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ORDERING INFORMATION

Factory orders for parts described in this book should include a four-part number as explained below:
Example: MK 4027 J - 3

I—— 1. Dash Number

2. Package

2
e 4
o
e
2

Q
4
[« 8
o
w
@]
o
@)

3. Device Number

4. Mostek Prefix
1. Dash Number

One or two numerical characters defining specific device performance characteristic.

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

3. Device Number

1XXX or 1XXXX - Shift Register, ROM

2XXX or 2XXXX - ROM, EPROM

3XXX or 3XXXX - ROM, EPROM

38XX - Microcomputer Components

4XXX or 4XXXX - RAM

5XXX or 5XXXX - Counters, Telecommunication and Industrial
TXXX or 7XXXX - Microcomputer Systems

4. Mostek Prefix
MK-Standard Prefix

MKB-100% 883B screening, with final electrical test at low, room and high-rated temperatures.
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Package Descriptions
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DUAL-IN-LINE DOUBLE DENSITY
CERAMICW PACKAGING (D) 18 PIN

j . gunss

» rucss
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CERAMIC FLAT PACKAGE (F)
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U.S. AND CANADIAN SALES OFFICES

CORPORATE HEADQUARTERS

Mid-Atlantic U.S.

Nonh kcomnl u.s.

Southwest U.S.
M k

Rocky Mountains

tek Mostek . ostel ostel
I'v}o‘ssewCocr’zgwloz East Gate Business Center 6!25 Blue Circle Drive, Suite A 4100 McEwen Road x'awsoasée:;, Central Ave.
P. 0. Box 169 1'125 L(:ailh.erNDnvj, su“e02054 g!llgv/\gg);:ao l\(ll)n 55343 Suite 237 Suite 126

fiton, t. Laurel, New Jersey Dallas, Texas 75234 i .
Carrlton, Texas 75006 609/235-4112 TWX 910-576-2802 214/386.9141 8037007 ye3 20

REGIONAL OFFICES

TWX 710-897-0723

South Central U.S.
Mostek

TWX 910-860-5437

TWX 910-957-4581

S. Southeast U.S. stel Nomnm California

Eastern U.S./Canada Mostek 228 Byers Road ok o Northwest

34 W. Putnam, 2nd Floor Exchange Bank Bidg. Suite 105 2025 Gateway Place 1107 North East 45th Street
Greenwich, Conn. 06830 1111 N. Westshore Blvd. Miamisburg, Ohio 45342 Suite 268 Suite 411
203/622-0955 Suite 414 513/866-3305 San Jose, Calif. 95011 Seattle, Wa. 98105
TWX 710-579-2928 g«';f;yg' o 33607 TWX 810-473-2976 408/287-5081 206/632-0245
Northeast U.S. TWX 810-876-4611 Michigan TWX 910-338-7338 TWX 910-444-4030
Mostek Mostek Southern California

29 Cummings p,,k Suute 426 Central U.S. Livonia Pavillion East Mostek

Waburn, Mass. 0180 Mostek 29200 Vassar, Suite 815 17870 Skypark Circle

617/935-0635 701 E. Irving Park Road Livonia, Mich. 48152 Suite 107

TWX (Temp.) 710-348-0459

Suite 206

Roselle, #ll. 60172
312/529-3993
TWX 910-291-1207

313/478-1470
TWX 810-242-2978

Irvine, Calif. 92714
714/549-0397
TWX 910-595-2613
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U.S. AND CANADIAN REPRESENTATIVES

ALABAMA

Beacon Elect. Assoc., Inc.
11309 S. Memorial Pkwy.
Suite G

Humsv:lle, AL 35803
205/881-5031

TWX 810-726-2136

ARIZONA

Summit Sales

7336 E. Shoeman Lane
Suite 116E

Scottsdale, AZ 85261
602/994-4587

TWX 910-950-1283

ARKANSAS

Beacon Elect. Assoc.,

P.O. Box 5382, Bvadv S\auon
Little Rock, AK 72215
501/224-5449

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

TWX 910-335-1231

COLORADO
Waugaman Assocnates
4800 V.

02
TWX 91 0-938-0750

CONNECTICUT

New England Technical Sales
33 Trotwood Drive

W. Hartford, CT 06117
203/236-4705

FLORIDA

Beacon Elect. Assoc., Inc
6842 N.W. 20th Ave.

Ft. Lauderdale, FL 32935
305/971-7320

TWX 510-950-7251

Beacon Elect. Assoc., Inc.
P. 0. Box 125
Fl Walton Beach, FL 32548
/244-1550

Beacon Elect. Assoc., inc.
235 Maitland Ave.

P. Q. Box 1278
Maitland, FL 32751
305/647-3498

TWX 810-853-5038

Beacon Eiect Assoc., Inc.
316 Lauri
Melbourne. FL 32901

305/259-
TWX 810-853-5038

GEORGIA

Beacon Elect. Assoc., Inc
6135 Barfield Rd.

Suite 112

Atlanta, GA 30328
404/256-9640

TWX 810-751-3165

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.

TWX 810-332-1404

IOWA

Cahill Associates

226 Sussex Dr. N.E.
Cedar Rapids, |A 62402
319/377-4018

Carlson Electronic Sales
E.

Ce
319/377-6341

KANSAS
Rush & West A

MASSACHUSETTS

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

TWX 710-332-0435

MICHIGAN

A.P.J. Associates, Inc.
496 Ann Arbor Trail
Plymouth, Mi 48170
313/459-1200

TWX 810-242-6970

MINNESOTA
Cahill Associates”
316 N. Pierce

St. Paut, MN 65104
612/646-7217
TWX 910-663-3737

MISSOURI

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

NEW MEXICO
Waugaman Associates
9004 Menaul N.E

4894
Albuguerque, NM 87111
505/294-1437
NORTH CAROLINA
Beacon Elect. Assoc., Inc.
1207 West Bessemer Ave.

Suite 112
C 27408

107 N. Chester Street
Olathe, KN 66061
913/764-2700

TWX 910-749-6404

KENTUCKY

Rich Electronic Marketing

5910 Bardstown Road
P. 0. Box 91147

Louisville, KY 40291

502/239-2747

TWX 810-535-3757

919/275-9997
TWX 510-925-1119

NEW YORK

E R A (Engrg. Rep. Assoc.)
One DuPont Street
Plainview, NY 11803
516/822-9890

TWX 510-221-1849

Precision Sales Corp.
6 Arbustus Ln., MR-97
Binghamton, NY 13901
607/648-3686

Precision Sales Corp.*
1 Commerce Blvd.
Liverpool, NY 13088
315/451-3480

TWX 710-545-0250

Precision Sales Corp.

3594 Monroe Avenue
Rochester, NY 14634

716/381-2820

OREGON

Northwest Marketing Assoc.
9999 S.W. Wilshire St.

Suite 124

Portland OR 97225
503/297-2581

TELEX 36-0465 (AMAPORT PTL)

PENNSYLVANIA
CMS Marketing

121A Lorraine Avenue
P.0. Box 300

0re|and PA 19075
215/885-5106

TWX 510-665-0161

TENNESSEE

Beacon Elect. Assoc., Inc.
100 Tulsa Road

Oak Rndge TN 37830
615/48.

TWX 810-! 572 1077

UTAH

Waugaman Associates
2520 S. State Street
#224

Salt Lake City, UT 84115
TWX 801-467-4263

WASHINGTON
Noithwest 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.*
17 Bentley Avenue

Ottawa, Ontario

Canada K2E 677
613/225-0363

TWX 610-562-8967

Cantec Representatives Inc.
15737 Rue Pierrefonds
Ste. Genevieve, P.Q.
Canada HOH 163
514/694-

TWX 61 0‘422 3985

Cantec Representatives inc.
83 Galaxy Bivd., Unit 1A
(Rexdale)

Toronto, Canada MSW 5X6
416/675-2460

TWX 610-492-2655



U.S. AND CANADIAN DISTRIBUTORS

ARIZONA

Kierulff Electronics
4134 E. Wood St.
Phoenix, AZ 85040
602/243-41

TWX 910/951-1650

CALIFORNIA

Bell Industries

1161 N. Fair Oaks Avenue
Sunnyvale, CA 94086
408/734-

TWX 910/339 9378
Arrow Electronics
720 Palomar Avenue
Sunnyvale, CA 94086
408/739-3011
TWX 910/339-9371
Intermark Electronics
802 E. Carnegie Avenue

Santa Ana, CA 92705
714/540-1322
TWX 910/595-1583
Intermark Electronics
4125 Sorrento Valley Bivd.
San Diego, CA 9212
714/279-5200
TWX 910/335-1515
intecmark Electronics
1020 Stewart Drive
Sunnyvale, CA 94086
408/ -1111
TWX 910/339-9312
Kierulff Electronics

5 Commerce Way

TWX 910/580-3106
Kierulff Electronics
3969 E. Bayshore Road
Palo Alto, CA 94303
415/968-6292

TWX 810/379-6430
Kierulff Electronics
8797 Balboa Avenue
San Die: o CA 92123
714/27

TWX 910/335 1182
Kierulff Electronics
14101 Franklin Avenue
Tustin, CA 92680
714/731-6711

TWX 910/695-2599
Schweber Electronics
17811 Gillette Avenue
Irvine, CA 92714
714/556-3880

TWX 910/595-1720

COLORADO

Bell Industries

8155 W. 48th Avenue
Wheatridge, CO 80033
303/424-1985

TWX 910/938-0393
Kierulff Electronics
10890 E. 47th Avenue
Denver, CO 80239
303/371-6500

TWX 910/932-0169

CONNECTICUT
Arrow Electronics
295 Treadwell

mden, CT 06514
203/ 248-3801
TWX 710/465-0780
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

115 Palm Bay Road, N.W.

Suite 10 Bldg. 200

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

813/576-1966

TWX 810/863-5625

GEORGIA

Arrow Electronics

3406 Oakcliff Road
Doraville, GA 30340
404/455-4054

TWX 810/757-4213
Schweber Electronics
4126 Pieasantdale Road
Atlanta, GA 30340
404/449-9170

ILLINOIS

Arrow Electronics

492 Lunt Avenue

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

Bell Industries

3422 W. Touhv:venue

WX 9!0/223/45\9
Kierulff Electronics

1536 Lanmeier

Elk Grove Village, IL 60007
312/640-0200

TWX 910/222-0351

INDIANA

Advent Electronics
8505 Zionsville Road
Indianapolis, IN 46268
317/297-4910

TWX 810/341-3228
Ft. Wayne Electronics
3 E. Maumee

Ft. Wayne, IN 46803
219/423-3422

TWX 810/332-1562
Graham Electronics
133 S. Pennsylvania St
Indianapolis, IN 46204
317/634-8202

TWX 810/341-3481

IOWA

Advent Electronics

682 58th Avenue
Court South West
Cedar Rapids, IA 52404
319/363-0221

LOUISIANA

Sterling Electronics
4613 Fairfield Avenue
Metairie, LA 70005
504/887-7610

Telex 58-328

MASSACHUSETTES
Kierulff Electronics
13 Fortune Drive
Billerica, MA 01821
617/667-8331

TWX 710/390-1449
Lionex Corporation

1 North Avenue
Burlington, MA 01803
617/272-9400

TWX 710/332-1387
Schweber Electronics
25 Wiggins Avenue
Bedford, MA 01730
617/275-5100

TWX 710/326-0268
Arrow Electronics
96D Commer Way
Woburn, MA 01801

MARYLAND

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

TWX 710/236-9005
Cramer Electronics
16021 Industrial Drive
Gaithersburg, MD 20760
301/948-0110

TWX 710/828-0082

MICHIGAN
Arrow Electronics
3921 Varsity Drive

TWX 810/223-6020
Schweber Electronics
33540 Schoolcraft Road
Livonia, Mi 48150
313/625-8100

MINNESOTA
Arrow Electronics
5251 W. 73rd Street

830-1800
TWX 910/576-3125

MISSOURI

Olive Electronics

9910 Page Bivd.

St. Louis, MO 63132
314/426-4!

TWX 910/763-0710
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
603/668-6968

NEW JERSEY

Arrow Electronics
Pleasant Valley Avenue
Morrestown, NJ 08057
609/235-1900

TWX 710/897-0892
Arrow Electronics

285 Midland Avenue
Saddlebrook, NJ 07662
201/797-5800

TWX 710/988-2206
Kierulff Electronics

3 Edison Place
Fairfield, NJ 07006
201/575-6750

TWX 710/734-4372
Schweber Electronics
18 Madison Road
Fairfield, NJ 07006
201/227-7880

TWX 710/734-3405

NEW MEXICO

Bell Industries

11728 Linn N.E.;
Albuquerque, NM 87123
506/292-2700

TWX 910/989-0625

NEW YORK

Arrow Electronics
900 Broad Hollow R
Farmingdale, L.i., NY 11738
516/694-6800

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

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

TWX 510/253-4766
Lionex Corporation
415 Crossway Park Drive
Woodbury NV 11797
516/92

TWX 510/221 -2196
Schweber Electronics
2 Twin Line Circle
Rochester, NY 14623
716/424-2222
Schweber Electronics
Jericho Turnpike
Westbury, NY 11690
516/334-7474

TWX 510/222-3660

NORTH CAROLINA
Arrow Electronics
1369G South Park Drive
Kernersville, NC 27282
919/996-2039
Hammond Electronics
2923 Pacific Avenue
Greensboro, NC 27406
919/275-6391

TWX 510/925-1094

OHIO

Arrow Electronics
3100 Plainfield Road
Kettering, OH 45432
6513/253-9176

TWX 810/459-1611
Arrow Electronics

10 Knoll Crest Drive
Reading, OH 44139
513/761-5432

TWX 810/461-2670
Arrow Electronics
6238 Cochran Road
Solon, OH 4413
216/248-. 3590

TWX 810/427-9409
Schweber Electronics
23880 Commerce Park Road
Beachwood, OH 44122
216/464-2970

TWX 810/427-9441

OKLAHOMA
Sterling Electronics
9810 E. 42nd Street
Suite 229

Tulsa, OK 74145
918/663-2410
Telex 49-9440

PENNSYLVANIA
Schweber Electronics
101 Rock Road
Horsham, PA 19044
215/441-0600

SOUTH CAROLINA
Hammond Electronics
1035 Lown Des Hill Rd.
Greenwlle SC 29602
803/233-4121

TWX 810/281-2233

TEXAS
Arrow Electronics
13740 Midway Road
P.O. Box 401068
Dallas, TX 75240
214/386-7500
TWX 910/861-5495
Quality Components
10201 McKalla

uite D
Austin, TX 78758
512/838-0551
Quality Components
4303 Alpha Road
Dallas, TX 75240
214/387-4949
TWX 910/860-5459
Quality Components
6126 Westline
Houston, TX 77036
713/772-71100
Schweber Electronics
7420 Harwin Drive
Houston, TX 77036
713/784-3600
TWX 910/881-1109
Sterling Electronics
2800 Longhorn Bivd.
Suite 101
Ausun X 78759
512/836-134
Telex - 776 407
Sterling Electronics
2875 Merrell Road
P.0. Box 29317
Dallas, TX 75229
214/357-9131
Telex - 025
Sterling Electronics
4201 Southwest Freeway
Houston, TX 77027
713/627-9800
TWX 910/881-5042

UTAH

Bell Industries

2258 S. 2700 W.

Salt Lake C|ty UT 84119

801/972-6969

TWX 910/925-5686

Kierulff Electronics
3695 W. 1987 South St.

Salt Lake City, UT 84104

801/973-6913

WASHINGTON

Kierulff Electronics
1005 Andover Park East
Seattle, WA 98188
206/575-4420

TWX 910/444-2034

WISCONSIN

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

TWX 910/262-1192

CANADA

Prelco Electronics

2767 Thames Gate Drive
Mississauga, Ontario
Toronto L4T 1G5
416/678-0401

TWX 610/492-8974
Preico Electronics

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

TWX 610/421-3616
Prelco Electronics

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

TWX 610/562-8724
R.AE. Industrial

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

W.ES. Ltd.

1515 King Edward St.
Winnipeg. Manitoba R3H OR8
204/632-1260

Telex - 07-57347
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MOSTEK.

INTERNATIONAL MARKETING OFFICES

EUROPEAN HEAD OFFICE
Mostek International
150 Chaussee de la Hulpe

FRANCE
Mostek France s.a.r.l.
30. Rue de Morvan

GERMANY
Mostek GmbH
Talstrasse 172

ITALY
Mostek Itaha S.p.A.
Via G. da Procida, 10

UNITED KINGDOM
Mostek U.K. Ltd
Masons House,

B-1170 Brussels SILIC 505 D-7024 Filderstadt 1 1-20149 Milano 1-3 Valley Drive,
Belgium F-94623 Rungis Cedex (49) 711-70.10.45 (39) 2-349.26.96 Kingsbury Road,
(39) 02 660.69.24 (33) 1-687.34.14 Telex - 7255792 Telex - 333601 London, NW.9
Telex - 62011 Telex - 204049 (44) 1-204 93.22
Mostek GmbH SWEDEN Telex - 25940
Friedlandstrasse 1 Mostek Scandinavia AB i
D-2085 Quickborn Magnusvagen 1, 8 tr,
(49) 4106-2077/78 $-17531 Jarfalla
Telex - 213685 (46) 758-343.38
Telex - 12997
INTERNATIONAL SALES REPRESENTATIVES/DISTRIBUTORS
ARGENTINA FRANCE HONG KONG THE NETHERLANDS TAIWAN
Rayo Electronics S.R.L. E.P. Cet Limited Nijkerk Elektronika BV Dynamar Taiwan Limited
Belgrano 990, Pisos 6y2 4, Rue Barthelemy 1402 Tung Wah Mansion Drentestraat 7 P.O. Box 67-445

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-Vertriebs GmbH
Auhofstrasse 41 A
A-1130 Vienna

(43) 222-829.45.12

Telex - 13738

BRASIL

Cosele, Ltd.

Rua da Consolacao, 867

Conj. 31

01301 Sao Paulo

(565) 11-257.35.35/258.43.25
Telex - 1130869

BELGIUM

Sotronic

14, Rue Pere de Deken
B-1040 Brussels

(32) 2-736.10.07

Telex - 25141

DENMARK

Semicap APS

Gammel Kongeve) 184.5
DK-1850 Copenhagen
(45) 1-22.15.10

Telex - 15987

FINLAND

S.W. instruments
Karstulantie 4 B
SF-00550 Helsinki 55
(358)-0-73.82.65
Telex - 122411

XX

F-92120 Montrouge
(33) 1-735.33.20
Telex - 204534

SCAIB

80. Rue d'Arcuil

SILIC 137

F-94150 Rungis Cedex
(33) 1-687.23.12
Telex - 204674

GERMANY

Neye Enatechnik GmbH
Schillerstrasse 14
D-2085 Quickborn

(49) 4106-61.22.95
Telex - 213.590

Dr Dohrenberg
Bayreuther Strasse 3
D-1 Berhin 30

(49) 30-213.80.43.
Telex - 184860

Raffel-Electronic GmbH
Lochnerstrasse 1
D-4030 Ratingen

(49) 2102-280.24
Telex - 8585180

Siegfried Ecker
Konigsberger Strasse 2
D-6120 Michelstadt
(49) 6061-2233

Telex - 4191630

Matronic GmbH
Lichtenberger Weg 3
D-7400 Tubingen
(49) 7071-24.43 31
Telex - 726.28.79

Dema-Electronic GmbH
Blutenstrasse 21

D-8 Munchen 40

(49) 89-288018

Telex - 28345

199-203 Hennessy Road
Wanchai, Hong Kong
(5)-72.93.76

Telex - 85148

ISRAEL

Telsys Limited

54 Jabounsky Road

Ramat-Gan 52462

(972) 73.98.65
72.23.62

Telex - 32392

ITALY

Comprel Sir.L.

Viale Romagna, 1

1-20092 Cinisello Balsamo
(39) 2-928.08.09/928.03.45
Telex - 332484

JAPAN

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

Tokyo, 100

(81) 3-254.27 51

Telex - 25761

Teiin 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 303-Tae Sung Bldg.
199-1 Jangsa-Dong
Jongro-Ku

Seoul

(26)-1663, 25-9875

Telex - 24154

1083 HK Amsterdam
(020.) 428 933
Telex - 11625

NEW ZEALAND

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

Airport Palmerston North
(77)-047

Telex - 3766

NORWAY

Hefro Tekniska A/S
Postboks 6596
Rodelkka

Oslo 5

(47) 2-38.02.86
Telex - 16205

SOUTH AFRICA
Radiokom

P.O. Box 56310
Pinegowrie

2123,

Transvaal
789-1400

Telex - 8-0838 SA

SWEDEN

Interelko AB
Strandbergsg. 47
$-11251 Stockholm
(46) 8-13.21.60
Telex - 10689

SPAIN

Comelta S.A.

Cia Electronica Tecnicas Aplicadas
Consejo de Ciento, 204

Entlo 3A.

Barcelona 11

(34) 3-254.66.07/08

Telex - 51934

SWITZERLAND
Memotec AG
CH-4932 Lotzwil
(41) 63-28.11.22
Telex - 68636

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

Taiper

5418251

Telex - 11064

UNITED KINGDOM
Celdis Limited

37-39 Loverock Road
Reading

Berks RG 31 ED

(44) 734-58.51.71
Telex - 848370

Distronic Limited

50-51 Burnt Mill
Ehzabeth Way,

Harlow

Essex CM 202 HU

(44) 279-32.497. 39.701
Telex - 81387

AM. Lock Co., Lud.
Neville Street,
Chadderton,
Oldham, Lancashire
(44) 61-652.04.31
Telex - 669971

Pronto Electronic Systems Ltd.
645 High Road,

Seven Kings,

Iiford,

Essex IG 38 RA

(44) 1-599.30.41

Telex - 24507

YUGOSLAVIA
Chemcolor

Inozemma Zastupstva
Proleterskih brigada 37-a
41001 Zagreb
(41)-513911

Telex - 21236
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MOSTEK.

DUAL 128-BIT STATIC SHIFT REGISTER

MK1002(P/N)

FEATURES
O lon-implanted for full TTL/DTL compatibility O Recirculate logic builtin
no interface circuitry required
O DC to 1 MHz clock rates
0 Single-phase, TTL/DTL compatible clocks
O Low power dissipation—130 mW
Dual 128-bit static shift registers—256 bits total
O 16-pin dual-in-line package
Dual sections have independent clocks
DESCRIPTION The Data, Recirculate Control, and Clock inputs

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

QUT (delayed 128 bits) =
(Rc) (DIN) + (Rc) (RIN)

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

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

FUNCTIONAL DIAGRAM

PIN CONNECTIONS

Q(?CL.OCKA ’._\J_
- e Vs vRg | []e 1 16 VRa
Rin ,O— | S
o IS5 Dine 2 [] ] 15 Dina
RCAOVS REGISTER D | OuTa
00 ‘ A Ring 3 Er— (] 14 Rina
VRAO—ﬁ§ Fé Rcs 4 [ ] 13 Rea
Vs
fing O Outg 5 [] [] 12 Outa
SHIFT 5
RCBG% ] ;Emsn;n-%-—g‘”e Vpp 6 : :] Il Veg
DingO- S —
5 Vss 7 j 10 Vgrg
VRGO wieg [:
Vgs | Clockg 8 E :] 9 Clocka
PN ol

Vss Vop Voo CLOCKg VRg

NOT FOR NEW DESIGN
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ABSOLUTE MAXIMUM RATINGS

Supply Voltage, VDD « « o oo e e e Vss — 10.0V
SUPPlY Voltage, VGG -+ v v v it et e e Vss — 20.0V
Voltage at any Inputor Output. .. ..........oininnen... Vss+0.3V toVss — 10.0V
Operating Free-Air Temperature Range. ... ... vvv e 0°C to +75°C
Storage Temperature Range (Ceramic) ... ............viniin. .. —65°C to +150°C
Storage Temperature Range (Plastic). . ........... ... ... —55°C to +125°C

RECOMMENDED OPERATING CONDITIONS (0°C < T, < 75°C)

PARAMETER MIN TYP MAX UNITS COMMENTS
g Vs Supply Voltage 4.75 5.0 5.25 \ Vop =0 V
2 Voo Supply Voltage!" —12.6 —120 —11.4 \Y%
g Vi Input Voltage, Logic 0@ 0 Veo—4 \"
E Viu Input Voltage, Logic 1 Vgs—1 5.0 Vs \
f Clock Repetition Rate DC 1 MHz
tep Clock Pulse Width 0.35 10 nS
tog Clock Puise Delay 0.4 ns See
% to, Clock Pulse Risetime .010 0.2 1S Timing
E tos Clock Pulse Falitime .010 0.2 ns Diagram
; tai Data Leadtime 50 ns
- taig Data Lagtime 200 ns
tg Recirculate Control Leadtime 100 ns
tg- Recirculate Control Lagtime 300 ns
ELECTRICAL CHARACTERISTICS
(Voo =+5 =0.25V, Vg = —12 0.6V, V,, = OV, T, == 0°C to +75°C, using test circuit shown, unless otherwise noted.)
PARAMETER MIN TYP? MAX | UNITS CONDITIONS
lss Power Supply Current, Vg 14 25 mA | fo=1MHz
g Inputs & Outputs open
o
&~ loe Power Supply Current, Vgg 5 10 mA
C, Input Capacitance, any Input 3 10 pF V, = Vg f =1MHz
T, =25°C
Ty Input Current, Logic 0:
Resistors Disabled? —40 pA | V= Vg —5V B
2 Resistors Enabled? -03 16| mA [V, = +04V
o
= [ Input Current, Logic 1, Any Input 40 nA VR., VRg, VRe = Vi
V, = Vg
ey | Input Current at Recirculate Inputs? —40 nA | VR,, VRy, VRs = Vge
V, = Vg — 5V
g Vo, | Output Voltage, Logic 0 (3) 04| V jlIL=-16mA
S | Vou | Output Voltage, Logic 1 (3) Vg — 1 vV |l = +100 .A
touw Output Delay, Low to High (3) 450 S | See Timirg
g € tom Output Delay, High to Low (3) 450 ns | Diagram and
-
£5| to Output Voltage Rise Time (3) 100 | 150 ns ;est
ircuit
tvor Output Voltage Fall Time (3) 100 | 150 ns
NOTES:
1. Other supply voltages are permissible providing that supply and input voltages are adjusted to maintain the same potential relative to Vss, e.g.. Vss = OV,
Voo = —5 + 0.25V, Ve = --17 + 085V

2. MOS pull-up resistors to 4 5V are provided internally. These MOS resistors are enabled by connecting VRa, VRs and VR¢ to Vee. and disabled by connect-,
ing VRa, VRs and VRg to Vss Pull-up resistors not provided at recirculate inputs.
3. At Ta = 25°C



TIMING

v op
SS o — 4
cLock fgig

taia
R T
Din 0% /— - —

LOGIC “1”
OUTPUT 50% - — — -
and Rin LOGIC “0"

“1"stored
from Din
"O'stored
from Din
“I" out from
Din(diy-128)
Rin enabled
"I"stored
from Rin
0" out from
0" stored
from Rin

Din{dly-128)
“I" out from

Rin(diy=128)
"0"out from
Rin(dly-128)

The timing diagram applies to either section of the dual shift register. The test conditions for these wave-
forms are illustrated below. A logic 1" is defined as +5V and a logic ""0" is defined as OV

As long as Rcis ata 1", R is disabled and D.. is enabled. The data that is present at D.. while the clock
is at "0" is shifted in and will be stored as the clock goes to a 1" This data must have been present taq
time prior to the clock 1" edge. The data must also remain in that same state for t«, time after that edge.
These times are necessary to insure proper data storage in the first register-cell.

n
I
2

REGISTERS

On the clock 1" edge, data is shifted through the register causing bit 127 to be shifted to position 128.
This cell's output is buffered and appears at the output in the same logic polarity that appeared at the
input 128 clocks prior. This data appears within t.. time of the clock “1" edge.

R.- may be hardwired to the data output. When Rc is at a 0", R.. is enabled and D.. is disabled. Therefore,
the output data will appear at the input of the first cell. When R.. is tied to the data output, the
output delay will insure ts5 and ts4 times. Rc 0" time must lead the clock “1" edge by t.4 time and must
lag that edge by t., time to insure proper data storage when recirculate storage is desired.

TEST CIRCUIT

GRD Vss
Q Q o]
- |\ -\ |- - — — — - - 1
! |
| Vss VoD VGG | 29K 1%
| RIN |
| ouT +——o TP
word | | X
attern ‘—I >o—— Dy MK1002P 4
patter l VR Rc  CLK circuit : = 23((9"
- L | under test 1
12V R R 3 A
VDD
VoD
Vss o——o
clock o DC ¥ Includes scope and
pulse Inverters are 74 seriesTTL test jig capacitance




APPLICATIONS

P Voo
.

This shows the MK 1002 P
connected to operate as
a single. 256-bit. static
shift register Pull-up
resistors are enabled at
TTL driven inputs and dis-
abled at MOS or DTL
driven inputs  Any simi-
lar TTL/DTL device may
be used in place of the
inverters shown

Recirculote 128 -bit STATIC L] N
Control 3 SHIFT REGISTER
5 1 A
6
- *—@i
Vee
Data S
Input — T 7 3
o |
! +5V i28-bit STATIC
a [BUF FE
S SHIFT REGISTER P
.2 . B
Clock _ C gT Pl Von
tnput 7 5V et d2 3 -
o JL Voo
: el 7y ey 03
| 45V GRD -12V -2V

__ __ Data
QOutput
o

o

Inverters are 74-series TTL

TYPICAL PERFORMANCE

140
135 —
130 -
125 —
120 —
s =
110 -
105
100 —

PD (mw)

fo= 1 MHz
Vss=5.0V
Vpp=00V
Vgg=-120V

.95 T T
Ta(°C) 0o

OPERATING NOTES

I ! 1 I

10 20 30 40 50 60 70 80

DATA
Rc R D,, | ENTERED
1 X 1 1
1 X 0 0
0 1 X 1
0 0 X 0
17 = Vg = +5V
“0" = Vpp = Grd
X = No Effect

Output Logic: See Description.

400
380 —
360 —
340 —
320 —
300 —

OUTPUT DELAY (ns)

280 —
260 —
0

Vss =5 .OV
Vpo = OV
Vee = —12.0V

TAC0) 0

10 20 30 40

17 1 1 1
50 60 70 80




MOSTEK.

320-BIT DYNAMIC SHIFT REGISTER

MK1007(P/N)

FEATURES
O lon-Implanted for full TTL/DTL compatibility
0O Single-phase, TTL/DTL compatible clock

O Internal pull-up resistors

DESCRIPTION

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

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

O Clock Frequency 10 kHz to 2.5 MHz
O Built-in recirculate logic for each register

O Power Supplies: +5V and —12V

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

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

FUNCTIONAL DIAGRAM PIN CONNECTIONS
0UTx OUTo
19713
outs 1 [Je [ 16 vss
Ren o2 14 e REa 2 [ [1 15 oinp
RHO BIT . 80 BIT
EGISTER REGISTER .
3 > | 5 oina 3 [ ] 14 reo
ot o] 2000
ouTg 4 [ ] 13 outp
9
CLOCK o = == —
G[NFRATOR REg 5 [: j 12 Voo
6 10
Dug 2 0. ,
Ding & I CLOCK
3 il S
ISTER REGIS N
2] St e oute 7 [ [] 10 Dpinc
voo 8 [] ] 9 REC
1617 8112]

4117
Vss Voo Voo 0UTs OUTC

NOT FOR NEW DESIGN
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L
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ABSOLUTE MAXIMUM RATINGS

Supply Voltage, VDD + + + o e v ve e e e Vgs + 0.3V toVss — 20 V
Supply Voltage, VGG « « -+« v v e e i i ii et i i iii i Vss+0.3V toVsg—20V
Voltage atany InputorOutput. .. ........ivinnnnnn..n. Vss+0.3VtoVss —20V
Operating Free-Air Temperature Range. . ... .......vvvviennnen.n. ....0°Cto+75°C
Storage Temperature Range (Ceramic) ............ ... v, —65°C to +150°C
Storage Temperature Range (Plastic). .. ............ ... ... ..., —55°C to +125°C

RECOMMENDED OPERATING CONDITIONS
0°C < T, < 75°0)

PARAMETER MIN TYP MAX | UNITS | COMMENTS

g Vss  Supply Voltage 4.75 5.0 5.25 \" Vpp =0V
® | Ves Supply Voltagel! -12.6 -120 | -11.4 \
g V., Logic “0” Voltage, any input 0.0 0.8 v
£ | Vi Llogic “1” Voltage, any input @ | Vg — 15| +5.0 Vss \"

f¢  Clock Repetition Rate .01 25 MHz

t¢, Clock Pulse Width 150 100 #s || NOTE: Total
g [tga Clock Pulse Delay 150 100 us permitted clock
.__s_ ty, Clock Pulse Risetime 010 5 1S determined by
5 tg, Clock Pulse Falltime 010 5 ps__ || clock frequency, fg.
£ | tae Data Leadtime 150 ns

ta, Data Lagtime 0 ns

t.« Recirculate Control Leadtime 200 ns

t,; Recirculate Control Lagtime 50 ns

ELECTRICAL CHARACTERISTICS
(Vss = +5 +025V, Vee = —12 0.6V, Vp, = OV, Ta = 0°C to +75°C, unless otherwise specified.)

PARAMETER MIN TYP®) MAX UNITS CONDITIONS
|$S V” Power Supp]y Current)s) 22.0 40.0 mA fo = 2.5 MHz;
lee Vaeg Power Supply Current(s 9.0 16.0 mA outputs open
Cn Capacitance at Data, V) = Vg, fs = 1 MHz
RE, and Clock Inputs(®) 3 6 pF
g Ip  Logic “0” Current, any input® 0.6 11 1.6 mA V,=04V
B luy Leakage Current, any input 1 rA V,=Vgs—5.5V; Vss=Vpp=Vee
Ry Input Pullup Resistance(® 3.0 8.4 ke V,=04V
s-g Voo Logic “0” Output Voltage® 0.4 v I, = —1.6 mA
8& |V, Logic “1” Output Voltage(s Vg — 1 v I, = +100 »A
: tow Output Delay, Low to High 75 200 ns
£ Timing Di
Sg tow. Output Delay, High to Low 75 200 ns See Timing Diagrams
' Ppy Power Dissipation®) 220 mw fo = 2.5 MHz
gg Poa Power Dissipationt* 195 mW | fe=1MHz
Pos) Power Dissipationt 170 mwW fo = 10 kHz
NOTES:
(1) Other supply voltages are permissible providing that supply and input voitages are adjusted to intain the same
potential relative to Vss, €.g.,Vss=0 V, Voo= =5V, Vege= —17 V.

(2) Pull-up resistances to +5V are provuded mternally

(3) Typical values at Ta=25°C, Vss=+5.0 V, Voo=—12.0 V.

(4) Iss will increase a maximum of 1.6 mA for each input at logic *0.”
(5) At T.=25°C.



TIMING
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SHIFT: Fig. 1 illustrates shifting a logic 1 bit from the Data Input (D, ) through one of the 80-bit registers
RE (Recirculate Enable) at logic O enables D,y. RE must go to logic O for t,;q time (Recirculate Control
Leadtime) prior to the Clock’s negative edge, and must maintain that state at least until the Clock’s negative
edge (ty,4) to insure proper data shifting. This data bit entered will appear 80 clock pulses later within

»
Output Delay Time (tp) of that Clock’s negative edge. b @ -

T 0

no

1 2 80 1 2 w

90%— - y= = =
CLOCK 10%_ -/ _ _ _ |2 Ry AN _\2/-_-_--_- -_—_ﬂ
DATA IN (0) | BN

- toHL tpLH~ ~ - tDHL
DATAOUTISV. - - o N - - _ ey A

RECIRCULATE: Fig. 2 illustrates recirculating a bit present at the output back through the register.
RE must attain a logic 1 for tg,p time (Recirculate Control Leadtime) prior to the Clock’s negative edge,
and must maintain that state at least until the Clock’s negative edge (t,;q) to insure proper data recircula-
tion. The bit entered will appear 80 clocks later as shown.

CONDITIONS:

1. All timing relationships apply to any of the four registers. 2. Logic 0 is defined as Vy,, or ground; logic 1 as Vg or +5V.




APPLICATIONS

CLOCK 4

CYCLE CLOCK

ROM
READ
CONTROL
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—— JE— CLOCK
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— 88 b €
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RE a7 B 8
PAGE ; A6 85 A" pRE SER
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B4 €., PRE
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Bl B\
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R L (us7496)
D1 CLOCK
——] RE
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CONTROL Din E
LOGIC q:RE ¢ OUTl'r‘Lme cLock
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et HENCT o .
LMKIOO"P CLK AB COD CURSOR ON="1"=DATA OUT INVERTED-/
uS 7490 CURSOR OFF ="0"=DATA OUT TRUE U
CYCLE CLOCK
END OF LINE CLOCK DSAEVT%UT
"1"=DOT ON
“0"=DOT OFF

LINE REFRESH MEMORY FOR CRT DISPLAY

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

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

OPERATING NOTES

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

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

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

4. Output data (delayed 80 bits)
attains same logic state as D;,
when RE = 0.

5. Output data follows the clock
negative edge.

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

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

TEST CIRCUIT

Any output of +5V
unit under test
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MOSTEK.

2240-BIT ROM CHARACTER GENERATORS

MK2300/2302(P/N)

FEATURES

O lon-implantation processing for full TTL/DTL
compatibility

0O 2240 bits of storage organized as 64 5x7 dot
matrix characters with column-by-column output

0O MK 2302 P is pre-programmed with ASCI|
encoding

O Internal counter provides clocked column
selection

DESCRIPTION

The MK 2300 P Series MOS, TTL/DTL-compatible
read-only memories (ROMs) are designed specifically
for dot-matrix character generation. Each

provides 2240 bits of programmable storage,
organized as 64 characters each having 5 columns of
7 bits. A row output capability of 64 7x10 charac-
ters is possible, as illustrated on the back page.

Low threshoid-voltage processing, utilizing ion-
implantation, is used with P-channel, enhancement-
mode MOS technolog_¥ to provide direct input/
output interface with TTL and DTL logic families.
All inputs are protected to prevent damage from
static charge accumulation.

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

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

O Counter output for updating external character
address registers

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

Output enable and blanking capability
Operates from +5V and —12V supplies

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

Synchronizing other system components with the

M is possible using the Counter Reset Input to
reset the counter to the last intercharacter spacing
column, or using the Counter Output which occurs
only on the last spacing column.

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

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

FUNCTIONAL DIAGRAM

ouTPyT ©
ENABLE |21

MEMORY
MATRIX
(2240 BITS)

CHARACTER ADDRESSES
QUTPUT BUFFERS

CHARACTER ADDRESS DECODER

(BOTTOM ROW:
COLUMN
SELECT b
DECODER

E
COLIM[

3

ul z:l ml sl 2 12

Vi Voo COUNT COUNTER BLANKING Voo
CONTROL RESET  INPUT

COUNTER
OutPul

1

COUNTER
CLOCK =77

PIN CONNECTIONS

A 10O¢ 124 Vgs
Az 2] 123 Vg
A3z 300 [ 22 BLANKING INPUT
Ag 4 O 121 OUTPUT ENABLE
As 5 T 120 NC
Ag 6 [ 119 0UTq
COUNTER CLOCK™ 7 (] 3 18 0UT2
COUNTER RESET 8 [ [J17 OUT3
NC 9 [ 116 OUTy
COUNTER CONTROL 10 115 OUTs
COUNTER OUTPUT 11 O] 114 OUTg
Vpp 12 O 13 ouTy

NC = NO CONNECTION

NOT FOR NEW DESIGN 11




ABSOLUTE MAXIMUM RATINGS

Voltage on any terminal relative to Vss. ... ... ... ... ... ..... ... .. +0.3V to —20V
Operating temperature range. ... ...................oooiiiiioiiiiioi.. 0°C to +75°C
Storage temperature (Ambient) Ceramic. . ..........covvuniniun... —65°C to+ 150°C
Storage temperature (Ambient) Plastic . ... ...vviein i —55°C to + 125°C

RECOMMENDED OPERATING CONDITIONS (0°C < T < 75°C)

PARAMETER MIN TYP | MAX [UNITS COMMENTS
g |Ves I Supply voltage +475| +50] +525] Vv
g Voo | Supply voltage — 00| — V |See note 1
& | Vg = Supply voltage —126 | —120|—-114 | V
o | Vin | Input voltage, logic “0" +06 | V |See note 2
§ Viniy | Input voltage, logic “1” Vss—1.5 V | Count control input should be
Z | Vin(eo) Count Control input voltage, <+ 6 . —12.0|—114 | V |returned to Vee for = 6 oper-
L =7 +475 | 450 V |ation, or Vs for -~ 7 operation
¢ fa ! Counter Clock input frequency 0 200 kHz
s Likio)| Clock time at logic 0" 2 us
ol LGt Clock time at logic "1” 2 us See timing
Wt | Clock rise time 0.1 us diagrams
£ |t  Clock fall time 0.1 us
S |t, | Reset pulse width 1.0 us
t.q | Clock-to-reset pulse delay 0.4 us | See note 4
o
(Vss= +5.0V 025V, Vas= —12.0V * 0.6V, 0°C <T. <+75°C,
ELECTRICAL CHARACTERISTICS unless noted otherwise)
PARAMETER MIN TYP* | MAX |UNITS CONDITIONS
g Iss Supply current (Vss) 20 40 mA Outputs unconnected
& | lse | Supply current (Vee) 20 40 mA fo =200 kHz
» |
5 | Ci, | input capacitance | 10 pF | Vi=Vss, foes= 1MHz nS:tz
2 |1, | Input leakage current 10 pA |Vi=Vss =BV, Ta=25°C 5
- Voo Output voltage, logical *'0" 0.2 04 V |l.+=2.0 mA (into output) See
5 vV . lLw=0.6 mA note
=) ut(1 i
2 out(1) Output voltage, logical 1 ;24 \ (out of output) 3
2
3 | Vss —6V < Vo < Vs
lour | Data Output leakage current —-10 +10 | A IT,-25°C (outputs disabled)
8 |tao | Address-to-output delay time 1 us
-
t Clock-to-output delay tim 1
2.1 viput defay time ‘ HS | Rise and fall -
w tcco ockfto-counter output delay time i 1 BS | times included See timing
Q |tgo | Blanking/unblanking delay time ‘! 1 us | in delay times diagrams
% |toeo | Output enable/disable delay time | 1 Ms
S |tcro | Counter reset delay time 1 us Ri=4 k2 to Vs
% tcreo| Reset-to-counter output delay time 1 us C.=15 pF to Voo
2 te Qutput fall time 03 us TAa=25°C
z |ts Output rise time 03 us
*Typical values apply at Vss= +50V, Veo= — 120V, Ta=25°C
NOTES: 1 Supply voltages shown are for operation in a TTL/DTL system. Other supply voltages may be used if Voo and Vse maintain
the same relationship to Vss, e.g., Vss=0V, Voo= —5V, Vee —17V. Input voltages would also need to be adjusted

accordingly

These parameters apply to the character address, counter clock, counter reset, blanking, and output enable inputs.

3 These parameters apply to both the data outputs and counter output

4. The counter clock must not make a negative transition within the period tcrd, before or after a positive counter reset
transition. The counter reset negative edge may occur any time

N
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TIMING

Timing diagram (1)"shows the time
relationships between character
address, data output, counter clock,
and counter output during typical oper-
ation of an MK 2300 P Series char-
acter generator. An output sequence
from the MK 2302 P is shown to help
clarify operation. This sequence can
be seen from the top rows (OUT,) of
the characters “I'" and "N"

oy §

W

PR |

out,

4w a0

.
1
1
1
1
o
1
1

1
1
1
1
1
1
1

G aoaaaon
coo0o0o0o0o0
e s e

out,

L COUNTOF7—

Address

(waveforms not to scale)

now address e g new address "] ——

Character l

Data
Output

I
Counter Clock

Input

|

Logical value of output

Internal counter state
{=column selected)

—\

"rewi

£

. e

femior

= hew

b= temun

= 'cco

= = teco

All timing relationships shown in dia-  counter s r——‘—\
gram (1) apply to any other output or  Output R / Y’
combination of characters as well [N | S o
Relevant ‘input conditions assumed
but not shown in timing diagram (1)
are as follows:
Count Control,
Counter Reset,
Blanking Input, +5V
Output Enable, +5V
Had the Count Control input been at
—12V, the counter sequence would
have been six positions instead of 2
seven and the Counter Output would I
have been high during the sixth posi- g:::m
tion.
New character addresses are shown
coinciding with the rising edge of ~ a0 |- L o
the Counter Output waveform in dia-
gram (1). This condition was selected
to demonstrate use of the Counter
Output to advance an external input
register to a new character address
Character addresses can be changed
at any other time as well. Timing
diagram (2) depicts output response
to a character address change when,
for example, the counter is stationary s
in one of the five character column (3) g:::m
positions
hTiming diagrams (3) through (6) . ncd (6 °
show timing relationships for the '* son l .
Counter Reset, Blanking Input, and 2?,‘.‘;',‘,:' é Data : 7 S/
Output Enable. The “open” condition PRk — Output //°7‘ /
in (6) implies that both the pull-up ° -
and pull-down devices in each data
output push-pull buffer are turned off

1)

+5V
+5V

sdaress

new
acaress

.
Counter

| Reset
'ad | a0} o ——1
@)

son

Character
Address

s
Counter
Clock

108

s
Blanking
Input

(5)

. i Data
Counter sos Output
Reset o

son .
Output
Enable

108

OPERATING NOTES
The following table summarizes the MK
2300 P Series input control states and
corresponding drive levels:
Count Control

-6 —12v

-7 +5V
Counter Reset

operate +5V

reset ov
Blanking Input

unblank +5V

blank* oV
Output Enable

enable +5V

disable** ov

*All data outputs high (+5V)
**All data outputs open-circuited




APPLICATION:
7x10 CHARACTER GENERATOR

ROM CODING

7x10 ‘Non-Interlace Configuration: (As illustrated) For row-out
(7-bit) horizontal raster-scan application, code ROM #1 for
Rows 1 through 5; and ROM #2 for Rows 6 through 10.

7x10 Interlace (525-line): Code ROM #1 for Rows 1,3, 5,7, 9;
Code ROM #2 for Rows 2, 4, 6, 8, 10. The Enable Flip-flop
should be changed to clock only at vertical retrace time,
thus allowing ROM #1 to be enabled for the 1st page sweep
(262 Y2 lines) and then allowing ROM #2 to be enabled for
the interiaced 2nd page sweep of 262 V2 lines.

ADDRESS INPUT

SN (HORIZONTAL RETRACE)
ENABLE  ENABLE )
} 6 BITS END-OF LINE
K
o rom +1 k200 7y | | 4™
o .J ALAG CLK
- ENRGLE —{QUTPUT sy L= RESET
szn $ %
+5V
POWER ON CTR OUT
AND/OR 07e———01
VERTICAL END-OF LINE
RETRACE CLOCK
ALAE CLK
ENABLE =— QUTPUT
ENABLE
ROM #2 RST | RESET
(MK 2300 P) | 076——>01
SN74165 A CDEFGH
SN74166

JT:— CLK [ CLOCK
PARALLEL LOAD 8BIT -
SHIFT REGISTER ISR

STROBE =—{LOAD

Hour

|
T0 VERTICAL AMPLIFIER

1 BT 0L ~———,

{ )
=3
Combining two 5x7 o 3
column-output L S
ROMs provides a r g
7x10 row output. = -
g J
\—— 7 Bit Row ——/

MK 2302 P

Logic 1 = input @ 45V
Logic 0 = input @ OV

Output dot “on” = 0V
Output dot “off"” = 45V

OUTPUT
SEQUENCE—> 1 2 3 4 5

oo | D HAR
oo TTHB
o0 BEBH
o | HEED
oo ERBE
o HBEH
| BBEEH
o BEEEN
reee EEHE
vee | BEHIH
v HEIE
e EEEE
e GEES
e 2EERE
e SEHE
| EREE

14



MOSTEK ROM PUNCHED-CARD CODING FORMAT'

MK 2300 P Fourth Card

Cols. Information Field 16 Data Format®— “MOSTEK”
First Card 15-28  Logic’— “Positive Logic” or
1-30 Customer 35-57  Verification Code®

31-50 Customer Part Number

Data Cards 4

60-72 Mostek Part Number?

1-6

Second Card 812
. . 14-18

1-30 Engineer at Customer Site 20-24
31-50 Direct Phone Number for Engineer 26-30
. 32-36
Third Card 38-42
1-5 Mostek Part Number! 44-48

10-15  Organization?

Binary Address

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

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

2. Punched as 64x5x7.
3. "MOSTEK" format only is accepted on this part.
4. A dot "ON" should be coded as a "1".

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

(b) VERIFICATION PROCESS — i.e. the customer will receive a CVDS but production will begin

prior to receipt of customer verification.

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

begin immediately.

15
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MOSTEK.

2560-BIT STATIC ROM

MK2400(P)

FEATURES
O lon-implanted for full TTL/DTL compatibility
O Chip enable permits wire-ORing

0O Custom-programmed memory requires single
mask modification

[0 550 nscycle time (0° < Ta < 75°C)

DESCRIPTION

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

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

Static output storage latches

[0 Optional 3-bit, chip-select decoder available

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

O Operates from +5V and —12V supplies

Operation involves transferring addressed information

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

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

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

FUNCTIONAL DIAGRAM

cHip SELECT 2270
INPUTS omy §
T

Ay > "

A, o~ DECODER b

Ay O—b e i H
3

)

DATA OUTPUTS

ADDRESS INPUTS
ADDRESS
DECODER

MEMORY MATRIX
256 X 10
STORAGE
LATCHES
ouTRYT
BUFFERS

i

I9YPRePOS!
®
by

o I
READ  READ
(R0 (RM)

CHIP
ENABLE

OPERATING NOTES

CHIP —
ENABLE | READ READ | OUTPUT
0 X X A
1 0 1 B
1 1 0 C
M= Vg (45V): 10" = Vo (OV)
X = No effect on output
A = Output open-circuited
B = Output retains data last stored in
latches
C = Output assumes state of ad-

dressed cells

NOT FOR NEW DESIGN
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ABSOLUTE

MAXIMUM RATINGS
Voltage on any terminal relative to Vss........................ .. ... ... +0.3V to — 10V
Operating temperature range. ................................ ... ... 0°C to +75°C
Storage temperature range....................................... —65°C to +150°C

RECOMMENDED OPERATING CONDITIONS (0°C = Ta Z 75°C)

PARAMETER MIN TYP MAX |UNITS COMMENTS

« | Vss |Supply voltage +4.75| +50 | +525| V
2 | Vu |Supply voltage _— 0.0 — V | See note 1
® | Voo |Supply voltage —126| =120 |—114 | V
@ V. |Input voltage, logic 0" 0 +0.8 V |Pull-up resistors (=5K") to
2 | V- |Input voltage, logic 1" Vi — 1.5 Vs V |Vss available as programmable
£ option.

t... |Address change cycle time 550 ns

ts |Address to Read lead time 250 ns
¢ t. IRead lag time 1 -.05 .05 s See
£ |t. [Read lag time 2 -.05 .05 »s o
- _ Timing
2 | t7 |Read pulse width 300 ns
& )
~ | t. |Read pulse width 03 100 | s Section

t. Rise time, any input 100 ns

te Fall time, any input 100 ns

ELECTRICAL CHARACTERISTICS (Vss= +50V =025V, Veo= —120V .06V, 0°C <T. <+75°C,

unless noted otherwise. Pull-up resistors not programmed.)

PARAMETER MIN TYP* MAX [UNITS CONDITIONS
§ Iss  |Supply current (Vss) 12 25 mA Outputs unconnected
Q | lss |Supply current (Vss) —12 —25 | mA |See Note 2 and Note 3
g C- |input capacitance 5 10 pF |V.=Vq, frceo= 1MH2z
a
Z | |. |input leakage current 10 sA V.=V —8V  Ta=25°C
V...u|Output volitage, logical “0" 04 V {l..=1.6 mA (into output) nsoe‘z
£ | V..o|{Output voltage, logical “1" 24 V [I..=04mA 3
13 out of output) and
= Figure
8 Vi —6V < V.. < Vs g
l.. |Output leakage current -10 +10 | #A |[Ta=25°C (outputs disabled)
8| tacc |Address-to-output access time 600 | ns | t.=250ns
e =
%3 too |Output delay time 350 ns i ' =g See timing
=¥ | toro |Output enable/disable time 125 300 | ns | &F Section
£2 . See note 4 " el 4
&z |t |Chip Select to Output Delay 600 | ns a gu
5 | teo | Chip Deselect to Output Delay 600 | ns
*Typical values apply at Vis= +50V, Vo= —120V, T.=25°C
NOTES: 1. Supply voltages shown are for operation in a TTL/DTL system. Other supply voltages may be used if V and V... maintain
the same relationship to V , eg, V=0V, V.-= -5V, V.. =-17V Input voltages would also need to be adjusted
accordingly
2. Max measurements at 0°C. (MOS supply currents increase as temperature decreases ) | s will increase 1 6mA (max) for
each input at logic 0 when pull-up resistors are programmed
3. Unit operated at minimum specified cycle time
4. The outputs become open circuited when disabled or deselected. As shown in Fig. 1, an output with a “1"

expected out does not transition through the 1.5V point when enabled (selected) or disabled (deselected); this
is true because the TTL equivalent load pulls the open-circuited output to approximately 2 volts.



TIMING

Notes:

1. All times are referenced to the 1.5V point
relative to Voo (ground) except nise and fall
time measurements

2. Chip enable = Vs for all measurements except
when measuring Tose.

3. Logic 0 is defined as Vo or ground: logic 1 as

Vss or +5V NEW ADDRESS NEW ADDRESS
INTERNAL FUNCTION OF | "
READ/READ SIGNALS _ Ing teve
ADDRESS |

tatches set,
memory oddress enabied

memory address disabled / Iatches set
iatches open wih new dota

CHANGE ]

/  memory enabies \ two >t tN aal
Reod 1o lotches ]

READ

Set up time, t,, allows the input address to )
propagate through the address decoder and
memory matrix prior to READ logic 0 time. As J _\

indicated above, READ at a logic 0 internally READ
disables the input address so that an external o
address change may occur without affecting the I
location previously selected. The latches are also

readied to receive new data which is enabled Lav
from the matrix when READ is at a logic 1. Data

is set in the latches when READ is allowed to outkur °

rise back to its logic 1 state. In actual use, the on Bace

READ rising and falling edges can precede the OATA ! v

falling and rising edges of READ, respectively, ouTPUT -

as implied by the specification of negative read Ny °

lag times. This allows a very flexible timing

relation between the two pulses, in that either

input can be the inversion of the other or both - )

may be generated from separate timing circuits. cme L av

Output data appears following the rise of the EsLe o = — - DiSABLE LeveL

READ pulse but correct output data will not

appear_until READ has gone low. For this rea-

son, READ is shown preceding READ even oATA

though other relationships are allowed. If READ QUTPUT  —mmmmemmm

is made to precede READ, delay time, too, should

be referenced to the fall of READ rather than

as shown. ' »
The chip is disabled by applying a logical 0 to cip b=
the chip enable input, forcing the outputs to an SELECT o]
open-circuit condition. The output data present ~ 0 —-~--===7 o«

at the time of disable will again be present upon
re-enabling unless a new read cycle was initiated
for a different address while the chip was dis-
abled, in which case the new data would be
present at the outputs.

The programmable 3-bit chip select timing would
be the same as the address inputs.

FIGURE #1 t, . and t,, test circuit

NOTE: Wave forms are not to scale.

Vss Voo Voo
T @ ax

-- 0 IN, OUT, Pt

IN3064 (4) L

UNIT UNDER I I5pf
TEST =




APPLICATIONS

ADDRESS 26 8o
INPUTS -1 el b
a-a i oy o == f DATA OUTPUT
o ROM* — 512 10
COMMON il =
T0 BOTH A, o 8o~ By COMMON
ROM — 8, == . TO BOTH ROM's
* € Reod Reag ° ﬁ‘)}@
cHip o——ano——-l i )
ENABLE
READ O D‘H r feve
CLOCk
Address _/——
Change o
! — ] Chip
. L ‘oReao Reodgyp—dJ |1 ) Enable
LI Sh— | eo— ! i
[ S— N i tacc
———1 ROM ™2 ] e '
A — J 1 N 0E0 |
7 — DATA
CE 8y QuTPyT [..u‘quuuu V-v‘urﬂvlubl
* OM*2

Application shows wire-Or'ing for expansion to a 512 X 10 memory. Further expansion i1s possible by 1 of N decoding to
the Chip Enable input (or with the optional 3-bit decoder) while maintaining the time relationships shown. t... should include
the desired data-valid time. Interface devices may be TTL or DTL.

PIN CONNECTIONS PIN CONNECTIONS

top view, 28pin CDIP

top view, 24 pin CDIP Vss 1 O P28 B,
Ves 20 027 B4
(NC)A,; 304 D26 B
Vss | Q P24 B (NC)Ay 4 g h2s &,
Vee 20 [ 23 Bg (A)A, 50 D24 B,
Ay 3Qg D22 B, (Ag)A; 6 0 D23 NC
Ao 4 (Q D21 Bg (Az)Ag 7 G D22 Ba
Az 5 O N 20 85 (A7)As 8 gd D 21 B
A d B 19 (Ag)Aq 9 0O D20 8,
r 6 Ba (As)RM/READ 10 G b19 B
Ae 70 D 18 Bs (Ag)A3 11 O his B,
As 80 017 B2 (NC)RI/READ 12 d D17 Vo
Ae 90 D16 B, (READ) Ag 13 Dle CE
RM/READIO O D15 Bo (A3)Ag 14 G P15  AQ(READ)
As I g 0 14 Voo N C = no connection
RI/READ 12 P 13 CE ( JOPTIONAL PIN ARRANGEMENT
MOSTEK ROM PUNCHED-CARD CODING FORMAT®
MK 2400 P
Cols. Information Field “Negative Logic"
First Card 3557  Verification Code’
130 Customer 60-74  Package Choice?
31-50  Customer Part Number
60-72  Mostek Part Number: Data Cards
13 Decimal Address
Second Card 5 Output B9
1-30 Engineer at Customer Site 6 Output B8
31-50  Direct Phone Number for Engineer 7 Output B7
8 Output B6
Third Card 9 Output B5
15 Mostek Part Number? 10 Output B4
10-16  Organization® 1 Output B3
2 AB 12 Output B2
30 A9 13 Output B1
31 A10¢ 14 Output B0
32 Pull-up Resistor® 16 Octal Equivalent of: B9*
17 Octal Equivalent of: B8, B7, B6®
Fourth Card 18 Octal Equivalent of: B5, B4, B3*

06  Data Format: — “MOSTEK" 19 Octal Equivalent of: B2, BY, BO®

15-28  Logic — “Positive Logic™ or

Notes: 1. Positive or negative logic formats are accepted as noted in the fourth card.
2. Assigned by Mostek Marketing Department; may be left blank.
3. Punched as 0256x10

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

5. A 1" indicates pull-ups; a “0" indicates no pull-ups.
6. "MOSTEK" format only is accepted on this part.

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

(b) VERIFICATION PROCESS —i.e. the customer wili receive a CVDS but production will begin
prior to receipt of customer verification.
(©) VERIFICATION NOT NEEDED —ie. the customer will not receive a CVOS and production
will begin immediately.
8. 24 PIN", 28 PIN STANDARD", or 28 PIN OPTIONAL" (ieft justified to column 60).
9. The actal parity check is created by breakmg up the output word into groups of three from right to feft and

creating a base 8 (octal) n n place of ihese groups. For example the output word 1010011110 would be
separated into groups 30767013/ 10 st e resuiting octal equivalent number is
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MK 2400 P

Cols. Information Field “Negative Logic”
First Card 35-57  Verification Code’
1-30 Customer 60-74  Package Choice?
31-50 Customer Part Number
60-72  Mostek Part Number? Data Cards
1-3 Decimal Address
Second Card 5 Output B9
1-30 Engineer at Customer Site . 6 Output B8
31-50  Direct Phone Number for Engineer 7 Output B7
8 Output B6
Third Card 9 Output B5
1-5 Mostek Part Number? 10 Output B4
10-16  Organization? 11 Output B3
29 A8+ 12 Output B2
30 AQ* 13 Qutput Bt
31 A10¢ 14 Output BO
32 Pull-up Resistors 16 Octal Equivalent of: B9®
17 Octal Equivalent of: B8, B7, B6?
Fourth Card : 18 Octal Equivalent of: B5, B4, B3°
0-6 Data Format — “MOSTEK” 19 Octal Equivalent of: B2, B1, BO?
15-28  Logic — “Positive Logic’ or
Notes: 1. Positive or negative logic formats are accepted as noted in the fourth card.

2.
3.
4.

Assigned by Mostek Marketing Department; may be left blank.
Punched as 0256x10.

A “0” indicates the chip is enabled by a logic 0, a “1” indicates it is enabled by a logic 1, and a “2” indicates
a “Don’t Care” condition.

. A “1” indicates pull-ups; a “0” indicates no puli-ups.
. “MOSTEK" format only is accepted on this part.
. Punched as: (a) VERIFICATION HOLD —i.e. customer verification of the data as reproduced by MOSTEK is

required prior to production of the ROM. To accomplish this MOSTEK supplies a copy of its
Customer Verification Data Sheet (CVDS) to the customer.

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

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

8. 24 PIN”, “28 PIN STANDARD", or “28 PIN OPTIONAL” (left justified to column 60).
9. The octal parity check is created by breaking up the output word into groups of three from right to left and

creating a base 8 (octal) number in place of these groups. For example the output word 1010011110 would be
separated into groups 1/010/011/110 and the resulting octal equivalent number is 1236.
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MOSTEK.

256 x10-BIT ROM CHARACTER GENERATOR

MK2408(P)

DESCRIPTION

The MK 2408 P is a pre-programmed member of the MK 2400 P
Series. Itis programmed as a dot-matrix character generator (64
characters) with ASCIl encoded inputs and row (5-bit) outputs.
The MK 2408 P outputs two rows at the same time. Row 1 is
available at outputs B9 (left), B8, B7, B6, and B5 (right) while row
2is available at outputs B4 (left), B3, B2, B1, and BO (right). Row 3
is available at B9 through B5 while row 4 is available at B4 through
B0. Row 5 and row 6 are available at B9 through B5 and B4
through BO. Row 5 and row 6 are available at B9 through B5 and
B4 through BO. Row selection is determined by the address
combination of bits A0 and At.

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

The example in Figure 1 demonstrates the correspondence of the
device outputs and row select sequence to the 7 x 5 dot-matrix
font. The complete character font patterns (truth table) are illus-
trated on the back. A logic 1 or a DOT represents an input or
output voltage equal to Vss (+5V) and a logic 0 or a blank
represents a voltage equal to Voo (OV). The eighth row outputs
(B4 through BO when inputs A1 and AO equal logic 1) are not
illustrated since in each case they are equal to all O's.

FUNCTIONAL DIAGRAM

PIN CONNECTIONS

Vss 1] ]e t] 28 89
L o 8o Veg 2 127 88
2 A o g 3 5 g Ne3 [ 26 87
e L iz gor 5T oe 3 NC 4 25 86
o A o1& 3 z 8 Se=5kH—o 8s <
§oas o1efQ8 g & L 33 —OB‘E Al 5 :24 85
o As O— W —O B7
2 ar o * [ o B A0 6 23 nC
—O B9
A2 7 122 84
A7 8 1 2 B3
! s )t )i i )i A6 9 [J20 B2
Vss Voo  Vec READ READ CHIP AS 10 [ 19 8
(R1) (RM) ENABLE A4 11 3 18 80
NC 12 17 vy
READ 13 116 c.E.
A3 14 115 Read
NC= NO CONNECTION
FIGURE 1
B9 B8 B7 B6 BS
Ml A0 B4 B3 B2 Bl BO
© 07 1 0 0 0 1 -- B9-B5
— 1 1 0 1 1 - BaB0 aod
o 1_ 1 0 1 0 1 -- B9-BS Mmoo
— 1 0 1 O 1 -- B4-BO
1 0_.1 0 0 0O 1 -- B9-BS AG = 1
— 1 0 0 O 1 -- B4-BO A3 =0
1 1_ 1 0 0 O 1 -- B9-BS A2 =1
- 0 0 0 O 0 -- B4-BO

2

OT FOR NEW DESIGN
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CODING & CHARACTER FONTS

Ay o 0 0 ' 1 1 '
Ag ] 1 ' 0 0 1 !
As 1 0 1 o 1 o i
Aahya A Ao
oo [0 f :
oy ) !
oos [ .
1o T
[ - -
L &
oo 8 !
ot [0 . jue
oor 4 I
o H -
Lt
oof - | F
e [ & t
o010 C : ' H
1ol )
R
oof B cF e S
011 01 [ } IR
el [
cof | & GE
[ = -
toe [ i . i
rof &
b (] v
L
i @ E
o b
101 - s H
Vol —
1y
0of0 apann
i A v
g : H
e
y: aRERsleg -
oif [Saniailsann; =} ;
AR HHH e
e |sswns
APPLICATION
—I (FLIP FLOPS. US 7473/EQUIV)
cLK
VAL (ROM. MK2408P) (SHIFT REG. US 7496/EQUIV) .
cx 1= DoOT oM
|
oot o
ADDRESS | ouT
(TTL/DTL INPUTS)
s =— — e
fioonste- (END OF LINE) VERTICAL SPACE
LTI I T I T 0 W Ny U6
aooress Y - :-- Y 3 X ay XC
Y : /- Vo \Yj Valid 2 presets address #1
o L ‘ S\ A\ AN data in shift registers. Valid 3
rea0 T\ f \ /o —\ / AU presets address #2, etc.
smnouugm = AR ERED XN EATTYAN £3 85 £ AU
ADO ® DISPLAYED ﬁh OISPLAYED
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MOSTEK.

4096-BIT STATIC ROM

MK2500/2600(P)

FEATURES

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

O Active input pull-ups provide worst-case TTL
compatibility

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

DESCRIPTION

The MK2500(P) and MK2600(P) series of TTL/
DTL compatible MOS read-only memories (ROM:s)
are designed to store 4096 bits of information by
programming one mask pattern. The word and bit
organization of these ROM series is either 512W x
8B or 1024W x 4B.

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

o o0

O lon-implantation for constant current loads and

lower power

Standard power supplies: +5V, —12V

MK2500P is pin-for-pin replacement for National
5232

MK2600P is pin-for-pin replacement for Fairchild
3514

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

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

PIN CONNECTIONS

MK 2500 P MK 2600 P
MODE CONTROL 1 CJ® DV Vo 1 03® > 2 v
CHIP SELECT 1 2 I 023 Vo CHIP SELECT 2 2 [223 CHIPSELECT L
CHIP SELECT 2 3 ¢ SR7IN) CHIP SELECT 3 3 [122 CHIPSELECTO AlD
CHIP SELECT 3-A10 4 (] fo 87 B4l bBawm
M5 D2 86 82 50 P w
A 67 ‘T8 8 B3 6] {SRERY
LA | 18 B B 7% Tois o
Moso 8 B s ——. 'Fwows
(LR 15 82 8 9] L1646
8 10 ] 158l 87 10C SECINY]
Nonc BTN ] 88 117 BTN}
Vi 120 D13 M8 Voo 12 1130A9
FUNCTIONAL DIAGRAMS
= =]
b=3 =<
MK 2500 P 8= ERRIS8ER MK 2600 @ S 2238853
=8 LENRRKIY ~ Toenonaz
T b
CS2 3—1—f +—12 Vss CS1 23— 124 Vss
C51 2— o SHP L OUTPUT SENSE o o2 2| P L J oureur sewst T
csa/m0 41 MMPLFIERS & DRVERS | T, U© o 31 SEC AMPLFIERS & DRIVERS | T
Al 5 —1f L’ ’ III Al 21— r I ’ II
A2 61 A2 20—+
A3 7 ——{ WORD 4096-8IT A3 19—} WORD 4096 BIT
M 8 SELECT MEMORY MoO18 SELECT ) MEMORY
[ | DECODER MATRIX +5 1 IDECODER MATRIX
A5 9—1—f AS 17 el
A6 10 A6 16
{1 1T
BIT SELECT DECODER BIT SELECT DECODER

A7 114
A8 13—
A9 14—

NOT FOR NEW DESIGN

A7 15+
A8 14—
A9 13
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PARAMETER MIN TYP MAX UNITS NOTES
Vss Supply Voltage +4.75 +5.0 +5.25 \")
Voo Supply Voltage e 0.0 —_ \ Note 1
Vee Supply Voltage -11.4 -12.0 -12.6 \"
Vi Input Voltage, Logic “0” +0.8 \'
Vin Input Voltage, Logic “1” Vg—1.5 \ Note 2
Vin Input Voltage, Logic “1” 2.4 \" Note 3
ELECTRICAL CHARACTERISTICS
(Vgs = +5.0V = 59%; Vpp = 0V; Vgg = —12V & 5%; 0°C < T, < 70°C unless noted otherwise)
PARAMETER MIN TYP MAX UNITS NOTES
lss Supply Current, Vg 19.0 28.0 mA Note 4
les Supply Current, Vgg 19.0 28.0 mA Note 4
Lo Input Leakage Current, Any Input 100 A V, = V—6.0V. Note 2
I Input Current, Logic 0, Any Input -100.0 A V,=.4V. Note 3
|y Input Current, Logic 1, Any Input -600.0 “A V,=2.4V. Note 3
Voo Output Voltage, Logic “0” 0.4 v lo,=1.6mA
Vou Output Voltage, Logic “1” 2.4 \' lon= —40uA
low Output Leakage Current +10 uA Outputs disabled
(Vo=Vs5—6V)
Cin Input Capacitance 10 pF Note 5
Co Output Capacitance 10 pF Note 5
taccess| Address to Output Access Time 100 400 700 nsec Refer to
tes Chip Select to Output Delay 100 250 500 nsec Test
teo Chip Deselect to Output Delay 100 250 800 nsec Note 6 Circuit
Notes: 1. This is V,, on MK 2500 P.

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

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

4. Inputs at V.., outputs unloaded.

26

ABSOLUTE MAXIMUM RATINGS

Voltage on Any Terminal Relative to Vs (except Vee) o ....+0.3V to 10V
Voltage on V. Terminal Relative to Vg +0.3V to -20V
Operating Temperature Range (Ambient) . ..0°C to +70°C
Storage Temperature Range (Ambient) - ... —65°C to +150°C

RECOMMENDED OPERATING CONDITIONS
(0°C<T,<70°C)

5. Vg, — Voo = OV f =1 MH,.

<

. t.. is primarily dependent on the RC time constant of the load (i.e. the outputs become open circuited upon being disabled).

As noted in the Timing Diagram, disabling or enabling an output with a 1" expected out does not yield a transition through
the 1.5V point; this is true because the TTL equivalent load pulls the open-circuited output to approximately 2 volts.



PROGRAMMING OPTIONS

MK 2500 P MK 2600 P
OPTIONS OPTIONS
Function 512 X 8 1024 X 4 Function 512 X 8 1024 X 4
Mode Control 1 0 Chip Select 0/A10 1or0 A10
Chip Select 1 1or0 1or0 Chip Select 1 1or0 1or0
Chip Select 2 1or0 1or0 Chip Select 2 1o0r0 1or0
Chip Select 3/A10| 1o0r0 address A10 Chip Select 3 1o0r0 1o0r0

1 = Most Positive = High Level Voltage

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

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

512x8: Mode Control — High
A10 — Low

Mode Control — Low
A10 aid as an address
See Note 9, following page

1024x4:

1 = Most Positive = High Level Voltage

The MK 2600 P is programmed either as a 512x8
array or a 1024x4 array. In the 1024x4 arrays, Pin
22 provides the tenth address bit. When A10 is
low the four bits are present at the even outputs
(B2, B4, B6, and B8); when A10 is high, the bits
are at the odd outputs (B1, B3, B5, and B7).

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

TIMING

Ticckss TEST CIRCUIT

Voo

% p
e o e -

L o
T

Voo

DIODES ARE IN447

INPUT PULL-UP
AN SOLID CURVE 1S TYPICAL
N TIVE PULL-UP

1000 FOR ACTIVE PULL-UI
'
N OOTTED CURVE 1S
4 N FOR 4K PULL-UP
v - 800 t RESISTOR TO V.
c
U
R 600
R
€
N
T

( ',L A 40
=200

10 20 30 40 50
INPUT VOLTAGE (VOLTS)
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MOSTEK ROM PUNCHED-CARD CODING FORMAT'

MK 2500 P
First Card

Cols. Information Field

1-30 Customer

31-50 Customer Part Number

60-72 Mostek Part Number?

Second Card

1-30 Engineer at Customer Site

31-50 Direct Phone Number for Engineer
Third Card

1-5 Mostek Part Number?
10-16  Organization®

29 Cs3°
30 CS2+
31 CS1+

32 Active Pull-ups®

Fourth Card

1-9 Data Format¢

15-28 Logic — “Positive Logic” or

“Negative Logic”

35-57 Verification Code’

60-67 “A10 EVEN" or «A10 ODD”
(left justified)’

Data Cards/512x08 Organization

1-4 Decimal Address

6-13 Output B8-B1 (MSB thru LSB)

15-17  Octal Equivalent of output dataé

Data Cards/1024x04 Organization

MK 2600 P

First Card

Cols. Information Field

1-30 Customer

31-50 Customer Part Number
60-72 Mostek Part Number?

Second Card

1-30 Engineer at Customer Site

31-50 Direct Phone Number for Engineer
Third Card

1-5 Mostek Part Number?
10-16  Organization®

29 CSs3¢

30 Cs2¢

31 CS1+

32 Ccso

33 Active Pull-ups®
Fourth Card

19 Data Format®

15-28 Logic — “‘Positive Logic” or
“Negative Logic”
35-57  Verification Code’

Data Cards/512x08 Organization

1-4 Decimal Address
6-13 Output B8- B1 (MSB thru LSB)
15-17  Octal Equivalent of output data®

Data Cards/1024x04 Organization

14

6-9
11-12
50-53

55-58
60-61

Notes:

AW N =

()

Decimal Address (0-1022), 1-4 Decimal Address (0-1022), even addresses
even addresses 6-9 Output (MSB-LSB)

Output (MSB-LSB) 11-12  Octal Equivalent of output data®

Octal Equivalent of output data® 50-53 Decimal Address (1-1023), odd addresses

Decimal Address (1-1023), 55-58 Output (MSB-LSB)
odd addresses 60-61  Octal Equivalent of output data®

Output (MSB-LSB)

Octal Equivalent of output data®

. Positive or negative logic formats are accepted as noted in the fourtn card.
. Assigned by Mostek Marketing Department; may be left blank.
. Punched as “0512x08"" or ‘“1024x04".

. A “0"” indicates the chip is enabled by a logic 0, a ‘1" indicates it is enabled by a logic 1, and a “2" indicates
a “Don’t Care” condition.

. A “1” indicates active pull-ups; a ““0” indicates no pull-ups.

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

. Punched as: (a) VERIFICATION HOLD —i.e. customer verification of the data as reproduced by MOSTEK is

required prior to production of the ROM. To accomplish this MOSTEK supplies a copy of its
Customer Verification Data Sheet (CVDS) to the customer.
(b) VERIFICATION PROCESS —i.e. the customer will receive a CVDS but production will begin
prior to receipt of customer verification.
(c) VERIFICATION NOT NEEDED — i.e. the customer will not receive a CVDS and production will
begin immediately.
. The octal parity check is created by breaking up the output word into groups of three from right to left and
creating a base 8 (octal) number in place of these groups. For example the output word 10011110 would be
separated into groups 10/011/110 and the resulting octal equivalent number is 236.

. “A10 EVEN” and “A10 ODD" applies to the 1024 x 4 mode. “A10 EVEN" means the even outputs are enabled
when A10 is high. “A10 ODD" means the odd outputs are enabled when A10 is high.

. Punched as 2" for 1024 x 4 organization.



MK 2503 P MK 2601 P

ASCII-TO-EBCDIC CODE CONVERTER Function 512X8 Function 512 X8
EBCDIC-TO-ASCIl CODE CONVERTER | Mode Control 1 Chip Select 0/A10 0
[ ip Select 1
A =LSB Bi=LSB Chip Select 1 0 Chip Selec 0
As=MSB Bes=MSB Chip Select 2 0 Chip Select 2 0
Chip Select 3/A10 0 Chip Select 3 0

ASCIliI (ADDRESS) TO EBCDIC (DATA)

0 00000000 1 00000001 2 00000010 3 00000011 | 128 00100000 129 00100001 130 00100010 131 00100011
4 00110111 5 00101101 6 00101110 7 00101111 | 132 00100100 133 00010101 134 00000110 135 00010111
8 00010110 9 00000101 10 00100101 11 00001011 | 136 00101000 137 00101007 138 00101010 139 00101011

12 00001100 13 00001101 14 00001110 15 00001111 | 140 00101100 141 00001001 142 00001010 143 00011011
16 00010000 17 00010001 18 00010010 19 00010011 144 00110000 145 00110001 146 00011010 147 00110011
20 00111100 21 00111101 22 00110010 23 00100110 | 148 00110100 149 00110101 150 00110110 151 00001000
24 00011000 25 00011001 26 0011111 27 00100111 162 00111000 153 00111001 154 00111010 155 00111011
28 00011100 29 00011101 30 00011110 31 00011111 | 156 00000100 157 00010100 158 00111110 159 11100001
32 01000000 33 01001111 34 0111111 35 01111011 160 010000017 161 01000010 162 0100001t 163 01000100
36 01011011 37 01101100 38 01010000 39 01111101 164 010001017 165 01000110 166 01000111 167 01001000
40 01001101 41 010111017 42 01011100 43 01001110 | 168 01001001 169 01010001 170 01010010 171 01010011
44 01101011 45 01100000 46 01001011 47 01100001 172 01010100 173 01010101 174 01010110 175 01010111
48 11110000 49 11110001 50 11110010 51 11110011 176 01011000 177 01011001 178 01100010 179 01100011
62 11110100 53 11110101 54 11110110 55 11110111 180 01100100 181 01100101 182 01100110 183 01100111
56 11111000 57 11111001 58 01111010 59 01011110 | 184 01101000 185 01101001 186 01110000 187 01110001
60 01001100 61 01111110 62 01101110 63 01101111 188 01110010 189 01110011 190 01110100 191 01110101
64 01111100 65 11000001 66 11000010 67 11000011 192 01110110 193 01110111 194 01111000 195 10000000
68 11000100 69 11000101 70 11000110 71 11000111 196 10001010 197 10001011 198 10001100 199 10001101
72 11001000 73 11001001 74 11010001 75 11010010 | 200 10001110 201 10001111 202 10010000 203 10011010
76 11010011 77 11010100 78 11010101 79 11010110 | 204 10011011 205 10011100 206 10011101 207 10011110
80 11010111 81 11011000 82 11011001 83 11100010 | 208 10011111 209 10100000 210 10101010 211 10101011
84 11100011 85 11100100 86 11100101 87 11100110 | 212 10101100 213 10101101 214 10101110 215 10101111
88 11100111 89 11101000 90 11101001 91 01001010 | 216 10110000 217 10110001 218 10110010 219 10110011
92 11100000 93 01011010 94 01011111 95 01101101 220 10110100 221 10110101 222 10110110 223 10110111
96 01111001 97 1000000* 98 10000010 99 10000011 | 224 10111000 .225 10111001 226 10111010 227 10111011
100 10000100 101 10000101 102 10000110 103 10000111 | 228 10111100 229 10111101 230 10111110 231 10111111
104 10001000 105 10001007 106 10010001 107 10010010 | 232 11001010 233 11001011 234 11001100 235 11001101
108 10010011 109 10010100 110 10010101 111 10010110 | 236 11001110 237 11001111 238 11011010 239 11011011
112 10010111 113 10011000 114 10011001 115 10100010 | 240 11011100 241 11011101 242 11011110 243 11011111
116 10100011 117 10100100 118 10100101 119 10100110 | 244 11101010 245 11101011 246 11101100 247 11101101
120 10100111 121 10101000 122 10101001 123 11000000 | 248 11101110 249 11101111 250 11111010 251 11111011
124 01101010 125 11010000 126 10100001 127 00000111 252 11111100 253 11111101 254 11111110 255 11111111

EBCDIC (ADDRESS) TO ASCII (DATA)

266 00000000 257 00000001 258 00000010 259 00000011 [ 384 11000011 385 01100001 386 01100010 387 01100011
260 10011100 261 00001001 262 10000110 263 01111111 | 388 01100100 389 01100101 390 01100110 391 01100111
264 10010111 265 10001101 266 10001110 267 00001011 | 392 01101000 393 01101001 394 11000100 395 11000101
268 00001100 269 00001101 270 00001110 271 00001111 {396 11000110 397 11000111 398 11001000 399 11001001
272 00010000 273 00010001 274 00010010 275 00010011 {400 11001010 401 01101010 402 01101011 403 01101100
276 10011101 277 10000101 278 00001000 279 10000111 |404 01101101 405 01101110 406 01101111 407 01110000
280 00011000 281 00011001 282 10010010 283 10001111 {408 01110001 409 01110010 410 11001011 411 11001100
284 00011100 285 00011101 286 00011110 287 00011111 {412 11001101 413 11001110 414 11001111 415 11010000
288 10000000 289 10000001 290 10000010 291 10000011 416 11010001 417 01111110 418 01110011 419 01110100
292 10000100 293 00001010 294 00010111 295 00011011420 01110101 421 01110110 422 01110111 423 01111000
296 10001000 297 10001001 298 10001010 299 10001011 | 424 01111001 425 01111010 426 11010010 427 11010011
300 10001100 301 00000101 302 00000110 303 00000111 (428 11010100 429 11010101 430 11010110 431 11010111
304 10010000 305 10010001 306 00010110 307 10010011 {432 11011000 433 11011001 434 11011010 435 11011011
308 10010100 309 10010101 310 10010110 311 00000100436 11011100 437 11011101 438 11011110 439 11011111
312 10011000 313 10011001 314 10011010 315 10011011 | 440 11100000 441 11100001 442 11100010 443 11100011
316 00010100 317 00010101 318 10011110 319 00011010 | 444 11100100 445 11100101 446 11100110 447 11100111
320 00100000 321 10100000 322 10100001 323 10100010 | 448 01111011 449 01000001 450 01000010 451 01000011
324 10100011 325 10100100 326 10100101 327 10100110} 452 01000100 463 01000101 454 01000110 455 01000111
328 10100111 329 10101000 330 01011011 331 00101110456 01001000 457 01001001 458 11101000 459 11101001
332 00111100 333 00101000 334 00101011 335 00100001 | 460 11101010 461 11101011 462 11101100 463 11101101
336 00100110 337 10101001 338 10101010 339 10101011464 01111101 465 01001010 466 01001011 467 01001100
340 10101100 341 10101101 342 10101110 343 10101111 | 468 01001101 469 01001110 470 01001111 471 01010000
344 10110000 345 10110001 346 01011101 347 00100100 | 472 01010001 473 01010010 474 11101110 475 11101111
348 00101010 349 00101001 350 00111011 351 01011110476 11110000 477 11110001 478 11110010 479 11110011
352 00101101 353 00101111 354 10110010 355 10110011 | 480 01011100 481 10011111 482 01010011 483 01010100
356 10110100 357 10110101 358 10110110 359 10110111 | 484 01010101 485 01010110 486 01010111 487 01011000
360 10111000 361 10111001 362 01111100 363 00101100 | 488 01011001 489 01011010 490 11110100 491 11110101
364 00100101 365 01011111 366 00111110 367 00111111492 11110110 493 11110111 494 11111000 495 11111001
368 10111010 369 10111011 370 10111100 371 10111101 | 496 00110000 497 00110001 498 00110010 499 00110011
372 10111110 373 10111111 374 11000000 375 11000001 | 500 00110100 S01 00110101 502 00110110 S5S03 00110111
376 11000010 377 01100000 378 00111010 379 00100011 | 504 00111000 505 00111001 S06 11111010 507 11111011
380 0 381 00100111 382 00111101 383 00100010 |508 11111100 509 11111101 510 11111110 511 1111111
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8K-BIT READ ONLY MEMORY

MK30000(P/N)

FEATURES

O High performance replacement for Intel 2308/
8308, and T1 4700

0O 350ns max access time
O Single +5V £10% power supply

O Contact programmed for fast turn-around

DESCRIPTION

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

The device uses a single +6V ( + 10% tolerance)
power supply. The two chip select inputs can be pro-
grammed for any desired combination of active
high’s or low’s. These programmable chip select
inputs coupled with the three-state TTL compatible
outputs provide a high performance memory circuit
with extremely simple interface requirements.

O Two programmable chip selects
O Inputs and three-state outputs TTL compatible

O Eight bit output for use with microprocessor
systems

O Pin compatible with MK 2708 EPROM

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

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

FUNCTIONAL DIAGRAM
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ABSOLUTE MAXIMUM RATINGS* *Stresses greater than those listed under

“Absolute Maximum Ratings” may_cause

Voltage on Any Terminal Relative to Ground......... —0.5V 10+ 7V e el s
Operating Temperature TA (Ambient) . . e 0T to + 70°C tion di?sforf?eagg‘cfe:ﬁto Jthese or any_ other
Storage Temperature — Ceramic (Ambient) ........ —65°Cto + 150°C ?spe;g‘ti"?m;fi‘;gf’"s E‘;fp ohis specification
Storage Temperature — Plastic (Ambient).......... —55°C to +125°C g’;’i‘(‘)[j"s“mm':;‘"ggggtdi‘;‘;Cisc;"'rg";;ﬁ'i‘,?fﬁ
Power Dissipation . . ......ciiii it e 1 Watt

RECOMMENDED DC OPERATING CONDITIONS
(Vcc=5V+10%;0C< TA< +70T)

PARAMETER MIN TYP | MAX UNITS NOTES
Vce Power Supply Voltage 4.5 5.0 5.5 Volts 6
ViL Input Logic O Voltage -0.5 0.8 Volts
VIH Input Logic 1 Voltage 2.0 Vce Volts

D C ELECTRICAL CHARACTERISTICS
(Vec =5V * 10%; 0°C < Ta < + 70°C)6

PARAMETER MIN MAX UNITS NOTES
lcc V¢ Power Supply Current 60 mA 1
L) Input Leakage Current 10 A 2
lo() Output Leakage Current 10 nA 3
VoL Output Logic 0 Voltage 0.4 volts
@loyT = 3.3mA
VoH Output Logic 1 Voltage 24 Vce volts
@ loyT = =220 pA

A C ELECTRICAL CHARACTERISTICS
(Ve =5V+ 10%; °C< TA< +70TC)0

PARAMETER MIN MAX UNITS NOTES
tACC Address to output delay time 350 ns 4
tcs Chip select to output delay time 175 ns 4
tco Chip deselect to output delay 150 ns 4
time
CAPACITANCE
PARAMETER TYP MAX UNITS NOTES
CINn Input Capacitance 6 8 pF 5
Cout Output Capacitance 10 15 pF 5
NOTES: 5.  Capacitance measured with Boonton Meter or effective capacitance
1. All inputs 5.5V ; Data Outputs open. calculated from the equation :
2. VIN=0V 1055V vge =5V C= I_A_t with current equal to a constant 20mA.
3. Device unselected; VoyT = OV to 5.5V. Av
4. Measured with 2 TTL loads and 100pF, transition times = 20ns 6. A minimum 100 us time delay is required after the application of

Ve (+5) before proper device operation is achieved.



TIMING _DIAGRAM

ViH
ADDRESS v VALID

(1

tacc — =
tes —mm top —m

PROGRAMMABLE Vi
CHIP SELECTS Vi VALID

V
DATA .OUTPUT " OPEN { vauo  h——open-

FIRST CARD
COLS

MOSTEK 30000 ROM PUNCHED CARD CODING FORMAT (1)

INFORMATION FIELD

1-30
31-50
60-72

SECOND CARD

1-30
31-50

THIRD CARD

1-5
33

35

FOURTH CARD

Customer
Customer Part Number
MOSTEK Part Number (2)

Engineer at Customer Site
Direct Phone Number for
Engineer

MOSTEK Part Number (2)
Chip Select One
“1"=CSq or “0" = CTS]
Chip Select Two

“1” = CS2 or uou = C—Sz

Data Format (3)

Logic - (“Positive Logic”’
or “Negative Logic’’)
Verification Code (4)

DATA FORMAT 3
MOSTEK OR INTEL
MOSTEK FORMAT

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

COLS INFORMATION FIELD
1-4 Four digit octal address of
first output word on card
5-7 Three digit octal output
word specified by address in
column 1-4
8-52 Next fifteen output words,
each word consists of three
octal digits.
NOTES:

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

2. Assigned by MOSTEK ; may be left blank.

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

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

(b) VERIFICATION PROCESS - i.e. the customer will
receive a CV DS but production will begin prior to receipt
of customer verification; (c) VERIFICATION NOT
NEEDED - i.e. the customer will not receive a CVDS and
production will begin immediately.
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MOSTEK.

16K-BIT READ-ONLY MEMORY

MK28000(P/N)

FEATURES
O 600 ns Maximum Access Time

O Low Power Dissipation
Active — 0.02 mW/bit Typ.
Inactive — .007 mW/bit Typ.

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

DESCRIPTION

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

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

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

O Standard Supplies +5 volts, — 12 volts

O lon-Implanted for Full TTL/DTL Compatibility

ed with OE,. OE jand OE ; are inverted with respect
to each other and used as the twelfth address input in
the 4K x 4 organization.

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

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

16K ROMs

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

FUNCTIONAL DIAGRAM
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ABSOLUTE MAXIMUM RATINGS

Voltage on any terminal relative tO VGS . . . .o oottt i e e P +0.3V to —20V
Operating temperature range (Ambient) . .. .. ... .t i e e 0°C to 70°C
Storage temperature range (Ambient) CeramiC ... ...ttt it —65°C to +150°C
Storage temperature range (Ambient) Plastic ... ...ttt —55°C to +125°C

PARAMETER MIN TYP MAX COMMENTS
Vss |Supply Voltage +4.75V +5V +5.25V
TTL Reference - 0 -
Vss | Supply Voltage —12.6V —-12V -11.4V
V,_ |!nput Voltage, Logic “0” Veg +.8V
V4 |Input Voltage, Logic 1" Vgs — 1.5V Vss Syggra%lfjsgogsogc;}g#%SK)

ELECTRICAL CHARACTERISTICS
(V gg= +6.0V £5%; V5= OV; V & —12V £5%; 0°C <T 5 < 70°C)

PARAMETER MIN TYP MAX COMMENTS
Iss |Supply Current 20 mA 35 mA | See Note 1
l gg |Supply Current —-20 mA —35 mA Inputs at Vgg
I gg |Supply Current (Standby) 7 mA 12 mA See Note 1
Cin Input Capacitance (Address & OE's) 8 pF 10 pF See Note 2
Cn | Input Capacitance (AR) 12 pF 15 pF See Note 2
[N Input Leakage 10 LA See Note 3
Rin Input Pullup Resistors 3 KR 11 KQ Optional
Vou |Output Voltage, Logic ‘1" 2.4V See Note 4
l o |Output Leakage Current —10 pA +10uA \(/oout;;;l}{(zsdegzl'eE')A =25¢C
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PARAMETER MIN TYP MAX COMMENTS
tew |AR Precharge Time 400 ns o
tc Cycle Time Tus +tp+t, tacet tpw Tttt ¢
tace |Access Time 600 ns  [See note 4
to Address Lead Time 0
typ |Address Hold Time 250 ns
tg AR Rise Time 100 ns
te AR Fall Time 100 ns
tyoLp |Data Output Valid Time 2us See note 5
tep Output Disable Time 300 ns See note 4
tor  |Output Reset Time 75 ns 400 ns  |See note 4
NOTES:

1. Outputs disconnected with no internal pullup resistors.
2.V gias —VSS=0V;f= 1 MHz

3. This parameter is for inputs without pullups (optional)
4. With test circuit shown below
5

. or, until the next precharge + TOR [if AR makes a negative transition before tHoLp (min) has elapsed].

n
TIMING TEST CIRCUIT §
s
te —
tF tow le—tr
‘AODRESS 35 -
READ 8 \
oo fe— tho—s OPEN DRAIN OUTPUTS
aoress T T 77T F== """ 75 Foheil il B mm s Voo sox
= N S T s BV

ADDRESS
VALID

LT S S ss\[{ |/ """ °°°° J~ 25,¢
ENABLE o ]

-——J’ tor l-——— fe—— tco
_______ L~
DATA 24 OUTPUT | INHIBITED
ouTPUT 04

oUTPUT 3.i/ \
NA -
ENABLE “ =

— ] t
tor Ace DATA VALID

[ 24
ouTPUT 04
 vowo
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MOSTEK 28000 ROM Punched Card Coding Format!

First Card Third Card
Cols  Information Field 15 MOSTEK Part Number? 5
1-30 Customer 33 Input Pullups (0 = no, 1 = yes, 2 = Selectable Pull-up Option)
31-50 Customer Part Number
60-72 MOSTEK Part Number2 Fourth Card
Second Card 1-9 Data Format3
16-28 Logic — (“Positive Logic” or ‘“Negative Logic")
1-30 Engineer at Customer Site 36-57  Verification Code
31-50 Direct Phone Number for Engineer
Data Cards
MOSTEK Format or EA Format
1-4 Decimal Address
6-13 Output 08-01 (MSB Thru LSB)
16-17  Octal Equivalent of Output Data
NOTES: 1. Positive or negative logic formats are accepted as noted in the fourth card. 5. Columns 34-47 represent A1—A11, AR, OE1, OE2

2. Assigned by MOSTEK; may be left blank.
3. MOSTEK or Electronic Arrays Punched card coding format may be used.

Specify which card format used by punching either "MOSTEK" or “EA".

respectively. 0= No pull-up, 1 = Pull-up

Start at column one.
4. Punches as:

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

38

VERIFICATION PROCESS — i.e. the customer will re-
ceive a CVDS but production will begin prior to receipt

of customer verification

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



16 K-BIT READ ONLY MEMORY

MK31000(P/N)-3

FEATURES

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

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

DESCRIPTION

The MK 31000 is a 16,384 bit Read Only Memory
designed as a high performance replacement for the
Intel 2316A/B316A and the General Instrument
RO-3-8316A. The MK 31000 is organized as a
2K x 8 array which makes the device very attractive
for use with 8 bit microprocessors such as the F8,
8080, 6800, Z-80 or any memory application requir-
ing a high performance, high bit density ROM

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

O Three programmable chip selects

O Inputs and three-state outputs TTL compatible
O Outputs drive 2 TTL loads and 100pF

O Low power

O Eight bit output for use with microprocessor
systems

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

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

FUNCTIONAL DIAGRAM
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ABSOLUTE MAXIMUM RATINGS*

Voltage on Any Terminal Relative to Ground. ...... —-0.5V to +7V
Operating Temperature TA (Ambient). ............ 0°C to +70°C
Storage Temperature (Ambient) Ceramic ........ —65°C to +150°C
Storage Temperature (Ambient) Plastic. ......... —55°C to +125°C
Power Dissipation . . ... v v ittt e e 1w

RECOMMENDED D C OPERATING CONDITIONS
(Vee =5V £10%; 0°C <TA< +70C)

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

PARAMETER MIN TYP MAX UNITS NOTES
Vce Power Supply Voltage 4.5 5.0 5.5 Volts
ViL Input Logic 0 Voltage -0.5 0.8 Volts
ViH Input Logic 1 Voltage 2.0 Vce Volts
D C ELECTRICAL CHARACTERISTICS
(Vecc =5V + 10%;0°C < Ta < +70°C) ;
PARAMETER MIN MAX UNITS NOTES
lce Ve Power Supply Current 60 mA 1
TN Input Leakage Current 10 nA 2
lo(w) -Output Leakage Current 10 uA 3
VoL Output Logic O Voltage 0.4 volts
@ loyT= 3.3mA
VoH Output Logic 1 Voltage 2.2 Vce volts
@ loUT = —220 uA
A C ELECTRICAL CHARACTERISTICS
(Vcc=5V+10%;0C<Ta <+70T)
PARAMETER MIN MAX UNITS NOTES
tACC Address to output delay time 550 ns 4
tcs Chip select to output delay time 250 ns 4
tcD Chip deselect to output delay 150 ns 4
time
CAPACITANCE
PARAMETER TYP MAX UNITS NOTES:
Cin Input Capacitance 6 8 pf 5
CouT Output Capacitance 10 15 pf 5
NOTES:
1. Allinputs 5.5V ; Data Outputs open.
2. Vin=0V to5.5V.
3. Device unselected; Vgyt =0V to 5.5V
4. Measured with 2 TTL loads and 100pf. 10t
5. Capacitance measured with Boonton Meter or effective capacitance calculated from the equationC ="Ay/

with current equal to a constant 20mA.
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TIMING DIAGRAM

ViH
ADDRESS v VALID x

L

tacc — o
tes —o teo —m

PROGRAMMABLE ViH
CHIP SELECTS Vi VALID

VoH ;
DATA OUTPUT | OPEN { VALID  h———OPEN —

FIRST CARD
COLS

1-30
31-50
60-72

SECOND CARD

1-30
31-50

THIRD CARD

1-5
33

35
37

FOURTH CARD

INFORMATION FIELD

Customer
Customer Part Number
MOSTEK Part Number (2)

Engineer at Customer Site
Direct Phone Number for
Engineer

MOSTEK Part Number (2)
Chip Select One

nr = CS1 or 0" = C—S‘]
Chip Select Two
“1”=CSg or “0" = (32
Chip Select Three

11111 = C83 or uou - C_§3

Data Format (3)

Logic - (“Positive Logic”
or “'Negative Logic")
Verification Code (4)

MOSTEK 31000 ROM PUNCHED CARD CODING FORMAT (1)

DATA FORMAT

MOSTEK OR INTEL

v
2
MOSTEK FORMAT o
128 data cards (16 data words/card) 5
with the following format: ©
COoLS INFORMATION FIELD
1-4 Four digit octal address of
first output word on card
5-7 Three digit octal output
word specified by address in
column 1-4
8-562 Next fifteen output words,

each word consists of three
octal digits.

NOTES:

1.

2.
3.

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

Assigned by MOSTEK ; may be left blank.

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

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

(b) VERIFICATION PROCESS - i.e. the customer will
receive a CVDS but production will begin prior to receipt
of customer verification; (c) VERIFICATION NOT
NEEDED - i.e. the customer will not receive a CVDS and
production will begin immediately.
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16K-BIT READ ONLY MEMORY

MK34000(P/N)-3

FEATURES
O 2K x 8 organization with static interface

O 350ns max access time
0O Single +5V + 10% power supply

O 330mW max power dissipation

DESCRIPTION

The MK 34000 is a new generation N-channel silicon
ate MOS Read Only Memory circuit organized as
048 words by 8 bits. As a state-of-the-art device,

the MK 34000 incorporates advanced circuit tech-
niques designed to provide maximum circuit density
and reliability with highest possible performance,
while maintaining low power dissipation and wide
operating margins.

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

0O Contact programmed for fast turn-around

O Three programmable chip selects

O Inputs and three-state outputs—TTL compatible
O Outputs drive 2 TTL loads and 100pF

O RAM/EPROM pin compatible

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

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

FUNCTIONAL DIAGRAM

0. 0z 03 0‘ 05 O6 07 0,

PIN CONNECTIONS

s -—vcc
— Llil l I | | «——GND Az I [e [ 24 V¢
o OUTPUT BUFFERS Deeo0E Ag 2 [ 23 Ag
ay— 1 Asg 3 [ 022 Ag
A 4 [ [1 21cs3/Cs3 NC*
g — 4
. - Y DECODER  1/16X8 Az 5 [ ;] 20Cs1/TST Nc*
T CHIP
§ SELECT Az 6 [ MK D19 Ap
Ae ‘é PROG. Ty *
- Ay 7 [J| 34000 [[1 18 cs2/Cs2 NC
Ay g - Ao 8 [] 017 Og
Ay— g - I ] I 0, 9 [ N6 o7
s 2] 8 0, 100 015 Og
L . 16,384 BIT le—— csi/Tsi/Ne
A, o § CELL MATRIX cHip O3 nQ g4 o S
N g SEeeeT je—— csasdsz/nct GND 12 0 Ni13 Og4
] L x BUFFER
Ao H e cs3/E83/ne * *Programmable Chip Selects
—_— —
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ABSOLUTE MAXIMUM RATINGS* *Stresses greater than those listed under

“Absolute Maximum Ratings” may cause

Voltage on Any Terminal Relative to Ground. . ....... 0.5V to + 7V e e o funericeal baere
Operating Temperature TA (Ambient) . . R 0C to +70°C ggg d.'gifo ;geagg‘(lfe tggstehei;ediggtggvi:'?;;
Storage Temperature — Ceramic (Ambient) ........ —65°Cto + 150°C g”e;g‘t‘"?mgﬁgg?“s E?(fpo‘s':jfe specificatian
Storage Temperature — Plastic (Ambient). ......... —55°C to +125°C g;i’;;’gs“"‘m':;‘"gaf‘;ggt‘"‘L‘;gfc;"'rg,’i‘;g'i‘l‘i‘@‘f
Power Dissipation . .. ...ttt e 1 Watt

RECOMMENDED DC OPERATING CONDITIONS
(Vcc=5V+10%;0C< TA< +70T)

PARAMETER MIN TYP MAX UNITS NOTES
Vce Power Supply Voltage 4.5 5.0 5.5 Volts 6
ViL Input Logic O Voltage -0.5 0.8 Volts
ViH input Logic 1 Voltage 2.0 Vce Volts

D C ELECTRICAL CHARACTERISTICS
(Ve =5V + 10%;0°C < Ta< +70°C)6

PARAMETER MIN MAX UNITS NOTES
lcc Ve Power Supply Current 60 mA 1
L) Input Leakage Current 10 A 2
lo() Output Leakage Current 10 uA 3
VoL Output Logic 0 Voltage 04 volts
@ loyTt = 3.3mA
VOoH Output Logic 1 Voltage 24 Vce volts
@ loyT = —220 pA

A C ELECTRICAL CHARACTERISTICS
(Vcc=5V+ 10%;PFC< TA< +70C)6

PARAMETER MIN MAX UNITS NOTES
tACC Address to output delay time 350 ns 4
tcs Chip select to output delay time 175 ns 4
tcp Chip deselect to output delay 150 ns 4
time
CAPACITANCE
PARAMETER TYP MAX UNITS NOTES
CiN Input Capacitance 6 8 pF 5
Cout Output Capacitance 10 15 pF 5
NOTES: 5. Capacitance measured with Boonton Meter or effective capacitance
1. All inputs 5.5V ; Data Outputs open. calculated from the equation :
2. VIN=0V 1055V (Ve = 5V) Cc= _IAt. with current equal to a constant 20mA.
3.  Device unselected; VouT = OV to 5.5V. Av
4. Measured with 2 TTL loads and 100pF, transition times = 20ns 6. A minimum 100 us time delay is required after the application of

V¢ (+5) before proper device operation is achieved.
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TIMING DIAGRAM

ViH
ADDRESS v VALID X

.

tace -
tes —w tep —o
PROGRAMMABLE ViH
CHIP SELECTS Vi VALID
DATA OUTPU Vou ! A
TPUT OPEN { vauD y—— OPEN -

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

FIRST CARD
CoLS

INFORMATION FIELD

1-30
31-50
60-72

SECOND CARD

1-30
31-50

THIRD CARD
1-5
33
35

37

FOURTH CARD
1-9
15-28

35-57

Customer
Customer Part Number
MOSTEK Part Number (2)

Engineer at Customer Site
Direct Phone Number for
Engineer

MOSTEK Part Number (2)
Chip Select One

"1 =CS1or 0" =CSq
or 2" = Don’t Care

-Chip Select Two

“1"" = CSg or 0" = CS2
or “2" = Don’t Care

Chip Select Three

“1"” =CS30or 0" =C53
or “2" = Don’t Care

Data Format (3)

Logic - (“Positive Logic”
or “Negative Logic")
Verification Code (4)

MOSTEK 34000 ROM PUNCHED CARD CODING FORMAT a

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

COLS INFORMATION FIELD

’d
1-4 Four digit octal address of (ED
first output word on card ':
5-7 Three digit octal output ©
word specified by address in ~
column 1-4
8-52 Next fifteen output words,
each word consists of three
octal digits.
NOTES:

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

2. Assigned by MOSTEK; may be left blank.

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

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

(b) VERIFICATION PROCESS - i.e. the customer will
receive a CV DS but production will begin prior to receipt
of customer verification; (c) VERIFICATION NOT
NEEDED - i.e. the customer will not receive a CVDS and
production will begin immediately.
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MOSTEK.

16K-BIT MOS READ-ONLY MEMORY

MK34073 (P/N)-3

FEATURES

O 2K x 8 organization with static interface
O 350ns max access time

D Single +5V = 10% power supply

0O 330mW max power dissipation

O Full ASCII compatible character sets
(128 characters)

DESCRIPTION

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

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

O Contains both Horizontal (5x8) and Vertical

(5x7) character sets.
O Inputs and three-state outputs—T T L compatible

O Outputs drive 2 TTL loads and 100pF

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

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

FUNCTIONAL DIAGRAM

0' 02 ()3 0‘

OUTPUT BUFFERS |

% % % %

HV_‘
;A9—1
A. —
Y DECODER 1/16x8
A., —A £
CHARACTERJ , | &
SELECT i B
A5_4 § r__‘
‘4‘_1 3 .
L—|iH .
== 16,384 BIT
A 8 CELL MATRIX
ROW/COLUMN | B §
SELECT [ r— x
A — -

PIN CONNECTIONS

-—— Ve
«——GND A1 I e 1 24 Vee
Agh 2 q 0 23 A31
As' 3 ( D22 Ag'
Agl 4 ] 21 NC
Azl 5 ] 0 20NC
A2 6 [] 0 19 Hv
Az|? 7 d MK34073 ||
AoZ 8] D17 Og
0 9 [ 116 07
02 10 [ 015 0Og
o3z 1(Q D14 05
GND 12 (] N13 04
1 Character Select A9 = MSB

2 Row/Column Select A2 = MSB
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COLUMN OUTPUT (HV = 0)

@]
o
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T
o

1

1

°
1
1
T
2

1

1

el
T1el

5
1|87654321|8 76543

a3

eje

i

lejsje]

ola]

@]

OREN0

o T

I Teef
e

T
I
LT

1)

o]
T e

00000

ool

slsisie]
HH
N

,LlllQ

NI

Ol
el ler
IOUmOD
LT

HORIZONTAL OUTPUT (HV

A dot is representative of an output ‘high’ level.
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MOSTEK.

64K-BIT READ-ONLY MEMORY

MK36000(P/N)-4/5

FEATURES

O MK36000 8K x 8 Organization—
""Edge Activated”’ * operation (CE)

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

O Single +5V + 10% Power Supply
O Standard 24 pin DIP (EPROM Pin Out Compatible)

DESCRIPTION

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

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

Low Power Dissipation - 220mW Max Active

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

O On chip latches for addresses

Inputs and three-state outputs-TTL compatible

O OQutputs drive 2 TTL loads and 100 pF

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

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

FUNCTIONAL DIAGRAM (MK 36000)

°|°2°|345 7 08

OUTPUT BUFFERS
Az —»f

Al

MJJ

Ay

Y

!
N «
° H Y DECODER - Vec
hg ‘:’ 1/32x8 -— Vi
s
As
2
<
a7 o |
Ag Is’ )
As o T |a
LU —~E 65536 BIT 5
TORI o IR 1 CELL MATRIX w8
]
LN IR L3,
Q w e CE
= &
7 st
| ° 2

Ly

PIN CONNECTIONS

Az e D 24 vee
Ag 2 [ 123 Ag
As 3 ] 22 Ag
Ag 4 ] 021 A12
Az 5 [J 20 CE
A, 6 [] MK 719 A
Ay 7 O] 36000 |{118 Ay
Ao 8 [] D17 Og
o, 90 e o7
02 10 N5 0e
03 1 014 05
GND 12 [ Ni3 Ogq

* Trademark of Mostek Corporation
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ABSOLUTE MAXIMUM RATINGS* *Stresses greater than those listed under

“’Absolute Maximum Ratings’’ may cause

i 1 - permanent damage to the device. This is

Voltage on Any Terminal Relative to VSS .......... o1.0V to + o7V 2 shess rating © e o d Tunctional cpera:
1 1 tion of the device at these or any other
Operating Temperature TA (Ambient) .............. 0°Cto+70°C Dhon of the Sev.c those ;lndicatedfin e
— i i _ O ° operating sections of this specification

Storage Temperature Cerar:mc (Am'blent) ........ 6? Cto + 150°C W not implied. - Exposure ‘o absolute
Storage Temperature — Plastic (Ambient)......... —b5°C to + 125°C maximum rating conditions for extended

.. . periods may affect device reliability.
Power Dissipation . ........ ... .ttt 1 Watt

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

PARAMETER MIN TYP MAX UNITS NOTES
Vce Power Supply Voltage 45 5.0 5.5 Volts 6
ViL Input Logic O Voltage -1.0 0.8 Volts
VIH Input Logic 1 Voltage 2.0 Vce Volts

D C ELECTRICAL CHARACTERISTICS
(Vee =5V + 10%) (0°C <TA< + 70°C)®

PARAMETER MIN TYP MAX UNITS NOTES
Icc Ve Power Supply Current (Active) 40 mA 1
Icc2 Vcc Power Supply Current (Standby) 8 mA 7
l(L) Input Leakage Current -10 10 HA 2
10(L) Output Leakage Current -10 10 MA 3
VoL Output Logic “0’" Voltage 0.4 volts

@ loyT =3.3mA
VOH Output Logic “1” Voltage 24 volts

@ loyT = —220 uA

A C ELECTRICAL CHARACTERISTICS
(Vee=5V = 10%) (0°C< TA< +70°C)®

4 5
PARAMETER UNITS| NOTES
MIN MAX| MIN MAX
tc Cycle Time 375 450 ns 4
tce | CE Pulse Width 250 300 4
taC | CE Access Time 250 300 ns 4
toFF| Output Turn Off Delay 60 75 ns 4
tAH | Address Hold Time Referenced to CE 60 75 ns
tAS | Address Setup Time Referenced to CE 0 0 ns
tp | CE Precharge Time 125 150 ns
NOTES:
1. Current is proportional to cycle rate. Iccy is measured at the 6. A minimum 100 us time delay is required after_the application of Vcc (+5)
specified minimum cycle time. before proper device operation is achieved. CE must be at VIH for this
2. VinN =0V 10 5.5V (Vi - 5V) time period.
3. Device unselected; VoyT = OV to 5.5V 7. CE high.
4. Measured with 2 TTL loads and 100pF, transistion times = 20ns
5. Capacitance measured with Boonton Meter or effective capacitance

calculated from the equation:
¢ =89 with AV = 3 voits
AV
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CAPACITANCE
(0°C< TA< 70°C)

PARAMETER TYP MAX UNITS NOTES
(o] Input Capacitance 5 8 pF 5
co Output Capacitance 7 15 pF 5
TIMING DIAGRAM
tc >
CHIP ENABLE ViH- f )
ViL- K \__
~——— tcE ~ tp —>
tAs H—tAH wtOFFj
ADDRESS ViH-
i/ VAL W//////////// W
I
VoH-
DATA OUTPUT VoL = OPEN VALID >—OPEN——

MK36000 ROM PUNCHED CARD CODING FORMAT (1 & 6)

FIRST CARD
COLS

INFORMATION FIELD

1-30
31-50
60-72

SECOND CARD
1-30
31-50
THIRD CARD
1-5
FOURTH CARD
1-9
15-28

35-57

DATA FORMAT

Customer
Customer Part Number
MOSTEK Part Number (2)

Engineer at Customer Site
Direct Rhone Number for
Engineer

MOSTEK Part Number (2)

Data Format (3)

Logic - (“Positive Logic”
or ““Negative Logic")
Verification Code (4)

512 data cards (16 data words/card) with the

following format:

v
b
coLS INFORMATION FIELD 8
¥
i-4 Four digit octal address of g
first output word on card
5-7 Three digit octal output
word specified by address in
column 1-4
8-52 Next fifteen output words,
each word copsists of three
octal digits.
NOTES:

1.

2.
3.

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

Assigned by MOSTEK ; may be left blank.

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

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

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

. 512 cards for MK 36000

. Please consult MOSTEK ROM Programming Guide for

further details on other formats.
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DESCRIPTION (Continued)

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

Other system oriented features include fully TTL
compatible inputs and 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.

Any application requiring a high performance, high
bit density ROM can be satisfied by the MK36000
ROM. This device is ideally suited for 8 bit micro-
processor systems such as those which utilize the

Z-80. It can offer significant cost advantages over
PROM.

OPERATION

The MK36000 is controlled by the chip enable (CE)
input. A negative going edge at the CE input will

52

activate the device as well as strobe and latch the in-
puts into the onchip address registers. At access
time the outputs will become active and contain the
data read from the selected location. The outputs
will remain latched and active until CE is returned to
the inactive state.

Programming Data

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

Table 1
Acceptable Media Acceptable Format
CARDS MOSTEK
PAPER TAPE INTEL CARD
PROMS INTEL TAPE
DATA LINK EA
MOSTEK F-8
MOTOROLA 6800




MOSTEK.

2048 x 8-BIT PROM

Electrically Programmable/Ultraviolet Erasable ROM

MK2716 (1)-5/6/7/8

FEATURES

O Replacement for popular 2048 x 8 bit 2716 type
EPROM

O Single +5 volt power supply during READ operation

O Fast Access Time in READ mode

O Low Power Dissipation: 525 mW max active

DESCRIPTION

The MK2716 is a 2048 x 8 bit electrically program-
mable/ultraviolet erasable Read Only Memory. The
circuit is fabricated with Mostek’s advanced N-channel
silicon gate technology for the highest performance and
reliability. The MK2716 offers significant advances over

0O Power Down mode: 132 mW max standby
O Three State Output OR-tie capability

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

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

P/N Access Time

MK2716-5 300ns O Pin Compatible with Mostek’s Wide Word
MK2716-6 350ns Memory Family

MK2716-7 390ns

MK2716-8 450ns O TTL compatible in all operating modes

O Standard 24 pin DIP with transparent lid

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

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

BLOCK DIAGRAM 0g THRU 07

PIN OUT

{ ) «—VCce
<«—GND
<“—Vpp
A7z 10 ) 24 vce
_ GUTPUT
OF — »| ENABLE S A 20 (] 23 Ag
— POWER DOWN, As 3 (0] 12 A
CE/PGM PRLOC)GG.?éM {INPUT IN PGM MODE) 9
A4 4 [ ] 21 vpp
........ Az 5[ [ 20 OF
(- | v becooer Y SELECT A2 60 H 19 Ao
—» Y —
— Ao 70 [ 18 CE
........ Ao 8 [ [ 17 07
Ao o0 90 [ 16 06
THRU < . > 07 10 (0 [] 15 Os
N : X
10 . X : 16,384 BIT 02 110 [ 14 04
__>pecoDER CELL MATRIX GND 12 (d 113 03
—
———
— Ag-A10 ADDRESSES
\_ CE/PGM CHIP ENABLE/PROGRAM
NOTE: Piri 18 and 20 have been renamed for compatibility with pre- OUTPUT ENABLE )
ot B ERROMS, 1l st spenticanons for ths s s o 0g-07 OUTPUTS

fected by this change.
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ABSOLUTE MAXIMUM RATINGS*

Voltage on any pin relative to VSS (EXCept VPP). . ..ottt ciiiiiinae -0.3V to +6V

Voltage on VPP supply pin relative to VSS ... .. ittt it e, -0.3V to +28V
Operating Temperature TA (AMbDIENT) . ..ottt ittt ittt iinnnnnes 0°C < TAK70°C
Storage Temperature (AmMbIent). .. .. .viiini ittt ittt iiiineeeenannns -65°C < TA <+125°C
POWET DiSSIPAtiON .. ittt ittt tiies e tenesseenneeeesennsssesennseeesneesasnseosnnanes 1 Watt
Short Circuit QUTPUL CUITENT L ..t ittt ittt ttneeeeaneaeeeaananesosansesesosesossnaossnnnssss 50mA

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

READ OPERATION

RECOMMENDED D.C. OPERATING CONDITIONS AND CHARACTERISTICS'.2,4.8
(0°C < TA< 70°C) (VCC = +5V £5%, VPP = VCC)?

SYM PARAMETER MIN TYP MAX UNITS |[NOTES
Vi Input High Voltage 20 Vee+1 Volts
Vio Input Low Voltage -0.1 0.8 Volts
lec vce Standby Power Supply Current 10 25 mA 2 |
(OE = VIL; CE = VIH)
leca \/_(29 Active Power Supply Current 57 100 mA 2
(OE = CE = VIL)
Ippi VPP Current /(VPP =5.25V) 6 mA 2,3
Vou Output High Voltage 24 Volts
(IOH = -400 uA)
Vo Output Low Voltage 45 Volts
(IOL = 2.1mA)
I Input Leakage Current 10 uA
(VIN = 5.25V)
loL Output Leakage Current 10 pA

(VOUT = 5.25V)

AC CHARACTERISTICS",25
(0°C < TA< 70°C) (VCC = +6V *+ 5%, VPP = VCC)?

-5 -6 -7 -8
ISYM| PARAMETER MIN | MAX | MIN | MAX | MIN | MAX | MIN | MAX |UNITS|NOTES
tacc | Address to Output Delay 300 350 390 450 ns
(CE = OE = VIL)
tce CE to Output Delay ) 300 350 390 450 ns 6
(OE = VIL)
tor | Output Enable to Output 120 120 120 120 ns 10
Delay (CE = VIL)
tor Chip Deselect to Output 0 100 0 100 0 100 0 100 ns 9
Float (CE = VIL)
ton | Address to Output Hold 0 0 0 0 ns
(CE = OE = VIL)
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CAPACITANCE

(TA = 25°C)®
SYM PARAMETER TYP MAX UNITS NOTES
Cin Input Capacitance 4 6 pF 7
Cour Output Capacitance 8 12 pF 7
NOTES:
1. VCC must be applied on or before VPP and Removed after or at the same times as VPP,
2. VPP and VCC may be connected together except during programming, in which case the supply current is the sum of ICC and IPP1.
3. The tolerance on VPP is to allow use of a driver circuit to switch VPP from VCC to +25V in the READ and PROGRAM mode respectively.
4. All voltages with respect to VSS.
5. Load conditions = ITTL load and 100pF., tr = tf = 20ns, reference levels are 1V or 2V for inputs and .8V and 2V for outputs.
6. tOE is referenced to CE or the addresses, whichever occurs last.
7. Effective Capacitance calculated from the equation C = A AV where AV = 3V
8. Typical numbers are for T»_A = 25£and VCC =5.0V
9. tDF is applicable to both CE and OE, whichever occurs first.
10. OE may follow up to tACC - tOE after the falling edge of CE without effecting tACC

TIMING DIAGRAMS
READ CYCLE (CE = V)

v g
iH—
ADDRESSES ////
Vi =

le—— o ——
s
Vin -
OE
Vie —
L—-‘OE —] tpp — le———
[e————tacc——» @
v 1 R 2
OH - OPEN /| o
ouTPUT - \ VALID c
VoL~ 7
STANDBY POWER
DOWN MODE
(OE=Vj)
Viy —
H
ADDRESS VALID VALID
ViL — -
Viy — -
H
cE STANDBY ACTIVE STANDBY
Vi — K
— e—DF la—tcE
Vou — VALID )\ OPEN . VALID
OUTPUT FOR CURRENT FOR CURRENT
Vo — ADDRESS ADDRESS
oL 7
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PROGRAM OPERATIONS v ,
D.C. ELECTRICAL CHARACTERISTICS AND OPERATING CONDITIONS2

(TA = 25°C £ 5°C) (VCC = BV 5%, VPP = 25V $1V)

SYMBOL PARAMETER MIN MAX UNITS NOTES
liL Input Leakage Current 10 A 3
VIL Input Low Level -0.1 0.8 Volts
VIH Input High Level 2.0 VCC +1 Volts
ICC VCC Power Supply Current 100 mA
IPP1 VPP Supply Current 5 mA 4
IPP2 VPP Supply Current during )
Programming Pulse 30 mA 5
A.C. CHARACTERISTICS AND OPERATING CONDITIONS,2,6,7
(TA = 25°C £ 5°C) (VCC = 5V £ 5%, VPP = 25V + 1V)
SYMBOL| PARAMETER MIN TYP MAX UNITS NOTES
tAS Address Setup Time 2 us
tOES OE Setup Time 2 us
tps Data Setup Time 2 us
tAH Address Hold Time 2 us
tOEH OE Hold Time 2 us
tDH Data Hold Time 2 us
tDF Output Enable to Output Float 0 120 ns 4
o] Output Enable to Output Delay 120 ns 4
tpw Program Pulse Width 45 50 55 ms
tIIDRT Program Pulse Rise Time 5 ns
tPFT Program Pulse Fall Time 5 ns
NOTES:

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

with VPP at 25V,
. Care must be taken to prevent overshoot of the VPP supply when switching to +25V.
045V = VIN - 525V
CE/PGM  VIL
CE/PGM  VIH
1T = 20nsec
. 1V or 2V for inputs and .8V or 2V for outputs are used as timing reference levels.
. Although speed selections are made for READ operation all programming specifications are the same for all dash numbers.

PNOOAWN
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TIMING DIAGRAM
(Program Mode)

l€———PROGRAM —p-te——— PROGRAM _______
VERIFY
Vin — r
ADDRESSES ADDRESS N ADDRESS N +m
- N _7
DATA OUT
la— tAS— | A —————— VALID
ADD X +n
Vig— 2 DATA IN X higH 7 /ﬁ DATA IN
DATA STABLE STABLE
VL — ADD X A + ADD X + m
IDE tog —> f— \4—-— tpF
— ViH—-
OE
\Y) -—
it tps tpw tDH
[ [ -
toES—> le— toEH—
CE/PGM
- 7 N
PRT ——| |a— —| |e——tppr
MODE SELECTION . - . .
The MK2716 is specifically designed to fit those
applications where fast turnaround time and pattern
PIN CE/PGM OF | vPP | oureuTs experimentatin are required. Since data may be altered
ODE " 18) (20) 121 in the device (erase and reprogram) it allows for early
READ VL VIL | +5 Valid Out debugging of the system program. Since single location
STANDBY vin PR s open programming is available the MK2716 can have its data
Care content increased (assuming all 2048 bytes were not
PROGRAM Pulsed vin | 25 ot programmed) at any time for easy updating of system
VIL to VIH capabilities in the field. Once the data/program is fixed
PROGRAM vIL ViL | 225 | vatid out and the intention is to plv'oduceA large numbers of
VERIFY systems, Mostek also supplies a pin compatible mask
PROGRAM VIL VIH | +25 Open programmable ROM, the MK34000. To transfer the
INHIBIT program data to ROM, the user need only send the
VCC(24) = 5V all modes PROM along with device information to MOSTEK, from

DESCRIPTION CONTINUED

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

which the ROM with the desired pattern can be
generated. This means a reduction in the possibility of
error when converting data to other forms (cards, tape,
etc.) for this purpose. However, data may still be input by
any of these traditional means such as paper tape, card
deck, etc.

READ OPERATION

The MK2716 has five basic modes of operation. Under
normal operating conditions (non-programming) there
are two modes including READ and STANDBY. A READ
operation is accomplished by maintaining pin 18 (CE) at
VIL and pin 21 (VPP) at +5 volts. If OE (pin 20) is held
active low after addressing (AO - A10) have stabilized
then valid output data will appear on the output pins at
access time tACC (address access). In this mode, access
time may be referenced to OE (tOE) depending on when
OE occurs (see timing diagrams).
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POWER DOWN operation is accomplished by taking pin
18 (CE) to a TTL high Iével (VIH). The power is reduced by
75% from 525mW maximum to 132mW. In power down
VPP must be at +5 volts and the outputs will be open-
circuit regardless of the condition of OE. Access time
from a high to low transition of CE (tCE) is the same as
from addresses (tACC). (See STANDBY Timing
Diagram).

PROGRAMMING INSTRUCTIONS

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

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

The program a “byte” (8 bits) of data, a TTL active high
level pulse is applied to the CE/PGM pin once addresses
and data are stabilized on the inputs. Each location must
have a pulse applied with only one pulse per location
required. Any individual location, a sequence of
locations or locations at random may be programmedin
this manor. The program pulse has a minimum width of
45 msec and a maximum of 556msec, and must not be
programmed with a high level D.C. signal applied to the
CE/PGM pin.
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PROGRAM INHIBIT is another useful mode of operation
when programming multiple parallel addressed
MK2716's_with different data. It is necessary only to
maintain OE at VIH, VPP at +25, allow addresses and
data to stabilize and pulse the CE/PGM pin of the device
to be programmed. Data may then be changed and the
next device pulsed. The devices with CE/PGM at VIL
will not be programmed.

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

MK2716 ERASING PROCEDURE

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



SUPPLEMENT

MOSTEK.

2048 x 8-BIT PROM

Electrically Programmable/Ultraviolet Erasable ROM

MK2716 (T)-12

FEATURES

O Replacement for popular 2048 x 8 bit 2716 type
EPROM

O Single +5 volt power supply during READ operation

O Access Time in READ mode

P/N
MK2716-12

Access Time
650ns

O Low Power Dissipation: 525 mW max active

0O Power Down mode: 132 mW max standby

0O Three State Output OR-tie capability

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

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

0O Pin Compatible with Mostek’'s wide word memory
family

O TTL compatible in all operating modes

O Standard 24 pin DIP with transparent lid

. . ) PIN CE/PGM OE | VPP
The MK2716 is a 2048x8 bit electrically MODE i8) zor Tz CVTPUTS
progrgmma?le/ul(ravnolet grasable Reac'l Only Memory. READ il il | s Vaiid Out
The circuit is fabricated with MOSTEK's advanced N-
channel silicon gate technology for the highest STANDBY VIH Dont) +5 Open
performance and reliability. The MK2716 offers
significant advances over hardwired logic in cost, |PROGRAM N VI | 725 tnput
system flexibility, turnaround time and performance.
PROGRAM VIL ViL +25 Valid Out
VERIFY
The MK2716 has many useful system oriented features PROGRAM v T 5
. . . . + en
including a STANDBY mode of operation which lowers INHIBIT >
the device power from 525 mW maxnmun"n active power VCCi24) = 5V all modes
to 132 mW maximum for an overall savings of 75%.
BLOCK DIAGRAM 00 THRU 07 PIN OUT
( \ <-—Vce
" <«—GND A7 10 24 Vee
il e 2T b2 ng
OF | eNABLE QuTPUT As 3 ) 22 Ag
— POWER DOWN, A 4 E j 21 V
CE/PGM —> PRL%GGFI‘(’;M (INPUT IN PGM MODE) 4 PP
A3 50 [ 20 OF
........ A2 6 C O j 19 A10
(- Y DECODER Y SELECT A1 70 (118 CE
Ao 8 0 117 07
........ OO 9 E j 16 06
Ao 1 15 O
THRUS ] 07 100 g . 5
: 14 0
A10 . X : . 16,384 BIT 02 1.4 4
JpecoDER : CELL MATRIX GND 12 (113 03
—
— AQ-A10 ADDRESSES
i CE/PGM  CHIP ENABLE/PROGRAM
O e T OE OUTPUT ENABLE
‘.'.':-:f.‘:vfﬁs?ﬂf.qf" othen spr 0p-07 OUTPUTS
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ABSOLUTE MAXIMUM RATINGS*

Voltage on any pin relative to VSS (EXcept VPP). ... . e -0.3V to +6V
Voltage on VPP supply pin relative 10 VSS . ... o -0.3V to +28V
Operating Temperature TA (AmMDIENt) . ... ittt ittt ittt 0°C < TA<70°C
Storage Temperature (AmMbDIENT) . . ... ittt i ittt e -565°C < TA <+125°C
POWET DISSIPATION .ttt ettt it e e e s 1 Watt
Short Circuit OULPUL CUITENT « ..ottt et it ettt ate et ae ettt st ee s 50mA

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

READ OPERATION

RECOMMENDED D.C. OPERATING CONDITIONS AND CHARACTERISTICS",2,4,8
(0-C<TA<70°C)(VCC = +BV £5%, VPP = VCC)?

SYMBOL PARAMETER MIN TYP MAX UNITS NOTES
VIH Input High Voltage 20 Vee+1 Volts
VIL Input Low Voltage -0.1 0.8 Volts
ICC1 VCC Standby Power Supply Current 10 25 mA 2
(OE = VIL; CE = VIH)
ICC2 VCC Active Power Supply Current 57 100 mA 2
(OE = CE = VIL)
IPP1 VPP Current (VPP = 5.25V) 6 mA 2,3
VOH Output High Voltage 24 Volts
(IOH = -400 uA)
VOL Output Low Voltage 45 Volts
(IOL = 2.1mA)
1L Input Leakage Current 10 uA
(VIN = 5.25V)
0L Output Leakage Current 10 rA

(VOUT = 5.25V)

A.C. CHARACTERISTICS" 2,5
(0°C < TA < 70°C) (VCC = +5V * 5%, VPP = VCC)?

SYMBOL | PARAMETER MIN MAX UNITS NOTES
tACC Address to Output Delay 650 ns
(CE OE ViL)
ICE CE to Qutput Delay 650 ns 6
(OE VIL)
10E Qutput Enable to Output Delay 230 ns 10
(CE VIL)
DF Chip Deselect to Output Float 0 150 ns 9
(CE - VIL)
tOH Address to Output Hold 0 ns
(CE OE VIL)

NOTE: Ali timing diagrams and operating modes (including program timing) are the same as on the standard -6, -7, and -8 data sheet. This spec is to be used in
conjunction with the standard data sheet.



CAPACITANCE

(TA = 256°C)®
SYMBOL | PARAMETER TYP MAX UNITS NOTES
‘C|N Input Capacitance 4 6 pF 7
Cout Output Capacitance 8 12 pF 7

NOTES:

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

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

3. The tolerance on VPP is to allow use of a driver circuit to switch VPP from VCC to +25V in the READ and PROGRAM mode respectively.
4. All voltages with respect to VSS.

5. Load conditions = ITTL load and 100pF., tr = tf = 20ns, reference levels are 1V or 2V for inputs and .8V and 2V for outputs.

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

7. Effective Capacitance calculated from the equation C = A AV where AV = 3V

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

o

. tDF is applicable to both CE and O_E, whichever occurs first.

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

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

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

READ OPERATION

The MK2716 has five basic modes of operation. Under
normal operating conditions (non-programming) there
are two modes including READ and STANDBY. A READ
operation is accomplished by maintaining pin 18 (CE)at
VIL and pin 21 (VPP) at +5 volts. If OE (pin 20) is held
active low after addressing (AO - A10) have stabilized
then valid output data will appear on the output pins at
access time tACC (address access). In this mode, access
time may be referenced to OE (tOE) depending on when
OE occurs (see timing diagrams).

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

PROGRAMMING INSTRUCTIONS

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

Word address selection is done by the same decode

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

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

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

PROGRAM VERIFY allows the MK2716 program data to
be verified without having to reduce VPP from +25V to

62

+5V. VPP should only be used in the
PROGRAM/PROGRAM INHIBIT and PROGRAM
VERIFY modes and must be at +5V in all other modes.

MK2716 ERASING PROCEDURE

The MK2716 may be erased by exposure to high
intensity ultraviolet light, illuminating the chip thru the
transparent window. This exposure to ultraviolet light
induces the flow of a photo current from the floating
gate thereby discharging the gate to its initial state. An
ultraviolet source of 26374 yielding a total integrated
dosage of 15 Watt-seconds/cm? is required. Note that
all bits of the MK2716 will be erased. The erasure time
is approximately 15 to 20 minutes utilizing a ultra-violet
lamp with a 12000uW/cm? power rating. The lamp
should be used without short wave filters, and the
MK2716 to be erased should be placed about one inch
away from the lamp tubes. It should be noted that as the
distance between the lamp and the chip is doubled, the
exposure time required goes up by a factor of 4. The UV
content of sunlight is insufficient to provide a practical
means of erasing the MK2716. However, it is not
recommended that the MK2716 be operated or stored in
direct sunlight, as the UV content of sunlight may cause
erasure of some bits in a short period of time.
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MOSTEK.

1024x1-BIT DYNAMIC RAM

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

FEATURES
O TTL/DTL Compatible inputs
O No Clocks Required

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

DESCRIPTION

This is a family of MOS dynamic 1024x1 random-
access memories having identical functional charac-
teristics, differing only in speed. Access time in the
MK 4006 P-6 is less than 400 ns; in the MK 4008 P-6
less than 500.

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

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

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

O Standby Power: under 50 mW
O 16-Pin Standard CDIP
O Supply Voltage: +5V and —12V

Noise suppression measures normally employed in
DTL or TTL systems are sufficient. High voltage
input swings and high peak-current line drivers
are unnecessary for driving memory inputs and the
memory itself does not exhibit large supply current
transients.

Data output is single-ended to minimize propagation
delay. Output current is sourced from Vgg (+5V),
and easily sensed using readily available components.
A logic 1 at the output terminal appears as a 5,000
Ohm resistor (MK 4006) to +5V; a logic O as an
open circuit.

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

FUNCTIONAL DIAGRAM

Voo C, Cz C3 Ca Cs

Vss
Yo % T 996 Qs 9u

DECODER DRIVER

COLUMN REFRESH
AMPLIFERS

D o“'——'I lurn:nH

BUFFER

Hluﬂ‘(a }—-b— %

o &

ceLL
D | MATRIX
1024 bin

DECODER DRIVER

I R - DECOOER

PIN CONNECTIONS

C210e 016 C3
C; 20 015 Cq
R/W3L 014 Cs
Rz 40 013 CE
Ry 50 012 Dour
Rs 60 011 Dy
Rs 70 010 Vss
Ry 80 19* Vopp

NOT FOR NEW DESIGN
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ABSOLUTE MAXIMUM RATINGS

Voltage on any pin relative t0 Vg ... ... ittt +0.3 to -20V
Operating TemMPErature ... .. ... ... ...ttt 0°C to +70°C

Storage Temperature Range . ...... ... ... ittt

RECOMMENDED DC OPERATING CONDITIONS

(0° C <T, < 70°C)

MK 4006P-6 MK 4008P-6
PARAMETER MIN MAX MIN | MAX UNITS NOTES
Vs Supply Voltage +4.75 +5.25 "
Voo Supply Voltage -114 -126 \
Vu Input Voltage, Logic 0 +0.8 V'
Vin Input Voltage, Logic 1 Vss—1 Vs Vv
Vs Standby Supply Voltage (Fig. 4) Vgs— 4 Vs—6 v Note 1
RECOMMENDED AC OPERATING CONDITIONS®
(07 € <T, < 70°C)
MK 4006P-6 MK 4008P-6
PARAMETER MIN | MAX MIN MAX UNITS NOTES
tre Read Cycle Time (Fig. 1) 400 500 ns
twe Write Cycle Time (Fig. 2) 650 ns twp=250 ns
900 ns twp=400 ns
twe Write Pulse Width (Fig. 2) 250 ns taw=400 ns
400 ns ta,w=500 ns
taw Address-to-Write Delay (Fig. 2) 400 ns twp=250 ns
500 ns twe=400 ns
too Data-to-Write Lead Time (Fig. 2) | 300 ns twp=250 ns
400 ns twp=400 ns
teoLy Refresh Time (Fig. 3) 2 2 ms See Note 3.
tcoro | Chip-Disable-to-Power-Down See Note 1
Delay (Fig.4) 200 200 ns See Note 4
DC ELECTRICAL CHARACTERISTICS
(Vgg = +5V = 5%; Vpp = —12V' %= §%; 0°C < T, < 70°C unless otherwise noted)
MK 4006P-6 MK 4008P-6
PARAMETER MIN | MAX MIN MAX UNITS NOTES
s, oo Supply Current: At T,=0°C 32 32 mA | Output
At T,=70°C 27 27 mA | Open
Psosy | Power Dissipation, Standby 50 50 mW Vss— Voo = 5V; Note 1
[ Input Current, Logic 1. Any Input -5 +5 -5 +5 uA V,=Vg—1V
Iy Input Current, Logic 0, Any Input -5 +5 -5 +5 uA V,=0.8V
lown Output Current, Logic 1 1.0 0.8 mA
X Note 5
lo Output Current, Logic 0 5 5 s#A




AC ELECTRICAL CHARACTERISTICS

(Vgg = +5V = 5%; Vpp = —12V = 5%; 0°C < T, < 70°C unless otherwise noted)
T I
PARAMETER MK 4006P-6 MK 4008P-6 UNITS NOTES
MIN MAX MIN MAX
taccess | Read Access Time (Fig. 1 & 1-A) 400 500 ns Note 2
tee Chip Enable Time (Fig. 1A & 5) 350 450 ns Note 2
o
teo Chip Disable Time (Fig. 1A & 5) 350 450 ns
(o} Input Capacitance, Any Input 5.0 5.0 pF Ta=25°C; V,=Vg;
f=1MHz
Co Output Capacitance 10 10 pF TA=25°C; Vo=V -5V,
f=1MHz
Coo Vpp Capacitance 75 75 pF T. = 25°C; Note 6
NOTES:
(1) Applies to MK 4006-6 and MK 4008-6 only.
(2) Measurement Criteria: Input voltage swing, all inputs 08V to Vgg— 1

Input rise and fall times: 20 ns

Measurement point on input signals: +4-1.5V above ground
Measurement point on output signal: 60 mV above ground, using a load circuit of a 200 ohm resistor in parallel
with a 100 pF capacitance connected to ground.

[}

(4

The rise time of V,,, must not be faster than 20 ns.

(5

Steady-state values. (Refer to Fig. 1A for clarification)

(6

taory 1S the time between refresh cycles for a given row address.

Average capacitance of the Vi, terminal relative to the Vg terminal. Measured by switching the Vg, terminal from OV to —12V with an

applied Vi, = 5V. Peak | is observed and the circuit replaced by a capacitance which yields the same peak current a8 the circuit
&8 oo

under test.

TIMING (Note 2)
e <50ns
AP~~~ T\
ENABLE __ _ .
W/ T
_——
CYCLE - ——
ADDRESS >

[~ taccess
DATA
outPut

READING (Fig. 1)

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

Vol

200X 1oy

MKA006P 180mV { _ - _

MK4008P 144mV

MK4006,8P 80MV |-~~~ — = - === == - -

MK4006.8P 60mV | -~ — = =~ == = - —— ——

MKA006.87 40mV | = == = = == = == = = =
F----
200K g poeee bt

MK4006.8P 20mV

0

RAMs

DYNAMIC

NEW
ADDRESS

4008 P

tAccess

t=20nanosec(Max)

t 2=200nanosec(Max). 100nanosec(Typ)
ACCESS TIME (Fig. 1-A)
Figure 1-A illustrates the measurement

of access time after application of new
address for the MK 4006 P and the MK
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TIMING Figure 2
(Note 2)
WRITING (Fig. 2)

- <50ns
Writing is accomplished by bringing the CHiP "‘“‘"\I—
Read/Write input low with valid data E%FE
present at the data input and the Chip- =0ns
Enable input low (chip enabled). Follow- twe
ing the return of the Read/Write line to a "“>
ADDRESS

high state, new address and input data
can be applied. If a read-after-write oper-
ation is desired, valid data will appear at WRITE
the output within one read access time -—m——-—l»‘wp-*
following the rising edge of the Write W~ e
Pulse. Read-modify-write operation is _-J’_\_._.___
easily achieved by delaying the Write r

Pulse until data has been read and modi- 100 200

fication is complete. ~ ——m—eem—e | ——\ll ===
DATA

REFRESHING (Figs.2&3) /N .

The dynamic memory cell employed in

the MK 4006 P and MK 4008 P will not
store data indefinitely. Stored data must

be written back into the cell at least once Figure 3

every 2 ms. Rewriting is accomplished in-

ternally without the need to reapply ex-

ternal data. This rewriting operation is

called refreshing. . f~—550ns
. 5

; CHIP
Refreshing of the MK 4006 P and MK ENAE |

4008 P is accomplished during both write

cycles and refresh cycles. During a write R

cycle the state of the Row Address - —
(R,-R;) determines which of the 32 mem- FIG. 3 ADDRESS

ory matrix rows will be internally re- REFRESH

freshed. An entire row (32 bits) is re-
freshed during one write cycle. Since it
is difficult in practice to assure that each W —ee ‘—hw—-i-twp .
of the 32 possible R addresses is asso-

ciated with a write cycle in every 2 ms -

period, a separate refresh cycle is nor-
mally employed.

The refresh cycle is identical to the write

cycle except that the chip is disabled Figure 4
while the Read/Write line is pulsed. Dis-

abling the chip removes the data output

and prevents data at the data input from

being written into the memory. An entire

refresh cycle consists of 32 address

changes and associated write pulses, in- 3 7 if
volving a total time of approximately 20 %ﬁ_*x.sv
microseconds.

teopp fo—
CoPD stroty 20ms

15V

Vss(+5V)
STANDBY MODE (Fig. 4) Vse

Power dissipation of the MK 4006-6 P and By
MK 4008-6 P can be reduced below 50 MODE
mW without loss of stored data by low- Voo -4V Vopl-120 -11.4v
ering the Vp, supply voltage to system o
ground (Vss-5V). Figure 4 illustrates the fo—2 20ns

proper input conditions that should be

observed when reducing Vpp. If the rw 1SV
standby mode is maintained as long as

2 milliseconds, the Vpp supply should be

returned to —-12V and a refresh cycle

initiated. Read or write cycles can _com-

mence immediately following the return

of Vpp to —12V.

L

[————POWER DOWN PERIOD




TIMING Figure 5_ e
CHIP
(Note 2) ENABLE T .
CHIP ENABLING (Fig. 5)) oATA -
— ——_—— Y,
The negative-going CE enables the chip, fig. 5 OUTPUT
and output data becomes valid within Em“m
tee time. Return of the CE input to logic teo
1 di§ab|es the chip; data out remains for & -
tcp time. m——-—'
DATA
OUTPUT __ _ | _ o ____ ? -~ .

TESTING CONSIDERATIONS TABLE 1: FUNCTIONAL TESTS (SIMPLIFIED)

o |m] o ] W [coma
The functional diagram (Fig. 6) indicates signal flow for se- - Q.
lected row and column. ) ) Bits First | Write £ | Parity
A simplified listing of functional tests is shown in Table 1. Decoder Test' .
(high = Logic 1; low = Logic 0) Next | Read 3 Parity
Tests are performed in an address sequence which requires - 3 €
the maximum number of changes in the row and column de- Come Shorts | First | Write V-Bar
coders between addresses. Addressing Rows 0 through 31 is During Next | Write o |vBar
accomplished by using the binary equivalent of the row Disable
address. The internal organization of the memory matrix re- Next | Read 3 V-Bar
quires the iogic shown in Fig. 7 for column addresses; this "
logic provides the necessary conversion from binary equiva- :?,'Rf'.':m' First | Write E | HBar
lent to column address. 2“0:"' %im,e‘ Next | Read D 1 0
Figure 6 ox. Fowet H
g 21161518 Next | Read E 0 Bar
s —
GG GLG AccessTime, | First | Write, Write | € | V-Bar, V-Bar
3 READ/WRITE cotumn oeconer] [ ce ano cou | 13 Musg' Del. 0 0
Write Cycle, | Next | Delay
READ/ ‘”’"““] DRIVER Imon TE) Aoo BuFFER [~ O & Standby! —
Next | Read E V-Bar
12
[ [oowr stLect Dout Disturb Test | First | Write Row E |
" of I's
+———{ O SELECT | Jo—{ Diw BUFFER h—Diy Next | Write Adj. E| o
Row with 0's
COLUMN SENSE Next | Continue 3 0
AMPLIFIERS Writing Same
Row for Max.
Refresh Delay)|
- P
= E Next | Read E
Rn g S original Row
k|| READ | S =l of I's 1

SELECTED ROW

1. Test performed as shown and repeated with complementary data.

§34478 00V MO
N0 MOY

103135 M/4 Moy}

(3391) 4300030 MO¥

Ro Q
WRITE —> SELECTED PATH o
SIGNAL FLOW S w
SELECTED COLUNN <ZI <§z
Figure 7 E e
2 - {>& [
21 J\>¢ G2
FROM ronw
TESTER 5, UN
2 1‘>¢ G et
2 Ce

2 >< Cs

ORDERING INFORMATION

MK 4006 P-6 1024x1 RAM/w/400 ns access time with power down
MK 4008 P-6 1024x1 RAM/w/500 ns access time with power down
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APPLICATION

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

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

In Fig. 1-A, the two points at t,..,, + 20 nsec give the
minimum “1” level and the maximum “0” level for this
partlcular time (80 mV and 40 mV respectively). At
t,cess + 200 nsec, voltage levels are specified for the
90% and 10% points of the minimum ‘1" and maxi-
mum “0” levels.

INTERPOLATION

These interpolation guidelines are selected to give the
designer a high level of confidence in his sense ampli-
fier design.

From O to 1: This portion of the access curve can be
estimated by two linear portions: (1) from the 60 mV to
the 80 mV level; and (2) from the 80 mV level to 180/
144 mV level.

From 1 to O: This portion of the access curve can be
estimated by a semi-logarithmic plot decreasing 20 mV
for each decade or 10 nsec of time added to t,_,,,, With
the end points being 60 mV at 2 nsec and 20 mV at 200
nsec.

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

The manufacturer’s data sheet for this circuit shows us
that at strobe time, three conditions of the line receiver
can exist: (1) the input voltage differential can be more
positive than 25 mV, resulting in a logic 1 at the output
(Input differential voltage is referenced to the inverting

terminal); (2) the input differential can be more negative.

than 25 mV, resulting in a logic O at the output; (3) the
input differential is less than 25 mV (absolute value),
which will result in an output of an undetermined state.
In other words, the line receiver has a 50 mV “‘window”
centered around zero, and a signal must fall outside
this window to provide reliable information at the output.

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

FIG. 8: lllustrating use of 75107/108 Line Receivers
as sense amplifiers for the MK 4006/4008 P.

= R nT . _>vm

o — |+

From the worst-case access at the chip level, one can
use the interpolation technique described above to de-
termine maximum “O” current level [l, ~(MAX)] and
the minimum “1” current level {l5,(MIN)].

However, to use a worst-case approach to this design,
in addition to the chip's characteristics, one must in-
clude in the “O" level current the effect of leakage
from all outputs that are wired together. Also the input
currents required by the 75107/108 (75 mA and 10 mA)
must be included. Let us call this 15 ;(MAX):

lori(MAX) = 15 c(MAX) + (N-1) (5 4A) [1]
where N = number of outputs wired together

Using the maximum zero level at the line receiver input
(Vip £ —25mV = V,p), the following equation is de-
rived:

lou(MAX) = 1, - |2 + 1,(MIN)

and I, (MIN) = [2]
therefore: V v V
+V+vg
lour(MAX) = R )

Using the minimum “1"" level at the line receiver input
(Vip > +25mV = V1), the equation becomes

lon(MIN) == I, = 1, + 1,,(MAX) [4]
and I,H(MAX) = 75 puA
+ V4V
lon(MIN Vio __“°
onl ) = AT ) + 75 uA (5]

Solving these equations ([3] and [5]) simultaneously
yields R1 and R2.

As an example, assume a memory system with 4 out-
puts wired-ORed to a sense amplifier, requiring a chip
access time of 460 nsec. Then the associated current
and resistor values are:

loi(MAX) = 152.3 uA + 3 (5 uA) = 167.3 4A
lon(MIN) = 511.12 A

Therefore:
R1 = 190
R2 = 16.5 K

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

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



MOSTEK.

256x1-BIT DYNAMIC RAM

MK4007(P/N)

FEATURES

O Versatile RAM can replace any existing 1101-
type 256x1 MOS RAM pin for pin.

O lon-implanted for superior performance.

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

0O Faster access time: Typically 525 ns with Vp and
Vpp at —9V.

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

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

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

DESCRIPTION

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

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

O Full DTL/TTL compatibility.
O Wide power supply range: +5V; —6.5 to —15V.

APPLICATIONS

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

0O Scratchpad memories

O Data link buffers

O Key-to-tape buffers

O Tape-to-printer buffers

O Editing memories

Figure 3) and output sink current capabilities are
improved (see Figure 4). The device is less tem-

perature-dependent (see Figures5 and 6) and is
specified over the entire ambient temperature range

of 0° to 75°C.

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

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

FUNCTIONAL DIAGRAM

As A A7 Ag Dy R/W s
GN% 10 % e
Ve tiid
Vnn5
5 ¥ BUFFERS
Yy
7
. il
: OECODER T
; omvms/ B'UNF?'E'RS .

MEMORY _L
MATRIX SENSE |

i CIRCUIT

=)
H

=z
3
X BUFFERS

DECODER/DRIVERS

[ oureur sureems Jo{ oue stuecr o

=l g

inputs are protected against static charge
accumulation.
PIN CONNECTIONS
ADDRESS 6 1[]e [116 CHIP SELECT
ADDRESS 8 2] 015 R/w
ADDRESS 7 3[J( )14 DATA OuT
v 40 (713 DATA OUT
Voo 50 (12 DATA IN
ADDRESS 5 6[JL____ J[111 ADDRESS 4
ADDRESS 1 7[] [110 ADDRESS 2
Voo 800 119  ADDRESS 3

NOT FOR NEW DESIGN | 71
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ABSOLUTE MAXIMUM RATINGS

Voltage on Any Terminal RelativetoVCC ... ..o oo ieiiiiin e + 0.§V to —2§V
Operating Temperature Range (Ambient) .. ........ .. ...t 9 Cto +75°C
Storage Temperature Range (Ambient) Ceramic..................oun —65°C to +150°C
Storage Temperature Range (Ambient) Plastic .. ............. ... 0 —55°C to 125°C

DC OPERATING CONDITIONS
(Ambient Temperature Range: 0°C to +75°C)

PARAMETER MIN TYP | MAX | UNITS COMMENTS
Vee | Supply Voltage 4.75 5.0 5.25 \
E Voo | Supply Voltage -6.5 -9.0 |-15.0 v See Fig. 1 for
£ Vp | Supply Voltage -6.5 -9.0 |-15.0 \ Vp, Vpp differential
< V. | Logic *0” Voltage, any input 0 +0.8 \
E Vi | Logic “1” Voltage, any input Vee =20 Ve [Vect03| v
ELECTRICAL CHARACTERISTICS
(Ambient Temperature Range: 0°C to +75°C. Vo = 45V +5%;
Vp = Vpp = —7Vto —13.2V, unless otherwise specified.)
PARAMETER MIN TYP() | MAX |[UNITS CONDITIONS
lp | Supply Current. V; 8.0 16 mA
Vp = Vpp = =9V * 5%
loo | Supply (?urrent‘, Voo 4.0 M mA Outputs open-circuited.
P, | Power Dissipation, Total 170 370 mw
]
§ I | Supply Current. Vp 19 MA | V)=V = -132V
loo | Supply Current, Vpp 10 mA Vec = +525V
P, | Power Dissipation, Total 535 | mW Outputs open-circuited.
Pspsy | Power Dissipation, Standby 30 75 mW Vp = Vee; Vop = -9V £5%
e lw | Input Leakage Current ‘ 10 | sA | Vuy=0V,T,=25C
s Ci | Input Capacitance, Any Logic Input 7 10 pF T, = 25°C, F. meas. =
= | Cvm| Capacitance, V, Power Supply 35 pF | 1MHz; Tested input = Vcc
lo. | Output Current, Logic “0” 3.2 5.6 mA | Vo= +040V
low | Output Current, Logic “1” -1.0 —4.2 mA | Vo= +26V
é loe | Output Clamp Current, Logic “0” 8.0 mA | Vo=-10V
© | low | Output Leakage Current 1.0 | sA | Vo = Ve —-5V; CS = Logic 1;
T, = 25°C.
Cour| Output Capacitance 7 10 pF T, = 25°C; F meas. =
1 MHz; Vo = V¢c
NOTES:

(1) Typical values at Ve =45V, Vo=V, =-9.0 V*, T, = 25°C.
(*Except Standby Power)



TIMING
(Ambient Temperature Range: 0°C to 75°C; Vo = +5 V £5%; Vp = Vpp = —7V to —13.2 V, unless otherwise specified. See Notes 1 and 2.)

PARAMETER MIN TYP |MAX |UNITS
toe Write Cycle Time 700 ns
o2 | tw Write Set-up Delay 300 ns
£8| tw | Write Pulse Width 400 ns
3 S | tas | Datalead Time 300 ns
&38| tug | Datalag Time 0 ns
tew Chip Select Pulse Width 400 ns
tacc | Access Time 525 900 ns Vp = Vpp = =9V +5%.
o tac Read Cycle Time 800 ns (See Note 3.)
S [ tucc | Access Time 1.0 us Vo = Vpp = —7V to —13.2V.
g tae Read Cycle Time 900 ns (See Note 3.)
S | ton | Data Output Hold Time 100 ns
& | tee | Chip-Select-to-Output Enable 300 ns
tesp | Chip-Select-to-Output Disable 300 ns
NOTES:

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

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

(3) Read Cycle may be “pipe-lined,” i.e., the minimum hold time (t,,) may be subtracted from the maximum access time (tace)-

TiMING READ CYCLE
Reading is accomplished with R/W (Read/Write) and
CS (Chip Select) at logical “0.”

NOTE: CS logical “1” overlap time shown must be 300
ns (max tcq) less than the desired access time; e.g.,
if desired access time t,cc = 1.2 s, then CS should

tre

ADDRESS :>

1o
):j?: go to logical “0” no later than 900 ns following ad-
dress change.
toe WRITE CYCLE
Amm:)d prres (S Writing is accomplished with R/W at logical “1” and
s CS at logical “0.” CS at logical ““1” may overlap the
------ address change as much as 50 ns. R/W may be taken

SR 1 —
- = o to logical “0” coincidentally with an address change,
RN - g oy but should not overlap an address change while in the

logical “1” state.

CHIP SELECT

Pt —o Chip Select at logical “1" causes the normal push-pull 3)
[ % output buffers to be open-circuited for purposes of E
o - lest — wire-ORing. The Chip Select may be used to access the
OUTPUTS j\\\\\%’m\\\\@: memory at a faster rate by maintaining a constant <2I
address and selecting individual chips with the Chip >
Select input. (=)
j x POWER SWITCHING
ADDRESS . . L
] }wo ns During standby operation the MK 4007 P will dissipate

(Veo)—

Vo
t <200 ns

only 30 mW of power (typically) if the peripheral power
supply, Vp, is reduced to V.. The R/W input may be
maintained at logical ‘0" or *“1”; however, if R/W is at
logical “1,” Chip Select should aiso be logical “1”’ (to
disable chip during standby operation). With the return
of power, either read or write cycles may commence as
described above.
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MOSTEK.

256x1-BIT DYNAMIC RAM

MK4007(P/N)-4

FEATURES FUNCTIONAL DIAGRAM
D Low-cost 256x1 RAM in 16-pin package.
O Identical with Mostek’s MK 4007 P in all Asﬁk; A;A; b "/:’5 gsls
specifications except output current e
' Voo
ol Y BUFFERS
"
DESCRIPTION 4 1 1 1
This economical version of Mostek's 256x1 bit DECODER/ weur |, | g
RAM is identical with the MK 4007 P in all elec- DRIVERS BUFFERS [ | o
trical characteristics except output current. Per- U b
formance, operating conditions, timing character- T
istics, package, and all other specifications are A g | [Dat
identical with the MK 4007 P. See the MK 4007 P ATl H MEMORY s | JET
Data Sheet for additional information. a1 g ol areur [ 2
AO § g Doat
O a8 3 H°
1 4
ELECTRICAL CHARACTERISTICS
(Ambient Temperature Range: 0°C to +75°C. Voo = +5 V =5%; Vp = Vpp = —7 V to —13.2 V, unless otherwise specified.)
PARAMETER MIN | TYP | MAX | UNITS | CONDITIONS
Ip Supply Current, V, 8.0 16 mA | Vp= Vpp= -9V 5%
loo Supply Current, Vpp 4.0 9 mA | Outputs open-circuited.
« Po Power Dissipation, Total 170 370 mW
w
g lp Supply Current, V, 19 mA | Vp= Vpp = -132V
a | loo Supply Current, Vpp 10 mA Vee = +5.25V
Po Power Dissipation, Total 535 | mW | Outputs open-circuited. g
12
Psosy| Power Dissipation, Standby 30 75 mwW Vo = Veei Voo = =9V 5% <2( <§(
@ | hu | InputLeakage Current I 10] wA [va=o0v,T,=25¢C 5 E
@ -
; Ci Input Capacitance, Any Logic Input 7 10 pF T. = 25°C, F. Meas. =
= | Cvpy| Capacitance, V, Power Supply 35 pF 1 MHz; Tested input =V¢
lov Output Current, Logic “0": @ T, = 25°C 3.0 5.6 mA | Vo= +0.40V (Vec =50V £5%
Output Current, Logic “0": @ T, = 70°C 2.0 mA | Vo= +040V )V, =Vp = -9.0V
lon Output Current, Logic “1” -1.0 | -4.2 mA Vo= +26V )=10%
g lorc | Output Clamp Current, Logic “0” 8.0 mA Vo= -10V
o —
5 lo) | Output Leakage Current 1.0 sA Vo = V¢e —5V; CS = Logic 1;
(<] Ta = 25°C.
Cour| Output Capacitance 7 10 pF T. = 25°C; F meas. =
1 MHz; Vo = Ve
NOTES:

(1) Typical values atVee = +5V, Vp = Vpp = —9.0V*, T, = 25°C.

(*Except Standby Power)
NOT FOR NEW DESIGN
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MOSTEK.

4096x1-BIT DYNAMICRAM

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

FEATURES

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

0 120ns access time, 320ns cycle (MK4027-1)
150ns access time, 320ns cycle (MK4027-2)
200ns access time, 375ns cycle (MK4027-3)

0O +10% tolerance on all supplies ( +12V, £5V)

0 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 uniqgue 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

0O All inputs are low capacitance and TTL compatible
O Input latches for addresses, chip select and data in
0O Three-state TTL compatible output

O Output data latched and valid into next cycle

System oriented features include direct interfacing
capability with TTL, only 6 very low capacitance
address lines to drive, on-chip address and data
registers which eliminates the need for interface
registers, input logic levels selected to optimize noise
immunity, and two chip select methods to allow the
user to determine the appropriate speed/power
characteristics of his memory system. The MK 4027
also incorporates several flexible operating modes. In
addition to the usual 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
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PIN NAMES
Ag-Ag ADDRESS INPUTS
CAS COLUMN ADDRESS STROBE
cs CHIP SELECT
Din DATA IN
DoyT DATA OUT
ROW ADDRESS STROBE
WRITE READ/WRITE INPUT
Vg POWER (—5V)
Vce POWER (+5V)
Vpp POWER (+ 12V)
Vss GROUND
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ABSOLUTE MAXIMUM RATINGS*

Voltage on any pin relative to VBB. ..« . v v v vt .. —0.5V to +20V
Voltage on Vpp, V¢ relative to VSS . oot —1.0V to +15V :itt:es?es g'r\;atgr thanRth_ose listed under
VBB=VSS(VDD=VSS>0) .ot eeiieeie e OV pormanent damage to the tovice Tras e
Operating temperature, TA (Ambient) ............ 0°C to+70°C 358t BN ony 2N heanctiona) opere:
Storage temperature (Ambient)(Ceramic).. .. . . .. —65°C to + 150°C  onditions above those Indicated in rihe
Storage temperature (Ambient)(Plastic) ....... —55°C to + 125°C :j]a)’(‘g,‘mr‘;"?:ggé ccExposure to absolute
Short circuitoutputcurrent . .............c.coitiinnnn.. BOmA  periods may affect device reliability.
Powerdissipation . ........... .. i 1 Watt
4

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

PARAMETER MIN TYP MAX UNITS NOTES
VDD Supply Voltage 10.8 12.0 13.2 volts 2
vVee 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
(0°C< TA< 70T) (Vpp = 12.0V + 10%; VGG = 5.0V + 10%; VSS = 0V; —5.7V < Vg <—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
(L) Input Leakage Current (any input) 10 MA 7
lo(L) Output Leakage Current 10 uA 8,9
VOH Output Logic 1 Voltage @ IQUT = 2.4 volts
—5mA
VoL Output Logic 0 Voltage @ IQyT = 0.4 volts
3.2mA
NOTES
1. i ifi i i > i 6. 1 loading. Duri dout of high level dat:
OBeration at highr cyele rares with reduced oGt S aramres S e eannected through a low impedance (1364 typ) 10 Data
and higher power dissipation is permissible provided that all AC Out. Atall other times Icc consists of leakage currents only.

parameters are met. See figure 2 for derating curve. ) -
7. All device pins at O volts except Vgg which is at —5 volts and the

2. All voltages referenced to Vgg. pin under test which is at +10 volts.

3. Outputvoltage will swing from Vgg to Vcc when enabled,with 8. Output is disabled (high-impedance) and RAS and CAS are both
no output load. For purposes of maintaining data in standby mode, at alogic 1. Transient stabllization is required prior 10 measure-
Vcc may be reduced to Vgg without affecting refresh operations or ment of this parameter.
data retention. However, the Vo (min) specification is not
guaranteed in this mode. 9. OV VoyT <+ 10V.

4. Several cycles are required after power-up before proper device 10. Effective capacitance is calcuiated from the equation:
operation is achieved. Any 8 cycles which perform refresh are
adequate for this purpose. c=Aa with Av = 3volts.

Av

5. Current is proportional to cycle rate.Ippq (max) is measured at

the cycle rate specified by t min). See figure 1 for | limits
at otr\:er cyclesr':tes. v RC( in). s igure 1 for bo1 11. A.C. measurements assume t1 = 5ns.
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS(4. 11, 17)
(0°C< TA < 70°C)" (VDD = 12.0V+ 10%, Vcc = 5.0V = 10%, Vss = OV, -5.7V < Vgg <—4.5V )

MK4027-1 MK4027-2 MK4027-3

PARAMETER MIN | MAX | MIN | MAX | MIN | MAX UNITS NOTES
tRC Random read or write cycle time 320 320 375 ns 12
tRwcC | Read write cycle time 320 320 375 ns 12
tRMW | Read modify write cycle time 320 320 405 ns 12
tPC Page mode cycle time 160 170 225 ns 12
tRAC | Access time from row address strobe 120 150 200 ns 13,15
tCAC | Access time from column address strobe 80 100 135 ns 14, 15
tOFF | Output buffer turn-off delay 35 40 50 ns
tRP Row address strobe precharge time 100 100 120 ns
tRAS | Row address strobe pulse width 120 | 10,000 150 | 10,000{ 200 | 10,000 ns
tRSH | Row address strobe hold time 80 100 135 ns
tcAS | Column address strobe pulse width 80 100 135 ns
tcSH | Column address strobe hold time 120 150 200 ns
tRCcD | Row to column strobe delay 15 40 20 50 25 65 ns 16
tASR | Row address set-up time 0 0 0 - ns
tRAH | Row address hold time 15 20 25 ns
tASC | Column address set-up time -5 —10 —-10 ns
tCAH | Column address hold time 40 45 55 ns
tAR Column address hold time referenced to RAS| 80 95 120 ns
tcsc | Chip select set-up time 0 -10 -10 ns
tCH Chip select hold time 40 45 55 ns
tCHR | Chip select hold time referenced to RAS 80 95 20 ns
T Transition time (rise and fall) 3 35 3 35 3 50 ns 17
tRCS | Read command set-up time 0 0 0 ns
tRCcH | Read command hold time 0 0 0 ns
twCH | Write command hold time 40 45 55 ns
twCR | Write command hold time referenced to RAS| 80 95 120 ns
twp Write command pulse width | 40 45 55 ns
tRWL | Write command to row strobe lead time 50 50 70 ns
tcwL | Write command to column strobe lead time | 50 50 70 ns
tDS Data in set-up time 0 0 0 ns 18
tDH Data in hold time 40 45 55 ns 18
tpHR | Data in hold time referenced to RAS 80 95 120 ns
tcRP | Column to row strobe precharge time 0 0 0 ns
tcp Column precharge time 60 60 80 ns
tRFSH| Refresh period 2 2 2 ms
twcs | Write command set-up time 0 0 0 ns 19
tcwD | CAS to WRTTE delay 60 60 80 ns 19
tRwD | RAS to WRITE delay 100 110 145 ns 19
tDOH | Data out hold time 10 10 10 uS
Notes Continued 17. ViHc (min) or Vi (min) and V|| (max) are reference levels for

12.

13.
14.
16.
16.

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

Assumes that trcp << trep (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 tg aoc (max)

can be met. tRCE (max?is specified as a reference point only; if
a

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

19.

measuring timing of input signals. Also, transition times are
measured between V yc or Vi 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: tcwp. and tgwp 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 wilw:ontain the data
written into the selected cell. If tcyyp >tcwp (min) and tgywp >
trwp (mMin), the cycle is a read-write cycle and Data Out will contain

data read from the selected cell. If neither of the above sets of conditions
is satisfied, the condition of Data Out (at access time) is indeterminate.
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AC ELECTRICAL CHARACTERISTICS
(0°C <TA <70C) (VDD = 12.0V £ 10%; VsS = OV ;—5.7V<Vgp<—4.5V)

PARAMETER TYP MAX UNITS NOTES
CI Input Capacitance (Ag-As), D|N, CS 4 5 pF 10
Ci2 Input Capacitance RAS, CAS, WRITE 8 10 pF 10
Co Output Capacitance (DOQUT) 5 7 pF 8,10

CYCLE TIME tcyc (ns)

375 320 CYCLE TIME tgyg (ns)
1000 500 400 300 250 375 320
50mA e 4 1000 500 400 300 250
70
5 N
2 aaczrs
40mA =
. o MK 4027-1/2 N
z /1A E 60
E & A =
e QO“/ - e
g aoma & s Ld ]
o + (',"’\ L 5
Y \\3" \s’*z 2 50
s ,,_,\00 s i 10 20 30 40
- A A
g o ¢‘°° | 4z CYCLE RATE (MHz) = 103 /tcy (ns)
2 20ma Ky o “L—l-
R . . .
3 "\Q}»’-—'%—-?‘C{ Figure 2. Maximum ambient temperature versus cycle rate
= for extended frequency operation.
10mA L
0
0 1.0 2.0 3.0 4.0

CYCLE RATE (MHz) = 103 /tcyc (ns)

Figure 1. Maximum Ipp1 versus cycle rate for device
operation at extended frequencies.
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ADDRESSING

The 12 address bits required to decode1 of the 4096
cell locations within the MK 4027 are multiplexed
onto the 6 address inputs and latched into the on-chip
address latches by externally applying two negative
going TTL level clocks. The first clock, the Row
Address Strobe (RAS), latches the 6 row address
bits into the chip.__The second clock, the Column
Address Strobe (CAS), subsequently latches the 6
column address bits plus Chip Select (CS) into the
chip. The internal circuitry of the MK 4027 is de-
signed to allow the column information to be exter-
nally applied to the chip before it is actually required.
Because of this, the hold time requirements for the
input signals associated with the Column Address
Strobe_are also referenced to RAS. However, this
gated CAS feature allows the system designer to com-
pensate for timing skews that may be encountered in
the multiplexing operation. _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 into a selected cell is latched into
an_on-chip register by a combination of WRITE and
CAS while RAS is active. The later of the signals
(WRITE or CAS) to make its negative transition is
the strobe for the Data In register. This permits
several options_in the write cycle timing. In a write
cycle, if the 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.
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Whenever CAS makes a negative transition, the out-
put will go unconditionally open-circuited, indepen-
dent of the state of any other input to the chip. If
the cycle in progress is a read read-modify-write, or a
delayed write cycle and the chip is selected, then
the output latch and buffer will again go active and
at access time will contain the data read from the
selected cell. This output data is the same polarity
(not inverted) as the input data. If the cycle in

rogress is a write cycle (WRITE active low before
CAéJ 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 %\/IK 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 R 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 Vﬁ;c for a logic
1 and a low impedance to VSS for a logic 0. The
output resistance to V¢ (logic 1 state) is 420 2 max-
imum and 135 Q typically. The output resistance
to VSﬁ (logic O state) is 1258 maximum and 35 Q
typically. The separate Vgc 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 Vcﬁ pin may have
power removed without affecting 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 signal,
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 signal is applied to the chip.



POWER DISSIPATION/STANDBY MODE

Most of the circuitry used in the MK 4027 is dynamic
and most of the power drawn is the result of an
address strobe edge. Because the power is not drawn
during the whole time the strobe is active, the
dynamic power is a function of operating frequency
rather than active duty cycle. Typically, the power
is 170mW at 1 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
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 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. |t 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 VpD.

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 opération
is achieved. Any 8 cycles which perform refresh are
adequate for this purpose.
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TYPICAL DEVICE CHARACTERISTICS
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TYPICAL ACCESS TIME (NORMALIZED) vs. VDD
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SUPPLEMENT

MOSTEK.

4096x 1-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

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 VBB .. .+ v+ v vvvvnn. —0.5V to +20V
Voltage on Vpp, VCC relativetoVsS . . ......... —1.0V to +15V *itgesies gﬁater.thanRthose listed under
" i ti “m
VBB—=VSS (VDD=VSS>0) .t vveeaeieieiieaieaannns. OV permanent damage to the device. This is
Operating temperature, TA (Ambient) ............ 0°Ct0+70°C  F5N5T a Sevion at these or aay “oeber
Storage temperature (Ambfent)(Ceral_‘nic) ....... —65:0 to + 150:C g‘;‘e“,’;{;ggs s%g%‘gens‘zgfet,‘w'i‘;’"’s;‘;g,g'c“a}}gg
Storage temperature (Ambient)(Plastic) ....... —55°C to + 125°C ;;a;‘;:ur’,"“‘r’a'gné coposure to ebsolute
Short Circuit Qutput Current . . .. .. oottt i e BOmMA  periods may affect device reliability.
Power dissipation . ........ ... i . 1 Watt
& 4
RECOMMENDED DC OPERATING CONDITIONS
(0°C < TA< 70C) !
PARAMETER MIN TYP MAX UNITS NOTES
VDD Supply Voltage 10.8 12.0 13.2 volts 2
vee 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 57 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%; V¢ = 5.0V + 10%; Vss = OV; —5.7V < Vg <—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 Vc Power Supply Current mA 6
IBB Average Vg Power Supply Current 150 HA
L) Input Leakage Current (any input) 10 MA 7
l0(L) Output Leakage Current 10 uA 8,9
VOH Output Logic 1 Voltage @ IQUT = 24 volts

—5mA
VoL Output Logic 0 Voltage @ IQyT = 04 volts

3.2mA
NOTES

1. Ta is specified for operation at frequencies to trc >'RC {min).
2. All voltages referenced to Vgg.

3. Outputvoltage 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.lppq (max) is measured at
the cycle rate specified by trg (min). sc?ae figure 1 for Ippq limits
at other cycle rates.

6. lcc depends on output loading. During readout of high level data
CC is connected through a low impedance ( 1350 typ) to Data
Out. At all other times |cc consists of leakage currents only.
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7. All device pins at O volts except Vgg which is at —5 voits 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 stabllization is required prior to measure-
ment of this parameter.

9. oV < VouT <+ 10V.

10. Effective capacitance is calculated from the equation:

[} =$‘Q 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.



ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS(4. 11,17)
(0°C< TA < 70°C)1 (VDD = 12.0V+ 10%, VCC = 5.0V 10%, Vgs = 0V, -5.7V < Vg <—4.5V)

F__I!K4027-4

PARAMETER MIN MAX UNITS | NOTES
RC Random read or write cycle time 380 ns 12
RWC 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 (o] 60 ns

tRP Row address strobe precharge time 120 ns

tRAS Row address strobe pulse width 250 10,000 ns

RSH Row address strobe hold time 165 ns

tICAS Column address strobe pulse width 165 ns

tCSH Column address strobe hold time 250 ns

RCD Row to column strobe delay 35 85 ns 16
tASR Row address set-up time 0 ns

tRAH Row address hold time 35 ns

tASC Column address set-up time -10 ns

tCAH Column address hold time 75 ns

AR Column address hold time referenced to RAS 160 ns

csc Chip select set-up time -10 ns

tCH Chip select hold time 75 ns

tCHR Chip select hold time referenced to RAS 160 ns

g Transition time (rise and fall) 3 50 ns 17
tRCS Read command set-up time 0 ns

tRCH Read command hold time 0 ns

twcH Write command hold time 75 ns

tWCR Write command hold time referenced to RAS 160 ns

wp 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

DS Data in set-up time 0 ns 18 >
tDH Data in hold time 75 ns 18 E g
tDHR Data in hold time referenced to RAS 160 ns < é
tCRP Column to row strobe precharge time 0 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
tDOH Date out hold time 10 us

Notes Continued 17. Vypc (min) or Vi (min) and V| (max) are reference levels for

measuring timing of input signals. Also, transition times are

13. Assumes that trcp StRCD (ma-). measured between Vg or Vi and V.

14. Assumes that trep > tReD (max). 18. These parameters are referenced to CAS leading edge in random
write cycles and to WRITE leading edge in delayed write or read-

15. Measured with a load circuit equivalent to 2 TTL loads and 100pF modify-write cycles.

16. Operation within the trcp (max) limit insures that tg Ac (max) 19. t t and t icti eratin rameters in
e 7 3 , , WD are restrictive operating para s .
can be met. tgce (max]) is specified as a reference pointonly; if avggasd/mﬁ"i/ggor readF/*modify/write cycle only. ",t}NCS >twcs (min),
tRCD is greater than the specified tgcp (max) limit, then access the cycle is an early write cycle and Data Out will cénfain the data
time is controlled exclusively by tcac- written into the selected cell. If tcyyp > tcwD (min) and t3wp =
trwp (min), the cycle is a read-write cycle and Data Out ill contain

data read from the selected cell. If neither of the above set. ~f cor}ditions
is satisfied, the condition of Data Out (at access time) is indetrminate.
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AC ELECTRICAL CHARACTERISTICS
(0°C <TA<707C) (VDD = 12.0V £10%; VSS = OV ;—5.7V<Vgg<—4.5V)

PARAMETER TYP MAX UNITS NOTES
C Input Capacitance (Ag-As), DIN, CS 4 5 pF 10
C2 Input Capacitance RAS, CAS, WRITE 8 10 pF 10
Co Output Capacitance (DouT) 5 7 pF 8,10
MAXIMUM Ipp1 vs. CYCLE RATE FOR DEVICE OPERATION
AT EXTENDED FREQUENCIES
Figure 1 CYCLE TIME tcyc (ns)
380
1000 500 400 300 250
50mA ot L 1 4
_ 4omA
<
£
[
g 3
o S
E  30mA é,\,\ /
fa}
> \“g/
g v
o NV
2 oo'\/’ 7
O/ ~
= 20mA Ly Ld
8 SA <@
= 7 —<
v
Nz
10mA
m. /,
0
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CYCLE RATE (MH2) = 103 /tcyc (ns)

SUPPLEMENT - To be used in conjunction with MK4027(J/N)-1/2/3 data sheet.
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MOSTEK.

4096 x1-BIT DYNAMIC RAM

MK4096(K/N)-6/16/11

FEATURES

O Industry standard 16-pin DJP configuration
(available in plastic {N) and ceramic (K)
packages) )

O All inputs are low capacitance and TTL
compatible

O Input latches for address, chip select and
datain

DESCRIPTION

The MK 4096 is the recognized industry standard
4096 word by 1 bit MOS Random Access Memory
circuit packaged in a standard 16-pin DIP on 0.3 inch
centers. This package configuration is made possible
by a unique multiplexing and latching technique for
the address inputs. The use of the 16-pin DIP for the
MK 4096 provides high system bit densities and is
compatible with widely available automated testing
and insertion equipment.

The MK 4096 is fabricated with MOSTEK s standard
Self-Aligned, Poly-interconnect, N-Channel (SPIN)
process. The SPIN process allows the MK 4096 to be

Inputs protected against static charge

Three-state TTL compatible output, latched and
valid into next cycle

O Proven reliability with high performance

achieve optimum performance with

chieve low power
dissipation.

System oriented features incorporated within the
MK 4096 include direct interfacing capability with
TTL, 6 instead of 12 address lines to drive, on-chip
registers which can eliminate the need for interface
registers, input logic levels selected to optimize the
noise immunity, and two chip select methods to
allow the user to determine the speed/power
characteristics of his memory system.

a_ highly manufacturable, state-of-the-art memory p. Numb A Ti - *
circuit that exhibits the reliability and performance —ot M ceess Time | Cycle Time | Max Power
standards necessary for today’s (and tomorrow’s) MK 4096—6 250 ns 375 ns 450mwW
data processing applications. The MK 4096 employs MK 409616 300 ns 425 ns 385mW
a single transistor storage cell, utilizing a dynamic MK 4096-11 350 ns 500 ns 320mw
storage technique and dynamic control circuitry t0  *Standby power for all parts < 19mW
FUNCTIONAL DIAGRAM PIN CONNECTIONS
VBB‘ | E' 3'6 Vss
r_“ Oin 20 115 CAS
) T N IN ————
‘m&%\gu;um" waren] ©50) WRITE 3 E : :I 14 DOUT
(RS) ——>1 CLOCK GENERATOR NO 2 —
5 B fenaaue RAS 4[] [113 Cs
ik, ro 50 P A
Ao~
e Ao o0 Pl A
a SR Ay 70 110 Ag
Aga (0,,,)
| 096 BIT - Vas VOD 8 C ] Vcc
“ «—Vpp
STORAGE ARRAY P——
: - Gnd PIN NAMES
AQ-As ADDRESS INPUTS ... DiN DATA IN
COLUMN ADDRESS STROBE Doyt DATA OUT
o] CHIP SELECT VBB POWER (-5V)
B FAS _ ROW ADDRESS STROBE Voo POWER (+5V)
WRITE READ/WRITE INPUT VpDp  POWER (+12V)
Vss  GROUND
NOT FOR NEW DESIGN 93
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ABSOLUTE MAXIMUM RATINGS*
.—0.5V to + 26V
.0°C to + 70°C

Voltage on any pin relative to VBB. . .
(Vss—VBB = 4.5V
Operating temperature TA (Ambient). . .

Storage temperature (Ceramic) . .. ... —65T ta + 150°C
Storage temperature (Plastic) ....... —55°C to + 125°C
Powerdissipation ............... ... ... 1Watt
Dataoutcurrent....................... ...50mA

RECOMMENDED DC OPERATING CONDITIONS (17)
(0°C< TA<+70%T)

*Stresses above those listed under ‘‘Absolute
Maximum Ratings”” may cause permanent
damage to the device. This is a stress rating only
and functional operation of the device at these
or at any other conditions above those indi-
cated in the operational sections of this speci-
fication is not implied. Exposure to Absolute
Maximum Rating conditions for extended
periods may affect device reliability.

1. All voltages referenced to Vgs. Vg must be applied to and
removed from the device within 5 seconds of Vpp.

2. Output voltage will swing from Vgg to Vg if VCC < vpp —4
volts. If Vcc = Vpp —4 volts, the output will swing from Vgg
to a voltage somewhat less than Vpp..

3. Device speed is not guaranteed at input voltages greater than TTL
levels (0 to 5V). :

4. Current is proportional to cycle rate; maximum current is
measured at the fastest cycle rate.
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Icc depends upon output loading. The Ve supply is connected

to the output buffer 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 (open-circuit) and RAS and CAS are both at a
logic 1.

ov < voyt < +10V.

MK 4096—6 MK 4096—16 MK 4096—-11
PARAMETER MIN MAX MIN MAX MIN MAX UNITS | NOTES
Vpp | Supply Voltage 11.4 12.6 114 12.6 114 12.6 Volts 1
Vce | Supply Voltage Vss | Voo | Vss | Vob | Vss Vpp | Volts 1,2
Vss | Supply Voltage 0 0 0 0 0 0 Volts 1
Vg | Supply Voltage —45 -5.5 —-4.5 -5.5 —4.5 -5.5 Volts 1
ViH Logic_1 Voltage — RAS, 2.7 7.0 2.7 7.0 3.0 7.0 Volts 1,3
©| GAS, WRITE
ViH Logic 1 Volta all inputs 24 7.0 2.4 7.0 2.4 7.0 Volts 1,3
except A
ViL Logic O Voltage, all inputs -1.0 0.8 -1.0 0.8 -1.0 0.8 Volts 1,3
DC ELECTRICAL CHARACTERISTICS (17)
(0°C < TA<70°CNVDD = 12.0V+ 5%; Ve = 5.0V £ 10%; VSS = OV; VBB = —5.0V +10%)
MK4096-6 | MK4096-16| MK4096-11
PARAMETER MIN MAX | MIN MAX|MIN MAX | UNITS| NOTES
IpD1 Average Vpp Power Supply Current 35 30 25 mA 4
lec Ve Power Supply Current | mA 5
BB Average Vgg Power Supply Current 75 75 75 MA
IDD2 Standby Vpp Power Supply Current 1.5 1.5 1.5 mA
IDD3 | Average VDD Supply Current dunng 25 22 18 mA 4
" -only”’ cycles
(L) | Input Leakage Current (any input) 5 5 5 LA 6
lo(L) | Output Leakage Current 10 10 10 uA 7,8
Vou | Output Logic 1 Voltage @ lgyt= —5mA | 2.4 24 24 Volts | 2
VoL Output Logic 0 Voltage @ IgyT=2mA 04 0.4 0.4 |Volts
NOTES



ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (10, 15,17)
(0°C < TA < 70°C) (VDD = 12.0V 5%, Vcc = 5.0V 10%, Vss = 0V, VBB = —5.0V + 10%)

MK 4096-6 MK 4096-16 MK 4096-11
PARAMETER MIN MAX MIN MAX MIN MAX UNITS | NOTES
tre Random Read or Write Cycle Time 375 425 500 nsec 1
tRAC Access time from Row Address Strobe 250 300 350 nsec 11,13
tcac Access Time from Column Address 140 165 200 nsec 12,13
Strobe
toFF Output Buffer Turn-Off Delay 0 65 0 80 0 100 nsec
tRp Row Address Strobe Precharge Time 115 125 150 nsec
tRAS Row Address Strobe Pulse Width 250 ‘10,000 300 10,000 350 10,000 nsec
tRCL Row To Column Strobe Lead Time 60 110 80 135 100 150 nsec 14
tcAs Column Address Strobe Pulse Width 140 165 200 nsec 12
tAs Address Set-Up Time 0 0 0 nsec
tAH Address Hold Time 60 80 100 nsec
tcH Chip Select Hold Time 100 100 100 nsec
tr Rise and Fall Times 3 50 3 50 3 50 nsec |15
tRes Read Command Set-Up Time 0 0 0 nsec
tRCH Read Command Hold Time 0 0 0 nsec
twcH Write Command Hold Time 110 130 150 nsec
twp Write Command Pulse Width 110 130 150 nsec
tcRL Column to Row Strobe Lead Time —40 +40 -50 +50 —50 +50 nsec
t Write Command to Column Strobe 110 130 150
owe Lead Time nsec
tps Data In Set-Up Time 0 0 0 nsec 16
tpn Data In Hold Time 110 130 150 nsec 16
tRESH Refresh Period 2 2 2 msec
tmop Modify Time 10 10 10 Msec
2
tpoH Data Out Hold Time 10 10 10 usec E
¥
<
NOTES Continued
9. Capacitance measured with Boonton Meter or effective capacitance 15. Vjyc (min) or Vy (min) and V| (max) are reference levels for
calculated from the equation: C = | £t with current equal to a con- measuring timing of input signals. Also, transition times are
stant 20mA and AV=3V. AV measured between V¢ or Vi and V.
10. A C measurements assume tT = 5ns. 16. These parameters are referenced to CAS leading edge in random
write cycles and to WRITE leading edge in delayed write or read-
11. Assumes that tRCL + tT << tRCL (max). modify-write cycles.
12. Assumes that tRc + tT =tRgL (max). 17. After the application of supply voltages or after extended periods
of operation without clocks, the device must performa minimum
13. Measured with a load circuit equivalent to 1 TTL load and Cp = 100pF of one initialization cycle (any valid memory cycle containing both
RAS and CAS) prior to normal operation.
14. Operation within the tgc (max) limit insures that trac (max)

can be met. tgc (max) is specified as a reference point only; if
tRCL is greater than the specified tgrc (max) limit, then access
time is controlled exclusively by tcaAC and tRAS . tRAC and tRCL
will be longer by the amount tgc|_ + tT exceeds trc (max).
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AC ELECTRICAL CHARACTERISTICS

(0°C <TA< +70%) (VDD = 12.0V £5%, VcC =5.0V £10%, VsS = 0V, VBB =

—5.0V +10%)

PARAMETER TYP MAX UNITS NOTES
Ci1 Input Capacitance (Ag — As) 7 10 pF 9
Ci2 Input Capacitance (RAS, CAS, D|N, 5 7 pF 9
WRITE, CS)
Co Output Capacitance (DQUT) 5 8 pF 7.9
TIMING WAVEFORMS
READ CYCLE K
RAS Vine \ s R
Vi N f tre X&—
(S “_..__.‘ feas |
CAs Vine |
fas ) l——fan tas - |
Vin ¢ MN
ADDRESSES |, ><( Asr?:zss liglﬁt:zess ‘ ><
tres 4——-’ i ‘-——.1 trew
L VRl N\
pel
s \ B v
Doyt ::.: ! \k OPEN ;k VALID >————
!._Aﬁ_
WRITE CYCLE
. v"‘c \ taas 1 x_
= N i
fe— e ———->|
s :mc | feas
fas — tan ol fas ,.‘ ta -‘ r— Tem
ADDRESSES VII" ADRI;)R‘:SS x i lig;:::s K i ; <
i [ -
WRITE Vine N ‘_l.l'.,':m
Vie X '
tos f— g tox
D.” :/’”‘ k
fas - fon
. 7
w"— —  foac toom —i
R : { S —
le thac
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TIMING WAVEFORMS
READ-WRITE/READ-MODIFY-WRITE CYCLE

Vine \ \_
Viu \ -
f—— e ———p — e Rl
CAS Vine \ Yeas /
Vi k.
tas .- tas g
Vin\ 7 ROW COLUMN
ADDRE?ISLES ADDRESS ADDRESS
I | ! d
TRes - fow. ————
Vine { X f— twr :j 7
WRITE \
Vi
s g ton
&S ViH
Vie
i
foow
g fcac g 'MoD —3
torF
Vou X / e
P VALID
Dout Vo ] OPEN A\, /
tRac fos d— fow -
Din ‘;m
L
“RAS ONLY"” REFRESH CYCLE
i tre
— tRAS —‘—-l
— v Y
RAS IHC
Vi
tan -ﬂ trp —————®
tas
\ Y
IH ROW
ADDRESSES ADDRESS _><
i
b Vou
ouT
VoL
NOTE:

Prior to the first memory cycle following a period (beyond 2mS) of “RAS-only refresh, a memory-cycle employing both
RAS and CAS must be performed to insure proper device operation.
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ADDRESSING

The 12 address bits required to decode one of the
4096 cell locations within the MK 4096 are multi-
plexed onto the 6 address inputs and latched into the
on-chip address latches by externally applying two
negative going TTL level clocks. The first clock,
the Row Address Strobe (RAS), latches the 6 row
address bits into the chip.__The second clock, the
Column Address Strobe (CAS), subsequently latches
the 6 column address bits plus Chip Select (CS) into
the chip. (Note that since the Chip Select signal is
not required until CAS time, which is well into the
memory cycle, its decoding time does not add to
system access_or cycle time). Each of these signals,

AS and CAS, triggers a sequence of events which
are controlled by different delayed internal clocks.
The two ciock 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
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 Time specification (tAH) has been satisfied and
the 6 address inputs have been changed from Row
address to Column address information.

Note that CAS can be activated at any time after
tAH and it will have no effect on the worst case
data access time (tRAC) up to the point in time when
the delayed row clock no longer inhibits the remain-
ing sequence of column clocks. Two timing end
points result from the internal gating of CAS which
are called tRcL (min) and tRcL (max). No data
storage or reading errors will result if CAS is applied
to the MK 4086 at a point in time beyond the tRCL
(max) limit. However, access time will then_be
determined exclusively by the access time from CAS
(tcac) rather than from RAS (tRAC), and access
time from RAS will be lengthened by the amount
that tRCL exceeds the tRcL (max) limit.

DATA INPUT/OUTPUT

Data to be written into a selected cell is latched into
an_on-chip register by a combination of WRITE and
CAS while RAS is active. The later of the signals
(WRITE or CAS) to make its negative transition is
the strobe for the Data In register. This permits
several options_in the write cycle timing. In a write
cycle, if the WRITE input is brought low prior to
éAS, the Data In is strobed by EAg and the set-up
and hold times are referenced to CAS. If the data
input is not available at CAS time or if it is desired
that the cycle be a read-write or read-modify-write
cycle, the WRITE signal must be delayed until
after In this ““delayed write cycle’” the data
input set-up and h imes are referenced to_the
negative edge of ITE

{To illustrate this feature, Data In is referenced to
RITE in the timing diagram depicting the read-
modify-write cycle 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, consequent-
ly, data stored in the memory is unaffected.
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rather than 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 cyle in which

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 4096.
Whenever CAS makes a negative transition, the
output will go unconditionally open-circuited, inde-
pendent of the state of any other input to the chip.
If the cycle in progress is a read, read-modify-write,
or a delayed write cycle and the chip is selected,
then the output latch and buffer will again do 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
rogress is a write cycle (WRITE active low before
Eﬁg goes low) and the chip is selected, then at
access time the output latch and buffer will contain
a logic 1. Once having gone active, the output_will
remain valid until the MK 4096 receives the next CAS
negative edge. Intervening refresh cycles in which a
P‘AQS 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 4096 receives a 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 effec-
tive resistance to VCC (logic 1 state) is 50082 maxi-
mum and 15082 typically. The resistance to VSS
(logic O state) is 200§2 maximum and 10082 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 4096 refresh operation.
This allows all system logic except the RAS/CAS
timing circuitry and the refresh address logic to be
turned off during battery standby to conserve power.

REFRESH

Refresh of the dynamic cell matrix is accomplished
by performing a memory cycle at each of the 64 row
addresses within each 2 millisecond time interval.
Any cycle in which a signal occurs accomplishes
a refresh operation. A read cycle will refresh the
selected row, regardless of the Chip Select (CS) input.
A write or read-modify-write cycle also refreshes the
selected row, but the chip should be unselected to
prevent writing data into the selected cell.

For standby operation, a “RAS-only’’ cycle can be
empioyed to refresh the MK 4096. However, if
. -only” refresh cycles (where RAS is the only
signal applied to the chip) are continued for extended
periods, the output buffer may eventually lose proper
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buffer to regain activity and enables the device to

perform a read or write cycle upon command.
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POWER DISSIPATION/STANDBY MODE

Most of the circuitry used in the MK 4096 is dynamic
and most of the power drawn is the result of an
address strobe edge. Because the power is not drawn
during the whole time the strobe is active, the
dynamic power is a function of operating frequency
rather than active duty cycle. Typically, the power
is 120 mW at a 1 usec cycle rate for the MK 4096
with a maximum power of less than 450 mW at
375 nsec cycle time. To minimize the overall system
power, the Row Address Strobe (RAS) should be
decoded and supplied to only the selected chips. The
CAS must be supplied to all chips (to turn off the
unselected output). Those chips that did not receive
a_RAS, however, will not dissipate any power on the
CAS edges, except_for that required to turn off the
outputs. If the RAS signal is decoded and supplied
only to the selected chips, then the Chip Select (CS)
input of all chips can be at a logic 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-ORed”’ outputs
from turning on with opposing force.

The current waveforms for the current drawn from
the VpD and VBB supplies are shown in Figure A.
Since the current is pulsed, proper power distribution
and bypassing techniques are required to maintain
system power supply noise levels at an acceptable
level. Low inductance supply lines for VDD and VSS
are desirable. One 0.01 microfarad, low inductance,
bypass capacitor per two MK 4096 devices and one
6.8 microfarad electrolytic capacitor per eight
MK 4096 devices on each of the Vpp and VBB
supply lines is desirable.

POWER—-UP

Under normal operating conditions the MK 4096
requires no particular power-up sequence. How-
ever, in order to achieve the most reliable perfor-
mance from the MK 4096, proper consideration
should be given to the VBB/VDD power supply
relationship. The VBB supply is an extremely import-
ant “‘protective voltage” since it performs two essen-
tial functions within the device. It establishes proper
junction isolation and sets field-effect thresholds,
both thin field and thick field. Misapplication of
VBB or device operation without the VBB supply
can affect long term device reliability. For optimum
reliability performance from the MK 4096, it is
suggested that measures be taken to not have VppD
(+12V) applied to the device for over five (5) seconds
without the application of VBB (—5V).

After power is applied to the device, the_ MK 4096
requires at least one memory cycle (RAS/CAS)
before proper device operation is achjeved. A normal
64 cycle refresh with both RAS and CAS is adequate
for this purpose.

POWER SUPPLY CURRENT WAVEFORMS

1 100 ns /DIV

ROW ADD STROBE (RAS)

COL ADD STROBE (CAS)

bttt et
Tt 1+

CURRENT | (+ 12 VOLT
DRAWN DD \ suppLY
FROM
Ina (-5 VOLT
SuPPLIES| ©°B (SRt
(50 MA/DIV)
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MOSTEK.

4096x1-BIT DYNAMIC RAM

MK4200(K/N)-11/16

FEATURES

O Industry standard 16-pin DIP configuration
(available in plastic (N) and ceramic (K)
packages)

O All inputs are low capacitance and TTL
compatible, except RAS (MOS level)

O Input latches for address, chip select and
datain

O Inputs protected against static charge

DESCRIPTION

The MK 4200 is a 4096 word by 1 bit MOS Random
Access Memory circuit packaged in a standard 16-pin
DIP on 0.3 inch centers. This package configuration
is made possible by a unique multiplexing and latch-
ing technique for the address inputs. The use of the
16-pin DIP for the MK 4200 provides high system
bit densities and is compatible with widely available
automated testing and insertion equipment.

The MK 4200 is fabricated with MOSTEK's standard
Self-Aligned, Poly-Interconnect, N-Channel (SPIN)
process. The SPIN process allows the MK 4200 to be
a highly manufacturable, state-of-the-art memory
circuit that exhibits the reliability and performance

O Three-state TTL compatible output, latched and
valid into next cycle

O Proven reliability with high performance

Part Number | Access Time Cycle Time Max Power™
MK 4200-16 300 ns 425 ns 380 mW
MK 4200-11 350 ns 500 ns 300 mW

*Standby power for all parts <.6 mW

standards necessary for today’s (and tomorrow
data processing applications. The MK 4200 employ.
a single transistor storage cell, utilizing a dynamic
storage technique and dynamic control circuitry to
achieve optimum performance with low power
dissipation.

System oriented features incorporated within the
MK 4200 include direct interfacing capability with
TTL, 6 instead of 12 address lines to drive, on-chip
registers which can eliminate the need for interface
registers, input logic levels selected to optimize the
noise immunity, and two chip select methods to
allow the user to determine the speed/power
characteristics of his memory system.

FUNCTIONAL DIAGRAM

WRITE STROBE
—~ CHIP SELECT
@) !

DATA IN
©.

- —ea- - - -

(L]

- Vg
*«—Vpp
-V
-—Gnd

096 BIT

STORAGE ARRAY

ROW CLOCK GENERATOR NO 1
ADDRESS STROBE
(RAS)

PIN CONNECTIONS

Vgs | C‘ 116 Vss

oy 20 015 CAS

WRITE 3 [ 1114 Doyt

RAS 4[] 113 CS

Ay 50 012 As

Az 6 [ BRI Ag

A, 70 10 Ag

Vop 80 09 Ve

PIN NAMES
ég_é_A5 ADDRESS INPUTS Din DATA IN
COLUMN ADDRESS STROBE Doyt DATA OUT
cs CHIP SELECT VBg POWER (—5V)
RAS _ ROW ADDRESS STROBE Voc  POWER (+5V)
WRITE READ/WRITE INPUT Vpp  POWER (+12V)
Vss GROUND

NOT FOR NEW DESIGN
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ABSOLUTE MAXIMUM RATINGS* .

Voltage on any pin relative to VBB. ...—0.5V to + 25V
(Vss—VBB = 4.5V

Operating temperature TA (Ambient). ... 0°C to + 70°C
Storage temperature (Ceramic) —65°Cta + 150°C
Storage temperature (Plastic) —55°C to + 125°C
Power dissipation 1Watt
Data out current

RECOMMENDED DC OPERATING CONDITIONS a7
(0C <Ta < 70°C)

*Stresses above those listed under ‘‘Absolute
Maximum Ratings” may cause permanent
damage to the device. This is a stress rating only
and functional operation of the device at these
or at any other conditions above those indi-
cated in the operational sections of this speci-
fication is not implied. Exposure to Absolute
Maximum Rating conditions for extended
periods may affect device reliability.

PARAMETER MIN TYP MAX UNITS | NOTES
VDD Supply Voltage 11.4 12.0 12.6 Volts 1
vVce Supply Voltage Vss 5.0 VDD Volts 1,2
Vss Supply Voltage 0 0 0 Volts 1
VBB Supply Voltage —4.5 -5.0 —-5.5 Volts 1
VIHC Logic 1 Voltage, CAS, WRITE 2.7 5.0 7.0 Volts 1,3
VIH Logic 1 Voltage, all inputs 2.4 5.0 7.0 Volts 1,3

except RAS, CAS, WRITE :
VIHR Logic 1 Voltage, RAS input VpD-—1 12.0 VpD+1 Volts 1
ViL Logic 0 Voltage, all inputs -1.0 0 0.8 Volts 1,3

DC ELECTRICAL CHARACTERISTICS (7)

(0°C< Ta <70°C) (VDD = 12.0V * 5%; Vcc = 5.0V * 10%; VSS = 0V; VBB = —5.0V % 10%)

PARAMETER m:(N42I\(l)I‘A)A.)1( l\'/\lnlllfl 4ﬂJA0;(” UNITS | NOTES
IDD1| Average VDD Power Supply Current 30 25 mA 4
IcC Ve Power Supply Current mA 5
IBB Average VBB Power Supply Current 75 75 LA
IDD2 | Standby VppD Power Supply Current 50 50 LA
IDD3| Average VDD Supply Current during 22 18 mA 4
"RAS - only” cycles
1I(L) Input Leakage Current (any input) 5 5 HA 6
10(L) | Output Leakage Current 10 10 HA 7.8
VOH (=)u_t rL711tALogic 1 Voltage®@ loUT 24 2.4 Volts 2
VoL Output Logic 0 Voltage @ IQUT 0.4 0.4 Volts
=2mA
NOTES
1. All voltages referenced to Vgs. VBp must be applied to and 5. Igc depends upon output loading. The Vg supply is connected

removed from the device within 5 seconds of Vpp.

2. Output voltage will swing from Vgg to Ve if Voo < Vpp —4 6.
volts. If Voo 2 Vpp —4 volts, the output will swing from Vgg
to a voltage somewhat less than Vpp.
7.
3. Device speed is not guaranteed at input voltages greater than TTL
levels (0 to 5V).
. 8.
4. Current is proportional to cycle rate; maximum current is

measured at the fastest cycle rate.
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to the output buffer 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 (open-circuit); RAS = V|_and CAS = V.

0V < VigyuT S +10V.



ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (10, 15,17)

(0°C < TA <70%C) (VDD = 12.0V£ 5%, VcC = 5.0V 10%, VSS = 0V, VBB = —5.0V + 10%)

MK 4200-16 MK 4200-11

PARAMETER MIN MAX MIN MAX UNITS NOTES
trc Random Read or Write Cycle Time 425 500 nsec 11
tRAC | Access time from Row Address Strobe 300 350 nsec 11,13
tcAC égzﬁ; Time from Column Address 165 200 nsec 12,13
tOFF Output Buffer Turn-Off Delay 0 80 0 100 nsec
tRP Row Address Strobe Precharge Time 125 150 nsec
tRAS Row Address Strobe Pulse Width 300 10,000 350 10,000 nsec
tRCL Row To Column Strobe Lead Time 80 135 100 150 nsec 14
tCAS Column Address Strobe Pulse Width 165 200 nsec 12
tAS Address Set-Up Time 0 0 nsec
tAH Address Hold Time 80 100 nsec
tCH Chip Select Hold Time 100 100 nsec
tT Rise and Fall Times 3 50 3 50 nsec 15
tRCS Read Command Set-Up Time 0 0 nsec
tRCH Read Command Hold Time 0 0 nsec
tWCH Write Command Hold Time 130 150 nsec -
twpP Write Command Pulse Width 130 150 nsec
tCRL Column to Row Strobe Lead Time —50 +50 -50 +50 nsec
tCWL Write Command to Column Strobe 130 150 nsec

Lead Time
tDS Data In Set-Up Time 0 0 nsec 16
tDH Data In Hold Time 130 150 nsec 16
tRFSH | Refresh Period 2 2 msec
tMOD Modify Time 10 10 lisec
tDOH Data Out Hold Time 10 10 Msec
NOTES Continued

9. Capacitance measured with Boonton Meter or effective capacitance
calculated from the equation: C =

stant 20mA. AV

10. A C measurements assume tT = 5ns.

11. Assumes that tyc + tT < tRcL {max).

12. Assumes that tgc + tT =tRcL (max).

13. Measured with a load circuit equivalent to 1 TTL load and C|_ = 100pF.

t with current equal to a con-

14. Operation within the tgc (max) limit insures that trac (max)
can be met. tyc|_ (max) is specified as a reference point only; if
tRCL is greater than the specified trc (max) limit, then access

time is controlled exclusively by tcac and tRaS . tRAC and tRCL

will be longer by the amount tyc + tT exceeds trcL (max).

15. VjHc or VIHR or VH and V|| (max) are reference levels for
measuring timing of input signals. Also, transition times are

measured between V¢ or VIHR or V4 and V).

16. 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.

17. After the application of supply voltages or after extended periods
of operation without clocks, the device must perform a minimum

of one initialization cycles (any valid memory cycle containing both

RAS and CAS) prior to normal operation.
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AC ELECTRICAL CHARACTERISTICS
(0°C <TA< +70C) (VDD = 12.0V £6%, VCC =5.0V £10%, VSS = OV, VBB = ~5.0V * 10%)

PARAMETER TYP MAX | UNITS | NOTES
CI1 Input Capacitance (AQ — Ag) 7 10 pF 9
Ci2 Input Capacitance (RAS, CAS, DN, 5 7 pF 9

WRITE, C8)
Co Output Capacitance (DQUT) ‘5 8 pF 7.9
TIMING WAVEFORMS
WRITE CYCLE
tre
Tras
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RAS _7! e
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TIMING WAVEFORMS

READ-—WRITE/READ MODIFY-WRITE CYCLE t‘RP
Lras -
4
Viur
RAS v, /
- tere
fe—— treL Tcas
CAS ViHc 1’\ /
ViL K A
tas e Lan Tas e Lan
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WRITE | f A
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-— t, ‘oou‘_—‘ﬂ
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[ tec E
t’RAS_ o
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RAS IHR <
7
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. Lay —% tee
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NOTE:

Prior to the first memory cycle following a period (beyond 2mS) of “RAS-only refresh, a memory cycle emp!oymg both
RAS and CAS must be performed to insure proper device operation.

105



ADDRESSING

The 12. address bits required to decode one of the
4096 cell locations-within the MK 4200 are multi-
plexed onto the 6 address inputs and latched into the
on-chip address latches by externally applying a
positive going MOS level clock and a negative going
TTL level clock.  The first clock, the Row Address
Strobe (RAS); latches the 6 row address bits into the
chip. The second clock, the Column Address Strobe
(CAS), subsequently latches the 6 column address
bits plus Chip Select (CS) into the chip. (Note that
since the Chip Select signal is not required until
CAS time, which. is well into the memory cycle its
decoding time does not add to system access or
cycle time). Each of these signals, RAS and CAS,
triggers a sequence of events which are controlled by
different delayed internal clocks. The two clock
chains are linked together logically in such a way
that the address. multiplexing operation is done
outside of. the critical path timing sequence for
read data access. .:The later events in the CAS clock
sequence are inhibited until the occurrence of a
delayed signal derived from the RAS_clock chain.
This ‘“‘gated CAS" feature allows the CAS clock to
be externally activated as soon as the Row Address
Hold Time specification (taAH) has been satisfied
and the 6 address inputs have been changed from
Row address to Column address information.

Note that CAS can be activated at any time after
tAH and it will have no effect on the worst case
data access time (tRAC) up to the point in time when
the delayed row clock no longer inhibits the remain-
ing sequence of column clocks. Two timing end
points result from the ihternal gating of CAS which
are called tRcL (min) and tRcL (max). No data
storage or reading errors will result if CAS is applied
to the MK 4200 at a point in time beyond the tR%L
(max) limit. However, access time will then_be
determined exclusively by the access time from CAS
(tcAc) rather than from RAS (tRAC), and access
time from RAS will be lengthened by the amount
that tRCL exceeds the tRcL (max) limit.

INPUT LEVELS

All inputs to the MK 4200 except address strobe
(RAS) are TTL compatible. The RAS input has
been specially designed so that very little steady
state (DC) power is dissipated by the MK 4200
while in standby operation. In doing this, the RAS
input requires a high level signal to activate the
chip. The RAS input driver must be able to change
the capacitance load of the RAS input from within
8 volt at Vss (0V) to within 1 volt of VDD (+12).

DATA INPUT/OUTPUT

Data to be written into a selected cell is latched into
an_on-chip register by a combination of WRITE and
CAS while RAS is active. The later of the signals
(WRTTE or ) to make its negative transition is
the strobe for the Data In register. This permits
several options_in the write cycle timing. In a write
%y%e, if the WRITE input is brought low prior to

AS, the Data In is strobed by (Tg and the set-up
and hold times are referenced to CAS. If the data
input is not available at CAS time or if it is desired
that the cycle be a read-write or read-modify-write
cycle, _the WRITE signal must be delayed until
after CAS. In this “‘delayed write cycle’” the data
input set-up and hold times are referenced to the
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negative edge of WRITE rather than to CAS.

(To illustrate this feature, Data In is referenced to
WRITE in the timing diagram depicting the read-
modify-write cycle 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, consequent-
ly, 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 cyle in which
CAS s 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 Qut Latch
is initiated by the CAS signal. The output buffer is
not affected by memory (refresh) cycles in which
only the RAS signal is applied to the MK 4200.
Whenever CAS makes a negative transition, the
output will go unconditionally open-circuited, inde-
pendent of the state of any other input to the chip.
If the cycle in progress is a read, read-modify-write,
or a delayed write cycle and the chip is selected,
then the output latch and buffer will again do 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

rogress is a write cycle (WRITE active low before
%Kg goes low) and the chip is selected, then at
access time the output latch and buffer will contain
a logic 1. Once having gone active, the output_will
remain valid until the MK 4200 receives the next CAS
negative edge. Intervening refresh cycles in which a
RAS is received (but no CAS) will not cause valid
data to be affected. Conversely, the output will
assume the open-circuit state during any cycle in
which the MK 4200 receives a but no RAS
signal (regardiess 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 Vsg for a logic 0. The effec-
tive resistance to VCC (logic 1 state) is 5002 maxi-
mum and 1502  typically. The resistance to Viss
(logic O state) is 200§2 maximum and 10052 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 4200 refresh operation.
This allows all system logic except the RAS/CAS
timing circuitry and the refresh address logic to be
turned off during battery standby to conserve power.

REFRESH

Refresh of the dynamic cell matrix is accomplished
by performing a memory cycle at each of the 64 row
addresses within each 2 millisecond time interval.
Any cycle in which a RAS signal occurs accomplishes
a refresh operation. A read cycle will refresh the
selected row, regardless of the Chip Select (CS) input.
A write or read-modify-write cycle also refreshes the
selected row, but the chip should be unselected to



prevent writing data into the selected cell.

For standby operation, a “RAS-only’" cycle can be
employed to refresh the MK 4200. However, if
“RAS-only”’ refresh cycles (where RAS is the only

signal applied to the chip) are continued for extended
periods, the output buffer may eventually lose proper
data ar;d Igo open-circuit. Prior to the first memory

u C perrormed O pre arge e er-
. This “dummy cycle” allows the output
buffer to regain activity and enables the device to
perform a read or write cycle upon command.

POWER DISSIPATION/STANDBY MODE

Most of the circuitry used in the MK 4200 is dynamic
and most of the power drawn is the result of an
address strobe edge. Because the power is not drawn
during the whole time the strobe is active, the
dynamic power is a function of operating frequency
rather than active duty cycle. Typically, the power
is 120 mW at a 1 wsec cycle rate for the MK 4200
with a maximum power of less than 450 mW at
375 nsec cycle time. To minimize the overall system
power, the Row Address Strobe (RAS) should be
decoded and supplied to only the selected chips. The
CAS must be supplied to all chips (to turn off the
unselected outputs). 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. |f the RAS signal is decoded and supplied
only to the selected chips, then the Chip Select (CS)
input of all chips can be at a logic 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-ORed)” outputs
from turning on with opposing force.

The current waveforms for the current drawn from
the VDD and VBB supplies are shown in Figure A.
Since the current is pulsed, proper power distribution
and bypassing techniques are required to maintain
system power supply noise levels at an acceptable
level. Low inductance supply lines for Vpp and Vss
are desirable. One 0.01 microfarad, low inductance,
bypass capacitor per two MK 4200devices and one

microfarad electrolytic capacitor per eight
MK 4200 devices on each of the Vpp and VBB
supply lines is desirable.

POWER-UP

Under normal operating conditions the MK 4200
requires no particular power-up sequence. How-
ever, in order to achieve the most reliable perfor-
mance from the MK 4200, proper consideration
should be given to the VBRB/VDD power supply
relationship. The VBB supply is an extremely import-
ant “‘protective voltage” since it performs two essen-
tial functions within the device. It establishes proper
junction isolation and sets field-effect thresholds,
both thin field and thick field. Misapplication of.
VBB or device operation without the VBB supply
can affect long term device reliability. For optimum
reliability performance from the MK 4200, it is
suggested that measures be taken to not have Vpp
(+12V) applied to the device for over five (5) seconds
without the application of Vg (=5V).

After power is applied to the device, the MK 4200
requires at least one memory cycle (RAS/CAS)
before proper device operation is achieved. A normal
64 cycle refresh with both RAS and CAS is adequate
for this purpose.

POWER SUPPLY CURRENT WAVEFORMS
Figure A
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MOSTEK.

16,384 X 1-BIT DYNAMIC RAM

MK4116(J/N)-2/3

FEATURES

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

O 150ns access time, 320ns cycle (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)

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

DESCRIPTION

The MK 4116 is a new generation MOS dynamic
random access memory circuit organized as 16,384
words by 1 bit. As a state-of-the-art MOS memory
device, the MK 4116 (16K RAM) incorporates
advanced circuit techniques designed to provide
wide operating margins, both internally and to the
system user, while achieving performance levels
in speed and power previously seen only in MOSTEK's
high performance MK 4027 (4K RAM).

The technology used to fabricate the MK 4116 is
MOSTEK'’s double-poly, N-channel silicon gate,
POLY I1® 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 Common |/0 capability using “‘early write”
operation

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

0O All inputs TTL compatible,low capacitance, and
protected against static charge

0 128 refresh cycles
0O ECL compatible on VBB power supply (-5.7V)

capability. The use of dynamic circuitry through-
out, including sense amplifiers, assures that power
dissipation is minimized without any sacrifice in
speed or operating margin. These factors combine
to make the 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

— TLGeK
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CLOCK
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PIN CONNECTIONS

Vas I Qe 16 Vss
Din 2 [ 015 CAS
WRITE 3 [ p 14 Doyt
RAS 4[] 013 Ag
Ag 5 12 Ay
Ap 6 E'l O A,
A, 70 D10 Ag
Voo 8 [ 9 Ve
PIN NAMES

Ag-Ag ADDRESS INPUTS

C_R_S' COLUMN ADDRESS STROBE
DN DATA IN

Doyt DATAOUT

ﬁ%ﬁ' ROW ADDRESS STROBE

WRITE READ/WRITE INPUT

Vgg POWER (—5V)

Vee POWER (+5V)

Vbp POWER (+12V)

Vss GROUND
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ABSOLUTE MAXIMUM RATINGS*

Voltage on any pin relative to VBB
Voltage on VDD, VCC suppliés relative to Vss
VBB-Vss (VDD—-VsS>0V)
Operating temperature, TA (Ambient)
Storage temperature (Ambient) Ceramic

— + *Stresses greater than those listed under
0 5V to 20\/ “Absolute Maximum Ratings’” may cause

—1 OV to +15 OV permanent damage to the device. This is a

stress rating only and functional operation

.............. R SR of the device at these or any other condi-
................... 0°C to + 70°C tions above those indicated in the opera-
——5500 to + 150 C tional sections of this specification is not

implied. Exposure to absolute maximum

Storage temperature, (Ambient) Plastic ....:.........en... -55°C to +125°C :;;:;g ;T;Zﬁf:fy"s for extended periods may
Short circuit output cu rrent ................................. 50mA ’
Power dissipation .. ... PR S T 1 Watt

RECOMMENDED DC OPERATING CONDITIONS®

(0°C <TA<70C)

PARAMETER : SYMBOL MIN TYP MAX UNITS NOTES

Supply Voltage | VDD 10.8 12.0 13.2 Volts 2
vVee 4.5 5.0 5.5 Volts 2,3
Vss 0 0 i 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 . i

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 DD 35, mA 4

Average power supply operating current Ice i . 5

(RAS, CAS cycling; tRC = tRC Min 1BB1 200 MA

STANDBY CURRENT IDD2 1.5 mA -

Power supply standby current (RA S VIHC, lcc2 —10 10 MA

DouyT = High Impedance) IBB2 100 MA

REFRESH CURRENT IpD3 25 mA 4

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

(RAS cycling, CAS = V|Hc: tRC = tRC Min 18B3 200 HA

PAGE MODE CURRENT IDD4 27 mA 4

Average power supply current, page-mode lcca 5

operation (RAS =V, C_gcycllng, IBB4 200 KA

tpC = tpc Min

INPUT LEAKAGE (L) —10 10 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) ~10 10 KA

Output leakage current (DQyT is disabled,

0V < VoyT < +5.5V)

OUTPUT LEVELS

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

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

NOTES: )

1. T p is specified here for operation at frequencaes t0 trC >‘RC mode, Vcc may be reduced to Vgg 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

for derating curve.

2. All voltages referenced to Vgg.

1 10 3. Output voltage will swing from Vgg to VCC when activated with

no current loading. For purposes of maintaining data in

standby

operations or data retention. However, the Vou (min) specifica-

tion is not guaranteed in this mode.

IpD1. IDD3: @and Ipp4 depend on cycle rate. See figures 2,3, and

4 for 'DD limits at other cycle rates.

9?‘] and '(;C4 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 | consists of

leakage currents only.



ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (6,7,8)
(0T<TaA< 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 1OFF 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 tWwp 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 twes -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
operation is achieved. Any 8 cycles which perform refresh are adequate than-the specified tRCD (max) limit, then access time is controlied
for this purpose. exclusively by tCAC.
7. AC measurements assume tT = 5ns. 15. These parameters are referenced to CAS leading edge in early write
8 VIHC (min) or VIH (min) and VIL (max) are reference levels for measuring cycles and to WRITE leading edge in delayed write or read-modify-write
timing of input signals. Also transition times are measured between cycles.
VIHC or VIH and VIL. 16. tWCS, tCWD and tRWD are restrictive operating parameters in read
9. The specifications for tRC (min) tRMW (min) and tRWC (min) are used write and read modify write cycles only. If tWCS =tWCS (min), the cycle
only to indicate cycle time at which proper operaiion over the full is an early write cycle and the data out pin will remain open circuit(high
temperature range (0°C < TA < 70°C) is assured impedance) throughout the entire cycle; If tCWD = tCWD (min) and
10. Assumes that tRCD < tRCD (Max). If tRCD is greater than the maximum tRWD = tRWD (min), the cycle is a read-write cycle and the data out will
recommended value shown in this table, tRAC will increase by the contain data read from the selected cell; If neither of the above sets of
amount that tRCD exceeds the value shown. conditions is satisfied the condition of the data out (at access time) is
1. Assumes that tRCD (max). indeterminate.
12.  Measured with a load equivalent to 2 TTL loads and 100pF. 17.  Effective capacitance calculated from the equationC = 1At AV with
13. tOFF (max) defines the time at which the output achieves the open circuit A = 3 volts and power supplies at nominal levels.
condition and is not referenced to output voltage levels. 18. CAS = VIHC to disable DOUT.
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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 Cit 4 5 pF 17

Input Capacitance RAS, CAS, WRITE Ci2 8 10 pF 17

Output Capacitance (DQUT) Co 5 7. pF 17,18

CYCLE TIME tpg(ns) CYCLE TIME tgcins)
375 320 s 320
1000 500 400 300 250 som 1000 500 400 300 20
) . A .
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Fig. 1 Maximum ambient temperature versus cycle rate for extended

frequency operation. T (max) for operation at cycling rates greater T 17T

than 2.66 MHz (toyc<375ns) is determined by T (max)’ C = 70—

1.0 20 30 40

9.0 x (cycle rate MHz —2.66) for -3. T (max) °c=70-90
x cycle rate MHz —3,125MHz) for -2 only.
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Fig. 3 Maximum 'DD3 versus cycle rate for device operation at
extended frequencies. 'DD3 {max) curve is defined by the equation:

Ippaimax) mA =10 + 6.5 x cycle rate [MHz] for -3
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CYCLE RATE (MHz) = 103 / tge(ns)
Fig. 2 Maximum Ippt versus cycle rate for device operation at
extended frequencies. Ippq (max) curve is defined by the equation:

'bD1 (max) mA = 10 + 9.4 x cycle rate [MHz] fo_i— -3
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mode. Ippg (max) curve is defined by the equation:

Ipp4 (max) mA = 10 + 3.75 x cycle rate [MHz) for -3
Ippg (max) mA = 10 + 3.2 x cycle rate [MHz] for -2

112



READ CYCLE

tre

tRAS_“""—"""‘.

— S e T )
RAS ViL N J L_
_ 'csu' t Rp ——o

——————
l————— tRCD ————m! tRSH e— LCRP —o

al

: - tcas ——
v Vine — 7
CAS e - \ /
tRaH
'-tAsnt n-’-1 ‘Ascb‘ et CAH -

Ving ROW COLUMN )
ADDRESSES v,.__m ADDRESS)@{ ADDRESS | ZZ%
tres ‘I“"] —= tReH 'c—

V _/
weTe T Y,

tcac ———o

- tpaC ———— el — la— tOFF
Vou - £ vauo ’}
DouTt VoL OPEN X DATA 4

WRITE CYCLE (EARLY WRITE)

‘re
t Rras
— Vine— Xl t g ]
RAS v N N
n - K v/
‘————‘Rsu ———— trp —

C-——tRcD——.C———-‘CAs———-—————-—— ,4 tcrp —e

CAs v

RAMs

— V|:C: \( ’/l /
et AR :R—Azl tmsc’i

avoResses /I S }@{| ADDRESS iW////// L
. e ] Mc.» ‘

we T Rl /T Y,

|
| t
1

z
>
[}
X
o

cwL

e
w77 /////9{ D

113




READ-WRITE/READ—MODIFY—WRITE CYCLE

—— ‘Rwc/ 'Rmw -

—  Viné T tar .|
RAS
ViL- \L | 7
t Rsn trp
—|L tesn
f+———1tre teas -t crp

NG )

3]

esses N 255 NI %%L ’i«// T

— Vine - Y
WRITE VIL_/// ZZZ;’/' N r
fa— twp
[ p—— — I“"OFF
Vou- ¥ VALID
DouT Voo L 'y DATA }_—
|

w 7Y

“RAS—ONLY"” REFRESH CYCLE
NOTE: CAS = V|H4c, WRITE = Don’t Care t

| RC
L rag =
- Voo ~
IHC
RAS e z( R
Lran—"] f tre
_.1‘-Asﬁ

ADDRESSES \\,",::///// / m ADDRESS 1><(l///// // ////////////Z

\
OH™
D, uT OPEN




PAGE MODE READ CYCLE

tras
—_— VineT le— tar —
RAS v N "
- K Iy /
— 1 §
. t reu -—tgp
1
le— tocp—tefa——tcps —o o-tcpo] je—teas le——tcas r@——tcpp
— VineT | Y \ sl ‘-
CAS v N
(Tl X /
tean tean
tasce) (e~ tasc |

Vin
ADDRESSES v
-

|_ [ l——'qc —
trac -
Vow- £ |
DOUT Vorr OPEN \§_
tres

PAGE MODE WRITE CYCLE
tras
RAES " N )
I T j— t RsSH ——— tre
[e—— tcag —on le—tcas —o tere
cAS , /5
S 7
tean tean

Vi
ADDRESSES

S I G

ket wen® [ WeH "1

- t ey — - t ey —o — t (y —e

R TN G JW/////I/W VI,

le-t wp - o typ
-~ t WeR ————— fe—— trw —

os ba—ton — tos l— t oy tos fe— ton
s
o Vin VALID VALID VALID
IN Vi DATA DATA //, DATA
<

e—— tpHr ————o

2
>
o
b4
©
-

1156



DESCRIPTION (continued)

System oriented features include + 10% tolerance on
all power supplies, direct interfacing capability with
high performance logic families such as Schottky
TTL, maximum input noise immunity, to minimize
“false triggering” of the inputs (a common cause of
soft errors), on-chip address and data registers which
eliminate the need for interface registers, and two
chip select methods to allow the user to determine
the appropriate speed/power characteristics of his
memory system. The MK 4116 also incorporates
several flexible timing/operating modes. 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/O capability, two dimen-
sional chip selection, and extended page boundaries
(when operating in page mode).

ADDRESSING

The 14 address bits required to decode 1 of the
16,384 cell locations within the MK 4116 are multi-
plexed onto the 7 address inputs and latched into the
on-chip address latches by externally applYing two
negative going TTL-level clocks. The first clock, the
Row Address Strobe (RAS), latches the 7 row address
bits into the chip. The second clock, the Column
Address Strobe Fm), 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 tRCD (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-chip r%%ss'cer by a combination of WRITE and
CAS while RAS is active. The later of the signals
(WRITE or CAS) to make its negative transition is the
strobe for the Data In (D|N) register. This permits
several options_in_the write cycle timing. In a write
cycle, if the WRITE input is brought low (active)
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prior to CAS, the DN 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 D||N 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. DQUT
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. 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:(Hq 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/O Operation — If all write operations are
handled in the “early write’” mode,then D[N can be
connected directly to DoUT for a common 1/O data
bus.

Data Output Control — DQuUT will_remain valid
during a read cycle from tCﬁC until CAS goes back
to a high level (precharge), allowing data to be valid
from one cycle up until a new memory cycle begins
with no penalty in cycle time. This also makes the
RAS/CAS clock timing relationship very flexible.

Two Methods of Chip Selection — Since 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, 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 VgC (logic 1 state) is
420 © maximum and 13582 typically. The resistance
to Vss (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 td which the chip is interfaced. During battery
standby operation, the VCC pin may have power
removed without affecting the MK 4116 refresh
operation. This allows all system logic except the
RAS timing circuitry and the refresh address logic to
be turned off during battery standby to conserve
power.

PAGE MODE OPERATION

The ““Page Mode’’ feature of the MK 4116 allows for
successive memory operations at multiple column
locations of the same row address with increased
speed without an increase in power. This is done by
strobing_the row address into the chip and maintain-
ing the RAS signal at a logic 0 throughout all success-
ive memory cycles in which the row address is com-
mon. This ““page-mode’” of operation will not dissi-
pate the_power associated with the negative going
edge of I-JKAS. Also, the time required for strobing
in a new row address is eliminated, thereby decreas-
ing the access and cycle times.

The page boundary of a single MK 4116 is limited to
the 128 column locations determined by all combi-
nations of the 7 column address bits. However, in
system applications which utilize more than 16,384
data words, (more than one 16K memory block), the
page boundary can be extended by using CAS rather
than RAS as the chip select signal. RAS is applied to
all devices_to latch the row address into each device
and then CAS is decoded and serves as a page cycle
select 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 4116 precludes inadvertent
burn out of the device in the event that the clock
inputs become shorted to ground due to system
malfunction.

Although no particular power supply noise restriction
exists other than the supply voltages remain within
the specified tolerance limits, adequate decoupling
should be provided to suppress high frequency
noise resulting from the transient current of the
device. This insures optimum system performance
and reliability. Bulk capacitance requirements are
minimal since the 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
limit curve illustrated in figure 2. NOTE: The
MK 4116 family is guaranteed to have a maximum
IDD1 requirement of 35mA @ 375ns cycle(320ns cycle
for the -2) with an ambient temperature range from 0°
to 70°C. A lower operating frequency, for example 1
microsecond cycle, results in a reduced maximum Idd1
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 CAS.

POWER UP

The MK 4116 requires no particular power supply
sequencing so long as the Absolute Maximum Rating
Conditions are observed. However, in order to insure
compliance with the Absolute Maximum Ratings,
MOSTEK recommends sequencing of power supplies
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such that VBB is applied first and removed last.
VBB should never be more positive than VSS when
power is applied to VDD.

Under system failure conditions in which one or more
supplies exceed the specified limits significant addi-
tional margin against catastrophic_device failure may
be achieved by forcing RAS and CAS to the inactive
state (high level).

After power is applied to the device, the MK 4116
requires several cycles before proper device operation
is achieved. Any 8 cycles which perform refresh
are adequate for this purpose.



TYPICAL CHARACTERISTICS
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TYPICAL CLOCK INPUT LEVELS vs. VDD
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SUPPLEMENT

MOSTEK.

16,384 x1-BIT DYNAMIC RAM

MK4116(J/N)-4

FEATURES

O Recognized indust[Iy standard 16-pin config-
uration from MOSTEK

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

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

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

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

0O 128 refresh cycles (2 msec refresh interval)

O ECL compatible on VBB power supply (-5.7V)

capability. The use of dynamic circuitry through-
out, including sense amplifiers, assures that power
dissipation is minimized without any sacrifice in
speed or operating margin. These factors combine
to make the 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
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PIN NAMES
Ag-Ag ADDRESS INPUTS
C%S COLUMN ADDRESS STROBE
DN DATA IN
Dgg.-,- DATA OUT
A ROW ADDRESS STROBE
WRITE READ/WRITE INPUT
Vgs POWER (—5V)
Vee POWER (+5V)
VpbD POWER (+12V)
Vss GROUND
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ABSOLUTE MAXIMUM RATINGS*

Voltage on any pinrelative to VBB. . .« .« v v v v i v e n  —0.5V to +20V  Stresses greater than those listed under
Voltage on VDD, VCC suppliés relative to VSS. . . .. ... . —1.0V 10 +15.0V permanent domage 1o the device. This i s |
YBB-VSS (VDD-VSS>0V) . ..o oo EESERRR U R e g
perating temperature, | A moient) . ....... . i (o] tions above those indicated in the opera-
Storage temperature (Ambient) (Ceramic) ................ -65°C to + 160°C onal sections o e e imen
Storage temperature (Ambient) (Plastic).................. -65°C to + 125°C rating conditions for extended periods may
Short Circuit OUtPUL CUITENT . ...\ttt ettt etieeiaetaeaeenananns B5OmA erect retiabiity.
Power diSSipPation ........oviiniiuretereinieeeriiiieeeeeanniinees 1 Watt )
RECOMMENDED DC OPERATING CONDITIONS
(0°C <TA<70C)!
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 1,2
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 22 - 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)! (Vpp = 12.0V £10%; VcC = 5.0V +10%; -5.7V < VBB < -4.5; Vgs =0V)
PARAMETER SYMBOL MIN MAX UNITS NOTES
OPERATING CURRENT IDD1 35 mA 3
Average power supply operating current lcct 4
(RAS, CAS cycling; tRC = 410ns) 1BB1 200 MA
STANDBY CURRENT IDD2 1.5 mA
Power supply standby current (RAS = V|HC, lcc2 -10 10 MA
DouT = High Impedance) I1BB2 MA
REFRESH CURRENT IDD3 27 mA 3
Average power supply current, refresh mode lces —10 10 uA
(RAS cycling, CAS = V|HC: tRC = 410ns) 1BB3 MA
PAGE MODE CURRENT IDD4 27 mA 3
Average power supply current, page-mode Icca 4
operation (RAS =V _,CAS cycling; 1884 A
tPC = 275ns)
INPUT LEAKAGE (L) -10 10 MA
Input leakage current, any input
(VBB = -5V, 0V < VN < +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 < +56.5V)
OUTPUT LEVELS
Output high (Logic 1) voltage (IQyT = —5mA) VOH 24 Volts 3
Output low (Logic 0) voltage (loyT = 4.2 mA) VoL 0.4 Volts

NOTES:
1. All voltages referenced to Vgg.
2. Output voltage will swing from Vgg to Vg when activated with

no current loading. For purposes of maintaining data in standby
mode, Voc may be reduced to Vgg without affecting refresh
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operations or data retention. However, the Vo (min) specifica-
tion is not guaranteed in this mode.



ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC:OPERATING CONDITIONS (5,6,7)
(0°C< TA<70°C) VpD = 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 OFF 0 60 ns 11
Transition time (rise and fall) tT 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 twp 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 tDS 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. 'pDD3. @and Ippg depend on cycle rate.

specified current values are for tgc=410ns and tp
limit at other cycle rates are determined by the fo

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

1pp3 (max) [MA]=10+7 x cycle rate [MHz]
Ippa (max) [MA]=10 + 4.7 x cycle rate [MHz]

The maximum
275ns. Ipp
wing equat-

4. 'C%‘I and lccgq depend upon output loading. During readout of
high level data V¢ is connected through a low impedance (135

typ) to data out.
currents only.

At all other times Icc consists of leakage

5. Several cycles are required after power-up before proper device
operation is achieved. Any 8 cycles which per)‘orm refresh are

adequate for this purpose.
6. AC measurements assume tT=5ns.

7. ViHc (min) or Viy( (min) and V| (max) are reference levels for

measuring timing of input signals.
measured between V¢ or Vi and V.

Also, transition times are

8. Assumes that trcpS trcp (max). If tH%D is greater than the

maximum recommended value shown in t

9. Assumes that tgcp = tgep (max).

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

r is table, tgac will
increase by the amount that tRCD exceeds the value shown.

11.

12.

13.

14.

tofFfF (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 (ma)% is specified as a reference point only; if
trcp 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. tcwp and tRrywp are restrictive operating parameters in

read write and read modify write cycles only. If tycs = twes.
(min), the cycle is an early write cycle and the data out pin will re-,
main open circuit (high impedance) throughout the entire cycle; If '
tcwp = tcwp (min) and tgwp = tgwp (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 = 3volts and power supplies at nominal v
levels
CAS = V| to disable Doy T-

16K DYN
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AC ELECTRICAL CHARACTERISTICS

(0°C< TA< 70°C) (VDD = 12.0V £10%; Vss = 0V, -5.7V < VBB < -4.5V)
PARAMETER SYMBOL TYP MAX UNITS NOTES
Input Capacitance (Ag—Ag), DIN Ci1 4 5 pF 17
Input Capacitance RAS, CAS, WRITE Ci2 8 10 pF 17
Output Capacitance (DQUT) Co 5 17 pF 17,18

DESCRIPTION (continued)

System oriented features include + 10% tolerance on
all power supplies, direct interfacing capability with
high performance logic families such as Schottky
TTL maxumum mput noise immunity to minimize

“false triggering” of the inputs (a common cause of
soft error(); 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/O capability, two dimen-
sional chip selection, and extended page boundaries
(when operating in page mode).

SUPPLEMENTAL DATA SHEET TO BE USED IN
CONJUNCTION WITH MOSTEK MK4116(J/N)-2/3 DATA SHEET.

124



PRELIMINARY

MOSTEK

16,384 x 1 BIT DYNAMIC RAM

MK4516(J/N)

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 Active power 140mW maximum
Standby power 10mW typical

O 80ns access time, 185ns cycle time (MK4516-8)
100ns access time, 220ns cycle time (MK4516-10)
120ns access time, 250ns cycle time (MK4516-12)

O Common I/0 capability using “early write"

DESCRIPTION

The MK4516 is a single +5V power supply version of the
industry standard MK4116, 16,384 x 1 bit dynamic
RAM.

The high performance features of the MK4516 are
achieved by state-of-the-art circuit design techniques
as well as utilization of Mostek’s “Scaled POLY 5"
process technology. Features include access times
starting where the current generation 16K RAMs leave
off, 140mW power dissipation, TTL compatability, and
+5V only operation.

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

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 MK4164 (64K RAM)
O 128 refresh cycles (2 msec)

O Offers two variations of hidden refresh

0O Extended CAS control of data output

O On chip refresh counter on pin 1

same manner as the popular MK4116 except for the
output control. The output control of the MK4516 can be
held valid indefinitely by holding CAS active low. This is
quite useful since a refresh cycle can be performed
while holding data valid from the previous cycle.

Timing characteristics of the MK4516 will be similar to
those of the MK4116.

The MK4516 is designed to be compatible with the
JEDEC standards for the 64K x 1 dynamic RAM. The
MK4516 is intended to extend the life cycle of the 16K
RAM, as well as create new applications due to its
superior performance. The compatability with the
MK4164 will also permit a common board design to

SECOND GENERATION MK4116

PIN OUT

MK4516
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service both the MK4516 and MK4164 (64K RAM) The user, requiring only a small memory size, need no
designs. The MK4516 will therefore permit a smoother  longer pay the three power supply penalty for achieving
transition to the 64K RAM as the industry standard  the economics of using dynamic RAM cver static RAM
MK4027 did for the MK4116. when using this new generation device.
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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

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

Oooocoao

The technology used to fabricate the MK 4332 is
MOSTEK's double-poly, N-channel silicon gate,
POLY II® process. This process, coupled with the
use of a single transistor dynamic storage cell, pro-
vides the maximum possible circuit densrcy and

Common 1/0 capability using ‘‘early write’’
operation

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

O Allinputs 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 operatmg 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.

reliability, while maintaining high performance
capability. The use of dynamic circuitry through-
out, including sense amplifiers, assures that power
FUNCTIONAL DIAGRAM
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PIN NAMES

AQA6  ADDRESS INPUTS
CAS COLUMN ADDRESS STROBE
DIN DATA IN
_QgT DATA OUT

ROW ADDRESS STROBE
WRITE READ/WRITE INPUT
VBB POWER (-5V)
vee POWER (+5V)
Vob POWER (+12V}
Vss GROUND
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ABSOLUTE MAXIMUM RATINGS*

Voltage on any pinrelative to VBB. ... ..............
Voltage on VDD, VCC supplies relative to VSS. .. .......
VBB—VSS (VDD—VSS>0V) ...ttt
Operating temperature, TA (Ambient) ...............
Storage temperature (Ambient). .. ........ ... ...
Short circuit outputcurrent . ... ... ... ... ...
Power dissipation . ... ... ...

RECOMMENDED DC OPERATING CONDITIONS6
(0°C< TA< 70°C)

-0. + *Stresses greater than those listed under
0.5V to 20\/ ‘“Absolute Maximum Ratings’’ may cause

-10V to +15.0V permanent damage to the device. This is a

OV stress rating only and functional operation
of the device at these or any other condi-

e OOC to+ 70°C tions above those indicated in the opera-
_65°C to + 150°C tional sections of this specification is not

implied. Exposure to absolute maximum

,,,,,,,,,, 50mA rating conditions for extended periods may

1 Watt affect reliability.

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES

Supply Voitage VpD 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 22 - 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%; Ve = 5.0V £10%;-5.7V < VBB <-4.5V; Vss=0V)

PARAMETER SYMBOL MIN MAX UNITS NOTES

OPERATING CURRENT IpD1 36.5 mA 4,19

Average power supply operating current Icct 5

(RAS, CAS cycling; tRC =trc Min) 1BB1 300 MA 19

STANDBY CURRENT IDD2 3.0 mA

Power supply standby current (RAS = V|4c, lcc2 -20 20 MA

DouT = High Impedance) 1BB2 200 MA

REFRESH CURRENT IDD3 26.5 mA 4,19

Average power supply current, refresh mode Iccs -20 20 MA

(RAS cycling, CAS = V|{C; tRC = tRC Min) 1BB3 300 kA 19

PAGE MODE CURRENT IDD4 28.5 mA° 4,19

Average power supply current, page-mode lcca 5

operation (RAS =Vy_,CAS cycling: I1BB4 300 MA 19

tpc = tpc Min) :

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 LA

Output leakage current (DQUT is disabled,

0V < Voyr < +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. T p is specified here for operation at frequencies to tgc >tRC mode, Vcc may be reduced to Vgg 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
for derating curve.

2. All voltages referenced to Vgg.

K} Output voltage will swing from Vgg to Vo 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. 'ppg. and IDQ‘4 depend on cycle rate. See figures 2,3, and
4 for Ipp limits at other cycle rates.

I$$‘1 and Iccg4 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 I consists of
leakage currents only.



ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (6,7,8)
(0T<TA< 70°C) (VDD = 12.0V £ 10%; Vce = 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) T 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 ICSH 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 b5 ns

Write command hold time referenced to RAS tWCR 120 ns

Write command pulse width wp 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 tWCS -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 pvopér device operation is achieved. Any 14, Operation within the tycp (max) imit insures that tRAC (max) can be met. tycp (max)
8 cycles which perform retfresh are adequate for this purpose. 15 specified as a reference point only: if tycp s greater than the specified tyep (max)

7. AC measurements assume tT ~ 5ns. limut, then access time 1s controlled exclusively by tCAC:

8. VIHC (min) or Vi (min) and V|| (max) are reference ievels 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 Vg or Vi and V. leading edge in delayed write or read-modify -write cycles.

9. The specifications for tgc (min) tgpy (Min) and tgyc (Min) are used only to indicate 16.  twCS. ICWD and LRy 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 wiite cycles only. If ywes = twyeg (min), thecycle s an early write cycle and the data
15 assured. out pin will remain open circuit (high impedance) throughout the entire cycie; If towp

10.  Assumes that tRep < tRCD (max). If trep s greater than the maximum recommended -* tcwp (min) and trwD ~ tRWD (Min}, the cycle s a read-write cycle and the data out
value shown 1n this table, tg Ac will increase by the amount that trcp exceeds the value witl contain data read from the selected cell; If neither of the above sets of conditions 1s
shown, satisfied the condition of the data out (at access time) is indeterminate.

11, Assumes that trep ” tRCD (max) 17.  Effective capacitance calculated from the equation C = 12t with AV - 3 voltsand power

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

13, topf (max) defines the ime at which the output achieves the open circuit condition and 18.  CAS - Vjyc to disable Doyt
is not referenced to output voltage 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%; V§s = OV; —5.7V < VBB < —4.5V)

PARAMETER SYMBOL TYP MAX UNITS NOTES
Input Capacitance (Ag—Ag), DIN Ci 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

_flw_»_?h 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. 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 /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 tRcD (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
(tcac) rather_than from RAS (tRAbc), 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 (DyN) register. This permits
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several options_in_the write cycle timing. In a write
cycle, if the WRITE input is brought low (active)
prior to CAS, the DyN 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

RITE 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 4332 is the high impedance (open-circuit)
state. That is to say, anytime CAS is at a high level,
the DoyT 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
occeur.

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
contro! of the DR% q 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 |/O Operation — If all write operations are
handled in the “‘early write’’ mode,then D|N can be
connected directly to DQUT for a common /O data
bus.

Data Output Control — Doyt will_remain valid
during a read cycle from tCcAC 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/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 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 VgC (logic 1 state) is
420 € maximum and 1358 typically. The resistance
to Vg (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 Vgc pin may have power
removed without affecting the MK 4332 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 4332 allows for
successive memory operations at multiple column
locations of the same row address with increased
speed without an increase in power. This is done by
strobing_the row address into the chip and maintain-
ing the RAS signal at a logic 0 throughout all success-
ive memory cycles in which the row address is com-
mon. This “page-mode’’ of operation will not dissi-
pate the power associated with the negative going
edge of R)KS. 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.

clock timing relationship very flexible.

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-
R/Iation,the operating frequency (cycle rate) of the
K 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. NOTE: 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

Vg 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 VppD.

Under system failure conditions in which one or more
supplies exceed the specified limits significant addi-
tional margin against catastrophic_device failure may
be achieved by forcing RAS and CAS to the inactive
state (high level).

After power is applied to the device, the MK 4332
requires several cycles before proper device operation
is achieved. Any 8 cycles which perform refresh
are adequate for this purpose. Each MK 4116 device
must receive the 8 initialization cycles.
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TYPICAL CHARACTERISTICS OF THE MK 4116
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TYPICAL CLOCK INPUT LEVELS vs. VDD
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PRODUCT BRIEF

MOSTEK.

65,536 x 1-BIT DYNAMIC RAM

MK4164(J/N)-12

FEATURES

O Recognized industry standard 16-pin
configuration from Mostek

5V £10% single supply operation

On chip substrate bias generator for optimum
performance

0O 120ns maximum access time, 200 ns
minimum cycle time

O Active power 200mW typical
Standby power 10mW typical

DESCRIPTION

The MK 4164 is the new generation dynamic RAM,
organized 65536 words by 1 bit, it is the successor to
the industry standard MK 4116. The MK 4164 utilizes
MOSTEK's SCALED POLY 5™ process technology as
well as advanced circuit techniques to provide wide
operating margins, both internally and to the system
user. Performance previously unachieved will be the
standard for this new generation device.

The MK 4164 utilizes Scaled Poly 5 and a revolutionary
new storage cell in order to optimize circuit density,
reliability and performance. The use of a dynamic
circuitry throughout, including the 512 sense
amplifiers, assures that power dissipation is minimized
without any sacrifice in speed or internal and external
operating margins. Refresh characteristics have been
chosen to maximize yield (low cost to user) while

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

Read, Write, R-M-W and page mode capability
128 cycle refresh (2ms)

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

Scaled Poly 5™ technology

O On chip refresh counter on pin 1

maintaining compatibility between dynamic RAM
generations.

Multiplexed address inputs (a feature dating back to
the industry standard, MK4096, 1973) permits the
MK4164 to be packaged in a standard 16-pin DIP with
only 15 pins required for basic functionality. MOSTEK is
utilizing this spare pin for a new feature. This Refresh
feature, appearing in Pin 1, carefully chosen to meet
user needs, will make the 64K RAM the easiest to use of
the multiplexed series. TTL input levels plus single 5V
supply operation make the MK4164 truly TTL
compatible.

The 64K RAM from MOSTEK is the culmination of
several years of circuit and process development,
proven in predecessor products. This evolution is
illustrated in the figure below.

EVOLUTIONARY PROCESS OF MK4164

/—
- SCALED
\/\ POLY 5

Sense Amps
MK 4116 16K RAM
— - /’7

$ Volit Clocks
MK 36000 64K ROM,

MK4164
64K RAM

PIN OUT

./

RFSH [1]. ig] Vss
o [2] g CAS
WRITE [3] i Dout
7S [ H A
MK 4164
A (5] ] As
M i As
Vee [e] 5] A7
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PRELIMINARY

MOSTEK.

4K x 1-BIT STATIC RAM

MK2147(J/N)

FEATURES
0O Scaled Poly 5™ technology

O Industry standard 18-pin dip configuration

O High performance Power Supply Current
Part Access | Cycle | Max. Max.
Number Time Time | Active Standby
‘MK2147-55 | 65ns 65ns | 180mA | 30mA
MK2147-70 | 70ns 70ns | 160mA | 20mA
MK2147-90 | 90ns 90ns | 160mA | 20mA
DESCRIPTION

The MK2147 uses MOSTEK's Scaled Poly 5™ process
and advanced circuit design techniques to package
4096 words by 1-bit of static RAM on a single chip
requiring a single +5 volt supply. The MK2147 is
functionally equivalent and pin compatible with the
established industry standard 18-pin high performance
4K x 1 static RAM.

MOSTEK’s Address Activated™ circuit design
technique is utilized to achieve high performance, low

O Address Activated™ static memory—no clock or
timing strobe required

O Access time equal cycle time

O Chip select power down feature

0O Single +5V (+:10%) power supply

O On-chip substrate bias generator

O Ali inputs are low capacitance and TTL compatible

O Three-state TTL compatible output

power, and easy user implementation. The device has a
VIH = 2.0V, VIL = 0.8V, VOH = 2.4V, and VOL = 0.4V
making it totally compatible with all TTL family devices.
The MK2147 has a chip select power down feature
which automatically reduces the power dissipation
when the chip seiect, CS, is brought inactive (high).

The MK2147 is designed for memory applications that
require high bit densities, fast access, and short cycle
times. The MK2147 offers the user a high density cost
effective alternative to bipolar and previous generation
N-MOS fast memory.

PIN CONNECTION

a0 1] e 18 vee
a2 ] [ 17 4e
a2 3[} :)‘6 A7
A3 4[: 15 as
s s marazarm [0 40
as e[ | [ 13 A0
DOU‘ 7E 312 At
we s[ | 1 o
Vss 9[: :]10 Ts

PIN NAMES

A0 - A11 ADDRESS INPUTS

CS CHIP SELECT

DIN DATA INPUT

DOUT DATA OUTPUT

VSS GROUND

vee POWER (+5V)

WE WRITE ENABLE

TRUTH TABLE

CS WE | MODE OUTPUT POWER
H X Not Selected High Z Standby
L L Write High Z Active
L H Read DouTt Active
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ABSOLUTE MAXIMUM RATINGS*

Voltage on any pin relative to VSS' ............. ettt ettt et e e -1.56V to +7.0V
Temperature Under Bias .. ... c.eiuuiine it eineii i i eiteateitennanneseeenonssiosnsanens -10°C to +85°C
Storage temperature (Ambient) (Ceram:c) ..................................................... -65°C to +150°C
D.C.OUtPUL CUFFENT . .ottt vi e iiinenenannnns e e e s 20mA
POWET diSSIPALION « o\ vttt sttt ittt it eataetineeaaeeaeeaateesaneaoneessasesnuesonesiasesnanenns 1 Watt
*Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and functional operation of

the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. Exp e to absolute maximum rating
conditions for extended periods may affect reliability.

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

SYMBOL PARAMETER MIN TYP MAX UNITS NOTES
VCC Supply Volitage 45. 5.0 5.5 Volts 1
VSS Supply Voltage 0 0 0 Volts 1
VIH Logic 1" Voltage ‘AII Inputs 2.0 VCC + 1 Volts 1
VIL Logic “0"" Voltage All Inputs -1.0 0.8 Volts 1

DC ELECTRICAL CHARACTERISTICS'
(0°C < TA < +70°C) ** (VCC = 5.0 volts =10%)

MK2147-55 | MK2147-70 | MK2147-90
PARAMETER = v MIN | MAX | MIN | MAX | MIN | MAX|UNITS|NOTES
icc Operating Current ) 130 160 160 mA Out-
put

Open
lsg | Standby Current ’ ‘ 30 20 20| mA
Ipo Peak Power-on Current ' 70 50 30| mA | 14
I Input Leakage Current (Any Input) 10 10 10| wa| 2
'OL Output Leakage Current ' 50 50 50 KA 2
VoH Output Logic “1” Voltage IOUT = -4mA ; 24 24 24 | \
VoL Output Logic “0” Voltage IOUT = 8mA 04 04 04 \Y

"AC ELECTRICAL CHARACTERISTICS?
(0°C =TA <+ 70° C)** (VCC = +5.0 volts =10%)

PARAMETER . TYP MAX NOTES
CIN Input Capacitance B ) : 5Pf 12
COUT Output Capacitance i 7pPf 12,13

**The operating ambient temp. range is guaranteed with transverse air flow exceeding 400 Linear feet per minute.
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 34
(0°C < TA = 70°C)** (VCC = 5.0 volts = 10%)

SYMBOL PARAMETER MK2147-55 | MK2147-70 | MK2147-90 |UNIT NOTE
MIN | MAX | MIN| MAX | MIN | MAX

tRC Read Cycle Time 55 70 90 ns

tAA Address Access Time | 55 70 90 ns 5
tCSA1 |Chip Select Access Time 55 70 90 ns 5,7
tCSA2 |Chip Select Access Time 65 80 100 ns 5,8
tOH Output Hold From Address Change 5 5 5 ns

tz Chip Selection to Output Low Z 10 10 10 ns

tHZ Chip Deselection to Output High Z 0 40 0 40 0 40 ns 6
tPU Chip Selection to Power Up Time 0 0 0 ns

tPD Chip Deselection to Power Down 30 30 30 ns

tWC Write Cycle Time 55 70 90 ns

tCW Chip Select to End of Write 45 55 70 ns

tAW Address Valid to End of Write 45 55 70 ns

tAS Address Setup Time 0 0 0 ns

twP Write Pulse Width 35 40 50 ns

tWR Write Recovery Time 10 15 20 ns

tDW Data Valid to End of Write 25 30 40 ns

tDH Data Hold Time 10 10 10 ns

tWz Write Enable to Output in High Z 0 30 0 35 0 45 ns 6
tow Output Active From End of Write 0 0 0 ns

NOTES:

8. Chipdeselected for a finite time that is less than 55ns prior to selection. (!f
the deselect time is Ons, the chip is by definition selected and access
occurs according to Read Cycle No. 1).

9. WE is high for Read Cycles. —

10. Device is continuously selected CS < VIL

11. Addresses valid prior to or coincident with TS transistion low.

12. Effective capacitance calculated from the equation C = |At with
AV = 3 volts and power supplies at nominal levels. AV

13. Output buffer is deselected.

14. VCC = VSS to VCC min.

All voltages referenced to VSS.

Measured with 0 < VI < 5V and output deselected.

AC measurements assume tT = 10ns, levels VSS to 3.5V

Input and output timing reference levels are at 1.5V.

Measured with a load as shown in Figure 1.

tHZ and tWZ defines the time at which the output achieves the open circuit
condition and is not referenced to output voltage levels.

7. Chip deselected for greater than 55ns prior to selection.

oMPWN =
RAMs

1)
-
g
[
(7)]
X
<

OUTPUT LOAD Vee CS = lower of VCC or VIH min.

Figure 1

5101
Dout

30pF
(Including scope and jig}
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READ CYCLE NO. 1 (9, 10)

e |
ADDRESSES >{ %

‘AR

P
[ 1o —————— P
DATA OUT PREVIOUS DATA VALID ;{ x X DATA VALID

READ CYCLE NO. 2 (9.11)

< 'Re
D — ‘csa .
l—'HZ
————— 7 ————————
HIGH IMPEDANCE
DATA OUT VALID HIGH
DATA IMPEDANCE
r——'PD
Vee
SUPPLY
CURRENT )
sB

WRITE CYCLE

twe

— X
s N1

Y

VS VINSa

1
N

tAw > ¢
lt——WR —3]
tas e tWp—————————
. VRN /
N \ K 7
& 'DH
tpy————————»
DATA IN DATA IN VALID
——tz—> -r——‘ow—,-
HIGH IMPEDANCE
DATA OUT DATA UNDEFINED
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PRODUCT BRIEF

MOSTEK.

1K x 4-BIT STATIC RAM

MK2148(J)

FEATURES
O Scaled Poly 5™ technology

O High performance

Power Supply Current
Part Access| Cycle| Max. Max.
Number | Time | Time | Active| Standby
MK2148-55| 55ns 55ns 125mA 30mA
MK2148-70| 70ns 70ns 125mA 30mA
MK2148-85| 85ns 85ns 125mA 30mA

DESCRIPTION

The MK2148 uses Mostek’'s Scaled Poly 5™ process
and advanced circuit design techniques to package
1024 words by 4-bit of static RAM on a single chip
requiring a single +5 volt supply. The MK2148 is
functionally equivalent and pin compatible with the
established industry standard 18-pin 1K x 4 static RAM.

Mostek’'s Address Activated™ circuit design technique
is utilized to achieve high performance, low power, and
easy user implementation. The device has aVIH =2.0V,

O Industry standard 18-pin dip configuration

O Address Activated™ static memory—no clock or
timing strobe required

O Access time equal cycle time

O Chip select power down feature

O Single +5V (£ 10%) power supply

O On-chip substrate bias generator

O All inputs are low capacitance and TTL compatible
O Three-state TTL compatible output

O Pin-out compatible with bipolar PROMs

VIL = 0.8V, VOH = 2.4V, and VOL = 0.4V making it
totally compatible with all TTL family devices. The
MK2148 has a chip select power down feature which
automatically reduces the power dissipation when the
chip select, CS, is brought inactive (high).

The MK2148 is designed for memory applications that
require high bit densities, fast access, and short cycle
times. The MK2148 offers the user a high density cost
effective alternative to bipolar and previous generation
N-MOS fast memory.

PIN CONNECTION

N
A6 1[]e 118 Voo
A5 2(] 117 A7
A4 3(] 116 A8
A3 4[] 115 A9
A0 5[] (114 DQO
A16(] 113 DQ1
A27(] 112 DQ2
cs 8(] 11 DQ3
Vss9(] 110 WE

PIN NAMES

AO - A9 ADDRESS INPUTS

CS CHIP SELECT

DQO-DQ3 | DATA INPUT/DATA OUTPUT
VSS GROUND

vce POWER (+5)

'WE WRITE ENABLE
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MOSTEK

4096 x1-BIT STATIC RAM

MK4104(J/N) 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
MK4104-56/-35 300ns 460ns
MK4104-6 350ns 535ns

O Low Active Power Dissipation: 150mW (Max)

0 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

O Standby Power Dissipation less than 28 mW
(at Vgg = 5.5V)

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

m

1 Fully TTL Compatible
2 — Standard TTL
2 — Schottky TTL
12 — Low Power Schottky TTL

Standard 18-pin DIP

Fanout:

O

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
:)f 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

cLock
GEN

.
e :
[pane - ol Fha [ o
64164
i
c "
] o ot b pouT
N BUFFER

| 1T

coLumm
DECODE

cou
| ADORESS
. BUFFERS —/

PIN CONNECTIONS

a0 1 e (] vee
Al 2 [ [J 17 as
a2 3 [ 16 a7
A3 4 [ 15 a8
A4 5[] MK 4104P|[] 14 A9
as s [ )13 A0
Dot 7 [ 2 an
WE 8 D 1 Dy
Vgs 9 E 1o CE
PIN NAMES
Ag-A11 ADDRESS INPUTS Vgg GROUND
CE CHIP ENABLE Vee POWER (+5V)
DN DATA INPUT WE WRITE ENABLE
DouT DATA OUTPUT
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ABSOLUTE MAXIMUM RATINGS*

Storage Temperature (Ambient) (Plastic)

Power Dissipation
Short Circuit Output Current
RECOMMENDED DC OPERATING CONDITIONSS®

(0°C<TA< +70°C)

...................................... 1 Watt

*Stresses greater than those listed under

—1.0V to +7.0V “Absolute Maximum Ratings” may cause
o o permanent damage to the device. This is a
0Cto+70 C stress rating only and functional operation
° o of the device at these or any other condi-
—65 Cto+150 C tions above those indicated in the opera-
tional sections of this specification is not
—55°C to +125°C implied. Exposure to absolute maximum
rating conditions for extended periods may

affect reliability.

- MK4104 Series

PARAMETER TN TP [max ] UNITS [NOTES
Vce Supply Voltage 45 | 5.0 5.5 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) (Vcc = 5.0 volts = 10%)

PARAMETER MIN MAX UNITS NOTES
Icc Average VcC Power Supply Current 27 mA 2
lcc2 Standby V¢ Power Supply Current 5 mA 3
L Input Leakage Current (Any Input) -10 10 MA 4
loL Output Leakage Current -10 10 MA 3,5
VOH Output Logib 1" Voltage |oyT=—5001A 24 Volts
VoL Output Logic 0" Voltage loyT= 5mA 04 Volts
AC ELECTRICAL CHARACTERISTICS!
(°C<TA<+70°C) (Vcc =+ 5.0 volts = 10%)

PARAMETER TYP MAX NOTES
Cj Input Capacitance 4pF 6pF 14
Co Output Capacitance 6pF 7pF 14
NOTES:

1.

2.

150

All voltages referenced to Vgs.

Icc1 is related to precharge and cycle times. Guaranteed maxi-
mum values for Icc1 may be calculated by:

Icc [mal = (5tp + 15(tc — tp) +4720) +t¢
where tp and tc are expressed in nanoseconds. Equation is re-
ferenced to the -3 device, other devices derate to the same curve.

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

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

OVSVQouT S+5.5V. (Ve = 5V)
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.

. Measured with load circuit equivalent to 2 TTL loads and

CL =100 pF.

14.

15.

If WE follows CE by more than tyg then data out may not remain
open circuited.

Determined by user. Total cycle time cannot exceed tcp 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=top 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 tOFE-

At
Effective capacitance calculated from the equation C = I=— with
V equal to 3V and Vg nominal. Av

tRMW = tAC * twPL + tp + 3tT + tmMoD



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

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

SYMBOL|PARAMETER MIN|MAX | MIN]JMAX |MINIMAX |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
tws 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 70 920 105 125
tWWw Write Enabled Pulse Width 60 75 90 105
tMOD |[Modify Time 0 |10,000{ 0 [10,000i0 (10,0000 ({10,000 9
tWPL  |WE to CE Precharge Lead Time|70 85 105 120 10
tDS Data Input Set-Up Time 0 0 0 0
twH Write Enable Hold Time 150 185 225 260
tT 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 |[MINJMAX |UNITS
VPD Vcce 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 Msec

1)
POWER DOWN WAVEFORM E é’
»
Vecmm -t le- STANDBY MODE — R e 5 T

Vpp —

._mc_.l
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DESCRIPTION (Cont'd)

to CMOS. The static cell eliminates the need for
refresh cycles and associated hardware thus allowing
easy system implementation.

Power supply requirements of +5V + 10% tolerance
combined with TTL compatability on all 1/0 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
dlssmatlon 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.

- k = (O —
SOSN S/ am
o
/1
[ —
e @x =
) T T
o Uk __ VI
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READ-MODIFY-WRITE CYCLE

| <

ViK TRMW >
3 ViL j
‘CEe >l P >
vy A t—
SN/ w1 A
tAH
ViH -—>! RS 5-_ o e———twpL >
— /) A
e Vi M \___1
< WW
s 4:—_IDHW_»
ViH
I
«——— t1AC — ol MOD —» > € toFF
Dout :OH OPEN 1{\ VALID #OPEN —
oL
OPERATION
READ CYCLE

The circuit offers one bit of the possible 4096 by
decoding the 12 address bits presented at the inputs.
The address bits are strobed into the 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 (tac) 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. IfE 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 tpHC 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 tpHw 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 (typr). Data out will remain valid until the
rising edge (In_f CE. A minimum RMW cycle time can
be approximated by the following equation (tgm

= RMW cycle time and tp = CE precharge time).
tRMW = tAC ¥ tMOD * twpL * tp 31T
POWER DOWN MODE

In power down data may be retained indefinitely by
maintaining Vcc at +3V. However, prior to VcC
going below Vgc minimum (<4.5V) CE must be
taken high (ViH = 2.2V) and held for a minimum
time period tppp and maintained at V|H for the
entire standby period. After power is returned to
Vcc min or above, CE must be held high for a
minimum of tRC in order that the device may
operate properly. See power down waveforms herein.
Any active cycle in progress prior to power down
must be completed so that tgE min is not violated.
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OPERATING POWER VS CYCLE TIME

24 120
22 110
20 /A/ 100
18 3 90
Curve 1
16 \ / // 80
o A »
\ /
~ 1 60 =
< / / Curve 2 E
£ 0] e 50 B
Q / Q
o 3 40 &
ta=25C
4 A 2
/ VDD = 5.0V
4 20
2 10
0 + 0
1.0 2.0 3.0 3.22 40

Cycle Rate (MHz2)

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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PRELIMINARY

1K x 8 STATIC RAM

MK4118(P/N) Series

FEATURES

O Address Activated™ Interface combines benefits of
Edge Activated™ and full static

O High performance

Part Number | Access Time Cycle Time
MK4118-1 120 nsec 120 nsec
MK4118-2 150 nsec 150 nsec
MK4118-3 200 nsec 200 nsec
MK4118-4 250 nsec 250 nsec

0O Single +5 volt power supply

DESCRIPTION

The MK4118 uses Mostek’s Poly R N-Channel Silicon
Gate process and advanced circuit design techniques to
package 8192 bits of static RAM on a single chip.
Mostek’s Address Activated™ circuit design technique
is utilized to achieve high performance, low power, and
easy user implementation. The device has a Viu = 2.2,
Vi = 0.8V, Vou = 2.4, Vo = 0.4V making it totally
compatible with all TTL family devices.

The MK4118 is designed for all wide word memory
applications. The MK4118 provides the user with a

O TTL compatible 1/0
Fanout: 2 - Standard TTL
2 - Schottky TTL

12 - Low power Schottky TTL
O Low Power - 400mw Active

O CS, OE, and LATCH functions for flexible system
operation

0O Pin compatible with Mostek’'s wide word memory
family

high-density, cost-effective 1K x 8-bit Random Access
Memory. Fast Output Enable (OE) and Chip Select (CS)
controls are provided for easy interface in
microprocessor or other bus-oriented systems. The
MK4118 features a flexible Latch (C) function to permit
latching of the address and CS status at the user’s
option. Common data and address bus operation may be
performed at the system level by utilizing the T and OE
functions for the MK4118. The latch function may be
bypassed by merely tying the latch pin to Vcc, providing
fast ripple-through operation.

BLOCK DIAGRAM

Voo —
GND —=

WE Control Louic

¥ Sense Amp
&Write Driver

128x8x8
Memory Cell Matrix

8192 But Stanc RAM

P!N CONNECTIONS

A7 1 [ ] 24 Vi

A6 2 [ (1 23 A8

As 3 ) 22 A9

A4 a M 21 WE

A3 5 [ M 20 OF

A2 6 ] Mol

a1 7| 418 7 18 CS

A0 8 [ [ 17 108

101 9 [] M 16 1/07

1102 10 ] 7 15 1°06

103 11 [1 14 1/05

vss 12 [ ;:I 13 1104
PIN NAMES
AO - A9  Address Inputs | WE Write Enable
CS Chip Select OE Output Enable
Vss Ground T Latch
Vce Power (+5V) 1701 I/0g Data In/

Data Out
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ABSOLUTE MAXIMUM RATINGS*

Voltage on any pin relative 10 Vs «uu. vttt ittt iiiiiniestnineeenneeenneneennnnns -0.5V to +7.0V
Operating Temperature Ta (AMDIENt) . ..ottt ettt it iiiiieeeernsnneenns 0°C to +70°C
Storage Temperature (Ambient) (CeramicC) .....c.uuuiiriiiiinriniiinieeeennoennnneaanneanns -65°C to +150°C
Storage Temperature (Ambient) (Plastic) . .......c.uuun i eiiiienenn -565°C to +125°C
POWET DiSSIPAtION .\ttt ettt ettt iet et iteeeeneaeonoannnesesnonoeoaeeseaansnsssneansnsannnnns 1 Watt
Short Circuit QULPUL CUITENT ... .ttt ittt teneneennneaeseeeeesesesaeaaannanns 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 < Ta < +70°C)

SYM PARAMETER MIN TYP MAX UNITS NOTES
Vee Supply Voltage 4.75 5.0 5.25 Volts 1
Vss Supply Voltage 0] 0] 0 Volts 1
Viu Logic ‘1" Voltage All Inputs 2.2 7.0 Volts 1
ViL Logic “0" Voltage All Inputs -0.3 0.8 Volts 1

DC ELECTRICAL CHARACTERISTICS""?
(0°C < Ta < +70°C) (Vce = 5.0 volts = 5%)

SYM PARAMETER MIN MAX UNITS NOTES
lect Average Vcc Power Supply Current (Active) 80 mA

leca Average Vc¢c Power