time. Data Outputs open.
ViN =0V to 5.5V
Device unselected; VoyT = OV to 6.5V
Measured with 2 TTL loads and 100pF, transition times = 20ns
Capacitance measured with Boonton Meter or effective capacitance
calculated from the equation:
C = AQ with AV = 3 volts

av

abwn

6. A minimum 2ms time delay is required after the application of V¢c (+5)
before proper device operation is achieved. CE must be at V for this time
period.

7. CE high’

DESCRIPTION (Continued)

28 pin DIP. This function matches that found on all of
the new BYTEWYDE family of memories available from
Mostek.

The use of clocked CE mode of operation provides an
automatic power down mode of operation. The
MK37000 features on chip address latches controlled
by the CE input. Once address hold time is met, new
address data can be provided to the device in
anticipation of a subsequentcycle. It is not necessary to
maintain the address up to access time to access valid
data. The output enable function controls only the
outputs and is not latched by CE. The CE input can be
used for device selection and the OE input used to avoid
bus conflicts so that outputs can be ‘OR’ed together
when using multiple devices.

Other system oriented features include fully TTL
compatible inputs and outputs. The three state outputs,
controlled by the OE input, will drive a minimum of 2
standard TTL loads. The MK37000 operates from a
single +5 volt power supply with a wide + 10%

tolerance, providing the widest operating margins
available. The MK37000 is packaged in the industry
standard 28 pin DIP. Pin 1 and 26 are not connected to
allow easy upward compatibility with next generation
higher density ROM which will use these pins for
addresses. Pin 27 is not connected in order to maintain
compatibility with RAMs which use this pin as a write
enable (WE) control function.

Any application requiring a high performance, high bit
density ROM can be satisfied by the MK37000. This
device is ideally suited for 8 bit microprocessor systems
such as those which utilize the MK3880. It can offer
significant cost advantages over PROM.

OPERATION

The MK37000 is controlled by the chip enable (-C—E) and
output enable (OE) inputs. A negative going edge at the
CE input will activate the device and latch the addresses
into the on chip address registers. The output buffers,
under the control of OE, will become active in CE access




time (tcga) if the output enable access time (tgga)
requirement is met. The on chip address register allows
addresses to be changed after the specified hold time
(taH) in preparation for the next cycle. Th_g_outputs will
remain valid and active until either CE or OE isreturned
to the inactive state. After chip deselect time (tcgz) the
output buffers will. go to a high impedance state. The CE
input must remain inactive (high) between subsequent
cycles for time tp to allow for precharging the nodes of
the internal circuitry.

MK37000 ROM CODE DATA INPUT PROCEDURE

The preferred method of supplying code data to Mostek
is in the form of programmed EPROMs (see table). In
addition to the programmed set, Mostek requires an
additional set of blank EPROMs for supplying customer
code verification. When multiple EPROMs are required
to describe the ROM they shall be designated in
ascending address space with the numbers 1, 2, 3, etc.
As an example, EPROM #1 would start with address
space 0000 and go to O7FF for a 2K x 8 device. EPROM
#2 would then start at address space 0800 and soon. A

total of (4) 2K x 8 devices would be required to totally
describe the address space of the 8K x 8 MK37000.

A paper printout and verification approval letter will
accompany each verification EPROM set returned to the
customer. Approval is considered to be excepted when
the signed verification letter is returned to Mostek. The
original set of EPROMs will be retained by Mostek for
the duration of the prototyping process.

Acceptable EPROMs for Code Data

Table 1
EPROM # REQUIRED
2716/2516 4
2732 2
2764 1

-8



MOSTEK

@

256K-BIT MOS READ-ONLY MEMORY

MK38000(P/N)-25

FEATURES

O Organized 32K x 8

O Pin compatible with Mostek's BYTEWYDE™ Memory

Family

O Access Time = Cycle Time

O Static Operation

0O Automatic Power Down

DESCRIPTION

The MK38000 is a N-channel silicon gate MOS Read Only
Memory, organized as 32,768 words by 8 bits. As a state-of -

O CE and OE functions facilitate bus control

RAM (WE)

O High performance

O Pin 27 no connection permits interchange with static

Part No. Access Time Cycle Time

MK38000-25 | 250 ns 250 ns

the-art device, the MK38000 incorporates advanced circuit margins.
techniques designed to provide maximum circuit density

and reliability with the highest possible performance, while
maintaining low power dissipation and wide operating

FUNCTIONAL DIAGRAM (MK38000)

PIN CONNECTIONS

Figure 1 Figure 2
Voo —— >
GND ——— aa 1 4 ~ 128 v .
COLUMN A2 2 [127 NC
— DECODER A7 3 (] M 26 A13
© as 4 [J [125 a8
Ao §5 S b . " a5 5[] 24 A9
gt g . CHIB-CARRIER! { a4 6 123 A1
[ R G | e (P
32K x8 ': s A e N 20 ce
—E— ° y a0 10 19 a7
221 1Dovice pinoutis reiminary and may be © - Q0 11 [ 118 Q6
SENSE AMIPS 131 ‘subject to minor revisi ion. '2__ 6| Q1 12 C j 17 Q5
& !’u‘: :'{’i fie 19) I2¢ a2 13 16 04
conTroL v oy : GND 14 ] H 15 a3
OE OUTPUT
BUFFER
Q....07
TRUTH TABLE PIN NAMES
CE | OE| moDE OUTPUTS | POWER AQ-AT4 Address OE Output Enable
CE Chip Enable Vee +5V
H X | Deselect High-Z Standby NC No Connection | GND Ground
- - Q0-Q7 Da
L H | Inhibit High-Z Active ta Outputs
L L | Read Dour Active
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ABSOLUTE MAXIMUM RATINGS*

Voltage on Any Terminal Relative to GND . ...t it iiiee -10Vto+7V
Operating Temperature T (AMbIent) . ... ...ttt i e i 0°C to +70°C
Storage Temperature—Ceramic (AmbBIeNt). .. ...ttt it -65°C to +150°C
Storage Temperature—Plastic (Ambient) ....... ...ttt i i it -55°C to +125°C
POWET DiSSIPAtioN . ...ttt e e 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",®

(0°C =T, =+70°C)
SYM PARAMETER MIN TYP MAX UNITS | NOTES
Vee Power Supply Voltage 4.75 5.0 5.25 \%
Vi Input Logic O Voltage -1.0 0.8 \% 8
ViH Input Logic 1 Voltage 20 Vee \%

DC ELECTRICAL CHARACTERISTICS',®
(Vee =5V £5%) (0°C =T, = +70°C)

SYM PARAMETER MIN TYP MAX UNITS | NOTES
lect Vcc Power Supply Current (Active) 75 100 mA 5
leca Vcc Power Supply Current 35 50 mA 7
(Standby)
) Input Leakage Current -10 0.1 10 HA 3
low) Output Leakage Current -10 0.1 10 uA 2
Voo Output Logic “0” Voltage @ 04 \)
IOUT =4 mA
Vou Output Logic “1” Voltage @ 24 \Y
|OUT =-1TmA

AC ELECTRICAL CHARACTERISTICS",3,6,9,10
(Vee =5V £5%)(0°C =T, < +70°C)

SYM | PARAMETER MIN 25MAX UNITS | NOTES
tre Read Cycle Time 250 ns
tan Address Access Time 250 ns
tcea CE Access Time 250 ns
teez Chip Enable Data Off Time ) 40 ns
teeL Chip Enable to Data Bus Active 5 ns
toea Output Enable Access Time 50 ns
toez Output Enable Data Off Time 40 ns
ton Output Hold from Address Change 5 ns

m-10




CAPACITANCE

(0°C < T, <70°C)
SYM (PARAMETER TYP MAX UNITS | NOTES
G Input Capacitance 5 pF
Co Output Capacitance 7 pF 5

TIMING DIAGRAM

Figure 3

- tac > tre > tac > tre

le———— tap ——> le———tan —> «— tha ———» -« tan — >

teea —>
CE
teez
toea> toea™ <—tcep —>| <ton
OE
t
toez-> el
VALID VALID VALID VALID

Q0-Q07 A\
NOTES: OUTPUT LOAD
1. All voltages referenced to GND. Figure 4 Ve MAX

2. Measured with 0.4 V <V < 5.0 V outputs deselected and Vo =5 V.
3. Vjn=0Vtob525V.
4. Inputand outputtiming reference levels areat 1.5 Vforinputs and .8 and 2.0
for outputs. 1.1KQ
5. Measured with outputs open.
6. A minimum of 2 ms time delay is required aft_er the application of Ve (+5)

before proper device operation is achieved. CE must be at V} for this time D.UT.
period.
7. CE high.
8. Negative undershoots to a minimum of -1.6 V are allowed with a maximum 6800 S
of 10 ns pulse width. b3 100 pF
9. Measured with a load as shown in Figure 4. (Including Scope and Jig)
10. A.C. measurements assume transition time = 5 ns levels GND to 3 V.




DESCRIPTION (continued)

As a member of the Mostek BYTEWYDE Memory Family,
the MK38000 allows compatibility between RAM, ROM,
and EPROM. The MK38000 can be used as a pin/function
density upgrade to the MK37000 8K x 8 bit ROM.

The output enable function controls only the outputs. The
CE input can be used for device selection and the OE input
used to avoid bus conflicts so that outputs can be ‘OR’ed
together when using multiplexed or bi-directional busses.

Other system oriented features include fully TTL compatible
inputs and outputs. The three state outputs, controlled by
the OE input, will drive a minimum of 2 standard TTL loads.
The MK38000 operates from a single +5 volt power supply.
It is packaged in the industry standard 28 pin DIP. Pin 27 is
not connected in order to maintain compatiblity with RAMs
which use this pin as a write enable (WE) control function.

Any application requiring a high performance high bit
density ROM can be satisfied by the MK38000. This device
is ideally suited for 8 bit microprocessor systems such as
those which can utilize the MK3880. It can offer significant
cost advantages over PROM.

OPERATION

The MK38000 is controlled by the chip enable (CE) and
output enable (OE) inputs. A low level at the CE input
powers up the memory for an active cycle. The output
buffers, under the control of OE, will become active in CE
access time (tcga) if the output enable access time (tgga)
requirement is met.

By maintaining valid address, the outputs will remain valid
and active until either CE or OE is returned to the high state
oruntil an address is changed. After chip deselect time (tqg7)
or output enable deselect time (togz), the output buffers will
go to a high impedance state.

MK38000 ROM CODE DATA INPUT PROCEDURE

The preferred method of supplying code data to Mostek is in
the form of programmed EPROMs (see table). In addition to
the programmed set, Mostek requires an additional set of
blank EPROMs for supplying customer cade verification.
When multiple EPROM s are required to describe the ROM,
they shall be designated in ascending address space with
the numbers 1, 2, 3, etc. As an example, EPROM #1 would
start with address space 0000 and go to 1FFF foran 8K x 8
device. EPROM #2 would then start at address space 2000
and so on. Atotal of four 8K x 8 devices would be required to
totally describe the address space of the 32K x 8 MK38000.

A paper printout and verification approval letter will
accompany each verification EPROM set returned to the

customer. Approval is considered to be accepted when the
signed verification letter is returned to Mostek. The original
set of EPROMs will be retained by Mostek for the duration of
the prototyping process.

ACCEPTABLE EPROMs FOR CODE DATA
Table 1

EPROM # REQUIRED
2732 8
2764 4
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MOSTEK.

MEMORY COMPONENTS

Guidelines for Submitting and Verifying

Customer ROM Patterns

ROM PROGRAMMING GUIDE

It has always been Mostek's policy to service its customers
ROM needs in the most efficient way possible. In 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 delavs which develop
when sufficient information is not available.

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 complete the order in question.

The ROM generic type simply indicates the ROM series the
customer wishes to purchase. This includes the following
Mostek series.

MK34000 Series

MK36000 Series

MK37000 Series

MK38000 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 prototypes and any follow-
on quantities built in Dallas will be ceramic. Remember:
P = Ceramic, N = Plastic, J = Cerdip.

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 communi-
cation 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 12 characters 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 flexibility will make it
easy for a customer to have his RQM order processed as
quickly as possible. The following table shows the 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

ROMs/PROMs: On Mostek’'s ROMs of 16K bit and larger
density, PROMs of the 2716, 2732, or 2764 type or pin
compatible ROMs may be submitted for the ROM contents.
They must, however, be accompanied by the information
required for the Mostek ROM type in written form. Each
PROM or ROM submitted must also be clearly marked so
that no question arises as to its starting memory location.
(See ROM Programming Form on last page).

VERIFICATION MEDIA

For pattern verification, Mostek will supply a printout and
reprogrammed PROMs or magnetic tape.

To insure rapid turnaround of data verification information,
acceptable media should be used as outlined in the table. 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
programming 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 liability of both the
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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 verification. At this
point the only customer liability is a nominal data charge in
the event of a pattern change. Following customer
verification, Mostek begins prototype production. Customer
is now liable for mask charge and minimum order quantity
work in process.

The verification step can be waived so that prototype
production 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
minimum order quantity work-in-process material.

PROTOTYPE VERIFICATION

The second verification step in Mostek’'s ROM program is
that of prototype verification. The prototype 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.

The prototype verification step can also be waived and
Mostek will immediately begin production instead of
prototyping. The time savings gained from waiving
prototype verification is usually 5-6 weeks. |f prototype
verification is waived, the customer is liable for the mask
charge plus all work-in-process material. If only prototype
verification is waived Mostek guaranties ROM data to agree
with data verified by customer.

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 Mostek accepts an order waiving prototype verification,
the quoted cycle time will begin upon notification of pattern
verification and placement of order.

GENERAL INFORMATION

Production capacity cannot be reserved without written
verification in house and a purchase order. Therefore any
quotes for delivery will be subject to change until a purchase
order is obtained.

Limited quantities of parts are usually available from the
Mostek Dallas assembly facility shortly after prototype
shipments, but prior to standard follow on production.
These units will require an expedite adder in addition to the
standard price.

The appropriate Mostek price sheet contains information on
order minimums and price adders.

ACCEPTABLE MEDIA

Table 1
Magnetic
MK Type ROM PROM Tape
MK34000P/N/J X X X
MK36000P/N/J X X X
MK37000P/N/J X X X
MK38000P/N/J X X X
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READ ONLY MEMORIES

Table 2
Number Supply Voltages | Power Dis Package BYTEWYDE
Device |Organization | Logic Bits Access | Vo Vss (mW) Max | Type | Pins Pinout
MK34000| 2048x8 Static {16384 | 350 ns +5 0 330 P/N/J| 24 Yes
MK36000| 8192x8 Dynamic|65536 | 200 ns +5 0 220 P/N/J| 24 No
MK37000| 8192x8 Dynamic|65536 | 200 ns +5 0 220 P/N/J| 28 Yes
MK38000| 32768x8 |Static (262144 | 150 ns +5 0 495 P/N/J| 28 Yes
ROM CROSS REFERENCE
Table 3
Mostek AMD NEC Motorola | AMI Gl Synertek National | Signetics | Toshiba sMc

MK34000 | AM9218 | uPD2316E | MCM68316E | S6831B | RO-3-9316 | SY2316B MM52116 2616 TMM334P | 2316E

MK36000 uPD2364 | MCM68364 | S4264 RO-3-9364 | SY2364 MM52164 2664A 36000
MK37000 | AM9265 TMM2364P
MK38000 TMM 23256
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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 Customer Part # Brand

(Including Pkg, Speed)

O Standard data sheet part

O Customer Spec #

Date customer spec sent

to Mostek

Spec review complete O Yes

Pattern Media Verification Media

O PROM type O PROM type

O Pin Compatible ROMs - Note 1 O Pin Compatible ROMs - Note 1

0O Magnetic Tape - Note 1 0O Magnetic Tape - Note 1

O Other - Note 1 0O Other - Note 1 (Note 1-Requires Factory Coordination)

Date Pattern Data Sent to Mostek

Does Customer Require Prototypes Yes = No
Pattern Verification Required by Customer Yes Waived
Prototype Verification Required by Customer Yes Waived
Pattern Verification To Be Sent To Rep. Customer

Customer signature approving waivers

Customer Order Number Date

Order Quantity and Price

Delivery Requested/Committed Prototypes Production

Form Completed By Date
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MOSTEK.

4096 x1-BIT DYNAMIC RAM

MK4027(J/N)-2/3

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 Vgg power supply (—5.7V)

O 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.

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 MKB version screened to MIL-STD-883

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 read and write cycles, read-
modify write, page-mode, and RAS-only refresh
cycles are available with the MK 4027. Page-mode
timing is very useful in systems requiring Direct
Memory Access (DMA) operation.

FUNCTIONAL DIAGRAM

PIN CONNECTIONS

Sloexs
. I -— v, VBB | E. j 16 Vss
wxs -—
o
T " -—n DN 2 [ 115 CAS
WOLTPLERED WRITE
s WRITE 3 [ 014 Doyr
" b _— —
! RAS 4[] 113 CS
Exsoe
€x3
neser - oor Ao 5[ 112 Ag
out )
—_ CHIP SELECT ENABLE BUFFER "
@ A 60 11 Ag
| | [ewance
A 70 [110 As
rieLexe
MEMORY ARRAY
. Vop 80 19 Vee
— "
aurrens o P | '
Ay — o iorsemow| | anow PIN NAMES
! i e
A o | b JO— Ag-As ADDRESS INPUTS
A —] con.‘um H 32 coLumn ! DATA IN/DATA OUT GATING COLUMN ADDRESS STROBE
2 ! (10F 32 [sevect umes | cs CHIP SELECT
PR [ e ! I DIN DATA IN
e I v ' : Dg T ggIvAA%LgFtESS STROBE
\ MEMORY ARRAY WRITE READ/WRITE INPUT
Suwny CELCS Vgg POWER (—5V)
Vee POWER (+5V)
Vpp POWER (+ 12V)
Vss GROUND

V-1




ABSOLUTE MAXIMUM RATINGS*

Voltage on any pin relative to VBB. . .« v v v vt n.
Voltage on Vpp, V¢ relative to Vss
vBB-Vss (VDD-Vss > 0)
Operating temperature, TA (Ambient)
Storage temperature (Ambient)(Ceramic)
Storage temperature (Ambient)(Plastic)

—0.5V to +20V

—1.0V to +15V

0°Cto+70°C
—65°C to + 150°C
—55°C to + 125°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

ov

Short circuitoutputcurrent .......................... 50mA  periods may affect device reliability.
Powerdissipation . ......... ...ttt 1 Watt
RECOMMENDED DC OPERATING CONDITIONS 4
(0C < TA< 70C) "
PARAMETER MIN TYP MAX UNITS NOTES
VDD Supply Voltage 10.8 12.0 13.2 volts 2
vVce Supply Voltage 4.5V 5.0 5.5 volts 2,3
Vss Supply Voltage 0 0 0 volts 2
Veg | Supply Voltage 45 -5.0 57 volts 2
ViHc | Logic 1 Voltage, RAS, CAS, WRITE 24 7.0 volts 2
VIH Logic 1 Voltage, all inputs except 2.2 7.0 volts 2
RAS, CAS, WRITE
ViL Logic O Voltage, all inputs -1.0 8 volts 2

DC ELECTRICAL CHARACTERISTICS 4

(0°C< TA < 70CT)" (VDD = 12.0V £ 10%; VcC = 5.0V + 10%; VSS = 0V; —5.7V <

Vpg <—4.5V)

PARAMETER MIN TYP MAX UNITS NOTES
IDD1 Average Vpp Power Supply Current 35 mA 5
IDD2 Standby Vpp Power Supply Current 2 mA 8
IDD3 Average Vpp Power Supply Current 25 mA

during “RAS only’’ cycles
Icc Ve Power Supply Current mA 6
IBB Average VBB Power Supply Current 150 MA
() Input Leakage Current (any input) 10 uA 7
lo(L) Output Leakage Current 10 uA 8,9
VOH Output Logic 1 Voltage @ lQuT = 24 volts

—5mA
VoL Output Logic 0 Voltage @ IQyT = 0.4 volts

3.2mA
NOTES

1. Tp is specified for operation at frequencies to tgg >IRC (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.

. All voltages referenced to Vgg.

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

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

. Current is proportional to cycle rate.Ipp{ (max) is measured at
the cycle rate specified by trC (min). See figure 1 for Ipp1 limits
at other cycle rates.

V-2

. Icc depends on output loading. During readout of high level data

Cc is connected through a low impedance (135% typ) to Data
Out. Atall other times I consists of leakage currents only.

. All device pins at 0 volts except Vgg which is at —5 volts and the

pin under test which is at +10 volts.

. Output is disabled (high-impedance) and RAS and CAS are both

at a logic 1. Transient stabilization is required prior to measure-
ment of this parameter.

LoV < VouT <+ 10V,

. Effective capacitance is calculated from the equation:

c=Aa withAv = 3volts.
Av

. A.C. measurements assume ty = 5ns.



ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS(4. 11, 17)
(°C<TA< 70°C)' (VDD = 12.0V+ 10%, Vcc = 5.0V £ 10%, Vss = 0V, —-5.7V < Vgg <—4.5V )

MK4027-2 MK4027-3

PARAMETER MIN | MAX | MIN | MAX UNITS NOTES
tRC Random read or write cycle time 320 375 ns 12
tRwC | Read write cycle time 320 375 ns 12
tRMW | Read modify write cycle time 320 405 ns 12
tpC Page mode cycle time 170 225 ns 12
tRAC | Access time from row address strobe 150 200 ns 13,15
tCAC | Access time from column address strobe 100 135 ns 14,15
tOFF | Output buffer turn-off delay 40 50 ns
tRP Row address strobe precharge time 100 120 ns
tRAS | Row address strobe pulse width 150 | 10,000 200 | 10,000 ns
tRSH | Row address strobe hold time 100 135 ns
tCAS | Column address strobe pulse width 100 135 ns
tcSH | Column address strobe hold time 150 200 ns
tRcD | Row to column strobe delay 20 50 25 65 ns 16
tASR | Row address set-up time 0 0 ns
tRAH | Row address hold time 20 25 ns
tASC | Column address set-up time -10 -10 ns
tcAH | Column address hold time 45 55 ns
tAR Column address hold time referenced to RAS 95 120 ns
tcsc | Chip select set-up time —10 -10 ns
tCH Chip select hold time 45 55 ns
tCHR | Chip select hold time referenced to RAS 95 120 ns
tT Transition time (rise and fall) 3 35 3 50 ns 17
tRcS | Read command set-up time 0 0 ns
tRCcH | Read command hold time 0 0 ns
twcH | Write command hold time 45 55 ns
twcR | Write command hold time referenced to RAS 95 120 ns
WP Write command pulse width 45 55 ns
tRWL | Write command to row strobe lead time 50 70 ns
tcwL | Write command to column strobe lead time 50 70 "~ ns
tpsS Data in set-up time 0 0 ns 18
tDH Data in hold time 45 55 ns 18
tDHR | Datain hold time referenced to RAS 95 120 ns
tcRP | Column to row strobe precharge time 0 0 ns
tcp Column precharge time 60 80 ns
tRFSH| Refresh period 2 2 ms
twcs | Write command set-up time 0 0 ns 19
tcwD | CAS to WRTTE delay 60 80 ns 19
tRwD | RAS to WRITE delay 110 145 ns 19
tpOH | Data out hold time 10 10 uS

Notes Continued

12.

13.
14.
15.
16.

The specifications for tgc (min) and tgyc (min) are used only to
indicate cycle time at which Proper operation over the full temp-
erature range (0" C LT a <70C) is assured. See figure 2 for dera-
ting curve.

Assumes that trcp <<trcD (max).

Assumes that tgcp =>trcp (max).

Measured with a load circuit equivalent to 2 TTL loads and 100pF
Operation within the tgcp (max) limit insures that tgac (max)
can be met. XRCEa(max?is specified as a reference point only; if

tRCD is greater than the specified tgcp (max) limit, then access
time is controlled exclusively by tcac-

Iv-3

- Vinc (min) or Vi (min) and V)| (max) are reference levels for

measuring timing of input signals. Also, transition times are
measured between V¢ or V| and V.

. These parameters are referenced to CAS leading edge in random

write cycles and to WRITE leading edge in delayed write or read-
modify-write cycles.

. twCs: tcwD. and tgyp are restrictive operating parameters in

a read/write or read/modify/write cycle only. If tycg > twcs (min),

the cycle is an early write cycle and Data Out will cntain the data
written into the selected cell. If tcyyp > tcwp (min) and tgwp >
trwp (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.




AC ELECTRICAL CHARACTERISTICS
(0°C <TA <70C) (VDD = 12.0V £10%; Vss = 0V ;—5.7V<Vgp<—4.5V)

PARAMETER TYP MAX UNITS NOTES
CI Input Capacitance (Ag-As), DiN, CS 4 5 pF 10
C2 Input Capacitance RAS, CAS, WRTTE 8 10 pF 10
Co Output Capacitance (DQUT) 5 7 pF 8,10

CYCLE TIME tcyg (ns)

375 320 CYCLE TIME tgyc (ns)
1000 500 400 300 250 375 320
50mA Lt s L 1000 500 400 300 250
h ?
70
- N
o N
~ MK-4027-.
40mA ;5
V.. a MK 4027-1/2 N—]
z 414 E 60
£ & A
z N/ z
& 30ma < K\‘ pd ]
g & (e Plid z
= \\“‘ ¢ 2| 50
S R \\x?+ P 10 20 30 40
o ,i\"’ N 7
2 o \,l_\<> > CYCLE RATE (MHz) = 103 /tcyc (ns)
2  20mA = 1’\-1—-1-,
b “3.“61—47*" Figure 2. Maximum ambient temperature versus cycle rate
L2 for extended frequency operation.
4
10mA g 4
0
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CYCLE RATE (MHz) = 103 /tcyg (ns)

Figure 1. Maximum Ippq versus cycle rate for device
operation at extended frequencies.
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READ-WRITE / READ-MODIFY-WRITE CYCLE
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ADDRESSING

The 12 address bits required to decodel 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 chi The second clock, the Column
Address Strobe (CAS) subsequently Ia_tghes 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. _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.

DATA INPUT/OUTPUT

Data to be written intoa 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
(WRTTE 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 WRITE input is brought low prior to
CAS, the Data In 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 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 negative edge of
WRITE rather than to CAS._ (To illustrate this
feature, Data Inisreferenced to WRITE in the timing
diagram depicting the read-write and page mode
write cycles while the “early_write” cycle diagram
shows Data In referenced to CAS.). Note 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 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 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.

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. 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 V¢ for a logic
1 and a low impedance to VSs for a logic 0. The
output resistance to VG (logic 1 state) is 420 2 max-
imum and 135 Q typically. The output resistance
to Vsg (logic O state) is 125 maximum and 35
typically. 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 Vcc pin may have
power removed without affectlng the MK 4027 re-
fresh_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 sagnal
the state of the output will not be affected._ How-
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 regain activity with the first
cycle in which a CAS signal is applied to the chip.
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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 1770mW at 1 usec 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 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 sup-
plied only to the selected chips, then the Chip Select
(CS) input of all chips can be at a logic 0. 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 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
strobing the row address into the chip and keeping
the RAS signal at a logic O 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 operation
is achieved. Any 8 cycles which perform refresh are
adequate for this purpose.




TYPICAL DEVICE CHARACTERISTICS
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SUPPLEMENT

MOSTEK.

4096x1-BIT DYNAMIC RAM

MK4027(J/N)-4

FEATURES

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

O 250ns access time, 380ns cycle

O £10% tolerance on all supplies ( +12V, +5V)

O ECL compatible on Vgg power supply (—5.7V)

O 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.

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 MKB version screened to MIL-STD-883

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 read and write cycles, read-
modify write, page-mode, and -only refresh
cycles are available with the MK 4027. Page-mode
timing is very useful in systems requiring Direct
Memory Access (DMA) operation.

FUNCTIONAL DIAGRAM
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ABSOLUTE MAXIMUM RATINGS*

Voltage on any pin relative to VBRB. . . e —0.5V to +20V
Voltage on Vpp, Vcg relativetoVss ... ... ... .. —1.0V to +15V :itges?es g'r\ﬁatgr.thanRthpse listed under
VBB—VSS (VDD=VSS > 0) . et eveeeeeeeeeee e OV permanent damage o the device. This ¢
Operating temperature, TA (Ambient) ............ 0°C to+70°C 5t the devics at thess or aay oener
Storage temperature (Ambfent)(Cerar-nic) ....... —65:C to + 150:C ;gg;’;g;ggs S?g%‘gens‘:gget;]?g'i;‘;gféc"a}}g‘g
Storage 'tem.perature (Ambient)(Plastic) ....... —55°C to + 125°C ;;a;‘ﬁr‘mg‘?a'gné conbaosureto sbsolute
Short Circuit Qutput Current . . ...... ..o iiiiiinnn... 50mMA  periods may affect device reliability.
Power dissipation . ...........c.i i 1 Watt
4

RECOMMENDED DC OPERATING CONDITIONS
(0C < TA<70%C) 1

PARAMETER MIN TYP MAX UNITS NOTES
VDD Supply Voltage 10.8 12.0 13.2 volts 2
Vce Supply Voltage 4.5V 5.0 5.5 volts 2,3
Vss Supply Voltage 0 0 0 volts 2
VBB Supply Voltage —4.5 -5.0 -5.7 volts 2
ViHC Logic 1 Voltage, RAS, CAS, WRITE 2.4 7.0 volts 2
VIH Logic 1 Voltage, all inputs except 2.2 7.0 volts 2

RAS, CAS, WRITE
ViL Logic 0 Voltage, all inputs —-1.0 .8 volts 2

DC ELECTRICAL CHARACTERISTICS 4
(0C<TA< 70T (VDD = 12.0V + 10%; Vcc = 5.0

V £ 10%; Vss = 0V; —5.7V < Vgg <—4.5V)

PARAMETER MIN TYP MAX UNITS NOTES
IDD1 Average Vpp Power Supply Current 35 mA 5
IDD2 Standby Vpp Power Supply Current 2 mA 8
IDD3 Average Vpp Power Supply Current 25 mA

during “'RAS only”’ cycles
Icc V¢ Power Supply Current mA 6
IBB Average VB Power Supply Current 150 A
L) Input Leakage Current(any input) 10 MA 7
do(vL) Output Leakage Current 10 uA 8,9
VOH Output Logic 1 Voltage @ lQuT = 24 volts

—5mA
VoL Out.put Logic 0 Voltage @ IoyT = 04 volts

3.2mA

NOTES
1. Ta isspecified for operation at frequencies to trc >tHC (min).
2. All voltages referenced to Vgg.

3. Output voltage will swing from Vgg to Ve when enabled,with
no output load. For purposes of maintaining data in standby mode,
Vcc may be reduced to Vgg without affecting refresh operations or
data retention. However, the Vo (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.Ippq (max) is measured at
the cycle rate specified by tgc (min). See figure 1 for Ippq limits
at other cycle rates.

6. Icc depends on output loading. During readout of high level data
‘FCC is connected through a low impedance (1359 typ) to Data
Out. At all other times |cc consists of leakage currents only.

7. All device pins at O volts except Vgg 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 alogic 1. Transient stabilization is required prior to measure-
ment of this parameter.

9. oV < VouT <+ 10V.

10. Effective capacitance is calculated from the equation:

c =Aa with Av = 3 volts.
Av

11. A.C. measurements assume ty = 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.
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS(4. 11, 17)
(0°C< Ta< 70°C)1 (Vpp = 12.0V+ 10%, Vcc = 5.0V + 10%, Vss = 0V, -5.7V < Vgg <—4.56V)

MK4027-4

PARAMETER MIN MAX UNITS { NOTES
RC Random read or write cycle time 380 ns 12
tRWC Read write cycle time 395 ns 12
tRMW Read modify write cycle time 470 ns 12
tpC Page mode cycle time 285 ns 12
RAC Access time from row address strobe 250 ns 13,15
tICAC Access time from column address strobe 165 ns 14,15
tOFF Output buffer turn-off delay 0 60 ns
tRP Row address strobe precharge time 120 ns
RAS Row address strobe pulse width 250 10,000 ns
IRSH Row address strobe hold time 165 ns
tcAs Column address strobe pulse width 165 ns
tCSH Column address strobe hold time 250 ns
tRCD Row to column strobe delay 35 85 ns 16
tASR Row address set-up time 0 ns
RAH Row address hold time 35 ns
1ASC Column address set-up time -10 ns
tCAH Column address hold time 75 ns
AR Column address hold time referenced to RAS 160 ns
tcsc Chip select set-up time -10 ns
tCcH Chip select hold time 75 ns
ICHR Chip select hold time referenced to RAS 160 ns
T Transition time (rise and fall) 3 50 ns 17
tRCS Read command set-up time 0 ns
tRCH Read command hold time (o] ns
tWCH Write command hold time 75 ns
tWCR Write command hold time referenced to RAS 160 ns
twp Write command pulse width 75 ns
tRWL Write command to row strobe lead time 85 ns
tcwL Write command to column strobe lead time 85 ns
tps Data in set-up time 0 ns 18
tDH Data in hold time 75 ns 18
IDHR Data in hold time referenced to RAS 160 ns
tCRP Column to row strobe precharge time o] ns
tcp Column precharge time 110 ns
IRFSH Refresh period 2 ms
twcs Write command set-up time 0 ns 19
tcwD CAS to WRITE delay 90 ns |19
tRWD RAS to WRITE delay 175 ns 19
DOH Date out hold time 10 us

Notes Continued

13. Assumes that tygcp <KtreD (ma. ).

14. Assumes that tgcp = tRcp (max).

15. Measured with a load circuit equivalent to 2 TTL loads and 100pF

16. Operation within the tgcp (max) limit insures that tgac (max)
can be met. tRCE (maxs:is specified as a reference point only; if
tRcpD is greater than the specified tgcp (max) limit, then access
time is controlled exclusively by tcacC-

19.

. Vinc (min) or Vi (min) and V| _(max) are reference ievels for

measuring timing of input signals. Also, transition times are
measured between V¢ or Vi and Vy.

. These parameters are referenced to CAS leading edge in random

write cycles and to WRITE leading edge in delayed write or read-
modify-write cycles.

t ¢ ,and t are restrictive operating parameters in
avyga%/vﬁ‘{\t’eDor read?rw&iify/write cycle only. If tyycs >twCs (min),

the cycle is an early write cycle and Data Out wilw:ontain the data
written into the selected cell. If tcyyp =>tcwp (min) and tpwp >
tgwp (min), the cycle isa 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
(0°C <TA <70C) (VDD = 12.0V + 10%; VS = OV ;—5.7V<Vgp<—4.5V)

PARAMETER TYP MAX UNITS NOTES
Ci Input Capacitance (Ag-As), DN, CS 4 5 pF 10
C 2 Input Capacitance RAS, CAS, WRITE 8 10 pF 10
Co Output Capacitance (DoyT) 5 7 pF 8,10
MAXIMUM Ipp1 vs. CYCLE RATE FOR DEVICE OPERATION
AT EXTENDED FREQUENCIES
Figure 1 CYCLE TIME t¢yc (ns)
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SUPPLEMENT - To be used in conjunction with MK4027(J/N)-1/2/3 data sheet.

IV-16



MOSTEK.

16,384 X 1-BIT DYNAMIC RAM

MK4116(J/N/E)-2/3

FEATURES

O Recognized industl_'ly standard 16-pin config-
uration from MOSTEK

O 150ns access time, 320nscycle (MK 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)

0O Output data controlled by CAS and unlatched at
end of cycle to allow two dimensional chip selec-
tion and extended page boundary

O Common 1/0 capability using “‘early write”
operation

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
MOSTEK's double-poly, N-channel silicon gate,
POLY 11® 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

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 ECL compatible on VBB power supply (-5.7V)

O MKB version screened to MIL-STD-883

O JAN version available to MIL-M-38510/240

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 MK 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.

FUNCTIONAL DIAGRAM

PIN CONNECTIONS
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ABSOLUTE MAXIMUM RATINGS*

Voltage on any pinrelative toVBB- - -+« c e v v nn .
Voltage on VpD, VCC suppliés 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

VBB_VSS (VDD__VSS >0v) QV stress rating only and functional operation
v L o e Y O ey comar
Operating temperature, TA (Ambient) . .................. 0°C to + 70T tions above those indicated in the opera-

\ . b |~ tions abows ins | in the opera-
Storage temperature (Ambient) Ceramic. ... ............ —B5°C 10 + 150°C e Exposare o abeolute. maximuarm

Storage temperature, (Ambient) Plastic
Short circuit output current

-55°C to +125°C

rating conditions for extended periods may
affect reliability.

50mA

Power dissipation . ... ... ... ... 1 Watt

RECOMMENDED DC OPERATING CONDITIONSS®

(0°C <TA< 70°C)

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES

Supply Voltage VDD 10.8 i2.0 13.2 Volts 2
vVce 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, VIHC 2.4 - 7.0 Volts 2

RAS, CAS, WRITE

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

(0°C <TA <70°C) (VDD =12.0V + 10%; VCC = 5.0V +10%; -5.7V < VBB < -4.5V; VSS = 0V)

PARAMETER SYMBOL MIN MAX UNITS NOTES

OPERATING CURRENT IpD1 35 mA 4

Average power supply operating current lcc 5

(RAS, CAS cycling; tRC = tRC Min IBB1 200 A

STANDBY CURRENT IDD2 1.5 mA

Power supply standby current (RAS = V|HC. Icc2 —-10 10 uA

DouyT = High Impedance) IBB2 100 MA

REFRESH CURRENT IDD3 25 mA 4

Average power supply current, refresh mode Ice3 —-10 10 uA

(RAS cycling, CAS = V|HC: tRC = tRC Min 1BB3 200 LA

PAGE MODE CURRENT IDD4 27 mA 4

Average power supply current, page-mode Icca 5

operation (RAS =V|_,CAS cycling; IBB4 200 nA

tpc = tpc Min

INPUT LEAKAGE (L) -10 10 HA

Input leakage current, any input

(VBB = -5V, 0OV < V|N< +7.0V, all other

pins not under test = 0 volts)

OUTPUT LEAKAGE lo(L) -10 10 MA

Output leakage current (DQUT is disabled,

0V < VouT < +5.5V)

OUTPUT LEVELS

Output high (Logic 1) voltage (loyT = —5mA) VOH 24 Volts 3

Output low (Logic 0) voltage (IoyT = 4.2 mA) VoL 04 Volts

NOTES:

1. TA is specified here for operation at frequencies to tRC >‘RC mode, Vcc may be reduced to Vss without affecting refresh

(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 a4
for derating curve. .

2. All voltages referenced to Vgg. 5.

3. Output voltage will swing from Vgg to Vg when activated with
no current loading. For purposes of maintaining data in standby |v_1 8

operations or data retention. However, the Vo (min) specifica-
tion is not guaranteed in this mode.

Ipp1. 'Dp3. and Ippg depend on cycle rate. See figures 2,3, and
4 for Ipp limits at other cycle rates.

I9%1 and Iccgq depend upon output loading. During readout
of high level data V¢ is connected through a low impedance
(1350 typ) to data out. At all other times |cc consists of
leakage currents only.



ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (6,7,8)
(0T<Ta< 70°C) (VDD = 12.0V £ 10%; VcC = 5.0V +10%, Vss = 0V, VBB = -5.7V < VBB < -4.5V)

MK 4116-2 MK 4116-3

PARAMETER SYMBOL | MIN | MAX MIN | MAX UNITS NOTES
Random read or write cycle time tRC 320 375 ns 9
Read-write cycle time tRWC 320 375 ns 9
Read modify write cycle time tRMW 320 405 ns 9
Page mode cycle time tpC 170 225 ns 9
Access time from RAS tRAC 150 200 ns 10,12 -
Access time from CAS tCAC 100 135 ns 11,12
Output buffer turn-off delay tOFF 0 40 0 50 ns 13
Transition time (rise and fall) tT 3 35 3 50 ns 8
RAS precharge time tRP 100 120 ns

RAS pulse width tRAS 150 {10,000| 200 {10,000 ns

RAS hold time tRSH 100 135 ns

CAS hold time tCSH 150 200 ns

CAS pulse width tCAS 100 {10,000 135 {10,000 ns

RAS to CAS delay time tRCD 20 | 50 25 | 65 ns 14
CAS to RAS precharge time tCRP -20 —20 ns

Row Address set-up time tASR 0 0 ns

Row Address hold time tRAH 20 25 ns

Column Address set-up time tASC -10 -10 ns

Column Address hold time tCAH 45 55 ns

Column Address hold time referenced to RAS tAR 95 120 ns

Read command set-up time tRCS 0 ns

Read command hold time tRCH 0 ns

Write command hold time tWCH 45 55 ns

Write command hold time referenced to RAS tWCR 95 120 ns

Write command pulse width twp 45 55 ns

Write command to RAS lead time tRWL 50 70 ns

Write command to CAS lead time tCWL 50 70 ns

Data-in set-up time tDS 0 0 ns 15
Data-in hold time tDH 45 55 ns 15
Data-in hold time referenced to RAS tDHR 95 120 ns

CAS precharge time (for page-mode cycle only) tcp 60 80 ns

Refresh period tREF 2 2 ms

WRITE command set-up time tWwes -20 -20 ns 16
CAS to WRTTE delay tCWD 60 80 ns 16
RAS to WRITE delay tRWD 110 145 ns 16
NOTES (Continued) 14.  Operation within the tRCD {max) limit insures that tRAC (max) can be
6. Several cycles are required after power-up before proper device met. tRCD (max) is specified as a reference point only if tRCD is greater

[N}

11.
12.
13.

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.

The specifications for tRC (min) tRMW (min) and tRWC (min) are used
only to indicate cycle time at which proper operation over the full
temperature range (0°C = TA < 70°C) is assured

Assumes that tRCD < tRCD (Max). If tRCD is greater than the maximum
recommended value shown in this table, tRAC will increase by the
amount that tRCD exceeds the value shown.

Assumes that tRCD (max).

Measured with a load equivalent to 2 TTL loads and 100pF.

tOFF (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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than the specified tRCD (max) limit, then access time is controlled
exclusively by tCAC.

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.

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 remain 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 = 1At with AV
= 3 volts anua power supplies at nominal levels. AV

CAS = VIHC to disable DOUT.




AC ELECTRICAL CHARACTERISTICS

(0°C<TA<70%C) (VDD = 12.0V £ 10%; VSS = 0V; VBB = -5.7V < VBB < -4.5V)

PARAMETER SYMBOL TYP MAX UNITS NOTES
Input Capacitance (Ag—Ag), DIN Ci 4 5 pF 17
Input Capacitance RAS, CAS, WRITE Ci2 10 pF 17
Output Capacitance (DoyUT) Co 5 7 pF 17,18
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DESCRIPTION (continued)

System oriented features include + 10% tolerance on
all power supplies, direct interfacing capability with
|11_i_|gh performance logic families such as Schottky

L, 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. In addition
to the usual read, write, and read-modify-write
cycles, the MK 4116 is capable of delayed write
cycles, page-mode operation and RAS-only_refresh.
Proper control of the clock inputs(RAS, CAS and
WRITE) allows common 1/0 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 b?/ 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
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 tRgD (min) and tRCP (max). No data
storage or reading errors will result if CAS is applied
to the MK 4116 at a point in time beyond the tRCD
(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-chir register by a combination of WRITE and

while R%S is active, The later of the signals
(WRTTE or CAS) to make its negative transition is the
strobe for the Data In (D|N) register. This permits
several options_in the write cycle timing. In a write
cycle, if the WRITE input is brought low (active)

prior to CAS, the D|N 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 re-
ferenced to the negative edge of WRITE rather than
CAS. {To illustrate this feature, D|N is referenced to

RI in the timing diagrams depicting the read-
write and page-mode write cycles while the “early
write” cycle diagram shows DN 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 (DQUT)
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 O or
logic 1 is at access time during a read cycle. DOQUT
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 dat:
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

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 D pin simply by controlling the
placement of 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 1/0O Operation — If all write operations are

handled in the “early write’” mode,then D|N can be

gonnected directly to DOUT for a common /O data
us.

Data Output Control — Doyt will_remain valid
during a read cycle from tc,o]c 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/CKg clock timing relationship very flexible.

Two Methods of Chip Selection — Since DQUT
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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, thén 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 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 V¢¢ for a logic
1 and a low impedance to VSS for a logic 0. The
effective resistance to Vg (logic 1 state) is
420 2 maximum and 13582 typically. The resistance
to Vgs (logic O state) is 95 £ maximum and 35
typically. The separate VcC pin allows the output
buffer to be powered from the supply voltage of the
logic t0 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 cireuitry 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 O throughout all success-
ive memory cycles in which the row address is com-
mon. This “page-mode’’ of operation will not dissi-
pate the _power associated with the negative going
edge of ﬁAS Also, the time required for strobing
in @ 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 signal. _Only those devices which receive both
RAIS 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 accomp-
lished with “RAS-only” cycles. RAS-only refresh
results in a substantial reduction in operating power.
This reduction in power is reflected in the Ipp3
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 2116 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 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 Ipp1 (max) spec
tlimit curve illustrated in figure 2. NOTE: The
MK 4116 family is guaranteed to have a maximum
IDD1 requirement of 35mA @ 375ns cycle (320nscycle
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 Ildd1
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.
Operation 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 VBB
supply to allow direct interface capability with both -5V systems -5.2V ECL
systems.
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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. All unselected de-
vices (those which do not receive a RAS) will remain
in a low_power (standby) mode regardless of the
state of CA%.

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

TYPICAL CHARACTERISTICS
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such that VBB is applied first and removed last.
VBB should never be more positive than V§S when
power is applied to VpDD.

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 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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SUPPLEMENT

MOSTEK.

16,384 x1-BIT DYNAMIC RAM

MK4116(J/N/E)-4

FEATURES

O Recognized mdust[Iy standard 16-pin config-
uration from M

O 250ns access time, 410ns cycle

O + 10% tolerance on all power supplies (+12V, +5V)

O Low power: 462mW active, 20mW standby (max)

0 Output data controlled by CAS and unlatched at
end of cycle to allow two dimensional chip selec-
tion and extended page boundary -

O Common I/0 capability using “‘early write’”
operation

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
MOSTEK'’s double-poly, N-channel silicon gate,
POLY I ® 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

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)

0O MKB version screened to MIL-STD-883
O JAN version available to MIL-M-38510/240

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 MK 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.

FUNCTIONAL DIAGRAM

WULTIPLEXED
CLoCK
GENERATOR

DUMMY CELLS

MEMORY  ARRAY

OECODER Row 128-SENSE ~ REFRESH AMPS

T
! MEMORY  ARRAY

DUMMY CELLS

SELECT LINES

COLUMN DECODERS
1 OF 64

PIN CONNECTIONS

Vs 1 Qe N6 Vss
ow 20 015 CAS
WRITE 3 [ 014 Doyt
RAS 40 D13 Ag
Ao 5[ N2 Az
Ay 6 [ D1 Ag
A, 70 Do As
Voo 8 [ 09 Ve

PIN FUNCTIONS

Ag-Ag Address Inputs WRITE Read/Write Input

CAS Column Address Vgg Power (-5V)
Strobe Vee Power (+5V)

DN Data In Vpp Power (+12V)

_D_O_UT Data Out Vss Ground

RAS Row Address Strobe
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ABSOLUTE MAXIMUM RATINGS*

Voltége onany pinrelative to VBB. ... v.v v v vii i —0.5V to +2QV " Stresses greater than those listed under

- ; . e o o nose )
Voltage on VDD, VCC suppliés relative to VSS. . ........ —1.0V to +15.0V p‘f}'?.qsgn'ltr.et damage 1o ;ha;'zzf/acer."?ryna?i‘f:

i [} d i i eration
VBB—VSS (VDD-VSS>0V) ..o, S O e e o o e ey e
Operating temperature, TA (Ambient) . .................. 0°C to + 70T tions above those indicated in the opera-
Storage temperature (Ambient) (Ceramic) ................ -65°C to + 150°C i‘;:gf;‘e dsf’C"E°x";°:jre"‘t‘; et ot
Storage temperature (Ambient) (Plastic).................. -55°C to + 12B5°C rating conditions for extended periods may
Short CIrCUit OULPUL CUITENT .\ v v vt e eeeeneneennnannennns e 5OmA 2ffect reliability.

Power dissipation ........c.oviiiiiiiiiiiiiiiiieen i, 1 Watt

RECOMMENDED DC OPERATING CONDITIONS
(0°C <TA< 70°C)?

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES

Supply Voltage VDD 10.8 12.0 13.2 Volts 1
Vee 45 5.0 5.5 Volts 12
Vss 0 0 0 Volts 1
VBB -4.5 -5.0 -5.7 Volts 1

Input High (Logic 1) Voltage, VIHC 2.4 - 7.0 Volts 1

RAS, CAS, WRITE

Input High (Logic 1) Voltage, VIH 2.2 — 7.0 Volts 1

all inputs except RAS, CAS

WRITE

Input Low (Logic 0) Voltage, ViL -1.0 — .8 Volts 1

all inputs

DC ELECTRICAL CHARACTERISTICS
(0°C< TA< 70°C)1 (VDD = 12.0V £10%; VCC = 5.0V £10%; -5.7V < VBB < -4.5; VS =0V)

PARAMETER SYMBOL MIN MAX UNITS NOTES

OPERATING CURRENT IDD1 35 mA 3

Average power supply operating current lcc ' 4

(RAS, CAS cycling; tRC = 410ns) IBB1 200 MA

STANDBY CURRENT IDD2 1.5 mA

Power supply standby current (RAS = V|Hc, lcc2 -10 10 MA

DouT = High Impedance) 1BB2 MA

REFRESH CURRENT IDD3 27 mA 3

Average power supply current, refresh mode Ices -10 10 MA

(RAS cycling, CAS = ViH4c; tRC = 410ns) IBB3 uA

PAGE MODE CURRENT IDD4 27 mA 3

Average power supply current, page-mode Icca 4

operation (RAS =V _,CAS cycling: IBB4 ) MA

tpPC =275ns)

INPUT LEAKAGE H(L) -10 10 MA

Input leakage current, any input

(VBB = -5V, 0OV < V|N< +7.0V, all other

pins not under test = 0 volts)

OUTPUT LEAKAGE lo(L) -10 10 MHA

Output leakage current (DQyT is disabled,

0V < VouT < +5.5V)

OUTPUT LEVELS

Output high (Logic 1) voltage (loyT = —5mA) VOH 24 Volts 3

Output low (Logic 0) voltage (IoyT = 4.2 mA) VoL 04 Volts

NOTES:

1. Allvoltages referenced to Vss.

2. Output voltage will swing from Vgg to V¢ when activated with operations or data retention. However, the Vo (min) specifica-
no current loading. For purposes of maintaining data in standby tion is not guaranteed in this mode.

mode, Vcc may be reduced to Vgg without affecting refresh

Iv-28



ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (5,6,7)
(0°C< TA<70°C) VDD = 12.0V +10%; Vcc = 5.0V £10%; Vss = 0V, -5.7V < VBB < -4.5V)

MK4116-4
PARAMETER SYMBOL MIN MAX UNITS NOTES
Random read or write cycle time tRC 410 ns
Read-write cycle time tRWC 425 ns
Read Modify Write tRMW 500 ns
Page mode cycle time tpC 275 ns
Access time from RAS tRAC 250 ns 8,10
Access time from CAS tCAC 165 ns 9,10
Output buffer turn-off delay tOFF 0 60 ns 11
Transition time (rise and fall) i1 3 50 ns 7
RAS precharge time tRP 150 ns
RAS pulse width tRAS 250 10000 ns
RAS hold time tRSH 165 ns
CAS pulse width tCAS 165 10000 ns
CAS hold time tCSH 250 ns
RAS to CAS delay time tRCD 35 85 ns 12
CAS to RAS precharge time tCRP —20 ns
Row Address set-up time tASR 0 ns
Row Address hold time tRAH 35 ns
Column Address set-up time tASC —10 ns
Column Address hold time tCAH 75 ns
Column Address hold time referenced to RAS tAR 160 ns
Read command set-up time tRCS 0 ns
Read command hold time tRCH 0 ns
Write command hold time tWCH 75 ns
Write command hold time referenced to RAS tWCR 160 ns
Write command pulse width tWwp 75 ns
Write command to RAS lead time tRWL 85 ns
Write command to CAS lead time tCWL 85 ns
Data-in set-up time tpS 0 ns 13
Data-in hold time tDH 75 ns 13
Data-in hold time referenced to RAS ) tDHR 160 ns
CAS precharge time (for page-mode cycle only) tcp 100 ns
Refresh period tREF 2 ms
WRITE command set-up time twes —20 ns 14
CAS to WRITE delay tCWD 90 ns 14
RAS to WRITE delay tRWD 175 ns 14

3.

Ipp1. 'DD3. and Ippg depend on cycle rate. The maximum
specified current values are for tgc=410ns and tpc=275ns. Ipp
limit at other cycle rates are determined by the following equat-
tions:

Ipp1 (max) [MA]=10+10.25 x cycle rate [MHz]

Ipp3 (max) [MA]=10+7 x cycle rate [MHz]

Ipp4 (max) [MA]=10 + 4.7 x cycle rate [MHz]

'C‘f\‘ and 'CC4 depend upon output loading. During readout of
high level data V¢ is connected through a low impedance (135
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.

ViHe (min) or V y( (min) and V‘L(max) are reference levels for
measuring timing of input signals. Also, transition times are
measured between V¢ or V4 and V.

Assumes that ‘RCD< trcp (max). If trep is greater than the
maximum recommended value shown in gns table, tgac will
increase by the amount that tgcp exceeds the value shown.

Assumes that tgcp = trep (mMax).
Measured with a load equivalent to 2 TTL loads and 100pF.
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11.

12.

13.

14.

toFf (max) defines the time at which the output achieves the
open circuit condition and is not referenced to output voltage
levels. .

Operation within the tgcp (max) limit insures that tgac (max)
can be met. tRC?‘ (max) is specified as a reference point only; if
tRrcD is greater than the specified tgcp (max) limit, then access
time is controlled exclusively by tcac.

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.

twes. tcwD and trwp are restrictive operating parameters in
read write and read modify write cycles only. If twcs = twes
(min), the cycle is an early write cycle and the data ottt pin will re-
main open circuit (high impedance) throughout the entire cycle; If
tcwp = tcwp (min) and tgwp = tRwp (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 =

with Av = 3 volts and power supplies at nominal v
levels.

CAS = V| to disable DoyT-




AC ELECTRICAL CHARACTERISTICS

(0°C< TA< 70°C) (VDD = 12.0V £10%; V§s = 0V, -5.7V < VBB < -4.5V)
PARAMETER SYMBOL TYP MAX UNITS NOTES
Input Capacitance (Ag—Ag), DIN Ci1 5 pF 17
Input Capacitance RAS, CAS, WRITE CI2 10 pF 17
Output Capacitance (DOUT) Co 5 7 pF 17,18

DESCRIPTION (continued)

System oriented features include + 10% tolerance on
all power supplies, direct interfacing capability with
_?h performance logic families such as Schottky
L, maximum input noise immunity to mmumlze
“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. In addition
to the usual read, write, and read-modify-write
cycles, the MK 4116 is capable of delayed write
cycles, page-mode operation and RAS-only_refresh.
Proper control of the clock inputs(RAS, CAS and
WRITE) allows common 1/0 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/N/E)-2/3 DATA SHEET.
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PRELIMINARY

MOSTEK.

MEMORY COMPONENTS

16,384 x 1-Bit Dynamic RAM

MK4516(N/J)-10/12/15

FEATURES

O Recognized industry standard 16-pin configuration from
Mostek

O Single +5 V (£ 10%) supply operation

O On chip substrate bias generator for optimum
performance

O Active power 193 mW maximum
Standby power 20 mW maximum (MK4516-10)
Standby power 17 mW maximum (MK4516-12/15)

O 100 ns access time, 235 ns cycle time (MK4516-10)
120 ns access time, 270 ns cycle time (MK4516-12)
150 ns access time, 320 ns cycle time (MK4516-15)

DESCRIPTION

The MK4516 is a single +5 V 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, TTL
compatability, and +5 V only operation.

The MK4516 is capable of a variety of operations including
READ, WRITE, READ-WRITE, READ-MODIFY-WRITE,
PAGE MODE, and REFRESH.

The MK4516 is designed to be compatible with the JEDEC
standards for the 16K x 1 dynamic RAM. The MK4516 is
intended to extend the life cycle of the 16K RAM, as well as

0O Common |/0 capability using “early write”

O Read, Write, Read-Write, Read-Modify-Write and Page-
Mode capability

O All inputs TTL compatible, low capacitance, and
protected against static charge

0O Scaled POLY 5 technology
O Pin compatible with the MK4564 (64K RAM)

O 128 refresh cycles (2 msec)

create new applications due to its superior performance.
The compatability with the MK4564 will also permit a
common board design to service both the MK4516 and
MK4564 (64K RAM) designs. The MK4516 will therefore
permit a smoother transition to the 64K RAM as the
industry standard MK4027 did for the MK4116.

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.

PIN FUNCTIONS

AyAg Address Inputs RAS (RE) Row Address Strobe
CAS (CE) Col. Address Strobe | WRITE (W) Read/Write Input
D, (D) Data In N/C Not connected
Dour (@ Data Out Vee Power (+5V)

V, GND

SS

PIN OUT
Figure 1

DUAL-IN-LINE PACKAGE

N/C 1 (16 v
D,y (D) 2] [115 TAS(CEl
WRITE (W) 3] [J14 Dyyr (@)
RAS (RE) 4] mkas16 [J13 A,
A, 50 12 A,
A, 6] 111 A,
A, 7] (110 A,
Ve 8] 1 9 N/C

Auvailable soon in MIL-STD-883 Class B (MKB4516)

v




ABSOLUTE MAXIMUM RATINGS*

Voltage on V¢ Supply Relative to Vgg . oo vovvvvneenn it . -1.0Vto +7.0V
Operating Temperature, Ta (AMbIeNt) . ... .. ou ittt i 0°C to +70°C
Storage Temperature (CEramiC) . . ... .uu ettt ettt et iiaaenae e et eeennnnnnns -65°C to +150°C
Storage Temperature (PIAStIC) . ... ..veet ittt it aeaaiiiiiee e -55°C to +125°C
POWET DiSSIPAtION . .t ittt ettt ettt ettt ettt et i 1 Watt
Short CircUit OUIPUL CUITENT L ..\ttt ettt e e ettt ettt et ee ettt et e aaaee e ee e nainaanannnnnns 50 mA

*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

(0°C =T, =70°C)
SYM PARAMETER MIN TYP MAX UNITS NOTES
Vee Supply Voltage 45 5.0 5.5 Vv 2
ViH Input High (Logic 1) Voltage, 24 — Veett \" 2
All Inputs
Vi Input Low (Logic 0) Voltage, -2.0 s 8 \Y 2,19
All Inputs

DC ELECTRICAL CHARACTERISTICS
(0°C < T, <70°C) (Ve = 50V £ 10%)

SYM PARAMETER MIN MAX UNITS NOTES
lect OPERATING CURRENT
Average power supply operating current 35 mA 3

(RAS, CAS cycling, tzc = tge min.)

leco STANDBY CURRENT o 3 mA
Power supply standby current (RAS = CAS =V, -
Doyt = High Impedance) 3.5 mA 21
lees RAS ONLY REFRESH CURRENT 30 mA 3

Aﬂage power supply current, refresh mode
(RAS cycling, CAS = Vi tpc = tge min.)

leca PAGE MODE CURRENT 32 mA 3,20
Average power supply current, page mode
operation (RAS = V|, tgag = tgag Max., CAS
cycling; tpc = tpc min.)

) INPUT LEAKAGE -10 10 HA
Input leakage current, any input
OV=V),y=+55V,all other
pins not under test = O volts)

low) OUTPUT LEAKAGE -10 10 uA
Output leakage current (D7 is disabled,
OV=Vgor<+55V)
OUTPUT LEVELS
VoH Output High (Logic 1) voltage (Igyt = -5 mA) 24 \Y)
VoL Output Low (Logic 0) voltage (gt = 4.2 mA 04 \
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AC ELECTRICAL CHARACTERISTICS AND RECOMMENDED OPERATING CONDITIONS (45,6,
(0°C =T, <70°C), Ve = 5.0V + 10%

SYMBOL MK4516-10 | MK4516-12 | MK4516-15
STD | ALT | PARAMETER MIN | MAX | MIN | MAX [ MIN | MAX [UNITS [NOTES
tReLREL [tRC Random read or write cycle time 235 270 320 ns 78
treLreL [tRmw | Read-modify-write cycle time 285 320 410 ns 7.8
(RMW)
treLREL |tPC Page mode cycle time 125 145 190 ns | 7820
(PC)
treLav |trac | Access time from RAS 100 120 150 ns 89
tceLav |tcac | Access time from CAS 55 65 80 ns | 810
tcenaz |tore | Output buffer 0 45 0 50 0 60 ns 1"
turn-off delay
tr tr Transition time (rise 3 50 3 50 3 50 ns 6,16
and fall)
trReHREL |tRP RAS precharge time 110 120 135 ns
treLren|tras | RAS pulse width 115 | 10* | 140 | 10¢ | 175 | 10* | ns
teetren|tas | RAS hold time 70 85 105 ns
treLcen|tesn | CAS hold time 100 120 165 ns
tceLceH|teas | CAS pulse width 55 | 10 | 65 | 10¢ | 95 10 | ns
treLcel [treo | RAS to CAS delay time 25 | 45 25 55 25 70 ns 12
trenwx |ty | Read command hold time 0 0 0 ns 13
referenced to RAS
tavreL |tasr | Row Address set-up time 0 0 0 ns
trerax |tran | Row Address hold time 15 15 15 ns
tavceL |tasc | Column Address set-up time 0 0 0 ns
teerax |tcan | Column Address hold time 15 15 20 ns
trReLAC)X AR Column Address hold time 60 70 920 ns
referenced to RAS
twhceL |tres | Read command set-up time 0 0 0 ns
tcenwx |tren | Read command hold time 0 0 ) ns 13
referenced to CAS
teeLwx [twen | Write command hold time 25 30 45 ns
treLwx [twer | Write command hold time 70 85 115 ns

referenced to RAS

twiwn [twe Write command pulse width 25 30 50 ns
twiren [tawe | Write command to RAS lead time | 60 65 110 ns
tyicen |towl | Write command to CAS lead time | 45 50 100 ns




AC ELECTRICAL CHARACTERISTICS AND RECOMMENDED OPERATING CONDITIONS (Continued)

1. No user connection to Pin 1 (Leadless Chip Carrier only). This pin must be left
floating.

. All voltages referenced to Vgs.

.Icc is dependent on output loading and cycle rates. Specified values are
obtained with the output open.

. An initial pause of 500 s is required after power-up followed by any 8 RAS
start-up cycles before proper device operation is achieved. RAS may be
cycled during the initial pause. If RAS inactive interval exceeds 2ms, the
device must be re-initialized by a minimum of 8 mstartup cycle.

. AC characteristics assume tT = 5 ns

. V|4 min and V| max are reference levels for measuring timing of input
signals. Transition times are measured between V| and V) .

. The minimum specifications are used only to indicate cycle time at which
proper operation over the full temperature range (0°C < Tp < 70°C) is
assured.

. Load = 2 TTL loads and 100 pF.

. Assumes that tgcp < trcp (max). If trep is greater than the maximum
recommended value shown in this table, tgac will increase by the amount
that tpcp exceeds the value shown.

10. Assumes that tgcp = trep (Max).

11. torr max defines the time at which the output achieves the open circuit

condition and is not referenced to Vo or Vg .

w N

»

o o

~

©

13.
14.

17
18.
19.
20.

21.

IV-34

-twes:

SYMBOL MK4516-10 | MK4516-12 | MK4516-15
STD | ALT | PARAMETER MIN- | MAX | MIN | MAX | MIN [ MAX |UNITS [NOTES
tovceL |tos Data-in set-up time 0 0 0 ns 14
tceLox |toH Data-in hold time 25 30 45 ns 14
treLox |towr | Data-in hold time referenced to 70 85 115 ns
RAS
tCEHCEL|tep CAS precharge time 60 70 85 ns 20
(PC) (for page mode cycle only)
tavrv |trer | Refresh period 2 2 2 ms
twiceL [twes | WRITE command set-up time 0 0 0 ns 15
teeow [tewn | CAS to WRITE delay 55 65 80 ns 15
treewt |tewp | RAS to WRITE delay 100 120 150 ns 15
teenreLltcre | CAS to RAS precharge time 0 0 0 ns
CAPACITANCE
(0°C =T, =70°C) (Ve = 5.0V £ 10%)
SYMBOL | PARAMETER TYP MAX UNITS [NOTES
Ch Input (Ag-Ag). Dy 4 5 pF 17
Cp Input RAS, CAS, WRITE 8 10 pF 17
Co Output (Dgy7) 5 7 pF 1718
NOTES: 12. Operation within the tgcp (max) limit insures that trac (max) can be met.

trcp (max) is specified as a reference point only; if tgcp is greater than the
specified tgcp (max) limit, then access time is controlled exclusively by
tcAC:

Either tgr of tRcH Must be satisfied for a read cycle.

These parameters are referenced to Exs-leading edge in early write cycles
and to WRITE leading edge in delayed write or read-modify-write.

tcwp. and trwp are restrictive operating parameters in
READ/WRITE and READ/MODIFY/WRITE cycles only. If twcs = twes
(min) the cycle is an EARLY WRITE cycle and the data output will remain
open circuit throughout the entire cycle. If tcyp = tcwp (min)and tpyyp =
trwD (min) the cycle isa READ/WRITE and the data output will contain data
read from the selected cell. If neither of the above conditions are met the
condition of the data out (at access time and until CAS goes back to V) is
indeterminate.

. The transition time specification applies for all input signals. In addition to

meeting the transition rate specification, all input signals must transit
between Vi and V) (or between V) and V) in a monotonic manner.

. Effective capacitance calculated from the equation ¢ = | AT with AV = 3volts

and power supply at nominal level.
CAS = V|H to disable Doyr.
Includes the dc level and all instantaneous signal excursions.

Page Mode operation is not guaranteed on the standard MK4516. This
function is available on request.

Applies to MK4516-10 only.

AV
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READ-WRITE/READ-MODIFY-WRITE CYCLE
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PAGE MODE READ CYCLE (20)

Figure 6
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OPERATION

The 14 address bits required to decode 1 of the 16,384 cell
locations within the MK4516 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, Row Address Strobe (RAS), latches the 7 row
addresses into the chip. The high—to-lo_w_transition of the
second clock, Column Address Strobe (CAS), subsequently
latches the 7 column addresses 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 timing path 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 clock chain. This

“‘gated CAS" feature allows the CAS clock to be externally
activated as soon as the Row Address Hold specification
(tran) has been satisfied and the address inputs have been
changed from Row address to Column address information.

The “gated CAS" feature permits CAS to be activated at any
time after tgy and it will have no effect on the worst case
data access time (tgac) Up to the point in time when the
delayed row clock no longer inhibits the remaining
sequence of column clocks. Two timing endpoints result
from the internal gating of CAS which are called tgcp (min)
and tgp (max). No data storage or reading errors will result
if CAS is applied to the MK4516 at a point in time beyond
the tgep (max) limit. However, access time will_then be
determined exclusively by the access time from CAS {tcac)
rather than from RAS (tg,c), and RAS access time will be
lengthened by the amount that tgcp exceeds the tgcp (max)
limit.

Data Input/OQutput

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 latter of WRITE or CAS to make its
negative transition is the strobe for the Data In (D) register.
This permits several options in the write cycle timing. In a
write cycle, if the WRITE inputis brought low (active) prior to
CAS being brought low (active), the D,y is strobed by CAS,
and the Input Data set-up and hold times are referenced to
CAS.Ifthe input data is not available at CAS time (late write)
or if it is desired that the cycle be a read-write or read-
modify-write cycle the WRITE signal should be delayed until
after CAS has made its negative transition. In this “delayed

* see footnote 20

write cycle”’ the data input set-up and hold times are
referenced to the negative edge of WRITE rather than 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 both the RAS and
CAS are low (active). Data read from the selected cell is
available at the output port within the specified access time.
The output data is the same polarity (not inverted) as the

" input data.

Data Output Control

The normal condition of the Data Output (Dgyy) of the
MK4516 is the high impedance (open-circuit) state;
anytime CASis high (inactive) the Dyt pin will be floating.
Once the output data port has gone active, it will remain
valid until CAS is taken to the precharge (inactive high)
state.

Refresh

Refresh of the dynamic cell matrix is accomplished by
performing a memory cycle at all 128 combinations of the
seven row address bits within each 2 ms interval. Although
any normal memory cycle will perform the required
refreshing, this function is most easily accomplished with
“RAS-only” cycles.

Page Mode Operation *

The Page Mode feature of the MK4516 allows for
successive memory operations at multiple column locations
within the same row address. This is done by strobing the
row address into the chip and maintaining the RAS signal
low (active) throughout all successive memory cycles in
which the row address is common. The firstaccess withina
page mode operation will be available at tgac OF topc time,
whichever is the limiting parameter. However, all
successive accesses within the page mode operation will be
available at tcac time (referenced to CAS). With the
MK45186, this results in as much as a 55% improvement in
access times! Effective memory cycle times are also
reduced when using page mode.

The page mode boundary of a single MK4516 is limited to
the 128 column locations determined by all combinations of
the seven column address bits. Operations within the page
boundary need not be sequentially addressed and any
combination of read-write and read-modify-write cycle are
permitted within the page mode operation.
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PRELIMINARY

STEK.

131,072 x 1-BIT DYNAMIC RAM

MK4528(D)-15/20/25

FEATURES

O Utilizes two standard MK4564 devices in an 18-pin
package configuration

O Single +5V (£ 10%) supply operation
O On chip substrate bias generator for optimum
performance

O Active power 320mW (Single MK4564 active)
Standby power 44mW

O 150ns access time, 260ns cycle time (MK4564-15)
200ns access time, 345ns cycle time (MK4564-20)
250ns access time, 425ns cycle time (MK4564-25)

O Common I/0 capability using ““early write”
O Separate RAS, CAS Clocks

DESCRIPTION

The MK4528 sets a new milestone in the state of the art
of package technology to give you dual density now
before the next generation of MOS RAMs are available .
This device is made up of two 64K (MK4564) 5 volt only
RAMs and itis organized as 131,072 words by 1 bit. The
upper 16 pins are identical to the industry standard 64K

O Read, Write, Read-Write, Read-Modify-Write and
Page-Mode capability

O All inputs TTL compatible, low capacitance, and are
protected against static charge

O Scaled POLY 5 technology
O Pin compatible with the MK4332 (32K RAM)

0O 128 refresh cycles (2 msec) for each MK4564 device
in the dual density configuration (address A is not
used for refresh).

O Extended Doy hold using CAS control (Hidden
Refresh).

Dual-In Line Package, allowing either device to be
installed in the 18 pin position.

The MK4528's high performance features and wide
operating margins, both internally and to the system user,
are achieved by state-of-the-art circuit design techniques as
well as utilization of Mostek’s “Scaled POLY 5" process
technology.

PIN CONNECTIONS
Nn/c 10e (118 Vg
o, 20|cwr  |[017 casd
WRITE 3(]|CARRIER| 116 p_
_ #1
RAS1 4[] 115 A
A, 57 MKk4s28 [T14 A,
A, 600|cuir  |[213 A,
A, 70]|carrier|[112 A,
Ve 80| 111 A,
BRAs2 9(J 110 CAS?2
PIN FUNCTION
AA, Address Inputs RAS Row Address Strobe
CAS Column Address Strobe| WRITE Read/Write Input
Dm Data In Vee Power (+ 5 V)
Dour Data Out N/C No Connections
Vs GND

Also Available in MIL-STD-883 Class B (MKB)

DEVICE PROFILE
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ABSOLUTE MAXIMUM RATINGS*

Voltage on Vi SUpply relative to Vgg . .o vvvnvn it -10Vto+7.0V
Operating Temperature, To (AMDIENT). .. ...ouinii ittt e 0°C to +70C
Storage Temperature (COramMIC) . ..o vi ittt ettt ittt et eeee e eea e e eeenesiaaaaaaanas -65°C to +150°C
PO BT DSt ON & .ottt t ittt ittt ettt et e et e, 1 Watt
Short CirCUit OULPUL CUMTENT ...ttt t ettt et ettt et e ettt et e eteee e e e ataateeeeeeeennnnneneennnnns 50 mA

*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

(0°C =Tx =70°C)
SYM PARAMETER MIN TYP MAX UNITS NOTES
Vee Supply Voltage 45 5.0 5.5 \% 1
Viy Input High (Logic 1) Voltage, 24 — Veett Vv 1
All Inputs
Vi Input Low (Logic O) -20 — 8 \ 1,18
Voltage, All Inputs

DC ELECTRICAL CHARACTERISTICS
(0°C <T, <70°C) (Ve = 5.0V + 10%)

SYM PARAMETER MIN MAX UNITS NOTES

lect OPERATING CURRENT 58 mA 2
Averagigower supply operating current
(RAS, CAS cycling; tgc = tge min.)

loca STANDBY CURRENT 8 mA
Power suply standby current (RAS =V,
Doyt = High Ipedance)

lces RAS ONLY REFRESH CURRENT 49 mA 2
Average power supply current, refresh mode
(RAS cycling, CAS = V) tgc = tge min.)

leca PAGE MODE CURRENT 39 mA 2

Average power supply current, page mode
operation

(RAS = V|, tgag = trag Max., CAS cycling;
tPC = tPC m|n)

iI(L) INPUT LEAKAGE v -20 20 A
Input leakage current, any input

(OV =V |y = Vo) all other pins not under
test = O volts

low | OUTPUT LEAKAGE -20 20 HA
Output leakage current (Dq 7 is disabled,
OV =Vour =Vl

OUTPUT LEVELS
Vou Output High (Logic 1) voltage (I, = -5 mA) 24 V
VoL Output Low (Logic O) voltage (Ig 7 = 4.2 mA) 04 \Y
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NOTES:

-

. All voltages referenced to Vgg.

.lgc is dependent on output loading and cycle rates. Specified values are
obtained with the output open. Only one MK4564 is active.

. An initial pause of 500 ps is required after power-up followed by any 8 RAS
cycles before proper device operation is achieved. Note that RAS may be
cycled during the initial pause.

4. AC characteristics assume tT = 5 ns.

5.V|q min. and V) max. are reference levels for measuring timing of input
signals. Transition times are measured between V| and V).

N

w

1

specified tgcp (max) limit, then access time is controlled exclusively by

tcAc
2. Either tgrH or tRcH must be satisfied for a read cycle.

13. 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.

14.tywes. tcwp. and tgywp are restrictive operating parameters in

READ/WRITE and READ/MODIFY/WRITE cycles only. If twcs = twes
(min) the cycle is an EARLY WRITE cycle and the data output will remain
open circuit throughout the entire cycle. If toyp = tcwp (min) and tpyp =
tgwpD (min) the cycle is a READ/WRITE and the data output will contain data
read from the selected cell. If neither of the above conditions are met the

6. The minimum specifications are used only to indicate cycle time at which
proper operation over the full temperature range (0°C < Tp < 70°C) is
assured. 1
. Load = 2 TTL loads and 50 pF.
. Assumes that trcp < trcp (max). If tgep is greater than the maximum

condition of the data out (at access time and until TAS goes back to V) is
indeterminate.

. In addition to meeting the transition rate specification, all input signals must
transmit between Vyy and V)_ (or between Vi and V|y) in a monotonic
manner.

[ ]
o

recommended value shown in this table, trac will increase by the amount 16. Effective capacitance calculated from the equation C = | At with AV = 3 volts
that tgcp exceeds the value shown. and power supply at nominal level. av
9. Assumes that tgcp = tgep (max). 17.CAS = V) to disable Doy
10. toFF max defines the time at which the output achieves the open circuit 18. Includes the DC level and all instantaneous signal excursions.

condition and is not referenced to Vo or Vg .
. Operation within the tgcp (max) limit insures that tgac (max) can be met.
trcp (max) is specified as a reference point only; if tgcp is greater than the

19. WRITE = don't care. Data out depends on the state of CAS. If CAS =V, data
output is high impedance. If CAS = V||, the data output will contain data
from the last valid read cycle.

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(3:4,5,15) (0°C =T, =< 70°C), Vo = 5.0V £ 10%

1

SYMBOL MK4528-15 | MK4528-20 | MK4528-25
STD ALT | PARAMETER MIN | MAX | MIN | MAX [ MIN [ MAX | UNITS | NOTES|
tretReL | tRe Random read or write cycle time 260 345 425 ns 6,7
treLrer | trmw | Read modify write cycle time 310 405 490 ns 6,7
(RMW)
trereL | tpe Page mode cycle time 155 200 240 ns 6,7
(PC)

taecav | trac | Access time from RAS 150 200 250 ns 78
teetav | tcac | Access time from CAS 85 115 145 ns 79
tcenaz |tore | Output buffer turn-off delay 0 40 0 50 0 60 ns 10
tr tr Transition time (rise and fall) 3 50 3 50 3 50 ns 5,15
taenrel |tre | RAS precharge time 100 135 165 ns
treLren |tas | RAS pulse width 150 [10,000{ 200 |10,000| 250 [10,000[ ns
tceLred |trsn | RAS hold time 85 115 145 ns
trercen |tesn | CAS hold time 150 200 250 ns
teercen |tcas | CAS pulse width 85 |10,000/ 115 |10,000| 145 {10,000, ns
trerceL |trep | RAS to CAS delay time 30 65 35 85 45 | 105 ns 1
tRenwx | trry | Read command hold time

referenced to RAS 20 25 30 ns 12
tavrer |tasr | Row address set-up time 0 0 0 ns
trReeax | tran | Row address hold time 20 25 30 ns
tavcer |tasc | Column address set-up time 0 0 0 ns
tcetax | tcan | Column address hold time 30 40 50 ns
treLac)x| tar Column address hold time

referenced to RAS 100 130 160 ns




ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued)
(34,5,15)(0°C =T, =70°C), V¢ = 5.0V + 10%

SYMBOL MK4528-15 | MK4528-20 | MK4528-25
STD | ALT | PARAMETER MIN | MAX | MIN | MAX | MIN | MAX [UNITS |NOTES
twheeL | tres | Read command set-up time 0 0 0 ns
teenwx | tren | Read command hold time
referenced to CAS 0] 0 0 ns 12
teerwx | twen | Write command hold time 45 55 70 ns
tretwx | twer | Write command hold time
referenced to RAS 115 150 185 ns
twiwe | twp | Write command pulse width 35 45 55 ns
twired | trwe | Write command to RAS lead time| 45 55 65 ns
twicen | towL | Write command to CAS lead time 45 55 65 ns
tovcer | tos Data-in set-up time 0 0 0 ns 13
tcelox | tou | Data-in hold time 45 55 70 ns 13
tReLox | towr | Data-in hold time.
referenced to RAS 115 150 190 ns
tegrcer | tp | CAS precharge time
(PC) (for page-mode cycle only) 60 75 85 ns
trvrv | trep | Refresh Period 2 2 2 ms
twicer | twes | WRITE command set-up time -10 -10 -10 ns 14
teeewt | tewp | CAS to WRITE delay 55 80 100 ns 14
treewl | trwp | RAS to WRITE delay 120 165 205 ns 14
toencer | teen | CAS precharge time 30 35 45 ns

AC ELECTRICAL CHARACTERISTICS
(0°C < T, <70°C) (Ve = 5.0V =+ 10%)

SYM PARAMETER MAX | UNITS | NOTES
Ch Input Capacitance (A - Ag), Dy 10 pF 16
Cp Input Capacitance RAS, CAS 10 pF 16
Cys Input Capacitance WRITE 20 pF 16
Co Output Capacitance (Dgy1) 14 pF 16,17
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OPERATION

The MK4528 consists of two 64K (MK4564) dynamic RAMs
connected by a substrateina 131,072 x 1 configuration.The
eight address bits required to decode 1 of the 65,536 cell
locations within each MK4564 are multiplexed onto the
eight address inputs and latched into the on-chip address
latches by externally applying two negative going TTL-level
clocks. The first clock, Row Address Strobe (RAS), latches
the eight row addresses into the cip. The high-to-low
transition of the second clock, Column Address Strobe
(CAS), subsequently latches the eight column addresses
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 timing
path 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 clock chain. This “gated CAS”
feature allows the CAS clock to be externally activated as
soon as the Row Address Hold specification (tg oy) has been
satisfied and the address inputs have been changed from
Row address to Column address information.

The “gated CAS " feature permits CAS to be activated at any
time after tg5y and it will have no effect on the worst case
data access time (tgac) Up to the point in time when the
delayed row clock no longer inhibits the remaining
sequence of column clocks. Two timing endpoints result
from the internal gating of CAS which are called tgep (min)
and tzcp (max). No data storage or reading errors will result
if CAS is applied to the MK4564 at a point in time beyond
the tgcp (max) limit. However, access time will then be
determined excluMy by the acccistime from m(tCAc)
rather than from RAS (tgac), and RAS access time will be
lengthened by the amount that tz o exceeds the tgep (max)
limit.

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 latter of WRITE or CAS to make its
negative transition is the strobe for the Data In (D) register.
This permits several options in the write cycle timing. In a
write cycle, if the WRITE input is brought low (active) prior to
CAS being brought low (active), the D}y is strobed by CAS,
and the Input Data set-up and hold times are referenced to
CAS. If the input data is not available at CAStime (late write)
or if it is desired that the cycle be a read-write or read-
modify-write cycle the WRITE signal should 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 WRITE rather than 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 both the RAS and
CAS are low (active). Data read from the selected cell is

available at the output port within the specified access time.
The output data is the same polarity (not inverted) as the
input data.

DATA OUTPUT CONTROL

The normal condition of the Data Output (Dgyy) of the
MK4564 is the high impedance (open-circuit) state;
anytime CAS is high (inactive) the D¢ pin will be floating.
Once the output data port has gone active, it will remain
valid until CAS is taken to the precharge (inactive high)
state.

PAGE MODE OPERATION

The Page Mode feature of the MK4564 allows for
successive memory operations at multiple column locations
within the same row address. This is done by strobing the
row address into the chip and maintaining the RAS signal
low (active) throughout all successive memory cycles in
which the row address is common. The first access within a
page mode operation will be available at tgpc OF toac time,
whichever is the limiting parameter. However, all
successive accesses within the page mode operation will be
available at toac time (referenced to CAS). With the
MK4564 this results in approximately a 57% improvement
in access times. Effective memory cycle times are also
reduced when using page mode.

The page mode boundary of a single MK4564 is limited to
the 256 column locations determined by all combinations of
the eight column address bits. Operations within the page
boundary need not be sequentially addressed and any
combination of read, write, and read-modify-write cycles is
permitted within the page mode operation.

REFRESH

Refresh of the dynamic cell matrix is accomplished by
performing a memory cycle at each of the 128 row
addresses within each 2 ms interval. Although any normal
memory cycle will perform the required refreshing, this
function is most easily accomplished with “RAS-only”
cycles.

The RAS-only refresh cycle requires that a 7 bit refresh
address (AO-A6) be valid at the device address inputs when
RAS goes low (active). The state of the output data port
during a RAS-only refresh is controlled by CAS. If CAS is
high (inactive) during the entire time that RAS is asserted,
the output will remain in the high impedance state. If CAS is
low (active) the entire time the RAS is asserted, the output
port will remain in the same state that it was prior to the
issuance of the RAS signal. If CAS makes a low-to-high
transition during the RAS-only refresh cycle, the output
data buffer will assume the high impedance state. However,
the CAS may not make a high to low transition during the
RAS-only refresh cycle since the device interprets this as a
normal RAS/CAS (read or write) type cycle.
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HIDDEN REFRESH

ARAS-only refresh cycle may take place while maintaining
valid output data by extending the CAS active time from a
previous memory read cycle. This feature is referred to as a
hidden refresh. (See figure below.)

HIDDEN REFRESH CYCLE (SEE NOTE 19)

MEMORY CYCLE REFRESH CYCLE

RAS

=TT /-

/74 G S ST I,
W 7TTTT] NI/

Dour ________< VALID DATA >_

— '
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MOSTEK.

32,768 x1-BIT DYNAMIC RAM

MK4332(D)-3

FEATURES

O Utilizes two industry standard MK 4116 devices in
an 18-pin package configuration

200ns access time, 375ns cycle (MK 4116-3)
Separate RAS, CAS Clocks

+ 10% tolerance on all power supplies (+12V,£5V)
Low power: 482mW active, 40mW standby (max)

Output data controlled by CAS and unlatched at
end of cycle to allow two dimensional chip selec-
tion and extended page boundary

DESCRIPTION

Oooooao

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,
POLY 11 ® 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
capability. The use of dynamic circuitry through-
out, including sense amplifiers, assures that power

O Common 1/0 capability using “‘early write"
operation

Read-Modify-Write, RAS-only refresh, and Page-
mode capability

O

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 simplifies 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.

FUNCTIONAL DIAGRAM
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PIN CONNECTIONS
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PIN NAMES

AQA6  ADDRESS INPUTS

CAS COLUMN ADDRESS STROBE

DIN DATA IN

Doyt  DATAOUT

RAS ROW ADDRESS STROBE

WRITE  READ/WRITE INPUT

VBB POWER (~5V)

vee POWER (+5V)
POWER (+12V)
Vss GROUND
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ABSOLUTE MAXIMUM RATINGS*

Voltage on any pin relative to VBB. ... ... oo cviin —0.5V to +20V ;Stresses greater ‘ha"R‘h;’se Jisted under
Voltage on VDD, VCC supplies relative to VSS. . . ... . ... Z1.0V 10 +15.0V poroeonens Sombge 16 e davice, Thic s
VBB_VSS (VDD_VSS >0V) OV stfres: rating only :nd functionalhoperatig!'
.................................. v Y chose or oo ey condi
Operating temperature, TA (Ambient) ................... 0°C to+70C %orfseabivf: ﬂ?os: iE;igaieq:in the opera-
Storage temperature (Ambient). .. ......... ... ... —B5°C 10 + 150°C Joma oo o e e aaximum
Short circuit outputcurrent . ... ..vvi vt e e 50mA fating conditions for extended periods may
Power dissipation . .. ...ttt 1 Watt et retieptier
RECOMMENDED DC OPERATING CC)NDITIONS6
(0°C< TA< 70°C)
PARAMETER SYMBOL MIN TYP MAX UNITS NOTES
Supply Voltage VDD 10.8 12.0 13.2 Volts 2
Vce 45 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, VIHC 24 — 7.0 Volts 2
RAS, CAS, WRITE
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

(°C< TA<70°C) (VDD =12.0V£10%;Vcc = 5.0V +10%;-5.7V < VBB <-4.5V; Vgs=0V)

PARAMETER SYMBOL MIN MAX UNITS NOTES
OPERATING CURRENT 1DD1 36.5 mA 4,19
Average power supply operating current Icct 5
(RAS, CAS cycling; tRc =trc Min) IBB1 300 HA 19
STANDBY CURRENT IDD2 3.0 mA
Power supply standby current (RAS = V|Hc, Icc2 -20 20 MA
DouT = High Impedance) 1BB2 200 MA
REFRESH CURRENT IDD3 26.5 mA 4,19
Average power supply current, refresh mode Icc3 -20 20 nA
(RAS cycling, CAS = V|HC; tRC =tRC Min) 1BB3 300 uA 19
PAGE MODE CURRENT IpD4 28.5 mA 4,19
Average power supply current, page-mode Icca 5
operation (RAS =V|_,CAS cycling; IBB4 300 A 19
tpC = tpc Min)

'7
INPUT LEAKAGE (L) -20 20 uA
Input leakage current, any input
(VBB = -5V, OV < V|N< +7.0V, all other
pins not under test = 0 volts)
OUTPUT LEAKAGE lo(L) -20 20 MA
Output leakage current (DQUT is disabled,
0V < VouT < +5.5V)
OUTPUT LEVELS
Output high (Logic 1) voltage (IoyT = —5mA) VOH 24 Volts 3
Output low (Logic 0) voltage (loyT = 4.2 mA) VoL 0.4 Volts
NOTES:
1. T a is specified here for operation at frequencies to trc 2> tRc mode, Vo may be reduced to Vss without affecting refrésh

(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 a
for derating curve. °

2. All voltages referenced to Vgg. 5.

3 Output voltage will swing from Vgg to Vg when activated with
no current loading. For purposes of maintaining data in standby
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operations or data retention. However, the VoH (min) specifica-
tion is not guaranteed in this mode.

Ipp1. IDD3. and Ipp4 depend on cycle rate. See figures 2,3, and
4 for Ipp limits at other cycle rates.

1 1 and Iccg4 depend upon output loading. During readout
o?%igh Ievt-g' data V¢ is connected through a low impedance
(135 © typ) to data out. Atall other times I consists of
leakage currents only.



ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (6,7,8)
(0T<Ta<70°C) (VDD = 12.0V £ 10%; VcC = 5.0V £10%, VSs = 0V, -5.7V< VBB < -4.5V)

PARAMETER SYMBOL MIN |[MAX UNITS NOTES

Random read or write cycle time tRC 375 ns 9

Read-write cycle time tRWC 375 ns 9

Read modify write cycle time TRMW* 405 ns 9

Page mode cycle time tPC 225 ns 9

Access time from RAS tRAC 200 ns 10,12

Access time from CAS tCAC 135 ns 11,12

Output buffer turn-off delay tOFF 0 50 ns 13

Transition time (rise and fall) tT 3 50 ns 8

RAS precharge time tRP 120 ns

RAS pulse width tRAS 200 {10,000 ns

RAS hold time tRSH 135 ns

CAS hold time tCSH 200 ns

CAS pulse width tCAS 135 (10,000 ns

RAS to CAS delay time tRCD 25 65 ns 14

CAS to RAS precharge time tCRP -20 ns

Row Address set-up time tASR 0 ns

Row Address hold time tRAH 25 ns

Column Address set-up time tASC -10 ns

Column Address hold time tCAH 55 ns

Column Address hold time referenced to RAS tAR 120 ns

Read command set-up time tRCS 0 ns

Read command hold time tRCH 0 ns

Write command hold time tWCH 55 ns

Write command hold time referenced to RAS tWCR 120 ns

Write command pulse width twp 55 ns

Write command to RAS lead time tRWL 70 ns

Write command to CAS lead time tCWL 70 ns

Data-in set-up time tDS 0 ns 15

Data-in hold time tDH 55 ns 15

Data-in hold time referenced to RAS tDHR 120 ns

CAS precharge time (for page-mode cycle only) tcp 80 ns

Refresh period tREF 2 ms

WRITE command set-up time tWes —-20 ns 16

CAS to WRTTE delay tCWD 80 ns 16

RAS to WRITE delay tRWD 145 ns 16

NOTES (Continued)

6. Several cycles are required after power-up before proper device operation s achieved. Any 14, Operation within the tycp (max) limit insures that tgoc (max) can be met. tgcp (max)
8 cycles which perform refresh are adequate for this purpose. is specified as a reference pomnt only; if tycp is greater than the specified trgp (max)

7. AC measurements assume tT = 5ns. limit, then access time is controlled exclusively by tcac:

8. VIHC (min) or V| (min) and V|| (max) are reference levels for measuring timing of in- 15.  These parameters are referenced to CAS leading edge in early write cycles and to WRITE
put signals. Also, transition times are measured between V¢ or Vi and V(. leading edge in delayed write or read-modify-write cycles.

9. The specifications for trc (min) tymw (Min) and tryyc (min) are used only to indicate 16.  twcs. tcwD and trwp are restrictive operating parameters in read write and read mod-
cycle time at which proper operation over the full temperature range (0 C < T <70°C) ify write cycles only. If tycs = twes (min), the cycle is an early write cycle and the data
1s assured. out pin will remain open circuit (high impedance) throughout the entire cycie; If tcwp

10, Assumes that tRep < tRep (max). If tRED is greater than the maximum recommended 2 tcwp (min) and tRwD = tRWD (min), the cycle is a read-write cycle and the data out
value shown in this table, tg AC will increase by the amount that tycp exceeds the value will contain data read from the selected cell; If neither of the above sets of conditions is
shown. satisfied the condition of the data out (at access time) is indeterminate.

11, Assumes that tRep 2 tRCD (max). 17.  Effective from the C = 1At with AV = 3 volts and power

12. Measured with a load equivalent to 2 TTL loads and 100pF. supplies at nominal levels. Av

13.  tQFF (max) defines the time at which the output achieves the open circuit condition and 18.  CAS = ViHC to disable DOUT-
is not referenced to output voitage levels. 19. One 16K RAM is active while the other is in standby mode
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AC ELECTRICAL CHARACTERISTICS

(0C<TA <70%C) (VDD = 12.0V £ 10%; VSS = OV; —5.7V < VBB < —4.5V)

PARAMETER SYMBOL TYP MAX UNITS NOTES
Input Capacitance (Ag—Ag), DIN Cn 8 10 pF 17
Input Capacitance RAS, CAS, Ci2 8 10 pF ’ 17
Output Capacitance (DQUT) Co 10 14 pF 17, 18
Input Capacitance WRITE Ci3 16 20 pF 17
AC Characteristics and Timing Diagrams of MK4116-3. CYCLE TIME tgc (ns)
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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. 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 of delayed write
cycles, page-mode operation and RAS-only refresh.
Proper control of the clock inputs(RAS, CAS and
WRITE) allows common 1/0 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
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 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 the remain-
ing sequence of column clocks. Two timing end-
points result from the internal gating of CAS which
are called tRcp (min) and tRCP (max). 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 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 register by a combination of WRITE and
CAS while @ is active. The later of the signals
(WRITE or CAS) to make its negative transition is the
strobe for the Data In (D|N) register. This permits

several options_in the write cycle timing. In a write
cycle, if the WRITE input is brought low (active)
prior to CAS, the D|N 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 re-
ferenced to the negative edge of WRITE rather than
CAS. (To illustrate this feature, D[N is referenced to
WRITE in the timing diagrams depicting the read-
write and page-mode write cycles while the “‘early
write” cycle diagram shows DN 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 4332 is the high impedance (open-circuit)
state. That is to say, anytime CAS is at a high level,
the DQUT pin will be floating. The only time the
output will turn on and contain either a logic O or
logic 1 is at access time during a read cycle. DQUT
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 relation-
ships of the two devices. Both devices cannot be 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 output
will go from the high impedance state to the active
condition, and at access time will contain the dat:
read from the selected cell. This output data is the
same polarity (not inverted) as the input data. Oncc
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 D pin simply by controlling the
placement of WR'i h E 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 1/0O Operation — If all write operations are
handled in the “‘early write’” mode,then D|N can be
connected directly to DoyT for a common 1/0 data
bus.

Data Output Control — DQuT 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
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enalty in cycle time. This also makes the
clock timing relationship very flexible.

with no
RAS/CA

Two Methods of Chip Selection — Since DQUT
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, 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 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 0. The
effective resistance to V¢C (logic 1 state) is
420 © maximum and 1352 typically. The resistance
to Vgs (logic O state) is 95 £ maximum and 35 2
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 cirecuitry 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 O throughout all success-
ive memory cycles in which the row address is com-
mon. This ““page-mode’’ of operation will not dissi-
pate the_power 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
IDD3 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 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 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 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 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 |Ipp1 (max) spec
limit curve illustrated in figure 2. : The
MK 4332 family is guaranteed to have a maximum
IDD1 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 Ipp1 require-
ment of under 20mA with an ambient temperature
range from 0° to 70°C.

NOTE: Additional power supply tolerance has been included on the
VR 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. All unselected de-
vices (those which do not receive a RAS) will remain
in a low_power (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 power supplies

such that VBB is applied first and removed last.
VBB should never be more positive than VSS when
power is applied to Vpp.

Under system failure conditions in which one or more
suppllies exceed the specified limits significant addi-
tional margin against catastrophic_device failure may
be achieved by forcing R 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.
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TYPICAL CHARACTERISTICS OF THE MK 4116
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INPUT LEVEL (VOLTS)
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PRELIMINARY

MOSTEK.

MEMORY COMPONENTS

65,536 x 1-Bit Dynamic RAM

MK4564(P/N/J)-15/20/25

FEATURES

O Recognized industry standard 16-pin configuration from
Mostek

O Single +5V (= 10%) supply operation

0O On chip substrate bias generator for optimum
performance

O Low power: 300 mW active, max
22 mW standby, max

O 150 ns access time, 260 ns cycle time (MK4564-15)
200 ns access time, 345 ns cycle time (MK4564-20)
250 ns access time, 425 ns cycle time (MK4564-25)

DESCRIPTION

The MK4564 is the new generation dynamic RAM.
Organized 65,536 words by 1 bit, it is the successor to the
industry standard MK4116. The MK4564 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. The use of 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 vyield (low cost to user) while maintaining
compatibility between dynamic RAM generations.

O Extended Dy hold using CAS control (Hidden Refresh)
0O Common |/0 capability using “early write”

O Read, Write, Read-Write, Read-Modify-Write and Page-
Mode capability

O All inputs TTL compatible, low capacitance, and
protected against static charge

O Scaled POLY 5™ technology

O 128 refresh cycles (2 msec)
Pin 9 is not needed for refresh

0O MKB version screened to MIL-STD-883

Multiplexed address inputs (a feature dating back to the
industry standard MK4096, 1973) permit the MK4564 to
be packaged in a standard 16-pin DIP with only 15 pins
required for basic functionality. The MK4564 is designed to
be compatible with the JEDEC standards for the 64K x 1
dynamic RAM.

The output of the MK4564 can be held valid up to 10 usec by
holding CAS active low: This is quite useful since refresh
cycles can be performed while holding data valid from a
previous cycle. This feature is referred to as Hidden Refresh.

The 64K RAM from Mostek is the culmination of several
years of circuit and process development, proven in
predecessor products.

PIN FUNCTIONS

AyA, Address Inputs RAS(RE)  Row Address
__ Strobe
CAS (CE) . Column Address WRITE (W) Read/
Strobe Write Input
D, (D) Data In Vcc Power (5V)
Doyr(Q  Data Out Vsg GND
N/C Not Connected

PIN OUT

DUAL-IN-LINE PACKAGE

7
ne 1e [116 Vg
o,y 20} [115 CAS (CE)
WHITEW) 3 (] [114 Dy (@)
RAS (AE) 4 (] mrases [113 A,
A, 5 [112 a,
A, 60 (111 A,
a, 7] (110 a,
Vee 84 19 a,

Auvailable soon in MIL-STD-883 Class B (MKB).




ABSOLUTE MAXIMUM RATINGS*

Voltage on Ve supply relative to Vgg . oo v vt -1.0Vto +70V
Operating Temperature, To (AMbIeNt). ... ... it i i e e 0°C to +70C
Storage Temperature (CEramiiC) « .« oo uuvu sttt et ettt et retieeeesenenannnennneeeeeenanans -65°C to +150°C
Storage Temperature (PIASHIC) . ... .vvvueerenser et et ettt e et e eten et ear e eneneenenans -65°C to +125°C
Power Dissipation .............. PPt 1 Watt
SHOTt CIrCUIt OUIDUE CUITENT .« vttt et et e et et i et e e e ettt e e et et e e et e et ettt et et e e eanes 50 mA

*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

(0°C =T, =70°C)
SYM PARAMETER MIN TYP MAX UNITS NOTES
Vee Supply Voltage 45 5.0 5.5 \% 1
Vi Input High (Logic 1) Voltage, 24 — Veetl \% 1
All Inputs
ViL Input Low (Logic O) -20 — 8 \% 1,18
Voltage, All Inputs

DC ELECTRICAL CHARACTERISTICS
(0°C < T, <70°C) (Vg = 5.0V + 10%)

SYM PARAMETER MIN MAX UNITS NOTES

lect OPERATING CURRENT 540 mA 2
Average power supply operating current
(RAS, CAS cycling; tgc = tgc min.).

lce2 STANDBY CURRENT . 4 mA
Power supply standby current (RAS =V,
Doyt = High Impedance)

lees RAS ONLY REFRESH CURRENT 45 mA 2
Average power supply current, refresh mode ‘
(RAS cycling, CAS = Vi tge = tge min.)

leca PAGE MODE CURRENT 35 mA 2
Average power supply current, page mode
operation (RAS =V, taag = tgag max., CAS
cycling; tpe = tpe min.)

) INPUT LEAKAGE ' -10 10 HA
Input leakage current, any input

(0 V <V = Vo), all other pins not under
test=0V

low OUTPUT LEAKAGE -10 10 LA
Output leakage current (Dgy is disabled,
0V <Vqoyr<Veo

OUTPUT LEVELS
VoH Output High (Logic 1) voltage (lgyt = -5 mA) 24 \'
Voo Output Low (Logic 0) voltage (Igt = 4.2 mA) 04 \Y
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NOTES:

N =

(S0 w

SN o

o ©

. All voltages referenced to Vgg.
.lcc is dependent on output loading and cycle rates. Specified values are

obtained with the output open.

. An initial pause of 500 us is required after power-up followed by any 8 RAS

cycles before proper device operation is achieved. Note that RAS may be
cycled during the initial pause.

. AC characteristics assume t = 5 ns.
.Vi4 min. and V| max. are reference levels for measuring timing of input

signals. Transition times are measured between V) and V).

. The minimum specifications are used only to indicate cycle time at which

proper operation over the full temperature range (0°C < Tp < 70°C) is
assured.
Load = 2 TTL loads and 50 pF.

. Assumes that tgcp < trcp (max). If trep is greater than the maximum

recommended value shown in this table, trac will increase by the amount
that tgcp exceeds the value shown.

. Assumes that trcp = tRep (max).
. toFF Max defines the time at which the output achieves the open circuit

condition and is not referenced to Vg or Vg

. Operation within the tgcp (max) limit insures that tra ¢ (max) can be met.

trcp (max) is specified as a reference point only; if tycp is greater than the

12.
13.

1

o

?pecified trep (max) limit, then access time is controlled exclusively by

CAC:

Either tgrH or trcH Must be satisfied for a read cycle.

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.

.twes: tcwp. and tpwp are restrictive operating parameters in
READ/WRITE and READ/MODIFY/WRITE cycles only. If yycs = twes
(min) the cycle is an EARLY WRITE cycle and the data output will remain
open circuit throughout the entire cycle. If toyyp = tcyyp (min) and tpyp =
trwpD (min)the cycle is a READ/WRITE and the data output will contain data
read from the selected cell. If neither of the above conditions are met the
condition of the data out (at access time and until CAS goes back to V) is
indeterminate.

. In addition to meeting the transition rate specification, all input signals must
transmit between V| and V| (or between V| and V) in a monotonic
manner.

6. Effective capacitance calculated from the equation C = | Atwith AV = 3 volts

and power supply at nominal level. Y

17.CAS = V| to disable DoyT-
18. Includes the DC level and all instantaneous signal excursions._
19. WRITE = dont care. Data out depends on the state of CAS. If CAS = V|, data

output is high impedance. If CAS = V|, the data output will contain data
from the last valid read cycle.

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(34,5,15) (0°C < T, < 70°C), Ve = 5.0V + 10%
SYMBOL MK4564-15 | MK4564-20 | MK4564-25
STD ALT | PARAMETER MIN | MAX [ MIN | MAX | MIN | MAX | UNITS | NOTES
treLreL | tRe Random read or write cycle time 260 345 425 ns 6,7
trerrer | tmw | Read-modify-write cycle time 310 405 490 ns 6,7
(RMW)
trReLreL | tpc Page mode cycle time 165 200 240 ns 6,7
(PC)

treLav | trac | Access time from RAS 150 200 250 ns 7.8
teeLav | teac | Access time from CAS 85 115 145 ns 7.9
tceHaz | torr | Output buffer turn-off delay 0 40 0 50 0 60 ns 10
tr tr Transition time (rise and fall) 3 50 3 50 3 50 ns 5,15
taenrer | tre | RAS precharge time 100 135 165 ns
treLred | tras | RAS pulse width 150 |10,000{ 200 (10,000 250 |10,000{ ns
teetren | trsn | RAS hold time 85 115 145 ns
trercer| tesn | CAS hold time 150 200 250 ns
tegrcen | teas | CAS pulse width 85 (10,000 115 |10,000| 145 |10,000| ns
tpercer | tacop | RAS to CAS delay time 30 65 | 35 85 | 45 | 105 ns 1
trenwx | tren | Read command hold time

referenced to RAS 20 25 30 ns 12
tavrer | tasr | Row address set-up time 0 0 0 ns
tretax | tran | Row address hold time 20 25 30 ns
tavcer | tasc | Column address set-up time 0 0 0 ns
teeiax | tcan | Column address hold time 30 40 50 ns
treta | tAR Column address hold time

referenced to RAS 100 130 160 ns




ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued)

(34.5,16) (0° < T, < 70°C), Vo = 5.0V £ 10%

SYMBOL MK4564-15 | MK4564-20 | MK4564-25
STD ALT | PARAMETER MIN | MAX | MIN |MAX | MIN | MAX | UNITS [NOTES
twheeL | tres | Read command set-up time 0 0 0 ns
tcenwx | tren | Read command hold time
referenced to CAS 0 0 0 ns 12
teeLwx | twen | Write command hold time 45 55 70 ns
treLwx | twer | Write command hold time
referenced to RAS 115 150 185 ns
twowH | twe Write command pulse width 35 45 55 ns
twiren | twe | Write command to RAS lead time | 45 55 65 ns
twicen | towe | Write command to CAS lead time | 45 55 65 ns
tovcer | tos Data-in set-up time 0 0 0 ns 13
tceLox | toH Data-in hold time 45 55 70 ns 13
trewox | tonr | Data-in hold time
referenced to RAS 115 150 190 ns
tcencer | tep | CAS precharge time
(PC) (for page-mode cycle only) 60 75 85 ns
tavrv | trer | Refresh Period 2 2 2 ms
twiceL | twes | WRITE command set-up time -10 -10 -10 ns 14
teerwt | town | CAS to WRITE delay 55 80 100 ns 14
treewl | tRwo | RAS to WRITE delay 120 165 205 ns 14
toencer | teen | CAS precharge time 30 35 45 ns |
AC ELECTRICAL CHARACTERISTICS
(0°=Tp=<70°C), Vec =50V £ 10%
SYM PARAMETER MAX | UNITS| NOTES
Ch Input Capacitance (Ag - A7), Dy 5 pF 16
Cp Input Capacitance RAS, CAS, WRITE 10 pF 16
Co Output Capacitance (Dgyr) 7 pF 16,17
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OPERATION

The eight address bits required to decode 1 of the 65,536
cell locations within the MK4564 are multiplexed onto the
eight address inputs and latched into the on-chip address
latches by externally applying two negative going TTL-level
clocks. The first clock, Row Address Strobe (RAS), latches
the eight row addresses into the chip. The hig‘h-to-low
transition of the second clock, Column Address Strobe
(CAS), subsequently latches the eight column addresses
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 timing
path 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 clock chain. This “gated CAS”
feature allows the CAS clock to be externally activated as
soon as the Row Address Hold specification (tgp ) has been
satisfied and the address inputs have been changed from
Row address to Column address information.

The “gated CAS” feature permits CAS to be activated at any
time after tgay and it will have no effect on the worst case
data access time (tgac) up to the point in time when the
delayed row clock no 'longer inhibits the remaining
sequence of column clocks. Two timing endpoints result
from the internal gating of CAS which are called tgcp (min)
and_tBQD (max). No data storage or reading errors will result
if CAS is applied to the MK4564 at a point in time beyond
the tgcp (max) limit. However, access time will then be
determined exclusively by the access time from CAS (tcac)
rather than from RAS (tgac). and RAS access time will be
lengthened by the amount that tg .y exceeds the tgcp (Max)
limit.

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 latter of WRITE or CAS to make its
negative transition is the strobe for the Data In (D) register.
This permits several options in the write cycle timing. In a
write cycle, if the WRITE input is brought low (active) prior to
CAS being brought low (active), the Dyy is strobed by CAS,
and the Input Data set-up and hold times are referenced to
CAS. If the input data is not available at CAS time (late write)
or if it is desired that the cycle be a read-write or read-
modify-write cycle the WRITE signal should 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 WRITE rather than 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 both the RAS and
CAS are low (active). Data read from the selected cell is
available at the output port within the specified access time.
The output data is the same polarity (not inverted) as the
input data.

DATA OUTPUT CONTROL

The normal condition of the Data Output (Dgy) of the
MK4564£ the high impedance (open-circuit) state;
anytime CAS is high (inactive) the D7 pin will be floating.
Once the output data port has gone active, it will remain
valid- until CAS is taken to the precharge (inactive high)
state.

PAGE MODE OPERATION

The Page Mode feature of the MK4564 allows for
successive memory operations at multiple column locations
within the same row address. This is done by strobing the
row address into the chip and maintaining the RAS signal
low (active) throughout all successive memory cycles in
which the row address is common. The first access within a
page mode operation will be available at tgac or toac time,
whichever is the limiting parameter. However, all
successive accesses within the page mode operation will be
available at tcac time (referenced to CAS). With the
MK4564 this results in approximately a 45% improvement
in access times. Effective memory cycle times are also
reduced when using page mode.

The page mode boundary of a single MK4564 is limited to
the 256 column locations determined by all combinations of
the eight column address bits. Operations within the page
boundary need not be sequentially addressed and any
combination of read, write, and read-modify-write cycles
is permitted within the page mode operation.

REFRESH

Refresh of the dynamic cell matrix is accomplished by
performing a memory cycle at each of the 128 row
addresses within each 2ms interval. Although any normal
memory cycle will perform the required refreshing, this
function is most easily accomplished with “RAS-only”
cycles.

The RAS-only refresh cycle requires that a 7 bit refresh
address (AO-A6) be valid at the device address inputs when
RAS goes low (active). The state of the output data port
during a RAS-only refresh is controlled by CAS. If CAS is
high (inactive) during the entire time that RAS is asserted,
the output will remain in the high impedance state. If CASis
low (active) the entire time that RAS is asserted, the output
port will remain in the same state that it was prior to the
issuance of the RAS signal. If CAS makes a low-to-high
transition during the RAS-only refresh cycle, the output
data buffer will assume the high impedance state. However,
CAS may not make a high to low transition during the
m-only refresh cycle since the device interprets this as a
normal RAS/CAS (read or write) type cycle.
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HIDDEN REFRESH

A mﬁnly refresh cycle may take place while maintaining
valid output data by extending the CAS active time from a
previous memory read cycle. This feature is referred to as a
hidden refresh. (See figure below.)

HIDDEN REFRESH CYCLE (SEE NOTE 19)

1 MEMORY CYCLE REFRESH CYCLE

s N

=TT a

S/ G I G I
////// G/ /I

Bour VALID DATA >—
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MOSTEK.

4096 x1-BIT STATIC RAM

MK4104(J/N/E) Series

FEATURES

O Combination static storage cells and dynamic
control circuitry for truly high performance

PART NUMBER ACCESS TIME CYCLE TIME
MK4104-3/-33 200ns 310ns
MK4104-4/-34 250ns 385ns
MK4104-5/-35 300ns 460ns
MK4104-6 350ns 536ns

O Low Active Power Dissipation: 1560mW (Max)

O Battery backup mode (3V/10mW 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 MK 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_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

Standby Fower Dissipation less than 28 mW
(at Vcc = 5.5V)

Single +5V Power Supply ( + 10% tolerance)

Fully TTL Compatible

Fanout: 2 — Standard TTL
2 — Schottky TTL
12 — Low Power Schottky TTL

Standard 18-pin DIP

O MKB version screened to MIL-STD-883

2.2 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 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
Iof g standard TTL loads or 12 low power Schottky
oads.

The RAM employs an innovative static cell which
occupies a mere 2.75 square mils (% the area of pre-
vious cells) and dissipates power levels comparable

FUNCTIONAL DIAGRAM

3 cLock
we GEN

Row
ADDRESS
BUFFERS

N row
V] oecooe Y prachd

6ar6a
STORAGE
ARRAY

cLock OATA
& GEN

| il

coLumn
OECODE

cou
AODRESS
BUFFERS

PIN CONNECTIONS

Ao 1 18 Vge
A2 O 17 Ag
A
2 3 [ (116 Ay
A3 4 [ 15 Ag
A4 5 | MK 4104 |[J14 Ag
A5 6 [ 13 Aqp
Dour 7 12 Aqq
WE 8 11 Dy
Vgs 9 10 CE
PIN NAMES
%—M 1 Address Inputs Vgs Ground
Cl Chip Enable XC_C Power (+5V)
Din Data Input WE Write Enable
Dout Data Output
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ABSOLUTE MAXIMUM RATINGS*

*Stresses greater than those listed under

1. All voltages referenced to Vggs.

2. Icct is related to precharge and cycle times. Guaranteed maxi-
mum values for Iccq may be calculated by:
Icct [mal = (5tp + 15(tc — tp) +4720) T t¢
where tp and tc are expressed in nanoseconds. Equation is re-
ferenced to the -3 device, other devices derate to the same curve.
Data outputs open.

3. Output is disabled (open circuit), CE is at logic 1.

4. All device pins at 0 volts except pin under test at 0 <X V| < 5.5
volts. (Vec = 5V)

5. OVSVouT S+5.5V. (Vec = 5V)

6. During power up, CE and WE must be at V| for minimum of
2ms after Vg reaches 4.5V, before a valid memory cycle can be
accomplished.

7. Measured with load circuit equivalent to 2 TTL loads and

CL =100pF.

V-2

Voltage on any pin relative to VSS .................. —1.0V to +7.0V “Absolute Maximum Ratings” may cause
° o permanent damage to the device. This is a
Operating Temperature TA (Ambient) ................ 0Cto+70 C stress rating only and functional operation
° o of the device at these or any other condi-
Storage Temperature (Ambient) (Ceramic) .......... —65°C to +150° C  tions above those indicated in the opera-
. . o ° tional sections of this specification is not
Storage Temperature (Ambient) (Plastic) ........... —55"C t0+125°C  implied. Exposure to absolute maximum
Power DissiPation .. ..o vuuee e e 1Watt  [ating conditions for extended periods may
Short Circuit OQutput CUrrent . . ..o vt e e e e e aees 50mA
RECOMMENDED DC OPERATING CONDITIONS®
(0°C<TA< +70°C)
MK4104 Series
PARAMETER MIN | TYP | MAX ,UNITS‘NOTES‘
vVee Supply Voltage 45 | 5.0 5.6 Volts 1
Vss Supply Voltage 0 0 0 Volts 1
VIH Logic 1" Voltage All Inputs 2.2 7.0 | Volts | 1
ViL Logic ‘0" Voltage All Inputs -1.0 .8 Volts 1
DC ELECTRICAL CHARACTERISTICS'
(0°C<TA< +70°C) (Vgc = 5.0 volts + 10%) ‘
PARAMETER MIN MAX UNITS NOTES
lcc1 Average V¢ Power Supply Current 27 mA ‘ 2
Icc2 Standby V¢ Power Supply Current 5 mA 3
L - Input Leakage Current (Any Input) -10 10 MA 4
loL Output Leakage Current -10 10 uA 3,5
VOH Output Logic ‘1" Voltage |QyT=—500uA 24 Volts
VoL Output Logic “0"" Voltage loyT= 6mA 04 Volts
AC ELECTRICAL CHARACTERISTICS?
(0°C<TA<+70°C) (Vcc =+ 5.0 volts +10%)
PARAMETER TYP MAX NOTES
Ci Input Capacitance 4pF 6pF 14
Co Output Capacitance 6pF 7pF 14
NOTES:

1f WE follows CE by more than tyyg then data out may not remain
open circuited.

Determined by user. Total cycle time cannot exceed top max.

. Data-in set-up time is referenced to the later of the two falling

clock edges CE or WE.

- 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, ’

. To=tog ttp +2tT.

. 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:

At
. Effective capacitance calculated from the equation C = I=—— with

V equal to 3V and Vg nominal. Av

. tRMW = taCc + twpPL * tp + 3tT + tMOD



AC ELECTRICAL CHARACTERISTICS AND RECOMMENDED OPERATING CONDITIONS6,11
(0°C< TA < +70°C) (Ve =+ 5.0 volts = 10%) 1

MK4104-3/33 [ MK4104-4/34 [MK4104-5/35| MK4104-6

SYMBOL|PARAMETER MIN[MAX | MINJMAX [MIN[MAX |MIN][MAX [UNITS|NOTES
tC Read or Write Cycle Time 310 385 460 535 ns 12
tAC Random Access 200 250 300 350 7
tCE Chip Enable Pulse Width 200(10,000| 250 {10,000{300 [10,000|350 | 10,000
tp Chip Enable Precharge Time 100 125 150 175
tAH Address Hold Time 110 135 165 190
tAS Address Set-Up Time 0 0 0 0
tOFF Output Buffer Turn-Off Delay |0 |50 0 |65 0 (75 0 |100 13
tRS Read Command Set-Up Time |0 0 0 0 8
tWws Write Enable Set-Up Time -20 -20 -20 -20 8
tDHC Data Input Hold Time

Referenced to CE 170 210 250 285
tpHw |Data Input Hold Time

Referenced to WE 70 90 105 125
TWW Write Enabled Pulse Width 60 75 90 105
tMOD  |Modify Time 0 |10,000{ 0 [10,000[0 [10,000[0 |10,000 9
tWPL  |WE to CE Precharge Lead Time|70 85 105 120
tDS Data Input Set-Up Time 0 0 0 0 10
tWH Write Enable Hold Time 150 185 225 260
T Transition Time 5 |50 5 (50 5 |50 5 |50
tRMW |Read-Modify-Write Cycle Time[385 475 570 660 16

STANDBY CHARACTERISTICS
(TA=0°Cto 70°C)

MK4104-33| MK4104-34 |[MK4104-35

SYMBOL|PARAMETER MIN[MAX | MINJMAX |MIN|MAX [UNITS|
VPD V¢ In Standby 3.0 3.0 3.0 Volts
IpD Standby Current 3.3 3.3 3.3 mA
tE Power Supply Fall Time 100 100 100 usec
tR Power Supply Rise Time 100 100 100 usec
tCE Chip Enable Pulse Width 200 250 300 usec
tpPD Chip Enable Precharge To

Power Down Time 100 125 150 nsec
VIH Min CE High “I"”" Level 2.2 2.2 2.2 Volts
tRC Standby Recovery Time 500 500 500 usec

POWER DOWN WAVEFORM

N w
VecMIN F STANDBY MODE -

Vee

Vpp -

=

I-—'PPD—- <— tRC —-a|

VIH = CE

-

viL =

V-3




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 /0 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 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 CE) permits common 1/0 oper-

ation, needed for Z80 interfacing, without external
circuitry.

The MK4104-3X series has the added capability of
retaining data in a reduced power mode. VG maybe
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 MK
4104 was designed for the system designer and user
who require the highest performance available along
with MOSTEK's proven reliability.
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READ-MODIFY-WRITE CYCLE

| -

S/ Sz 1 M
e
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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 chip by the
negative-going edge of the Chip Enable (CE) clock.
A read cycle is accomplished by holding the ‘write
enable’ (WE) _input at a high level (V|H) while
clocking the CE input to a low level (V|L). At
access time (tpc) valid data will appear at the output.
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 will go open again at the end of the present
cycle when CE goes high.

Once the address hold time has been satisfied, the
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 CE input serves
as the strobe for data-in. Ifi—E 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 DI hold
time, these are, tpHw and tpHC. For a R/W or RMW
cycle tDHC is automatically satisfied making tpHW
the more restrictive parameter. For a write only cycle
either parameter can_be more restrictive depending
on the position of WE relative to CE. 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

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 tpqw and tpHc must be
satisfied.

READ-MODIFY-WRITE CYCLE

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 (typL). Data out will remain valid until the
rising edge of CE. A minimum RMW cycle time can
be approximated by the following equation (tgm

RMW cycle time and tp = CE precharge time).

tRMW = tac * tmMoD *+ twpL ttp +3tT
POWER DOWN MODE

In power down data may be retained indefinitely by
maintaining Vgc at +3V. However, prior to VcC
going below Vcc minimum (<4.5V) CE must be
taken high (V|H = 2.2V) and held for a minimum
time period tppp and maintained at V|4 for the
entire standby period. After power is returned to
Vce 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 tGE min is not violated.
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OPERATING POWER VS CYCLE TIME

24 120
22 , 110
20

18 // 100

7’ 920
Cun\re 1 / /
16 74 80
I 14 \‘ A 70
s / 1\ o &
- \ 6 =
< / / Curve 2 E
o 8 / 40 *
R / ta = 25°C 20
Vpp = 5.0V
4_, 20
2 10
0 - 0
1.0 2.0 3.0 322 4.0

Cycle Rate (MHz)

Characterization data plot of frequency vs power dissipation
for a typical MK4104 device.
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
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MOSTEK.

MEMORY COMPONENTS

1K x 8-Bit Static RAM

MK4118A/MK4801A(P/J/N) Series

FEATURES

O Static operation

O Organization: 1K x 8 bit RAM JEDEC pinout
O High performance

O Pin compatible with Mostek’s BYTEWYDE™ memory
family

0O 24/28 pin ROM/PROM compatible pin configuration

O CE and OE functions facilitate bus control

DESCRIPTION

The MK4118A uses Mostek’'s advanced circuit design
techniques to package 8,192 bits of static RAM on a single
chip. Static operation is achieved with high performance
and low power dissipation by utilizing Address Activated™
circuit design techniques.

O MKB version screened to MIL-STD-883

R/W
Part No. Access Time Cycle Time
MK4118A-1 120 nsec 120 nsec
MK4118A-2 150 nsec 150 nsec
MK4118A-3 200 nsec 200 nsec
MK4118A-4 250 nsec 250 nsec

The MK4118A excels in high speed memory applications
where the organization requires relatively shallow depth
with a wide word format. The MK4118A presents to the
user a high density cost effective N-MOS memory with the
performance characteristics necessary for today’s micro-
processor applications.

BLOCK DIAGRAM PIN CONNECTIONS
Figure 1 Voo — Figure 2
) Ny
e A7 1. (124 Ve
Ag 2] 23Ag
WE ——eeeeeeeeeeeiel  CONTROL LOGIC
As 3 [122 Ag
A Ag 4] 21 WE
= J’ A3 5[] 120 OF
N e I o A26] £19 ne
e A170 [118 CE
) L Ao g[] 17 DQy
— DQp 9] [116 DQg
Mamndl e DQ1100] 115 DOy
~ N wian e,
e ren DQz11 ] [114DQ,q
2 Vssi20] []13DQ3
A6 ] [ STATIC RAM
o—— [
R —— .
L1 L]
TRUTH TABLE PIN NAMES
CE | OF | WE Mode pa Ag-Ag  Address Inputs | WE Write Enable
Vi X X Deselect High Z CE Chip Enable OE Output Enal?le
Vgg Ground NC No Connection
V X V) Write Diy
L " Vee Power (+5V) DQy,-DQ; Data In/Data Out
Ve Vie Vin Read Dour
Vi Viu Viy Read HighZ




ABSOLUTE MAXIMUM RATINGS*

Voltage on any pin relative to Vgg .« oo eveenn ittt -5Vto+7.0V
Operating Temperature Ta (AMDIENT) . .o vn ittt e 0°C to +70°C
Storage Temperature (Ambient){Ceramic). .............. et ittt e i i i -65°C to +150°C
Storage Temperature (AmbientPIastiC) .. .......vtin i e -55°C to +125°C
POWEr DiSSIPAtION ... tittttttitt ettt ttiiiietiisiaaaat et e 1 Watt
OULPUL CUITENT . . o ittt e e et ettt ettt et et eaaeaseeeeesasnnneunsesesesannuneeaesesssns 20 mA

*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?

(0°C =T, =+70°C)
SYM PARAMETER MIN TYP MAX UNITS NOTES
Vee Supply Voltage 475 5.0 5.25 \% 1
Vgs Supply Voltage 0 (o} 0 \% 1
ViH Logic “1" Voltage All Inputs 22 7.0 \ 1
ViL Logic “0” Voltage All Inputs -0.3 .8 \% 1,9
DC ELECTRICAL CHARACTERISTICS',”
(0°C =T, <+70°C) (Vec = 5.0V £ 5%)
SYM PARAMETER MIN TYP MAX UNITS NOTES
leer Average V¢ Power Supply Current 50 80 mA 8
e Input Leakage Current (Any Input) -10 10 HA 2
loL Output Leakage Current -10 10 uA 2
VoH Output Logic “1” Voltage 24 \%
'0u,T =1mA
VoL Output Logic “0" Voltage 04 \Y,
lour = 4 mA
CAPACITANCE,”
(0°C =Tp =+70°C) (Vo = +5.0 V + 5%)
SYM PARAMETER TYP MAX NOTES
C All pins (except D/Q) 4 pF 6 pF
Cp/a. | D/Qpins 10 pF 12 pF 6
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AC ELECTRICAL CHARACTERISTICS 3,
(0°C < T, <70°) (Ve = 5.0V + 5%)

-1 -2 -3 -4
SYM | PARAMETER MIN | MAX | MIN [ MAX | MIN | MAX | MIN | MAX |{UNITS |NOTES
tre Read Cycle Time 120 150 200 250 ns
taa Address Access Time 120 150 200 250 ns 5
tcea | Chip Enable Access Time 60 75 100 125 ns 5
teez Chip Enable Data Off Time 5 30 5 35 5 40 5 45 ns
toga | Output Enable Access 60 75 100 125 ns 5
Time
togz | Output Enable Data Off 5 30 5 35 5 40 5 45 ns
Time
taz Address Data Off Time 10 10 10 10 ns
twe Write Cycle Time 120 150 200 250 ns
tas Address Setup Time 0 0 0 0 ns see
text
tan Address Hold Time 40 50 65 80 ns see
text
tpsw | Data To Write Setup Time 10 10 15 20 ns
tpyw | Data From Write Hold 10 10 10 10 ns
Time
twp | Write Pulse Duration 45 50 60 70 ns see
text
twgz | Write Enable Data Off Time | 5 30 5 35 5 40 5 45 ns
twpL | Write Pulse Lead Time 75 920 130 170 ns
NOTES: OUTPUT LOAD
1. Allvoltages referenced to Vgg Figure 3
2. Measured with .4 <V|<5.0V, outputs deselected and Vcc = 5V 5V
3. AC measurements assume Transition Time = 5 ns, levels Vgg to 3.0 V
4. Input and output timing reference levels are at 1.5 V
5. Measured with a load as shown in Figure 3.
6.  Output buffer is deselected. 1.1KQ
7. A minimum of 2ms time delay is required after application of V¢ (+5 V) .
before proper device operation can be achieved.
8. Igc measured with outputs open. DUT
9. Negative undershoots to a minimum of -1.5 V are allowed with a U
maximum of 50 ns pulse width.
680() 'E 100pF

(Including Scope and Jig)
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TIMING DIAGRAM

Figure 4
READ READ WRITE
<+——— 'RC > tRc > twe ——————»
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cE 7/
CEA [w—
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TIMING DIAGRAM
Figure 5
WRITE WRITE READ
twc RC .|
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The MK4118A features a fast CE (50% of Address Access)
function to permit memory expansion without impacting
system access time. A fast OFE (50% of access time) is
included to permit data interleaving for enhanced system
performance.

The MK4118A is pin compatible with Mostek's
BYTEWYDE™ memory family of RAMs, ROMs and
EPROMs. Mostek also offers a higher performance version
of the MK4118A designated the MK4801A.

OPERATION
Read Mode

The MK4118A is in the READ MODE whenever the Write
EnabigfControl input (WE) is in the high state.

In the READ mode of operation, the MK4118A 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) define
which 1 of 1024 bytes of data is to be accessed.

A transition on any of the 10 address inputs will disable the
8 Data Output Drivers after t,,. Valid Data will be available
to the 8 Data Output Drivers within ty , after the last address
input signal is stable, providing that the CE and OE access
times are satisfied. If CE or OE access times are not met,
data access will be measured from the limiting parameter

(tcea or toga) rather than the address. The state of the 8 data
170 signals is controlled by the Chip Enable (CE)and Output
Enable (OE) control signals.

Write Mode

The MK411 8A is in the Write_Mode whenever the Write
Enable (WE) and Chip Enable (CE) control inputs are in the
low state.

The WRITE cycle is initiated by the WE pulse going low
provided that CE is also low. The leading edge of the WE
pulse is used to latch the status of the address bus.

NOTE: In a write cycle the latter occurring edge of either WE
or CE will determine the start of the write cycle. Therefore,
tas twp aﬂ tay are referenced to the latter occurring edge
of CE or WE. Addresses are latched at this time. All write
cycles whether initiated by CE or WE must be terminated by
the rising edge of WE. If the output bus has been enabled
(CE and OE low) then WE will cause the output to go to the
high Z state in tygz.

Data In mustbe valid tpgyy, prior to the low to high transition
of WE. The Data In lines must remain stable for tpnwy after
'WE goes inactive. The write control of the MK4118A
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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MEMORY COMPONENTS

1K x 8-Bit Static RAM

MK4801A(P/J/N) Series

FEATURES

0O Static operation
O Organization: 1K x 8 bit RAM JEDEC pinout

O Pin compatible with Mostek’'s BYTEWYDE™ memory
family

O 24/28 pin ROM/PROM compatible pin configuration

O High performance
DESCRIPTION

The MK4801A uses Mostek’s Scaled POLY 5™ process and
advanced circuit design techniques to package 8,192 bits of
static RAM on a single chip. Static operation is achieved
with high performance and low power dissipation by

O CE and OE functions facilitate bus control

R/W
Part No. Access Time Cycle Time
MK4801A-55 55 nsec 55/65 nsec
MK4801A-70 70 nsec 70/80 nsec
MK4801A-90 90 nsec 90/100 nsec

utilizing Address Activated™ circuit design techniques.

The MK4801A excels in high speed memory applications
where the organization requires relatively shallow depth
with a wide word format. The MK4801A presents the user a
high density cost effective alternative to bipolar and
previous generation N-MOS fast memory.

BLOCK DIAGRAM

DATA INPUTS/OUTPUTS
000 -pa7

PIN CONNECTIONS

Figure 1 vee — Figure 2
GND ——
[ ———
WE =1 CONTROLLOGIC _/
A7 1 []24 Ve
A6 2] [123Ag
= e, "5 30 122 Ag
" — Aq 4 521 WE
A A3s g 120 OF
A2g gw NC
A170 18 CE
A wiiiiet, Aos(] 117 DQy
e B DQg 9(] 116 DQg
M DQ4100] 115 DQg
py ] DQ211(] [114DQg4
o —" Vss120] [113DQ3
|-
TRUTH TABLE
CE OF WE Mode pQ
VIH X X Deselect High Z PIN NAMES
ViL X ViL Write PIN Ag-Ag Address Inputs | WE Write Enable
ViL ViL Vi Read DouT CE Chip Enable OE Output Enable
- o Vgs Ground NC No Connection
ViL | ViH | VK ead 9 Vee Power (+5V) | DQp-DQy Data In/
X = Don't Care Data Out
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ABSOLUTE MAXIMUM RATINGS*

Voltage on any pin relative to VGG « v vt vttt ittt ittt a e, -5V to + 7.0V
Operating Temperature TA (AMDIENT) . ..o ..ttt 0°C to +70°C
Storage Temperature (AmbIient{CeramiC). . . v vvuetetnutennneenreeeieeeesroeesoneeesonoesnassns -65°C to +150°C
Storage Temperature (AmMbIentPIastic) ... ...ttt it -55°C to +125°C
oYY gl TE=T=1T T o o T 1 Watt
OULPUL CUITENE L ottt i ittt ettt etee e tanee s ataeseannnseaneessoeeanaeesnasensesonsssonnesosnnsesonanas 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?

(0°C =< Tp < +70°C)
sYM PARAMETER MIN TYP MAX UNITS NOTES
Vee Supply Voltage 475 5.0 5.25 Vv 1
Vsg Supply Voltage 0 0 0 \%) 1
VH Logic “1” Voltage All Inputs 2.2 7.0 \% 1
Vi Logic “0” Voltage All Inputs -20 .8 Vv 1.9
DC ELECTRICAL CHARACTERISTICS",”
(0°C=Tp=+70°C) (V¢ = 5.0V £ 5%)
sYM PARAMETER MIN TYP MAX UNITS NOTES
lecr Average V. Power Subply Current 60 125 mA 8
I Input Leakage Current (Any Input) -10 10 MA 2
loL Output Leakage Current ‘ -10 10 kA 2
Vou Output Logic 1" Voltage lgyr 24 \'
=1mA
VoL Output Logic “0” Voltage Iyt - 04 \
=4 mA
CAPACITANCE",”
(0°C <Tp < +70°C) (Ve = +5.0 V £ 5%)
SYM PARAMETER ‘ | v TYP | MAX NOTES
C Al pins (except D/Q) 4 pF 6pF |
Co/a D/Q pins 10 pF 12 pF 6
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AC ELECTRICAL CHARACTERISTICS 3,4

(0°C < T, <70° (Vg = 5.0V + 5%)

MK4801A-55 | MK4801A-70 | MK4801A-90
SYM PARAMETER MIN | MAX [ MIN | MAX | MIN | MAX | UNITS| NOTES
tre Read Cycle Time 55 70 20 ns
taa Address Access Time 55 70 90 ns 5
teea Chip Enable Access Time 25 35 45 ns 5
teez Chip Enable Data Off Time 5 15 5 20 5 30 ns
toea Output Enable Access 25 35 45 ns 5
Time
togz Output Enable Data Off 5 15 5 20 5 30 ns
Time
taz Address Data Off Time 10 10 10 ns
twe Write Cycle Time 65 80 100 ns
tas Address Setup Time 0 0 0] ns see
text
tan Address Hold Time 15 20 30 ns see
text
tosw Data To Write Setup Time 5 5 5 ns
toHw Data From Write Hold 10 10 10 ns
Time
twp Write Pulse Duration 25 30 40 ns see
text
twez Write Enable Data Off Time 5 10 5 15 5 25 ns
twpL Write Pulse Lead Time 40 50 60 ns
NOTES:
1. All voltages referenced to Vgg. OUTPUT LOAD 5V
2. Measured with .4 <V, < 5.0V, outputs deselected and Voc =5 V. Figure 3
3. AC measurements assume Transition Time = 5 ns, levels Vggt0o 3.0 V.
4. Input and output timing reference levels are at 1.5 V.
5. Measured with a load as shown in Figure 3. 1.1KQ
6. Output buffer is deselected.
7. A minimum of 2 ms time delay is required after application of Vo (+6 V)
before proper device operation can be achieved. D.U.T.
8. lgc measured with outputs open.
9. Negative undershoots to a minimum of -1.5 V are allowed with a maximum
of 60 ns pulse width. 6800 S 30pF
) (Including Scope and Jig)




TIMING DIAGRAM

Figure 4
READ READ WRITE
<————— tRC - RC =L wc >
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The MK4801A features a fast CE (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 MK4801A is pin compatible with Mostek's
BYTEWYDE™ memory family of RAMs, ROMs and
EPROMs.

OPERATION
Read Mode

The MK4801A is in the READ MODE whenever the Write
Enable Control input (WE) is in the high state.

In the READ mode of operation, the MK4801A 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) define
which 1 of 1024 bytes of data is to be accessed.

Atransition on any of the 10 address inputs will disable the
8 Data Output Drivers after t,5. Valid Data will be available
to the 8 Data Output Drivers within t, » after the last address
input signal is stable, providing that the CE and OE access
times are satisfied. If CE or OE access times are not met,
data access will be measured from the limiting parameter

(tcga O topa) rather than the address. The state of the 8 data
170 signals is controlled by the Chip Enable (CE)and Output
Enable (OE) control signals.

Write Mode

The MK4_801A is in the Write Mode whenever the Write
Enable (WE) and Chip Enable (CE) control inputs are in the
low state.

The WRITE cycle is initiated by the WE pulse going low
provided that CE is also low. The leading edge of the WE
pulse is used to latch the status of the address bus.

NOTE: In a write cycle the latter occurring edge of either WE
or CE will determine the start of the write cycle. Therefore,
tas, twp and ty, are referenced to the latter occurring edge
of CE or WE. Addresses are latched at this time. All write
cycles whether initiated by CE or WE must be terminated by
the rising edge of WE. If the output bus has been enabled
(CE and OE low) then WE will cause the output to go to the
high Z state in tyg;.

Data In must be valid tpgy prior to the low to high transition
of V WE. The Data In lines must remain stable for topw after
WE goes inactive. The write control of the MK4801A
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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MOSIEK.

MICROCOMPUTER COMPONENTS

16-Bit Microprocessor

MK68000

Advances in semiconductor technology have provided the
capability to place on a single silicon chip a microprocessor
at least an order of magnitude higher in performance and
circuit complexity than has been previously available. The
MK68000 is the first of a family of such VLS| micro-
processors from Mostek. It combines state-of-the-art
technology and advanced circuit design techniques with
computer sciences to achieve an architecturally advanced
16-bit microprocessor.

The resources available to the MK6800O user consist of the
following:

e 32-Bit Data and Address Registers
* 16 Megabyte Direct Addressing Range
® 56 Powerful Instruction Types
® Qperations on Five Main Data Types
® Memory Mapped I/0
® 14 Addressing Modes
PROGRAMMING MODEL PIN ASSIGNMENT
31 16 15 87 0
i I Do oacfre ~  sfpos
B | | 1on D3 2 63 [ D6
— -1 D233 62 D7
| | ] _|p2 p1cga 61 08
| I D3 IE)'S;‘: Y =1 60 3 09
D4 as e 59 [ D10
| | I _ REGISTERS s o 7 58 |3 o1
— | I — D5 0s 8 57 [ D12
| | | _DG R/W 9 56 [ D13
1 D7 BTACK ] 10 55 [ D14
1 B8G 411 54 [ D15
31 16 15 0 BGACK []12 53 [71 GND
H A0 BR .13 52 [ A23
B I a1 Voo 14 51 A22
— I — CLK 115 50 A21
| | 12? seven GND 16 9PV
A3 ADDRESS HALT .17 48 21 A20
B l “|as REGISTERS RESET (18 473 a19
[~ | — VMA []19 46 (] A18
- | - AS E[J20 45 [ A17
A6 VPA (121 44 [ A16
|
BERR [] 22 43 [ A15
- —UEER-STTCK—P&\IER— - T P2 23 42 E-_Jl A4
!—- 1A7 ;\(/)vl?\r?ET:gK PO ] 24 4 A13
| S _SiPEVEOB.ST_AC.K_PﬂNT_ER_ P | iPLO (] 25 40 [ A2
31 0 Fc2 (] 26 39 [ A11
[ J PROGRAM Fc1 ] 27 38 [ A10
COUNTER Fco ] 28 37 a9
15 87 0o A1 29 36 [ A8
H STATUS A2 ] 30 35 (O A7
SYSTEM BYTE | USER BYTE
[ 1 I REGISTER A3 3 34 [ a6
A4 32 33 [ As

This is advance information and specifications are subject to change without notice.
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As shown in the programming model, the MK68000 offers
seventeen 32-bit registers in addition to the 32-bit program
counter and a 16-bit status register. The first eight registers
(DO-D7) are used as data registers for byte (8-bit), word
(16-bit), and long word (32-bit) data operations. The second
set of seven registers (AO-A6) and the system stack pointer
may be used as software stack pointers and base address
registers. In addition, these registers may be used for word
and long word address operations. All 17 registers may be
used as index registers.

A 23-bit address bus provides a memory addressing range
of greater than 16 megabytes. This large range of
addressing capability, coupled with a memory management
unit, allows large, modular programs to be developed and
operated without resorting to cumbersome and time
consuming software bookkeeping and paging techniques.

The status register contains the interrupt mask (eight levels
available) as well as the condition codes; extend (X),
negative (N), zero (Z), overflow (V), and carry (C). Additional
status bits indicate that the processor is in a trace (T) mode
and/or in a supervisor (S) state.

Five basic data types are supported. These data types are:

Bits

BCD Digits (4-bits)
Bytes (8-bits)

Word (16-bits)

Long Words (32-bits)

e e o o o

In addition, operations on other data types such as memory
addresses, status word data, etc., are provided for in the
instruction set.

The 14 addressing modes, shown in Table 1, include six
basic types:

Register Direct

Register Indirect
Absolute

Immediate

Program Counter Relative
Implied

STATUS REGISTER

SYSTEM BYTE USER BYTE

TRACE MODE
EXTEND

SUPERVISOR
STATE NEGATIVE
INTERRUPT
MASK ZERO
OVERFLOW

CARRY

Included in the register indirect addressing modes is the
capability to do postincrementing, predecrementing, off-
setting and indexing. Program counter relative mode can
also be modified via indexing and offsetting.

The MK68000 instruction set is shown in Table 2. Some
additional instructions are variations, or subsets, of these
and they appear in Table 3. Special emphasis has been
given to the instruction set’s support of structured high-
level languages to facilitate ease of programming. Each
instruction, with few exceptions, operates on bytes, words,
and long words and most instructions can use any of the 14
addressing modes. Combining instruction types, data types,
and addressing modes, over 1000 useful instructions are
provided. These instructions include signed and unsigned
multiply and divide, “quick” arithmetic operations, BCD
arithmetic and expanded operations (through traps).

DATA ADDRESSING MODES

Table 1
Mode Generation
Register Direct Addressing ‘
Data Register Direct EA=Dn
Address Register Direct EA = An
Absolute Data Addressing
Absolute Short EA = (Next Word)

Absolute Long EA = (Next Two Words)

Program Counter Relative
Addressing

Relative with Offset

Relative with Index and Offset

EA = (PC) + dig
EA = (PC) + (Xn) + dg

Register Indirect Addressing
Register Indirect EA = (An)
Postincrement Register Indirect| EA = (An), An —An + N
Predecrement Register Indirect | An — An - N, EA = (An)
Register Indirect with Offset | EA = (An) + dq¢

Indexed Register Indirect with

Offset EA = (An) + (Xn) + dg

Immediate Data Addressing
Immediate
Quick Immediate

DATA = Next Word(s)
Inherent Data

Implied Addressing

Implied Register EA = SR, USP, SP, PC

NOTES:

EA = Effective Address dg = Eight-bit Offset

An = Address Register (displacement)
Dn = Data Register d, g =Sixteen-bit Offset
Xn = Address or Data Register (displacement)
used as Index Register N = 1 for Byte, 2 for
SR = Status Register Words and 4 for Long
PC = Program Counter Words
( )= Contents of — = Replaces




INSTRUCTION SET

Table 2
Mnemonic| Description Mnemonic | Description [IMnemonic Description
ABCD Add Decimal with Extend |[EOR Exclusive Or PEA Push Effective Address
ADD Add EXG Exchange Registers RESET Reset External Devices
AND Logical And EXT Sign Extend ROL Rotate Left without Extend
ASL Arithmetic Shift Left JMP Jump ROR Rotate Right without Extend
ASR Arithmetic Shift Right JSR Jump to Subroutine ROXL Rotate Left with Extend
Bce Branch Conditionally LEA Load Effective Address [[ROXR Rotate Right with Extend
BCHG Bit Test and Change LINK Link Stack RTE Return from Exception
BCLR Bit Test and Clear LSL Logical Shift Left RTR Return and Restore
BRA Branch Always LSR Logical Shift Right RTS Return from Subroutine
BSET Bit Test and Set MOVE Move SBCD Subtract Decimal with Extend
BSR Branch to Subroutine MOVEM Move Multiple Registers||Scc Set Conditional
BTST . Bit Test MOVEP Move Peripheral Data  |[STOP Stop
CHK Check Register Against MULS Signed Multiply SuUB Subtract
Bounds MULU Unsigned Multiply SWAP Swap Data Register Halves
CLR Clear Operand NBCD Negate Decimal with TAS Test and Set Operand
CMP Compare Extend
NEG Negate TRAP Trap
DB Test Condition, Decrement || NOP No Operation TRAPV Trap on Overflow
and Branch NOT One’s Complement TST Test
DIVS Signed Divide OR Logical Or UNLK Unlink
DIVU Unsigned Divide
VARIATIONS OF INSTRUCTION TYPES
Table 3
Instruction Instruction
Type Variation | Description Type Variation Description
ADD ADD Add MOVE MOVE MOVE
ADDA Add Address MOVEA Move Address
ADDQ Add Quick MOVEQ Move Quick
ADDI Add Immediate MOVE from SR Move from Status Register
ADDX Add with Extend MOVE to SR Move to Status Register
AND AND Logical And MOVE to CCR Move to Condition Codes
ANDI And Immediate MOVE USP Move User Stack Pointer
CMP CMmP Compare NEG NEG Negate
CMPA Compare Address NEGX Negate with Extend
CMPM Compare Memory OR OR Logical Or
CMPI Compare Immediate ORI Or Immediate
EOR EOR Exclusive Or SuUB SUB Subtract
EORI Exclusive Or Immediate SUBA ~ Subtract Address
SuBl Subtract Immediate
SuUBQ Subtract Quick
SUBX Subtract with Extend

'DATA ORGANIZATION AND ADDRESSING
CAPABILITIES

The following paragraphs describe the data organization

and addressing capabilities of the MK68000.

OPERAND SIZE

Operand sizes are defined as follows: a byte equals 8 bits, a

word equals 16 bits, and a long word equals 32 bits. The
operand size for each instruction is either explicitly encoded
in the instruction or implicitly defined by the instruction

operation. All explicit instructions support byte, word or long

word operands. Implicit instructions support some subset of

all three sizes.

DATA ORGANIZATION IN REGISTERS
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The eight data registers support data operands of 1,8, 16, or




32 bits. The seven address registers together with the active
stack pointer support address operands of 32 bits.

DATA REGISTERS. Each data register is 32 bits wide.
Byte operands occupy the low order 8 bits, word operands
the low order 16 bits, and long word operands the entire 32
bits. The least significant bit is addressed as bit zero; the
most significant bit is addressed as bit 31.

When a data register is used as either a source or
destination operand, only the appropriate low-order portion
is changed; the remaining high-order portion is neither
used nor changed.

ADDRESS REGISTERS. Each address register and the
stack pointer is 32 bits wide and holds a full 32 bit address.
Address registers do not support byte sized operands.
Therefore, when an address register is used as a source
operand, either the low order word or the entire long word
operand is used depending upon the operation size. When
an address register is used as the destination operand, the
entire register is affected regardless of the operation size. If
the operation size is word, any other operands are sign
extended to 32 bits before the operation is performed.

DATA ORGANIZATION IN MEMORY

Bytes are individually addressable with the high order byte
having an even address the same as the word, as shown in
Figure 1. The low order byte has an odd address that is one
count higher than the word address. Instructions and
multibyte data are accessed only on word (even byte)
boundaries. If a long word datum is located at address n (n
even), then the second word of that datum is located at
address n + 2.

The data types supported by the MK6800O0 are: bit data,
integer data of 8, 16, or 32 bits, 32-bit addresses and binary
coded decimal data. Each of these data types is put in
memory, as shown in Figure 2.

ADDRESSING

Instructions for the MK68000 contain two kinds of
information: the type of function to be performed, and the
location of the operand(s) on which to perform that function.
The methods used to locate (address) the operand(s) are

explained in the following paragraphs.

Instructions specify an operand location in one of three
ways:

Register Specification - the number of the register is given
in the register field of the instruction.

Effective Address - use of the different effective address
modes.

Implicit Reference - the definition of certain instructions
implies the use of specific registers.

INSTRUCTION FORMAT

Instructions are from one to five words in length, as shown
in Figure 3. The length of the instruction and the operation
to be performed is specified by the first word of the
instruction which is called the operation word. The
remaining words further specify the operands. These words
are eitherimmediate operands or extensions to the effective
address mode specified in the operation word.

PROGRAM/DATA REFERENCES

The MK68000 separates memory references into two
classes: program references, and data references. Program
references, as the name implies, are references to that
section of memory that contains the program being
executed. Data references refer to that section of memory
that contains data. Generally, operand reads are from the
data space. All operand writes are to the data space.

REGISTER SPECIFICATION

The register field within an instruction specifies the register
to be used. Other fields within the instruction specify
whether the register selected is an address or data register
and how the register is to be used.

EFFECTIVE ADDRESS

Most instructions specify the location of an operand by
using the effective address field in the operation word. For
example, Figure 4 shows the general format of the single
effective address instruction operation word. The effective
address is composed of two 3-bit fields: the mode field, and
the register field. The value in the mode field selects the

WORD ORGANIZATION IN MEMORY
Figure 1

12 11 10 9 8 7 6 5 4 3

WORD 000000
BYTE 000000 BYTE 000001
WORD 000002
BYTE 000002 BYTE 000003
L]
L]
L]
WORD FFFFFE
BYTE FFFFFE BYTE FFFFFF
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DATA ORGANIZATION IN MEMORY
Figure 2

BIT DATA
1 BYTE = 8 BITS

INTEGER DATA

1 BYTE = 8 BITS
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MSB BYTE O LSB BYTE 1
BYTE 2 BYTE 3

1 WORD = 16 BITS

1% 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

MSB WORD 0 LS8

WORD 1

WORD 2

1 LONG WORD = 32 BITS
1% 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

MsB HIGH ORDER

= «lONGWORD0) — — = — —m — = = = = - - — — — = — — — —
LOW ORDER LSB

— —=LONGWORD1 — = = = e e o e e e e e e o o e - — —

— =lONGWORD2 — — e e e e e e e e e e e e = = ——— —
ADDRESSES

1 ADDRESS = 32 BITS
1% 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

msB HIGH ORDER
— —ADDRESS0— — =— — == = e e e e — o — o ——_——— — —
LOWORDER LSB
— —ADDRESS1— — == = e — e e o — o — — — — —
— —ADDRESS2— — — —m — — — = — — — — —_— —_— — — —_— — — — —

MSB = Most Significant Bit
LSB = Least Significant Bit DECIMAL DATA
2 BINARY CODED DECIMAL DIGITS = 1 BYTE

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MSD

BCDO BCD1 LSD BCD 2 BCD3

BCD4 BCDS BCD6 BCD7

MSD = Most Significant Digit
LSD = Least Significant Digit




different address modes. The register field contains the
number of a register.

The effective address field may require additional
information to fully specify the operand. This additional
information, called the effective address extension, is
contained in the following word or words and is considered
part of the instruction, as shown in Figure 3. The effective
address modes are grouped into three categories: register
direct, memory addressing, and special.

REGISTER DIRECT MODES

These effective addressing modes specify that the operand
is in one of the 16 multifunction registers.

Data Register Direct. The operand is in the data register
specified by the effective address register field.

Address Register Direct. The operand is in the address
register specified by the effective address register field.

MEMORY ADDRESS MODES

These effective addressing modes specify that the operand
is in memory and provide the specific address of the
operand.

Address Register Indirect. The address of the operand is in
the address register specified by the register field. The
reference is classified as a data reference with the
exception of the jump and jump to subroutine instructions.

Address Register Indirect With Postincrement. The
address of the operand is in the address register specified by
the register field. After the operand address is used, it is

incremented by one, two, or four depending upon whether
the size of the operand is byte, word, or long word. If the
address register is the stack pointer and the operand size is
byte, the address is incremented by two rather than one to
keep the stack pointer on a word boundary. The reference is
classified as a data reference. i

Address Register Indirect With Predecrement. The
address of the operand is in the address register specified by
the register field. Before the operand address is used, it is
decremented by one, two, or four depending upon whether
the operand size is byte, word, or long word. If the address
register is the stack pointer and the operand size is byte, the
address is decremented by two rather than one to keep the
stack pointer on a word boundary. The reference is
classified as a data reference.

Address Register Indirect With Displacement. This
address mode requires one word of extension. The address
of the operand is the sum of the address in the address
register and the sign-extended 16-bit displacement integer
in the extension word. The reference is classified as a data
reference with the exception of the jump and jump to
subroutine instructions.

Address Register Indirect With Index. This address mode
requires one word of extension. The address of the operand
is the sum of the address in the address register, the sign-
extended displacement integer in the low order eight bits of
the extension word, and the contents of the index register.
The reference is classified as a data reference with the
exception of the jump and jump to subroutine instructions.

SPECIAL ADDRESS MODES

The special address modes use the effective address

INSTRUCTION FORMAT
Figure 3

1% 14 13 12 11 10 9 8

7 6 5 4 3 2 1 0

OPERATION WORD
(FIRST WORD SPECIFIES OPERATION AND MODES)

IMMEDIATE OPERAND
(IF ANY, ONE OR TWO WORDS)

SOURCE EFFECTIVE ADDRESS EXTENSION
(IF ANY, ONE OR TWO WORDS)

DESTINATION EFFECTIVE ADDRESS EXTENSION
(IF ANY, ONE OR TWO WORDS)

SINGLE-EFFECTIVE-ADDRESS INSTRUCTION
OPERATION WORD GENERAL FORMAT
Figure 4

15 14 13 12 11 10 9 8

7 6 5 4 3 2 1 [}]

EFFECTIVE ADDRESS
MODE | * RecisTeEr
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register field to specify the special addressing mode instead
of a register number.

Absolute Short Address. This address mode requires one
word of extension. The address of the operand is the
extension word. The 16-bit address is sign extended before
it is used. The reference is classified as a data reference
with the exception of the jump and jump to subroutine
instructions.

Absolute Long Address. This address mode requires two
words of extension. The address of the operand is developed
by the concatenation of the extension words. The high-
order part of the address is the first extension word; the
low-order part of the address is the second extension word.
The reference is classified as a data reference with the
exception of the jump and jump to subroutine instructions.

Program Counter With Displacement. This address mode
requires one word of extension. The address of the operand
is the sum of the address in the program counter and the
sign-extended 16-bit displacement integer in the extension

one word of extension. The address is the sum of the
address in the program counter, the sign-extended
displacement integer in the lower eight bits of the extension
word, and the contents of the index register. The value in
the program counter is the address of the extension word.
This reference is classified as a program reference.

Immediate Data. This address mode requires either one or
two words of extension depending on the size of the
operation.

Byte operation - operand is low order byte of extension
word

Word operation - operand is extension word

Long word operation - operand is in the two extension
words, high-order 16 bits are in the first extension
word, low-order 16 bits are in the second extension
word.

IMPLICIT INSTRUCTION REFERENCE SUMMARY
Table 5

word. The value in the program counter is the address of the Iimplied
extension word. The reference is classified as a program Instruction Register(s)
reference.
) . i Branch Conditional (B.¢), Branch
Program Counter With Index. This address mode requires Always (BRA) PC
EFFECTIVE ADDRESS ENCODING SUMMARY Branch to Subroutine (BSR) PC, SP
Table 4 Check Register against Bounds (CHK) SSP, SR
Addressing Mode Mode Register Test Condition, Decrement and Branch
Data Register Direct 000 register number (DB¢c) PC
Address Register Direct 001 register number Signed Divide (DIVS) SSP, SR
Address Register Indirect | 010 register number Unsigned Divide (DIVU) SSP, SR
Address Register Indirect Jump (JMP) PC
with Postincrement 011 register number
Jump to Subroutine (JSR) PC, SP
Address Register Indirect -
with Predecrement 100 register number Link and Allocate (LINK) SpP
Address Register Indirect Move Condition Codes (MOVE CCR) SR
with Displacement 101 register number Move Status Register (MOVE SR) SR
Address Register Indirect . Move User Stack Pointer (MOVE USP) usP
with Index 110 register number
Absolute Short 11 000 Push Effective Address (PEA) SP
Absolute Long 111 001 Return from Exception (RTE) PC, SP, SR
. Return and Restore Condition Codes (RTR) | PC, SP, SR
Program Counter with
Displacement m 010 Return from Subroutine (RTS) PC, SP
Program Counter with Trap (TRAP) SSP, SR
Index 111 011
Trap on Overflow (TRAPV) SSP, SR
Immediate or Status
Register 111 100 Unlink (UNLK) SP




Condition Codes or Status Register. A selected set of
instructions may reference the status register by means of
the effective address field. These are:

ANDI to CCR

ANDI to SR

EORI to CCR

EORI to SR

ORI to CCR

ORI to SR

EFFECTIVE ADDRESS ENCODING SUMMARY

Table 4 is a summary of the effective addressing modes
discussed in the previous paragraphs.

IMPLICIT REFERENCE

Some instructions make implicit reference to the program
counter (PC), the system stack pointer (SP), the supervisor
stack pointer (SSP), the user stack pointer (USP), or the
status register (SR). Table 5 provides a list of these
instructions and the registers implied.

SYSTEM STACK

The system stack is used implicitly by many instructions;
user stacks and queues may be created and maintained
through the addressing modes. Address register seven (A7)
is the system stack pointer (SP). The system stack pointer is
either the supervisor stack pointer (SSP) or the user stack
pointer (USP), depending on the state of the S-bit in the
status register. If the S-bit indicates supervisor state, SSP is
the active system stack pointer, and the USP cannot be
referenced as an address register. If the S-bit indicates user
state, the USP is the active system stack pointer, and the
SSP cannot be referenced. Each system stack fills from high
memory to low memory.

INSTRUCTION SET SUMMARY

The following paragraphs contain an overview of the form
and structure of the MKG68000 instruction set. The
instructions form a set of tools that include all the machine
functions to perform the following operations:

Data Movement
Integer Arithmetic
Logical

Shift and Rotate

Bit Manipulation
Binary Coded Decimal
Program Control
System Control

The complete range of instruction capabilities combined
with the flexible addressing modes described previously
provide a very flexible base for program development.

DATA MOVEMENT OPERATIONS
The basic method of data acquisition (transfer and storage)

is provided by the move (MOVE) instruction. The move
instruction and the effective addressing modes allow both

address and data manipulation. Data move instructions
allow byte, word, and long word operands to be transferred
from memory to memory, memory to register, register to
memory, and register to register. Address move instructions
allow word and long word operand transfers and ensure
that only legal address manipulations are executed. In
addition to the general move instruction there are several
special data movement instructions: move multiple
registers (MOVEM), move peripheral data (MOVEP),
exchange registers (EXG), load effective address (LEA),
push effective address (PEA), link stack (LINK), unlink stack
(UNLK), and move quick (MOVEQ). Table 6 is a summary of
the data movement operations.

DATA MOVEMENT OPERATIONS

Table 6
Instruction Operand Size Operation
EXG 32 Rx — Ry
LEA 32 EA — An
An — SP @ -
LINK - SP — An
SP+d—SP
MOVE 8,16, 32 (EA)s — EAd
(EA) — An, D
MOVEM 16, 32 An, Dn — EA
(EA)— Dn
MOVEP 16, 32 Dn— EA
MOVEQ 8 #xxx — Dn
PEA 32 EA—-SP @ -
SWAP 32 Dn[31:16]-+Dn[15:0]
An — Sp
UNLK - SP@ +— An
NOTES:
s = source

d = destination

[ 1= bit numbers .
@ - = indirect with predecrement
@ + = indirect with postincrement

INTEGER ARITHMETIC OPERATIONS

The arithmetic operations include the four basic operations
of add (ADD), subtract (SUB), multiply (MUL), and divide
(DIV) as well as arithmetic compare (CMP), clear (CLR), and
negate (NEG). The add and subtract instructions are
available for both address and data operations, with data
operations accepting all operand sizes. Address operations
are limited to legal address size operands (16 or 32 bits).
Data, address, and memory compare operations are also
available. The clear and negate instructions may be used on
all sizes of data operands.
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The multiply and divide operations are available for signed
and unsigned operands using word multiply to produce a
long word product, and a long word dividend with word
divisor to produce a word quotient with a word remainder.

Multiprecision and mixed size arithmetic can be accom-
plished using a set of extended instructions. These
instructions are: add extended (ADDX), subtract extended
(SUBX), sign extend (EXT), and negate binary with extend
(NEGX).

A test operand (TST) instruction that will set the condition
codes as a result of a compare of the operand with zero is
also available. Test and set (TAS) is a synchronization
instruction useful in multiprocessor systems. Table 7 is a
summary of the integer arithmetic operations.

INTEGER ARITHMETIC OPERATIONS

Table 7
Instruction | Operand Size Operation
8,16, 32 Dn + (EA) = Dn
(EA) + Dn — EA
ADD (EA) + #xxx — EA
16, 32 An + (EA) — An
8,16, 32 Dx + Dy + X — Dx
ADDX 16, 32 Ax@ - Ay@ - + X — Ax@
CLR 8,16, 32 O0—EA
8,16, 32 Dn - (EA)
(EA) — #xxx
CcMP Ax@ + - Ay@ +
16, 32 An - (EA)
DIVS 32+16 Dn/(EA) — Dn
DIVU 32+16 Dn/(EA)— Dn
8— 16 (Dn)g — Dnyg
MULS | 16+16 — 32 Dn* (EA) — Dn
MULU 16+ 16 — 32 Dn* (EA) — Dn
NEG 8,16, 32 0-(EA)—EA
NEGX 8,16, 32 0-(EA)- X-EA
8,16, 32 Dn - (EA)— Dn
(EA)-Dn — EA
SuUB (EA) - #xxx — EA
16, 32 An - (EA) — An
) Dx - Dy - X — Dx
SUBX 8,16,32 |AX@ --Ay@ - - X — Ax@
TAS 8 (EA)-0, 1 — EA[7]
TST 8,16, 32 (EA)-0

NOTE: [ ] = bit number

LOGICAL OPERATIONS

Logical operation instructions AND, OR, EOR, and NOT are
available for all sizes of integer data operands. A similar set
of immediate instructions (ANDI, ORI, and EORI) provides
these logical operations with all sizes of immediate data.
Table 8 is a summary of the logical operations.

LOGICAL OPERATIONS

Table 8
Instruction Operand Size Operation

DnA(EA) — Dn

AND 8,16, 32 (EA)ADn — EA
(EA)Aftxxx — EA

Dnv (EA)— Dn

OR 8,16, 32 (EA)v Dn — EA
(EA) v #xxx — EA

(EA) ® Dy — EA
EOR 8,16, 32 (EA) & #xxx — EA

NOT 8,16, 32 ~(EA)— EA

NOTE: ~ = invert

SHIFT AND ROTATE OPERATIONS

Shift operations in both directions are provided by the
arithmetic instructions ASR and ASL and logical shift
instructions LSR and LSL. The rotate instructions (with and
without extend) available are ROXR, ROXL, ROR, and ROL.
All shift and rotate operations can be performed in either
registers or memory. Register shifts and rotates support all
operand sizes and allow a shift count specified in the
instruction of one to eight bits, or 0 to 63 specified in a data
register.

Memory shifts and rotates are for word operands only and
allow only single-bit shifts or rotates.

Table 9 is a summary of the shift and rotate operations.

BIT MANIPULATION OPERATIONS

Bit manipulation operations are accomplished using the
following instructions: bit test (BTST), bit test and set(BSET),
bit test and clear (BCLR), and bit test and change (BCHG).
Table 10 is a summary of the bit manipulation operations.
(Bit 2 of the status register is Z.)

BINARY CODED DECIMAL OPERATIONS

Multiprecision arithmetic operations on binary coded
decimal numbers are accompolished using the following
instructions: add decimal with extend (ABCD), subtract
decimal with extend (SBCD), and negate decimal with
extend (NBCD). Table 11 is a summary of the binary coded
decimal operations.
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SHIFT AND ROTATE OPERATIONS

The conditiona

| instructions provide setting and branching

for the following conditions:

Table 9
CC - carry clear LS - low or same
Instruc- Operand CS - carry set LT - less than
~ ‘tion Size Operation EQ - equal MI - minus
. F - never true NE - not equal
ASL 8,16, 32 O GE - greater or equal PL - plus
. GT - greater than T - always true
ASR 816,32 —._ HI - high VC - no overflow
LSL 8,16, 32 0 LE - less or equal VS - overflow
LSR 8,16, 32 0 PROGRAM CONTROL OPERATIONS
Table 12
ROL 8,16, 32
Instruction Operation
ROR 8,16, 32 -..
Conditional
ROXL 8,16, 32 l«—— | Bce Branch conditionally (14 conditions)
8- and 16-bit displacement
ROXR 816,32 [’I X > —>|‘|"| cl DB¢c Test condition, decrement, and branch
16-bit displacement
BIT MANIPULATION OPERATIONS Sce Set byte conditionally (16 conditions)
Table 10 o
. Unconditional| .
Instruction | Operand Size Operation BRA Branch always
- 8- and 16-bit displacement
BTST 8,32 ~ bit of (EA) ~ Z BSR Branch to subroutine
~ bit of (EA) — Z P J8- and 16-bit displacement
e bi ump
BSET 832 1~ bit of EA JSR Jump to subroutine
~ bit of (EA) — Z
BCLR 8, 32 0 — bit of EA Returns »
RTR Return and restore condition codes
~ bit of (EA) —Z RTS Return from subroutine
BCHG 8,32 ~ bit of (EA) — bit of EA

BINARY CODED DECIMAL OPERATIONS
Table 11

Operand
Instruction| Size Operation
DX10+Dy1 o+X — Dx
ABCD 8 Ax@ - 10+Ay@ - 10+X — Ax@
Dx49 - Dy, - X — Dx
SBCD 8 Ax@ - 10- Ay@ - 10 - X — Ax@
NBCD 8 0-(EA);o-X—EA

PROGRAM CONTROL OPERATIONS

Program control operations are accomplished using a series
of conditional and unconditional branch instructions and
return instructions. These instructions are summarized in
Table 12.

SYSTEM CONTROL OPERATIONS

System control operations are accomplished by using
privileged instructions, trap generating instructions, and
instructions that use or modify the status register. These
instructions are summarized in Table 13.

SIGNAL AND BUS OPERATION DESCRIPTION

The following paragraphs contain a brief description of the
input and output signals. A discussion of bus operation
during the various machine cycles and operations is also
given.

SIGNAL DESCRIPTION

The input and output signals can be functionally organized
into the groups shown in Figure 5. The following
paragraphs provide a brief description of the signals and
also a reference (if applicable) to other paragraphs that
contain more detail about the function being performed.

ADDRESS BUS (A1 THROUGH A23). This 23-bit,
unidirectional, three-state bus is capable of addressing 8
megawords of data. It provides the address for bus
operation during all cycles except interrupt cycles. During
interrupt cycles, address lines A1, A2, and. A3 provide
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information about what level interrupt is being serviced
while address lines A4 through A23 are all set to a logic
high.

DATA BUS (DO THROUGH D15). This 16-bitbidirectional,
three-state bus is the general purpose data path. It can
transfer and accept data in either word or byte length.
During an interrupt acknowledge cycle, the external device
supplies the vector number on data lines DO-D7.

ASYNCHRONOUS BUS CONTROL. Asynchronous data
transfers are handled using the following control signals:
address strobe, read/write, upper and lower data strobes,
and data transfer acknowledge. These signals are explained
in the following paragraphs.

SYSTEM CONTROL OPERATIONS

Table 13
Instruction  |Operation
Privileged
RESET Reset external devices
RTE Return from exception

STOP Stop program execution
ORIto SR |Logical OR to status register
MOVE USP  |Move user stack pointer
ANDI to SR |Logical AND to status register
EORIto SR |Logical EOR to status register

MOVE EA to SR |Load new status register

Trap Generating

TRAP Trap
TRAPV [Trap on overflow
CHK ICheck register against bounds

Status Register
ANDI to CCR |Logical AND to condition codes
EORI to CCR |Logical EOR to condition codes

MOVE EA to CCR|Load new condition codes
ORI to CCR [Logical OR to condition codes
MOVE SR to EA |Store status register

INPUT AND OUTPUT SIGNALS
Figure 5
Vecl2)
GND(2) ADDRESS BUS )A1-A23
CLK )
MKE8000
MICROPROCESSOR =
R/W.
| BW o
. — ASYNCHRONOUS
- | | Uos BUS
PROCESSOR | i) 5 CONTROL
STATUS - 1 —
FC2 DYACK
| - lg—DTACK___
- . -
PEAIPRERALH -« e} BUS ARBITRATION
CONTROL = j— - CONTROL
r BERR 5 " )
svstem | RESET [ INTERAUPT
CONTROL e — CONTROL
BTy T

Address Strobe (AS). This signal indicates that there is a
valid address on the address bus.

Read/Write (R/W). This signal defines the data bus
transfer as a read or write cycle. The R/W signal also works
in conjunction with the upper and lower data strobes as
explained in the following paragraph.

Upper And Lower Data Strobes (UDS, LDS). These
signals control the data on the data bus, as shown in Table
14. When the R/W line is high, the processor will read from
the data bus as indicated. When the R/W line is low, the
processor will write to the data bus as shown.

DATA STROBE CONTROL OF DATA BUS

Table 14

UDS|1DS | R/W D8-D15 DO-D7
High | High | - No valid data | No valid data
Low | Low | High Valid data bits | Valid data bits
8-15 0-7
Valid data bits
High | Low | High No valid data 0-7
Valid data bits
Low | High | High 8-15 No valid data
Valid data bits | Valid data bits
Low | Low | Low 8-15 0-7
Valid data bits | Valid data bits
High | Low | Low 0-7* 0-7
Valid data bits | Valid data bits
Low | High | Low 8-15 8-15*

*These conditions are a result of current implefnentation
and may not appear on future devices.

Data Transfer Acknowledge (DTACK). This input
indicates that the data transfer is completed. When the
processor recognizes DTACK during a read cycle, data is
latched and the bus cycle terminated. When DTACK is
recognized during a write cycle, the bus cycle is terminated.

An active transition of data transfer acknowledge, DTACK,
indicates the termination of a data transfer on the bus.

If the system must run at a maximum rate determined by
RAM access times, the relationship between the times at
which DTACK and DATA are sampled are important.

All control and data lines are sampled during the
MK68000's clock high time. The clock is internally buffered,
‘which results in some slight differences in the sampling and
recognition of various signals. The DTACK signal, like other

VI-11




control signals, is internally synchronized to allow for valid
operation in an asynchronous system. If the required setup
time (#47) is met during S4, DTACK will be recognized
during S5 and S$6, and data will be captured during S6. The
data must meet the required setup time (#27).

If an asynchronous control signal does not meet the
required setup time, it is possible that it may not be
recognized during that cycle. Because of this, asynchronous
systems must not allow DTACK to precede data by more
than parameter #31. '

Asserting DTACK (or BERR) on the rising edge of a clock
(suchas S4)after the assertion of address strobe will allow an
MK68000 system to run at its maximum bus rate. If setup
times #27 and #47 are guaranteed, #31 may be ignored.

BUS ARBITRATION CONTROL. These three signals
form a bus arbitration circuit to determine which device will
be the bus master device.

Bus Request (BR). This input is write ORed with all other
devices that could be bus masters. This input indicates to
the processor that some other device desires to become the
bus master.

Bus Grant (BG). This output indicates to all other potential
bus master devices that the processor will release bus

ccontrol at the end of the current bus cycle.

Bus Grant Acknowledge (BGACK). This input indicates
that some other device has become the bus master. This
signal cannot be asserted until the following four conditions
are met.

1. a bus grant has been received

2. address strobe is inactive which indicates that the
microprocessor is not using the bus

3. data transfer acknowledge is inactive which indicates
that either memory or the peripherals are not using the
bus )

4. bus grant acknowledge is inactive which indicates that
no other device is still claiming bus mastership

INTERRUPT CONTROL (iPLO, iPL1, IPL2). These input
pins indicate the encoded priority level of the device
requesting an interrupt. Level seven is the highest priority
while level zero indicates that no interrupts are requested.
The least significant bit is given in IPLO and the most
significant bit is contained in IPL2.

SYSTEM CONTROL. The system control inputs are used
to either reset or halt the processor and to indicate to the
processor that bus errors have occurred. The three system
control.inputs are explained in the following paragraphs.

Bus Error (BERR). This input informs the processor that
there is a problem with the cycle currently being executed.
Problems may be a result of:

1. nonresponding devices

2. interrupt vector number acquisition failure

3. illegal access request as determined by a memory
management unit

4. other application dependent errors.

The bus error signal interacts with the halt signal to
determine if exception processing should be performed or
the current bus cycle should be retried.

Refer to BUS ERROR AND HALT OPERATION paraéraph for
additional information about the interaction of the bus error
and halt signals.

. Reset (RESET). This bidirectional signal line acts to reset

(initiate a system initialization sequence) the processor in
response to an external reset signal. An internally
generated reset (result of RESET instruction) causes all
external devices to be reset and the internal state of the
processor is not affected. A total system reset (processor
and external devices) is the result of external halt and reset
signals applied at the same time. Refer to RESET
OPERATION paragraph for. additional information about
reset operation. '

Halt (HALT). When this bidirectional line is driven by an
external device, it will cause the processor to stop at the
completion of the current bus cycle. When the processor
has been halted using this input, all control signals are
inactive and all three-state lines are put in their high-
impedance state. Refer to BUS ERROR AND HALT
OPERATION paragraph for additional information about the
interaction between the halt and bus error signals.

When the processor has stopped executing instructions,
such asinadouble bus fault condition, the halt line is driven
by the processor to indicate to external devices that the
processor has stopped. )

6800 PERIPHERAL CONTROL. These control signals are
used to allow the interfacing of synchronous 6800
peripheral devices with the asynchronous MK68000.
These signals are explained in the following paragraphs.

Enable (E). This signal is the standard enable signal
common to all 6800 type peripheral devices. The period for
this output is ten MK68000 clock periods (six clocks low;
four clocks high).

Valid Peripheral Address (VPA). This input indicates that
the device or region addressed is a 6800 family device and
that data transfer should be synchronized with the enable
(E) signal. This input also indicates that the processor should
use automatic vectoring for an interrupt. Refer to
INTERFACE WITH 6800 PERIPHERALS.

Valid Memory Address (VMA). This output is used to
indicate to 6800 peripheral devices that there is a valid
address on the address bus and the processor is
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synchronized to enable. This signal only responds to a valid
peripheral address (VPA) input which indicates that the
peripheral is a 6800 family device.

PROCESSOR STATUS (FCO, FC1, FC2). These function
code outputs indicate the state (user or supervisor) and the
cycle type currently being executed, as shown in Table 15.
The information indicated by the function code outputs is
valid whenever address strobe (AS) is active.

CLOCK (CLK). The clock input is a TTL compatible signal
that is internally buffered for development of the internal
clocks needed by the processor. The clock input shall be a
constant frequency.

SIGNAL SUMMARY. Table 16 is a summary of all the
signals discussed in the previous paragraphs.

FUNCTION CODE OUTPUTS
Table 15

FC2| FC1 FCO Cycle Type

Low | Low | Low
Low | Low | High
Low | High | Low
Low | High | High
High| Low | Low
High| Low | High
High| High | Low
High| High | High

(Undefined, Reserved)
User Data
User Program
(Undefined, Reserved)
(Undefined, Reserved)
Supervisor Data
Supervisor Program
Interrupt Acknowledge

SIGNAL SUMMARY

Table 16
Three
Signal Name Mnemonic Input/Output Active State State
Address Bus A1-A23 output high yes
Data Bus DO-D15 input/output high yes
Address Strobe AS output low yes
. read-high
Read/Write R/W output write-low yes
Upper and Lower Data Strobes UDS, [DS output low yes
Data Transfer Acknowledge DTACK input low no
Bus Request BR input low no
Bus Grant BG output low no
Bus Grant Acknowledge BGACK input low no
Interrupt Priority Level 1PLO, IPL1,TPL2 input low no
Bus Error BERR input low no
Reset RESET input/output low no*
Halt HALT input/output low no*
Enable E output high no
Valid Memory Address VMA output low yes
Valid Peripheral Address VPA input low no
Function Code Output FCO, FC1, FC2 output high yes
Clock CLK input high no
Power Input Vee input — —
Ground GND input - —_

* open drain
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WORD READ CYCLE FLOW CHART
Figure 6

BUS MASTER SLAVE

Address Device

1) Set R/W to Read

2) Place Address on A1-A23

3) Place Function Code on FCO-FC2

4) Assert Address Strobe (AS)

5) Assert Upper Data Strobe (UDS) and Lower
Data Strobe (LDS)

Y

Input Data

1) Decode Address

2) Place Data on DO-D15

3) Assert Data Transfer
Acknowledge (DTACK)

Y

BYTE READ CYCLE FLOW CHART
Figure 7

BUS MASTER SLAVE

Address Device

1) Set R/W to Read

2) Place Address on A1-A23

3) Place Function Code on FCO-FC2

4) Assert Address Strobe (AS)

5) Assert Upper Data Strobe (UDS) or Lower
Data Strobe (LDS) (based on AO)

v

Input Data

1) Decode Address

2) Place Data on DO-D7 or D8-D15
(based on UDS or LDS)

3) Assert Data Transfer Acknowledge
(DTACK) J

;

Acquire Data Acquire Data
1) Latch Data 1) Latch Data
2) Negate UDS and IDS 2) Negate UDS or [DS
3) Negate AS 3) Negate AS
Terminate Cycle Terminate Cycle
1) Remove Data from DO-D15 1) Remove Data from DO-D7 or D8-D15
2) Negate DTACK 2) Negate DTACK
Start Next Cycle Start Next Cycle
BUS OPERATION modify-write cycles. The indivisible read-modify-write cycle

The following paragraphs explain control signal and bus
operation during data transfer operations, bus arbitration,
bus error and halt conditions, and reset operation.

DATA TRANSFER OPERATIONS. Transfer of data
between devices involves the following leads:

® Address Bus A1 through A23
® Data Bus DO through D15
¢ Control Signals

The address and data buses are separate parallel buses
used to transfer data using an asynchronous bus structure.
In all cycles, the bus master assumes responsibility for
deskewing all signals it issues at both the startand end of a
cycle. In addition, the bus master is responsible for
deskewing the acknowledge and data signals from the slave
device.

The following paragraphs explain the read, write, and read-

is the method used by the MK68000 for interlocked
multiprocessor communications.

NOTE

The terms assertion and negation will be used extensively.
This is done to avoid confusion when dealing with a mixture
of ““active-low” and “active-high” signals. The term assert
or assertion is used to indicate that a signal is active or true
independent of whether that voltage is low or high. The
term negate or negation is used to indicate that a signal is
inactive or false. :

Read Cycle. During a read cycle, the processor receives
data from memory or a peripheral device. The processor
reads bytes of data in all cases. If the instruction specifies a
word (or double word) operation, the processor reads both
bytes. When the instruction specifies byte operation, the
processor uses an internal AQ bit to determine which byte to
read and then issues the data strobe required for that byte.
For byte operations, when the AO bit equals zero, the upper
data strobe is issued. When the AQ bit equals one, the lower
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READ AND WRITE CYCLE TIMING DIAGRAM
Figure 8
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WORD AND BYTE READ CYCLE TIMING DIAGRAM
Figure 9

S0 S1S2 5354 S5S6 S7S0 S1S2S3 S4 S5 S6S7 SO S1S2 S3 S4S5 S6 S7

CLK
a-a23 Bt
AO* [
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*Internal Signal Only
|« ~- WORD READ - —-- »}«--0DD BYTE READ- ~-»|<¢ --EVEN BYTE READ - |

data strobe is issued. When the data is received, the
processor correctly positions it internally.

Aword read cycle flow chart is given in Figure 6. A byte read
cycle flow chart is given in Figure 7. Read cycle timing is
given in Figure 8 and Figure 9 details word and byte read
cycle operation.

Write Cycle. During a write cycle, the processor sends data
to memory or a peripheral device. The processor writes
bytes of data in all cases. If the instruction specifies a word
operation, the processor writes both bytes. When the
instruction specifies a byte operation, the processor uses an
internal AO bit to determine which byte to write and then
issues the data strobe required for that byte. For byte
operations, when the AO bit equals zero, the upper data

strobe is issued. When the AQ bit equals one, the lower data
strobe is issued. A word write cycle flow chart is given in
Figure 10. Abyte write cycle flow chartis givenin Figure 11.

" Write cycle timing is given.in Figure 8 and Figure 12 details

word and byte write cycle operation.

Read-Modify-Write Cycle. The read-modify-write cycle
performs a read, modifies the data in the arithmetic-logic
unit, and writes the data back to the same address. In the
MK68000 this cycle is indivisible in that the address strobe
is asserted throughout the entire cycle. The test and set
(TAS) instruction uses this cycle to provide meaningful
communication between processors in a multiple processor
environment. This instruction is the only instruction that
uses the read-modify-write cycles and since the test and set
instruction only operates on bytes, all read-modify-write
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WORD WRITE CYCLE FLOW CHART
Figure 10

BUS MASTER SLAVE
Address Device

1) Place Function Code on FCO-FC2

2) Place Address on A1-A23

3) Assert Address Strobe (AS)

4) Set R/W to Write

5) Place Data on DO-D15

6) Assert Upper Data Strobe (UDS) and
Lower Data Strobe (LDS)

|

Y

Input Data

1) Decode Address

2) Store Data on DO-D15

3) Assert Data Transfer Acknowledge
(DTACK)

Terminate Output Transfer

1) Negate UDS and LDS

2) Negate

3) Remove Data from DO-D15
4) Set R/W to Read

v

Terminate Cycle

1) Negate DTACK

\

Start Next Cycle

BYTE WRITE CYCLE FLOW CHART
Figure 11

BUS MASTER SLAVE

Address Devic

1) Place Function Code on FCO-FC2

2) Place Address on A1-A23

3) Assert Address Strobe (AS)

4) Set R/W to Write

5) Place Data on DO-D7 or D8-D15 (according
to AO) -

6) Assert Upper Data Strobe (UDS) or Lower
Data Strobe (LDS) (based on AQ)

l

v

Input Data

1) Decode Address _

2) Store Data on DO-D7 if LDS is asserted
Store Data on D8-D15 if UDS is asserted

3) Assert Data Transfer Acknowledge
(DTACK) J

Terminate Output Transfer

1) Negate UDS and LDS

2) Negate AS

3) Remove Data from DO-D7 or D8-D15
4) Set R/W to Read

Y

Terminate Cycle

1) Negate DTACK
J

v

Start Next Cycle

WORD AND BYTE WRITE CYCLE TIMING DIAGRAM
Figure 12
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READ-MODIFY-WRITE CYCLE FLOW CHART
Figure 13

BUS MASTER

Address Device

1) Place Address on A1-A23

2) Set R/W to Read .

3) Assert Address Strobe (AS)

4) Assert Upper Data Strobe (UDS) or Lower
Data Strobe (LDS) L

SLAVE

Y

Input Data

1) Decode Address

2) Place Data on DO-D7 or D8-D15

3) Assert Data Transfer Acknowledge
(DTACK) |

\

Acquire Data
1) Latch Data
2) Negate UDS or LDS
3) Start Data Modification
L

U

Terminate Cycle

1) Remove Data from DO-D7 or D8-D15
2) Negate DTACK

\

Start Output Transfer

1) Set R/W to Write

2) Place Data on DO-D7 or D8-D15

3) Assert Upper Data Strobe (UDS) or Lower
Data Strobe (LDS) L

Y

Input Data
1) Store Data on DO-D7 or D8-D15
2) Assert Data Transfer Acknowledge
(DTACK) |

\

Terminate Output Transfer

1) Negate UDS or LDS

2) Negate AS

3) Remove Data from DO-D7 or D8-D15
4) Set R/W to Read 0

v

Terminate Cycle
1) Negate DTACK
J

Y

Start Next Cycle

cycles are byte operations. A read-modify-write cycle flow
chart is given in Figure 13 and a timing diagram is given in
Figure 14.

BUS ARBITRATION. Bus arbitration is a technique used
by master-type devices to request, be granted, and
acknowledge bus mastership. In its simplest form, it
consists of:

1. Asserting a bus mastership request.

2. Receiving a grant that the bus is available at the end of
the current cycle.
3. Acknowledging that mastership has been assumed.

Figure 15 is a flow chart showing the detail involved in a
request from a single device. Figure 16 is a timing diagram
for the same operations. This technique allows processing
of bus requests during data transfer cycles.

The timing diagram shows that the bus request is negated

VI-17




READ—MODIFY-WRITE CYCLE TIMING DIAGRAM
Figure 14
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at the time that an acknowledge is asserted. This type of
operation would be true for a system consisting of the
processor and one device capable of bus mastership. In
systems having a number of devices capable of bus
mastership, the bus request line from each device is wire
ORed to the processor. In this system, it is easy to see that
there could be more than one bus request being made. The
timing diagram shows that the bus grant signal is negated a
few clock cycles after the transition of the acknowledge
(BGACK) signal.

However, if the bus requests are still pending, the processor
will assert another bus grant within a few clock cycles after
it was negated. This additional assertion of bus grant allows
external arbitration circuitry to select the next bus master
before the current bus master has completed its
requirements. The following paragraphs provide additional
information about the three steps in the arbitration process.

Requesting the Bus. External devices capable of becoming
bus masters request the bus by asserting the bus request
(BR) signal. This is a wire ORed signal (although it need not
be constructed from open collector devices) that indicates to
the processor that some external device requires control of
the external bus. The processor is effectively at a lower bus
priority level than the external device and will relinquish the
bus after it has completed the last bus cycle it has started.

When no acknowledge is received before the bus request
signal goes inactive, the processor will continue processing
when it detects that the bus request is inactive. This allows
ordinary processing to continue if the arbitration circuitry
responded to noise inadvertently.

Receiving the Bus Grant. The processor asserts bus grant
(BG) as soon as possible. Normally this is immediately after
internal synchronization. The only exception to this occurs
when the processor has made an internal decision to
execute the next bus cycle but has not progressed far
enough into the cycle to have asserted the address strobe
(AS) signal. In this case, bus grant will not be asserted until
one clock after address strobe is asserted to indicate to
external devices that a bus cycle is being executed.

BUS ARBITRATION CYCLE FLOW-CHART

Figure 15
PROCESSOR REQUESTING DEVICE
Request the Bus

1) Assert Bus Request (BR)
J

Y

Grant Bus Arbitration
1) Assert Bus Grant (BG)
L

-

Ack lod, Bus M i

°) P

1) External arbitration determines next bus
master

2) Next bus master waits for current cycle to
complete

3) Next bus master asserts Bus Grant
Acknowledge (BGACK) to become new
master

4) Bus master negates BR

J

\J

Terminate Arbitration

1) Negate BG (and wait for BGACK to be
- negated)

A

Operate as Bus Master

1) Perform Data Transfers (Read and Write
cycles) according to the same rules the pro-
cessor uses. *

Release Bus Mastership
1) Negate BGACK ]

v

Re-Arbitrate or Resume Processor
~ Operation

The bus grant signal may be routed through a daisy-chained
network or through a specific priority-encoded network. The
processor is not affected by the external method of
arbitration as long as the protocol is obeyed.

Acknowledgement of Mastership. Upon receiving a bus
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BUS ARBITRATION CYCLE TIMING DIAGRAM
Figure 16
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grant, the requesting device waits until address strobe, data
transfer acknowledge, and bus grant acknowledge are
negated before issuing its own BGACK. The negation of the
address strobe indicates that the previous master has
completed its cycle, the negation of bus grant acknowledge
indicates that the previous master has released the bus.
(While address strobe is asserted no device is allowed to
“break into” a cycle.) The negation of data transfer
acknowledge indicates the previous slave has terminated
its connection to the previous master. Note that in some
applications data transfer acknowledge might not enter into
this function. General purpose devices would then be
connected such that they were only dependent on address
strobe. When bus grant acknowledge is issued the device is
bus master until it negates bus grant acknowledge. Bus
grant acknowledge should not be negated until after the bus
cycle(s) is (are) completed. Bus mastership is terminated at
the negation of bus grant acknowledge.

The bus request from the granted device should be dropped
when bus grant acknowledge is asserted. If bus request is
still asserted after bus grant acknowledge is negated, the
processor performs another arbitration sequence and
issues another bus grant. Note that the processor does not
perform any external bus cycles before it re-asserts bus
grant.

BUS ARBITRATION CONTROL. The bus arbitration
control unit in the MK6800O is implemented with a finite
state machine. A state diagram of this machine is shown in
Figure 17. All asynchronous signals to the MK6800O are
synchronized before being used internally. This synchro-
nization is accomplished in a maximum of one cycle of the
system clock, assuming that the asynchronous input setup
time (#47) has been met. The input signal is sampled on the
falling edge of the clock and is valid internally after the next
falling edge.

As shown in Figure 17, input signals labeled R and A are
internally synchronized on the bus request and bus grant

STATE DIAGRAM OF MK68000 BUS
ARBITRATION UNIT
Figure 17

R = Bus Request Internal

A = Bus Grant Acknowledge Internal

G = Bus Grant

T = Three-state Control to Bus Control Logic
X = Don’t Care

*State machine will not change state if bus is in SO. Refer to
BUS ARBITRATION CONTROL for additional information.

acknowledge pins respectively. The bus grant output is
labeled G and the internal three-state control signal T. If T is
true, the address, data, and control buses are placed in a
high-impedance state when AS is negated. All signals are
shown in positive logic (active high) regardless of their true
active voltage level.
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BUS ARBITRATION DURING PROCESSOR BUS CYCLE
Figure 18
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State changes (valid outputs) occur on the next rising edge
after the internal signal is valid.

A timing diagram of the bus arbitration sequence during a
processor bus cycle is shown in Figure 18. The bus
arbitration sequence while the bus is inactive (i.e.,
executing internal operations such as a multiply instruction)
is shown in Figure 19.

If abus request is made at a time when the MPU has already
begun a bus cycle but AS has not been asserted (bus state
S0), BG will not be asserted on the next rising edge. Instead,
BG will be delayed until the second rising edge following its
internal assertion.

BUS ERROR AND HALT OPERATION. In a bus
architecture that requires a handshake from an external
device, the possibility exists that the handshake might not
occur. Since different systems will require a different

maximum response time, a bus error input is provided.
External circuitry must be used to determine the duration
between address strobe and data transfer acknowledge
before issuing a bus error signal. When a bus error signal is
received, the processor has two options: initiate a bus error
exception sequence or try running the bus cycle again.

Exception Sequence. When the bus error signal is
asserted, the current bus cycle is terminated. If BERR is
asserted before the falling edge of S4, AS will be negated in
S7 in either a read or write cycle. As long as BERR remains
asserted, the data and address buses will be in the high-
impedance state. When the BERR is negated, the processor
will begin stacking for exception processing. The bus error
exception sequence is entered when the processor receives
a bus error signal and the halt pin is inactive. Figure 20 is a
timing diagram for the exception sequence. The sequence
is composed of the following elements:

1. Stacking the program counter and status register

BUS ERROR TIMING DIAGRAM
Figure 20
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HALT SIGNAL TIMING CHARACTERISTICS
Flgure 22
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2. Stacking the error information
3. Reading the bus error vector table entry
4. Executing the bus error handler routine

The stacking of the program counter and the status register
is the same as if an interrupt had occurred. Several
additional items are stacked when a bus error occurs. These
items are used to determine the nature of the error and
correct it, if possible. The bus erroi vector is vector number
two located at address $000008. The processor loads the
new program counter from this location. A software bus
error handler routine is then executed by the processor.
Refer to EXCEPTION PROCESSING for additional information.

Re-Running the Bus Cycle. When the processor receives a
bus error signal -and the halt pin is being driven by an
external device, the processor enters the re-run sequence.
Figure 21 is a timing diagram for re-running the bus cycle.

The processor completes the bus cycle, then puts the
address and data lines in the high-impedance state. The
processor remains “halted,” and will notirun another bus
cycle until the halt signal is removed by external logic. Then
the processor will re-run the previous bus cycle using the
same address, the same function codes, the same data (for
a write operation), and the same controls. The bus error
signal should be removed at least one clock cycle before the
halt signal is removed. '

NOTE

The processor will not re-run a read-modify-write cycle.
This restriction is made to guarantee that the entire cycle
runs correctly and that the write operation of a Test-and-Set
operation is performed without ever releasing AS. If BERR
and HALT are asserted during a read- modlfy-wrlte bus
cycle, a bus error operation results.

Halt Operation with No Bus Error. The halt input signal to
the MK68000 performs a Halt/Run/Single-Step function.

The halt and run modes are somewhat self explanatory in
that when the halt signal is constantly active the processor
“halts” (does nothing) and when the halt signal is
constantly inactive the processor “runs” (does something).

The single-step mode is derived from correctly timed
transitions on the halt signal input. It forces the processor to
execute a single bus cycle by entering the “run’ mode until
the processor starts a bus cycle then changing to the “halt”
mode. Thus, the single-step mode allows the user to
proceed through (and therefore debug) processor opera-
tions one bus cycle at a time.

Figure 22 details the timing required for correct single-step
operations. Some care must be exercised to avoid harmful
interactions between the bus error signal and the halt pin
when using the single cycle mode as a debugging tool. This
is also true of interactions between the halt and reset lines,
since these can reset the machine.

When the processor completes a bus cycle after recognizing
that the halt signal is active, most three-state signals are put
in the high-impedance state. These include:

1. address lines
2. data lines

This is required for correct performance of the re-run bus
cycle operation.

Note that when the processor honors a request to halt, the
function codes are put in the high-impedance state (their
buffer characteristics are the same as the address buffers).
While the processor is honoring the halt request, bus
arbitration performs as usual. That is, halting has no effect
on bus arbitration. It is the bus arbitration function that
removes the control signals from the bus.

The halt function and the hardware trace capability allow

. the hardware debugger to trace single bus cycles or single.
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RESET OPERATION TIMING DIAGRAM
Figure 23
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instructions at a time. These processor capabilities, along
with a software debugging package, give total debugging
flexibility.

Double Bus Faults. When a bus error exception occurs, the
processor will attempt to stack several words containing
information about the state of the machine. If a bus error
exception occurs during the stacking operation, there have
been two bus errors in a row. This is commonly referred to
as a double bus fault. When a double bus fault occurs, the
processor will halt. Once a bus error exception has
occurred, any bus error exception occurring before the
execution of the next instruction constitutes a double bus
fault.

Note that a bus cycle which is re-run does not constitute a
bus error exception, and does not contribute to a double bus
fault. Note also that this means that as long as the external
hardware requests it, the processor will continue to re-run
the same bus cycle.

The bus error pin also has an effect on processor operation
after the processor receives an external reset input. The
processor reads the vector table after a reset to determine
the address to start program execution. If a bus error occurs
while reading the vector table (or at any time before the first
instruction is executed), the processor reacts as if a double
bus fault has occurred and it halts. Only an external reset
will start a halted processor.

RESET OPERATION. The reset signal is a bidirectional
signal that allows either the processor or an external signal
to reset the system. Figure 23 is a timing diagram for reset
operations. Both the halt and the reset lines must be applied
to ensure total reset of the processor.

When the reset and halt lines are driven by an external
device, it is recognized as an entire system reset, including
the processor. The processor responds by reading the reset
vector table entry (vector number zero, address $000000)
and loads it into the supervisor stack pointer (SSP). Vector
table entry number one at address $000004 is read next

and loaded into the program counter. The processor
initializes the status register to an interrupt level of seven.
No other registers are affected by the reset sequence.

When a RESET sequence is executed, the processor drives
the reset pin for 124 clock pulses. In this case, the processor
is trying to reset the rest of the system. Therefore, there is
no effect on the internal state of the processor. All of the
processor’s internal registers and the status register are
unaffected by the execution of a RESET instruction. All
external devices connected to the reset line should be reset
at the completion of the RESET instruction.

Asserting the reset and halt pins for 10 clock cycles will
cause a processor reset, except when V. is initially applied
to the processor. In this case, an external reset must be
applied to the reset pin for 100 milliseconds.

THE RELATIONSHIP OF DTACK, BERR, AND HALT

In order to control termination of abus cycle forare-runora
bus error condition properly, DTACK, BERR, and HALT
should be asserted and negated on the rising edge of the
MK68000 clock. This will assure that when two signals are
asserted simultaneously, the required setup time (#47) for
both of them will be met during the same bus state.

This, or some equivalent precaution, should be designed
external to the MK68000. Parameter #48 is intended to
ensure this operation in a totally asynchronous system, and
may be ignored if the above conditions are met.

The preferred bus cycle terminations may be summarized
as follows (case numbers refer to Table 17):

Normal Termination: DTACK occurs first (case 1).

Halt Termination: HALT is asserted at same time, or
precedes DTACK (no BERR) cases 2 and 3.

Bus Error Termination: BERR is asserted. in lieu of, at
same time, or preceding DTACK (case 4); BERR negated
at same time, or after DTACK.

Re-Run Termination: HALT and BERR asserted at the
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DTACK, BERR, HALT ASSERTION RESULTS

Table 17
Asserted on Rising
Case Control Edge of State
No. Signal N N+2 Result
DTACK A S Normal cycle terminate and continue.
1 BERR NA X :
HALT NA X
DTACK A S Normal cycle terminate and halt. Continue when HALT
2 BERR NA X removed.
HALT A S
DTACK NA A Normal cycle terminate and halt. Continue when HALT
3 BERR NA NA removed.
HALT A S
DTACK X X Terminate and take bus error trap.
4 BERR A S
HALT NA NA
DTACK X X Terminate and re-run.
5 BERR A S
HALT A S
DTACK NA X Terminate and re-run when HALT removed.
6 BERR NA A
HALT A S
Legend:

N — the number of the current even bus state (e.g., S4, S6, etc.)
A — signal is asserted in this bus state

NA — signal is not asserted in this state

X —don't care

S — signal was asserted in previous state and remains asserted in this state

BERR AND HALT NEGATION RESULTS

Table 18
Conditions of : Negated on Rising
Termination in Control Edge of State Results — Next Cycle
Table A Signal N N+2
Bus Error BERR . or ¢ |Takes bus error trap.
HALT . or .
Re-run BERR ] or ¢ [lllegal sequence, usually traps to vector
HALT . number O.
Re-run BERR . Re-runs the bus cycle.
HALT o
Normal BERR . May lengthen next cycle.
HALT U or .
Normal ‘BERR * |If next cycle is started it will be terminated
HALT ] or none |as a bus error. . :
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same time, or before DTACK (cases 5 and 6); HALT must
be negated at least 1 cycle after BERR.

Table 17 details the resulting bus cycle termination under
various combinations of control signal sequences. The
negation of these same control signals under several
conditions is shown in Table 18 (DTACK is assumed to be
negated normally in all cases; for best results, both DTACK
and BERR should be negated when address strobe is
negated.)

Example A: A system uses a watch-dog timer to terminate
accesses to un-populated address space. The timer asserts
DTACK and BERR simultaneously after time-out. (case 4)

Example B: A system uses error detection on RAM
contents. Designer may (a) delay DTACK until data verified,
and return BERR and HALT simultaneously to re-run error
cycle (case 5), or if valid, return DTACK; (b) delay DTACK
until data verified, and return BERR at same time as DTACK
if data in error (case 4); (c) return DTACK prior to data
verification, as described in previous section. If data invalid,
BERR is asserted (case 1) in next cycle. Error-handling
software must know how to recover error cycle.

PROCESSING STATES

The MK6800O is always in one of three processing states:
normal, exception, or halted. The normal processing state is
that associated with instruction execution; the memory
references are to fetch instructions and operands, and to
store results. A special case of the normal state is the
stopped state which the processor enters when a STOP
instruction is executed. In this state, no further memory
references are made.

The exception processing state is associated with
interrupts, trap instructions, tracing and other exceptional
conditions. The exception may be internally generated by an
instruction or by an unusual condition arising during the
execution of an instruction. Externally, exception pro-
cessing can be forced by an interrupt, by a bus error, or by a
reset. Exception processing is designed to provide an
efficient context switch so that the processor may handle
unusual conditions.

The halted processing state is an indication of catastrophic
hardware failure. For example, if during the exception
processing of a bus error another bus error occurs, the
processor assumes that the system is unusable and halts.
Only an external reset can restart a halted processor. Note
that a processor in the stopped state is not in the halted
state, nor vice versa.

PRIVILEGE STATES

The processor operates in one of two states of privilege: the
“user” state or the “supervisor” state. The privilege state
determines which operations are legal, is used by the

external memory management device to control and,

translate accesses, and is used to choose between the
supervisor stack pointer and the user stack pointer in
instruction references. ’

The privilege state is a mechanism for providing security ina
computer system. Programs should access only their own
code and data areas, and ought to be restricted from
accessing information which they do not need and must not
modify.

The privilege mechanism provides security by allowing
most programs to execute in user state. In this state, the
accesses are controlled, and the effects on other parts of the
system are limited. The operating system executes in the
supervisor state, has access to all resources, and performs
the overhead tasks for the user state programs.

SUPERVISOR STATE. The supervisor state is the higher
state of privilege. For instruction execution, the supervisor
state is determined by the S-bit of the status register; if the
S-bit is asserted (high), the processor is in the supervisor
state. All instructions can be executed in the supervisor
state. The bus cycles generated by instructions executed in
the supervisor state are classified as supervisor references.
While the processor is in the supervisor privilege state,
those instructions which use either the system stack
pointer implicity or address register seven explicitly access
the supervisor stack pointer.

All exception processing is done in the supervisor state,
regardless of the setting of the S-bit. The bus cycles
generated during exception processing are classified as
supervisor references. All stacking operations during
exception processing use the supervisor stack pointer.

USER STATE. The user state is the lower state of privilege.
For instruction execution, the user state is determined by
the S-bit of the status register; if the S-bit is negated (low),
the processor is executing instructions in the user state.

Most instructions execute the same in user state as in the
supervisor state. However, some instructions which have
important system effects are made privileged. User
programs are not permitted to execute the STOP
instruction, or the RESET instruction. To ensure that a user
program cannot enter the supervisor state except in a
controlled manner, the instructions which modify the whole
status register are privileged. To aid in debugging programs
which are to be used as operating systems, the move to user
stack pointer (MOVE USP) and move from user stack pointer
(MOVE from USP) instructions are also privileged.

The bus cycles generated by an instruction executed in user
state are classified as user state references. This allows an
external memory management device to translate the
address and to control access to protected portions of the
address space. While the processor is in the user privilege
state, those instructions which use either the system stack
pointer implicity, or address register seven explicitly, access
the user stack pointer.
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PRIVILEGE STATE CHANGES. Once the processor is in
the user state and executing instructions, only exception
processing can change the privilege state. During exception
processing, the current setting of the S-bit of the status
register is saved and the S-bit is asserted, putting the
processing in the supervisor state. Therefore, when
instruction execution resumes at the address specified to
process the exception, the processor is in the supervisor
privilege state.

‘REFERENCE CLASSIFICATION. When the processor
makes a reference, it classifies the kind of reference being
made, using the encoding on the three function code output
lines. This allows external translation of addresses, control
of access, and differentiation of special processor states,
such as interrupt acknowledge. Table 19 lists the
classification of references.

EXCEPTION PROCESSING

Before discussing the details of interrupts, traps, and
tracing, a general description of exception processing is in
order. The processing of an exception occurs in four steps,
with variations for different exception causes. During the
first step, a temporary copy of the status register is made,
and the status register is set for exception processing. In the
second step the exception vector is determined, and the
third step is the saving of the current processor context. In
the fourth step a new context is obtained, and the processor
switches to instruction processing.

EXCEPTION VECTORS. Exception vectors are memory
locations from which the processor fetches the address of a
routine which will handle that exception. All exception

REFERENCE CLASSIFICATION

Table 19

Function Code Output

FC2 FC1 FCO | Reference Class
0 (0] "0 | (Unassigned)
0 0 1 User Data
0 1 0 User Program
0 1 1 (Unassigned)
1 (o] 0 (Unassigned)
1 0 1 Supervisor Data
1 1 0 Supervisor Program
1 1 1 Interrupt Acknowledge

vectors are two words in length (Figure 24), except for the
reset vector, which is four words. All exception vectors lie in
the supervisor data space, except for the reset vector which
is in the supervisor program space. A vector number is an
eight-bit number which, when multiplied by four, gives the
address of an exception vector. Vector numbers are
generated internally or externally, depending on the cause
of the exception. In the case of interrupts, during the
interrupt acknowledge bus cycle, a peripheral provides an
8-bit vector number (Figure 25) to the processor on data bus
lines DO through D7. The processor translates the vector
number into a full 24-bit address, as shown in Figure 26.
The memory layout for exception vectors is given in Table
20.

EXCEPTION VECTOR FORMAT
Figure 24

WORD 0 NEW PROGRAM COUNTER (HIGH)

A0=0,A1=0

WORD 1 NEW PROGRAM COUNTER (LOW)

A0=0,A1=1

PERIPHERAL VECTOR NUMBER FORMAT
Figure 25

D15 ' D8 D7

DO

IGNORED v7

Where:

v7 is the MSB of the Vector Number
V0 is the LSB of the Vector Number

ADDRESS TRANSLATED FROM 8-BIT VECTOR NUMBER

Figure 26
A23

A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0

ALL ZEROES

v7I|ve|vB|vajv3|v2ivi|w] o0o]O
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EXCEPTION VECTOR ASSIGNMENT

Table 20
Vector Address
Number(s) Dec ‘Hex Space Assignment
0 0 000 SP Reset Initial SSP
— 4 004 SP Reset Initial PC
2 8 008 sD Bus Error
3 12 ooc SD Address Error
4 16 010 sD lllegal Instruction
5 20 014 sD Zero Divide
6 24 018 SD CHK Instruction
7 28 o1ic SD TRAPV Instruction
8 32 020 sD Privilege Violation
9 36 024 SD Trace
10 40 028 SD Line 1010 Emulator
1 44 02C SD Line 1111 Emulator
12* 48 030 SD (Unassigned, reserved)
13* 52 , 034 SD (Unassigned, reserved)
14* 56 038 SD (Unassigned, reserved)
15 60 03C SD Uninitialized Interrupt Vector
16-23* 64 04cC sSD (Unassigned, reserved)
95 O5F —
24 96 060 SD Spurious Interrupt
25 100 064 SD Level 1 Interrupt Autovector
26 104 068 SD Level 2 Interrupt Autovector
27 108 06C SD Level 3 Interrupt Autovector
28 112 070 SD Level 4 Interrupt Autovector
29 116 074 SD Level 5 Interrupt Autovector
30 120 078 SD Level 6 Interrupt Autovector
31 124 o7¢C SD Level 7 Interrupt Autovector
32-47 128 080 SD TRAP Instruction Vectors
191 OBF —
48-63* 192 0Co SD (Unassigned, reserved)
255 OFF —
64-255 256" 100 SD User Interrupt Vectors
1023 3FF —

*Vector numbers 12, 13, 14, 16 through 23 and 48 through 63 are reserved for future enhancements by Mostek. No user
peripheral devices should be assigned these numbers.




As shown in Table 20, the memory layout is 512 words long
(1024 bytes). It starts at address O and proceeds through
address 1023. This provides 255 unique vectors; some of
these are reserved for TRAPS and other system functions.
Of the 255, these are 192 reserved for user interrupt
vectors. However, there is no protection on the first 64
entries, so user interrupt vectors may overlap at the
discretion of the systems designer.

KINDS OF EXCEPTIONS. Exceptions can be generated by
either internal or external causes. The externally generated
exceptions are the interrupts and the bus error and reset
requests. The interrupts are requests from peripheral
devices for processor action while the bus error and reset
inputs are used for access control and processor restart. The
internally generated exceptions come from instructions, or
from address errors or tracing. The trap (TRAP), trap on
overflow (TRAPV), check register against bounds (CHK) and
divide (DIV) instructions all can generate exceptions as part
of their instruction execution. In addition, illegal instruc-
tions, word fetches from odd addresses and privilege
violations cause exceptions. Tracing behaves like a very
high priority, internally generated interrupt after each
instruction execution.

EXCEPTION PROCESSING SEQUENCE. Exception
processing occurs in four identifiable steps. In the first step,
an internal copy is made of the status register. After the
copy is made, the S-bit is asserted, putting the processor
into the supervisor privilege state. Also, the T-bit is negated
which will allow the exception handler to execute
unhindered by tracing. For the reset and interrupt
exceptions, the interrupt priority mask is also updated.

In the second step, the vector number of the exception is
determined. For interrupts, the vector number is obtained by
a processor fetch, classified as an interrupt acknowledge.
For all other exceptions, internal logic provides the vector
number. This vector number is then used to generate the
address of the exception vector.

The third step is to save the current processor status, except
for the reset exception. The current program counter value
and the saved copy of the status register are stacked using
the supervisor stack pointer. The program counter value
stacked usually points to the next unexecuted instruction,
however for bus error and address error, the value stacked
for the program counter is unpredictable, and may be
incremented from the address of the instruction which
caused the error. Additional information defining the
current context is stacked for the bus error and address
error exceptions.

The last step is the same for all exceptions. The new
program counter value is fetched from the exception vector.
The processor then resumes instruction execution. The
instruction at the address given in the exception vector is
fetched, and normal instruction decoding and execution is

~started.

MULTIPLE EXCEPTIONS. These paragraphs describe the
processing which occurs when multiple exceptions arise
simultaneously. Exceptions can be grouped according to
their occurrence and priority. The Group O exceptions are
reset, bus error, and address error. These exceptions cause
the instruction currently being executed to be aborted, and
the exception processing to commence at the next minor
cycle of the processor. The Group 1 exceptions are trace and
interrupt, as well as the privilege violations and illegal
instructions. These exceptions allow the current instruction
to execute to completion, but preempt the execution of the
next instruction by forcing exception processing to occur
(privilege violations and illegal instructions are detected
when they are the next instruction to be executed). The
Group 2 exceptions occur as part of the normal processing
of instructions. The TRAP, TRAPV, CHK, and zero divide
exceptions are in this group. For these exceptions, the
normal execution of an instruction may lead to exception
processing.

Group O exceptions have highest priority, while Group 2
exceptions have lowest priority. Within Group O, reset has
highest priority, followed by bus error and then address
error. Within Group 1, trace has priority over external
interrupts, which in turn takes priority over illegal
instruction and privilege violation. Since only one
instruction can be executed at a time, there is no priority
relation within Group 2.

The priority relation between two exceptions determines
which is taken, or taken first, if the conditions for both arise
simultaneously. Therefore, if a bus error occurs during a
TRAP instruction, the bus error takes precedence, and the
TRAP instruction processing is aborted. In another example,
if an interrupt request occurs during the execution of an
instruction while the T-bit is asserted, the trace exception
has priority, and is processed first. Before instruction
processing resumes, however, the interrupt exception is
also processed, and instruction processing commences
finally in the interrupt handler routine. A summary of
exception grouping and priority is given in Table 21.

EXCEPTION GROUPING AND PRIORITY
Table 21

Group Exception Processing
Reset
(o] Bus Error | Exception processing begins

Address Error | within two clock cycles

Trace
1 Interrupt | Exception processing begins
lllegal before the next instruction
Privilege
TRAP, TRAPV,
2 CHK, Exception processing is started

Zero Divide |by normal instruction execution
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EXCEPTION PROCESSING DETAILED DISCUSSION

Exceptions have a number of sources, and each exception
has processing which is peculiar to it. The following
paragraphs detail the sources of exceptions, how each
arises, and how each is processed.

RESET. The reset input provides the highest exception
level. The processing of the reset signal is designed for
system initiation, and recovery from catastrophic failure.
Any processing in progress at the time of the reset is
aborted and cannot be recovered. The processor is forced
into the supervisor state, and the trace state is forced off.
The processor interrupt priority mask is set at level seven.
The vector number is internally generated to reference the
reset exception vector at location O in the supervisor
program space. Because no assumptions can be made
about the validity of register contents, in particular the
supervisor stack pointer, neither the program counter nor
the status register is saved. The address contained in the
first two words of the reset exception vector is fetched as the
initial supervisor stack pointer, and the address in the last
two words of the reset exception vector is fetched as the
initial program counter. Finally, instruction execution is
started at the address in the program counter. The power-
up/restart code should be pointed to by the initial program
counter.

The RESET instruction does not cause loading of the reset
vector, but does assert the reset line to reset external
devices. This allows the software to reset the system to a
known state and then continue processing with the next
instruction.

INTERRUPTS. Seven levels of interrupt priorities are
provided. Devices may be chained externally within
interrupt priority levels, allowing an unlimited number of
peripheral devices to interrupt the processor. Interrupt
priority levels are numbered from one to seven, level seven
being the highest priorty. The status register contains a
three-bit mask which indicates the current processor
priority, and interrupts are inhibited for all priority levels less
than or equal to the current processor priority.

An interrupt request is made to the processor by encoding
the interrupt request level on the interrupt request lines; a
zero' indicates no interrupt request. Interrupt requests
arriving at the processor do not force immediate exception
processing, but are made pending. Pending interrupts are
detected between instruction executions. If the priority of
the pending interrupt is lower than or equal to the current
processor priority, -execution continues with the next
instruction and the interrupt exception processing is
postponed. (The recognition of level seven is slightly
different, as explained in a following paragraph.)

If the priority of the pending interrupt is greater than the
current processor priority, the exception processing
sequence is started. First a copy of the status register is
saved, and the privilege state is set to supervisor, tracing is
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suppressed, and the processor priority level is set to the
level of the interrupt being acknowledged. The processor
fetches the vector number from the interrupting device,
classifying the reference as an interrupt acknowledge and
displaying the level number of the interrupt being
acknowledged on the address bus. If external logic requests
an automatic vectoring, the processor internally generates
a vector number which is determined by the interrupt level
number. If external logic indicates a bus error, the interrupt
is taken to be spurious, and the generated vector number
references the spurious interrupt vector. The processor
then proceeds with the usual exception processing, saving
the program counter and status register on the supervisor
stack. The saved value of the program counter is the address
of the instruction which would have been executed had the
interrupt not been present. The content of the interrupt
vector whose vector number was previously obtained is
fetched and loaded into the program counter, and normal
instruction execution commences in the interrupt handling
routine. A flow chart for the interrupt acknowledge
sequence is given in Figure 27; a timing diagram is given in
Figure 28.

Priority level seven is a special case. Level seven interrupts

INTERRUPT ACKNOWLEDGE SEQUENCE
FLOW CHART

Figure 27
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2) Place interrupt level on A1, A2, A3
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4) Set function code to interrupt acknowledge
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INTERRUPT ACKNOWLEDGE SEQUENCE TIMING DIAGRAM

Figure 28

N
LAST BUS CYCLE OF INSTRUCTION STACK

IACK CYCLE STACK AND

(READ OR WRITE) PCL |
l<————->l<—(ssp;AI:

(VECTOR NUMBER ACQUISITION) | VECTOR FETCH |
> >

cannot be inhibited by the interrupt priority mask, thus
providing a ““non-maskable interrupt” capability. An
interrupt is generated each time the interrupt request level
changes from some lower level to level seven. Note that a
level seven interrupt may still be caused by the level
comparison if the request level is a seven and the processor
priority is set to a lower level by an instruction.

UNINITIALIZED INTERRUPT. An interrupting device
asserts VPA or provides an interrupt vector during an
interrupt acknowledge cycle to the MK6800O0. If the vector
register has not been initialized, the responding MK68000
Family peripheral wiil provide vector 15,the uninitialized
interrupt vector. This provides a uniform way to recover
from a programming error.

SPURIOUS INTERRUPT. If during the interrupt acknow-
ledge cycle no device responds by asserting DTACK or VPA,
the bus error line should be asserted to terminate the vector
acquisition. The processor separates the processing of this
error from bus error by fetching the spurious interrupt
vector instead of the bus error vector. The processor then
proceeds with the usual exception processing.

INSTRUCTION TRAPS. Traps are exceptions caused by
instructions. They arise either from processor recognition of
abnormal conditions during instruction execution, or from
use of instructions whose normal behavior is trapping.

Some instructions are used specifically to generate traps.
The TRAP instruction always forces an exception, and is
useful for implementing system calls for user programs.
The TRAPV and CHK instructions force an exception if the
user program detects a runtime error, which may be an
arithmetic overflow or a subscript out of bounds.

The signed divide (DIVS) and unsigned divide (DIVU)
instructions will force an exception if a division operation is
attempted with a divisor of zero.

ILLEGAL AND UNIMPLEMENTED INSTRUCTIONS.
lllegal instruction is the term used to refer to any of the word
bit patterns which are not the bit pattern of the first word of a
legal instruction. During instruction execution, if such an
instruction is fetched, an illegal instruction exception
occurs.

Word patterns with bits 15 through 12 equaling 1010 or
1111 are distinguished as unimplemented instructions and
separate exception vectors are given to these patterns to
permit efficient emulation. This facility allows the operating
system to detect program errors, or to emulate unimple-
mented instructions in software.

PRIVILEGE VIOLATIONS. In order to provide system
security, various instructions are privileged. An attempt to
execute one of the privileged instructions while in the user
state will cause an exception. The privileged instructions
are:

STOP AND (word) Immediate to SR
RESET EOR (word) Immediate to SR
RTE OR (word) Immediate to SR
MOVE to SR MOVE USP

TRACING. To aid in program development, the MK68000
includes a facility to allow instruction by instruction tracing.
In the trace state, after each instruction is executed an
exception is forced, allowing a debugging program to
monitor the execution of the program under test.
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The trace facility uses the T-bit in the supervisor portion of
the status register.- If the T-bit is negated (off), tracing is
disabled, and instruction execution proceeds from instruc-
tion to instruction as normal. If the T-bit is asserted (on) at
the beginning of the execution of an instruction, a trace
exception will be generated after the execution of that
instruction is completed. If the instruction is not executed,
either because an interrupt is taken, or the instruction is
illegal or privileged, the trace exception does not occur. The
trace exception also does not occur if the instruction is
aborted by a reset, bus error, or address error exception. If
the instruction is indeed executed and an interrupt is
pending on completion, the trace exception is processed
before the interrupt exception. If, during the execution of the
instruction, an exception is forced by that instruction, the
forced exception is processed before the trace exception.

As an extreme illustration of the above rules, consider the
arrival of an interrupt during the execution of a TRAP
instruction while tracing is enabled. First the trap exception
is processed, then the trace exception, and finally the
interrupt exception. Instruction execution resumes in the
interrupt handler routine.

BUS ERROR. Bus error exceptions occur when the
external logic requests that a bus error be processed by an
exception. The current bus cycle which the processor is
making is then aborted. Whether the processor was doing
instruction or exception processing, that processing is
terminated, and the processor immediately begins
exception processing.

Exception processing for bus error follows the usual
sequence of steps. The status register is copied, the
supervisor state is entered, and the trace state is turned off.
The vector number is generated to refer to the bus error
vector. Since the processor was not between instructions
when the bus error exception request was made, the
context of the processor is more detailed. To save more of
this context, additional information is saved on the
supervisor stack. The program counter and the copy of the

status register are of course saved. The value saved for the
program counter is advanced by some amount, two to ten
bytes beyond the address of the first word of the instruction
which made the reference causing the bus error. If the bus
error occurred during the fetch of the next instruction, the
saved program counter has a value in the vicinity of the
current instruction, even if the current instruction is a
branch, a jump, or a return instruction. Besides the usual
information, the processor saves its internal copy of the first
word of the instruction being processed and the address
which was being accessed by the aborted bus cycle.
Specific information about the access is also saved whether
it was a read or a write, whether the processor was
processing an instruction or not, and the classification
displayed on the function code outputs when the bus error
occurred. The processor is processing an instruction if it is in
the normal state or processing a Group 2 exception; the
processor is not processing an instruction if it is processing
a Group O or a Group 1 exception. Figure 29 illustrates how
this information is organized on the supervisor stack.
Although this information is not sufficient in general to
effect full recovery from the bus error, it does allow software
diagnosis. Finally, the processor commences instruction
processing at the address contained in the vector. It is the
responsibility of the error handler routine to clean up the
stack and determine where to continue execution.

If a bus error occurs during the exception processing for a
bus error, address error, or reset, the processor is halted,
and all processing ceases. This simplifies the detection of
catastrophic system failure, since the processor removes
itself from the system rather than destroy all memory
contents. Only the RESET pin can restart a halted processor.

ADDRESS ERROR. Address error exceptions occur when
the processor attempts to access a word or a long word
operand or an instruction at an odd address. The effect is
much like an internally generated bus error, so that the bus
cycle is aborted, and the processor ceases whatever
processing it is currently doing and begins exception
processing. After exception processing commences, the

SUPERVISOR STACK ORDER

Figure 29
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sequence is the same as that for bus error including the
information that is stacked, except that the vector number
refers to the address error vector instead. Likewise, if an
address error occurs during the exception processing for a
bus error, address error, or reset, the processor is halted.

INTERFACE WITH 6800 PERIPHERALS

To interface the synchronous 6800 peripherals with the
asynchronous MK68000, the processor modifies its bus
cycle to meet the 6800 cycle requirements whenever a
6800 device address is detected. This is possible since both
processors use memory mapped |/0. Figure 30 is a flow
chart of the interface operation between the processor and
6800 devices.

DATA TRANSFER OPERATION

Three signals on the processor provide the 6800 interface.
They are: enable (E), valid memory address (m), and valid
peripheral address (VPA). Enable corresponds to the E or ®2
signal in existing 6800 systems. It is the bus clock used by
the frequency clock that is one tenth of the incoming
MK68000 clock frequency. The timing of E allows 1 MHz
peripherals to be used with an 8 MHz MK68000. Enable
has a 60/40 duty cycle; that is, it is low for six input clocks
and high for four input clocks. This duty cycle allows the
processor to do successive VPA accesses on successive E
pulses.

6800 cycle timing is given in Figure 31. At state zero (SO) in
the cycle, the address bus and function codes are in the
high-impedance state. One half clock later, in state 1, the
address bus and function code outputs are released from
the high-impedance state.

During state 2, the address strobe (AS) is asserted to

6800 INTERFACING FLOW CHART

Figure 30
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indicate that there is a valid address on the address bus. If
the bus cycle is a read cycle, the upper and/or lower data
strobes are also asserted in state 2. If the bus cycle is a write
cycle, the read/ write (R/W) signal is switched to low (write)
during state 2. One half clock later, in state 3, the write data
is placed on the data bus, and in state 4 the data strobes are
issued to indicate valid data on the data bus.

The processor now inserts wait states until it recognizes the
assertion of VPA. The VPA input signals the processor that
the address on the bus is the address of a 6800 device (or an
area reserved for 6800 devices) and that the bus should
conform to the ®2 transfer characteristics of the 6800 bus.
Valid peripheral address is derived by decoding the address
bus, conditioned by address strobe. .

After the recognition of VPA, the processor assures thatthe
Enable (E) is low, by waiting if necessary, and subsequently
asserts VMA. Valid memory address is then used as part of
the chip select equation of the peripheral. This ensures that
the 6800 peripherals are selected and deselected at the
correct time. The peripheral now runs its cycle during the
high portion of the E signal.

During a read cycle, the processor latches the peripheral
data in state 6. For all cycles, the processor negates the
address and data strobes one half clock cycle later in state 7
and the Enable signal goes low at this time. Another half
clock later, the address bus is put in the high-impedance
state. During a write cycle, the data bus is put in the high-
impedance state and the read/write signal is switched high
at this time: The peripheral logic must remove VPA within
one clock after address strobe is negated. DTACK should
not be asserted while VPA is asserted.

Figure 32 shows the timing required by 6800 peripherals,
the timing specified for the 6800, and the corresponding
timing for the MK68000. Notice that the MK68000 VMA is
active low, contrasted with the active high 6800 VMA. This
allows the processor to put its buses in the high-impedance
state on DMA requests without inadvertently selecting
peripherals.

INTERRUPT INTERFACE OPERATION

During an interrupt acknowledge cycle while the processor
is fetching the vector, if VPA is asserted, the MK6800O will
assert VMA and complete a normal 6800 read cycle as
shown in Figure 33. The processor will then use an
internally generated vector that is a function of the interrupt
being serviced. This process is known as autovectoring. The
seven- autovectors are vector numbers 25 through 31
(decimal).

This operates in the same fashion (but is not restricted to)
the 6800 interrupt sequence. The basic difference is that
there are six normal interrupt vectors and one NMI type
vector. As with both the 6800 and the MK68000's normal
vectored interrupt, the interrupt service routine can be
located anywhere in the address space. This is due to the

fact that while the vector numbers are fixed, the contents of
the vector table entries are assigned by the user.

Since VMA is asserted during autovectoring, the 6800
peripheral address decoding should prevent unintended
accesses.

INSTRUCTION SET

The following paragraphs provide information about the
addressing categories and instruction set of the MK68000.

ADDRESSING CATEGORIES

Effective address modes may be categorized by the ways in
which they may be used. The following classifications will
be used in the instruction definitions.

Data If an effective address mode may be used to
refer to data operands, it is considered a data
addressing effective address mode.

If an effective address mode may be used to
“refer to memory operands, it is considered a
memory addressing effective address mode.
If an effective address mode may be used to
refer to alterable (writeable) operands, it is
considered an alterable addressing effective
address mode.

If an effective address mode may be used to
refer to memory operands without an assoc-
iated size, it is considered a control addressing
effective address mode. '

Memory

Alterable

Control

Table 22 shows the various categories to which each of the
effective address modes belong. Table 23 is the instruction
set summary.

The status register addressing mode is not permitted unless
it is explicitly mentioned as a legal addressing mode.

These categories may be combined, so that additional, more
restrictive, classifications may be defined. For example, the
instruction descriptions use such classifications as
alterable memory or data alterable. The former refers to
those addressing modes which are both alterable and
memory addresses, and the latter refers to addressing
modes which are both data and alterable.

INSTRUCTION PRE-FETCH

The MK68000 uses a 2-word tightly-coupled instruction
prefetch mechanism to enhance performance. This
mechanism is described in terms of the microcode
operations involved. If the execution of an instruction is
defined to begin when the microroutine for that instruction
is entered, some features of the prefetch mechanism can be
described.

1) When execution of an instruction begins, the operation
word and the word following have already been
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AUTOVECTOR OPERATION TIMING DIAGRAM

Figure 33
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EFFECTIVE ADDRESSING MODE CATEGORIES

Table 22
Effective
Address Addressing Categories
Modes Mode Register Data Memory Control Alterable
Dn 000 register number X - - X
An 001 register number - - - X
An@ 010 register number X X X X
An@+ o1 register number X X - X
An@- 100 register number X X - X
An@(d) 101 register number X X X X
An@(d, ix) 110 register number X X X X
xxx.W 11 000 X X X X
xxx.L 11 001 X X X X
PC@(d) 11 010 X X X -
PC@(d, ix) 111 omn X X X -
H#xxx 111 100 X X - -
INSTRUCTION SET
Table 23
Condition
Mnemonic Description Operation Codes
X|NjzZ|V|C
ABCD Add Decimal with Extend (Destination); *+(Source);, — Destination *TUj*|u|*
ADD Add Binary (Destination)+(Source) — Destination ol Il Bl R
* affected O cleared U defined - unaffected 1 set [ 1= bit number
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INSTRUCTION SET (CONTINUED)

Table 23
. Condition
Mnemonic  |Description Operation Codes
X|N|Z|V|C
ADDA Add Address (Destination)+(Source) — Destination =|=1-1-1-
ADDI Add Immediate (Destination)+|mmediaté Data — Destination ol Bl I Al
ADDQ Add Quick (Destination)+Immediate Data — Destination o el B
ADDX Add Extended (Destination)+(Source)+ X — Destination LELE
AND AND Logical (Destination) A (Source) — Destination -{*1*|0|O
ANDI AND Immediate (Destination) A Immediate Data — Destination -{*{*10|0
ASL, ASR Arithmetic Shift (Destination) Shifted by <count> — Destination | *|[*|* [* [*
Bec Branch Conditionally If cc then PC+d — PC -1=l-1-1-
~ (<bit number>) OF Destination — Z
BCHG Test a Bit and Change ~ (<bit number>) OF Destination — -{={*1-1-
<bit number> OF Destination
"~ (<bit number>) OF Destination — Z
BCLR Test a Bit and Clear 0 — <bit number> — OF Destination - =1*1-1-
BRA Branch Always PC+d—PC e e e
~ (<bit number>) OF Destination — Z
BSET Test a Bit and Set 1 — <bit number> OF Destination -|=1*1-1]-
BSR Branch to Subroutine PC — SP@ —; PC+d — PC -l1=-1-1-1-
BTST Test a Bit ~ (<bit number>) OF Destination — Z - =1*-1{-
CHK Check Register against Bounds If Dn <O or Dn> (<ea>) then TRAP -1*|UU (U
CLR Clear an Operand O — Destination -10|1(0]|0
CMP Compare (Destination) - (Source) — R
CMPA Compare Address (Destination) - (Source) - *L e
CMPI Compare Immediate (Destination) - Immediate Data S el
CMPM Compare Memory - (Destination) — (Source) = * R
DBcc Test Condition, Decrement and Branch| If ~ - then Dn - 1 — Dn; if Dn # - 1 then -1=1-1-1-
PC+d—PC
DIVS Signed Divide (Destination)/(Source) — Destination - *[**]|0
DIVU Unsigned Divide (Destination)/(Source) — Destination -|*]1*|*10
EOR Exclusive OR Logical (Destination) @ (Source) — Destination -1*/*]10|0
EORI Exclusive OR Immediate (Destination) @ Immediate Data — Destination -1*!1*l0|0
EXG. Exchange Register Rx — Ry --1-1-1-
EXT Sign Extend (Destination) Sign-extended — Destination -1*{*f{o|0
JMP Jump Destination — PC -|-t=-1-1-
* affected O cleared U defined - unaffected 1 set [ 1= bit number
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INSTRUCTION SET (CONTINUED)

Table 23
Condition

Mnemonic Description Operation Codes

X|Njz{Vv|C
JSR Jump to Subroutine PC — SP@ -; Destination — PC ~f=1-1-1-
LEA Load Effective Address Destination — An -1=-1-1-1-
LINK Link and Allocate An — SP@ —; SP — An; SP +d — SP -1-1-1-1-
LSL, LSR Logical Shift (Destination) Shifted by <count> — Destination | *| *|*|0| *
MOVE Move Data from Source to Destination | (Source) — Destination -1 *|*{0l0
MOVE to CCR | Move to Condition Code (Source) — CCR bl el Bl Bl
MOVE to SR | Move to the Status Register (Source) — SR R
MOVE from Move from the Status Register SR — Destination -1-1-1-1-

SR
MOVE USP Move User Stack Pointer USP — An, An — USP -l -1-1-1-
MOVEA Move Address (Source) — Destination -{=1-1-1-
Registers — Destination

MOVEM Move Multiple Registers (Source) — Registers -1-1{-1-1-
MOVEP Move Peripheral Data (Source) — Destination --1-1-1-
MOVEQ Move Quick Immediate Data — Destination -1 *1*{0]0
MULS Signed Multiply (Destination)* (Source) — Destination -1 *1*{0|0
MULU Unsigned Multiply (Destination)* (Source) — Destination -{*{*]10|0
NBCD Negate Decimal with Extend O - (Destination); 5 - X — Destination *TUp*jul*
NEG Negate 0 - (Destination) — Destination ol el el B
NEGX Negate with Extend 0 - (Destination) - X — Destination ol Bl el R
NOP No Operation - —|=1-1-1-
NOT Logical Complement ~ (Destination) — Destination -1*[*10|0
OR Inclusive OR Logical (Destination) v (Source) — Destination -1 *1*{0|0
ORI Inclusive OR Immediate (Destination) v Immediate Data — Destination -1*]*{0]0
PEA Push Effective Address Destination — SP@ - B el el e
RESET Reset External Devices - -1-1-i-1-
ROL, ROR Rotate (Without Extend) (Destination) Rotated by <<count> — Destination | —=| * | *|O|*
ROXL, ROXR | Rotate with Extend (Destination) Rotated by <count> — Destination | * | *|* 0| *
RTE Return from Exception SP@ - — SR, SP@ + — PC ol Bl Il B
RTR Return and Restore Condition Codes |SP@ + — CC; SP@ + — PC ol I B
RTS Return from Subroutine SP@ + — PC -1-1-1-1-
» * affected O cleared U defined - unaffected 1 set [ 1 bit number
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INSTRUCTION SET (CONTINUED)

Table 23
[ Condition
Mnemonic Description Operation Codes
XIN|Z|ViC
SBCD Subtract Decimal with Extend (Destination);q - (Source); o - X — Destination *[Ul * Ul
Sce Set According to Condition If cc then 1°s— Destination else 0’s— Destination |-| - |- |- |-
STOP Load Status Register and Stop Immediate Data — SR; STOP bl Il B Bl
SuB Subtract Binary (Destination) - (Source) — Destination ol e Bl el
SUBA Subtract Address (Destination) - (Source) — Destination --1-1-1{-
SuBI Subtract Immediate (Destination) - Immediate Data — Destination bl Bl Bl Bl
SuBQ Subtract Quick (Destination) - Immediate Data — Destination bl Il I B
SUBX Subtract with Extend (Destination) - (Source) - X — Destination bl Bl Bl Bl
SWAP Swap Register Halves Register [31:16] — Register [15:0] - *[*10]0
TAS Test and Set an Operand (Destination) Tested — CC; 1 — [7] OF Destination|-| *| * {00
TRAP Trap PC — SSP@ -; SR — SSP@ -; (Vector) — PC -1-1-1-1-
TRAPV Trap on Overflow If V then TRAP -1-1-1-1-
TST Test an Operand (Destination) Tested — CC - *1*]0[0
UNLK Unlink An — SP; SP@ + — An -1-1-1-1-
* affected O cleared U defined - unaffected 1 set [ 1= bit number

fetched. The operation word is in the instruction
decoder.

2) In the case of multi-word instructions, as each
additional word of the instruction is used internally, a
fetch is made to the instruction stream to replace it.

3) The last fetch from the instruction stream is made
when the operation word is discarded and decoding is
started on the next instruction.
If the instruction is a single-word instruction causing a
branch, the second word is not used. But because this
word is fetched by the preceding instruction, it is
impossible to avoid this superfluous fetch. In the case of
an interrupt or trace exception, both words are not
used.

5) The program counter usually points to the last word
fetched from the instruction stream.

4

-

INSTRUCTION EXECUTION TIMES

The following paragraphs contain listings of the instruction
execution times in terms of external clock (CLK) periods. In
this timing data, it is assumed that the memory cycle time is
4 clock periods. Any wait states caused by a longer memory
cycle must be added to the total instruction time. The
number of bus read and write cycles for each instruction is
also included with the timing data. This data is enclosed in

parenthesis following the execution periods and is shown
as: (r/w) where r is the number of read cycles and w is the
number of write cycles.

NOTE

The number of periods includes instruction fetch and all
applicable operand fetches and stores.

EFFECTIVE ADDRESS OPERAND CALCULATION
TIMING

Table 24 lists the number of clock periods required to
compute an instruction’s effective address. it includes
fetching of any extension words, the address computation,
and fetching of the memory operand. The number of bus
read and write cycles is shown in parenthesis as (r/w). Note
there are no write cycles involved in processing the effective
address.

MOVE INSTRUCTION CLOCK PERIODS

Tables 25 and 26 indicate the number of clock periods for
the move instruction. This data includes instruction fetch,
operand reads, and operand writes. The number of bus read
and write cycles is shown in parenthesis as: (r/w).
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STANDARD INSTRUCTION CLOCK PERIODS

The number of clock periods shown in Table 27 indicates
the time required to perform the operations, store the
results, and read the next instruction. The number of bus
read and write cycles is shown in parenthesis as: (r/w). The
number of clock periods plus the number of read and write
cycles must be added to those of the effective address
calculation where indicated.

In Table 27, the headings have the following meanings. An

= address register operand, Dn = data register operand, ea
= an operand specified by an effective address, and M =
memory effective address operand.

IMMEDIATE INSTRUCTION CLOCK PERIODS

The number of clock periods shown in Table 28 includes the
time to fetch immediate operands, perform the operations,
store the results, and read the next operation. The number
of bus read and write cycles is shown in parenthesis as:
(r/w). The number of clock periods plus the number of read

EFFECTIVE ADDRESS CALCULATION TIMING
Table 24

Addressing Mode Byte, Word Long
Register
Dn Data Register Direct 0(0/0) 0(0/0)
An Address Register Direct 0(0/0) 0(0/0)
Memory
An@ Address Register Indirect 4(1/0) 8(2/0)
An@+ Address Register Indirect with Postincrement 4(1/0) 8(2/0)
An@ - Address Register Indirect with Predecrement 6(1/0) 10(2/0)
An@(d) Address Register Indirect with Displacement 8(2/0) 12(370)
An@ (d, ix)* Address Register Indirect with Index 10(2/70) 14(3/0)
xxx.W Absolute Short 8(2/0) 12(3/0)
xxx.L Absolute Long 12(3/0) 16(4/0)
PC@ (d) Program Counter with Displacement 8(2/0) 12(3/0)
PC@ (d, ix)* Program Counter with Index 10(2/0) 14(3/0)
H#xxx Immediate 4(1/0) 8(2/0)
*The size of the index register (ix) does not affect execution time.
MOVE BYTE AND WORD INSTRUCTION CLOCK PERIODS
Table 25
Destination
Source Dn An An@ An@+ An@- | An@(d)| An@(d,ix)*| xxx.W xxx.L
Dn 4(1/0) 4(1/0) 8(1/1) 8(1/1) 8(1/1) | 12(2/1) 14(2/1) | 12(2/1)| 16(3/1)
An 4(1/0) 4(1/0) 8(1/1) 8(1/1) 8(1/1) | 122/1) 14(2/1) | 12(2/1)| 16(3/1)
An@ 8(2/0) 8(2/0) | 12(2/1) | 122/1)| 12(2/1)| 16(3/1)] 18(3/1) | 16(3/1)| 20(4/1)
An@+ 8(2/0) 8(2/0) 12(271) | 12(2/1)| 12(2/1)} 16(3/1) 18(3/1) 16(371)| 20(4/1)
An@- 10(2/70) | 10(270)| 14(2/1) | 142/1)| 142/1)] 18(3/1)] 20(3/1) | 18(3/1)| 22(4/1)
An@(d) 12(370) | 12(3/0)| 16(3/1) | 16(3/1)| 16(3/1)| 20(4/1)| 22(4/1) | 20(4/1)| 24(5/1)
An@(d, ix)* 14(3/0) | 14(3/0)| 18(3/1) | 18(3/1)| 18(3/1)| 22(4/1)] 24(4/1) | 22(4/1)| 26(5/1)
xxx.W 12(3/0) | 12(3/0)| 16(3/1) | 16(3/1)| 16(3/1)| 20(4/1)| 22(4/1) | 20(4/1)| 24(5/1)
xxx.L 16(4/0) | 16(4/0)| 20(4/1)| 20(4/1)| 20(4/1){ 24(5/1) 26(5/1) 24(5/1)| 28(6/1)
PC@(d) 12(370) | 12(3/0)| 16(3/1) | 16(3/1)| 16(3/1)| 20(4/1)| 22(4/1) | 20(4/1)| 24(5/1)
PC@(d, ix)* 14(3/0) | 14(3/0)| 18(3/1) | 18(3/1)| 18(3/1)| 22(4/1)| 24(4/1) | 22(4/1)| 26(5/1)
H#xxx 8(2/0) 8(2/0) | 12(2/1) | 12(2/1)| 12(2/1)| 16(3/1) 18(3/1) | 16(3/1)| 20(4/1)

*The size of the index register (ix) does not affect execution time.
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MOVE LONG INSTRUCTION CLOCK PERIODS

Table 26
Destination
Source Dn An An@ An@+ An@- An@(d) | An@(d,ix)*| xxx.W xxx.L
Dn 4(1/0) 41/0) | 12(1/72) | 12(1/2) | 14(1/2) | 16(2/2)| 18(272) | 16(2/2) | 20(3/2)
An 4(1/0) 41/0) | 12(1/2) | 12(1/2) | 14(1/2) | 16(2/2)| 18(2/2) | 16(2/2) | 20(3/2)
An@ 12(3/0) | 12(3/0) | 20(3/2) | 20(3/2) | 20(3/2) | 24(4/2)| 26(4/2) | 24(4/2) | 28(5/2)
An@+ 12(3/0) | 12(3/0) | 20(3/2) | 20(3/2) | 20(3/2) | 24(4/6)| 26(4/2) | 24(4/2) | 28(5/2)
An@- 14(3/0) | 14(3/0) | 22(3/2) | 22(3/2) | 22(3/2) | 26(4/2)| 28(4/2) | 26(4/2) | 30(5/2)
An@(d) 16(4/0) | 16(4/0) | 24(4/2) | 24(4/2) | 24(4/2) | 28(5/2)| 30(5/2) | 28(5/2) | 32(6/2)
An@(d, ix)* 18(4/0) | 18(4/0) | 26(4/2) | 26(4/2) | 26(4/2) | 30(5/2)| 32(5/2) | 30(5/2) | 34(6/2)
xxx.W 16(4/0) | 16(4/0) | 24(4/2) | 24(4/2) | 24(4/2) | 28(5/2)| 30(5/2) | 28(5/2) | 32(6/2)
xxx.L 20(56/0) | 20(5/0)| 28(5/2) | 28(5/2) | 28(5/2) | 32(6/2)| 34(6/2) | 32(6/2) | 36(7/2)
PC@(d) 16(4/0) | 16(4/0) | 24(4/2) | 24(4/2) | 24(4/2) | 28(5/2)] 30(5/2) | 28(5/2) | 32(5/2)
PC@(d, ix)* 18(4/0) | 18(4/0) | 26(4/2) | 26(4/2) | 26(4/2) | 30(5/2)| 32(5/2) | 30(5/2) | 34(6/2)
H#xxx 12(3/0) | 12(3/0) | 20(3/2) | 20(3/2) | 20(3/2) | 24(4/2)| 26(4/2) | 24(4/2) | 28(5/2)
*The size of the index register (ix) does not affect execution time.
STANDARD INSTRUCTION CLOCK PERIODS
Table 27
Instruction Size op <ea>>, An op <ea>>, Dn op Dn, <M>
Byte, Word 8(1/0) + 4(1/0) + 8(1/1) +
ADD Long 6(1/0) +** 6(1/0) +** 12(1/2) +
Byte, Word - 41/0) + 8(1/1)+
AND Long - 6(1/0) +** 12(1/2)+
Byte, Word 6(1/0)+ 4(1/0) + -
CMP Long 6(1/0) + 6(1/0) + -
DIVS - - 158(1/0) +* -
DIVU - - 140(1/0) +* -
Byte, Word - 4(1/0)*** 8(1/1)+
EOR Long - 8(1/0)*** 12(1/2) +
MULS - - 70(1/0) +* -
MULU - - 70(1/0) +* -
Byte, Word - 4(1/0) + 8(1/1) +
OR Long - 6(1/0) +** 12(1/2) +
Byte, Word 8(1/0) + 4(1/0) + 8(1/1)+
SuUB Long 6(1/0) +** 6(1/0) +** 12(1/2) +

+ add effective address calculation time

* indicates maximum value

** total of 8 clock periods for instruction if the effective address is register direct

XX

only available effective address mode is data register direct

and write cycles must be added to those of the effective

address calculation where indicated.

memory operand, and An = address register operand.

SINGLE OPERAND INSTRUCTION CLOCK PERIODS
In Table 28, the headings have the following meanings: # =
immediate operand, Dn = data register operand, M =
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IMMEDIATE INSTRUCTION CLOCK PERIODS

Table 28
Instruction Size op #, Dn op#, M op #, An
Byte, Word 8(2/0) 12(2/1) + -
ADDI Long 16(3/0) 20(3/2) + -
Byte, Word 4(1/0) 8(1/1) + 8(1/0)*
ADDQ Long 8(1/0) 12(1/2) + 8(1/0)
Byte, Word 8(2/0) 12(2/1) + -
ANDI Long 16(3/0) 20(3/1) + -
Byte, Word 8(2/0) 8(2/0) + 8(2/0)
CMPI Long 14(3/0) 12(3/0) + 14(3/0)
Byte, Word 8(2/0) 12(2/1) + -
EORI Long 16(3/0) 20(3/2) + -
MOVEQ Long 4(1/0) - -
Byte, Word 8(2/0) 12(2/1) + -
ORI Long 16(3/0) 20(3/2) + -
Byte, Word 8(2/0) 12(2/1) + -
SuBI Long 16(3/0) 20(3/2) + -
Byte, Word 4(1/0) 8(1/1) + 8(1/0)*
SuBQ Long 8(1/0) 12(1/2) + 8(1/0)

+ add effective address calculation time
*word only

SINGLE OPERAND INSTRUCTION CLOCK PERIODS

Table 29
Instruction Size Register Memory
Byte, Word 4(1/0) 8(1/1) +
CLR Long 6(1/0) 12(1/2) +
NBCD Byte 6(1/0) 8(1/1) +
Byte, Word 4(1/0) 8(1/1) +
NEG Long 6(1/0) 12(1/2) +
Byte, Word 4(1/0) 8(1/1) +
NEGX Long 6(1/0) 12(1/2) +
Byte, Word 4(1/0) 8(1/1)+
NOT Long 6(1/0) 12(1/2) +
Byte, False 4(1/0) 8(1/1) +
Sce Byte, True 6(1/0) 8(1/1) +
TAS Byte 4(1/0) 10(1/1) +
Byte, Word 4(1/0) 4(1/0)
TST Long 4(1/0) 4(1/0) +

+ add effective address calculation time

VI-41



SHIFT/ROTATE INSTRUCTION CLOCK PERIODS

Table 30
Instruction Size Register Memory
Byte, Word 6 + 2n(1/0) 8(1/1) +
ASR, ASL Long 8 + 2n(1/0) -
Byte, Word 6 + 2n(1/0) 8(1/1) +
LSR, LSL Long 8 + 2n(1/0) -
Byte, Word 6 + 2n(1/0) 8(1/1) +
ROR, ROL Long 8 + 2n(1/0) -
Byte, Word 6 + 2n(1/0) 8(1/1) +
ROXR, ROXL Long 8 + 2n(1/0) -
BIT MANIPULATION INSTRUCTION CLOCK PERIODS
Table 31
Dynamic Static
Instruction Size Register Memory Register Memory
Byte - 8(1/1)+ - 12(2/1)+
BCHG Long 8(1/0)* - 12(2/0)% -
Byte - 8(1/1)+ - 12(2/1)+
BCLR Long 10(1/0)* - 14(2/0)* -
Byte - 8(1/1)+ - 12(2/1)+
BSET Long 8(1/0)* - 12(2/0)* -
Byte - 4(1/0)+ - 8(2/0)+
BTST Long 6(1/0) - 10(2/0) -

+ add effective address calculation time
* indicates maximum value

CONDITIONAL INSTRUCTION CLOCK PERIODS

Table 32
Trap or Branch Trap or Branch
Instruction Displacement Taken Not Taken
Byte 10(2/0) 8(1/0)
Bec Word 10(2/0) 12(2/0)
Byte 10(2/0) -
BRA Word 10(2/0) -
Byte 18(2/2) -
BSR Word 18(2/2) -
CC true - 12(2/0)
DBcc CC false 10(2/0) 14(3/0)
CHK - 40(5/3)+ * 8(1/0)+
TRAP - 34(4/3) -
TRAPV - 34(5/3) 4(1/0)

+ add effective address calculation time
* indicates maximum value
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JMP, JSR, LEA, PEA, MOVEM INSTRUCTION CLOCK PERIODS

Table 33
Instr Size An@ An@+ | An@- | An@(d) |An@(d, ix)*] xxx.W xxx.L PC@(d) [PC@(d, ix)*
JMP - 8(2/0) - - 10(2/0) | 14(3/0) | 10(2/0) | 12(3/0) | 10(2/0) { 14(3/0)
JSR - 16(2/2) - - 18(2/2) | 22(2/2) | 18(2/2) | 20(3/2) | 18(2/2) | 22(2/2)
LEA - 4(1/0) - - 8(2/0) 12(2/0) 8(2/0) | 12(3/0) 8(2/0) | 12(2/0)
PEA - 12(1/2) - - 16(2/2) | 20(2/2) | 16(2/2) | 20(3/2) | 16(2/2) | 20(2/2)
12+4n [ 12+4n - 16+4n| 18+4n | 16+4n | 20+4n | 16+4n | 18+4n
MOVEM | Word | (3 +n/0)|(3 +n/0) - (4+n/0)| (4+n/0) |(4+n/0)|(5+n/0)|(4+n/0)| (4+n/0)
12+8n | 12+8n - 16+8n | 18+8n | 16+8n | 20+8n | 16+8n | 18+ 8n
M—R Long | (3 +2n/0)(3+2n/0)) - |4+ 2n/0)| (4 + 2n/0) |(4 + 2n/0)|(5 + 2n/0)|(4 + 2n/0)| (4 + 2n/0)
8 +5n - 8+6n|{12+56n| 14+56n | 12+5n | 16+ 5n - -
MOVEM | Word (2/n) - (2/n) (3/n) (3/n) (3/n) (4/n) - -
8+ 10n - 8+ 10n[12+10n| 14+ 10n [12+10n[ 16 + 10n - -
R—M Long (2/2n) - (2/2n)| (3/2n) (3/2n) (3/2n) (4/2n) - -

n is the number of registers to move

* is the size of the index register (ix) does not affect the instruction’s execution time

operand instructions. The number of bus read and write
cycles is shown in parenthesis as: (r/w). The number of
clock periods plus the number of read and write cycles must
be added to those of the effective address calculation where
indicated.

SHIFT/ROTATE INSTRUCTION CLOCK PERIODS

Table 30 indicates the number of clock periods for the shift
and rotate instructions. The number of bus read and write
cycles is shown in parenthesis as: (r/w). The number of
clock periods plus the number of read and write cycles must
be added to those of the effective address calculation where
indicated.

BIT MANIPULATION INSTRUCTION CLOCK PERIODS

Table 31 indicates the number of clock periods required for
the bit manipulation instructions. The number of bus read
and write cycles is shown in parenthesis as: (r/w). The
number of clock periods plus the number of read and write
cycles must be added to those of the effective address

calculation where indicated. Instruction Size opDn,Dn| opM, M
CONDITIONAL INSTRUCTION CLOCK PERIODS Byte, Word 4(1/0) 18(3/1)

ADDX Long 8(1/0) 30(5/2)
Table 32 indicates the number of clock periods required for
the conditional instructions. The number of bus read and Byte, Word - 12(3/0)
write cycles is indicated in parenthesis as: (r/w). The CMPM Long - 20(5/0)
number of clock periods plus the number of read and write
cycles must be added to those of the effective address SUBX Bytﬁ' nWord gﬂ;g; ;(a):gj;;
calculation where indicated. ong

1/ 18(3/1

JMP, JSR, LEA, PEA, MOVEM INSTRUCTION CLOCK ABCD Byte 81/0) (3/1)
PERIODS SBCD Byte 6(1/0) 18(3/1)

Table 33 indicates the number of clock periods required for

the jump, jump to subroutine, load effective address, push
effective address, and move multiple registers instructions.
The number of bus read and write cycles is shown in
parenthesis as: (r/w).

MULTI-PRECISION INSTRUCTION CLOCK PERIODS

Table 34 indicates the number of clock periods for the
multi-precision instructions. The number of clock periods
includes the time to fetch both operands, perform the
operations, store the results, and read the next instructions.
The number of read and write cycles is shown in
parenthesis as: (r/w).

In Table 34, the headings have the following meanings: Dn
= data register operand and M = memory operand.

MULTI-PRECISION INSTRUCTION CLOCK PERIODS
Table 34
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MISCELLANEOUS INSTRUCTION CLOCK PERIODS
Table 35

Instruction Size Register Memory Register Memory| Memory Register
MOVE from SR - 6(1/0) 8(1/1)+ - -
MOVE to CCR - 12(2/0) 12(2/0+ - -
MOVE to SR - 12(2/0) 12(2/0)+ - -
’ Word - - 18(2/2) 16(4/0)

MOVEP Long - - 24(2/4) 24(6/0)
EXG - 6(1/0) - -

Word 4(1/0) - - -
EXT Long 4(1/0) - - -
LINK - 16(2/2) - - -
MOVE from USP - 4(1/0) - - -
MOVE to USP - 4(1/0) - - -
NOP - 41/0) - - -
RESET - 132(1/0) ~ - -
RTE - 20(5/0) - - -
RTR - 20(5/0) - - -
RTS - 16(4/0) - - -
STOP - 4(0/0) - - -
SWAP - 4(1/0) - - -
UNLK - 12(3/0) - - _

+ add effective address calculation time

MISCELLANEOUS INSTRUCTION CLOCK PERIODS

Table 35 indicates the number of clock periods for the
following miscellaneous instructions. The number of bus
read and write cycles is shown in parenthesis as: (r/w). The
number of clock periods plus the number of read and write
cycles must be added to those of the effective address
calculation where indicated.

EXCEPTION PROCESSING CLOCK PERIODS

Table 36 indicates the number of clock periods for exception
processing. The number of clock periods includes the time for
ali stacking, the vector fetch, and the fetch of the first
instruction of the handler routine. The number of bus read
anc write cycles is shown in parenthesis as: (r/w).

EXCEPTION PROCESSING CLOCK PERIODS
Table 36

Exception Periods
Address Error 50(4/7)
Bus Error 50(4/7)
Interrupt 44(5/3)*
lllegal Instruction 34(4/3)
Privileged Instruction 34(4/3)
Trace 34(4/3)

*The interrupt acknowledge bus cycle is assumed to take
four external clock periods
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AC ELECTRICAL WAVEFORMS

Figure 34
These waveforms should only be referenced in regard to the edge-to-edge of the timing specifications. They are notintended asa
functional description of the input and output signals. Refer to other functional descriptions and their related diag for device op ion.
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NOTE 1: Setup time for the asynchronous inputs BERR, BGACK, BR, NOTE 2: Waveform measurements for all inputs and oufputs are
DTACK, IPLO-IPL2, and VPA guarantees their recognition at the next specified at: logic high = 2.0 volts, logic low = 0.8 volts.
falling edge of the clock. ’ ’
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'AC ELECTRICAL SPECIFICATIONS

(Ve = 5.0 Vdc + 5%; Vgg = 0 Vdc; T, = 0°C to 70°C, Figure 31)

4MHz | 6MHz | 8MHz | 10MH:z
No. | Characteristic Symbol | MK68000-4/MK68000-6|MK68000-8]MK68000-10| Unit
. Min | Max | Min [ Max | Min [ Max | Min | Max
1 | Clock Period toe | 250 500 | 167 | 500 | 125| 500 | 100 | 500 | ns
2 | Clock Width Low to. | 115|250 | 75 | 250 | 55 | 250 | 45 | 250 | ns
3 | Clock Width High tey | 115| 250| 75 | 250 | 55 | 250 | 45 | 260 | ns
4 | Clock Fall Time tos -1 -|10|-]10]|-1]1 |ns
5 | Clock Rise Time ter - 10 - 10 - 10 - 10 ns
6 | Clock Low to Address toLav - 920 - 80 - 70 - 55 ns
6A | Clock High to FC Valid tCHFCV - 90 - 80 - 70 - 60 ns
7 | Clock High to Address/Data teHAZx - | 120 - | 100 | - 80 - 70 ns
High Impedance (maximum)
8 | Clock High to Address/FC teHAZN 0 - (o] - [¢] - 0 - ns
Invalid (minimum)
9' | Clock High toAS, DS Low teusx | - | 80| - | 70| - | 60| - | 585 | ns
(maximum)
10 | Clock High to AS, DS Low tewstn | O - | O] - | O] -] o0} - ns
(minimum)
112 | Address to AS, DS tavs, | 55| - | 3| - | 3| - [ 20| - ns
(read) Low/AS Write
11A2| FC valid to AS, DS tcvs. | 80| - | 70| - | 60| - | 50| - s
(read) Low/AS Write )
12 | Clock Low to AS, DS High toLsH -] 9| -| 8| -] 70| - | 55 ns
132 | AS, DS High to Address/FC tguaz | 60| - | 40| - [ 30| - | 20| - ns
Invalid
142 | AS, DS Width Low (read)/ tg, | 535| - [ 337 - |240| - |195| - ns
AS Write : '
14A2| DS Width Low (Write) - 285 - |170| - | 118 - | 95| - ns
152 | AS, DS Width High tgy | 285| - | 180| - |150| - |105| - ns
16 | Clock High to AS, DS High teusz | - | 120 - | 100| - | 80| - | 70 | ns
Impedance
172 | DS High to R/W High tguay | 60| - [ 50| - | 40| - | 20| - ns
18" | Clock High to R/W High (maximum) | touaux | - | 90| - | 80| - | 70| - | 60 | ns
19 | Clock High to R/W High (minimum) | teyaun | O | - | O - | O - | o | - ns
20' | Clock High to R/W Low tewrL | - | 90| - | 8| -] 70| -] 60 | ns
212 | Address/Valid to R/W Low tavRL 45 - 25 - 20 - 0 - ns
21A2| FC Valid to R/W Low ttevn. | 80| - | 70| - | 60| - | 50| - ns
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AC ELECTRICAL SPECIFICATIONS (Continued)
(Ve = 5.0 Vde + 5%; Vgg = 0 Vdc; T, = 0°C to 70°C, Figure 31)

4MHz | 6MHz | 8MHz | 10MHz
No. | Characteristic Symbol | MK68000-4|MK68000-6/MK68000-8|MK68000-10|  Unit
Min [ Max | Min | Max | Min| Max | Min | Max
222 | R/W Low to DS Low (write) taige | 200 - | 140 - 80 - 50 - ns
23 | Clock Low to Data Out Valid tewbo - 920 - 80 - 70 - 55 ns
24 | Clock High to R/W, VMA High tewmz | - | 120 - |100| -| 8| - |70 | ns
Impedance
252 | DS High to Data Out Invalid tgwpo | 60| - | 40| - | 30| - [20 ]| - ns
262 | Data Out Valid to DS Low (write) thosL 55 - 35 - 30 - 20 - ns
275 | Data In to Clock Low (set up time) toicL 30 - 25 - 15 - 15 - ns
282 | DS High to DTACK High tgupan| O | 240| O | 160 0 | 120 O | 90 | ns
29 | DS High to Data Invalid (hold time) gy | O - | O} - | O -] 0] - ns
30 | ‘AS, DS High to BERR High tgugen| O| - | O -] O] -] 0| - ns
3125| DTACK Low to Data In (setup time) | tpap | - | 180| - [ 120 - | 90 | - | 65 ns
32 | HALT and RESET Input Transition Rk 0| 200| 0 |200| 0| 20| 0 [200 | ns
Time
33 | Clock High to BG Low twg | - | 90| - | 8| -| 70| - | 60 | ns
34 | Clock High to BG High towgu | - | 9| - | 8| - | 70| - | 60 ns
35 | BR Low to BG Low tgagL | 15| 30| 15|30} 15/ 30| 15|30 |
36 | BR High to BG High tgrugu | 15| 30| 15| 30| 15| 30| 15 | 30 | Sk
37 | BGACK Low to BG High tgagn| 15| 30| 15| 30| 15| 30|15 |30 | o
38 | BG Low to Bus High Impedance toz - {120 - [ 100| - | 80| - | 70 ns
(with AS high)
39 | BG Width High tew | 15| - | 15| - | 15| - |15 ] - |Gk
40 | Clock Low to VMA Low teLvmL - 90 - 80 - 70 - 70 ns
41 | Clock Low to E Transition tele - | 100 | - 85 - 70 - 55 ns
42 | E Output Rise and Fall Time te - 25 - 25 - 25 - 25 ns
43 | VMA Low to E High tymen | 325| - | 240| - | 200| - |150| - ns
44 | AS, DS High to VPA High tgqvpy | O | 240 O [ 160 O | 120 O | 90 | ns
45 | E Low to Address/VMA/FC teLal 55| - | 3| - ]3| - |10]| - ns
Invalid
46 | BGACK Width g | 15| - | 15| - | 18| - | 15| - | Sk
47 | Asynchronous Input Setup Time tas) 30 - 25 - 20 - 20 - ns
48 | BERR Low to DTACK Low tgepa| 50| - | 50| - | 50| - | 50 | - ns
49 | ELowto AS, DS Invalid | teg | 80| - | 80| - | 80| - |-80| - ns




AC ELECTRICAL SPECIFICATIONS (Continued)

(Vee = 5.0 Vde £ 6%; Vgg = 0 Vdc; T, = 0°C to 70°C, Figure 31)

4MHz | 6MHz 8 MHz 10 MHz
No. | Characteristic Symbol | MK68000-4|MK68000-6/MK68000-8|MK68000-10| Unit
Min | Max | Min | Max | Min | Max [ Min | Max

50 | E Width High ten 900 - 600 | - 450 | - 350 | - ns
51 | E Width Low teL 1400| - 900 | - |700 - 550 | - ns
52 | E Extended Rise Time tolEHX 80 - 80 - 80 - 80 - ns
53 | Data Hold from Clock High teHDO (o] - (0} - (o] - (o] - ns
54 | Data Hold from E Low (Write) te Doz 60 - 40 - 30 - 20 - ns
55 | R/W to Data bus Impedance change trLDO 55 - 35 - 30 - 20 - ns
56 | Halt/RESET Pulse Width (Note 4) thrRPW 10 - 10 - 10 - 10 - &Iekr.

NOTES:

1. For aloading capacitance of less than or equal to 50 picofarads, subtract 5 4. After Vo has been applied for 100 ms.

nanoseconds from the values given in these columns.
Actual value depends on actual clock period.
If #47 is satisfied for both DTACK and BERR, #48 may be O ns.

2.
3.

o

. Ifthe asynchronous setup time (#47) requirements are satisfied, the DTACK

low-to-data setup time (#31) requirement can be ignored. The data must
only satisfy the data-in to clock-low setup time (#27) for the following cycle.

AC ELECTRICAL WAVEFORMS - BUS ARBITRATION
Figure 35 )

iy S Y S
L \
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These waveforms should only be referenced in regard to the edge-to-edge measurement of the timing specifications. They are notintended as a
functional de;cription of the input and output signals. Refer to other functional descriptions and their related diagrams for device operation.

RESET TEST LOAD 'HALT TEST LOAD
Figure 36 Figure 37
+5 Vdc +5Vde
9100 290
RESET HALT
130 pF 70 pF

.||__|
i

TEST LOADS
Figure 38 +5 Vde
R* =740 O
TEST MMD6150

POINT OR EQUIVALENT

MMD7000
OR EQUIVALENT

=130 pF
'ncludes all Parasitics)
R_=6.0kQ for__
AS, A1-A23, BG, DO-D15, E
FCO-FC2, LDS, R/W, UDS, VMA
*R = 1.22 k(2 for A1-A23, BG,
E, FCO-FC2

C
(

-
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DC ELECTRICAL CHARACTERISTICS
(Vee = 5.0 Vde & 5%; Vgg = 0 Vdc; T, = 0°C to 70°C, Figures 33, 34, 35)

Characteristic Symbol Min Max Unit

Input High Voltage Vi 20 Vee Vdc

Input Low Voltage Vi Vgg-0.3 08 Vdc

Input Leakage Current BERR, BGACK, BR, VPA,

@525V DTACK, CLOCK, IPLO-IPL2 [ - 25 nAdc
HALT, RESET - 20

Three-State (Off State) Input Current ~ AS, A1-A23, DO-D15,

@24V/04V FCO-FC2, LDS, s - 20 uAdc
R/W, UDS, VMA

Output High Voltage (lo = -400 pAdc) AS, A1-A23, BG,
DO-D15, E, FCO-FC2, Vou 24 - Vdc
LDS, R/W, UDS, VMA

E* Vec0.75
Output Low Voltage
(lo = 1.6mA) HALT - 05
(loL = 3.2mA) A1-A23, BG, E, FCO-FC2 - 05
(lo. = 5.0mA) RESET - Voo - 05 Vdc
(loL = 5.3mA) E, AS, DO-D15, LDS, R/W, - 05
uDS, VMA
Power Dissipation (Clock Frequency = Pp - 15wW W
8 MHz)
Capacitance (Package Type Dependent)
(Vin =0 Vdc; T, = 25°C;
Frequency = 1 MHz) Cn, - 100 pF
*with external pullup register of 470 Q
MAXIMUM RATINGS
Rating Symbol Value Unit
Supply Voltage Vee [-0.3to+7.0|Vde
Input Voltage Vin -0.3to +7.0| Vdc
Operating Temperature Ta 0to 70 °C
Storage Temperature T, -551t0 150 | °C

stg
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MK68000 ORDERING INFORMATION

PART PACKAGE MAX. CLOCK TEMPERATURE
NO. TYPE FREQUENCY RANGE
MK68000P-4 Ceramic 4.0 MHz
MK68000P-6 Ceramic 6.0 MHz
0° to 70°C
MK68000P-8 Ceramic 8.0 MHz
MK68000P-10 Ceramic 10.0 MHz
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MOSTEK.

ADVANCE INFORMATION

MICROCOMPUTER COMPONENTS

16-Bit Single-Chip Microcomputer

MK68200

FEATURES
O 16-bit high performance single-chip microcomputer

O 14 address and data registers
Eight 16-bit or sixteen 8-bit data registers
Six 16-bit address registers

0O Advanced 16-bit instruction set
Bit, byte, and word operands
9 Addressing modes
Byte and word BCD arithmetic

O High performance (6 MHz clock)
500 ns register-to-register move or add
3.5 us 16x16 multiply
4.0 us 32/16 divide

O 4K byte ROM (2K x 16)
O 256 byte RAM (128 x 16)

O Three 16-bit timers
Interval modes
Event modes
One-shot modes
Pulse and period measurement modes
Two input and two output pins

O Serial channel
Double buffered receive and transmit
Asynchronous to 250 Kbps
Synchronous to 1 Mbps
Address wake-up recognition and generation
Internal/external Baud rate generation

O Parallel 170
Up to 40 pins
Direction programmable by bit
8- or 16-bit ports with handshaking

O Interrupt controller
16 independent vectors
8 external interrupt sources
1 non-maskable interrupt
Individual interrupt masking
O Optional external bus
16-bit multiplexed address/data bus
Mask-programmable control bus options

MK68200 LOGICAL PIN OUT

Figure 1
[ 15 |iv0 170} 15
14 4
13 13
12 12
1 1
10 10
9 9
porT | 8 8 | “ORT
o 7 7 1
6 6 x12 |
EXTERNAL
5 5 X I |NTERRUPT
4 MK68200 4 xio
3 3 TCK ]
2 2 RCK | semiaL
1 1 so
L olvo volo st | _
Vee |1 o |15 Ta0
GND | |1 o|1aTeO
- L TIMERS
RESET | | 1 {13 TAl
cLkout | 0  [12Te PORT
ck1 | 1 1 |11 5TRH ] - 4
cikz2 | 1 1 |10sTRL | PpORTO
N | 1 0|9 RDvH | HANDSHAKE
MODE | 1 o|s RovL ] -

MK68000-compatible bus
General-purpose bus
Automatic bus request/grant arbitration

0O 6 MHz clock
Crystal or external TTL clock

O Single +5 volt power supply

O 48 pin DIP
INTRODUCTION

The MK68200 is the first of a new family of high-
performance 16-bit single-chip microcomputers from
Mostek. Implemented in Scaled Poly-5 NMQOS, it combines
a modern, comprehensive instruction set architecture with
extensive, flexible 1/0 capabilities. 4K Bytes of on-chip
ROM and 256 Bytes of on-chip RAM are provided within a
full 64K Byte Address Space, allowing for expansion in
future family members. In addition, the on-chip /0
capabilities will change and grow to meet the needs of the
marketplace.
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The MK68200 is designed to serve the needs of
microcomputer applications requiring high performance
and low cost, such as industrial control and instrumenta-
tion. High speed mathematical ability, rapid I/0 addressing
and interrupt response, and powerful bit manipulation
instructions provide the necessary tools for these
applications. Also, where multiple processors or distributed
intelligence is required, several MK68200 processors may
be interconnected by either a single serial channel or a
shared parallel bus as illustrated in Figure 2. The on-chip
resources such as ROM, RAM, and I/0 are accessed within
each MK68200 without affecting the utilization of the
shared bus so that only external communications.compete
for bus bandwidth.

DISTRIBUTED PROCESSING
Figure 2

PARALLEL
/N

>
MK68200 Q—J

SERIAL

MK68200 [w—)

MK68200 |et—a{ SERIAL MK68200 h—T
LINK

"

E

@
° . b

“— BUS

° ° ARBITER
L] L]

MKE8200  |at—3]

i\/'

EXTERNAL BUS

MK68200 jat——>p’

In addition, the MK68200 can be used as a very cost-
effective peripheral controller in MK6800O systems. Here,
the MK68200's instruction set similarity and direct bus
compatibility with the MK6800O make it an ideal choice to
perform many intelligent |/0 functions in the system. For
instance, since the MK68200 includes both a serial channel
and an external bus capable of performing DMA transfers, it
can be programmed to act as a Serial DMA Controller, as
shown in Figure 3.

SERIAL DMA CONTROLLER
Figure 3
< SYSTEM BUS >
! Y \
i )
MK68000 MK68200
Pty MEMORY 1/0 UPC
SERIAL
CHANNEL

PROCESSOR ARCHITECTURE

The MK68200 microcomputer contains an advanced
processor architecture, combining the best properties of
both 8- and 16-bit processors, since most instructions
operate on either byte or word operands.

REGISTERS

The MK68200 register set includes 3 system registers, 6
address registers, and 8 data registers. The three 16-bit
system registers, as shown in Figure 4, include a Program
Counter, Status Register, and Stack Pointer. The 6 address
registers may be used either for 16-bit data or for memory
addressing. The eight 16-bit data registers are used for data
and may also be referenced as sixteen 8-bit registers,
providing great flexibility in register allocation.

REGISTER SET

Figure 4
PC
SYSTEM
SR REGISTERS
SP
A5
ADDRESS
REGISTERS
A0
DH7 DL7 D7
DATA
REGISTERS
DHO DLO DO
15 8 7 0
ADDRESSING

The MK68200 directly addresses a 64K byte memory
space, which is organized as 32K 16-bit words. The
memory is byte-addressable, but most transfers occur 16
bits at a time for increased performance over 8-bit
microcomputers. All Input/Output is memory-mapped, and
the on-chip1/0 is situated in the top 1K bytes of the address
space, as depicted in Figure 5.
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ADDRESS SPACE

Figure 5

FFEF

)

1K PORTS
FCOO

266 RAM
\\ 800
\\ N

aK ROM

0

INSTRUCTION EXECUTION TIMES

Table 2
Instruction Type Clock | Execution Time
Periods with 6 MHz
clock (us)

Move Register-to-register 3 05

Add Register-to-register 3 05
(binary or BCD)

Move Memory-to-register 6 1.0

Add Register-to-memory 9 15

Multiply (16x16) 21 35

Divide (32/16) 23 3.84

Move Multiple (save or 55 9.2
restore all registers)

Nine addressing modes provide ease of access to data in the
MK68200, as depicted in Table 1. The four Register Indirect
forms utilize the address registers and the stack pointer and
support many common data structures such as arrays,
stacks, queues, and linked lists. I/0 Port addressing is a
short form address for the first 16 words of the 1/0 port
space and allows most instructions to access the most often
referenced |/0 data in just one word. Many microcomputer
applications are /0 intensive, and short, fast addressing of
1/0 has a significant impact on performance.

ADDRESSING MODES
Table 1

Register

Register Indirect

Register Indirect with Post-increment
Register Indirect with Pre-decrement
Register Indirect with Displacement
Program Counter Relative

Memory Absolute

Immediate

1/0 Port

INSTRUCTIONS

The MK68200 instruction set has been designed with
regularity and ease of programming in mind. In addition,
instructions have been encoded to minimize code space, a
feature which is especially important in single-chip
microcomputers. Small code space is related to execution
speed, and most instructions execute in either 3 or 6 clock
periods. (A clock period is equal to 167 ns with a 6 MHz
clock.) See Table 2.

In addition to operations on bytes and words, the MK68200
has rapid bit manipulation instructions which can operate
on both registers and memory. The bit to be affected may be
an immediate operand of the instruction or may be
dynamically specified in a register. Operations available
include bit set, clear, test, change, and exchange; and all bit
operations always perform a bit test as well. Since each
instruction is indivisible, this provides the necessary test-
and-set function for the implementation of semaphores.

The MOVE group of instructions has the most extensive
capabilities. A wide variety of combinations of addressing
modes are supported, including memory-to-memory
transfers. A special Move Multiple is included to save and
restore a specified portion of the registers rapidly.

In total, the MK68200 instruction set provides a
programming environment similar to the MK68000 which
has been optimized for the needs of the single-chip
microcomputer marketplace. A summary of the instruction
set is provided in Table 3.

INPUT/OUTPUT ARCHITECTURE

The 1/0 capabilities of the MK68200 are extensive,
encompassing timers, a serial channel, parallel1/0, and an
interrupt controller. All of these devices are accessible to the
programmer as ports within the top 1K bytes of the address
space, and the most commonly accessed ports may be
accessed with the short Port Addressing mode.

In total, 40 pins out of the 48 are used for I/0, and the
functions they perform are highly programmable by the
user. In particular, many pins can perform multiple
functions and the programmer selects which ones are to be
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INSTRUCTION SET SUMMARY

Table 3

INST DESCRIPTION INST DESCRIPTION
ADD Add HALT Halt
ADD.B Add Byte JMPA Jump Absolute
ADDC Add with Carry JMPR Jump Relative
ADDC.B Add with Carry Byte LIBA Load Indexed Byte Address
AND Logical And LIWA Load Indexed Word Address
AND.B Logical And Byte LSR Logical Shift Right
ASL Arithmetic Shift Left LSR.B Logical Shift Right Byte
ASL.B Arithmetic Shift Left Byte MOVE Move
ASR Arithmetic Shift Right MOVE.B Move Byte
ASR.B Arithmetic Shift Right Byte MOVEM Move Multiple Registers
BCHG Bit Test and Change MOVEM.B | Move Multiple Registers Byte
BCLR Bit Test and Clear MULS Multiply Signed
BEXG Bit Test and Exchange MULU Multiply Unsigned
BSET Bit Test and Set NEG Negate
BTST Bit Test NEG.B Negate Byte
CALLA Call Absolute NEGC Negate with Carry
CALLR Call Relative NEGC.B Negate with Carry Byte
‘CLR ~ Clear NOP No Operation
CLR.B Clear Byte NOT One’s Complement
CMP Compare NOT.B One’'s Complement Byte
CMP.B Compare Byte OR Logical Or
DADD Decimal Add OR.B Logical Or Byte
DADD.B Decimal Add Byte POP Pop
DADDC Decimal Add with Carry POPM Pop Multiple Registers
DADDC.B Decimal Add with Carry Byte PUSH Push
DI Disable Interrupts PUSHM Push Multiple Registers
DIvU Divide Unsigned RET Return from Subroutine
DJNZ Decrement Count and Jump if RETI Return from Interrupt

Non-zero ROL Rotate Left
DJNZ.B Decrement Count Byte and Jump ROL.B Rotate Left Byte

if Non-zero ROLC Rotate Left through Carry
DNEG Decimal Negate ROLC.B Rotate Left through Carry Byte
DNEG.B Decimal Negate Byte ROR Rotate Right
DNEGC Decimal Negate with Carry ROR.B Rotate Right Byte
DNEGC.B Decimal Negate with Carry Byte RORC Rotate Right through Carry
DSuUB Decimal Subtract RORC.B Rotate Right through Carry Byte
DSUB.B Decimal Subtract Byte SuB Subtract
DSUBC Decimal Subtract with Carry SUB.B Subtract Byte
DSUBC.B Decimal Subtract with Carry Byte SUBC Subtract with Carry
El Enable Interrupts SUBC.B Subtract with Carry Byte
EOR Exclusive Or TEST Test
EOR.B Exclusive Or Byte TEST.B Test Byte
EXG Exchange TESTN Test Not
EXG.B Exchange Byte TESTN.B Test Not Byte
EXT Extend Sign ’ "
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used. For example, TAl may be used as an input for Timer A,
an interrupt source, or a general input pin, and the interrupt
source may be selected simultaneously with either of the
other functions. Refer to the Logical Pin Out, Figure 1.

TIMERS

There are 3 full 16-bit timers on-chip. The first two (A and B)
provide a variety of functions while the third (C) may be used
either as an interval timer or a baud rate generator for the
serial channel. Most significant timer events, such as a
count match or a timer input signal transition can generate
interrupts to the processor. Timers A and B also each have
associated input and output pins.

TIMER MODES

Table 4
Timer Modes

A Interval

A Event

A Pulse Width and Period Measurement

B Interval

B Retriggerable One-shot

B Non-retriggerable One-shot

C Interval

C Baud Rate Generation
SERIAL CHANNEL

The Serial Channel on the MK68200, as shown in Figure 6,
is a full-duplex USART with double buffering on both
transmit and receive. Word length, parity, stop bits, and
modes are fully programmable. The asynchronous mode
supports bit rates up to 250 Kbps, and the byte synchronous
mode operates up to 1 Mbps. Either internal or external
clocks may be used.

SERIAL CHANNEL
Figure 6

P18

(8:15) MODE REGISTER
P18

(©:7) SYNC REGISTER

INTERNAL DATA BUS

In addition to the typical USART functions, the serial
channel can transmit and receive several special wake-up
modes by appending a Wake-up bit to each data word, as
illustrated in Figure 7.

SERIAL FRAME WITH WAKE-UP
Figure 7

START DATA PARITY | WAKE-UP| STOP

LsB MsB

This Wake-up bit is used to differentiate normal data words
and special address words. The receiver can be
programmed to receive only address words or only address
words with a specific data value. In this way, the processor
can be interrupted only when it receives its particular
address and can then change mode to receive the following
data words. Wake-up capability is especially useful when
several MK68200 microcomputers are interconnected on
one serial link.

PARALLEL 170

Two 16-bit ports, PO and P1, may be used for parallel /0. If
individual bits are desired, each of the 32 bits may be
separately defined as input or output. Bits may be grouped
to provide the exact data widths desired. Port O has the
additional capability of operating under the control of
external handshaking signals. 8- or 16-bit sections of PO
may be individually controlled as input, output, or
bidirectional 1/0. Two pairs of Ready and Strobe signals
provide the necessary control.

INTERRUPT CONTROLLER

The MK68200 interrupt controller provides rapid service of
up to 16 interrupt sources, each with a unique internal
vector. The lowest 16 words of the address space contain
the starting addresses of the service routines of each
potential interrupt source, as shown in Figure 8.

Interrupt sources are prioritized in the order shown, with
Reset having highest priority. A single non-maskable
interrupt (NMI) is provided. All of the other sources share an
interrupt enable bit in the processor status register. This bit
is automatically cleared whenever an interrupt is acknowl-
edged. Also, each of these sources has a corresponding
individual enable bit. This feature allows selective enabling
of particular interrupts, including the ability to choose any
priority scheme desired with only minimal software
overhead. In fact, 15 levels of nested priority may be
programmed.

EXTERNAL BUS

When it is necessary to expand beyond the on-chip
complement of RAM, ROM, or!/0, or when DMA access to
external memory space is desired, the MK68200 may be
placed in an external bus mode. The selection of single-chip
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INTERRUPT SOURCES

Figure 8
NAME MNEMONIC VECTOR LOCATION
Reset RESET 0000
Non-Maskable Interrupt NMI 0002 LEVEL 2
Spare ) 0004 7]
External Interrupt 2 X2 0006
Strobe ‘L’ STRL 0008
Timer ‘A’ Output Interrupt TAOI 000A
Timer ‘A" Input TAIl 000C
Strobe ‘H’ STRH OO00E
Receive Special Condition Interrupt RSCI 0010
Receive Normal Interrupt RNI 0012 - LEVEL1
External Interrupt 1 X1 0014
Timer ‘B’ Output Interrupt TBOI 0016
Timer ‘B’ Input TBI 0018
External Interrupt O XI0o 001A
Transmit Interrupt XMTI 001C
Timer C Interrupt TCI 001E .

170 or external bus is accomplished by the Mode pin at
Reset time. Port 0 and a portion of Port 1 are reconfigured to
provide the necessary bus functions. Figure 9 illustrates the
external bus logical pin out.

EXTERNAL BUS LOGICAL PIN OUT
Figure 9

UPC  GP
risfio 1si0s 8 T
14 14UDS FWB
13 13R/W R/W
12 12 BGACK DS CONTROL
1 11 BTACK DTACK BUS
10 10 AS AS
mutmietexeo|  ° ° F_G BUSIN
ADDRESS/ | 8 8 BR  BUSOUT PORT
DATA 7 vol7 K
BUS
6 6 x12
EXTERNAL
5 MK68200 5 X I |NTERRUPT
a 4 xi0
3 3 TCK
2 K
2 RO | semiar
1 1 so
ofivo ivolo s J .
Vee| 1 o |15 TA0
GND I O [14TBO | sivers
RESET | 1 ' EER7YE
cwout | o 1 |12Tel PORT
[CTSN I 1 |11 STRH ] 4
ck2 | 1 1 |10sTRL PORT 0
i | 0 |9 RDyH | HANDSHAKE
MODE | 1 o |s RovLJ

Port O becomes the 16-bit multiplexed Address/Data bus,
and half of Port 1 becomes the Control bus. Two different
Control busses are available as a mask-option: a Universal
Peripheral Controller (UPC) bus which generates MK68000-
compatible control signals and a General Purpose (GP) bus
which provides control signals which can be used to
interface to a wide variety of existing busses.

UPC CONTROL BUS

The UPC Control bus is easily connected to an MK68000
system bus with the simple addition of an external address
latch, as shown in Figures 3 and 10. With the UPC Control
bus, the MK68200 always acts as a bus requester in a
system with the MK6800O typically as a bus master. Once
the UPC has gained mastership of the system bus, it may
proceed to perform DMA transfers or to communicate with
other 1/0 devices in the system.

GP CONTROL BUS

The GP Control bus is provided to allow connection to
non-MK68000 systems and to support systems of multiple
MK68200 microcomputers better. The control signals have
been designed to be able to generate the appropriate control
signals of many available bus systems, with only a small
amount of external logic. For the multiple microcomputer
case, the GP bus provides BUSIN and BUSOUT, two signals
which are used for bus arbitration. At Reset time, these two
pins are configured so that the MK68200 may act as either
a bus requester or the bus granter. When several
microcomputers are connected together on a shared GP
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UPC BUS INTERFACE bus, only a simple bus arbiter is required in external logic. If
Figure 10 exactly two processors are used, no external logic is needed.

|
|

BUS OPERATION
ADDRESS

IOA>r

As mentioned previously, the selection of single-chip /0
16 OATA pins or an external bus is made with the Mode pin. The
A/Dp—rF—8 Mode pin is also used to determine the portion of the
address space which is placed on the external bus. In all
AS cases, the on-chip |/0 Ports and on-chip RAM are retained.
However, the on-chip ROM may be either kept or removed
UDS from the address space. Keeping the ROM allows the
designer primarily to access internal resources with

DS L oaonY occasional external references. This mode allows the

",f _ BUS maximum amount of concurrent processing in multi-
s R/W processor configurations. As long as references remain
5 on-chip, the external bus will be tri-stated and unaffected by
o DTACK the processor. The bus request/grant logic within the
MK68200 monitors each memory reference in order to

BR detect external bus addresses. Whenever such a reference

is about to occur, the logic automatically holds the processor

BG in an internal wait state as it proceeds to obtain mastership

of the bus. As soon as the bus is obtained, the processor is
BGACK allowed to continue the reference. This procedure is
invisible to the running program. If the next reference is also
an external address, the bus is retained.

170 PORT SUMMARY
Table 5

PORT FUNCTION
0 16 External 170 pins
1 16 External I/0 pins (including Interrupt, Serial, and Bus Control)
2 (reserved)
3 Serial Transmit (Low byte) and Receive (High byte) Buffers
4 8 External 1/0 pins (Timer Control and Port O Handshake Control)
5 (reserved)
6 (reserved)
7 Interrupt Latches
8 Interrupt Enable Register
9 Serial 1/0 Receive Control and Status Register
10 Serial I/0 Transmit Control and Status Register
1 Timer B Latch
12 Timer A, Low Latch
13 Timer A, High Latch
14 Timer Control, Interrupt Edge Select
15 Port O Handshake Mode bits, Bus Lock, Bus Segment bits
16 Port O Direction Control (DDRO)
17 Port 1 Direction Control (DDR1)
18 Serial I/0 Mode and Sync Registers
19 Timer C Latch
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PRELIMINARY PARALLEL INTERFACE/TIMER (PI/T)
MK68230P8/MK68230P10

MK68230 PARALLEL INTERFACE/TIMER

The MK68230 Parallel Interface/Timer provides versatile
double buffered parallel interfaces and an operating system
oriented timer to MK68000 systems. The parallel interfaces
operate in unidirectional or bidirectional modes, either 8 or
16 bits wide. In the unidirectional modes, an associated
data direction register determines whether the port pins are
inputs or outputs. In the bidirectional modes the data
direction registers are ignored and the direction is
determined dynamically by the state of four handshake
pins. These programmable handshake pins provide an
interface flexible enough for connection to a wide variety of
low, medium, or high speed peripherals or other computer
systems. The PI/T ports allow use of vectored or
autovectored interrupts, and also provide a DMA Request
pin for connection to the MK68450 Direct Memory Access
Controller or a similar circuit. The PI/T timer contains a
24-bit wide counter and a 5-bit prescaler. The timer may be
clocked by the system clock (Pl/T CLK pin) or by an external
clock (TIN pin), and a 5-bit prescaler can be used. It can
generate periodic interrupts, a square wave, or a single
interrupt after a programmed time period. Also it can be
used for elapsed time measurement or as a device
watchdog.

. T
« MK68000 Bus Compatible PIN ASSIGNMEN
¢ Port Modes Include: psg1 -~ 4sphpa
Bit1/0 D6Q 2 47pD3
Unidirectional 8-Bit and 16-Bit D703 46 pD2
. . . . PAOQ 4 45 pD1
Bidirectional 8-Bit and 16-Bit PA1d 5 44 hoo
. . PA2( hR/W
-o Selectable Handshaking Options PA3( ; :g b BTACK
. . PA4(8 41pCs
® 24-Bit Programmable Timer PASd9 40 heoik
] PA6( 10 39 pRESET
¢ Software Programmable Timer Modes PA7Q11 38 Vg
) Veel12 § 37 hPC7/TIACK
e Contains Interrupt Vector Generation Logic H1g413 g 36 PPC6/PIACK
H2g14 € 35pPCs/PIRQ
e Separate Port and Timer Interrupt Service Requests H3g16 = 34 pPC4/DMAREQ
H4G 16 33 pPC3/TOUT
o Registers are Read/Write and Directly Addressable PBOQ17 32 pPC2/TIN
PB118 31 pPC1
e Registers are Addressed for MOVEP (Move Peripheral) ::gz ;g :0 :Pco
and DMAC Compatibility PBad 21 " 32:;
PB5 0 22 27 PRS3
PB6 (23 26 PRS4
PB70424 25 DRSS
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Pl/T SYSTEM BLOCK DIAGRAM
Figure 1
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GENERAL DESCRIPTION

The PI/T consists of two logically independent sections: the
ports and the timer. The port section consists of Port A
(PAO-7), Port B (PBO-7), four handshake pins (H1, H2, H3,
and H4), two general 1/0 pins, and six dual-function pins.
The dual-function pins can individually operate as a third
port (Port C) or an alternate function related to either Ports A
and B, or the timer. The four programmable handshake
pins, depending on the mode, can control data transfer to
and from the ports, or can be used as interrupt generating
inputs, or /0 pins.

The timer consists of a 24-bit counter, optionally clocked by
a 5-bit prescaler. Three pins provide complete timer 1/0:
PC2/TIN, PC3/TOUT, and PC7/TIACK. Of course, only the
ones needed for the given configuration perform the timer
function, while the others remain Port C 1/0.

The system bus interface provides for asynchronous
transfer of data from the PI/T to a bus master over the data
bus (DO-D7). Data transfer acknowledge (DTACK), register
selects (RS1-RS5), chip select, the read/write line (R/W),
and Port Interrupt Acknowledge (PIACK) or Timer Interrupt
Acknowledge (TIACK) control data transfer between the
PI/T and the MK68000.
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MK68230 BLOCK DIAGRAM
Figure 2
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Pl/T PIN DESCRIPTION

Throughout the data sheet, signals are presented using the
terms active and inactive or asserted and negated
independent of whether the signal is active in the high-
voltage state or low-voltage state. (The active state of each
logic pin is given below.) Active low signals are denoted by a
superscript bar. R/W indicates a ‘write’ is active low and a
‘read’ active high.

LOGICAL PIN ASSIGNMENT

Figure 3
DO-D7 = PAO-7
RS1-RS5 —a=f PBO-7
R/W —=] —— H1
CS — je— H3
DTACK ~=— MK68230 - H4
RESET —=] PI/T <= PC7/TIACK*
~e-=-PC6/PIACK*
|- PC5/PIRQ*
CLK —== = PC4/DMAREQ*
. > PC3/TOUT*
Vee ™™ fas— PC2/TIN*
— leti- PC 1
GND PCO

*Individually Programmable Dual-Function Pin

DO0-D7 — Bidirectional Data Bus. The data bus pins DO-D7
form an 8-bit bidirectional data bus t6/from the MK68000
or other bus master. These pins are active high.

RS1-RS5 — Register Selects. RS1-RS5 are active high
high-impedance inputs that determine which of the 25
possible registers is being addressed. They are provided by
the MK68000 or other bus master.

R/W — Read/Write Input. R/W is the high-impedance
Read/Write signal from the MK6800O or bus master,
indicating whether the current bus cycle is a read (high) or
write (low) cycle.

CS — Chip Select Input. CS is a high-impedance input that
selects the P1/T registers for the current bus cycle. Address
strobe and the data strobe (upper or lower) of the bus
master, along with the appropriate address bits, must be
included in the chip select equation. A low level
corresponds to an asserted chip select.

DTACK — Data Transfer Acknowledge Output. DTACK is
an active low output that signals the completion of the bus
cycle. During read or interrupt acknowledge cycles, DTACK
is asserted by the MK68230 after data has been provided on
the data bus; during write cycles it is asserted after data has
been accepted at the data bus. Data transfer acknowledge is
compatible with the MK68000 and with other Mostek bus
masters such as the MK68450 DMA controller. A holding
resistor is required to maintain DTACK high between bus
cycles.

RESET — Reset Input. RESET is a high-impedance input
used to initialize all PI/T functions. All control and data
direction registers are cleared and most internal operations
are disabled by the assertion of RESET (low).

CLK — Clock Input. The clock pin is a high-impedance
TTL-compatible signal with the same specifications as the
MK68000. The PI/T contains dynamic logic throughout,
and hence this clock must not be gated off at any time. It is
not necessary that this clock maintain any particular phase
relationship with the MK6800O0 clock. It may be connected
to an independent frequency source (faster or slower) as
long as all bus specifications are met.

PAO-PA7 and PBO-PB7 — Port A and Port B. Ports Aand B
are 8-bit ports that may be concatenated to form a 16-bit
port in certain modes. The ports may be controlled in
conjunction with the handshake pins H1-H4. For
stabilization during system power-up, Ports A and B have
internal pullup resistors to V. All port pins are active high.

H1-H4 — Handshake pins (/0 depending on the Mode and
Submode). Handshake pins H1-H4 are multi-purpose pins
that (depending on the operational mode) may provide an
interlocked handshake, a pulsed handshake, an interrupt
input (independent of data transfers), or simple 1/0 pins. For
stabilization during system power-up, H2 and H4 have
internal pullup resistors to V¢. Their sense (active high or
low) may be programmed in the Port General Control
Register bits 3-0. Independent of the mode, the
instantaneous level of the handshake pins can be read from
the Port Status Register.

Port C — (PCO-PC7/Alternate function). This port can be
used as eight general purpose /0 pins (PCO-PC7) or any
combination of six special function pins and two general
purpose I/0 pins (PCO-PC1). (Each dual function pin can be
standard 1/0 or a special function independent of the other
port C pins.) The dual function pins are defined in the
following paragraphs. When used as a port C pin, these pins
are active high. They may be individually programmed as
inputs or outputs by the Port C Data Direction Register.

The alternate functions (TIN, TOUT, and TIACK) are timer
170 pins. TIN may be used as a rising-edge triggered
external clock input or an external run/halt control pin (the
timer is in the run state if run/halt is high and in the halt
state if run/halt is low). TOUT may provide an active low
timer interrupt request output or a general-purpose square-
wave output, initially high. TIACK is an active low high-
impedance input used for timer interrupt acknowledge.

Port A and B functions have an independent pair of active
low interrupt request (PIRQ) and interrupt acknowledge
(PIACK) pins.

The DMAREQ (Direct Memory Access Request) pin
provides an active low Direct Memory Access Controller
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(DMAC) request pulse of 3 clock cycles, completely REGISTER MODEL

compatible with the MK68450 DMAC.
A register model that includes the corresponding Register
Selects is shown in Table 1.

REGISTER MODEL
Table 1

Register
Select Bits
5 4 3 2 1 7 6 5 4 3 2 1 0
0O 0 0O o O Port Mode H34 H12 H4 H3 H2 H1 | Port General
Control Enable | Enable | Sense | Sense Sense | Sense| Control Register
0O 0O O o 1 * SVCRQ Interrupt Port Interrupt Port Service
Select PFS Priority Control Request Register
o 0 o0 1 o Bit Bit Bit Bit Bit Bit Bit Bit | Port A Data
7 6 5 4 3 2 1 0 Direction Register
0O o o 1 1 Bit Bit Bit Bit Bit Bit Bit Bit | Port B Data
7 6 5 4 3 2 1 0 Direction Register
o 0 1 0 O Bit Bit Bit Bit Bit Bit Bit Bit | Port C Data
7 6 5 4 3 2 1 o Direction Register
o o 1t o 1 Interrupt Vector Number * * Port Interrupt
Vector Register
o o 1 1 O H2 H1 H1 | Port A Control
Port A H2 Control Int SVCRQ Stat | Register
Submode Enable | Enable Ctrl.
o o0 1 1 1 H4 H3 H3 | Port B Control
Port B H4 Control Int SVCRQ | Stat | Register
Submode Enable | Enable Ctrl.
0O 1 0 0 O Bit Bit Bit Bit Bit Bit Bit Bit | Port A Data
7 6 5 4 3 2 1 (o] Register
o 1 0 0 1 Bit Bit Bit Bit Bit Bit Bit Bit | Port B Data
7 6 5 4 3 2 1 O | Register
0O 1 0 1 O Bit Bit Bit Bit Bit Bit Bit Bit | Port A Alternate
7 6 5 4 3 2 1 0 Register
o 1t o 1 1 Bit Bit Bit Bit Bit Bit Bit Bit | Port B Alternate
7 6 5 4 3 2 1 [¢] Register
o 1 1 0 O Bit Bit Bit Bit Bit Bit Bit Bit | Port C Data
7 6 5 4 3 2 1 0 Register
o 1 1 0 1 H4 H3 H2 H1 H4S H3s H2S H1S | Port Status
Level Level Level Level Register
(o] 1 1 1 (o] * * * * * * * * (null)
0 1 1 1 1 * * * * * * * * (null)
1 0 0 0 O TOUT/TIACK ZD * Clock Timer | Timer Control
Control Ctrl. Control Enable| Register
1 0 O o0 1 Bit Bit Bit Bit kBit Bit Bit Bit | Timer Interrupt
7 6 5 4 3 2 1 0 | Vector Register
1t 0 0 1 O * * * * * * * * (null)
1 0 0 1 1 Bit Bit Bit Bit Bit Bit Bit Bit | Counter Preload
23 22 21 20 19 18 17 16 | Register (High)
1 0 1 0 O Bit Bit Bit Bit Bit Bit Bit Bit | (Mid)
15 14 13 12 1 10 9 8
1 0 1 0 1 Bit Bit Bit Bit Bit Bit Bit Bit | (Low)
7 6 5 4 3 2 1 0
1 [¢] 1 1 (o] * * * * * > * * (null)
10 1 1 1 Bit Bit Bit Bit Bit Bit Bit Bit | Count Register
23 22 21 20 19 18 17 16 | (High)
1 1 0O 0 O Bit Bit Bit Bit Bit Bit Bit Bit | (Mid)
15 14 13 12 1 10 9 8
1 1 0 0 1 Bit Bit Bit Bit Bit Bit Bit Bit | (Low)
7 6 5 4 3 2 1 0
1 1 0 1 O * * * * * * * ZDS | Timer Status
Register
1 1 (o] 1 1 * * * * * * * * (null)
t 1 1 0 O * * * * * * * * (null)
1 1 1 o 1 * * * * * * * * (null)
1t 1 1 1 0 * * * * * * * * (null)
1 1 1 1 1 * * * * * * * * (null)

*Unused, read as zero.




PORT CONTROL STRUCTURE

The primary focus of most applications will be on Ports A
and B, the handshake pins, the port interrupt pins, and the
DMA request pin. They are controlled in the following way:
the Port General Control Register contains a 2-bit field that
specifies a set of four operation modes. These govern the
overall operation of the ports and determine their
interrelationships. Some modes require additional informa-
tion from each port’s control register to further define its
operation. In each port control register, there is a 2-bit
submode field that serves this purpose. Each port
mode/submode combination specifies a set of program-
mable characteristics that fully defines the behavior of that
port and two of the handshake pins. This structure is
summarized in Table 2 and Figure 4.

PORT MODE LAYOUT
Figure 4
MODE 0 SUBMODE 00 MODE 0 SUBMODE 01 MODE 0 SUBMODE 1X

A(B) - A(B) A(B)
8 8 8

LATCHED, DOUBLE-
BUFFERED INPUT

=t——H1 (H3)
[~=—=H2 (H4)

DOUBLE-BUFFERED
OUTPUT

|t——H1 (H3)
[-—=H2 (H4)

BITI/O

MODE 1 PORT B SUBMODE X0
|~—— H1
[— H2

AAND B
(16)

LATCHED, DOUBLE-
BUFFERED INPUT
[~—— H3
[ {4

MODE 2

<:>m,

BITI/0

BIDIRECTIONAL 8-BIT

[ H1 »>— outpuT
- H2 TRANSFERS
[— H3 INPUT
—Ha TRANSFERS

MODE 1 PORT B SUBMODE X1
—

—g—— H1
fat—— H2

=

DOUBLE-BUFFERED
OUTPUT

H3
\_'F‘—_; H4
—

MODE 3

K

BIDIRECTIONAL 16-BIT

AAND B
(16)

AAND B
(16)

bt——— H1
——H2 TRANSFERS

[—— H3 INPUT
{_‘——» H4> TRANSFERS

OUTPUT

[t——— H1 (H3)
—t—— H2 (H4)

PORT MODE CONTROL SUMMARY

Table 2

Mode 0 (Unidirectional 8-Bit Mode)

Port A

Submode 00 — Double-Buffered Input
H1 — Latches input data

H2 — Status/interrupt generating input,
general-purpose output, or operation with
H1 in the interlocked or pulsed input
handshake protocols
Submode 01 — Double-Buffered Output
H1 — Indicates data received by peripheral
H2 — Status/interrupt generating input,
general-purpose output, or operation with
H1 in the interlocked or pulsed input
handshake protocols
Submode 1X — Bit1/0
H1 — Status/interrupt generating input
H2 — Status/interrupt generating input or
general-purpose output
Port B, H3 and H4 — Identical to Port A, H1 and H2

Mode 1 (Unidirectional 16-Bit Mode)
Port A — Double-Buffered Data (Most significant)
Submode XX (not used)
H1 — Status/interrupt generating input
H2 — Status/interrupt generating input or
general-purpose output
Port B — Double-Buffered Data (Least significant)
Submode X0 — Unidirectional 16-Bit Input
H3 — Latches input data
H4 — Status/interrupt generating input,
general-purpose output, or operation with
H3 in the interlocked or pulsed input
handshake protocols
Submode X1 — Unidirectional 16-Bit Output
H3 — Indicates data received by peripheral
H4 — Status/interrupt generating input,
general-purpose output, or operation with
H3 in the interlocked or pulsed input
handshake protocols

Mode 2 (Bidirectional 8-Bit Mode)
Port A — Bit |/0 (with no handshaking pins)
Submode XX (not used)
Port B — Bidirectional 8-Bit Data (Double-Buffered)
Submode XX (not used)
H1 —Indicates output data received by peripheral
H2 — Operation with H1 in the interlocked or
pulsed output handshake protocols
H3 — Latches input data
H4 — Operation with H3 in the interlocked or
pulsed input handshake protocols

Mode 3 (Bidirectional 16-Bit Mode)
Port A — Double-Buffered Data (Most significant)
Submode XX (not used)
Port B — Double-Buffered Data (Least significant)
Submode XX(not used)
H1 — Indicates output data received by peripheral
H2 — Operation with H1 in the interlocked or
pulsed output handshake protocols
H3 — Latches input data
H4 — Operation with H3 in the interlocked or pulsed
input handshake protocols
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PORT GENERAL INFORMATION AND
CONVENTIONS

The following paragraphs introduce concepts that are
generally applicable to the PI/T ports independent of the
chosen mode and submode. For this reason, no particular
port or handshake pins are mentioned; the notation H1 (H3)
indicates that, depending on the chosen mode and
submode, the statement given may be true for either the H1
or H3 handshake pin.

UNIDIRECTIONAL VS BIDIRECTIONAL — Figure 4
shows the configuration of Ports A and B and each of the
handshake pins in each port mode and submode. In Modes
0 and 1, a data direction register is associated with each of
the ports. These registers contain one bit for each port pin to
determine whether that pin is an input or an output. Modes
Oand 1 are, thus, called unidirectional modes because each
pin assumes a constant direction, changeable only by a
reset condition or a programming change. These modes
allow double-buffered data transfers in one direction. This
direction, determined by the mode and submode definition,
is known as the primary direction. Data transfers in the
primary direction are controlled by the handshake pins.
Data transfers not in the primary direction are generally
unrelated, and single or unbuffered data paths exist.

In Modes 2 and 3 there is no concept of primary direction as
in Modes O and 1. Except for Port A in Mode 2 (Bit |/0), the
data direction registers have no effect. These modes are
bidirectional, in that the direction of each transfer (always 8
or 16 bits, double-buffered) is determined dynamically by
the state of the handshake pins. Thus, for example, data
may be transferred out of the ports, followed very shortly by
atransfer into the same port pins. Transfers to and from the
ports are independent and may occur in any sequence.
Since the instantaneous direction is always determined by
the external system, a small amount of arbitration logic may
be required.

CONTROL OF DOUBLE-BUFFERED DATA PATHS —
Generally speaking, the Pl/T is a double-buffered device. In
the primary direction, double-buffering allows orderly
transfers by using the handshake pins in any of several
programmable protocols. (When Bit |/0 is used, double-
buffering is not available and the handshake pins are used
as outputs or status/interrupt inputs.)

Use of double-buffering is most beneficial in situations
where a peripheral device and the computer system are
capable of transferring data at roughly the same speed.
Double-buffering allows the fetch operation of the data
transmitter to be overlapped with the store operation of the
data receiver. Thus, throughput measured in bytes or
words-per-second may be greatly enhanced. If there is a
large mismatch in transfer capability between the computer
and the peripheral, little or no benefit is obtained. In these
cases there is no penalty in using double-buffering.

DOUBLE-BUFFERED INPUT TRANSFERS — In all
modes, the PI/T supports double-buffered input transfers.
Data that meets the port setup and hold times is latched on
the asserted edge of H1(H3). H1(H3) is edge-sensitive, and
may assume any duty-cycle as long as both high and low
minimum times are observed. The PI/T contains a Port
Status Register whose H1S(H3S) status bit is set anytime
any input data is present in the double-buffered latches that
have not been read by the bus master. The action of H2(H4)
is programmable; it may indicate whether there is room for
more data in the Pl/T latches or it may serve other purposes.
The following options are available, depending on the mode.

1. H2(H4) may be an edge-sensitive input that is
independent of H1(H3) and the transfer of port data. On
the asserted edge of H2(H4), the H2S(H4S) status bit is
set. It is cleared by the direct method (refer to Direct
Method of Resetting Status), the RESET pin being
asserted, or when the H12 Enable (H34 Enable) bit of the
Port General Control Register is O.

2. H2(H4) may be a general purpose output pin that is
always negated. The H2S(H4S) status bit is always O.

3. H2(H4) may be a general purpose output pin that is
always asserted. The H2S(H4S) status bit is always O.

4. H2(H4) may be an output pin in the interlocked input
handshake protocol. It is asserted when the port input
latches are ready to accept new data. It is negated
asynchronously following the asserted edge of the
H1(H3)input. As soon as the input latches become ready,
H2(H4) is again asserted. When the input double-
buffered latches are full, H2(H4) remains negated until
data is removed. Thus, anytime the H2(H4) output is
asserted, new input data may be entered by asserting
H1(H3). At other times transitions on H1(H3) are ignored.
The H2S(H4S) status bit is always 0. When H12 Enable
(H34 Enable) is 0, H2(H4) is held negated.

5. H2(H4) may be an output pin in the pulsed input
handshake protocol. It is asserted exactly as in the
interlocked input protocol, but never remains asserted
longer than 4 clock cycles. Typically, a four clock cycle
pulse is generated. But in the case that a subsequent
H1(H3) asserted edge occurs before termination of the
pulse, H2(H4) is negated asynchronously. Thus, anytime
after the leading edge of the H2(H4) pulse, new data may
be entered in the Pl/T double-buffered input Jatches. The
H2S(H4S) status bit is always 0. When H12 Enable (H34
Enable) is O, H2(H4) is held negated.

A sample timing diagram is shown in Figure 5. The H2(H4)
interlocked and pulsed input handshake protocols are
shown. The DMAREQ pin is also shown assuming it is
enabled. All handshake pin sense bits are assumed to be O
(refer to Port General Control Register); thus, the pins are in
the low state when asserted. Due to the great similarity
between modes, this timing diagram is applicable to all
double-buffered input transfers.
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DOUBLE-BUFFERED INPUT TRANSFERS
Figure 5
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DOUBLE-BUFFERED OUTPUT TRANSFERS — The
Pl/T supports double-buffered output transfers in all
modes. Data, written by the bus master to the PI/T, is stored
in the port’s output latch. The peripheral accepts the data by
asserting H1(H3), which causes the next data to be moved
to the port's output latch as soon as it is available. The
function of H2(H4) is programmable; it may indicate
whether new data has been moved to the output latch or it
may serve other purposes. The H1S(H3S) status bit may be
programmed for two interpretations. Normally the status bit
isa 1 when there is at least one latch in the double-buffered
data path that can accept new data. After writing one
byte/word of data to the ports, an interrupt service routine
could check this bit to determine if it could store another
byte/word, thus, filling both latches. When the bus master
is finished, it is often useful to be able to check whether all of
the data has been transferred to the peripheral. The
H1S(H3S) Status Control bit of the Port A and B Control
Registers provides this flexibility. The programmable
options of the H2(H4) pin are given below, depending on the
mode.

1. H2(H4) may be an edge-sensitive input pin independent
of H1(H3) and the transfer of port data. On the asserted
edge of H2(H4), the H2S(H4S) status bit is set. It is reset

by the direct method (refer to Direct Method of Resetting
Status), the RESET pin being asserted, or when the H12
Enable (H34 Enable) bit of the Port General Control
Register is O.

. H2(H4) may be a general-purpose output pin that is

always negated. The H2S(H4S) status bit is always O.

. H2(H4) may be a general-purpose output pin that is

always asserted. The H2S(H4S) status bit is always O.

. H2(H4) may be an output pin in the interlocked output

handshake protocol. H2(H4) is asserted two clock cycles
after data is transferred to the double-buffered output
latches. The data remains stable and H2(H4) remains
asserted until the next asserted edge of the H1(H3) input.
Atthat time, H2(H4) is asynchronously negated. As soon
as the nextdata is available, it is transferred to the output
latches. When H2(H4) is negated, asserted transitions on
H1(H3) have no effect on the data paths. As is explained
later, however, in Modes 2 and 3 they do control the
three-state output buffers of the bidirectional port(s). The
H2S(H4S) status bit is always 0. When H12 Enable (H34
Enable) is 0, H2(H4) is held negated.

DOUBLE-BUFFERED OUTPUT TRANSFERS
Figure 6

WRITE

WRITE
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5. H2(H4) may be an output pin in the pulsed output
handshake protocol. It is asserted exactly as in the
interlocked output protocol above, but never remains
asserted longer than four clock cycles. Typically, a four
clock pulse is generated. But in the case that a
subsequent H1(H3) asserted edge occurs before
termination of the pulse, H2(H4) is negated asyn-
chronously shortening the pulse. The H2S(H4S) status
bit is always 0. When H12 Enable (H34 Enable) is O,
H2(H4) is held negated.

A sample timing diagram is shown in Figure 6. The H2(H4)
interlocked and pulsed output handshake protocols are
shown. The DMAREQ pin is also shown assuming it is
enabled. All handshake pin sense bits are assumedto be O;
thus, the pins are in the low state when asserted. Due to the
great similarity between modes, this timing diagram is
applicable to all double-buffered output transfer.

REQUESTING BUS MASTER SERVICE —ThePI/T has
several means of indicating a need for service by a bus
master. First, the processor may poll the Port Status
Register. It contains a status bit for each handshake pin,
plus a level bit that always reflects the instantaneous state
of that handshake pin. A status bitis 1 when the PI/T needs
servicing, i.e., generally when the bus master needs to read
or write data to the ports, or when a handshake pin used as
a simple status input has been asserted. The interpretation
of these bits is dependent on the chosen mode and
submode.

Second, the PI/T may be placed in the processor’s interrupt
structure. As mentioned previously, the PI/T contains Port
A and B Control Registers that configure the handshake
pins. Other bits in these registers enable an interrupt
associated with each handshake pin. This interrupt is made
available through the PC5/PIRQ pin, if the PIRQ function is
selected. Three additional conditions are required for PIRQ
to be asserted: (1) the handshake pin status bit is set, (2) the
corresponding interrupt (service request) enable bit is set,

and (3) DMA requests are not associated with that data
transfer (H1 and H3 only). The conditions from each of the
four handshake pins and corresponding status bits are
ORed to determine PIRQ.

The third method of requesting service is via the
PC4/DMAREQ pin. This pin can be associated with double-
buffered transfers in each mode. If it is used as a DMA
controller request, it can initiate requests to keep the PI/T's
input/output double-buffering empty/full as much as
possible. It will not overrun the DMA controller. The pin is
compatible with the MK68450 Direct Memory Access
Controller (DMAC).

VECTORED, PRIORITIZED PORT INTERRUPTS - Use
of MK68000-compatible vectored interrupts with the PI/T
requires the PIRQ and PIACK pins. When PIACK is asserted,
the PI/T places an 8-bit vector on the data pins DO-D7.
Under normal conditions, this vector corresponds to the
highest priority, enabled, active port interrupt source with
which the DMAREQ pin is not currently associated. The
most-significant six bits are provided by the Port Interrupt
Vector Register (PIVR), with the lower two bits supplied by
prioritization logic according to conditions present when
PIACK is asserted. It is important to note that the only affect
on the PI/T caused by interrupt acknowledge cycles is that
the vector is placed on the data bus. Specifically, no
registers, data, status, or other internal states of the PI/T are
affected by the cycle.

Several conditions may be present when the PIACK input is
asserted to the PI/T. These conditions affect the PI/T's
response and the termination of the bus cycle. If the PI/T
has no interrupt function selected, or is not asserting PIRQ,
the PI/T will make no response to PIACK (DTACK will not be
asserted). If the PI/T is asserting PIRQ when PIACK is
received, the Pl/T will output the contents of the Port
Interrupt Vector Register and the prioritization bits. If the
PIVR has not been initialized, $OF will be read from this
register. These conditions are summarized in Table 3.

RESPONSE TO PORT INTERRUPT ACKNOWLEDGE
Table 3

PIRQ negated OR interrupt
Conditions request function not selected | PIRQ asserted
PIVR has not been initialized No response from PI/T. PI/T provides $OF, the
since RESET No DTACK. Uninitialized Vector.*
PIVR has been initialized No response from PI/T. PI/T provides PIVR contents
since RESET No DTACK. with prioritization bits.

*The uninitialized vector is the value returned from an interrupt vector register before it has been initialized.
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The vector table entries for the Pl/T appear as a contiguous
block of four vector numbers whose common upper six bits
are programmed in the PIVR. The following table pairs each
interrupt source with the 2-bit value provided by the
prioritization logic, when interrupt acknowledge is asserted.

H1 source — 00
H2 source — 01
H3 source — 10
H4 source — 11

AUTOVECTORED PORT INTERRUPTS — Autovectored
interrupts use only the PIRQ pin. The operation of the PI/T
with vectored and autovectored interrupts is identical
except that no vectors are supplied and the PC6/PIACK pin
can be used as a Port C pin.

DIRECT METHOD OF RESETTING STATUS - In certain
modes one or more handshake pins can be used as edge-
sensitive inputs for the sole purpose of setting bits in the
Port Status Register. These bits consist of simple flip-flops.
They are set(to 1) by the occurrence of the asserted edge of
the handshake pin input. Resetting a handshake status bit
can be done by writing an 8-bit mask to the Port Status
Register. This is called the direct method of resetting. To
reset a status bit that is resettable by the direct method, the
mask must contain a 1 in the bit position of the Port Status
Register corresponding to the desired bit. Other positions
must contain O’s. For status bits that are not resettable by
the direct method in the chosen mode, the data written to
the port status register has no effect. For status bits that are
resettable by the direct method in the chosen mode, a 0 in
the mask has no effect.

HANDSHAKE PIN SENSE CONTROL — The PI/T
contains exclusive-OR gates to control the sense of each of
the handshake pins, whether used as inputs or outputs.
Four bits in the Port General Control Register may be
programmed to determine whether the pins are asserted in
the low or high voltage state. As with other control registers,
these bits are reset to O when the RESET pin is asserted,
defaulting the asserted level to be low.

ENABLING PORTS A AND B - Certain functions involved
with double-buffered data transfers, the handshake pins,
and the status bits, may be disabled by the external system
or by the programmer during initialization. The Port General
Control Register contains two bits, H12 Enable and H34
Enable, which control these functions. These bits are
cleared when the RESET pin is asserted, and the functions
are disabled. The functions are the following:

1. Independent of other actions by the bus master or
peripheral (via the handshake pins), the Pl/T's disabled

handshake controller is held to the “empty” state, i.e., no
data is present in the double-buffered data path.

2. When any handshake pin is used to set a simple status
flip-flop, unrelated to double-buffered transfers, these
flip-flops are held reset to O. (See Table 2.)

3. When H2(H4) is used in an interlocked or pulsed
handshake with H1(H3), H2(H4) is held negated,
regardless of the chosen mode, submode, and primary
direction. Thus, for double-buffered input transfers, the
programmer may signal a peripheral when the PI/T is
ready to begin transfers by setting the associated
handshake enable bit to 1.

THE PORT A AND B ALTERNATE REGISTERS — In
addition to the Port A and B Data Registers, the PI/T
contains Port A and B Alternate Registers. These registers
are read-only, and simply provide the instantaneous level of
each port pin. They have no effect on the operation of the
handshake pins, double-buffered transfers, status bits, or
any other aspect of the PI/T, and they are mode/submode
independent.

PORT MODES

This section contains information that distinguishes the
various port modes and submodes. General characteristics,
common to all modes, have been defined previously.

MODE 0 — UNIDIRECTIONAL 8-BIT MODE

In Mode O, Ports A and B operate independently. Each may
be configured in any of its three possible submodes:

Submode 00 — Double-Buffered Input
Submode 01 — Double-Buffered Output
Submode 1X — Bit 1/0

Handshake pins H1 and H2 are associated with Port A and
configured by programming the Port A Control Register.
(The H12 Enable bit of the Port General Control Register
enables Port A transfers.) Handshake pins H3 and H4 are
associated with Port B and configured by programming the
Port B Control Register. (The H34 Enable bit of the Port
General Control Register enables Port B transfers.) The Port
A and B Data Direction Registers operate in all three
submodes. Along with the submode, they affect the data
read and written at the associated data register according to
Table 4. They also enable the output buffer associated with
each port pin. The DMAREQ pin may be associated with
either (not both) Port A or Port B, but does not function if the
Bit I/0 submode is programmed for the chosen port.
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MODE 0 PORT DATA PATHS
Table 4

Read Port A/B Write Port A/B
Data Register Data Register
Mode DDR=0 DDR=1 DDR=X
0 Submode 00 FIL, D.B. | FOL Note 3| FOL, S.B. Note 1
0 Submode 01 Pin FOL Note 3| IOL/FOL, D.B. Note 2
0 Submode 1X Pin FOL Note 3| FOL, S.B. Note 1
Abbreviations:

I0L — Initial Output Latch
FOL — Final Output Latch
FIL — Final Input Latch

S.B. — Single Buffered
D.B. — Double Buffered
DDR — Data Direction Register

Note 2:

Note 3:

Note 1:

Data is latched in the output data registers (final output latch)
and will be single buffered at the pin if the DDR is 1. The
output buffers will be turned off if the DDR is 0.

Data is latched in the double-buffered output data registers.
The data in the final output latch will appear on the port pin if
the DDRisa 1.

The output drivers that connect the final output latch to the

pins are turned on.

PORT A OR B SUBMODE 00
(8-BIT DOUBLE-BUFFERED INPUT) —

MODE 0 SUBMODE 00

A (B)
8
LATCHED, DOUBLE-
BUFFERED INPUT
[<€——H1 (H3)

[<€—>H2 (H4)

PORT A OR B SUBMODE 01
(8-BIT DOUBLE-BUFFERED OUTPUT) —

MODE 0 SUBMODE 01

-«—\A (B)
8

DOUBLE-BUFFERED
OUTPUT

[~=—- H1 (H3)
[—> H2 (H4)

In Mode O, double-buffered input transfers of up to 8-bits
are available by programming Submode 0O in the desired
port’s control register. The operation of H2 and H4 may be
selected by programming the Port A and Port B Control
Registers, respectively. All five double-buffered input
handshake options, previously mentioned in the Port
General Information and Conventions section, are
available.

For pins used as outputs, the data path consists of a single
latch driving the output buffer. Data written to the port’s
data register does not affect the operation of any handshake
pin, status bit, or any other aspect of the PI/T. Output pins
may be used independently of the input transfer. However,
read bus cycles to the data register do remove data from the
port. Therefore, care should be taken to avoid processor
instructions that perform unwanted read cycles.

Refer to PARALLEL PORTS Double-Buffered Input
Transfers for a sample timing diagram (Figure 5).

In Mode O, double-buffered output transfers of up to 8 bits
are available by programming submode 01 in the desired
port’s control register. The operation of H2 and H4 may be
selected by programming the Port A and Port B Control
Registers, respectively. All five double-buffered output
handshake options, previously mentioned in the Port
General Information and Conventions section, are
available.

For pins used as inputs, data written to the associated data
register is double-buffered and passed to the initial or final
output latch, as usual, but the output buffer is disabled.

Refer to PARALLEL PORTS Double-Buffered Output
Transfers for a sample timing diagram (Figure 6).
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PORT A OR B SUBMODE 1X (BIT 1/0) —

MODE 0 SUBMODE 1X

A (B)
8

BITI/0

f=t—— H1 (H3)

In Mode O, simple Bit 1/0 is available by programming
Submode 1X in the desired port’s control register. This
submode is intended for applications in which several
independent devices must be controlled or monitored. Data
written to the associated data register is single-buffered. If
the data direction register bit for that pin is a 1 (output), the
output buffer is enabled. If it is O (input), data written is still
latched, but is not available at the pin. Data read from the
data register is the instantaneous value of the pin or what
was written to the data register, depending on the contents
of the data direction register. H1(H3) is an edge-sensitive
status input pin only and it controls no data-related function.
The H1S(H3S) status bit is set following the asserted edge of
the input waveform. It is reset by the direct method, the
RESET pin being asserted, or when the H12 Enable (H34
Enable) bit is 0.

H2(H4) can be programmed as a simple status input
(identical to H1(H3), or as an asserted or negated output.
The interlocked or pulsed handshake configurations are not
available.

MODE 1 — UNIDIRECTIONAL 16-BIT MODE

In Mode 1, Ports A and B are concatenated to form a single
16-bit port. The Port B Submode field controls the
configuration of both ports. The possible submodes are:

Port B Submode X0 — Double-Buffered Input
Port B Submode X1 — Double-Buffered Output

Handshake pins H3 and H4, configured by programming the
Port B Control Register, are associated with the 16-bit
double-buffered transfer. These 16-bit transfers are
enabled by the H34 Enable bit of the Port General Control
Register. Handshake pins H1 and H2 may be used as simple
status inputs not related to the 16-bit data transfer or H2
may be an output. Enabling of the H1 and H2 handshake
pins is done by the H12 Enable bit of the Port General
Control Register. The Port A and B Data Direction Registers
operate in each submode. Along with the submode, they
affect the data read and written at the data register
according to Table 5. They also enable the output buffer
associated with each port pin. The DMAREQ pin may be
associated only with H3.

Mode 1 can provide convenient, high-speed 16-bit
transfers. The Port A and B data registers are addressed for
compatibility with the MK68000 Move Peripheral (MOVEP)
instruction and with the MK68450 DMAC. To take
advantage of this, Port A should contain the most-
significant byte of data and always be read or written by the
bus master first. The interlocked and pulsed handshake
protocols are keyed to accesses to the Port B Data Register
in Mode 1. if it is accessed last, the 16-bit double-buffered
transfers proceed smoothly.

PORT B SUBMODE X0
(16-BIT DOUBLE-BUFFERED INPUT) —

MODE 1 PORT B SUBMODE X0

e——H1
te—H2

AANDB
(16)
LATCHED, DOUBLE-

BUFFERED INPUT

——H3
l«—>H4

In Mode 1 Port B Submode XO, double-buffered input
transfers of up to 16 bits may be obtained. The level of all 16
pins is asynchronously latched with the asserted edge of
H3. The processor may check H3S status bit to determine if
new data is present. The DMAREQ pin may be used to
signal a DMA controller to empty the input buffers.
Regardless of the bus master, Port A data should be read
first. (Actually, Port A data need not be read at all.) Port B
data should be read last. The operation of the internal
handshake controller, the H3S bit, and DMAREQ are keyed
to the reading of the Port B data register. (The MK68450
DMAC can be programmed to perform the exact transfers
needed for compatibility with the PI/T.) H4 may be
programmed for all five of the handshake options
mentioned in the Port General Information and Con-
ventions section.

For pins used as outputs, the data path consists of a single
latch driving the output buffer. Data written to the port’s
data register does not affect the operation of any handshake
pin, status bit, or any other aspect of the PI/T. Thus, output
pins may be used independently of the input transfer.
However, read bus cycles to the Port B Data Register do
remove data, so care should be taken to avoid unwanted
read cycles.

Refer to PARALLEL PORTS Double-Buffered
Transfers for a sample timing diagram (Figure 5).

Input

In Mode 1 Port B Submode X1, double-buffered output
transfers of up to 16 bits may be obtained. Data is written by
the bus master (processor or DMA controller) in two bytes.
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MODE 1 PORT DATA PATHS
Table 5

Read Port A/B Write Port A/B
Mode Register Register

DDR=0 | DDR=1| DDR=0 | DDR=1

1, PortB FIL, D.B. FOL FOL, S.B. | FOL, S.B.
Submode X0 Note 3 Note 2 Note 2

1, Port B Pin FOL IOL/FOL, | IOL/FOL,
Submode X1 Note 3 D.B., D.B.,
Note 1 Note 1

Note 1: Data written to Port A goes to a temporary latch. When the
Port B data register is later written, Port A data is transferred
to IOL/FOL.

Note 2: Data is latched in the output data registers (final output latch)
and will be single buffered at the pin if the DDR is 1. The
output buffers will be turned off if the DDR is O.

Note 3: The output drivers that connect the final output latch to the
pins are turned on.

Abbreviations:

IOL — Initial Qutput Latch
FOL — Final Output Latch
FIL — Final Input Latch

S.B. — Single Buffered
D.B. — Double Buffered
DDR — Data Direction Register

PORT B SUBMODE X1
(16-BIT DOUBLE-BUFFERED OUTPUT) —

For pins used as inputs, data written to either data register is -
double-buffered and passed to the initial or final output
latch, as usual, but the output buffer is disabled.

MODE 1 PORT B SUBMODE X1 Refer to PARALLEL PORTS Double-Buffered Input/Qutput

l€——H1 Transfer for a sample timing diagram (Figure 6).
| —>H2
MODE 2 — BIDIRECTIONAL 8-BIT MODE
<,_> AAND B
(16)
DOUBLE-BUFFERED
OUTPUT MODE 2
l———H3
H4 A®)

BIT1/0
The first byte (most-significant) is written to the Port A Data
Register. It is stored in a temporary latch until the next byte
is written to the Port B Data Register. Then all 16 bits are

transferred to the final output latches of Ports A and B. Both
options for interpretation of the H3S status bit, mentioned in
Port General Information and Comments section, are
available and apply to the 16-bit port as a whole. The
DMAREQ pin may be used to signal a DMA controller to
transfer another word to the port output latches. (The
MK68450 DMAC can be programmed to perform the exact
transfers needed for compatibility with the Pl/T.)H4 may be
programmed for all five of the handshake options
mentioned in the Port General Information and Comments
section.

<:>s ®

BIDIRECTIONAL 8-BIT
le——H1 OUTPUT
o H2 7~ TRANSFERS

< —H3y _input
—>H4 TRANSFERS

In Mode 2, Port A is used for simple bit I/0 with no
associated handshake pins. Port B is used for bidirectional
8-bit double-buffered transfers. H1 and H2, enabled by the
H12 Enable bit in the Port General Control Register, control
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output transfers, while H3 and H4, enabled by the Port
General Control Register bit H34 Enable, control input
transfers. The instantaneous direction of the data is
determined by the H1 handshake pin. The Port B Data
Direction Register is not used. The Port A and Port B
submode fields do not affect Pl/T operation in Mode 2.

DOUBLE-BUFFERED I/0 (PORT B) - The only aspect of
bidirectional double-buffered transfers that differs from the
unidirectional modes lies in controlling the Port B output
buffers. They are controlled by the level of H1. When H1 is
negated, the Port B output buffers(all 8) are enabled and the
pins drive the bidirectional bus. Generally, H1 is negated in
response to an asserted H2, which indicates that new
output data is present in the double-buffered latches.
Following acceptance of the data, the peripheral asserts H1,
disabling the Port B output buffers. Other than controlling
the output buffer, H1 is edge-sensitive as in other modes.
Input transfers proceed identically to the double-buffered
input protocol described in the Port General Information and
Conventions Section. In Mode 2, only the interlocked and
pulsed handshake pin options are available on H2 and H4.
The DMAREQ pin may be associated with either input
transfers (H3) or output transfers (H1), but not both. Refer to
Table 6 for a summary of the Port B Data Register responses
in Mode 2.

BIT I/0 (PORT A) — Mode 2, Port A performs simple bit
1/0 with no associated handshake pins. This configuration
is intended for applications in which several independent
devices must be controlled or monitored. Data written to the
Port A data register is single-buffered. If the Port A Data
Direction Register bit for that pin is 1 (output), the output
buffer is enabled. If it is O, data written is still latched but not
available at the pin. Data read from the data register is either
the instantaneous value of the pin or what was written to
the data register, depending on the contents of the Port A
Data Direction Register. This is summarized in Table 7.

MODE 3 —BIDIRECTIONAL 16-BIT DOUBLE-
BUFFERED 170

MODE 3

AANDB
(16)

BIDIRECTIONAL 16-BIT

| ¢——H1.  OUTPUT
5 12— TRANSFERS

[<—H3 S>— INPUT
—>H4 TRANSFERS

In Mode 3, Ports A and B are used for bidirectional 16-bit
double-buffered transfers. H1 and H2 control output
transfers, while H3 and H4 control input transfers. (H1 and
H2 are enabled by the H12 Enable bit while H3 and H4 are
enabled by the H34 Enable bit of the Port General Control
Register.) The instantaneous direction of the data is
determined by the H1 handshake pin, and thus, the data
direction registers are not used. The Port A and Port B
submode fields do not affect PI/T operation in Mode 3.

The only aspect of bidirectional double-buffered transfers
that differs from the unidirectional modes lies in controlling
the Port A and B output buffers. They are controlled by the
level of H1. When H1 is negated, the output buffers (all 16)
are enabled and the pins drive the bidirectional bus.
Generally, H1 is negated in response to an asserted H2,
which indicates that new output data is present in the the
double-buffered latches. Following acceptance of the data,
the peripheral asserts H1, disabling the output buffers.
Other than controlling the output buffers, H1 is edge-
sensitive as in other modes. Input transfers proceed

MODE 2 PORT B DATA PATHS
Table 6

IOL - Initial Output Latch
FOL - Final Output Latch
FIL - Final Input Latch

Mode Read Port B Write Port B
Data Register Data Register
2 FIL, D. B. IOL/FOL, D. B.
Abbreviations:

D.B. - Double Buffered
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MODE 2 PORT A DATA PATHS

Table 7
Read Port A Write Port A
Mode Data Register Data Register
DDR=0 |DDR= 1|DDR=0{ DDR=1
2 PIN FOL FOL |FOL, S.B.
Abbreviations:
S.B. — Single Buffered
FOL — Final Output Latch
DDR — Data Direction Register
identically to the double-buffered input protocol described in DMA REQUEST OPERATION

the Port General Information and Conventions section.
Port A and B data is latched with the asserted edge of H3. In
Mode 3, only the interlocked and pulsed handshake pin
options are available to H2 and H4. The DMAREQ pin may
be associated with either input transfers (H3) or output
transfers (H1), but not both. H2 indicates when new data is
available in the Port B (and implicitly Port A) output latches,
but unless the buffer is enabled by H1, the data is not driving
the pins.

Mode 3 can provide convenient high-speed 16-bit transfers.
The Port A and B Data Registers are addressed for
compatibility with the MK68000's Move Peripheral
(MOVEP) instruction and with the MK68450 DMAC. To
take advantage of this, Port A should contain the most-
significant data and always be read or written by the bus
master first. The interlocked and pulsed handshake
protocols are keyed to accesses to the Port B Data Register
in Mode 3. If it is accessed last, the 16-bit double-buffered
transfer proceeds smoothly. Refer to Table 8 for a summary
of the Port A and B data paths in Mode 3.

The Direct Memory Access Request (DMAREQ) pulse
(when enabled) is associated with output or input transfers
to keep the initial and final output latches full or initial and
final input latches empty, respectively. Figures 7 and 8
show all the possible paths in generating DMA requests.

DMAREQ is generated on the bus side of the MK68230 by
the synchronized* Chip Select. If the conditions of Figures
7 and 8 are met, an access of the bus (assertion of CS) will
cause DMAREQ to be asserted 3 Pi/T clocks (plus the delay
time from the clock edge) after CS is synchronized.*
DMAREQ remains asserted 3 clock cycles (plus the delay
time from the clock edge) and is then negated.

The DMAREQ pulse associated with a peripheral or port
side of the PI/T is caused by the synchronized* H1(H3)
input. If the conditions of Figures 7 and 8 are met, a port
access (assertion of the H1(H3) input) will cause DMAREQ
to be asserted 2.5 PI/T clock cycles (plus the delay time from
clock edge) after H1(H3) is synchronized.* DMAREQ
remains asserted 3 clock cycles (plus the delay time from
the clock edge) and is then negated.

MODE 3 PORT A AND B DATA PATHS

Write Port A and B
Data Register

IOL/FOL, D.B., Note 1

Data written to Port A goes to a temporary latch.
When the Port B data register is later written, Port|

Table 8
Read Port A and B
Mode Data Register
3 FIL, D.B.
Note 1:
A data is transferred to IOL/FOL.
Abbreviations:

FIL — Final Input Latch

IOL — Initial Output Latch  S.B. — Single Buffered
FOL — Final Output Latch  D.B. — Double Buffered

*Synchronized means that the input signal has been seen by the PI/T on the appropriate edge of the clock (rising edge for H1(H3) and falling edge for C'_S.). (Refer tothe
BUS INTERFACE CONNECTION section for the exception concerning CS.) If a bus access (assertion of CS)anda port access (assertion of H1(H3) occur at the same
time, CS will be recognized without any delay. H1(H3) will be recognized one clock cvcle later.
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DMAREQ ASSOCIATED WITH OUTPUT TRANSFERS
Figure 7

DATA IN OUTPUT LATCHES

G

BUS WRITE NO DMA REQUEST

DMA REQUEST PERIPHERAL ACCEPTS DATA

> o<

BUS WRITE DMA REQUEST

NO DMA REQUEST PERIPHERAL ACCEPTS DATA

NG

DMAREQ ASSOCIATED WITH INPUT TRANSFERS
Figure 8

DATA IN INPUT LA