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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 |4_1% P -3
L 1. Dash Number

. Package

=
o
£9
“z

ot
w
@]
e o
o

2
3. Device Number
4. Mostek Prefix

1. Dash Number

One or two numerical characters defining specific device performance characteristic.
2. Package

- Gold side-brazed ceramic DIP

- CER-DIP

- Epoxy DIP {Plastic)

Tin side-brazed ceramic DIP

- Ceramic DIP with transparent lid
- Ceramic leadless chip carrier

mMAXZ2CT

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 BXXXX - 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.

n-—1
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MEMORY PRODUCTS

Package Descriptions

Dual-In-Line Double Density Ceramic Package (D)
18 Pin
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Ceramic Flat Package (F)
16 Pin

EPROM Hermetic Package (T)
24 Pin




Plastic Dual-In-Line Package (N)

16 Pin

Plastic Dual-In-Line Package (N)

18 Pin

l R/
geom || |
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Tl :‘j:;{ : |
Plastic Dual-In-Line Package (N)
24 Pin e
el
= T AP
Plastic Dual-In-Line Package (N) R T
28 Pin
kAR o H,{: ==
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Ceramic Dual-In-Line Package (P)

16 Pin uﬁié’¥
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Ceramic Dual-In-Line Package (P)

18 Pin T
mcn | | / 3;
[plp) =; P
%= \ iply® (—hf;jﬂjf:m H
EER Il 1 { ,.:.;.. T
: .. ‘7-“’““7:ﬁ F 2 qg_.

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

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




Cerdip Hermetic Packaging (J)
16 Pin

)
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Cerdip Hermetic Packaging (J)
18 Pin

T
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Cerdip Hermetic Packaging (J)
24 Pin
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Cerdip Hermetic Packaging (J)
28 Pin




Leadless Hermetic Chip Carrier (E)
18 Pin [ ey

INFORM

29
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Figure A
Leadless Hermetic Chip Carrier (E)
18 Pin
L] L) IL C EREEE 1
| — -
N — ——
Rl e
U
Figure B
E-PACK CARRIER PINOUT
L] %
Pin # |MK4104(MK4116|MK4516|MK4164
17 18 1 2
1 Ag Vgg | RFSH | RFSH
2 Aq ElN Dml DiN
3 Ay WE | WRITE | WRITE
4 Ag RAS RAS RAS
5 A4 N/C N/C N/C e
6 A5 Ao AO Ao Carrier)
7 D_Q_uT Ay Ao Ay
8 WE Aq A4 Aq
9 Vis Vpp VCC Vee
10 CE Vee N/C Ag "0 o e
11 DN Ag Ag Ag
BOTTOM
12 A11 A4 Ag A4 VIEW
13 A1o Aj Aj A3
14 Ag N/C N/C N/C
15 Ag Ag Ag Ag * The chip carrier for MK4116 and MK4516 will
16 A7 Dour Doyr Dour be per Figure A.
17 Ag CAS CAS CAS
18 Vee Vss Vss Vss ** The chip carrier for MK4164 will be per Figure B.

(E-PACKS for MK4516 and MK4 164 will be offered
at a later date)

n-z
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Mostek - Technology For Today And Tomorrow

/

TECHNOLOGY

From the beginning, Mostek has been
recognized as an innovator. In 1970, Mostek
developed the MK4006 1K dynamic RAM
and the world's first single-chip calculator
circuit, the MK6010. These technical
breakthroughs proved the benefits of ion-
implantation and cost-effectiveness of
MOS. Now, Mostek represents one of the
industry’s most productive bases of
MOS/LSI technology. Each innovation -
in memories, microcomputers and
telecommunications - adds to that
technological capability.

QUALITY

The worth of a Mostek product is
measured by its quality. How well it's
designed, manufactured and tested. How
well it works in your system.

In design, production and testing, our
goal is meeting the spec every time. This
goal requires a strict discipline, both from
the company and from the individual. This
discipline, coupled with a very personal
pride, has driven Mostek to build in quality
at every level, until every product we take to
the market is as well-engineered as can be
found in the industry.

PRODUCTION CAPABILITY

Mostek’'s commitment to increasing

-1

production capability has made us the
world's largest manufacturer of dynamic
RAMs. In 1979 we shipped 25 million 4K
and 16K dynamic RAMs. We built our first
telecommunication tone dialer in 1974;
since then, we've shipped over 5 million
telecom circuits. The MK3870 single-chip
microprocessor is also a large volume
product with over two million in application
around the world. To meet the demand for
our products, production capability must be
constantly increased. To accomplish this,
Mostek has been in a constant process of
expanding and refining our production
capabilities.

THE PRODUCTS

Telecommunications and Industrial
Products

Mostek has made a solid commitment to
telecommunications with a new generation
of products, such as Integrated Puise
Dialers, Tone Dialers, CODECs, monolithic
filters, tone receivers, A/D converters and
counter time-base circuits.

Since 1974 over five million telecom
circuits have been shipped, making Mostek
the leading supplier of tone/pulse dialers
and CODECs.

Memory Products

Through innovations in both circuit

w
w
o
e
w
o




design, wafer processing and production,
Mostek has become the industry’s leading
supplier of memory products.

An example of Mostek leadership is our
new BYTEWYDE™ family of static RAMSs,
ROMs, and EPROMs. All provide high
performance, N words x 8-bit organization
and common pin configurations to allow
easy system upgrades in density and
performance. Another important product
area is fast static RAMs. With major
advances in technology, Mostek static
RAMs now feature access times as low as
55 nanoseconds. With high density ROMs
and PROMs, static RAMs, dynamic RAMs
and pseudostatic RAMs, Mostek now offers
one of industry’s broadest and most
versatile memory families.

Microcomputer Components

Mostek’s microcomputer components are
designed for a wide range of applications.

Our Z80 family is the highest perfor-
mance 8-bit microcomputer available today.
The MK3870 family is one of the industry's
most popular 8-bit single-chip
microcomputers, offering upgrade options
in ROM, RAM, and I/0, all in the same
socket. The MK3874 EPROM version
supports and prototypes the entire family.

Microcomputer Systems

Supporting the entire component product

-2

line is the powerful MATRIX™ micro-
computer development system, a Z80-
based, dual floppy-disk system that is used
to develop and debug software and
hardware for all Mostek microcomputers.

A software operating system, FLP-80DOS,
speeds and eases the design cycle with
powerful commands. BASIC, FORTRAN,
and PASCAL are also available for use on
the MATRIX.

Mostek’s MD Series™ features both stand-
alone microcomputer boards and
expandable microcomputer boards. The
expandable boards are modularized by
function, reducing system cost because the
designer buys only the specific functional
modules his system requires. All MDX
boards are STD-Z80 BUS compatible.

The STD-Z80 BUS is a multi-sourced
motherboard interconnect system designed
to handle any MDX card in any card slot.

Memory Systems

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

Mostek also offers special purpose and
custom memory boards for special
applications.
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U.S. AND CANADIAN SALES OFFICES

CORPORATE HEADQUARTERS

Mostek Corporation
1215 W. Crosby Rd.

P. 0. Box 169
Carroliton, Texas 75006

REGIONAL OFFICES

Eastern U.S./Canada
Mostek

34 W. Putnam, 2nd Floor
Greenwich, Conn. 06830
203/622-0955

TWX 710-579-2928

29 Cummings Park, Suite #426
Woburn, Mass. 01801
617/935-0635

TWX 710-348-0459

Mid-Atlantic U.S.

Mostek

East Gate Business Center
125 Gaither Drive, Suite D

TWX 710-897-0723

Southeast U.S.

Mostek

Exchange Bank Bidg.
1111 N. Westshore Bivd.
Suite 414

Tampa, Florida 33607
813/876-1304

TWX 810-876-4611

Central U.S.

Mostek

701 E. Irving Park Road
Suite 2

Roselle, Ill. 60172
312/629-3993

TWX 910-291-1207

North Central U.S.

Mosts

6125 Blue Circle Drive, Suite A
Minnetonka, Mn. 56343
612/935-4020

TWX 910-576-2802

South Central U.S.
Mostek

3400 S. Dixie Ave.
Suite 101

Kettering, Ohio 45342
513/299-3405

TWX 810-473-2976
Michigan

Mostek

Livonia Pavillion East
29200 Vassar, Suite 520
Livonia, Mich. 481562
313/478-1470

TWX 810-242-2978
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4100 McEwen Road
Suite 237

Dallas, Texas 75234
214/386-9141
TWX 910-860-5437

Northern California

lostek
1762 Technology Drive
Suite 126
San Jose, Calif. 95011
408/287-5081
TWX 910-338-7338

Southern California
Mostek

18004 Skypark Circle
Suite 140

Irvine, Calif. 92714
714/549-0397

TWX 910-595-2613

Rocky Mountains
Mostek

8686 N. Central Ave.
Suite 126

Phoenix, Ariz. 86020
602/997-7573
TWX 910-957-4581

Northwest

lostek
1107 North East 45th Street
Suite 411
Seattle, Wa. 98105
206/632-0245
TWX 910-444-4030

SALES
OFFICES
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U.S. AND CANADIAN REPRESENTATIVES

ALABAMA

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

Huntsville, AL 35803
205/881-5031

TWX 810-726-2136

ARIZONA

Summit Sales

7336 E. Shoeman Lane
Suite 116E

Scottsdale, AZ 85251
602/994-4587

TWX 910-950-1283

ARKANSAS

Beacon Elect. Assoc., Inc.
P.O. Box 56382, Brady Station
Little Rock, AK 72215
501/224-5449

TWX 910-722-7310

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

TWX 910-335-1231

COLORADO
Waugaman Associates
4800 Van Gordon
Wheat Ridge, CO B0O033
303/423-1020

TWX 910-938-0750

CONNECTICUT

New England Technical Sales
240 Pomeroy Ave.

Meriden, CT 06450
203/237-8827

FLORIDA

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

Ft. Lauderdale, FL 33309
306/971-7320

TWX 510-955-8834

Beacon Elect. Assoc., Inc.
235 Maitland Ave

P. 0. Box 1278

Maitland, FL 32751
305/647-3498

TWX 810-853-5038

Beacon Elect. Assoc., Inc.
316 Laurie

Melbourne, FL 32935
305/259-0648

TWX 510-950-7251

Beacon Elect. Assoc., Inc
2280 U.S. Hwy 19 North
Suite 163

Clearwater, FL 33515
813/726-4714

TWX 810-866-9738

*Home Office

GEORGIA

Beacon Elect. Assoc., Inc.”
6135 Barfield Rd.

Suite 112

Atlanta, GA 30328
404/256-9640

TWX 810-761-3165

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.

Fort Wayne, IN 46804
219/432-5553

TWX 810-332-1404

10WA

Cahill, Schmitz & Cahill, inc.

208 Collins Rd. N.E. Suite K
Cedar Rapids, |A 52402
319/377-8219

TWX 910-525-1363

Carlson Electronic Sales
204 Collins Rd. N.E.
Cedar Rapids, 1A 52402
319/377-6341

KANSAS

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

TWX 810-749-6404

KENTUCKY

Rich Electronic Marketing
6910 Bardstown Road
P.O.Box 91147
Louisville, KY 40291
502/239-2747

TWX 810-535-3757

MARYLAND

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

TWX 710-862-1874

MASSACHUSETTS

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

TWX 710-332-0435

MICHIGAN

APJ Assaciates, Inc.
9880 E. Grand River Ave.
Brighton, Mi 48116
313/229-6550

TWX 810-242-1510

MINNESOTA

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

St. Paul, MN 55104
612/646-7217

TWX 810-563-3737

MISSOURI

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

NEW JERSEY

Tritek Sales, Inc.

21E Euclid Ave.

Haddonfield, NJ 08033
609/429-1551

215/627-0149 (Philadelphia Line)
TWX 710-896-0881

NEW MEXICO
Waugaman Associates
9004 Menaul N.E.

Suite 7

P. 0. Box 14894
Albuquerque, NM 87112
505/294-1437

NORTH CAROLINA
Beacon Elect. Assoc,, Inc.
1207 West Bessemer Ave.
Suite 112

Greensboro, NC 27408
919/275-9997

TWX 510-925-1119

Beacon Elect. Assoc., Inc.
3901 Barrett Dr. 3rd Floor
Raleigh, NC 27611
919/787-0330

NEW YORK

ERA (Engrg. Rep. Assoc.)
One DufPont Street
Plainview, NY 11803
516/349-1190

TWX 510-221-1849
Precision Sales Corp.

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

Precision Sales Corp.*
1 Commerce Bivd
Liverpool, NY 13088
316/451-3480

TWX 710-545-0250

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

OHIO

Rich Electronic Marketing
7221 Taylorsville Road
Dayton, Ohio 45424
§13/237-9422

TWX 810-459-1767

Rich Electronic Marketing
141 E. Aurora Road
Northfield, Ohio 44067
216/468-0583

TWX 810-427-9210
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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

Oreland, PA 19075
215/885-5106

TWX 510-665-0161

TENNESSEE

Beacon Elect. Assou:,, Inc.
103 Sequoyan Dr.

Suite #2

Johnson City, TN 37681
615/282-2421

TWX 810-575-8555

Rich Electronic Marketing
1128 Tusculum Bivd.
Suite D

Greenville, TN 37743
615/639-3139

TWX 810-576-4597

TEXAS

Southern States Marketing, Inc.
14330 Midway Road, Suite 226
Dallas, Texas 75234
214/387-2489

TWX 910-860-5732

Southern States Marketing, Inc.

9730 Town Park Drive, Suite 104

Houston, Texas 77036
713/988-0991
TWX 910-881-1630

UTAH

Waugaman Associates
26520 S. State Street
#224

Salt Lake City, UT 84115
801/467-4263

TWX 910-925-4026

WASHINGTON

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

Bellevue, WA 98005
206/455-5846

TWX 910-443-2445

WISCONSIN

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

Milwaukee, Wi 53226
414/476-2790

TWX 910-222-1819

CANADA

Cantec Representatives Inc.*
1673 Laperriere Ave.
Ottawa, Ontario

Canada K1Z 773
613/7256-3704

TWX 610-562-8967

Cantec Representatives Inc.
83 Galaxy Blvd., Unit 1A
(Rexdale)

Toronto, Canada MSW 5X6
416/675-2460

TWX 610-492-2655



MOSTEK

U.S. AND CANADIAN DISTRIBUTORS

ARIZONA

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

TWX 910/951-1550
Wyile Distribution Group
8155 North 24th Avenue
Phoenix, Arizona 85021
602/249-2232

TWX 910/951-4282

CALIFORNIA

Bell Industries

1161 N. Fair Oaks Avenue

Sunnyvale, CA 94086

408/734-8570

TWX 910/339-9378

Arrow Electronics

720 Palomar Avenue

Sunnyvale, CA 94086

408/739-301

TWX 910/339 9371

Kierulff Electronics

2585 Commerce Way

Los Angeies, CA 90040

213/725-0325

TWX 910/580-3106

Kierulff Electronics

8797 Balboa Avenue

San Diego, CA 92123

714/278-2112

TWX 910/335-1182

Kierulff Electronics

14101 Franklin Avenue

Orange County, CA 92680

714/731-5711

TWX 910/595-2599

Schweber Electronics

17811 Gillette Avenue

Irvine, CA 92714

714/556-3880

TWX 910/595-1720

Wyle Distribution Group

124 Maryland Street

El Segundo, CA 90245

213/322-8100

TWX 910/348-7111

Wyle Distribution Group

9525 Chesapeake Drive

San Diego, CA 82123

714/565-9171

TWX 910/335-1590

Wyle Distribution Group

17981 Skypark Circle

Suite M

Irvine, CA 92713

714/641-1600

TWX 910/348-7111

Wyle Distribution Group
000 Bowers Ave.

Santa Clara, CA 95051

408/727-2500

TWX 910/338-0296

COLORADO

Kierulff Electronics

10890 E. 47th Avenue
Denver, CO 80239
303/371-6500

TWX 910/932-0169

Wyle Distribution Group
6777 East 50th Ave.
Commerce City, CO 80022
303/287-9611

CONNECTICUT
Arrow Electronics

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

TWX 710/465-0780
Schweber Electronics
Finance Drive
Commerce Industrial Park
Danbury, CT 06310
203/792-

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.
200

Suite 10 Bldg.

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

2978 Pacific Ave.
Norcross, GA 30071
404/449-8252

TWX 810/766-0439
Schweber Eiectronics
4126 Pleasantdale Road
Atlanta, GA 30340
404/449-9170

ILLINOIS

Arrow Electronics

492 Lunt Avenue

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

TWX 910/291-3544
Bell Industries

3422 W. Touhy Avenue
Chicago, IL 60645
312/982-9.

TWX 910/223/45‘ 9
Kierulff Electronics
1536 Lanmeier

Elk Grove Village, IL 60007

312/640-0200
TWX 910/222-0351

INDIANA

Advent Electronics
8446 Moller
Indianapolis, IN 46268
317/2987-4910

TWX 810/341-3228
Ft. Wayne Electronics
3606 E. Maumee

Ft. Wayne, IN 46803
219/423-3422

TWX 810/332-1562
Pioneer/Indiana

6408 Castle Place Drive
Indianapolis, IN 46250
317/849-7300

IOWA

Advent Electronics

682 58th Avenue

Court South West
Cedar Rapids, 1A 562404
319/363-0221

MASSACHUSETTES
Kierulff Electronics

13 Fortune Drive
Billerica, MA 01821
617/935-5134

TWX 710/380-1449
Lionex Corporation

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

TWX 710/332-1387
Schweber Electronics
25 Wiggins Avenue
Bedford, MA 01730
617/275-5

TWX 710/326 0268
Arrow Electronics
960 Commerce :(/)ay

TWX 710/393 6770

n-s

MARYLAND

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

TWX 710/236-9005
Schweber Electronics
9218 Gaither Rd.
Gaithersburg, MD 20760
301/840-5900

TWX 710/828-9749

MICHIGAN

Arrow Electronics
3810 Varsity Drive
Ann Arbor, Ml 48104
313/971-8220

TWX 810/223-6020
Schweber Etectronics
33540 Schoolcraft Road
Livonia, M1 48150
313/525-8100

TWX 810/242-2983

MINNESOTA
Arrow Electronics
5251 W. 73rd Street

TWX 910/576 3125
Industrial Components

5229 Edina Industrial Bivd.

Minneapolis, MN 55435
612/831-2666
TWX 910/576-3153

MISSOURI

Olive Electronics

9910 Page Blvd.

St. Louis, MO 63132
314/426-4500

TWX 910/763 0720
Semiconductor Spec
3805 N. Oak Trafficway
Kansas City, MO 64116
816/452-3900
TWX910/771-2114

NEW HAMPSHIRE
Arrow Electronics

1 Perimeter Rd.
Manchester NH 03103
603/668-6968

TWX 710/220-1684

NEW JERSEY

Arrow Electronics
Pleasant Valley Avenue
Morrestown NJ 08057
609/235-1

TWX 710/897 0B29
Arrow Electronics

285 Midland Avenue
Saddlebrook, NJ 07662
201/797-5€00

TWX 710/988-2206
Kieruiff 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 710/734-4305

SALES
OFFICES
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U.S. AND CANADIAN DISTRIBUTORS

NEW MEXICO
Bell Industries
11728 Linn N.E.

Albuquerque, NM 87123

605/292-2700

TWX 910/989-0625
Arrow Electronics
2460 Alamo Ave. S.E.

Albuquerque, NM 87106
4566

505/243-
TWX 910/989-1679

NEW YORK
Arrow Electronics
900 Broad Hollow Rd.

Farmingdale, L.I., NY 11735

516/694-6800
TWX 510/224-6494
Arrow Electronics
7705 Maltage Drive
P. 0. Box 370
leevpool NY 13088
5/652-1000

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

TWX 510/253-4766
Arrow Electronics

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

TWX 510/227-6623
Lionex Corporation

415 Crossway Park Drive

Woodbury, NY. 11797
516/921-4414

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

Waestbury, L.I., NY 11590

616/334-7474
TWX 510/222-3660

NORTH CAROLINA
Arrow Electronics
938 Burke St.

Winston Salem, NC 27102

919/725-8711

TWX 510/931-3169
Hammond Electronics
2923 Pacific Avenue
Greensboro, NC 27406
919/275-6:

TWX 51 0/925 1094

OHIO

Arrow Electronics

3100 Plainfietd Road
4

TWX 810/459 1611
Arrow Electronics
10 Knoll Crest Drive
Reading, OH 45237
513/761-5432
TWX 810/461-2670
Arrow Electronics
6238 Cochran Road

TWX 810/427 9408
Schweber Electronics

23880 Commerce Park Road

Beachwood, OH 44122
216/464-2970
TWX 810/427-9441
Pioneer/Cleveland
4800 EAst 1315t Street
Cleveland, OH 44105
216/587-3600

Pioneer/Dayton-industrial

1900 Troy Street
Dayton, OH 45404
513/236-9800

OREGON

Kierulff Electronics
4273 NW Science Park
Portland, OR 97227
503/641-9150

TWX 910/467-8753

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

Arrow Electronics
4297 Greensburg Pike

- Suite 3114

Pittsburg, PA 15221
412/351-4000
Pioneer/Pittsburgh
560 Alpha Drive
Pmsburgh PA 15328
412/782-2300

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

TWX 810/281-2233

TEXAS

Arrow Electronics
13716 Gamma Road
P.0. Box 401068
Dallas, TX 75240
214/386-7500
910/860-5377
Quality Components
10201 McKalla
Suite D

Austin, TX 78758
§12/835-0220
TWX 910/874-1377
Quality Components
4303 Alpha Road
Dallas, TX 75240
214/387-4949
TWX 910/860-5459
Qdality Components
6126 Westline
Houston, TX 77036
713/772-7100
Schweber Electronics
7420 Harwin Drive
Houston, TX 77036
713/784-3600
TWX 910/881-1108

1n—6

UTAH

Bell industries

3639 W. 2150 South
Salt Lake City, UT 84120
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
1006 Andover Park East
Tukwila, WA 98188
206/575-4420

TWX 910/444-2034
Wyle Distribution Group

1750 132nd Avenue N.E.
Bellevue, Washington 98005

206/453-8300
TWX 910/443-2526

WISCONSIN

Arrow Electronics

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

TWX 810/262-1193
Kierulff Electronics
2212 E. Moreland Bivd.
Waukesha, WI 63186

CANADA

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

TWX 610/492-8974
Prelco Electromcs

480 Port Royal St.
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

Telex 05-34301

R.A.E. Industrial

3455 Gardner Court
Burnaby, B. C VSG 4J7
604/291-88

WX 610/929 3065
W.ES. Ltd.

1515 King Edward St.
Winnipeg, Mamloba R3H OR8
204/632-12

Telex - 07-! 57347
Zentronics

141 Catherine Street
Ottawa, Ontario

K2P 1C3
613/238-6411

Telex 05-33636
Zentronics

1355 Meyerside Drive
Mississauga, Ontario
{Toronto) LET 1C9
416/676-9000

Telex 06-983657
Zentronics

5010 Rue Pare
Montreal, Quebec
M4P 1P3
514/735-5361

Telex 05-827535
Zentronics

590 Berry Street

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

480A Dutton Drive
Waterloo, Ontario

N2L 4C6
519/884-5700
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INTERNATIONAL MARKETING OFFICES

EUROPEAN HEAD OFFICE
Mostek International

150 Chaussee de |a Hulpe
B-1170 Brussels

Belgium

(32) 2 6606924

Telex - 846 62011 MKBRU B

FRANCE

Mostek France SAR.L

30, Rue de Morvan

Silic 505

94623 Rungis Cedex

(33)1 6873414

Telex - 842 204049 MKFRANF F

GERMANY
Mostek GmbH
Talstrasse 172
7024 Filderstadt 1
(Bernhausen)
(49) 711 701045

Telex - 841 7255792 MKD

Mostek GmbH
Friedlandstrasse 1

2085 Quickborn/Hamburg
(49) 40 41062077/2078
Telex - 841 1213685 MKHA D

Mostek GmbH
Zaunkoenigstrasse 18

D-8021 Ottobrunn

49) 89 6091017-18

Telex - 841 5216516 MKMU D

TALY

Mostek ttalia S.P.A.

Via G. da Procida, 10

1-20149 Milano

(39} 2 3185337 or

3492696

Telex - 843 333601 MOSTEK |

JAPAN

Sanyo Bldg 3F

1-2-7 Kita-Aoyama

Minato-Ku, Tokyo 107

{81) 34047261

*Telex 781 23686 J23686 MOSJAOY

SWEDEN

Mostek Scandinavia AB
Magnusvagen 1

S-175 31 Jarfalla

{46) 758-343-38

Telex - 854 12997 MOSTEK S

UNITED KINGDOM

Mostek UK. Ltd.

Masons House,

1-3 Valley Drive,

Kingsbury Road,

London, NW9

(44) 1 2049322

Telex - 851 25940 MOSTEK G

SALES
OFFICES

INTERNATIONAL SALES REPRESENTATIVES/DISTRIBUTORS

ARGENTINA

Rayo Electronics S.R.L.
Belgrano 990, Pisos 6y2
1092 Buenos Aires
(38)-1779, 37-9476
Telex - 122153

AUSTRALA

Amtron Tyree Pty.Ltd.
176 Botany Street
Waterloo, N.SW. 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

{65) 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 Kongevej 184.5
DK-1850 Copenhagen
45)1-22.16.10

Telex - 15987

FANLAND

SW. Instruments.
Karstulantie 4 B
SF-00550 Helsinki 55
(358)-0-73.82.66
Telex - 122411

FRANCE

EP.

4, Rue Barthelemy
F-92120 Montrouge
(33)1-735.33.20
Telex - 204534

SCAB

B0, Rue d'Arcuil

SiuC 137

F-84150 Rungis Cedex
(33)1-687.23.12

Telex - 204674

GERMANY

Neue Enatechnik GmbH
Schillerstrasse 14
D-2085 Quickborn
49)4106-61.22.95
Telex - 213.580

Dr Dohrenberg
Bayreuther Strasse 3
D-1 Berlin 30

(49) 30-213.8043
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

HONG KONG

Cet Limited

1402 Tung Wah Mansion
199-203 Hennessy Road
Wanchai, Hong Kong
(6)-72.93.76

Telex - 85148

ISRAEL

Telsys, LTD.

12 Kehilat Venetsia St.
Tel Aviv

482126,7.8

ITALY

Comprel Sr.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

Teijin Advanced Products Corp.
1-1 Uchisaiwai-Cho

2-Chome Chiyoda-Ku

Tokyo, 100

(81) 3-506.46.73

Telex - 23548

KOREA

Vine Overseas Trading Corp.
Room 303-Tae Sung Bidg.
199-1 Jangsa-Dong
Jongro-Ku

Seoul

(26)-1663, 25-9875

Telex - 24154

m-7

THE NETHERLANDS
Nijkerk Elektronika BV
Drentestraat 7

1083 HK Amsterdam
(020.) 428. 933

Telex - 11625

NEW ZEALAND

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

Airport Paimerston North
{77047

Telex - 3766

NORWAY

Hefro Tekniska A/S
Postboks 6696
Rodelkka

Oslo §
(47)2-38.02.86
Telex - 16205

SINGAPORE

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

SOUTH AFRICA
Radiokom

P.0. Box 56310
Pinegowrie

2123,

Transvaal
789-1400

Telex - 8-0838 SA

SPAIN

Comelta S.A.

Cia Electronica, Tecnicas Aplicadas
Consejo de Ciento, 204

Entlo 3A.

Barcelona 11

(34) 3-254.66.07/08

Telex - 51934

SWEDEN

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

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

TAIWAN

Dynamar Taiwan Limited
P.O. Box 67-445

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

Taipei

5418251

Telex - 11064

UNITED KINGDOM
Celdis Limited

37-39 Loverock Road
Reading

Berks RG 31 ED

(44) 734.5851.71
Telex - 848370

Distronic Limited

50-51 Burnt Mill
Elizabeth Way,

Harlow

Essex CM 202 HU

(44) 279-32.497/39.701
Telex - 81387

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

Pronto Electronic Systems Ltd.
645 High Road,

Seven Kings,

iford,

Essex IG 38 RA

(44) 1-599.30.41

Telex - 24507

YUGOSLAVIA
Chemcolor

Inozemma Zastupstva
Proleterskih brigada 37-a
41001 Zagreb
41)-513.911

Telex - 21236
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MOSTEK.

16K-BIT READ ONLY MEMORY

MK34000(P/J/N)-3

FEATURES

O 2K x 8 organization with static interface
0O 350ns max access time

O Single +5V £10% power supply

O 330mW max power dissipation

O Contact programmed for fast turn-around

DESCRIPTION

The MK34000 is a new generation N-channel silicon gate
MOS Read Only Memory circuit organized as 2048 words by
8 bits. As a state-of-the-art device, the MK34000 incor-
porates advanced circuit techniques designed to provide
maximum circuit density and reliability with highest possible
performance, while maintaining low power dissipation and
wide operating margins.

The MK34000 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 “DONT CARE” state. The
convenient static operation of the MK34000 coupled with the
programmable chip select inputs and three-state TTL

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

O Pin compatible with Mostek's BYTEWYDE™ Memory
Family

compatible outputs results in extremely simple interface
requirements.

An outstanding feature of the MK34000 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 MK34000 is ideally
suited for 8-bit microprocessor systems such as those which
utilize the Z80 or F8. The MK34000 also provides significant
cost advantages over PROM.

FUNCTIONAL DIAGRAM

%001 9203495057

-
| —
R

&
ADDRESS INPUT BUFFERS
[

16,384 BIT l— Ccs1/CSI/NC*

CELL MATRIX CHIP

SELECT

X DECODER 1/128

BUFFER

INPUT [~—CS2/CS2/NC *

l—CS3/CS3/NC *

PIN CONNECTIONS

A~
Ay 1 ]° |24 Vee
Ag 20 (123 Ag
3 ()22
Ag
A, 4] 521 cs3/C83 ne*
Az 5[] 120 Cs1/Cs1 NC*
Az 6 {limkasooo 219 Aqp _
Ay 700 318 cs2/Cs2 NC*
Ay 8 (] 117 ay
Q 90 116 Qg
Q; 100 516 Qg
Q 11 114 Q4
Vgs 120] 113 Qg
*Prog ble Chip Sel

ROMS




ABSOLUTE MAXIMUM RATINGS*

Voltage on Any Terminal Relative to Vg ... .oovuini it e -0.5Vto +7V
Operating Temperature Ta (AMDIENt) . . ... .. vuiiit i ittt it i i enea e, 0°C to +70°C
Storage Temperature - Ceramic (AMDIENT) . . .. ....ot ittt ttiiiitiiiieeererraeeeeacnneannnnnnnas -65°C to +150°C
Storage Temperature - Plastic (AMbDIENt) .. .........o ittt ittt -565°C to +125°C
oo G B Tt o 1T P 1 Watt

*Stresses greater than these listed under “’Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and functional operation of the device

at these or any other conditions above those indicated in the operating sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended
periods may affect device reliability.

RECOMMENDED DC OPERATING CONDITIONS
(Ve = BV £10%; 0°C < Tp < +70°C)

SYM PARAMETER MIN TYP MAX UNITS NOTES
Vee Power Supply Voltage 45 50 55 \ 6
VIL Input Logic O Voltage 05 0.8 Vv

VIH Input Logic 1 Voltage 20 Vee \Y

DC ELECTRICAL CHARACTERISTICS
(Ve = BV £10%; 0°C < Tp < +70°C) ¢

SYM PARAMETER T MIN MAX UNITS NOTES
Icc V¢ Power Supply Current 60 mA 1
L) Input Leakage Current 10 HA 2
low) Output Leakage Current 10 HA 3
VoL Output Logic O Voltage 04 \

@ lpyt = 3.3mA
VoH Output Logic 1 Voltage. 24 Vee \%

@ loyt = -220 uA

AC ELECTRICAL CHARACTERISTICS
(Ve = BV £10%; 0°C < Tp < +70°C) ©

SYM PARAMETER MIN MAX UNITS NOTES
tace Address to output delay time 350 ns 4
tcs Chip select to output delay time V ] 175 ns 4
tcp Chip deselect to output delay time 150 ns 4
CAPACITANCE
SYM PARAMETER TYpP MAX UNITS NOTES
CiN Input Capacitance 6 8 pF 5
Court Output Capacitance 10 15 pF 5
NOTES:

5. Capacitance measured with Boonton Meter or effective capacitance calculated
from the equation:

. A minimum 2ms time delay is required after the application of V¢ (+5) before
Measured with 2 TTL loads and 100pF, transition times = 20ns. proper device operation is achieved.

1. All inputs 5.5V, Data Outputs open. C = |At with current equal to a constant 20mA.
2. Vijy =0Vt 55V (Ve = 5V) av

3. Device unselected; Vo1 = OV to 5.5V. 6.

4.

iv—2



TIMING DIAGRAM

ADDRESS

PROGRAMMABLE
CHIP SELECTS

DATA OUTPUT

‘The chip select inputs can be user programmed so that either the input is enabled by a Logic O voltage (V) ), a Logic 1 voltage (Vj), or the input is always enabled (regardless of the

ViH
ViL VALID )(

tacc

tcs :q tCD —»

ViH VALID
Vi
VoH
VoL OPEN VALID )>_—_ OPEN -

state of the input). See chart below for programming instructions.

MOSTEK 34000 ROM PUNCHED CARD CODING FORMAT (1)

FIRST CARD
COoLs
1-30
31-50
60-72
SECOND CARD
1-30
31-50
THIRD CARD
1-5
33
35

37

FOURTH CARD

1-9
15-28

35-57

INFORMATION FIELD

Customer
Customer Part Number
Mostek Part Number (2)

Engineer at Customer Site
Direct Phone Number for
Engineer

Mostek Part Number (2)
Chip Select One
“1” =C8q or “0” = CS4
or “2” = Don't Care

Chip Select Two
“1” = C89 or 0" = CSy
or “2” = Don't Care

Chip Select Three
“1”=CSzor “0" =CS3
or “2” = Don't Care

Data Format (3)

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

DATA FORMAT

1

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

CcoLs INFORMATION FIELD

14 Four digit octal address of
first output word on card

5-7 Three digit octal output
word specified by address in
column 14

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

NOTES:

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 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.







MOSTEK.

16K-BIT MOS READ-ONLY MEMORY

MK34073(P/J/N)-3

FEATURES

0O 2K x 8 organization with static interface
0O 350ns max access time

O Single +5V = 10% power supply

0 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. [t contains two separate
character fonts for use in raster scan or matrix
printer applications. Each font is ASCII 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 :rTL 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’ (VN < 0.8
Volts) to select the 5 x 7 vertical output character
set. Character selection is made by placing the ASCHI
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

Ve —= Q0 Q40303 0405007
GND —»
- TITTITT
HY — [ OUTPUT BUFFERS
JAg |
Ag |
& L Y DECODER 1/16x8
A7__ w
s
CHARACTER 13
seLect | 9 e E
As 2| ]
Ay 2MH %
& S
A3 ol | ¢
Iy 16,384 BIT
Az — 8 CELL MATRIX
— O
ROW/COLUMN J A, | @
SELECT H
Ao —
—J —

PIN CONNECTIONS

AN ) 0 24 Vee
Ag1 2 [] 1 23 Agl
Ag1 3 ([ D 22 Agl
Al 4 [ D 21 nc
A3l s ] 0 20 NC
A2 6 [ ] 19 HV
A;‘ , g|MKssoz3|E 0l
Ag2 8 [] 017 q
9Q 90 0 16 Qg
Q; 10 ] g 15 Qg
Q 11 ] 14 Qq
Vss 12 013 Q3

1 Character Select A9 - MSB

2 Row/ Column Select A2 MSB
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A dot is representative of an output ‘high’ level.
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MOSTEK.

64K-BIT READ-ONLY MEMORY

MK36000(P/J/N)-4/5

FEATURES

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

0O Access Time/Cycle Time

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

O Single +bV = 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 45mW, as compared to unclocked devices which

O Low Power Dissipation - 220mW Max Active

Low Standby Power Dissipation—45mW Max.
(CE High)

On chip latches for addresses

Inputs and three-state outputs-TTL compatible

O Outputs drive 2 TTL loads and 100 pF

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

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

FUNCTIONAL DIAGRAM (MK36000)

Gp Q4 G, O3 Q4 Og Og Oy
5
A1z —
A1 — ﬂ_\— l v
A10 —-f 5 Y DECODER I -—vcc
PO - 1/32x8 ~————Vss
-]
ik L
Y 8L
ne — 3 [
Ag —-E—-:
Ay _.5_-§g 5636 BT x
A —| B1]5% CELL MATRIX 4 g
4 a < 3
Ay —.g_.x HZz el =
B g
Ag _.Lr_. ° 2

PIN CONNECTIONS

A7 1] ~ [124 Vec

Ag 2] 123 Ag

As 3 [122 A9

Ay 4( 21 A2

A3 5[] 20 cE

A2 6| mxasooo [[119 A0

A 70 118 A1

Ao 8] [117 @

9% 9] 16 9

911003 [115 ag

a 110 114 qq

Vss12[: :]‘3 Q3
PIN NAMES
Ap-A12  Address Vgs GND
Qp-Q7 Outputs CE Chip Enable
VCC +5V

* Trademark of Mostek Corporation
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ABSOLUTE MAXIMUM RATINGS*

Voltage on Any Terminal Relative toVgg .........cooviuiiii i e -10Vto +7V
Operating Temperature TA (AMbIENt) . . .. ...ttt it e e e aas 0°C to +70°C
Storage Temperature - Ceramic (AMDIeNt). .. ... ootttree e ittt enneeernnrorenessonessanons -65°C to +150°C
Storage Temperature - Plastic (Ambient) . ......... ittt ittt iiiiiraenereeerennnns -656°C to +125°C
POWET DISSIDAHON -+« e vt vttt ettt ettt ettt et et e e ettt et et te e e ettt e, 1 Watt

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

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

SYM PARAMETER MIN TYP MAX UNITS NOTES
Vce Power Supply Voltage 4.5 5.0 5.5 Volts 6

ViL Input Logic O Voltage -1.0 0.8 Volts

ViH tnput Logic 1 Voltage 2.0 Vce Volts

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

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

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

@ lgyT = —220 uA

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

4 5
SYM| PARAMETER UNITS| NOTES
MIN | MAX | MIN |MAX

tc Cycle Time 375 450 ns 4

tcg | CE Pulse Width 250 {10000| 300 [10000| ns 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 2msec time delay is required afterihe application of V, c {+5)
specified minimum cycle time. Data Outputs open. before proper device operation is achieved. CE must be at VIH ?or this

2. V|N = 0V to 5.5V (Vi = 5V) time period.

3. Device unselected; VoyT = NV to 5.5V 7. CEhigh.

4. Measured with 2 TTL loads and 100pF, transistion times = 20ns

5. Capacitance measured with Boonton Meter or effective capacitance

calculated from the equation:
¢ =09 ith AV = 3 volts
Av
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CAPACITANCE

(0°C<TA <=70°C)
SYM PARAMETER TYP MAX UNITS NOTES
G Input Capacitance 5 8 pF 5
Co Output Capacitance 7 15 pF 5
TIMING DIAGRAM
tc >
CHIP ENABLE ViH- )
ViL- - \
tCcE te—— tp ——»
tAS a—tAH le tOF F
vl SR A
ViL- / ~ /
e tac
VOoH-
DATA OUTPUT VoL = OPEN VALID )——OPEN—

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 avaitable. 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

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:

Iv—9
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PRELIMINARY

MOSTEK.

64K-BIT MOS READ-ONLY MEMORY

MK37000 (P/J/N)-5

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

O Pin compatible with Mostek’s BYTEWYDE™ Memory
Family

O Access Time/Cycle Time

P/N ACCESS CYCLE
MK37000-5 300ns 450ns
DESCRIPTION

The MK37000 is a N-channel silicon gate MOS Read
Only Memory, organized as 8192 words by 8 bits. As a
state-of-the-art device, the MK37000 incorporates
advanced circuit techniques designed to provide
maximum circuit density and reliability with the highest
possible performance, while maintaining low power
dissipation and wide operating margins. The MK37000
is to be used as a pin/function compatible mask
programmable alternative to the MK2764 8K x 8 bit
EPROM. As a member of the Mostek BYTEWYDE

O Mask ROM replacement for MK2764 EPROM

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

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

O CE and OE functions facilitate Bus control

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

Use of clocked control periphery and a standard static
ROM cell makes the MK37000 the lowest power 64K
ROM available. Active power is a mere 220mW while
standby (CE high) is only 456mW. To provide greater
system flexibility an output enable (OE) function has
been added using one of the extra pins available on the

FUNCTIONAL DIAGRAM (MK37000)

Qp 0102030405060y
|

PIN CONNECTIONS

/-
\ NC 1. 128 v,
= —_ cC
. OUTPUT BUFFERS OE Aqp 2] (127 NC
a e ] A7 300 126 NC
Ao |3
10 g— Y DECODER —Vee Ag 40 [125 Ag
PN 1/32x8 - Vgg s 50] 24 Ag
2
fe—m 2 A, 600 123 Aq4
P —
2
ot e A, 80 121 Ay
Al g] l8e 66536 BIT X A 9[1 [120 CE
127788 CELL MATRIX w® 1
- g 23 Ag 100 119 a,
A2 —ol & |wix - Z@
A1_.§_. o Qy 11 118, g
Tk
Ao _.‘L!__—L— 3 Qq 12 117 Qg
a, 130 (116 Qg
TRUTH TABLE *vgs 14 ] [115 Q3
CE OE | MODE OUTPUTS POWER PIN NAMES
ViH X | Deselect High-Z Standby AO - A12-Address NC- No Connection
— - - CE - ChipEnable OE - Output Enable
VIL ViH | Inhibit High-Z Active Qg - Q7 - Outputs Vee - +5V supply
ViL | vy | Read DouT Active Vss-  Ground
X = Don’t Care
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ABSOLUTE MAXIMUM RATINGS*

Voltage on Any Terminal Relative to VGG .. ..o iiiit i e -1.0Vto +7V
Operating Temperature Ta (Ambient) ... ... i it 0°C to +70°C
Storage Temperature—Ceramic (AMDbDIeNt) . ... ...ttt it ettt iiiaaeeeans -65°C to +150°C
Storage Temperature—Plastic (Ambient) . ... .ottt i e iiniiinans -565°C to +125°C
POWET DS SIPAtION .o\ttt ittt ittt et et e et e e et 1 Watt

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

RECOMMENDED DC OPERATING CONDITIONS®

(0°C =Tp = +70°C)
SYM PARAMETER MIN TYP MAX UNITS NOTES
Vee Power Supply Voltage 45 5.0 55 \
VIL Input Logic O Voltage -1.0 0.8 \%
VIH Input Logic 1 Voltage 2.0 Vee Y

DC ELECTRICAL CHARACTERISTICS &
(Vee = BV £ 10%) (0°C < Tp < +70°C)

SYM PARAMETER MIN TYP MAX UNITS NOTES
Icct Ve Power Supply Current (Active) 40 mA 1
lcc2 Ve Power Supply Current | 8 mA 7
(Starj.dby) :
|I(L) Input Leakage Current . -10 10 uA 2
fo(L) Output Leakage Current -10 10 uA 3
VoL Output Logic 0"’ Voltage 04 \
@ lpyTt = 3.3mA
VoH Output Logic 1" Voltage 24 \%
@ loyT = -220KA

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

-6

SYM PARAMETER MIN | MAX [UNITS | NOTES
tRC Read Cycle Time 450 ns 4
tcE CE Pulse Width 300 [10,000| ns 4
tCEA CE Access Time 300 | ns 4
tcez Chip Enable Data Off Time 75 ns

tAH Address Hold Time Referenced to CE 75 ns

tAS Address Setup Time Referenced to CE 0 ns

tp CE Precharge Time 150 ns

tOEA Output Enable Access Time 100 ns

toEZ Output Enable Data Off Time 75 ns
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CAPACITANCE
(0°C =Tp < 70°C)

SYM PARAMETER TYP MAX UNITS NOTES
C Input Capacitance 5 8 pF 5
Co Output Capacitance 7 15 pF 5
TIMING DIAGRAM tRe _
Viy - SEEE—
CHIP ENABLE ViL - K__ \_
f&——————— tCE le—— tp ——pf
tas r— ‘AH H—‘cez-j
Vin- VALID
ADDRESS Vi = // ///
f———tcga———> t0Ez —>
OUTPUT ENABLE Vig— f
Vi -
TOEA>]
DATA OUTPUT VoH_
VoL OPEN VALID y—— opEN
NOTES:

1. Current is proportional to cycle rate. lccq is measured at the specified
minimum cycle time. Data Outputs open.
VIN =0V 10 5.5V
Device unselected; Vo1 = OV to 5.5V
Measured with 2 TTL loads and 100pF, transition times = 20ns
Capacitance measured with Boonton Meter or effective capacitance
calculated from the equation:
C = AQ with aV = 3 volts

av

S AEN

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

7. CEhigh

DESCRIPTION (Continued)

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

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

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

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

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

OPERATION

The MK37000 is controlled by the chip enable (CE) and
output enable (OE) inputs. A negative going edge at the
CE input will activate the device and latch the addresses
into the on chip address registers. The output buffers,
under the control of OE, will become active in CE access
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time {tcga) if the output enable access time (tgpa)
requirementis met. The on chip address register allows
addresses to be changed after the specified hold time
(taH) in preparation for the next cyt_:l_e. Thioutputs will
remain valid and active until either CE or OE isreturned
to the inactive state. After chip deselect time (tcgz) th_e
output buffers will go to a high impedance state. The CE
input must remain inactive (high) between subsequent
cycles for time tp to allow for precharging the nodes of
the internal circuitry.

MK37000 ROM CODE DATA INPUT PROCEDURE

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

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

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

Acceptable EPROMs for Code Data

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

2048 x 8-BIT EPROM

Electrically Programmable/Ultraviolet Erasable ROM

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

FEATURES

O 16,384 Bit Ultraviolet Erasable, Electrically Program-
mable ROM, organized as 2048 words by 8 bits

O Single +5 volt power supply during READ operation

O Fast Access Time in READ mode

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

0O Single programming requirement: single location
programming with one 50msec pulse

O PinCompatible with Mostek’'s BYTEWYDE™ Memory

P/N ACCESS TIME Family
MK2716-5 300ns S .
[m]
MK2716-6 350ns TTL compatible in all operating modes
MK2716-7 390ns O Standard 24 pin DIP with transparent lid
MK2716-8 450ns
MODE SELECTION
issipation: i MODE CE OE
O Low Power Dissipation: 526mW max active = Q_E(/P()EM (OE) (%P‘v; OUTPUTS
O Power Down Mode: 132mW max standby READ ViL Vi | 5 vand out
O Three State Output OR-tie capability STANDBY Vi pont| +5 Open
are
Pulsed "
DESCRIPTION PROGRAM VlLu‘:i’m Vip | *25 input
The MK2716 is a 2048 x 8 bit electrically program- Veriey Vi ViL | ¥25 | Vaha 0w
rr.iablg/.ultrav_lolet ergsable Rea'd Only Memory. The PROGRAM Vie Vi | 25 Open
circuit is fabricated with Mostek’s advanced N-channel INHIBIT
silicon gate technology for the highest performance and Vccl24) = 5V all modes
reliability. The MK2716 offers significantadvances over
BLOCK DIAGRAM DQ, - DOy PIN CONFIGURATION
= A7 10 N 24 vee
i = o2g P2
_ OUTPUT OUTPUT As 3 [] 22 Ag
__ %k POWER DOWN, BUFFERS LYR N ] 21 vpp’
CE/PGM —_._ PRL%%’TCAM (INPUT IN PGM MODE) A3 5 ] M 20 3
........ A2 s [ [ 19 Ao
— A 7 0 ] 18 CE/PGM
— 1 v DECODER Y SELECT Ao 80 ] 17 DOy
—
bay 9 [ ] 16 DQg
"""" pa; 10 [] 15 DQg
Ao | Da; 11 [ ] 14 DQy
THA'R'L; ) : Vss 12 1 13 DAy
. X : 16,384 BIT
—__>JoECODER X CELL MATRIX PIN NAMES
_ Ag-A1p  Addresses DQp-DQ7 Data Outputs*
_— CE/PGM Chip Enable/ OE Output Enable
) Program Vgsg Ground
*Inputs in Program Mode
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ABSOLUTE MAXIMUM RATINGS*

Voltage on any pin relative to Vgg (EXCept VPpp) . ...o.v vttt -0.3V to +6V
Voltage on Vpp supply pin relative to VGG . ... ovvvriiee ittt -0.3V to +28V
Operating Temperature T (Ambient)...... ...t it iia i 0°C=Tp=70°C
Storage Temperature (Ambient) . ... ...ttt iieniiaiianeaenaes -656°C =Tp = +125°C
Power Dissipation ........ciiuiiiriin ittt i e i e PPN 1 Watt
SOt CirCUIt OPEN CUIT BT ...ttt ittt ettt et teee s eanenseasneeesnnesssnneesneeosanesnnns 50mA

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

READ OPERATION

RECOMMENDED DC OPERATING CONDITIONS AND CHARACTERISTICS" 3,7
(0°C < T < 70°C) (Vg = +6V + 5%, Vpp = Vi)

SYM PARAMETER MIN TYP MAX UNITS NOTES
ViH Input High Voltage 2.0 Veet1 \'
ViL Input Low Voltage -0.1 0.8 \
lcct Ve Standby Poweﬁupply 10 25 mA 2
Current (OE = V| ; CE = Vi)
lcc2 V¢ Active Power Supply Current 57 100 mA 2
(OE=CE = Vi)
IPP1 Vpp Current (Vpp = 5.25V) 6 mA 2
VoH Output High Voltage 24 \
(lon = -400uA)
VoL Output Low Voltage 45 \
(loL = 2.1mA)
L Input Leakage Current . 10 kA
(ViN = 5.25V)
loL Output Leakage Current 10 uA

(Vouyrt = 5.25V)

AC CHARACTERISTICS,2,4
(0°C<TA =70°C) (Ve = +6V £ 5%, Vpp = Vi)

-5 -6 -7 -8

SYM PARAMETER MIN| MAX | MIN | MAX | MIN | MAX | MIN | MAX |UNITS|NOTES

tacc Address to Output Delay 300 350 390 450 | ns
(CE=0E= Vi

tcE CE to Output Delay 300 3560 390 450 | ns 5
(OE = V)

toE Output Enable to Output 120 120 120 120 | ns 9
Delay (CE = V)

tDF Chip Deselect to Output 0O |100| O {100 O [100| O | 100 | nms 8
Float (CE = V)

tOH Address to Output Hold 0 0 ) 0 ns
(CE=OE=V|)
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CAPACITANCE

(Ta = 25°C)
SYM PARAMETER TYP MAX UNITS NOTES
CiN Input Capacitance 4 6 pF 6
Cout QOutput Capacitance 8 12 pF 6
NOTES:

1

Ve must be applied on or before Vpp and removed after or at the same
times as Vpp.

Vpp and V¢ may be connected together (except during programming,} in
which case the supply current is the sum of Icc and Ippq. Data Outputs
open.

A';lfvoltages with respect to Vgs.

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

wENo®

tOE is referenced to CE or the addresses, whichever occurs last.
Etfective Capacitance calculated from the equation C = AQ where AV = 3V
Typical numbers are for ‘[A= Zs‘f_and Vec =560V av

DF is applicable to both CE and OE, whichever occurs first. _

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

TIMING DIAGRAMS
READ CYCLE (CE = V)

Vi —/
ADDRESSES
ViL~

Vi =
OE
Vie
fe—————thcC————»
VoH - OPEN
ouTPUT
VoL~

l—— gy —>

L—'OE —»l top — la—

VALID
\ :

STANDBY POWER

DOWN MODE
(OE=V|L)
Vig ~
ADDRESS VALID VALID
Vi — .
Viy —
H
cE STANDBY ACTIVE STANDBY
Vie —
le—— 'DF tcE
v —
OH — VALID N OPEN VALID
ouTPUT FOR CURRENT FOR CURRENT
VoL — ADDRESS ADDRESS
7
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PROGRAM OPERATION®

DC ELECTRICAL CHARACTERISTICS AND OPERATING CONDITIONS",2

(Ta = 25°C + 5°C) (Vg = 5V £ 6%, Vpp = 25V £ 1V)

SYM PARAMETER MIN MAX UNITS NOTES
L Input Leakage Current 10 uA 3
ViL Input Low Level -0.1 0.8

ViH input High Level 20 Vet

Icc Vcc Power Supply Current 100 mA

Ipp1 Vpp Supply Current 6 mA 4
Ipp2 Vpp Supply Current during Programming Pulse 30 mA 5

AC CHARACTERISTICS AND OPERATING CONDITIONS",2,¢,7

(TA = 26°C £ 5°C) (Ve = BV £ 5%), Vpp = 25V £ 1V)

SYM 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 s
tpH Data Hold Time 2 us
tpF Output Enable to Output Float 0 120 ns 4
toe Output Enable to Output Delay 120 ns 4
tpw Program Pulse Width 45 50 55 ms
tPRT Program Pulse Rise Time 5 ns
tPFT Program Pulse Fall Time 5 ns
NOTES:
1. V¢ mustbe applied at the same time or before Vpp and removed after or 5. CE/PGM =V|y
at the same time as Vpp. To prevent damage to the device it must not be 6. ty = 20nsec
inserted into a board with Vpp at 26V. 7. 1Vor 2V forinputs and .8V or 2V for outputs are used as timing reference
2. Care must be taken to prevent overshoot of the Vpp supply when levels.
switching to +25V. 8.  Although speed selections are made for READ operation all programming
3. 045V =V)y=5.25V specifications are the same for all dash numbers.
4. CE/PGM =V '
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TIMING DIAGRAM
(Program Mode)

l4—— PROGRAM ——p-tt——— 5’2‘;?:\,‘““ —_—
ViH — r
ADDRESSES j ADDRESS N ADDRESSES N + M
= . 2
DATA OUT
F—'AS [———— A ————] VALID
ADD N
Vig— r DATA IN 4 wen 2z /W DATA IN
DATA STABLE STABLE
V- ADD N -) ADD N+ M
tpp —» ‘OE—‘J l«—— 'DF
— Vin- 4
OE 7
V, -
" 'os J tpw 'DH
f— |t >
t
F- OES—» — toEH—D
Vig—- Y )
CE n
CE/PGM / \
Vi = 7 K s
c
PRT —— ’4— — [€——tppT

DESCRIPTION CONTINUED

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 525mW maximum active power
to 132mW maximum for an overall savings of 75%.

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
experimentation 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
VjL and pin 21 (Vpp) at +5 volts. If OE (pin 20) is held
active low after addressing (Ag - Aqq) have stabilized
then valid output data will appear on the output pins at
accesstime tpcc (address access). In this mode, access
time may be referenced to OE (tog) 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 level (V). 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 (tcg) is the same as
from addresses{taocc). (See STANDBY Timing Diagram).

PROGRAMMING INSTRUCTIONS

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

Word address selection is done by the same decode
circuitry used in the READ mode. The MK2716 is put
intothe PROGRAM mode by maintaining Vpp at +25V,
and OE at Vjy. 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 V¢ supply voltage
are the same as in the READ mode.

To program a “byte” (8 bits) of data, a TTL active high
level puise 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 atrandom may be programmed in
this manor. The program pulse has a minimum width of
45msec 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 V|, 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 V) _
will not be programmed.

PROGRAM VERIFY allows the MK2716 program data to
be verified without having to reduce Vpp from +25V to
+6V. Vpp should only be used in the PROGRAM/
PROGRAM INHIBIT and PROGRAM VERIFY Modes and
must be at +5V in all other modes.

MK2716 ERASING PROCEDURE

The MK2716 may be erased by exposure to high
intensity ultraviolet light, illuminating the chip thru the
transparent window. This exposure to ultraviolet light
induces the flow of a photo current from the floating
gate thereby discharging the gate to its initial state. An
ultraviolet source of 2537A yielding a total integrated
dosage of 15 Watt-seconds/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
tamp 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 doubied, 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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SUPPLEMENT

MOSITEK.

2048 x 8-BIT EPROM

Electrically Programmable/Ultraviolet Erasable ROM

MK2716(J)-12

FEATURES

0O 16,384 Bit Ultraviolet Erasable Electrically Program-
mable ROM organized as 2,048 words by 8 bits

0O Single +5 volt supply during READ operation

O Access Time in READ mode

P/N ACCESS TIME
MK2716-12 650ns

O Low Power Dissipation: 525mW max active

O Power Down mode: 132mW 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 50msec pulse

O Pin Compatible with Mostek's BYTEWYDE™ memory
family

O TTL compatible in all operating modes

O Standard 24 pin DIP with transparent lid

DESCRIPTION MODE SELECTION
. . . MODE CE/PGM OE [V
The MK2716 is a 2048 x 8 bit electrically program- PIN e oy —| ouTPUTS
n?ablfa/.ultra\{lolet ere_lsable Rea'ld Only Memory. The READ Vil Vi | s Valid 0wt
circuit is fabricated with Mostek’s advanced N-Channel
silicon gate technology for the highest performance and STANDBY ViH %‘;’r‘e‘ *+5 Open
reliability. The MK2716 offers significant advances over Buised
hardwired logic in cost, system flexibility, turnaround PROGRAM VlLu':i/lH Vig | -25 Input
time and performance.
PROGRAM viL v | 28 Vatid Out
) VERIFY
The MK2716 has many useful system oriented features
including a STANDBY mode of operation which lowers oaAM ViL Vin | 28 Open
he device power from 525mW maximum active pow:
the device po . . t %0 er VCC(24) = 5V all modes
to 132mW maximum for an overall savings of 75%.
BLOCK DIAGRAM va PIN CONFIGURATION
o thru 0Q, Ny
A7 1 g . [ 24 Vee
«—VCC
~—GND Ag 2 [123  Ag
i = T I e
_ GUTPUT OUTPUT Aq 4( [121 Vpp
_ o POWER DOWN, BUFFERS Az 50} 120  O€
CE/PGM —= PRL%GGF?(?M (INPUT IN PGM MODE ! Az 6] O 119 A10
T Ay 720 [118  CE/PGM
Ao 80 117 DOy
——+] vDECODER Y SELECT Doy 903 116 Dag
— DQy 100] 15 Dog
........ pa, 11 [114  DaQg
20 vss 120 [113 DO3
THRU : PIN NAMES
A10 . .
- x . 16.384 81T An-A Addresses DQ,-DA. Outputs*
i 0""10 o 7 puts
! ————jDECODEH CELL MATRIX CE/PGM Chip Enable/Program VSS Ground
| — OE Output Enable
L__. *Inputs in Program Mode
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ABSOLUTE MAXIMUM RATINGS*

Voltage on any pin relative to Vgg (EXxcept Vpp) ......oviriiiiiiii i -0.3Vto +6V
Voltage on Vpp supply pinrelative to Vgg. ..o vveee i -0.3V to +28V
Operating Temperature Ta (AMbIENt) . ... c.vuenennn i aaens 0°C=Tp=70°C
Storage Temperature (AMDIENt) .. ... ouutnt ittt ittt -66°C =Tp = +125°C
POWET DiSSIPAION . .ottt i e e 1 Watt
Short Circuit OUtPUL CUITENT . .. ottt ittt ettt ctar s et nnaaennnaarenseeanesosanesansesosnassannans 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 *,3,7
(0°C < Tp < 70°C) (Vg = +5V £ 5%, Vpp = Vel

SYM PARAMETER MIN TYP MAX UNITS NOTES
Vig Input High Voltage 20 Veett Volts
ViL Input Low Voltage -0.1 0.8 Volts
iceq Vee Stanﬂ)y Power Supply 10 25 mA 2
Current (OE = V|; CE = ViR)
lcc2 Ve Active Power Supply Current 57 100 mA 2
' (OE=CE = Vi
Ippq Vpp Current (Vpp = 5.25V) 6 mA 2
VoH Output High Voltage 24 Volts
(loH = -400 uA)
VoL Output Low Voltage 45 Volts
(loL = 2.1mA)
e Input Leakage Current -10 10 uA
(VIN = 5.25V)
loL Output Leakage Current -10 10 uA

(VouT = 5.25V)

A.C. CHARACTERISTICS 2,4
(0°C <Tp <70°C) (Vg = + BV + 5%, Vpp = Vo)

SYM PARAMETER MIN MAX UNITS NOTES

taCC Addre_s_s_to Output Delay 650 ns
(CE=D0E = Vi)

tcE CE to Output Delay 650 ns 5
(OE = V1)

toe Qitput Enable to Output Delay 230 ns 9
(CE=V)

tDF Chip Deselect to Output Float 0 150 ns 8
(CE=V))

toH Address to Output Hold 0 ns
(CE=0E=V|)

NOTE: All timing diagrams and operating modes (including program timing) are the same as on the standard -5, -6, -7 and -8 data sheet. This spec is to be used
in conjunction with the standard data sheet.
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CAPACITANCE

(Ta = 26°CY
SYM PARAMETER TYP MAX UNITS NOTES
CiIN Input Capacitance 4 6 pF 6
Cout Output Capacitance 8 12 pF 6

NOTES:

1. Vg mustbe applied on or before Vpp and removed after or atthe 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 lec and lppy- Data outputs open.

3. All voltages with respect to Vgg.

4. Loadconditions = ITTL load and 100pF, tr = tf - 20ns, reference levels are 1V
or 2V for inputs and .8V and 2V for outputs

5. tog is referenced to CE or the addresses, whichever occurs last.
6. Effective Capacitance calculated from the equation C = AQwhere AV = 3V
av
7. Typical numbers are for Ta = 25°Cand Ve = 5.0V
8. '_D__F is applicable to both CE and OE, whichever occurs first.
9. OE mayfollow uptotacc - toE after the failing edge of CE without ettecting
tacc

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
controlied 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 micro-
processors 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 pro-
cedures outlined in this data sheet.

The MK2716 is specifically designed to fit those applica-
tions where fast turnaround time and pattern experimen-
tation are required. Since data may be altered in the
device (erase and reprogram)itallows for early debugging
of the system program. Since single location program-
ming‘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
V)L 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
accesstimetpcc (address access). In this mode, access
time may be referenced to C_E_(tOE) depending on when
OE occurs (see timing diagrams).

POWER DOWN operation is accomplished by taking pin
18(CE)toa TTL high level (V|y). 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 (tcg)is the same as
fromaddresses (tocc). (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,
and OE at V. In this mode the output pins serve as
inputs (8 bits in parallel) for the required program data.
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Logic levels for other inputs and the V¢ supply voltage
are the same as in the READ mode.

To program a “byte” (8 bits) of data, a TTL active high
level pulse is applied to the CE/PGM pin once addresses
anddata 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 DC signal applied to the
CE/PGM pin.

PROGRAM INHIBIT is another useful mode of operation
when programming multiple parallel addressed MK2716's
with different data. It is necessary only to maintain OE at
VIH. Vpp at +25, allow addresses and data to stabilize

and pulse the CE/PGM pin of the device to be programmed.
Data may then be changed and the next device pulsed.
The devices with CE/PGM at V;_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 tpe gate to its initial state. An
ultraviolet source of 2537A 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 an ultraviolet
lamp with a 12000 uW/cm? power rating. The lamp
should be used without shortwave filters, and the
MK2716 to be erased should be placed about one inch
away from the lamp tubes. It should be noted that as the
distance between the lamp and the chip is doubled, the

-exposure time required goes up by a factor of 4. The UV

content of sunlight is insufficient to provide a practical
means of erasing the MK2716. However, it is not
recommended thatthe MK2716 be operated or stored in
direct sunlight, as the UV content of sunlight may cause
erasure of some bits in a short period of time.
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PRODUCT PREVIEW

MOSTEK.

8192 x 8-BIT EPROM

Electrically Programmable/Ultraviolet Erasable ROM

MK2764(J)-8

FEATURES

O MK2764 - Organized 8K x 8 bit EPROM
O Single +5 volt power supply during READ operation
O Single location programming capability

O Fast access time in READ mode

P/N ACCESS TIME

MK2764-8 450ns

O Output Enable (OE) function for greater system flexibility

DESCRIPTION

The MK2764 is an 8192 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 MK2764 offers significant advances over
hardwired logic in cost, system flexibility, turnaround
time and performance.

The MK2764 has many useful system oriented features
including a STANDBY mode of operation which lowers
the device power from 525mW maximum active power
to 132mW maximum for an overall savings of 75%.

O Power Down mode: 132mW max standby
D Low power dissipation: 525mW active max

O Pincompatible with Mostek’'s BYTEWYDE™ Memory
Family

O Pin compatible mask programmable ROM available:
MK37000

O TTL compatible in all operating modes (except Vpp in
Program Mode and Program inhibit)

O Standard 28 pin DIP with transparent lid

O Five basic modes of operation (see Table)

MODE SELECTION

MODE CE OE/Vpp | OUTPUTS

PIN (20) (22)

READ V)L v Vatid

STANDBY ViH Don’t Care{ Open

PROGRAM Pulsed +25 Inputs

ViH to Vi

DESELECT viL Viy Open

PROGRAM INHIBIT | V|4 +25 Open
Ve (28) = 5V all modes

BLOCK DIAGRAM

DQy THRU DQy

-— Ve
<— GND
T <
TE OUTPUT
_ CONTROL BUFFERS
OE/VPP LOGIC UINPUT IN PGM MODE)
i i
[
—
::l Y DECODER Y SELECT
AO —_—
THRU . ————
A2 . :
X . 65,536 BIT
R .
T *loecooer CELL MATRIX
—_—
. :
- ] ]

PIN CONFIGURATION

N i(]e b2s vee
A2 20 27 NC
A, 37 126 NC
Ag 4O [-25 Ag
Ag 5 [524 Ag
A, 60 [123 Aqq
Ay 70 Q [122 OE/vpp
A2 80 D21 Aqg
A, 9df [520 CE
Ay 100 119 DQy
bQ, 115 [118 Dag
oa, 120 17 pag
pa, 139} [116 DOy
v, — -
PIN NAMES 'S8 'Y 1% OC3
Ag-Ar2 Addresses OE/Vpp Output Enable
CE Chip Enable Program
DQy-DQy Data Outputs* NC No Connect
Vss Ground
*Inputs in program mode
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MOSTEK.

4096x1-BIT DYNAMIC RAM

MK4027(J/N)-2/3

FEATURES

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

00 120ns access time, 320ns cycle (MK4027-1)
150ns access time, 320ns cycle (MK4027-2)
200ns access time, 375ns cycle (MK4027-3)

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

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

O Low Power: 462mW active (max)
27mW standby (max)

DESCRIPTION

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

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

O Improved performance with “‘gated CAS"’, “RAS
only’’ refresh and page mode capability

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

D Output data latched and valid into next cycle

System oriented features include direct interfacing
capability with TTL,only 6 very low capacitance
address lines to drive, on-chip address and data
registers which eliminates the need for interface
registers, input logic levels selected to optimize noise
immunity, and two chip select methods to allow the
user to determine the appropriate speed/power
characteristics of his memory system. The MK 4027
also incorporates several flexible operating modes. 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 PIN CONNECTIONS
ks
- ) M -—e VBB | C. D'G Vss
L MO | - rfAG
5 —. o 20 015 CAS
enasce
ST WRITE
e e o WRITE 3 [ [ 14 Dout
e - wrren RAS 4[] i3 CS
Connie
1y )
sl s o Ao 50 P12 As
CHIP SELECT utot =
it e T T Az 60 Q11 A
Enanee
Ay 70 110 As
[“oecooes g wemony annay v 8 [: D9 v
v —— e ¢ oo e
[ i l
Ay ————of ioreanow| e ow | 4 PIN NAMES
Ay now i 1 i €4 SENSE-REFRESH AMPLIFIERS ore AL‘_%'SAS égESSiSAgE%LiS STROBE
N DATA IN/DATA OUT GATING OATA'
4 e cowm wors iﬁ:ﬁ‘fﬂsi ool stvecr &3 CHIP SELECT
.y — o ' 1 b 1 Din DATA IN
woctrexeo) ! | i DouT DATA OUT
Ag r—o T
— Y ROW ADDRESS STROBE
i NavoRy Annar WRITE READ/WRITE INPUT
Sumwy ceiis Vgs POWER (~5V)
Vee POWER (+5V)
Vpo POWER (+ 12V)
Vss GROUND
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ABSOLUTE MAXIMUM RATINGS*

Voltage on any pin relative toVBB. . . ... ........
Voltage on Vpp, VC( relative to VSS
vBB-Vss (VDD—Vss > 0)
Operating temperature, TA (Ambient)
Storage temperature (Ambient)(Ceramic)
Storage temperature {Ambient)(Plastic)

0°Cto+70°C
—65°C to + 150°C
—556°C to + 125°C

—0.5V to +20V
—1.0V to +15V

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

ov

Short circuitoutputcurrent . ...............c.ccevunun.. 50mA  periods may affect device reliability.
Power dissipation . .........coittii ittt 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 23
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 24 7.0 volts 2
VIiH 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 (VDD = 12.0V * 10%; Vce = 5.0V + 10%; Vg = 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
IpD3 Average Vpp Power Supply Current 25 mA

during “Rﬁé only’’ cycles
lcc Ve Power Supply Current mA 6
IBB Average Vgg Power Supply Current 150 HA
(L) Input Leakage Current (any input) 10 MA 7
lo(L) Output Leakage Current 10 uA 8.9
VOH Output Logic 1 Voltage @ QYT = 2.4 volts

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

3.2mA
NOTES
1. T, is specified for operation at frequencies to tRC >‘RC (min). 6. Icc depends on output loading. During readout of high level data

Operation at higher cycle rates with reduced ambient temperatures
and higher power dissipation is permissible provided that all AC
parameters are met. See figure 2 for derating curve.

7

2. All voltages referenced to Vgg.
3. Output voltage will swing from Vgg to Ve when enabled, with 8.

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. 9.
4. Several cycles are required after power-up before proper device 10

operation is achieved. Any 8 cycles which perform refresh are

adequate for this purpose.
6. Current is proportional to cycle rate.!pp¢ (max) is measured at

the cycle rate specified by tRC (min). See figure 1 for Ipp1 limits 11

at other cycle rates.

CC is connected through a low impedance (1352 typ) to Data
Out. At all other times Icc consists of leakage currents only.

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

pin under test which is at +10 volts.

Output is disabled (high-impedance) and FAS and CAS are both
at a logic 1. Transient stabllization is required prior 10 measure-
ment of this parameter.

ov < VoyT <+ 10V.

. Effective capacitance is calculated from the equation:

c=Aawith Av = 3volts.
Av

. A.C. measurements assume t1 = 5ns.



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)

MK4027-2 MK4027-3

PARAMETER MIN | MAX | MIN | MAX UNITS NOTES
tRC Random read or write cycle time 320 375 ns 12
tRWC | Read write cycle time 320 375 ns 12
tRMW | Read modify write cycle time 320 405 ns 12
tpC Page mode cycle time 170 225 ns 12
tRAC | Access time from row address strobe 150 200 ns 13, 15
tcAC | Access time from column address strobe 100 135 ns 14, 15
tOFF | Output buffer turn-off delay 40 50 ns
tRP Row address strobe precharge time 100 120 ns
tRAS | Row address strobe pulse width 150 | 10,000| 200 | 10,000 ns
tRSH | Row address strobe hold time 100 135 ns
tcAS | Column address strobe pulse width 100 135 ns
tcSH | Column address strobe hold time 150 200 ns
tRCcD | Row to column strobe delay 20 50 25 65 ns 16 i
tASR | Row address set-up time 0 0 ns
tRAH | Row address hold time 20 25 ns
tASC | Column address set-up time —-10 -10 ns
tCAH | Column address hold time 45 55 ns
tAR Column address hold time referenced to RAS 95 120 ns
tcsc | Chip select set-up time -10 -10 ns
tCH Chip select hold time 45 55 ns o
tcHR | Chip select hold time referenced to RAS 95 120 ns sw
tT Transition time (rise and fall) 3 35 3 50 ns 17 <Zf <§I
tRcS | Read command set-up time 0 0 ns > o
tRCH | Read command hold time 0 0 ns
tWCH | Write command hold time 45 55 ns
tWCR | Write command hold time referenced to RAS 95 120 ns
twp Write command pulse width 45 55 ns
tRWL | Write command to row strobe lead time 50 70 ns
tcwL | Write command to column strobe lead time 50 70 ns
tDS Data in set-up time 0 0 ns 18
tDH Data in hold time 45 55 ns 18
tDHR | Data in hold time referenced to RAS 95 120 ns
tcRP | Column to row strobe precharge time 0 0 ns
tcp Column precharge time 60 80 ns
tRFSH| Refresh period 2 2 ms
twcs | Write command set-up time 0 0 ns 19
tcwD | CAS to WRTTE delay 60 80 ns 19
trwp | RAS to WRITE delay 110 145 ns 19
tpOH | Data out hold time 10 10 Mus

Notes Continued

12. The specifications for tpe (min) and tpyc (min) are used only to

indicate cycle (i‘r’ne at which proper operation over the full temp-
erature range (0 C T a < 70C) is assured. See figure 2 for dera-
ting curve.

. Assumes that ‘hCD < trep (max).

. Assumes that tgcp 2> trep (max).

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

. Operation within the tg (max) limit insures that tg o¢ (max)
can be met. tRCEa(max is specified as a reference point only; if

tRcp is greater than the specified tgcp (mMax) limit, then access
time is controlled exclusively by tcacC.

. Vinc (min) or V) (min) and V) (max) are reference levels for

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

. These parameters are referenced to CAS leading edge in random

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

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

a read/write or read/modify/write cycle only. If t t (min),
the cycle is an early write gvcls andYData O:t wilmgﬁt%nvyl&sda(a
written into the selected cell. If tcyp =>tcwp (Min) and tewp =
trwp (min), the cycle is a read-write cycle and Data Out will contain
data read from the selected cell. |f neither of the above sets of conditions
is satisfied, the condition of Data Out (at access time) is indeterminate.



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

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

CYCLE TIME tgyg (ns)

s 320 CYCLE TIME tcygc (ns)
1000 500 400 300 250 75 320
50mA TN Y 1
1000 500 400 300 250
1
70
o N
= MK-4027-
40mA =
A o MK 4027-1/2 3|
z Vs Z e
£ "{\ 4 ":
E SA L Z
S oma & & s H
o \ - 7 2
Y 9 ) <
E N \4(’ 2| 50
N ,5\°°\ \‘t\# 2 1.0 20 30 40
a A N
g o \,L\°° NS CYCLE RATE (MHz) = 103 /tgyg (ns)
2 20ma & TN
a @*'&'—7‘* Figure 2. Maximum ambient temperature versus cycle rate
o for extended frequency operation.
10mA .
0
° 1.0 20 3.0 4.0
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Figure 1. Maximum Ippq 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 FC_AS), 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 writtenintoa selected cell is latched into
an_on-chip r&gﬁsster 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, Datainisreferenced to WRITE in the timing
diagram depicting the read-write and page mode
write cycles while the “early_write’”’ cycle diagram
shows Data In referenced to CAS.) Note that if the
chip is unselected (CS high at CAS time) WRITE
commands are not executed and, consequently,
data stored in the memory is unaffected.

Data is retrieved from the memory in a read cycle
by maintaining WRITE in the inactive or high state
throughout the portion of the memory cycle in which
CAS is active. Data read from the selected cell will
be available at the output within the specified access
time.

DATA OUTPUT LATCH

Any change in the condition of the Data Out Latch
is initiated by the CAS signal. The output buffer is
not affected by memory (refresh) cycles in which
only the RAS signal is applied to the MK 4027.

Whenever CAS makes a negative transition, the out-
put will go unconditionally open-circuited, indepen-
dent of the state of any other input to the chip. If
the cycle in progress is a read read-modify-write, or a
delayed write cycle and the chip is selected, then
the output latch and buffer will again go active and
at access time will contain the data read from the
selected cell. This output data is the same polarity
(not inverted) as the input data. |f the cycle in
progress is a write cycle (WRITE active low before
CAS goes low) and the chip is selected, then at access
time the output latch and buffer will contain the
input data. Once having gone active, the output will
remain valid until the MK 4027 receives the next
CAS negative edge. Intervening refresh cycles in
which a kAS is received (but no CAS) will not cause
valid data to be affected. Conversely, the output
will assume the open-circuit state during any cycle
in which the MK 4027 receives a CAS but no RAS
signal (regardless of the state of any other inputs).
The output will also assume the open circuit state in
normal cycles (in which both RAS and CAS signals
occur) if the chip is unselected.

The three-state data output buffer presents the data
output pin with a low impedance to V¢ for a logic
1 and a low impedance to Vss for a logic 0. The
output resistance to V c(C (logic 1 state) is 420 2 max-
imum and 135 Q typically. The output resistance
to Vs§ (logic O state) is 125 maximum and 35
typically. The separate Vg pin allows the out-
put buffer to be powered from the supply voltage of
the logic to which the chip is interfaced. During
battery standby operation, the V¢ 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 CAS signal is applied to the chip.



POWER DISSIPATION/STANDBY MODE

Most of the circuitry used in the MK 4027 is dynamic
and most of the power drawn is the result of an
address strobe edge. Because the power is not drawn
during the whole time the strobe is active, the
dynamic power is a function of operating frequency
rather than active duty cycle. Typically, the power
is 1770mW at 1 usec cycle rate for the MK 4027 with
a worse case power of less than 470mW at 320nsec
cycle time. To minimize the overall system power,
the Row Address Strobe (RAS) should be decoded
and supplied to only the selected chips. The CAS
must be supplied to all chips (to turn off the un-
selected output). Those chips that did not receive
a RAS, however, will not dissipate any power on
the CAS edges, except for that required to turn off
the outputs. |f the RAS signal is decoded and sup-
plied only to the selected chips, then the Chip Select
(CS) input of all_chips can be_at a logic 0. The chips
that receive a CAS but no RAS will be unselected
(output open-circuited) regardless of the Chip Select
input. For refresh cycles, however, either the CS
input of all chips must be high or the CAS input
must be held high to prevent several “wire-OR‘d"”
outputs from turning on with opposing force. Note
that the MK 4027 will dissipate considerably less
power when the refresh operation is accomplished
with a_“RAS-only” cycle as opposed to a normal
RAS/CAS memory cycle.

PAGE MODE OPERATION

The ‘“Page Mode” feature of the MK 4027 allows
for successive memory operations at multiple column
locations of the same row address with increased
speed without an increase in power. This is done by
strobing the row address into the chip and keeping
the F(_Ag§ signal at a logic 0 throughout all successive
memory cycles in which the row address is common.

This “page mode’’ of operation will not dissipate the
power associated with the negative going edge of
RAS. Also, the time required for strobing in a new
row address is eliminated, thereby decreasing the
access and cycle times. The chip select input (CS)
is operative in page mode cycles just as in normal
cycles. It is not necessary that the chip be selected
during the first operation in a sequence of page
cycles. Likewise, the CS input can be used to select
or disable any cycle(s) in a series of page cycles.
This feature allows the page boundary to be extended
beyond the 64 column locations in a single chip.
The page boundary can be extended by applying
RAS to multiple 4K memory blocks and decoding
CS to select the proper block.

POWER UP

The MK 4027 requires no particular power supply
sequencing so long as the Absolute Maximum Rating
Conditions are observed. However, in order to insure
compliance with the Absolute Maximum Ratings,
MOSTEK recommends sequencing of power supplies
such that VBB is applied first and removed last.
VBB should never be more positive than VS 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 Data Out to the
inactive state.

After power is applied to the device, the MK 4027
requires several cycles before proper device operation
is achieved. Any 8 cycles which perform refresh are
adequate for this purpose.

DYNAMIC

RAMS




TYPICAL DEVICE CHARACTERISTICS
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TYPICAL ACCESS TIME (NORMALIZED) vs. VDD
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SUPPLEMENT

MOSTEK.

4096x1-BIT DYNAMIC RAM

MK4027(J/N)-4

FEATURES

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

O 250ns access time, 380ns cycle

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

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

O Low Power: 462mW active (max)
27mW standby (max)

DESCRIPTION

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

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

O Improved performance with “‘gated CAS”, “RAS
only’ refresh and page mode capability

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

O Output data latched and valid into next cycle

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.
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} A, 70 10 Ag
Voo 80 09 Vee
PIN NAMES
Ag-Ag ADDRESS INPUTS

COLUMN ADDRESS STROBE

|

s CHIP SELECT

DIN DATA IN

DouT DATA OUT

RAS ROW ADDRESS STROBE
WRITE READ/WRITE INPUT
VR POWER (—5V)

Vee POWER (+5V)

VoD POWER (+ 12V)

Vss GROUND
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ABSOLUTE MAXIMUM RATINGS*

Voltage on any pin relativeto VBB. . .. .. .. ...... —0.5V to +20V
Voltage on Vpp, VCC relativetoVss ... ........ —1.0V to +15V :itgess;es gﬁatqrAthanRthpse listed under
VBB—VSS(VDD-VSS>0) . oo oo OV permanent damage fo the device. This 16
Operating temperature, TA (Ambient) ............ 0°C 1o+ 70°C  3oh st e device ot shese or any “sther
Storage temperature (Ambient)(Cerafnic) ....... —65:0 to+ 150:0 ggg?;gg;s s?g‘i‘;s‘zgfetr‘,?;""sg‘:gg'c"a}i‘gg
Storage temperature (Ambient)(Plastic) ....... —b5°C to + 125°C ;;a;‘;:,:u;nmea'gné cxposure, to absolute
Short CircuitOutputCurrent . . ..., 50mA  periods may affect device reliability.
Power dissipation . ...........c..ciiiiiiiiin i 1 Watt
4

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

PARAMETER MIN TYP MAX UNITS NOTES
VDD Supply Voltage 10.8 12.0 13.2 volts 2
Vee Supply Voltage 4.5V 5.0 55 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 24 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) (VDD = 12.0V ¢ 10%; VG = 5.0V + 10%; VSS = OV; —5.7V <

Vgp <—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
lcc Ve Power Supply Current mA 6
IBB Average Vgpg Power Supply Current 150 MHA
H(L) Input Leakage Current (any input) 10 uA 7
10(L) Output Leakage Current 10 uA 8,9
VOH Output Logic 1 Voltage @ IQyUT = 24 volts

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

3.2mA
NOTES

1. T, is specified for operation at frequencies to tgc >tRC (min).

2. All voltages referenced to Vgg.

3. Output voltage will swing from Vgg to Vg when enabled,with

no output load. For purposes of maintaining data in standby mode,
Ve may be reduced to Vgg without affecting refresh operations or
data retention. However, the Vo (min) specification is not
guaranteed in this mode.

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

. Current is proportional to cycle rate. |
the cycle rate specified by tge (min).
at other cycie rates.

1 (max) is measured at
e figure 1 for Ippq limits

°&

. lcc depends on output loading. During readout of high level data
CC is connected through a low impedance (135% typ) to Data
Out. At all other times Igc consists of leakage currents only.

. All device pins at 0 volts except V gg which is at L5 volts and the
pin under test which is at +10 volts.

. Qutput is disabled (high-impedance) and RAS and CAS are both
at a logic 1. Transient stabllization is required prior to measure-
ment of this parameter.

LoV VoyuT <+ 10V,

. Effective capacitance is calculated from the equation:
c=AawithAv = 3volts.

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.

v—14



ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS(4. 11,17)
(0°C< TA< 70°C11{VDD = 12.0V+ 10%, VCC = 5.0V 10%, Vss = OV, -5.7V < Vgg <—4.5V)

MKA4027-4

PARAMETER MIN MAX UNITS | NOTES
tRC Random read or write cycle time 380 ns 12
RWC Read write cycle time 395 ns 12°
IRMW Read maodify write cycle time 470 ns 12
tpC Page mode cycle time 285 ns 12
RAC Access time from row address strobe 250 ns 13,18
tCAC Access time from column address strobe 165 ns 14,15
OFF Output buffer turn-off delay 0 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
tCAS Column address strobe pulse width 165 ns
1ICSH Column address strobe hold time 250 ns
RCD Row to column strobe delay 35 85 ns 16
tASR Row address set-up time o} ns
tRAH Row address hold time 35 ns
tASC Column address set-up time -10 ns
tCAH Column address hold time 75 ns
tAR Column address hold time referenced to RAS 160 ns
tcsc Chip select set-up time -10 ns
tCH Chip select hold time 75 ns
tCHR Chip select hold time referenced to RAS 160 ns ©
tr Transition time (rise and fall) 3 50 ns | 17 <§( g
tRCS Read command set-up time 0 ns 2dg
1RCH Read command hold time 0 ns E «
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
tps Data in set-up time o] ns 18
DH Data in hold time 75 ns 18
IDHR Data in hold time referenced to RAS 160 ns
tCRP Column to row strobe precharge time (o] ns
tcp Column precharge time 110 ns
tRFSH Refresh period 2 ms
twcs Write command set-up time (o] ns 19
tcwp CAS to WRITE delay 90 ns 19
tRWD RAS to WRITE delay 175 ns 19
DOH Date out hold time 10 us

Notes Continued
13.

14.
15.

16.

Assumes that tgcp < trep (ma).

Assumes that trcp = tRcD (max).

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

trcp s greater than the specified tgcp (max) limit, then access
time is controlied exclusively by tcac-

17.

18.

19.

ViHce (min} or Vi (min) and V| {max) are reference levels for
measuring timing of input signals. Also, transition times are
measured between V| or V  and V.

These parameters are referenced to CAS leading edge in random
write cycles and to [} leading edge in delayed write or read-
modify-write cycles.

t .t ,and t are restrictive operating parameters in
awg%/m(l:r‘{!?or read?nv'YoDdify/write cycle only. If yweg 2> twes (min),

the cycle is an early write cycle and Data Out will cGntain the data
written into the selected cell. If tocwp =>tcwp (Min) and tpwp 2
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.

vV—15



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

PARAMETER TYP MAX UNITS NOTES
C Input Capacitance (Ag-Asg), DN, CS 4 5 pF 10
C 2 Input Capacitance RAS, CAS, WRITE 8 10 pF 10
Co Output Capacitance (DoyT) 5 7 pF 8,10
MAXIMUM {pp1 vs. CYCLE RATE FOR DEVICE OPERATION
AT EXTENDED FREQUENCIES
Figure 1 CYCLE TIME tcyc (ns)
380
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SUPPLEMENT - To be used in conjunction with MK4027(J/N)-1/2/3 data sheet.



MOSTEK.

4096 x 1-BIT DYNAMIC RAM

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

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

O Input latches for address, chip select and
data in

DESCRIPTION

The MK 4096 is the recognized industry standard
4096 word by 1 bit MOS Random Access Memory
circuit packaged in astandard 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
disstpation.

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.

RAMS

o
2
<
z2
>
[a]

a_highly manufacturable, state-of-the-art memory .y A Ti - *
circuit that exhibits the reliability and performance art Number ceess Time Cycle Time Maxx Poswer
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 WK 4096-11 350 ns 500 ns 320mw
storage technique and dynamic control circuitry t0  *Standby power for all parts < 19mW
FUNCTIONAL DIAGRAM PIN CONNECTIONS
Vg I (e ] 16 Vss
o e ﬁ 2 ow 20 015 CAS
DATA IN B
Aomcgsugr"noaz 21 T, WRITE 3 [: j 14 DOUT
ey el —
RAS 4[] 713 CS
Ay 50 12 Aj
A 6 01l Ag
" Ay 700 10 Ag
’ Vop 80 9 Vee
PIN NAMES
Ag-As ADDRESS INPUTS DN DATA IN
CAS ° COLUMN ADDRESS STROBE Doyt DATAOUT
row CLOCK GENERATOR MO 1 c3 CHIP SELECT Vgg  POWER (—5V}
R FAS _ ROW ADDRESS STROBE Voce  POWER {+5V)
WRITE READ/WRITE INPUT Vph  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—Vgg > 4.5V . 5
Operating temperature TA (Ambient)....0Cto+70C

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

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

*Stresses above those listed under *Absolute
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.

Maximum Ratings”

MK 4096—6 MK 4096—16 MK 4096—11

PARAMETER MIN MAX MIN MAX MIN MAX UNITS | NOTES
Vpp | Supply Voitage 114 12.6 114 12.6 114 12.6 Volts 1
Vee | Supply Voltage Vss Voo | Vss Voo | Vss Vpp | Volts 1,2
Vss | Supply Voltage 0 0] 0 0 0 0 Volts 1
Vg | Supply Voltage —-4.5 —-5.5 —4.5 —5.5 —4.5 —-5.5 Volts 1
VIHC l;g%ic 1 Voltage — RAS, 2.7 7.0 2.7 7.0 3.0 7.0 Volts 1,3

CAS, WRTTE
ViH Logic 1_Voltage, all inputs 24 7.0 24 7.0 24 7.0 Volts 1,3

except R_AS, , Wd TE
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< 70CAVDD = 12.0V+ 5%; Vcc = 5.0V £ 10%; VSs = 0V; VBB = —5.0V +10%)

MK4096-6 | MK4096-16| MK4096-11
PARAMETER MIN MAX | MIN MAX|MIN MAX [ UNITS| NOTES
IDD1 | Average Vpp Power Supply Current 35 30 ‘25 mA 4
lce Ve Power Supply Current mA 5
IBB . | Average Vg Power Supply Current 75 75 75 MA
Ibp2 | Standby Vpp Power Supply Current 1.5 1.5 1.5 mA 7
IDD3 Average VDD Supply Current during 25 22 18 mA 4
" -only” cycles

(L) | Input Leakage Current (any input) 5 5 5 pA 6
lo(L) | Output Leakage Current 10 10 10 LA 7,8
VoH | Output Logic 1 Voltage @ lgyt= —5mA | 2.4 2.4 2.4 Volts | 2
VoL | Output Logic O Voltage @ IgyT= 2mA 0.4 0.4 0.4 |Volts

NOTES

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

2. Output voltage will swing from Vgg to V¢ if Vec < Vpp -4
volts. If Voo 2 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.

5. lcc depends upon output loading. The V¢ supply is connected

to the output buffer only.

6. All device pins at 0 volts except Vgg which is at —5 volts and the
pin under test which is at +10 volts.

7. Output is disabled {open-circuit) and RAS and CAS are both ata
logic 1.

8. OV< VouT < +10V.




ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (10,15,17)
(0°C < TA < 70°C) (VDD = 12.0V+ 5%, Vcc = 5.0Vt 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 V] 80 0 100 nsec
tRp Row Address Strobe Precharge Time 116 125 150 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
tCcAS 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 115
tRrcs 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 § *
teRL Column to Row Strobe Lead Time ~40 | +40 —50 | +50 —50 | +50 nsec s 3
tewl wer;?%%n;mand to Column Strobe 110 130 150 nsec E *
tps Data In Set-Up Time 0 0 0 nsec 16
ton Data In Hold Time 110 130 150 nsec 16
tRESH Refresh Period 2 2 2 msec
tmop Modify Time 10 10 10 usec
tDoH Data Out Hold Time 10 10 10 usec

NOTES Continued

9. Capacitance measured with Boonton Meter or effective capacitance
calculated from the equation: C = t with current equal to a con-

|
stant 20mA and AV= 3V. AV

15.
. A C measurements assume tT = 5ns. 16.
. Assumes that tRCL + 1T < tRCL (max).
. Assumes that tyc + tT ZtRcL (max).

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

. Operation within the tgcL (max) limit insures that tgac (max)
can be met. tgc (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 . tracC and tRCL
will be tonger by the amount tgg|_ + tT exceeds trc (max).

VK¢ (min) or Vi {min) and V| (max) are reference levels for
measuring timing of input signals. Also, transition times are
measured between V¢ or V|H 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.

. After the application of supply voltages or after extended periods

of operation without clocks, the device must performa minimum
of one initialization cycle (any valid memory cycle containing both
RAS and CAS) prior to normal operation.



AC ELECTRICAL CHARACTERISTICS
(0°C <TA< +70T) (VDD = 12.0V £5%, VCC =5.0V +10%, Vss = 0V, Vg = —5.0V + 10%)

PARAMETER TYP MAX UNITS NOTES
Ci input Capacitance (Ag — Ag) 7 10 pF 9
Ci2 Input Capacitance (RAS, CAS, D|N, 5 7 pF 9
WRITE, CS)
Co Output Capacitance (DOUT) 5 8 pf 79
TIMING WAVEFORMS
READ CYCLE X
_ ; |
RAS Ve f— taas "
WX {C— N
r—.——« [ — .1 iq— ————— tas — ——»ﬂ
cAs Vine i | /:f(’
Iy
\L' :L‘_- e (»“ﬂf s F-‘ r'» " _Hl r‘l-‘ tom
soeses " M| aoiness KX | S | X
| D -—44: | e 1
| Vine i 4 ]
whtE ; 44]/ :! Y*-\\
\ i
|
& ! \ | [
o ii—.! teac toow
Dour ::’: ! } CPEN J‘ vaL: }———

WRITE CYCLE

i
__ v, ]
RAS (G0
Vie
— Vi
CAS
Vi

1
1
i
rn—'.-n

! \con.umn
\Aonasss

Vin | row
ADDRESSES
Vi | ADDRESS
|

.
WRITE Vine | l"w:o‘
(0 ||
|
tos H |-— fou
Vin | 1
o |
s Ton
= Vin }
Vi
”'—_ e e Yo ———-‘
—
o | oren ——— | —




TIMING WAVEFORMS
READ-WRITE/READ-MODIFY-WRITE CYCLE
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““RAS ONLY"" REFRESH CYCLE
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ADDRESSES ADDRESS

V,

e

Vv,

OH
DOUT

VoL
NOTE:

Prior to the first memory cycle following a period (beyond 2mS) of “RAS-only refresh, a memory-cycle employing both
RA3 and TAS 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 cycletime). Each of these signals,
RYTS 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 " feature allows the CAS clock to
be externally activated as soon as the Row Address
Hold Time specification {(taoH) 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 tRrcL (min) and trcL (max). No data
storage or reading errors will result if CAS is applied
to the MK 4096 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
%\%Ise, if the WRITE input is brought low prior to

, the Data In is strobed by CAg 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 es are referenced to_ the

negative edge of WRITE rather

(To illustrate this feature, Data In is referenced to
w in the timing diagram depicting the read-
modify-write cycle while the “‘early write’" cycle
diagram shows Data In referenced to(x.AS)._Ngte 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.

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 signal. The output buffer is
not affected by memory (refresh) cycles in which
only the RAS signal is applied to the MK 4096
Whenever 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 inpyut_data. If the cycle in
rogress is a write cycle (WRITE active low before
Eﬂg 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
rﬁ%ggtiye edge. Intervening refresh cycles in which a
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 Vgs for a logic 0. The effec-
tive resistance to Vcc (logic 1 state) is 50082 maxi-
mum and 1502 typically. The resistance to Viss
(logic O state) is 20082 maximum and 100§2 typically.
The separate V¢ 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
employed to refresh the MK 4096. 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



J k perrormed precngrge ine Cr-
. 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 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 a8 maximum power of less than 450 mW at
375 nsec cycle time. To minimize the gverall 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 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 VBR supplies are shown in Figure A.
Since the current is pulsed, proper power distribution
and bypassing technigues 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 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 Vpp
(+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 achieved. A normal
64 cycle refresh with both RAS and CAS is adequate
for this purpose.
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MOSTEK

4096x1-BIT DYNAMIC RAM

MK4200(K/N)-11/16

FEATURES

0O Three-state TTL compatible output, latched and

O Industry standard 16-pin DIP configuration ree
valid into next cycle

{available in plastic (N) and ceramic (K)
packages) N . .

O Proven reliability with high performance

O All inputs are low capacitance and TTL

compatible, except RAS (MOS level) Part Number | Access Time Cycle Time Max Power*
O Input latches for address, chip select and MK 4200-16 300 ns 425 ns 380 mW
datain
MK 4200-11 350 ns 500 ns 300 mW

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

*Standby power for all parts < .6 mW

standards necessary for today’'s (and tomorrow’s)
data processing applications. The MK4200 employs
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

a_highly manufacturable, state-of-the-art memory allow the user to determine the speed/power
circult that exhibits the reliability and performance characteristics of his memory system.
FUNCTIONAL DIAGRAM PIN CONNECTIONS
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cim Seleey ow 20 015 CAS
woortSsHvom i WRITE 3 14 Doyt
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STORAGE ARRAY -— '1(7(
e PIN NAMES
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ABSOLUTE MAXIMUM RATINGS*

Voltage on any pin relative to Vgg....—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 (17
(0C < TaA < 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 1.4 12.0 12.6 Volts 1
vVee Supply Voltage Vss 5.0 VDD Volts 1,2
Vss Supply Voltage 0 0 0 Volts 1
VBB Supply Voltage —-4.5 -5.0 -55 Volts 1
VIHC | Logic 1 Voltage, CAS, WRITE 2.7 5.0 7.0 Volts 1,3
VIH Logic 1 Voltage, all inputs 24 5.0 7.0 Volts 1,3

except RAS, CAS, WRITE
VIHR Logic 1 Voltage, RAS input Vpp-1 12.0 VDD+1 Volts 1
ViL Logic O Voltage, all inputs -1.0 0 0.8 Volts 1,3

DC ELECTRICAL CHARACTERISTICS 17!

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

PARAMETER m:(NQI\(/)I(X;( I\l/\lnlﬁ 42!\?2521 UNITS | NOTES
IDD1| Average VDD Power Supply Current 30 25 mA 4
ICC Ve Power Supply Current mA 5
BB Average VBB Power Supply Current 75 75 uA
IDD2 | Standby VDD Power Supply Current 50 50 LA
IDD3 | Average VDD Supply Current during 22 18 mA 4
“RAS - only” cycles
I{(L) Input Leakage Current (any input) 5 5 KA 6
10(L) | Output Leakage Current 10 10 uA 7,8
VOH Slf rL'l1tALogic 1 Voltage @ lQUT 24 2.4 Volts 2
VoL Output Logic 0 Voltage @ IQUT 0.4 0.4 Volts
=2mA
NOTES
1. All voltages referenced to Vgs. Vg must be applied to and 5. Icc depends upon output loading. The Vo supply is connected

removed from the device within 5 seconds of Vpp.

2. Output voltage will swing from Vgg to Vec if Voo S Vpp —4 6.
volts. 1f 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. Currentis proportional to cycle rate; maximum current is

measured at the fastest cycle rate.

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|yC.

ov < VouT < +10V.



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

(0°C < TA < 70°C) (VDD = 12.0V: 6%, Vcc = 5.0V 10%, Vss = 0V, VBB = —5.0V  10%)

MK 4200-16 MK 4200-11
PARAMETER MIN MAX MIN MAX UNITS NOTES
tRec Random Read or Write Cycle Time 425 500 nsec 1
tRAC Access time from Row Address Strobe 300 350 nsec 11,13
tcAC Access Time from Column Address 165 200 nsec 12,13
Strobe
t OFF 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 o
twp Write Command Pulse Width 130 150 nsec 5 %’
tCRL Column to Row Strobe Lead Time —50 +50 -50 +50 nsec E ;
tCWL Write Command to Column Strobe 130 150 nsec 0
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 Hsec
tDOH Data Out Hold Time 10 10 usec

NOTES Continued

9.

Capacitance measured with Boonton Meter or effective capacitance
calculated from the equation: C = | £t with current equal to a con-
stant 20mA. AV

. A C measurements assume tT = 5ns.

. Assumes that tRcL + tT S tRCL (max).

. Assumes that tgcL + tT Ztrgl (max).

. Measured with a load circuit equivalent to 1 TTL load and CL= 100pF.

. Operation within the tgc (max) limit insures that tgac (max)

can be met. tacy (max) is specified as a reference point only; if
tRCL is greater than the specified trcL (max) limit, then access
time is controlled exclusively by tcac and tRaS . tRAC and tRCL
will be longer by the amount trc + tT exceeds trc (max).

156. Vg or VIHR or V|H and V| {max) are reference levels for
measuring timing of input signals. Also, transition times are

measured between V¢ or VIHR or ViH 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.



AC ELECTRICAL CHARACTERISTICS
(0°C <TA < +70T) (VDD = 12.0V 5%, VcC =5.0V £10%, V§S = 0V, VBB = —5.0V + 10%)

PARAMETER TYP MAX | UNITS | NOTES
Ci1 Input Capacitance (Ag — As) 7 10 pF 9
Ci2 input Capacitance (RAS, CAS, DN 5 7 pF 9
WEITF, '
Co Output Capacitance (DoyT) 5 8 pF 79
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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 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
(CTAQS), 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 unti! the occurrence of a
delayed signal derived from the RAS clock chain.
This ‘‘gated CAS’ feature allows the CAS clock to
be externaily 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 tRCcL (max). No data
storage or reading errors will result if is applied
to the MK 4200 at a point in time beyond the tR(E)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 tRC L 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. [n 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 Vgs (0V) to within 1 volt of Vpp (+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
((::)kcée, if the WRITE input is brought low prior to

, the Data In is strobed by CAg 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

negative edge of WRITE 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 ). 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.

rather

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 is active. Data read from the selected cell
will be available at the output within the specified
access time.

DATA QUTPUT LATCH

Any change in the condition of the Data Out Latch
is initiated by the CAS signal. The output buffer is
not affected by memory (refresh) cycles in which
only the RAS signal is applied to the MK 4200.
Whenever makes a negative transition, the
output will go unconditionally open-circuited, inde-
pendent of the state of any other input to the chip.
if the cycle in progress is a read, read-modify-write,
or a delayed write cycle and the chip is selected,
then the output latch and buffer will again go active
and at access time will contain the data read from
the selected cell. This output data is the same polarity
{not inverted) as the input datg. 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 wijll
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 (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 VSg for a logic 0. The effec-
tive resistance to VG (logic 1 state) is 500£2 maxi-
mum and 1502 typically. The resistance to VSg
{logic O state) is 200§2 maximum and 10052 typically.
The separate V¢ 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 Vg 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
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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 and go open-circuit. Prior to the first memory

u performed to precharge the inter-

. 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 usec 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 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. |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 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 VDp and VSS
are desirable. One 0.01 microfarad, low inductance,
bypass capacitor per two MK 4200devices and one
6.8 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 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 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 VBB (—5V).

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

POWER SUPPLY CURRENT WAVEFORMS
Figure A

I00nis /DIV

—

"
+H—++

ROW ADD STROBE (RAS) L

P B Y
L ¢

COL ADD STROBE (CAS)

n

+

4

it P
rv—v’ +——++

+

e Bt 4
\ASBARRE REEE]
T

IS
l\vvlv -+

g

CURRENT | | o (+12voLT
DRAWN SUPPLY
FROM
loa (-5 VOLT
SUPPLIES| BB ( SUPPLY
(50 MA/DIV)

DYNAMIC
RAMS




v—32



MOSTEK.

16,384 X 1-BIT DYNAMIC RAM

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

FEATURES

O Recognized industgly 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)

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

DESCRIPTION

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

The technology used to fabricate the MK 4116 is
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

O 128 refresh cycles
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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ABSOLUTE MAXIMUM RATINGS*

Voltage on any pinrelative to VBB. . . .. oo oo e v e e e et
Voltage on VDD, VCC suppliés relative to VSS. ... ... ...
VBB—VSS (VDD—VSS>0V) . ...t
Operating temperature, TA (Ambient) . ...............
Storage temperature {(Ambient) Ceramic...............

...0°%C to+ 70T tions above those indicated in the opera-
_55°C to + 15000 tional sections of this specification is not

*Stresses greater than those listed under
““Absolute Maximum Ratings’’ may cause

—0.5V to +20V

—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-

implied. Exposure to absolute maximum

Storage temperature, (Ambient) Plastic ................... -55°C to +125°C 'f;;‘"g C?‘”ditli""s for extended periods may

Short Circuit GUIPUL CUITENT . . oo\ttt ie e ie e ie e a OmA 2ffect retiapility.

Power dissipation ... ..... ... ..t e 1 Watt

RECOMMENDED DC OPERATING CONDITIONS®

(0°C <TA<70°C)

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES

Supply Voltage VDD 10.8 12.0 13.2 Volts 2
Vee 45 5.0 5.5 Volts 2,3
Vss 0 0 0 Volts 2
VBB -4.5 -5.0 -5.7 Volts 2

Input High (Logic 1} Voltage, VIHC 24 — 7.0 Volts 2

RAS, CAS, WRITE

Input High (Logic 1) Voltage, ViH 2.2 - 7.0 Volts 2

all inputs except RAS, CAS

WRITE

Input Low (Logic 0) Voltage, ViL -1.0 - .8 Volts 2

all inputs

DC ELECTRICAL CHARACTERISTICS

(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 1DD1 35, mA 4

Average power supply operating current lcc1 5

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

STANDBY CURRENT IDD2 1.5 mA

Power supply standby current (RAS = ViHC, lcc2 ~10 : 10 MA

DouT = High Impedance) IBB2 100 MA

REFRESH CURRENT IDD3 25 mA 4

Average power supply current, refresh mode Iccs -10 10 uA

(RAS cycling, CAS = V|HC; tRC = tRC Min 1BB3 200 MA

PAGE MODE CURRENT IDD4 27 mA 4

Average power supply current, page-mode lcca 5

operation (RAS =V_,CAS cycling; 1BB4 200 HA

tpc = tpc Min

INPUT LEAKAGE (L) -10 10 LA

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 LA

Output leakage current (DOyT is disabled,

0V < VouT < +5.5V)

OUTPUT LEVELS

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

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

NOTES:

1. T a is specified here for operation at frequencies to tRC >tR mode, Ve may be reduced to Vss without affecting refresh

(min). Operation at higher cycle rates with reduced ambient
temperatures and higher power dissipation is permissible, how-

ever, provided AC operating parameters are met. See figure 1 a

for derating curve. .
2. All voltages referenced to Vgs- 5.
3. Output voltage will swing from Vgg to V¢ when activated with

no current loading. For purposes of maintaining data in standby
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operations or data retention. However, the Vo (min) specifica-
tion is not guaranteed in this mode.

'pp1. 'pp3. and Ipp4 depend on cycle rate. See figures 2,3, and
4 for Ipp limits at other cycle rates.

I?%1 and icc4 depend upon output loading. During readout
ot high level data V¢ is connected through a low impedance
(1350 typ) to data out. Atall other times I consists of
leakage currents only.



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

MK 4116-2 MK 4116-3

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

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

RAS hold time tRSH 100 135 ns

CAS hold time tCSH 150 200 ns

CAS pulse width tCAS 100 [10,000 135 |10,000 ns

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

Row Address set-up time tASR 0 0 ns

Row Address hold time tRAH 20 25 ns

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

Column Address hold time tCAH 45 55 ns

Column Address hold time referenced to RAS tAR 95 120 ns

Read command set-up time tRCS 0 ns

Read command hold time tRCH 0 ns

Write command hold time * tWCH 45 55 ns

Write command hold time referenced to RAS tWCR 95 120 ns

Write command pulse width WP 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 65 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

1.
12
13.

operation is achieved. Any 8 cycles which perform refresh are adequate
for this purpose.

AC measurements assume tT = 5ns.

VIHC (min) or VIH {min) and VIL {max) are reference levels for measuring
timing of input signals. Also transition times are measured between
VIHC or VIH and VIL.

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

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

Assumes that tRCD (max).

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

tOFF (max) defines the time at which the output achieves the open circuit
condition and is not referenced to output voltage levels.
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than the specified tRCD {max) limit, then access time is controlled
exclusively by tCAC.

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

tWCS, tCWD and tRWD are restrictive operating parameters in read
write and read modify write cycles only. If tWCS =tWCS (min), the cycle
is an early write cycle and the data out pin will remain open circuit{high
impedance} throughout the entire cycle; If tCWD = tCWD (min} and
tRWD = tRWD (min), the cycle is a read-write cycle and the data out will
contain data read from the selected cell; If neither of the above sets of
conditions is satisfied the condition of the data out (at access time) is
indeterminate.

Effective capacitance calculated from the equation C = 1At
A = 3 volts and power supplies at nominal levels.

CAS = VIHC to disable DOUT.

AV with

DYNAMIC

RAMS




AC ELECTRICAL CHARACTERISTICS

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

PARAMETER SYMBOL TYP MAX UNITS NOTES
Input Capacitance (Ag—Ag), DIN Cnh 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 tgc(ns) CYCLE TIME tgcl(ns)
375 320 s a0
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Fig. 1 Maximum ambient temperature versus cycle rate for extended
frequency operation. TA {max) for operation at cycling rates greater
than 2.66 MHz (toyc<376ns) is determined by T, (max)° C = 70—
1.0 20 30 4.0

9.0 x (cycle rate MHz ~2.66) for .3. T (max) °C = 70— 9.0
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 fregquencies. 'DDJ {max) curve is defined by the equation:

Ipp3imax) mA =10 + 6.5 x cycle rate [MHz] for -3
IDD3(max) mA =10 + 5.5 x cycle rate [MHz] for -2

CYCLE RATE (MHz) = 103/ tpclns)

Fig. 2 Maximum 'DDI versus cycle rate for device operation at
extended frequencies. Inpg (max) curve is defined by the equation:

Ipp1 {max) mA = 10 + 9.4 x cycle rate [MHz] for -3

Ippy {max) mA =10 + 8.0 x cycle rate [MHz] for -2

MAX Ippg SUPPLY CURRENT (mA)
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Fig. 4 Maximum 'pp4 Vversus cycle rate for device operation in page

mode. Ippg {max)

curve

is defined by the equation:

Ipp4 fmax) mA = 10 + 3.75 x cycle rate [MHz] for -3
DD4 {max) mA = 10 + 3.2 x cycle rate [MHz] for -2
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DESCRIPTION (continued)

System oriented features include + 10% tolerance on
all power supplies, direct interfacing capability with
high performance logic families such as Schottky
T'lgL, 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 /O capability, two dimen-
sional chip selection, and extended page boundaries
(when operating in page mode).

ADDRESSING

The 14 address bits required to decode 1 of the
16,384 cell locations within the MK 4116 are multi-
plexed onto the 7 address inputs and latched into the
on-chip address latches by externally applying two
negative going TTL-level clocks. The first clock, the
Row Address Strobe (RAS), latches the 7 row address
bits into the chip. The second clock, the Column
Address Strobe (CAS), subsequently latches the 7
column address 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 tRCcD (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 register by a combination of WRITE and
CAS while @ is active, The later of the signals
(WRITE or CAS) to make its negative transition is the
strobe for the Data In (D|N) register. This permits
several options_in the write cycle timing. In a write
cycle, if the WRITE input is brought low (active)

prior to CAS, the D|N is strobed by CAS, and the
set-up and hold times are referenced to CAS. If the
input data is not available at CAS time or if it is
desired that the cycle be a read-write cycle. the
WRITE signal will be delayed until after CAS has
made its negative transition. In this “delayed write
cycle’”’ the data input set-up and_hold times are re-
ferenced to the negative edge of WRITE rather than
CAS. (To illustrate this feature, D[N is referenced to
WRITE in the timing diagrams depicting the read-
write and page-mode write cycles while the “‘early
write”’ cycle diagram shows 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 (DOUT)
of the MK 4116 is the high impedance (open-circuit)
state. That is to say, anytime CAS is at a high level,
the DQUT pin will be floating. The only time the
output will turn on and contain either a logic O or
logic 1 is at access time during a read cycle. DQUT
will remain valid from access time until CAS is taken
back to the inactive (high level) condition.

If the memory cycle in progress is a read, read-modify
write, or a delayed write cycle, then the data output
will go from the high impedance state to the active
condition, and at access time will contain the dati
read from the selected cell. This output data is 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:CP i[' 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 — DouT 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/CAS clock timing relationship very flexible.

Two Methods of Chip Selection — Since DQUT
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is not latched, CAS is not required to turn off the
outputs of unselected memory devices in a matrix.
This means that both CAS and/or RAS can be decod-
ed for chip selection. If both RAS and CAS are
decoded, thén a two dimensional (X,Y) chip select
array can be realized.

Extended Page Boundary — Page-mode operation
allows for successive memory cycles at multiple
column locations of the same row address. By de-
coding CAS as a page cycle select signal, the page
boundary can be extended beyond the 128 column
locations in a single chip. (See page-mode operation).

OUTPUT INTERFACE CHARACTERISTICS

The three state data output buffer presents the data
output pin with a low impedance to VCC for a logic
1 and a low impedance to VSS for a logic 0. The
effective resistance to V¢ (logic 1 state) is
420 2 maximum and 13582 typically. The resistance
to Vss (logic O state) is 95 2 maximum and 35 Q2
typically. The separate VCC pin allows the output
buffer to be powered from the supply voltage of the
logic t0 which the chip is interfaced. During battery
standby operation, the VCC pin may have power
removed without affecting the MK 4116 refresh
operation. This allows all system logic except the
RAS timing 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 O throughout all success-
ive memory cycles in which the row address is com-
mon. This “page-mode’’ of operation will not dissi-
pate the power associated with the negative going
edge of RAS. Also, the time required for strobing
in a new row address is eliminated, thereby decreas-
ing the access and cycle times.

The page boundary of a single MK 4116 is limited to
the 128 column locations determined by all combi-
nations of the 7 column address bits. However, 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 is decoded and serves as a page cycle
select signal. Only those devices which receive both
RA|S and CAS signals will execute a read or write
cycle.

REFRESH

Refresh of the dynamic cell matrix is accomplished
by performing a memory cycle at each of the 128
row addresses within each 2 millisecond time interval.
Although any normal memory cycle will perform the
refresh operation, this function is most easily accomp-
lished with “RAS-only” cycles. RAS-only refresh
results in a substantial reduction in operating power.
This reduction in power is reflected in the Ipp3
specification.

POWER CONSIDERATIONS

Most of the circuitry used in the MK 4116 is dynamic
and most of the power drawn is the result of an
address strobe edge. Consequently, the dynamic
power is primarily a function of operating frequency
rather than active duty cycle (refer to the MK 4116
current waveforms in figure 5). This current char-
acteristic of the MK 2116 precludes inadvertent
burn out of the device in the event that the clock
inputs become shorted to ground due to system
malfunction.

Although no particular power supply noise restriction
exists other than the supply voltages remain within
the specified tolerance limits, adequate decoupling
should be provided to suppress high frequency
noise resulting from the transient current of the
device. This insures optimum system performance
and reliability. Bulk capacitance requirements are
minimal since the MK 4116 draws very little steady
state (DC) current.

In system applications requiring lower power dissi-
pation ,the operating frequency (cycle rate) of the
MK 4116 can be reduced and the (guaranteed maxi-
mum) average power dissipation of the device will be
lowered in accordance with the Ipp1 (max) spec
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 lova_KEower (standby) mode regardless of the
state of .

POWER UP

The MK 4116 requires no particular power supply
sequencing so long as the Absolute Maximum Rating
Conditions are observed. However, in order to insure
compliance with the Absolute Maximum Ratings,
MOSTEK recommends sequencing of power supplies

TYPICAL CHARACTERISTICS

TYPICAL ACCESS TIME (NORMALIZED) w. VOD TYPICAL 1001 %. VOO
2

such that Vg 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
suppllies exceed the specified ILmits significant addi-
tional margin against catastrophic, dggice failure may
be achieved by forcing RAS and CAS to the inactive
state (high level).

After power is applied to the device, the MK 4116
requires several cycles before proper device operation
is achieved. Any 8 cycles which perform refresh
are adequate for this purpose.
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SUPPLEMENT

MOSTEK.

16,384 x1-BIT DYNAMIC RAM

MK4116(J/N/E)-4

FEATURES

O Recognized industgly 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)

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

DESCRIPTION

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

The technology used to fabricate the MK 4116 is
MOSTEK's double-poly, N-channel silicon gate,
POLY |I® process. This process, coupled with the
use of a single transistor dynamic storage cell, pro-
vides the maximum possible circuit density and
reliability, while maintaining high performance

O Common /O capability using “early write”
operation

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

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

0O 128 refresh cycles (2 msec refresh interval)

O ECL compatible on VgRB 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

Y

MULTIPLEXED
€LOCK
GENERATOR

DUMMY CELLS

MEMORY  ARRAY

aooREss | row 2
oECoDER Row
suFrens | 28 nes

128-SENSE— REFRESH AMPS

MEMORY  ARRAY

DUMMY CELLS

I LN _
SELECT LINES

yx COLUMN DECODERS
Swircn ag-As 10F 64

{ DO CE— Ay

PIN CONNECTIONS

Vag 1 Qe 16 Vss
Din 2 D15 CAS
WRITE 3 [ 14 Doyt
RAS 4[] D13 Ag
Ag 50 D12 Aj
Ay 6 0 DIl Ag
A 70 Do Ag
Voo 8 [ 09 Vg

PIN FUNCTIONS

Ag-Ag Address Inputs WRITE Read/Write input

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

Dy Data In Voo Power {+12V)

MT Data Out Vss Ground

RAS Row Address Strobe

DYNAMIC

RAMS




ABSOLUTE MAXIMUM RATINGS*

Voltage on any pinrelative to VBB. . . . ... ..o ven i
Voltage on VpD, VCC suppliés relative to Vs

—-0.5V to +20V

—1.0V to +15.0V

*Stresses greater than those listed under
Absolute Maximum Ratings” may cause
permanent damage to the device. This is a

VBB—VSS (VDD—=VSS>0V) ..ottt QV stress rating only and functiona operation
Operating temperature, TA (Ambient) . .................. 0°C 10 + 70T tions above those indicated in the opera.

Storage temperature (Ambient) (Ceramic)

-65°C to + 160°C

tional sections of this specification is not
implied. Exposure to absolute maximum

Storage temperature (Ambient) (Plastic).................. -55°C to + 125°C rating conditions for extended periods may
Short CirCUIt OUPUL CUITENT ..o\t v vt ettt een e eneeneennareenanns BOmA @ffect reliability.
Power dissipation . .....c.uiiiii it it e 1 Watt

RECOMMENDED DC OPERATING CONDITIONS

(0°C <TA< 70°C)?

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES

Supply Voltage VDD 10.8 12.0 13.2 Volts 1
vee 4.5 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 24 — 7.0 Volts 1

RAS, CAS, WRITE

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

all inputs except RAS, CAS

WRITE

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

all inputs

DC ELECTRICAL CHARACTERISTICS

(0°C<TAa< 70°C)1 (VDD = 12.0V £10%; V¢ = 5.0V £10%; -5.7V < VBB < -4.5; Vg5 =0V)

PARAMETER SYMBOL MIN MAX UNITS NOTES

OPERATING CURRENT IpD1 35 mA 3

Average power supply operating current lcc 4

(RAS, CAS cycling; tRC = 410ns) 1BB1 200 LA

STANDBY CURRENT IpD?2 1.5 mA

Power supply standby current (RAS = V|HC, lcc2 —~10 10 A

DouyT = High Impedance) IBB2 MA

REFRESH CURRENT IDD3 27 mA 3

Average power supply current, refresh mode lcc3 -10 10 uA

(RAS cycling, CAS = V|Hc: tRc = 410ns) 1BB3 LA

PAGE MODE CURRENT IDD4 27 mA 3

Average power supply current, page-mode Icca 4

operation (RAS =V;_,CAS cycling; IBB4 A

tPC =275ns)

INPUT LEAKAGE (L) —-10 10 LA

Input ieakage current, any input

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

pins not under test = 0 volts)

OUTPUT LEAKAGE lo(L) —-10 10 A

Output leakage current (DQUT is disabled,

0V < VoyT < +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 0.4 Volts

NOTES:
1. All voltages referenced to Vgg.

2. Output voltage will swing from Vgg to Ve when activated with
no current loading. For purposes of maintaining data in standby
mode, Ve may be reduced to Vgg without affecting refresh

v—a4

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%; Vs = OV, -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 1CAC 165 ns 9,10
Output buffer turn-off delay tOFF 0 60 ns 11
Transition time (rise and fall) 1T 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 tICRP —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 tps 0 ns 13
Data-in hold time tDH 75 ns 13
Data-in hold time referenced to RAS IDHR 160 ns
CAS precharge time (for page-mode cycle only) tcp 100 ns
Refresh period tREF 2 ms
WRITE command set-up time tWCs —20 ns 14
CAS to WRITE delay tCWD 90 ns 14
RAS to WRITE delay tRWD 175 ns 14

3.

Ipp1. 'DD3: and |pp4 depend on cycle rate. The maximum
specified current values are for tgc=410ns and tp=275ns. Ipp
fimit at other cycle rates are determined by the following equat-
tions:

Ipp1 (max) [MA]=10+10.25 x cycle rate [MHz]
Ipp3 (max) [MA]=10+7 x cycle rate [MHz]
IDp4 (max) [MA]=10 + 4.7 x cycle rate [MH2z]

IC 1 and Iccq depend upon output loading. During readout of
hng% level data V¢ is connected through a low impedance (135
typ) to data out. At all other times Icc consists of leakage
currents only.

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

AC measurements assume t1=5ns.

ViHg {min) or V {( (min) and V|| _(max) are reference levels for
measuring timing of input signals. Also, transition times are
measured between V¢ or Viy and V.

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

Assumes that tRcp >YRCD (max).
Measured with a load equivalent to 2 TTL loads and 100pF.

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. t,:!c,?l (max) is specified as a reference point only; if
trcp is greater than the specified tggp (max) limit, then access
time is controlled exclusively by tcAaC.

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

. twes. tcwD and tRwp are restrictive operating parameters in

read write and read modify write cycles only. If twcs 2 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
tewp = tcwp (min) and tgwp = trwp (min), the cycle is a
read-write cycle and the data out will contain data read from the
selected cell; If neither of the above sets of conditions is satisfied
the condition of the data out (at access time) is indeterminate.
Effective capacitance calculated from the equation C =J_§_‘
v

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

CAS = Vi to disable DoyT-
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AC ELECTRICAL CHARACTERISTICS

(0°C< TA<70°C) (VDD = 12.0V £10%; Vss = 0OV, -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 Ci?2 10 pF 17
Output Capacitance (DoyT) Co 5 7 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
T'?L, maximum input noise immunity to minimize
“false triggering’”’ of the inputs (a common cause of
soft errors), on-chip address and data registers which
eliminate the need for interface registers, and two
chip select methods to allow the user to determine
the appropriate speed/power characteristics of his

memory system. The MK 4116 also incorporates
several flexible timing/operating modes. In addition
to the usual read, write, and read-modify-write
cycles, the MK 4116 is capable of delayed write
cycles, page-mode operation and RAS-only refresh.
Proper control of the clock inputs(RAS, CAS and
WRITE) aliows 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/E)-2/3 DATA SHEET.



PRELIMINARY

MOSTEK.

16,384 x 1-BIT DYNAMIC RAM

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

FEATURES

O Recognized industry standard 16-pin configuration
from Mostek

O Single +5V (1 10%) supply operation

O On chip substrate bias generator for optimum
performance

O Active power 150mW maximum
Standby power 17mW maximum

O 100ns access time, 220ns cycle time (MK4516-10)
120ns access time, 250ns cycle time (MK4516-12)
150ns access time, 310ns cycle time (MK4516-15)

O Common |/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, 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. The output 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 a previous
cycle.

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
service both the MK4516 and MK4164 (64K RAM)
designs. The MK4516 will therefore permit a smoother
transition to the 64K RAM as the industry standard
MK4027 did for the MK4116.

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

0O Scaled POLY 5 technology

O Pin compatible with the MK4164 (64K RAM)
O 128 refresh cycles (2msec)

O Offers two variations of hidden refresh

O Indefinite Doyt hold using CAS control

The user, requiring only a small memory size, need no
longer pay the three power supply penalty for achieving
the economics of using dynamic RAM over static RAM
when using this new generation device.

PIN OUT

J— N\
RFSH 1]« 16 Vgg
DN 20 115 CAS
WRITE 3] 114 Doyt
ﬁT§4E 113 AG
Ag 5] 112 A3
A2 6 (] 11 Ag
Aq 70 110 Ag
Vee 80 0 9 NC

PIN FUNCTIONS

Ag-Ag Address Inputs RAS Row Address Strobe
CAS Col. Address Strobe| WRITE ~ Read/Write Input
DiIN Dataln RFSH Refresh
Dout Data Out Vee Power (+5V)

Vss GND
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ABSOLUTE MAXIMUM RATINGS*

Voltage on Ve Supply Relative to Vgg .o vvvvivn i -1.0Vto +7.0V
Operating Temperature, Tao (Ambient) ....... ..o s 0°C to +70°C
Storage Temperature (CeramiC) ... ..vvu et ettt tttiiitieree et treettiaaseeeeeennnnnnn -65°C to +150°C
Storage Temperature (PlastiC). ... ...ttt ettt etiiaeeeaeeennnnnnns -55°C to +125°C
POWET DiSSIPatiON . ...t e e et 1 Watt
Short Circuit QUIPUL CUITENt. . o ittt ettt ettt it ettt e ettt i ae e e e e tnananseeeennans 50mA

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

RECOMMENDED DC OPERATING CONDITIONS

(0°C <Tp =70°C)
SYM PARAMETER MIN TYP MAX UNITS NOTES
Vee Supply Voltage 45 5.0 5.5 \ 1
ViIH Input High (Logic 1) Voltage, 24 — Veett Y, 1
All Inputs -
ViL Input Low (Logic O) Voltage, -2.0 — .8 \ 1
All Inputs
DC ELECTRICAL CHARACTERISTICS
(0°C=<TA =70°C) Ve = 5.0V £ 10%
SYM PARAMETER MIN MAX UNITS NOTES
lcet OPERATING CURRENT
trc = 220ns 27 mA 2
trc = 250ns 25 mA 2
trc = 310ns 23 2
Icc2 STANDBY CURRENT 3 mA 2
Power supply standby current (RAS = V|,
Doyt = High Impedance)
I1(|_) INPUT LEAKAGE -10 10 nA
Input leakage current, any input
(OV < V)N < +5.5V, all other
pins not under test = O volts)
‘0(L) OUTPUT LEAKAGE -10 10 nA
Output leakage current (DoyT is disabled,
OV =Voyrt = +5.5V)
OUTPUT LEVELS
VoH Output High (Logic 1) voltage (IgyTt = -5mA) 24 \
VoL Output Low (Logic 0) voltage (IgyT = 4.2mA 04 v
NOTES:
1. All voltages referenced to Vgg.
2. I¢c is dependent on output loading and cycle rates. Specified values are 8. Assumes that tgcp < tgcp (max). If trep is greater than the maximum

obtained with the output open.

recommended value shown in this table, tya ¢ willincrease by the amount
3. Aninitial pause of 100us is required after power-up followed by any 8 RAS

that tgcp exceeds the value shown.

o

or RFSH cycles before proper device operation is achieved. If refresh 9. Assumes thattgcp = tgep (Max).
counter is to be effective a minimum of 64 active RFSH initialization cycles 10.  RFSH=V|y.CAS = V| or V)i, butis allowed to make an active to inactive

isrequired. The internal refresh counter must be activated a minimum of
128 times every 2ms if the RFSH refresh function is used.

AC characteristics assume ty = bns

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

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

Load = 2TTL loads and 50pF.
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transition during the RAS active time of RAS-only refresh cycle.
WRITE = don’t care. Data out depends on the state of CAS. If CAS = Vi,
data output is high impedance. If CAS = V|, the data output will contain
data from the last valid read cycle.

RAS = V. CAS = V| or V|, but is allowed to make an active to inactive
transition during the Pin 1 refresh cvcleﬂDREﬁES and WRITE = don't
care. Data out depends on the state of CAS. If CAS = V|, data output is
high impedance. If CAS = VL the data output will contain data from the
last valid read cycle.




NOTES (Continued) open circuit throughout the entire cycle. If toywp = tcwp (min) and trwp
2tpwp (min)the cycle is a READ/WRITE and the data output will contain
data read from the selected cell. If neither of the above conditions are met

12. toff max defines the time at which the output achieves the open circuit the condition of the data out (at access time and until CAS goes back to

condition and is not referenced to Voi or V.

V|R!} is indeterminate.

13. Operation within the tgcp {(max) limitinsures thattg ¢ (max) can be met. 17.  if the RFSH function is not used, pin 1 may be left open {no connect).
trcp {max) is specified as a reference pointonly; if tgcp is greater than the 18. Thetransition time specification applies for all input signals. In addition to
specified tgcp (max) limit, then access time is controlled exclusively by meeting the transition rate specification, all input signals must transit
1CAC: between Vyy and V)_ (or between Vj_and V) in a monotonic manner.

14. Either tgpy or trcH Must be satisfied for a read cycle. 19. Iftepp is not satisfied then the following types of cycles will occur. a) A

15. These parameters are referenced to CAS leading edge in early write cycles hidden REFRESH cycle can take place with the data valid from last read
and to WRITE leading edge in delayed write or read-modify-write. cycle as long as CAS does not make an active to inactive transition. b) A

16. twes. tcwp. and tgwp are restrictive operating parameters in RAS only cycle can also occur if CAS makes an active to inactive transition

READ/WRITE and READ/MODIFY/WRITE cycles only. If tycs = twcs
(min) the cycle is an EARLY WRITE cycle and the data output will remain

beyond tcgp min. The data out buffer will go to a high impedance mode
after CAS makes an inactive transition.

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (3,4,5,19,11,17,18)
(0°C <Ta < 70°C), Vg = 5.0V + 10%
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MK4516-10 | MK4516-12 | MK4516-15

SYM PARAMETER MIN | MAX | MIN | MAX | MIN | MAX |UNITS|NOTES

tRC Random read or write cycle time 220 250 310 ns 6,7

tRMW Read modify write cycle time 260 295 365 ns 6,7

tpe Page mode cycle time 120 140 165 ns 6.7

tRAC Access time from RAS 100 120 150 ns 7.8

tcAC Access time from CAS 50 60 75 ns 7190 "

tOFF Output buffer turn-off delay 0 35 0 40 40 ns 12 3]

sV

tr Transition time (rise and fall) 3 50 3 50 3 50 | ns 5 < 2
— o«

tRp RAS precharge time 110 120 150 ns 5

tRAS RAS pulse width 100 {10,000| 120 {10,000| 150 |10,000{ ns

tRSH RAS hold time 50 60 75 ns

tcSH CAS hold time 100 120 150 ns

tCAS CAS pulse width 50 % 60 o0 75 e ns

tRCD RAS to CAS delay time 20 50 20 60 20 75 ns 13

tRRH Read command hold time 20 25 35 ns 14
referenced to RAS

tASR Row Address set-up time 0 0 0 ns

tRAH Row Address hold time 15 15 20 ns

tASC Column Address set-up time 0 0 0 ns

tCAH Column Address hold time 15 20 25 ns

tAR Column Address hold time 65 80 100 ns
referenced to RAS

tRCS Read command set-up time 0 0 0 ns

tRCH Read command hold time 0 0 0 ns 14
referenced to CAS

tWCH Write command hold time 35 40 50 ns




ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued)

MK4516-10 | MK4516-12 | MK4516-15
SYM PARAMETER MIN | MAX | MIN | MAX | MIN | MAX (UNITS [NOTES
tWCR Write command hold time 85 100 125 ns
referenced to RAS
twp Write command pulse width 30 35 45 ns
tRWL Write command to RAS lead time 35 40 50 ns
tcwL Write command to CAS lead time 35 40 50 ns
tps Data-in set-up time o 0 0 ns 15
tpH Data-in hold time 35 40 45 ns 15
tpHR Data-in hold time referenced to RAS| 85 100 120 ns
tcp CAS precharge time 60 70 80 ns
(for page-mode cycle only)
tREF Refresh period 2 2 2 ms
twces WRITE command set-up time 0 (0] (0] ns 16
tcwD CAS to WRITE delay 50 60 75 ns 16
tRWD RAS to WRITE delay 100 120 150 ns 16
tFSR RFSH set-up time 110 120 150 ns
referenced to RAS
tRFD RAS to RFSH delay 110 120 150 ns
tfFc RFSH cycle time 220 250 310 ns
tep RFSH active time 100 120 150 ns
tFHR RFSH hold time referenced to RAS 0 0 0 ns
tFy RFSH inactive time 110 120 150 ns
tFRD RFSH to RAS delay 50 50 50 ns
(Test mode write only)
tCPN CAS precharge time 25 30 40 ns
tCRP CAS to RAS precharge time -20 -20 -20 ns 19
OPERATION

The 14 address bits required to decode 1 of the 16,384
cell locations within the MK4516 are multiplexed onto
the 7 address inputs and latched into the on-chip
address latches by externally applying two negative
going TTL-level clocks. The first clock, Row Address
Strobe (RAS), latches the 7 row addresses into the chip.
The high-to-low transition of the second clock, Column
Address Strobe (CAS), subsequently latches the 7
column addresses into the chip. Each of these signals,
RAS and CAS, triggers a sequence of events which are
controlled by different delayed internal clocks. The two
clock chains are linked together logically in such a way

that the address multiplexing operation is done outside
of the critical timing path for read data access. The later
events in the CAS clock sequence are inhibited until the
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 specification (tgaH) has been satistied
and the address inputs have been changed from Row
address to Column address information.

The “gated CAS" feature permits CAS to be activated at
any time after tga and it will have no effect on the

v—-50




OPERATION (Continued)

worst case data access time (tgac) up to the point in
time when the delayed row clock no longer inhibits the
remaining sequence of column clocks. Two timing

endpoints result from the internal gating of CAS which

are calledtgcp (min) and tgcp (max). No data storage or
reading errors will result if CAS is applied to the
MK4516 at a point in time beyond the tgcp (max) limit.
However, access time will then be determined
exclusively by the access time from CAS (tcac) rather
than from RAS (tgac). and RAS access time will be
lengthened by the amount that tgcp exceeds the trcp
(max)} limit.

DATA INPUT/QUTPUT

Data to be written into a selected cell is latched into an
on-chip register by a combination of WRITE and CAS
while RAS is active. The latter of WRITE or CAS to make
its negative transition is the strobe for the Data In (D))
register. This permits several options in the write cycle
timing. In a write cycle, if the WRITE input is brought low
(active) prior to CAS being brought low (active), the D|y
is strobed by CAS, and the Input Data set-up and hold
times are referenced to CAS. If the input data is not
available at CAS time (late write) or if it is desired that
the cycle be a read-write or read-modify-write cycle the
WRITE signal should be delayed until after CAS has
made its negative transition. In this “delayed write
cycle’” the data input set-up and hold times are
referenced to the negative edge of WRITE rather than
CAS.

Data is retrieved from the memory in a read cycle by
maintaining WRITE in the inactive or high state
throughout the portion of the memory cycle in which
both the RAS and CAS are low (active). Data read from
the selected cell is available at the output port withinthe
specified access time. The output data is the same
polarity (not inverted) as the input data.

DATA OUTPUT CONTROL

The normal condition of the Data Output (D7) of the
MK4516 is the high impedance (open-circuit) state;
anytime CAS is high (inactive) the Doyt pin will be
floating. Once the output data port has gone active, it
will remain valid until CAS is taken to the precharge
(inactive high) state. Note that CAS can be left active
(low) indefinitely. This permits either RAS-only or RFSH
refresh cycles to occur without invalidating DgyT.

PAGE MODE OPERATION

The Page Mode feature of the MK4516 allows for
successive memory operations at multiple column
locations within the same row address. This is done by
strobing the row address into the chip and maintaining
the RAS signal low (active) throughtout all successive

memory cycles in which the row address is common.
The first access within a page mode operation will be
available attgpc or tcac time, whichever is the limiting
parameter. However, all successive accesses within the
page mode operation will be available at tcaoc time
(referenced to CAS). With the MK4516, this results in as
much as a 50% improvement in access times! Effective
memory cycle times are also reduced when using page
mode.

The page mode boundary of a single MK4516 is limited
to the 128 column locations determined by all
combinations of the 7 column address bits. Operations
within the page boundary need not be sequentially
addressed and any combination of read, write, and read-
modify-write cycle are permitted within the page mode
operation.

REFRESH

Refresh of the dynamic cell matrix is accomplished by
performing a memory cycle at each of the 128 row
addresses within each 2ms interval. Although any
normal memory cycle will perform the required
refreshing, this function is easily accomplished by using
either RAS-only or RFSH type refreshing.

RAS-ONLY REFRESH

The RAS-only refresh cycle supported by the MK4516
requires that a 7 bit refresh address be valid at the
device address inputs when RAS goes low (active). The

state of the output data portduring a RAS-only refresh is |

controtled by CAS. If CAS is high (inactive) during the
entire time that RAS is asserted, the output will remain
in the high impedance state. If CAS is low (active) the
entire time that RAS is asserted, the output port will
remain in the same state that it was prior to the
issuance of the RAS signal. This is useful for single step
operation. If CAS makes a low-to-high transition during
the RAS-only refresh cycle, the output data buffer will
assume the high impedance state.

PIN 1 REFRESH

RFSH type refreshing available on the MK4516 offers an
attractive alternate refresh method. When the signal on
pin 1, RFSH, is brought low during RAS inactive time
(m high), an on-chip refresh counter is enabled and
aninternal refresh operation takes place. When RFSH is
brought high (inactive) the internal refresh address
counter is automatically incremented in preparation for
the next refresh cycle Data can be held valid from a
previous cycle using CAS control during a RFSH type
refresh cycle.

The internal refresh counter is a dynamic counter and
requires refreshing. The 128 RFSH cycles every 2 milli-
seconds required to refresh the memory cells is
adequate for this purpose. Only RFSH activated cycles
affect the internal counter.
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RFSH (PIN 1) REFRESH CYCLE (SEE NOTE 11)
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The use of RFSH mode for refreshing eliminates the
need to generate refresh addresses externally.

Furthermore, when using RFSH refreshing, the address
drivers, the CAS drivers, and WRITE drivers can be
powered down during battery backup standby operation.

HIDDEN REFRESH

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

HIDDEN RAS—ONLY REFRESH CYCLE (SEE NOTE 10)

L MEMORY CYCLE

e U W
=\ S

/) G CXED I G S,
7 N

- —

REFRESH CYCLE

WRITE

Dour VALID DATA

HIDDEN RFSH REFRESH CYCLE (SEE NOTE 11)

MEMORY CYCLE 1 REFRESH CYCLE

e 4( Velamm
k r ? ?—-*4‘_
= Ve

— >

7
J

° our VALID DATA

RFSH (PIN 1) TEST CYCLE

A special timing sequence using the Pin 1 counter test
cycle provides a convenient method of verifying the
functionality of the RFSH activated circuitry.

When RFSH is activated prior to and remains valid
through a normal write cycle, the Dy is written into the
memory location defined by the current contents of the
on-chip refresh counter and the column address
present at the external address pins during the high-to-
low transition of CAS. (See Pin 1 counter test write
timing diagram.)

The following test procedure may be used to verify the
functionality of the internal refresh counter. There are a
multitude of patterns and sequences which may also be
used to verify the RFSH feature. This test should be
performed after it has been confirmed that the device
can uniquely address all 16,384 storage locations.

SUGGESTED RFSH COUNTER TEST PROCEDURE

1. Initialize the on-chip refresh counter. 64 cycles are
adequate for this purpose.

2. Write a test pattern of zeroes into the memory at a
single column address and all row addresses by
using 128 RFSH (pin 1) refresh counter test write
cycles.

3. Verify the data written into the RAM by using the
column address used in step 2 and sequence
through all row address combinations by using
conventional read cycles.

4. Compliment the test pattern and repeat steps 2 and
3.
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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

0O 00O0oo

The technology used to fabricate the MK 4332 is
MOSTEK's double-poly, N-channel silicon gate,
POLY 11® process. This process, coupled with the
use of a single transistor dynamic storage ceil, pro-
vides the maximum possible circuit density and
reliability, while maintaining high performance
capability. The use of dynamic circuitry through-
out, including sense amplifiers, assures that power

O

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 operating margin. These factors combine
to make the MK 4332 a truly superior RAM product.

Multiplexed address inputs (a feature pioneered by
MOSTEK for its 4K RAMS) permits the MK 4332
to be packaged in a standard 18-pin DIP. This
standard package configuration, is compatible with
widely available automated testing and insertion
equipment, and it provides the highest possible sys-
tem bit densities and simplifies system upgrade
from 16K to 64K RAMs for new generation appli-
cations. Non-critical clock timing requirements allow
use of the multiplexing technique while maintain-
ing high performance.

DYNAMIC
RAMS

FUNCTIONAL DIAGRAM
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ABSOLUTE MAXIMUM RATINGS*

Voltage on any pin relative to VBB. ... ........... ... .. )
—-1.0V to +15.0V

Voltage on VDD, VCC supplies relative to VSS. .. .......
VBB-Vss (VDD—Vss>0V)
Operating temperature, TA (Ambient)

Storage temperature (Ambient). .. ....... ... .. .. ... .. —65°C to + 150°C

Short circuit output current
Power dissipation

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

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

—0.5V to +20V
ov

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES

Supply Voltage VDD 10.8 12.0 13.2 Volts 2
vVce 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 2.4 - 7.0 Volts 2

RAS, CAS, WRITE

Input High {Logic 1) Voltage, VIH 2.2 - 7.0 Volts 2

all inputs except RAS, CAS

WRITE

Input Low {Logic 0) Voltage, ViL —-1.0 - .8 Volts 2

all inputs

DC ELECTRICAL CHARACTERISTICS

(°C< TA<70°C) (VDD =12.0V+10%; VcC = 5.0V £10%;-6.7V < VBB <-4.5V; Vgg =0V)

PARAMETER SYMBOL MIN MAX UNITS NOTES

OPERATING CURRENT 1DD1 36.5 mA 4,19

Average power supply operating current Icch 5

(RAS, CAS cycling; tRc = trc Min) IBB1 300 HA 19

STANDBY CURRENT IDD2 3.0 mA

Power supply standby current (RAS = V|Hc, Icc2 -20 20 uA

DouT = High Impedance) 1BB2 200 uA

REFRESH CURRENT IDD3 26.5 mA 4,19

Average power supply current, refresh mode lces -20 20 LA

(RAS cycling, CAS = V|HC: tRC = tRC Min) IBB3 300 HA 19

PAGE MODE CURRENT IDD4 28.5 mA 4,19

Average power supply current, page-mode Icca 5

operation (RAS =V|_,CAS cycling; IBB4 300 uA 19

tpc = tpg 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 HA

Output leakage current (DQUT is disabled,

0V < VoyT < +5.5V)

OUTPUT LEVELS

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

Output low {Logic 0} voltage (loUT = 4.2 mA) VoL 0.4 Volts

NOTES:

1. TA is specified here for operation at frequencies to tRC >tHC 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 a
for derating curve. .

2. All voltages referenced to Vgg. 5.

R Output voltage will swing from Vgg to V¢ 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.

i0D1. IpD3. and Ipp4 depend on cycle rate. See figures 2,3, and
4 for Ipp limits at other cycle rates.

I??J and Iccg 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 |cc consists of
leakage currents only.



ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (6,7,8)

(0T<Ta< 70°C) (VDD = 12.0V £ 10%; VcC = 5.0V £10%, Vss = OV,

-5.7V< VBB < -4.5V)

MK 4332
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 B 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 o 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 tCSH 200 ns
CAS pulse width tCAS 135 {10,000 ns
RAS to CAS delay time tRCD 25 65 ns 14
CAS to RAS precharge time tCRP -20 ns
Row Address set-up time tASR 0 ns
Row Address hold time tRAH 25 ns
Column Address set-up time tASC —-10 ns
Column Address hold time tCAH 55 ns
Column Address hold time referenced to RA3 tAR 120 ns
Read command set-up time tRCS 0 ns
Read command hold time tRCH 0 ns
Write command hold time tWCH 55 ns
Write command hold time referenced to RAS tWCR 120 ns
Write command pulse width twp 6556 ns
Write command to RAS lead time tRWL 70 ns
Write command to CAS lead time ICWL 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 Wwes ~20 ns 16
CAS to WRTTE delay tCWD 80 ns 16
RAS to WRITE delay tRWD 145 ns 16

NOTES (Continued}

6.

11,

13.

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

AC measurements assume tT - 5ns.

ViHE {min) or V| (min) and V) {max) are reference levels for measuring timing of in-
put signals. Also, transition times are measured between V¢ or Vi and V).

The specifications for trc (min) trpmw (Min) and try (min) are used only to indicate

cycle time at which proper operation over the full temperature range (0 C<Tp <70 C)’

15 assured.

Assumes that trop < tRep (max). If trep is greater than the maximum recommended
value shown in this table, tg o will increase by the amount that trcp exceeds the value
shown

Assumes that tRep -2 tRCD (max).

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

toFF {max) defines the time at which the output alhieves the open circuit condition and
is not referenced to output voltage levels.

14, Operation within the tgcp (max} limit insures that tac (max) can be met. trep (max)
15 specified as a reference point only; if trep 15 greater than the specified trcp {max)
fimit, then access time is controlled exclusively by tcaC-

15.  These parameters are referenced to CAS leading edge in early write cycles and to WRITE
leading edge 1n delaved write or read-modify-write cycles.

16.  tw(s. tcwD and tRwp are restrictive operating parameters in read write and read mod-
ify write cycles only. If tycs = twcs (min), the cycle is an early write cycle and the data
out pin wili remain open circuit (high impedance) throughout the entire cycle; If tcwp
2 towp (min) and tRwD = tRWD {min), the cycle is a read-write cycle and the data out
will contain data read from the selected cell; If neither of the above sets of conditions is
sauisfied the condition of the data out (at access time) is indeterminate.

17.  Effective capacitance calculated from the equation C = 1At with AV = 3 volts and power
supplies at nominal levels. Av

18.  CAS = V|y to disable DoyT

1. One 16K RAM is active while the other is in standby mode
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AC ELECTRICAL CHARACTERISTICS

(0C<TA <70%C) (VDD = 12.0V *+ 10%; Vss = OV; —5.7V < VBB < —4.5V)

PARAMETER SYMBOL TYP MAX UNITS NOTES
Input Capacitance (Ag—Ag), DIN Ci 8 10 pF 17
Input Capacitance RAS, CAS, Ci2 8 10 pF 17
Output Capacitance {DoyT) 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)
1000 500 40!05 300 250
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CYCLE RATE (MHz2)= 103/t q¢ (ns)

9.0 x (cycie rate MHz —2.66) for -3, Fig. 2 Maximum |ppq versus cycle rate for device operation at

extended frequencies. |ppq (max) curve is defined by the equation:
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DESCRIPTION (continued)

System oriented features include + 10% tolerance on
all power supplies, direct interfacing capability with
hi_tr;h performance logic families such as Schottky
TTL, maximum input noise immunity to minimize
“false triggering’” of the inputs (a common cause of
soft errors), on-chip address and data registers which
eliminate the need for interface registers, and two
chip select methods. The MK 4332 also incorporates
several flexible timing/operating modes. In addition
to the usual read, write, and read-modify-write
cycles, the MK 4332 is capable of delayed write
cycles, page-mode operation and RAS-only_refresh.
Proper control of the clock inputs(RAS, CAS and
WRITE) allows common |/O capability, two dimen-
sional chip selection, and extended page boundaries
(when operating in page mode).

ADDRESSING

User access of a unique memory location is accom-
plished by multiplexing 14 address bits onto 7 ad-
dress inputs and by proper control of the RAS and
CAS clocks in a manner identical to operation of the
MK 4116 in a memory array board. The 14 address
bits required to decode 1 of the 16,384 cell locations
within each MK 4116 are multiplexed onto the 7
address inputs and latched into the on-chip address
latches by externally applying two negative going
TTL-level _clocks. The first clock, the Row Address
Strobe (RAS), latches the 7 row address bits into the
chip. The second clock, the Column Address Strobe
(CAS), subsequently latches the 7 column_address
bits_into the chip. Each of these signals, RAS and
CAS, triggers a sequence of events which are con-
trolled by different delayed internal clocks. The two
clock chains are linked together logically in such a
way that the address multiplexing operation is done
outside of the critical path timing sequence for read
data access. The later events in the CAS clock se-
quence are inhibited until the occurence of a delayed
signal derived from the RAS clock chain. This “gated
CAS"’ feature allows the CAS clock to be externally
activated as soon as the Row Address Hold Time
specification (tRAH) has been satisfied and the ad-
dress inputs have been changed from Row address to
Column address information.

Note that CAS can be activated at any time after
tRAH and it will have no effect on the worst case
data access time (tRAC) up to the point in time when
the delayed row clock no longer inhibits the remain-
ing sequence of column clocks. Two timing end-
points result from the internal gating of CAS which
are called trcp (min) and trcD (max). No data
storage or reading errors will result if CAS is applied
to the MK 4332 at a point in time beyond the tRCD
(max) limit. However, access time will then be de-
termined exclusively by the access time from CAS
(tcac) rather_than from RAS (tRAC), and access
time from RAS will be lengthened by the amount
that tRCD exceeds the tRcD (max) limit.

DATA INPUT/OUTPUT

Data to be written into a selected cell is latched into
an_on-chip register by a combination of WRITE and
CAS while E%__S is active. The later of the signals
(WRITE or CAS) to make its negative transition is the

strobe for the Data n (D|N) register. This permits

several options_in the write cycle timing. In a write
cycle, if the WRITE input is brought low (active)

prior to CAS, the 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 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 4332 is the high impedance (open-circuit)
state. That is to say, anytime CAS is at a high level,
the DoUT pin will be floating. The only time the
output will turn on and contain either a logic O or
logic 1 is at access time during a read cycle. DQUT
will remain valid from access time until CAS is taken
back to the inactive (high level) condition.

Since the outputs to both 16K devices are tied to-
gether, care must be taken with the timing relation-
ships of the two devices. Both devices cannot be acti-
vated at the same time as a data output conflict can
occur.

If the memory cycle in progress is a read, read-modify
write, or a delayed write cycle, then the data output
will go from the high impedance state to the active
condition, and at access time will contain the dat:
read from the selected cell. This output data is the
same polarity (not inverted) as the input data. Oncc
having gone active, the output will remain valid until
CAS is_taken to the precharge (logic 1) state,whether
or not RAS goes into precharge.

If the cycle in progress_is an “‘early-write” cycle
(WRITE active before CAS goes active),then the
output pin will maintain the high impedance state
throughout the entire cycle. Note that with this
type of output configuration, the user is given full
control of the D:(?! [::1' 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 cycte 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 DQUT for a common 1/0 data
bus.

Data Output Control — DouT will_remain valid
during a read cycle from tcAC until CAS goes back
to a high level (precharge), allowing data to be valid
from one cycle up until a new memory cycle begins
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with no_penalty in cycle time. This also makes the
RAS/CAg clock timing relationship very flexible.

Two Methods of Chip Selection — Since DOUT
is not latched, CAS is not required to turn off the
outputs of unselected_memory devices in a matrix.
This means that both CAS and/or RAS can be decod-
ed for chip selection. If both RAS and CAS are
decoded, 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 VCC for a logic
1 and a low impedance to VSS for a logic 0. The
effective resistance to VcC (logic 1 state) is
420 2 maximum and 13552 typically. The resistance
to Vg (logic O state) is 95 2 maximum and 35 £
typically. The separate VCC pin allows the output
buffer to be powered from the supply voltage of the
logic t0 which the chip is interfaced. During battery
standby operation, the VCC pin may have power
removed without affecting the MK 4332 refresh
operation. This allows all system logic except the
RAS timing circuitry and the refresh address logic to
be turned off during battery standby to conserve
power.

PAGE MODE OPERATION

The “‘Page Mode"’ feature of the MK 4332 allows for
successive memory operations at multiple column
locations of the same row address with increased
speed without an increase in power. This is done by
strobing_the row address into the chip and maintain-
ing the RAS signal at a logic O throughout all success-
ive memory cycles in which the row address is com-
mon. This ““page-mode’’ of operation will not dissi-
pate the power associated with the negative going
edge of I-J()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.

V—

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 manxi-
mum) average power dissipation of the dévice will be
lowered in accordance with the Ipp1 (max) spec
limit curve illustrated in figure 2. OTE: 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

Vgp supply to allow direct interface capability with both. —5V systems
—b.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 IoHower {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 VSg when
power is applied to VpDD.

Under system failure conditions in which one or more
suppllies exceed the specified limits significant addi-
tional margin against catastrophic_device failure may
be achieved by forcing RAS and CA% to the inactive
state (high level).

After power is applied to the device, the MK 4332
requires several cycles before proper device operation
is achieved. Any 8 cycles which perform refresh
are adequate for this purpose. Each MK 4116 device
must receive the 8 initialization cycles.




TYPICAL CHARACTERISTICS OF THE MK 4116
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PRELIMINARY

MOSTEK

65,536 x 1-BIT DYNAMIC RAM

MK4164(N/E)-12/15

FEATURES

O Recognized industry standard 16-pin configuration
from Mostek

O Single +5V (£ 10%) supply operation

D On chip substrate bias generator for optimum
performance

O Low power: 330mW active, max
22mW standby, max

O 120ns access time, 265ns cycle time (MK4164-12)
150ns access time, 325ns cycle time (MK4164-15)

O Indefinite Doyt hold using CAS control

DESCRIPTION

The MK4164 is the new generation dynamic RAM,
organized 65,536 words by 1 bit, it is the successor to
the industry standard MK4116. The MK4164 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. Per-
formance previously unachieved will be the standard for
this new generation device. The use of dynamic circuitry
throughout, including the 512 sense amplifiers,
assures that power dissipation is minimized without
any sacrifice in speed or internal and external operating
margins. Refresh characteristics have been chosen to
maximize yield (low cost to user) while 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 anew refresh feature. The MK4164 is
designed to be compatible with the JEDEC standards for
the 64K x 1 dynamic RAM. The compatibility with the
MK4516 (16K) will also permit a common board design
to service both the MK4516 and MK4164 designs.

The output of the MK4164 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 a previous cycle.

0O Common |I/0 capability using ‘early write”

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

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

0 Scaled POLY 5 technology
O Pin compatible with the MK4516 (16K RAM)

D 128 refresh cycles {2msec)
Pin 9 is not needed for refresh

O Offers two variations of hidden refresh
The 64K RAM from Mostek is the culmination of several

years of circuit and process development, proven in
predecessor products.

PIN QUT
— A
RISH 1 e [ 16 Vg
Oin 2 [ 15 Cas
WRITE 3 7 12 Dour
RAS 4 E j 13 AG
] MK4164
Ag 5 [ 112 A3
A2 6 [ [ 11 Aq
A
17 (110 Ag
Vee 8 [ (] 9 Ay

PIN FUNCTIONS
Ag Ay Address Inputs RAS Row Address
L o Strobe
CAS Column Address | WRITE Read

Strobe Write Input
Din Data In RFSH Refresh
DOUT Data Qut VCC POW(—)T('SV)

Vgs GND
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ABSOLUTE MAXIMUM RATINGS*

Voltage on Vo supply relative to Vg g .. oo vt -1.0Vto +7.0V
Operating Temperature, Ta (Ambient) ......... BN etiiereneieen.... 0°Cto+70°C
Storage Temperature (CeramiC) ... ..uutt e et tneteiee s eetneeaenoeeetnnseenaneeeenneeens -65°C to +150°C
Storage Temperature (PlastiC). ... ...vit ittt i iieecetn e tineeeanineeeanaeannneeens -55°C to +125°C
Power DisSipation . ...ttt it i i e e e e e PN 1 Watt
Short Circuit Qutput Current........ e ettt 50mA

*Stresses greater than those listed under “Absolute Maximum Ratings’* may cause permanent damage to the device. Thisis a stress rating only and functional
operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. Exposure to absolute

maximum rating conditions for extended periods may affect reliability.

RECOMMENDED DC OPERATING CONDITIONS
(0°C=Tp =70°C)

SYM PARAMETER MIN TYP MAX UNITS | NOTES
Vee Supply Voltage 4.5 5.0 5.5 \% 1
VIH Input High (Logic 1) Voltage, 24 — Veett Y 1
. All Inputs
ViL Input Low (Logic 0) Voltage, -2.0 — .8 \ 1
All inputs
DC ELECTRICAL CHARACTERISTICS
(0°C=Tp =70°C) (Ve = 5.0V £ 10%)
SYM PARAMETER MIN MAX UNITS | NOTES
lcct OPERATING CURRENT 60 mA 2
tRc = 265ns
lcc2 STANDBY CURRENT 4 mA 2
Power supply standby current (RAS = V|,
Doyt = High Impedance)
L) INPUT LEAKAGE -10 10 uA
Input leakage current, any input
(OV = V|y =+5.5V, all other pins not under
test = O volts)
lo(L) OUTPUT LEAKAGE -10 10 uA
Output leakage current (Do is disabled,
OV =Voyrt < +5.5V)
OUTPUT LEVELS
VoH Output High (Logic 1) voltage (IoyT = -5mA) 24 \Y
VoL Output Low (Logic 0) voltage (lgyT = 4.2mA 04 \Y)
NOTES:

1. Allvoltages referenced to Vgg.

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

3. AnMI pause of 100us is required after power-up followed by an 8 RAS
or RFSH cycles before proper device operation is achieved. If refresh
counter is to be effective a minimum of 64 active RFSH initialization cycles
is required. The internal refresh counter must be activated a minimum of
128 times every 2ms if the RFSH refresh function is used.

4. AC characteristics assume ty = 5ns.

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

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

7. Load = 2 TTL loads and 50 pF.

v—70

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

Assumes that tgcp = trep (max).

RFSH = V| or V|(, but is allowed to make an active to inactive transition
during the RAS active time of RAS - only refreshcycle.
WRITE = don’t care. Data out depends on the state of CAS. If CAS = V|,
data output is high impedance. If CAS = V), the data output will contain
data from the last valid read cycle.

RAS = V|y. CAS = V| or V), but is allowed to make an active to inactive
transition during the Pin 1 refresh cycle, ADDRESSES and WRITE = don't
care. Data out depends on the state of CAS. If CAS = V|, data output is
high impedance. If CAS = V|, the data output will contain data from the
last valid read cycle.




NOTES Continued: 16.

12. toff max defines the time at which the output achieves the open circuit
condition and is not referenced to Vo or Vo
13. Operation within the trcp (max) limitinsuresthat tra ¢ (max) can be met.
trcp (max}is specified as a reference pointonly; if tgcp is greater thanthe
specitied trcp (max) limit, then access time is controlled exclusively by
tcac- 17.
14. Either tgrp Of tRCH Must be satisfied for a read cycle 18.
15, These parameters are referencedto CAS leading edge in early write cycles
and to WRITE leading edge in delayed wirte or read-modify-write cycles.

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

If the RFSH function is not used, pin 1 may be left open {no connect).
The transition time specification applies for all inputs signals. In addition
to meeting the transition rate specification, all input signals must transit
between V|4 and V|_(or between V| _and Vi) in a monotonic manner.

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(3.4,5,10,11,17,18){0°C <Tp < 70°C), Vcc = 5.0V £ 10%

MK4164-12 | MK4164-15

SYM PARAMETER MIN | MAX |MIN | MAX | MIN | MAX (UNITS|NOTES

tRC Random read or write cycle time 265 325 ns 6,7

tRMW Read modify write cycle time 310 380 ns 6,7

tpc Page mode cycle time 140 165 ns 6.7

tRAC Access time from RAS 120 150 ns 7.8

tcaC Access time from CAS 60 75 ns 7.9

tOFF Output buffer turn-off delay 0 35 0 40 ns 12

tr Transition time (rise and fall) 3 50 3 50 ns 5,18

tRp RAS precharge time 135 165 ns

tRAS RAS pulse width 120 {10,000 150 [10,000| ns

tRSH RAS hold time 60 75 ns

tCSH CAS hold time 120 150 ns

tcAS CAS pulse width 60 w 75 e ns

tRCD RAS to CAS delay time 20 60 20 75 ns 13

tRRH Read command hold time 25 30 ns 14
referenced to RAS

tASR Row address set-up time 0 0 ns

tRAH Row address hold time 15 20 ns

tASC Column address set-up time 0 0 ns

tcAH Column address hold time 20 45 ns

tAR Column address hold time 80 120 ns
referenced to RAS

tRCS Read command set-up time 0 0 ns

tRCH Read command hold time 0 0 ns 14
referenced to CAS

tWCH Write command hold time 40 50 ns
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued)
(3.4,5,10,11,17,18}(0°C < Tp = 70°C), Ve = 5.0V £ 10%

MK4164-12| MK4164-15
SYM PARAMETER MIN [ MAX | MIN | MAX| MIN | MAX UNITS INOTES
tWCR Write command hold time 100 125 ns
referenced to RAS
twe Write command pulse width 35 45 ns
tRWL Write command to RAS lead time 40 50 ns
tewL Write command to CAS lead time 40 50 ns
ips Data-in set-up time 0 0 ns 15
tDH Data-in hold time 40 45 ns 15
tDHR Data-in hold time_ 100 125 ns
referenced to RAS
tcp CAS precharge time 70 80 ns
(for page-mode cycle only)
tREF Refresh Period 2 2 ms
twces WRITE command set-up time 0 0 ns 16
tcwD CAS to WRITE delay 60 75 ns 16
tRWD RAS to WRITE delay 120 150 ns 16
tFSR RFSH set-up time_ 135 165 ns
referenced to RAS
tRFD RAS to RFSH delay 135 165 ns
tfc RFSH cycle time 265 325 ns
tep RFSH active time 120 160 ns
tg) RFSH inactive time 135 165 ns
tcePN CAS precharge time 30 40 ns
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OPERATION

The 16 address bits required to decode 1 of the 65,536
cell locations within the MK4164 are multiplexed onto
the 8 address inputs and latched into the on-chip
address latches by externally applying two negative
going TTL-level clocks. The first clock, Row Address
Strobe (RAS), latches the 8 row addresses into the chip.
The high-to-low transition of the second clock, Column
Address Strobe (CAS), subsequently latches the 8
column addresses into the chip. Each of these signals,
RAS and CAS, triggers a sequence of events which are
controlled by different delayed internal clocks. The two
clock chains are linked together logically in such a way
that the address multiplexing operation is done outside
of the critical timing path for read data access. The later
events in the CAS clock sequence are inhibited until the
occurence of a delayed signal derived from the RAS
clock chain. The “gated CAS" feature allows the CAS
clock to be externally activated as soon as the Row
Address Hold specification (tgay) has been satisfied
and the address inputs have been changed from Row
address to Column address information.

The “gated CAS" feature permits CAS to be activated at
any time after tgap and it will have no effect on the
worst case data access time (tgac) Up to the point in
time when the delayed row clock no longer inhibits the
remaining sequence of column clocks. Two timing
endpoints result from the internal gating of CAS which
arecalledtgcp {min) and tycp (max). No data storage or
reading errors will result if CAS is applied to the
MK4164 at a point in time beyond the tgcp (max) limit,
However, access time will then be determined
exclusively by the access time from CAS (tcag) rather
than from RAS (tgag). and RAS access time will be
lengthened by the amount that tgcp exceeds the tgcp
(max) limit.

DATA INPUT/OUTPUT

Data to be written into a seiected cell is latched into an
on-chip register by a combination of WRITE and CAS
while RAS is active. The latter of WRITE or CAS to make
its negative transition is the strobe for the Data In (D)
register. This permits several options in the write cycle
timing. In a write cycle, if the WRITE input is brought low
(active) prior to CAS being brought low (active), the D)
is strobed by CAS, and the Input Data set-up and hold
times are referenced to CAS. If the input data is not
available at CAS time (late write) or if it is desired that
the cycle be a read-write or read-modify-write cycle the
WRITE signal should be delayed until after CAS has
made its negative transition. In this “‘delayed write
cycle”” the data input set-up and hold times are
referenced to the negative edge of WRITE rather than
CAS.

Data is retrieved from the memory in a read cycle by
maintaining WRITE in the inactive or high state
throughout the portion of the memory cycle in which
both the RAS and CAS are low (active). Data read from
the selected cell is available atthe output port within the
specified access time. The output data is the same
polarity {(not inverted) as the input data.

DATA OUTPUT CONTROL

The normal condition of the Data Output (DgyT) of the
MK4164 is the high impedance (open-circuit) state;
anytime CAS is high (inactive) the Doyt pin will be
fioating. Once the output data port has gone active, it
will remain valid until CAS is taken to the precharge
(inactive high) state. Note that CAS can be left active
(low) indefinitely. This permits either RAS-only or RFSH
refresh cycles to occur without invalidating DoyT-

PAGE MODE OPERATION

The Page Mode feature of the MK4164 allows for
successive memory operations at multiple column
locations within the same row address. This is done by
strobing the row address into the chip and maintaining
the RAS signal low (active) throughout all successive
memory cycles in which the row address is common.
The first access within a page mode operation will be
available attgac ortcac time, whichever is the limiting
parameter. However, all successive accesses within the
page mode operation will be available at tcac time
(referenced to CAS). With the MK4164, thisresultsinas
much as a 50% improvement in access times! Effective
memory cycle times are also reduced when using page
mode.

The page mode boundary of a single MK4164 is limited
to the 256 column locations determined by all
combinations of the 8 column address bits. Operations
within the page boundary need not be sequentially
addressed and any combination of read, write, and read-
modify-write cycles are permitted within the page mode
operation

REFRESH

Refresh of the dynamic cell matrix is accomplished by
performing a memory cycle at each of the 128 row
addresses within each 2ms interval. Although any
normal memory cycle will perform the required
refreshing, this function is easily accomplished by using
either RAS-only or RFSH type refreshing.

RAS-ONLY REFRESH

The RAS-only refresh cycle supported by the MK4164
requires that a 7 bit refresh address be valid at the
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device address inputs when RAS goes low (active). The
state of the output data portduringa RAS-only refresh is
controlied by CAS. If CAS is high (inactive) during the
entire time that RAS is asserted, the output will remain
in the high impedance state. If CAS is low (active) the
entire time that RAS is asserted, the output port will
remain in the same state that it was prior to the
issuance of the RAS signal. This is useful for single step
operation. If CAS makes a'low-to-high transition during
the RAS-only refresh cycle, the output data buffer will
assume the high impedance state.

PIN 1 REFRESH

RFSH type refreshing available on the MK4164 offers
an attractive alternate refresh method. When the signat
onpin 1, RFSH, isbroughtlow during RAS inactive time
(RAS high), an on-chip refresh counter is enabled and
aninternal refresh operation takes place. When RFSH is
brought high (inactive) the internal refresh address
counter is automatically incremented in preparation for
the next refresh cycle. Data can be held valid from a
previous cycle using CAS control during a RFSH type
refresh cycle.

The internal refresh counter is a dynamic counter and
requires refreshing. The 128 RFSH cycles every 2
milliseconds required to refresh the memory cells is
adequate for this purpose. Only RFSH activated cycles
affect the internal counter.

The use of RFSH mode for refreshing eliminates the
needto generate refresh addresses externally. Further-
more, when using RFSH refreshing, the address drivers,
the CAS drivers, and WRITE drivers can be powered
down during battery backup standby operation.

HIDDEN REFRESH

Either a RAS-only or RFSH type refresh cycle may take
place while maintaining valid output data by extending
the CAS active time from a previous memory read cycle.

This feature is referred to as a hidden refresh. {See
figures below.)

HIDDEN RAS—ONLY REFRESH CYCLE (SEE NOTE 10)

L MEMORY CYCLE REFRESH CYCLE

J/ii NI

Pour VALID DATA ﬁ—‘

HIDDEN RFSH REFRESH CYCLE (SEE NOTE 11)

MEMORY CYCLE REFRESH CYCLE

= — 7 X
= T\ e
soonssses 1/ Xoowfeownl(/ /777777 T TTTTTTTITTRUDK.

/111 SV //// /L
—< >—

WRITE

P our VALID DATA

RFSH (PIN 1) TEST CYCLE

A special timing sequence using the PIN 1 counter test
cycle provides a convenient method of verifying the
functionality of the RFSH activated circuitry.

This special test sequence will be announced at a later
date
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PRELIMINARY

"MOSTEK.

4K x 1-BIT STATIC RAM

MK2147(J)-55/70/85

FEATURES
O Scaled Poly 5™ technology

O Industry standard 18-pin dip configuration

O High performance Power Supply Current
Part Access | Cycle | Max. Max.
Number Time Time | Active Standby
"WMK2147-55 | 55ns 55ns 180mA 30mA
MK2147-70 | 70ns 70ns 160mA 20mA
MK2147-85 | 85ns 85ns | 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

a

Chip select power down feature

[m]

Single +5V (+10%) power supply

=]

On-chip substrate bias generator

=]

All inputs are low capacitance and TTL compatible

O

Three-state TTL compatible output

power, and easy user implementation. The device has a
VIH = 2.0V, VIL = 0.8V, VOH = 2.4V, and VOL = 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 select, CS, is brought inactive (high).

The MK2147 is designed for memory applications that
require high bit densities, fast access, and short cycle
times. The MK2147 offers the user a high density cost
effective alternative to bipolar and previous generation
N-MOS fast memory.

PIN CONNECTION

a0 1] e [ 1s vee
a2 17 ae
a2 3] [ J1e a7
a3 o] 15 A8
Y '__—]14 A9
YN [ 13 a0
®our 7[] [ iz At
we e[ | t]ﬂ DIN
vss 9] [0 T8

PIN NAMES

AO - AT1 ADDRESS INPUTS
s 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 1o VSS ... ... i i e e -1.5V to +7.0V
Temperature Under Bias .. ......o.uuiiinnit ittt ittt it i iaieaannnaanneenns -10°C to +85°C
Storage temperature (Ambient) (CEramiC) .........ouiiutuiit ittt e aaiiaannns -65°C to +150°C
3 O e YU o Y Q111 -1 1 PSP 20mA
POWET diSSIPAtION .. v vttt ettt ittt ettt ettt et seataaaaaeee et e 1 Watt

*Stresses greater than those listed under "Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and functional operation of
the device at these or any other conditions above those indicated in the 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 < TA< 70°C)**

SYMBOL PARAMETER MIN TYP MAX UNITS NOTES
VCC Supply Voltage 45 5.0 5.5 Volts 1
VSS Supply Voltage 0 0 0 Volts 1
VIH Logic 1" Voltage All Inputs 20 VCC +1 Volts 1
V“_ 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 | MK2147-85
PARAMETER MIN [ MAX | MIN | MAX | MIN [ MAX | UNITS|NOTES
Icc Operating Current 180 160 160 mA Out-
put

. Open

|
IS Standby Current 30 20 ! 20 mA
o Peak Power-on Current 70 50 30 mA 14
IL Input Leakage Current (Any Input) 10 10 10 HA 2
oL Output Leakage Current 50 50 50 pA 2
VoH Output Logic “1” Voltage IOUT = -4mA 24 24 24 \
VoL Output Logic “0” Voltage IOUT = 8mA 04 04 04 Vv

AC ELECTRICAL CHARACTERISTICS?
(0°C =TA =+ 70° C}** (VCC = +5.0 volts +10%)

PARAMETER TYP MAX NOTES
CIN Input Capacitance 5Pf 12
COUT Output Capacitance 7Pf 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%)

MK2147-70

SYMBOL PARAMETER MK2147-55 MK2147-85 | UNIT NOTE
MIN | MAX [ MIN| MAX | MIN [ MAX

tRC Read Cycle Time 55 70 85 ns

tAA Address Access Time 55 70 85 ns 5
tCSA1 |Chip Select Access Time 55 70 85 ns 5,7
tCSA2 |Chip Select Access Time 65 80 85 ns 5,8
tOH Output Hold From Address Change 5 5 5 ns

tLz Chip Selection to Output Low Z 10 10 10 ns

tHZ Chip Deselection to Output High Z 0 40 ¢] 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 85 ns

tCW Chip Select to End of Write 45 55 65 ns

tAW Address Valid to End of Write 45 55 65 ns

tAS Address Setup Time 0 0] 0 ns

tWP Write Pulse Width 35 40 45 ns

tWR Write Recovery Time 10 15 20 ns

tDW Data Valid to End of Write 25 30 30 ns

tDH Data Hold Time 10 10 10 ns

tWZ Write Enable to Output in High Z 0] 30 0 35 0 40 ns 6
tOW QOutput Active From End of Write 0 0 0 ns

B G eleted o e i e e e e slectn !

ime is Ons, the chip is by definition selected and access

s e T e e, o BRI
5. Wessures i o 5 shown e 1 L fareses e pir o o comeiden wit 85 vorsston ow
6. tHZ and tWZ defines the time atwhich the output achieves the open circuit ) : AV = 3 volts and power Supplics af nomingl d:c;i:on C |_AA_\_1/ with
e e oo e S 13 Sutpu uler s dsselctd

OUTPUT LOAD vie
Figure 1
510
Oout
300! —L‘ 30pF
{Including scope and jig)

4
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READ CYCLE NO. 1 (9, 10)

ADDRESSES >(

[ toH

DATA OUT PREVIOUS DATA VALID ) X X DATA VALID

READ CYCLE NO. 2 (9,11)

2

'RC

the
cs '—\ #_——
csa ol .
l—'HZ
— 7P
HIGH IMPE DANCE
DATA OUT DATA VALID mg:DANCE
r&—"'PD
Vee |
SUPPLY
CURRENT |
WRITE CYCLE
we
ADDRESSES >< ;(
- ‘CW
= N\ J ) 7/ /)
taw >
l— VR —]
‘AS———P‘ h—————— WPl
WE
Et \ \\ 7£
teg-'DH
owy—————————>>
DATA IN DATA IN VALID
[ tyz—— r—tow—-—b
. HIGH IMPEDANCE
DATA OUT DATA UNDEFINED
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MOSTEK.

4096 x1-BIT STATIC RAM

MK4104(J/N/E) Series

FEATURES

0O Combination static storage cells and dynamic

control circuitry for truly high performance
PART NUMBER ACCESS TIME CYCLE TIME
MK4104-3/-33 200ns 310ns
MK4104-4/-34 250ns 385ns
MK4104-5/-35 300ns 460ns
MK4104-6 350ns 535ns

O Low Active Power Dissipation: 150mW (Max)

O Battery backup mode (3V/10mW on -33, -34
and -35)

DESCRIPTION

The MOSTEK MK 4104 is a high performance static
random' access memory organized as 4096 one bit
words. The MK 4104 combines the best character-
istics of static and dynamic memory techniques to
achieve a TTL compatible, 5 volt only, high perfor-
mance, low power memory device. It utilizes ad-
vanced circuit design concepts and an innovative
state-of-the-art N-channel silicon gate process special-
ly tailored to provide static data storage with the per-
formance (speed and power) of dynamic RAMs.
Since the storage cell is static_the device may be
stopped indefinitely with the CE clock in the off
(Logic 1) state.

All input levels, including write enable (WE) and chip
enable (CE) are TTL compatible with a one level of

0 Standby Power Dissipation less than 28 mW

(at Vog = 5.5V)

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

-

1 Fully TTL Compatible
2 — Standard TTL
2 — Schottky TTL
12 — Low Power Schottky TTL

O Standard 18-pin DIP

Fanout:

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 puli-up resistor required)
delivers a one level of 2.4V minimum and a zero
level of .4 volts maximum. The output has a fanout
Iof g standard TTL loads or 12 low power Schottky
oads.

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

STATIC

FUNCTIONAL DIAGRAM

- cuLock
GEN

3 3 aobRgss now » e
o o
g BUFFERS V| oecooe p—u—y BUFFER
sTomace
& — G ot —  pouT
wiren
B COL & COLUMN
' ADDRESS DECOOE

PIN CONNECTIONS

Ao 1 []18 Vce
A2 (117 Ag
A2 3 16 A
Az-a [ []15 Ag
A4 5 ] 714 Ag
As 6 [ 13 Ao
Dour 7 [ (112 Ayq
WE 8 [ [J11 Dy
Vss 9 [ [J10 CE
PIN NAMES
égA1 1 Address Inputs Vgs Ground
Chip Enable XC_C Power (+5V)
Bin Data Input WE Write Enable
Dour Data Output
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ABSOLUTE MAXIMUM RATINGS*
Voltage on any pin relative to VSS
Operating Temperature TA (Ambient)
Storage Temperature (Ambient) (Ceramic)
Storage Temperature (Ambient) (Plastic)

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

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

1.0V to +7.0V

Power Dissipation . .. ... ov it TWatt ol reliability.
Short Circuit Qutput Current .. .. ... .. it 50mA
RECOMMENDED DC OPERATING CONDITIONS®
(0°C< TA< +70°C)
MK4104 Series
P
ARAMETER MIN [ TYP | MAX UNITS |[NOTES
vVee 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) (Ve = 5.0 volts + 10%)
PARAMETER MIN MAX UNITS NOTES
IcC1 Average Vo Power Supply Current 27 mA 2
icc2 Standby V¢ Power Supply Current 5 mA 3
L Input Leakage Current (Any Input) —10 10 nA 4
loL Output Leakage Current —10 10 MA 3,5
VOH Output Logic ““1"" Voltage |oyT=—500uA 24 Volts
VoL QOutput Logic "“0"" Voltage IoyT= SmA 04 Volts
AC ELECTRICAL CHARACTERISTICS'
(P C<TA<+70°C) (Vce = + 5.0 volts +10%)
PARAMETER TYP MAX NOTES
Ci Input Capacitance 4pF 6pF 14
Co Output Capacitance 6pF 7pF 14
NOTES:
1. All voltages referenced to Vgg. 8. |f WE follows CE by more than tyyg then data out may not remain
open circuited,
2. lgcq is related to precharge and cycle times. Guaranteed maxi-
mum values for 1o may be calculated by: 9. Determined by user. Total cycle time cannot exceed tog max.
tcet [mal = {5ty + 15(tc ~ tp) +4720) Tt ) R .
where g, and t are gxpresseg in rF:anoseconds. %quation is re. 10. Dlatak-lndset-%gE nrnﬁs referenced to the later of the two falling
ferenced to the -3 device, other devices derate to the same curve. clock edges or .
Data outputs open. - .
3. Output is disabled (open circuit), CE is at logic 1. 11. AC measurements assume tT = 5ns. Timing points are taken at
.8V and 2.0V on inputs and .8V and 2.0V on the output. Tran-
4. All device pins at O volts except pin under test at 0 << V| < 5.5 sition times are also taken between these levels.
volts. (Vi 5V) 12. To=tog +tp + 2tT.
5. OVSVQuT S+5.5V. (Vi = 5Y)
13. The true level of the output in the open circuit condition will be
6. During power up, CE and WE must be at ViR for minimum of determined totally by output load conditions. The output is-
2ms after Vg reaches 4.5V, before a valid memory cycle can be guaranteed to be open circuit within topp.
accomplished. X X . Av
14. Effective capacitance calculated from the equation C = 1= with
7. Measured with load circuit equivalent to 2 TTL loads and £\ V equal to 3V and V¢ nominal. av
CL = 100pF. 15. tRMW = tAC * tWPL * tP + 31T + tMOD
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AC ELECTRICAL CHARACTERISTICS AND RECOMMENDED OPERATING CONDITIONS6,11
(0°C< TA < 470°C) (Vo =+5.0volts + 10%) 1

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

SYMBOL|PARAMETER MIN[MAX | MINJMAX [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
t1CE Chip Enable Puise 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
tQFF 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
ws Write Enable Set-Up Time -20 -20 -20 -20 8
tDHC Data Input Hold Time

Referenced to CE 170 210 250 285
tDHW Data Input Hold Time

Referenced to WE 70 90 105 125
tww Write Enabled Pulse Width 60 75 90 105
tMOD Modify Time 0 [10,000{ O 110,000/0 {10,000(0 ]10,000
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
T Transition Time 5 |50 5 (50 5 |50 5 |50
tRMW Read-Modify-Write Cycle Time|385 475 570 660 16
STANDBY CHARACTERISTICS
(TA=0°Cto 70°C)

MK4104-33{ MK4104-34 {MK4104-35

SYMBOL|PARAMETER MINMAX | MINJMAX |MIN/JMAX |UNITS|
VPD Ve In Standby 3.0 3.0 3.0 Volts 8]
IPD Standby Current 33 33 33__[mA 2
g Power Supply Fall Time 100 100 100 usec 5
tR Power Supply Rise Time 100 100 100 usec
tCE Chip Enable Pulse Width 200 250 300 usec
tppD Chip Enable Precharge To

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

Veemin —1 ' r— STANDBY MODE —» R p—

vee

VD -

F#\_A
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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
dissipation which causes a maximum junction rise of
only at 8°C at 1.86 Megahertz operation. The MK
4104 was designed for the system designer and user
who require the highest performance available along
with MOSTEK's proven reliability.
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s TN T
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READ-MODIFY-WRITE CYCLE

ViH

3 ViL

tRMW |

S

L—tP—b

2
v

' /33 '1331514

ADDRESSES
WE
ViL
-— WW
- —
DS |- {DHW
v
" DY
/ VALID
Din VIL /117 Vi / /1// / Vi //
<¢———— (AC ———p|«—MOD —» - < t(OFF
VoH
dour OPEN —— VALID OPEN —
VoL
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) linput at a high level (V|H) while
clocking the CE input to a low level (V). 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. If CE leading edge occurs
prior to the leading edge of WE as in a read-modify-
write cycle then data-in is strobed by the WE input.
Due to the internal timing generator, two indepen-
dent timing parameters must be satisfied for DI hold
time, these are, tpHwW 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 tpyc 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 (typ). Data out will remain valid until the
rising edge of CE. A minimum RMW cycle time can
be approximated by the following equation (tgm
= RMW cycle time and tp = CE precharge time).
TRMW = tAC T tMOD + twpL *tp +31T

POWER DOWN MODE

In power down data may be retained indefinitely by
maintaining Vgg at +3V. However, prior to VCC
going below Vcc 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
Ve 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 tCcE min is not violated.

VvVi—8
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OPERATING POWER VS CYCLE TIME

24 120
22 110
20 /A/ 100
i 7
Curve 1 /
16 ‘\ // 80
S 0
L V] 60
<é Curve 2 0
5
% 107 g
£ 8 40
ta=25C
N4 > 3
Vpp = 5.0V
4 20
2T 10
0 ' 0
1.0 2.0 3.0 3.22 4.0

Cycle Rate (MHz2)

Characterization data plot of frequency vs power dissipation

for a typical MK4104 device.

Ppp(mw) —

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

STEK.

1K x 8 STATIC RAM

MK4118(P/J/N) Series

FEATURES

O Address Activated™ Interface combines benefits of
Edge Activated™ and fully static operation

0O High performance

Part Number | Access Time Cycle Time
MK4118-1 120 nsec 120 nsec
MK4118-2 150 nsec 150 nsec
MK4118-3 200 nsec 200 nsec
MK4118-4 250 nsec 250 nsec

O Single +5 volt power supply

DESCRIPTION

The MK4118 uses Mostek's Poly R N-Channel Silicon
Gate process and advanced circuit design techniques to
package 8192 bits of static RAM on a single chip.
Mostek’s Address Activated™ circuit design technique
is utilized to achieve high performance, low power, and
easy user implementation. The device has a V|4 = 2.2,
ViL = 0.8V, Vou = 2.4, Vg = 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 CE, OE, and LATCH functions for flexible system
operation

O Pin compatible with Mostek's BYTEWYDE™ memory
family

high-density, cost-effective 1K x 8-bit Random Access
Memory. Fast Output Enable (6?) and Chip Enable (CE)
controls are provided for easy interface in micro-
processor or other bus-oriented systems. The MK4118
features a flexible Latch (L) function to permit latching of
the address and CE status at the user’s option. Common
data and address bus operation may be performed at the
system level by utilizing the L and OE functions for the
MK4118. The latch function may be bypassed by merely
tying the latch pin to V¢, providing fast ripple-through
operation.

BLOCK DIAGRAM

DATA INPUTS OUTPUS
DQo0e ¢ ¢ DO7

Y

1/0 BUFFER

WE——————— | CONTROL
Logic

T
r ¥ SENSE AMP
= & WRITE DRIVER
. leusren
— .
T
> icorumm
Ag——
[yS—
128 x8x8
[ —
2 MEMORY CELL
P— MATRIX
aussen] |«
A"y 3
A e now
. B192 BIT STATICRAM
Ay— 1
Ay —»1—

PIN CONNECTIONS

Ay 1 E" 24 VCC
Ag 2 [ 23 Ag
Ags 3 [ 22 Ag
Ay a [ 0 21 WE
Az 5 ] [ 20 OE
Ay 6 ] 09T
Ay 7| 4118 7 18 CE
Ag 5 O 1 17 DQ7
DaQo Y [ ] 16 DQ6
DQ110 ] 1 15 DQS
Da2 11 [] 14 DQ4
Vgs 1200 M 13 DQ3
PIN NAMES
AO-AS  Address Inputs | WE Write Enable
CE Chip Enable | OE Output Enable
Vgg Ground T Latch
Vee Power (+5V) | DQg - DQ7 Data in/
Data Out
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ABSOLUTE MAXIMUM RATINGS*

Voltage on any pin relative to VGG, . ..ottt e -0.5V to +7.0V
Operating Temperature Tao (Ambient) ...... ... ... e 0°C to +70°C
Storage Temperature (Ambient) (Ceramic) . .......couiiiiiiiiiiii et iiiiiiianennns -65°C to +150°C
Storage Temperature (Ambient) (PIastiC). .. .....ovuuunin et et -556°C to +125°C
POW T DS S PatION .. ..ttt ittt it e e e e e e e e 1 Watt
Short Circuit OUIPUL CUITENT ...t ittt et ettt e e e et tae et ie sttt et e naaaennns 20mA

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

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

SYM PARAMETER MIN TYP MAX UNITS NOTES
Vee Supply Voltage 475 5.0 5.25 \% 1
Vss Supply Voltage 0 0 0 \% 1
VIH Logic “1"" Voltage All Inputs 2.2 7.0 \ 1
VIL Logic 0O’ Voltage Ali Inputs -0.3 0.8 \ 1

DC ELECTRICAL CHARACTERISTICS',?
(0°C =TpA =+70°C) (Ve = 5.0 volts £ 5%)

SYM PARAMETER MIN MAX UNITS NOTES
lce Average Vo Power Supply Current (Active) 80 mA 7
Icc2 Average Ve Power Supply Current (Standby) 60 mA 5

L Input Leakage Current (Any Input) ~-10 10 A 2
loL Output Leakage Current -10 10 uA 2
VoH Output Logic “1” Voitage gyt = ~1mA 24

VoL Output Logic “0” Voltage gyt = 4mA 04

AC ELECTRICAL CHARACTERISTICS',?
(0°C < Tp < +70°C) (Vg = +5.0 volts £ 5%)

SYM PARAMETER TYP MAX NOTES
C Capacitance on all pins except |/0 4pF 4
Cyo Capacitance on 1/0 pins 10pF 4
NOTES:

1. Ali voltages reference to Vgg.

2. Measured with O < V| < 5V and outputs deselected Ve =5V)

3. A minimum of 2msec time delay is required after application of V¢ (+5V) before
proper device operation can be achieved.

4. Effective capacitance calculated from the equation C = 1_At with AV = 3V andVee

nominal. av
5. Standby mode is defined as condition with addresses, latch and WE remain
unchanged.

. AC timing measurements made with 2 TTL loads plus 100pF.
. lCC active measured with outputs open.

~N o
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ELECTRICAL CHARACTERISTICS®
(0°C < Tp < 70°C and Vg = 5.0 volts % 5%)

MK4118-1 | MK4118-2 | MK4118-3 | MK4118-4

SYM | PARAMETER MIN | MAX | MIN | MAX | MIN | MAX | MIN | MAX | UNIT | NOTE

trc | Read Cycle Time 120 150 200 250 ns

taA | Address Access Time 120 150 200 250 ns

tcga | Chip Enable Access Time 60 75 100 125 ns

tcgz | Chip Enable Data Off o 60 o 75 0 100 0 125 ns
Time

togA | Output Enable Access 60 75 100 125 ns
Time

togz | Output Enable Data Off 0 60 o] 75 0 100 0 125 ns
Time

taz | Address Data Off Time ‘10 10 10 10 ns

taSL | Address to Latch Setup 10 10 10 20 ns
Time

taAHL | Address From Latch 40 50 65 80 ns
Hold Time

tceL | CE to Latch Setup Time 0 0 0 0 ns

tcHL | CE From Latch Hold Time | 40 50 65 80 ns

tLa | Latch Off Access Time 155 200 260 320 ns

twe | Write Cycle Time 120 150 200 250 ns

tasw | Address To Write Setup. 0 0 0 0 ns
Time

taAHW/| Address From Write 40 50 65 80 ns
Hold Time

tcew | CE To Write Setup Time 0 0 0 0 ns

tcHw | CE From Write 40 50 65 80 ns
Hold Time

-tpsw| Data To Write Setup Time | 20 30 40 50 ns

tpHw/| Data From Write 20 30 40 50 ns
Hold Time

twp | Write Pulse Duration 35 50 60 70 ns

tLpH | Latch Duration, High 35 DC 50 DC 60 DC 70 DC ns

t pL | Latch Duration, Low DC DC DC DC ns

twez | Write Enable Data 0 60 0 75 0 100 0 125 ns
Off Time

0wz Latch Data Off Time 10 10 10 10 ns

twpL | Write Pulse Lead Time 75 920 130 170 ns
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STATIC READ CYCLE
WE =T = HIGH

ADDRESS >K

tpc >

tan —P

OE

tCEZ |l——

tCEA fe——

<« taA
—»{ tAz

DATA OUT VALID )

[

t0EZ |—

VALID

tOEA e—

VALID

LATCHED READ CYCLE
WE = HIGH

- e -
ADDRESS > ><
— | taSL |e—
_ <«—tAHL
ce - tCHL j/ — t—‘cn———»
—»| -t | ‘LA '
— t,
L CEL ?__ LDH_.>I
— tLz f—
(4] 4’ PR
—_— |-
<-toEA> — ‘44052 'OE‘A
- A » < 7
DATAOUT VALID 4— ——————— -{t VALID VALID
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WRITE CYCLE
OE = LOW, L = HIGH

twe
ADD \K VALID )( DON'T CARE >K VALID
— > ASW |«—
7 g
| tAHW t
. tcEW < WPL
WE —X<———‘cnw l
N /
t
e — 'DHW—>
- tpsw—>|
DATA 1,0 | DATA OUT ( D 1VALID > <DXT‘}AUcl>)UT
OPERATION
READ MODE Enable control input (WE) being in the high state, and it

The MK4118isinthe READ MODE whenever the Write
Enable control input (WE) is in the high state. The state
of the 8 data )/ O signals is controlled by the Chip Enable
(E) and Output Enable (6?) control signals. The READ
MODE memory cycle may be either STATIC (ripple-
through) or LATCHED, depending on user control of the
Latch Input Signal (L).

STATIC READ CYCLE

In the STATIC READ CYCLE mode of operation, the
MK4118 provides a fast address ripple-through access
of data from 8 of 8192 locations in the static storage
array. Thus, the unique address specified by the 10
Address Inputs (An)define which 1 of 1024 bytes of data
is tobe accessed. The STATIC READ CYCLE is defined by
WE =T = High.

Atransition on any of the 10 address inputs will disable
the 8 Data Output Drivers after tpz. Valid Data will be
available to the 8 Data Output Drivers with tp 5 afterall
address input signals are stable, and the data will be
output under control of the Chip Enable (CE) and Output
Enable (OE) signals.

LATCHED READ CYCLE

The LATCHED READ CYCLE is also defined by the Write

is synchronized by proper control of the Latch {L)input.

As the Latch control input {L) is taken low, Address (An)
and Chip Enable (CE) inputs that are stable for the
specified set-up and hold times are latched internally.
Data out corresponding to the latched address will be
supplied to the Data Output drivers. The output drivers
will be enabled to drive the Output Data Bus under
control of the Output Enable ((Tf) and latched Chip
Enable (CE) inputs.

Taking the latch input high begins another read cycle for
the memory locations specified by the address then
appearing on the Address Input(An). Returned the latch
control to the low state latches the new Address and
Chip Enable inputs internally for the remainder of the
LATCHED READ CYCLE.

NOTE: If the ‘LATCH’ function is not used pin 19 (T_)
must be tied high (V|4 min).

WRITE MODE

The MK4118 is in the WRITE MODE whenever the
Write Enable (WE_) and Chip Enable (CE) control inputs
are in the low state. The status of the 8 output buffers
during a write cycle is explained below.

Vi—15
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WRITE MODE (Cont’d)

The WRITE cycle is initiated by the WE pulse going low
provided that CE is also low. The leading edge of the WE
pulse is used to latch the status of the address bus. CE if
active (Low) will also be latched. NOTE: WE is gated by
CE. If CE goes low after WE, the Write Cycle will be
initiated by CE, and all timing will be referenced to that
edge. CE and the Addresses will then be latched, and
the cycle must be terminated by WE going high. The
output bus if not already disabled will go to the high Z
state tyygz after WE. The latch signal, if at a logic high,
will have no impact on the WRITE cycle. If latch is
brought from a logic high to low prior to WE going active
then the address inputs and CE will be latched.
NOTE: The Latch control (L) will latch CE independent

of the state, whereas WE will latch CE only when in the
low state. Once latched, CE and the address inputs may
be removed after the required hold times have been
met.

Data in must be valid tpgyy prior to the low-to-high
transition of WE. The Data in lines must remain stable
for tpHwy after WE goes inactive. The write control of
the MK4118 disables the data out buffers during the
write cycle; however, output enable (OE) should be used
todisable the data out buffers to prevent bus contention
between the input data and data that would be output
upon completion of the write cycle.
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PRODUCT PREVIEW MQSTE ®

1K x 8-BIT STATIC RAM

MK4801A(P/J/N) Series

FEATURES O High performance
O Static operation
Part No. . R/W
o ) . Access Time Cycle Time
O Organization: 1K x 8 bit RAM JEDEC pinout
MK4801A-55 55 nsec 55/65 nsec
O Pin compatible with Mostek’'s BYTEWYDE™ memory
family MK4801A-70 70 nsec 70/80 nsec
O 24/28 pin ROM/PROM compatible pin configuration MK4801A-90 90 nsec 90,100 nsec

O CE and OE functions facilitate bus control

DESCRIPTION

The MK4801A uses Mostek's Scaled POLY 5™ process and The MK4801A excels in high speed memory applications

advanced circuit design techniques to package 8,192 bits of where the organization requires relatively shallow depth
static RAM on a single chip. Static operation is achieved with a wide word format. The MK4801A presents the user a
with high performance and low power dissipation by high density cost effective alternative’ to bipolar and
utilizing Address Activated™ circuit design techniques. previous generation N-MOS fast memory.
BLOCK DIAGRAM e PIN CONNECTIONS
Voo —
GND —— &
R |
WE —————————————»{ conTROLLOGIC 9
A7 124 Vee E
[ Ag 2 23 Ag =
w | — e A5 303 22 Ag
e I A ] 21 we
N A3 5] 120 OF
L A26 ] 19 NC
A170 118 CE
Ag 3 A L
A g 08 o17007
R DQo 90 016 DQg
R s WU e T —
N ) B e DQ1100] 15 DQg
oy | DQz11 [114DQy
e Vssi120] 13DQ3
TRUTH TABLE
CE OF ‘WE Mode DQ
VIH X X Deselect High Z PIN NAMES
ViL X ViL Weite DIN Ag-Ag Address Inputs | WE Write Enable
Vi ViL VIH Read DouT CE Chip Enable OE Output Enable
Vgs Ground NC No Connection
ik | VW | VM Read High Z Vee Power (+6V) | DQp-DQ; Data In/
X = Don't Care Data Out
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PRODUCT PREVIEW

MOSTEK.

2K x 8 STATIC RAM

MK4802(P/J/N) Series

FEATURES
O Static operation
O Organization: 2K x 8 bit RAM JEDEC pinout

O Pin compatible with Mostek's BYTEWYDE™ memory
family

O Double density version of the MK4118 1K x 8 static RAM
0O 24/28 pin ROM/PROM compatible pin configuration
O CE and OF functions facilitate bus control
DESCRIPTION

The MK4802 uses Mostek's Scaled POLY 5™ process and
advanced circuit design techniques to package 16,384 bits
of static RAM on a single chip. Static operation is achieved

with high performance and low power dissipation by
utilizing Address Activated™ circuit design techniques.

0O High performance

R/W
Part No. Access Time Cycle Time
MK4802-70 70 nsec 70/80 nsec
MK4802-90 90 nsec 90/100 nsec

The MK4802 excels in high speed memory applications
where the organization requires relatively shallow depth
with a wide word format. The MK4802 presents the user a
high density cost effective alternative to bipolar and
previous generation N-MOS fast memory. The slower
MK4802-3* provides even greater economies with perfor-
mance suitable for microprocessor memory requirements.

BLOCK DIAGRAM

DATA INPUTS OUTPUTS
000 0a7

11

1 0 BUFFER

vee

ano

CoNTROL
Logic

¥ SENSE AMP

AT

= & WRITE DAIVER
i sursen orcoocn
—1
—
Aa EEEE—
ay  —] meMoRY SEL
Aj —_—
ag  ————nf puFE Row .
& aiT STATIC RAM
TRUTH TABLE
CE OE WE Mode ole]
ViH X X Deselect High Z
ViL X ViL Write Din
ViL ViL VIH Read Dout
i
ViL L VIH VIH Read High Z I
X - Don't Care

PIN CONNECTIONS

Ay 10e ~ :]24Vcc
Ag 2] [123Ag
As 30 []22 Ag
A44Q (521 WE
A3 5] 120 OF
A26 ] 119 Aq9
A7 118 CE
AosQ 117 DQ5
DQg 9] 116 DQg
DQ110} [115DQg
DQz11] [114DQ4
Vgsg120] [113DQ3

*See MK4802-3 Supplement Data Sheet

PIN NAMES
A_O'A‘IO Address Inputs Vee Power (+5V)
CE Chip Enable WE Write Enable
Vgs Ground OF Output Enable

DQgp-DQ7 Data In/Data Out)
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MOSTEK.

2K x 8-BIT PSEUDOSTATIC™ RAM

MK4816(N/J)-3/4/5

FEATURES
O Organized as 2048 x 8 bits 0O On-chip substrate bias generator
O Low power - 150mW active
25mW standby
Part N A Time Cycle Ti
a umber | Access Tim ycle Time 0O 128 refresh cycles/2msec
MK4816-3 | 200nsec 430nsec O All pins TTL compatible
O 28 pin ROM/PROM compatible package
MK4816-4 250nsec 550nsec O Built in refresh multiplexer and refresh address
counter
MK4816-5 300nsec 675nsec O Power down (standby) refresh mode
O Automatic precharge
O Latched address and CS and independent OE for easy
O Single +5V £ 10% power supply interface in any microprocessor system
DESCRIPTION features designed to minimize external interface

circuitry while maintaining the internal efficiency of a
The MK4816 uses Mostek's N Channel silicon gate Dynamic RAM.
process and advanced circuit design techniques to
package 16,384 bits of Dynamic RAM on a single chip. The MK4816 requires only a single +5 volt (+ 10%)
The MK4816 is the first available 5V only Dynamic MOS power supply and is fully TTL compatible on all inputs
RAM and the first wide-word Dynamic RAM designed and outputs. Asingle Refresh pin allows flexible control

specifically for use in present and future generation of single cycle refresh, burst mode refresh, or automatic
microprocessor systems. Organized as 2048 words x 8 refresh in battery back-up mode. Common data |/ 0 with
bits, the MK4816 utilizes Mostek’'s Edge Activated™ independent chip select and Output Enable controls
design techniques to provide a low-power, high- permit easy interface to either separate or multiplexed
performance, cost-effective RAM that includes many address and data bus systems.
BLOCK DIAGRAM PIN OUT
i ” I RFSH 10 28 Vee
prop—— O N/C 20 27 WE Sw
P I o [ ,.J Ay 30 26 CS o2
Ario Burrens [ oms Ag 40 25 Ag # ‘<rt
] ] Ag s5( 324 Ag a
Ag 60 123 N/C
2 " A3z 70]MK4816 122 OE
e} i omr L : ‘:2 80 P21 A1o
£ e g 1 94 520 CE
: : Ag 100 19 DQy
™ DQg 11 (Q 018 DQg
1 1 DQy 1203 117 DQg
[ oms e DQ, 130 516 DQg
. vss 140 15 0ag
wa] — L PIN NAMES i
wwowl  Gwma [ | s [ DQp-DQ7  Data OE Output Enable
R 1 T o . gg-Aw Address Inputs| WE  Write Enable
] e oL Chip Enable RFSH Internal Refresh
o CS Chip Select
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ABSOLUTE MAXIMUM RATINGS*

Voltage on any pin relative to Vg g . ..o vttt ittt ittt i e -1.0Vto +7.0V
Operating Temperature TA (AmMDIent) . .. ...ttt it i enans 0°C to +70°C
Storage Temperature (Ambient{CERDIP). .. ... ..ottt e e iineaans -65°C to +150°C
oy T 0 T E-Y 3 o - T o o 1 Watt
Short Circuit QUIPUL CUITENT. . ..ottt ittt ettt ia et e teeennnaeaereeannnanns 20mA

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

RECOMMENDED DC OPERATING CONDITIONS

(0°C < Tp < +70°C)
SYM PARAMETER MIN TYP MAX UNITS NOTES
Vee Supply Voltage 4.5 5.0 5.5 \% 1
Vgs Supply Voltage (o] 0 0 \) 1
ViH Logic 1" Voltage All Inputs 2.2 7.0 Vv 1
ViL Logic ‘0"’ Voltage All Inputs -1.0 0.8 \% 1
DC ELECTRICAL CHARACTERISTICS®
(0°C =Tp =+70°C) Vee = 5.0 volts + 10%)
SYM PARAMETER MIN MAX UNITS NOTES
lce Average V¢ Power Supply Current
(Tc = t¢ min) 30 mA
lcc2 Average Vcc Power Supply Current (Standby) 5 mA 3
L Input Leakage Current (Any Input) -10 10 uA 2
loL Output Leakage Current -10 10 uA 2,3
VoH Output Logic 1" Voltage
louT = -220kA 24 Vv
VoL Output Logic “0” Voltage
loyT = 4mA 0.4 \Y
AC ELECTRICAL CHARACTERISTICS'
(0°C =T =+70°C){Vee = +5.0 volts + 10%)
SYM PARAMETER TYP MAX NOTES
C Input Capacitance 7pF 10pF 9
Co Output Capacitance 10pF 15pF 9,10
NOTES: 6. V|yimin)and V| (max) are reference levels for measuring timing of input
1. All voltages referenced to Vsg signals. Also, transition times are measured between V) and Vj .
2. Measured withOV = Vi =5V, Ve = 5V. all other pins not under test = OV 7. Internal refresh counter initialization is required. 64 RFSH stimulated
3. Output open circuit (CE high) — cycles are sufficient for this purpose. RFSH reinitialization is required
4. An initial pause of 2ms is required after power-up followed by any 8 CE

cycles before proper device operatic&sachleved. If refresh counter is to be
effective a minimum of 64 active RFSH initialization cycles after one CE
cycle is required. The internal refresh counter must be accessed aminimum
of every 2ms if auto mode refresh function is used.

AC measurements assume tT = 5ns

©®

10.
. The specifications for tc (min) are used only to indicate cycle time at which

vil—2

when intervals greater than 2ms have occurred between refresh cycles
controlled by RFSH.

Measured with a load equivalent to 2 TTL loads and 50 pF. (Scope and Jig)}
Effective capacitance calculated from the equation C = |At with AV = 3
volts and power supplies at nominal levels. av

Doy in high impedance state, by doing a read cycle with OE held at V)

proper operation over the full temperature range (0°C < Tp < 70°C) is
assured.



ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS(4.5,%)
(0°C=Tp =70°C) (Ve = 5.0V £ 10%)

MK4816-3 | MK4816-4 | MK4816-5

SYM | PARAMETER MIN [ MAX | MIN | MAX | MIN | MAX [UNITS|NOTES
tc Read, Write, or Refresh Cycle Time 430 550 675 ns 1"
tcgA | Chip Enable Access Time 200 250 300 ns 8
tcgz | Chip Enable Data Off Time 45 55 65 ns
toea | Output Enable Access Time 70 20 110 ns
togz | Output Enable Data Off Time 45 55 65 ns
tasc | Address to CE Set Up Time 0 0 0 ns
taHC | Address from CE Hold Time 55 70 85 ns
tcsc | Chip Select to CE Set Up Time 0 0 0 ns
tcHe | Chip Select from CE Hold Time 55 70 85 ns
trcs | WE to CE Set Up Time for Read Cycle 0 0 ns
tacH | WE from CE Hold Time for Read Cycle 0 ns
tCE Chip Enable Duration 200 |10,000| 250 |10,000{ 300 {10,000 ns
tp Chip Enable Precharge Time 65 80 95 ns
twsc| Write Enable to CE Set Up Time -

Early Write -35 -40 -45 ns
twHc| Write Enable from CE Hold Time -

Early Write 125 160 195 ns
tcsw/| Write Enable Delay from CE - late write | 35 | 5000 | 40 | 5000 | 45 | 5000 | ns
tcHw| CE Hold Time After WE - Late Write 235 290 345 ns
tpsc | Data to CE Set Up Time - Early Write -10 -10 -10 ns
tpHc | Data from CE Hold Time - Early Write 110 140 175 ns
tpsw| Data to WE Setup Time - Late Write 0 0 0 ns
tpHw| Data from WE Hold Time - Late Write 75 100 125 ns
twp | Write Puise Duration 920 120 150 ns
trp1 | Refresh Pulse Duration - Single Cycle 135 |10000| 145 |10000| 165 |10000| ns 7 8 o
tcsR | CE to RFSH Set Up Time 65 80 95 ns z E
tARA | Auto Refresh Mode Delay Time 20 20 20 us 7 .
tARH | Auto Refresh Mode Hold Time 430 550 675 ns
trpA | Refresh Pulse Duration - Auto Refresh | 20 oo 20 % 20 % us 7
tr Transition Time (rise and fall) 3 80 3 100 3 120 ns 6
trer | Refresh Period 2 2 2 ms 7
tcer | CE to RFSH Hold Time 35 45 55 ns
tFR RFSH Recovery Time - Single Cycle 65 80 95 ns
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READ CYCLE

=~ Vin- R

[Vl

Vi (

tc

R |

tASC—»| |<tAHC
V _/
aop "M //
V'L._

tCSC—»{ j«—tCHC
cs ViH-
VIL _

i,

——| |—tRes - tRCH
w7 N XU

Vi /]

I,

tCEA— tCEZ
Vo ¥ vmin_ N\
IH VALID :
DATA v, - . patAaoutr [}
WRITE CYCLE — EARLY WRITE
(OE = V)
-— tc
—————— t
- Vi \ CE
ViL— K \

VALID
DATAIN

tDHC
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WRITE CYCLE - LATE WRITE
(OF > ViH)

tc
tCE

«+—TtASC —m tAHC
Viy-
ADD
Vg '
< tICSC»{ |=- -tCHC
v
TH-
CS
V-
e ICSW—>
v
TWE IH-
WE
ViL—
V=
IH
DATA

SINGLE REFRESH CYCLE AFTER READ CYCLE COMPLETE

(WE ZViR)

CEVIHT

ViL-

7

A3

- tp —»f

XU

I T,

V -
cs VH
ViL- Sy
j«— (CEZ —»f DE
w
_ e — - — F — - -— R
52 Vik- *\ /z— g
ViL-
tOEZ —»f -— tCEZz —»f
Vig-
pata H / vauooata Y%
ViL- \ ouT b
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RFSH ' H 3E 3
ViL- X
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SINGLE REFRESH CYCLE AFTER WRITE CYCLE COMPLETE

(OE= VW)

CE VIH- R
ViL-

N

R

tp

NI

/

AUTO REFRESH MODE

— la-— tCER
- X ’///1117ﬁ77f7’f77777—r//.’”77"/7’/‘7 ///
iy ‘" DON'T CARE ,/ / xx
e 4 /L/' ol i i b e L il t
ARH
tCSR tRDA >
RFSH Yin~ k
ViL— K__ 7
internal Auto Refresh Mode
TARA = - Single_Refresh Cycle Approximately Every 15 ysec ——

Only RFSH input Recognized In Auto Refresh Mode
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OPERATION
ADDRESSING

The 11 address bits required to decode 8 of the 16,384
memory cell locations within the MK4816 are latched
into the on-chip address latches by the high-to-low
transition of Chip Enable (CE). Thus, the unique address
specified by the 11 Address Inputs (An) define which 1
of 2048 bytes of data is tobe accessed. Chip Enable also
latches internally the state of Chip Select (CS). For a
device to be selected, CS must be high during the high-
to-low transition of CE. After the specified hold time, the
Addresses and CS may be changed in anticipation of the
next cycle.

ACTIVE CYCLES

The MK4816 can perform three types of active cycles,
determined by user control of CE, OE, CS, WE, and
RFSH.Thecycles are READ, WRITE, and REFRESH. The
MK4816 executes an automatic precharge at the end of
any active cycle in preparation for the next active cycle.
After the automatic precharge cycle is complete, the
device will be in the standby mode until another active
cycle is initiated.

READ CYCLE

AREAD CYCLE isinitiated by Chip Enable(@)going low
with Chip Select {CS) High and Write Enable (WE) high.
The cycle is complete when data is output (OE = LOW) or
by ﬁgoing high. Completion of the cycle initiates the
automatic precharge cycle.

Data Out will become valid at access time provided that
Output Enable (OE) is low. If OE is high at access time
valid data will not appear at the output terminals
although the data will be available to the output data
buffers. Access time from OE is approximately 36% of
CE access time, allowing adequate time for system
decode of OE.

Atthe end of the READ CYCLE, CE going high unlatches
the output. The trailing edge of CE is non-critical in that
it can be taken high any time after meeting the
minimum CE pulse width (tcg).

After valid data is output (CE = OE = LOWt=tpccESS)
the MK4816 will initiate an automatic precharge cycle
in preparation for the next active cycle. If OE does not go
low to permit valid data out, precharge will be initiated
by C—E_going high. The next active cycle may be initiated
after the minimum cycle time (T¢) and the minimum
precharge time (Tp) have been satisfied.

WRITE CYCLE

A WRITE CYCLE is initiated by Chip Enable (CE) going
low with Chip Select (CS) High and Output Enable (OE)
high. The cycle is complete when data is written into the
memory array (WE = LOW) or by CE going high.
Completion of the cycle initiates the automatic
precharge cycle.

Data may be written into the memory locations specified
by the address by either an EARLY WRITE CYCLE or a
LATE WRITE CYCLE. The type of WRITE CYCLE is
determined by the relative timing of the high-to-low
transitions of CE and WE.

In an EARLY WRITE CYCLE, WE and Valid Data In must
be true with the specified setup and hold times relative
to the high-to-low transitions of CE. Upon completion of
the WRITE operation, the MK4816 will initiate an
automatic precharge cycle in preparation for the next
active cycle. The next active cycle may be initiated after
the minimum cycle time (Tg) and the minimum
precharge time (Tp) have been satisfied.

In a LATE WRITE CYCLE, the high-to-low transition of
CE will latch the Addresses and CS internally; however,
WE may be delayed as much as 5us to allow for more
flexible system timing requirements. Valid Data In must
be true with the specified setup and hold times relative
to the high-to-low transition of WE. In this case, the
LATE WRITE CYCLE is initiated by the high-to-low
transition of WE. Upon completion of the WRITE
Operation (or upon CE going high, should WE not make
a transition) precharge will be initiated. The next active
cycle may be initiated after the minimum cycle time (T¢)
and the minimum precharge time (Tp) have been
satisfied.

REFRESH CYCLE

The MK4816 can perform several types of REFRESH
cycles, depending upon system requirements and/or
user preference. As in other dynamic RAMs any active
cycle performs refresh. Independent of the type of]
REFRESH cycle selected, 128 refresh cycles must be
executed during each 2msec refresh interval. The user|
may specify the Refresh Address, or the Refresh
Address generated by the internal Refresh Counter may
be used.

EXTERNAL REFRESH ADDRESS (RFSH = V)

This refresh mode is identical to the refresh mode of the
MK4116. The Row address specified by Ag-Ag defines
the memory locations to be refreshed. AREAD CYCLE or
WRITE CYCLE at each of the 128 unique ROW
addresses specified by Ag-Ag must be executed during
each 2msec refresh interval. These REFRESH CYCLES
may be either distributed or burst mode.

vVil—7
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INTERNAL REFRESH ADDRESS
(RFSH = PULSED LOW)

System refresh logic may be simplified or eliminated by
utilizing the internal refresh control logic of the
MK4816. This REFRESH CYCLE is initiated by an active
low pulse applied to the Refresh pin (RFSH). The RFSH
pulse may occur one cycle time (tc min) after CE
initiates the cycle, or during Standby. In most
microprocessor systems, it may be conveniently
generated with each Instruction Fetch Cycle. (The
MK3880 provides a RFSH output signal that connects
directly to the RFSH input of the MK4816. Thus, the
RAM appears totally static to the system.)

If the RFSH pulse occurs during standby, the RFSH
CYCLE will be initiated immediately.

During the internally controlled REFRESH cycle, the
Refresh Address specified by the internal Refresh
Counter will be multiplexed onto the ROW address, the

REFRESH CYCLE will be executed, and the internal
Refresh Counter will be incremented. Upon completion
of the REFRESH CYCLE, the MK4816 will initiate an
automatic precharge cycle in preparation for the next
active cycle. Another active cycle may begin after the
minimum cycle time (tc) if RFSH is generated during
standby. These REFRESH cycles may be either
distributed or burst mode.

POWER DOWN AUTO REFRESH (RFSH <V, )

For either power down (battery back-up) operation or
microprocessor single-step operation, it is convenient
to utilize the AUTO REFRESH mode of the MK4816. The
AUTO REFRESH mode is initiated by maintaining RFSH
in the low state. If RFSH remains low longer than 20us,
the MK4816 will automatically initiate a single Internal
Refresh Address REFRESH CYCLE approximately every
15us until the AUTO REFRESH mode is terminated by
RFSH going high. During the AUTO REFRESH mode, all
inputs except RFSH are inhibited.
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Military and High Reliability Products
INTRODUCTION

Mostek's Military/Hi-Rel Products
Department serves the special needs of the
Defense, Aerospace and Commercial Hi-Rel
markets. The organization’s principal
objective is to provide Mostek’s state-of-
the-art products screened to MIL-STD 883,
Methods 5004 and 5005.

Traditional Military IC manufacturers
have met stringent Military reliability
requirements at a cost of being several
years behind the state-of-the-art in
commercial products. Mostek Military
brings the leading edge in high reliability
RAM, ROM, and EPROM devices to the
Military systems designer today. As MIL-M-
38510 slash sheets are announced, the
Military Products Department will qualify
Mostek's products in the JAN 38510
program. Mostek has already received QPL
listing of its 4116 dynamic RAM.
Designated JM-38510/240, this device is
one of the most advanced MOS circuits to
receive QPL listing to date.

The Military Products Department is also
heavily engaged in the development of high
density leadless chip carrier packaging
technology. Several circuits are currently
offered in carriers with more planned for
the near future.

Product offerings are broken into two
categories. Devices prefixed "MKB" are
screened to the full requirements of MIL-
STD-883 Class B. “MKM"’ prefixed devices
are screened to a subset of 883B
requirements and offer high reliability at
significantly reduced cost (see the following
sections for more detail concerning MKM
products).

For more information contact:

Mostek Corporation

Military Products Department
Mail Station 606

1215 West Crosby Road
Carrollton, Texas 75006

Telephone - (214) 323-6250/7718
TWX - 910-860-5975
Telex - 730423
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MOSTEK

MILITARY/HI-REL PRODUCTS

Applications Guide

Customer’s Product Type of System Mostek Type Screening/Lot Conformance
Military Ground MKM 883 Class B (Low Cost)
Airbourne __§MKB 883 Class B
Missile JAN/JM-38510 883 Class B (Domestic Assy)
Medical Instrumentation MKM 883 Class B (Low Cost)
Commercial Large Boards MKM 883 Class B (Low Cost)
Airbourne MKB 883 Class B
Other Hi-Rel MKM 883 Class B (Low Cost)

~
&
e
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MOGSTEK

MILITARY/HI-REL PRODUCTS

Screening and Lot Conformance Comparison

Activity/Screen MKM MKB JAN
(883B)
Wafer Fabrication Dallas Dallas Dallas
Assembly Malaysia Malaysia Dallas
Test/Screening Mal. & Dal. Mal. & Dal. Dalias
Die Inspect Mostek Spec. 0066-01 (75X) 2010 Con. B 2010 Cond. B
Pre-Seal Inspect Mostek Spec. 0069-01(30-60X)| 2010 Cond. B 2010 Cond. B
Stabilization Bake 1008 Cond. C 1008 Cond. C 1008 Cond. C
Temp. Cycle 1010Cond. C 1010 Cond. C 1010 Cond. C
Centrifuge QA Sample 2001 Cond. E 2001 Cond. E
Fine Leak QA Sample 1014 Cond. B 1014 Cond. B
Gross Leak QA Sample 1014 Cond. C2 1014 Cond. C2
Elect. Test 1 Max Rated Temp Max Rated Temp Per Slash Sheet
Voltage Stress (DRAMs 1015 Cond. D 1015 Cond. D Per Slash Sheet
only) 12 hrs. min 12 hrs. min
Elect. Test 2 (DRAMs Max Rated Temp Max Rated Temp Max Rated Temp
only)
Burn-in 1015 Cond. D 1015 Cond. D 1015 Cond. D
48 hrs. min 160 hrs. min 160 hrs. min
Elect. Test 3 Max Rated Temp Max Rated Temp Per Slash Sheet
Elect. Test 4 — Min Rated Temp Per Slash Sheet
External Visual Mostek Spec. 0088-00 2009 2009
QA Lot Acceptance 5005 Group A 25°C 5005 Group A/C of C 5005 Group A/C of C
Quality Conformance — 5005 Groups B, C, D** 5005 Groups B, C, D**

**Upon Request
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MOGTEK.

MILITARY PRODUCTS

Military (MKB) Products Guide

Below is a listing of products Mostek currently offers are prefixed “MKB" rather than "MK’ to designate
screened to MIL-STD-883, Method 5004, Class B. They Class B screening.

PACKAGE PART
PART TYPE IDENTIFIER |ORGANIZATION [TEMPERATURE RANGE |ACCESS TIME

DYNAMIC RAMs

MKB4027 J 83 4K x 1 -55°Cto 85°C 200ns
MKB4027 J 84 4K x 1 -55°Cto 85°C 250ns
JM-38510/

24001BEC { JAN — 16K x 1 -55°C to 110°C* 200ns
JM-38510/ 14116

24002BEC P — 16K x 1 -65°C to 110°C* 250ns
MKB4116 EF.J 82 16K x 1 -565°Cto 85°C 150ns
MKB4116 EFJ 83 16K x 1 -65°Cto 85°C 200ns
MKB4116 E.FJ 84 16K x 1 -55°Cto 85°C 250ns
MKB4116 E.FJ 93 16K x 1 -565°C to 110°C* 200ns
MKB4116 E.F.J 94 16K x 1 -55°C to 110°C* 250ns
STATIC RAMs
MKB4104 E.J 84 4K x 1 -55°C to 125°C 250ns
MKB4104 E.J 85 4K x 1 -55°C to 125°C 300ns
MKB4118 P.J 82 1K x8 -566°C to 125°C* 150ns
MKB4118 P.J 83 1Kx 8 -55°C to 125°C* 200ns

READ ONLY MEMORIES

MKB36000 P.J 83 8K x8 -55°C to 125°C 250ns
MKB36000 P.J 84 8Kx8 -55°C to 125°C 300ns
MKB36000 P.J 80 8K x8 -40°Cto 85°C 250ns

ERASABLE PROGRAMMABLE READ-ONLY MEMORIES

MKB2716 TJ 87 2Kx8 -55°C to 100°C 390ns
MKB2716 TJ 88 2K x 8 -55°C to 100°C 450ns

MILITARY /

Package Type *Case operating temperature

Ceramic Flat Package

Cerdip Hermetic

Leadless Hermetic Chip Carrier

Dual-in-Line Double Density Ceramic Package
Ceramic Dual-in-Line Hermetic Package
EPROM Hermetic Package

—“—vomoe
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MOSTEK’S FUTURE MILITARY PRODUCTS

PART ORGANIZATION TEMPERATURE RANGE ACCESS TIME AVAILABILITY
DYNAMIC RAMs

MKB4516 16K x 1 -55°Cto 85°C 100ns 4Q80
MKB4164 64K x 1 -565°Cto 85°C 120ns 1981
STATIC RAMs

MKB2147 4K x 1 -656°C to 125°C 100ns 4Q80
MKB4802 2K x 8 -565°C to 125°C 100ns 1981
MKB4167 16K x 1 -55°C to 125°C 100ns 1981
READ ONLY MEMORY

MKB37000 8Kx8 -55°C to 125°C 300ns 1981
ERASABLE PROGRAMMABLE READ ONLY MEMORY

MKB2764 8K x8 -556°C to 100°C 450ns 1981
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MOSTEK.

MILITARY PRODUCTS

Commercial Hi-Reliability (MKM) Products Guide

The military services normally procure systems whose
component parts require special screening. Mostek
addresses this market segment by screening parts to
MIL-STD-883, Method 5004, Class B. This screening
ensures that these parts will meet the high reliability
military requirements. However, Mostek has
determined that there is another market segment which
requires the use of high reliability parts, but does not

have to adhere to all of the strict requirements of MIL-
STD-883. Mostek has devised a flow which will provide
a high reliability part but will offer significant cost
savings.

The table below describes each of the high reliability
products Mostek currently offers. They are prefixed
“MKM" rather than "MK"".

PART TEMPERATURE ACCESS
PART PACKAGE | IDENTIFIER ORGANIZATION RANGE TIMES
DYNAMIC RAMs
MKM4027 J 2 4K x 1 0°C to 70°C 160ns
MKM4027 J 3 4K x 1 0°Cto 70°C 200ns
MKM4027 J 4 4K x 1 0°C to 70°C 250ns
MKM4116 J 2 16K x 1 0°Cto 70°C 160ns
MKM4116 J 3 16K x 1 0°C to 70°C 200ns
MKM4116 J 4 16K x 1 0°Cto 70°C 250ns
STATIC RAMs
MKM4104 J 4 4K x 1 0°C to 70°C 250ns
MKM4104 J 5 4K x 1 0°C to 70°C 300ns
MKM4118 J 2 1Kx8 0°Cto 70°C 150ns
MKM4118 J 3 1Kx8 0°Cto 70°C 200ns
READ ONLY MEMORIES
MKM36000 J 0 8K x 8 0°Cto 70°C 250ns
ERASABLE PROGRAMMABLE READ ONLY MEMORIES
MKM2716 J 6 2K x 8 0°Cto 70°C 350ns
MKM2716 J 7 2K x 8 0°Cto 70°C 390ns
MKM2716 J 8 2K x 8 0°Cto 70°C 450ns
MKM2716 J 78 2K x 8 -40°C to 85°C 450ns
MICROCOMPUTERS
MKM3880 P 4 CPU 0°C to 70°C 4MHz
MKM3881 P 4 PIO 0°C to 70°C 4MHz
MKM3882 P 4 CTC 0°C to 70°C 4MHz

VilI-9
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MOSTEK.

HI-RELIABILITY PRODUCTS

MKM Screening Chart

Mostek’s high reliability test flow is illustrated below.
Parts screened to this flow will carry the designation
“"MKM”,

PROCESS MIL-STD-883 METHOD
Scribe/Break/SORT Mostek Spec.
Die Inspect 2010 Cond. B
Die Mount Mostek Spec.
Wire Bond Mostek Spec.
Pre-Seal Inspect 2010 Cond. B
Lid Seal Mostek Spec.
Stabilization Bake 1008 Cond C
Temp Cycle 1010 Cond C
Centrifuge 2001 Cond E
Fine Leak 1014 Cond B
Gross Leak 1014 Cond (C2)

Electrical Test 1

Max Rated Temp

Voltage Stress (DRAMs Only)

1015 Cond D, 12 hrs. min

Electrical Test 2 (DRAMs Only)

Max Rated Temp

Burn-in (LIFE) 1015 Cond D, 160 hrs. min
Final Test Max Rated Temp
Symbolize Per 38510
QA Lot Acceptance Method 5005

Group A 2,5,8 max 10
External Visual 2009
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MOSTEK.

MILITARY/HI-REL PRODUCTS

Chip Carrier Packaging

The Military Products Depa

supporting the Military’s need for high-density system

rtment is committed to design with a full range of advanced memory

components packaged in leadless chip carriers.

CURRENT PRODUCTS
ACCESS TEMPERATURE ACTIVE | STANDBY

DEVICE ORGANIZATION TIME RANGE POWER POWER
DRAMs

MKB4116E-83 16K x 1 200ns -55°C to 85°C 462mwW 30mw
MKB4116E-84 16K x 1 250ns -55°C t0 85°C 462mwW 30mw
MKB4116E-93 16K x 1 200ns -565°C to 110°C** 462mwW 30mw
MKB4116E-94 16K x 1 250ns -56°C to 110°C** 462mwW 30mw
SRAMs

MKB4104E-84 4K x 1 250ns -565°C to 125°C 150mwW 53mw
MKB4104E-85 4K x 1 300ns -55°C to 125°C 150mwW 53mwW

FUTURE OFFERINGS

New products released to the Military line will be
offered in chip carrier packaging. This includes current
and next generation dense RAM, ROM and EPROM.

CARRIER DESCRIPTIONS*

Future Products

*See Databook packaging section for additional dimensional details and pinout.

# Pins

Pin Spacing
Width
Length

Height

**Case Temperature

Current Products
(16/18 Pin)

18
50 mil
285 mil
350 mil

75 mil

{24/28 Pin)

Preliminary Dimensions

32 (per JEDEC algorithm)

50 mil
450 mil
550 mil

(425 mil, MKB4164)

75 mil

viil—-13
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MOSTEK

MILITARY PRODUCTS

MKB Quality Specification

1.0 PURPOSE

2.0

3.0

This specification establishes the lot screening and quality conformance requirements used to
achieve a level of quality and reliability commensurate with Class B of MIL-STD-883.

SCOPE

MKB prefixed MOS /LS| microcircuits

GENERAL

3.1

3.2

3.3

APPLICABLE DOCUMENTS

The following documents of issue in effect on the date of relase of the Mostek sales order form
a part of this specification except where amended herein.

3.1.1

3.1.2

3.13

3.14

3.1.5

3.1.6

3.1.7

3.1.8

MIL-M-38510 Microcircuits, General Spec for

MIL-STD-883 Test Methods and Procedures for Microcircuits
MIL-STD-1313 Microelectronics, Terms and Definitions
MIL-C-45662 Calibration Systems Requirements
MIL-STD-105 Sampling Tables

Applicable Device Data Sheet

Mostek Saies Order

Customer Purchase Order

DOCUMENT HIERARCHY

In the event of any conflict between this document and the referenced documents, the
following order or precedence applies:

3.21

3.2.2

3.2.3

3.24

3.25

This document
Customer Purchase Order
Customer Device Specification

Mostek Device Data Sheet
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Other Military Standards and Specification

DEFINITIONS

Terms, definitions and symbols are not defined herein shall have the same meaning as is
commonly associated with the term, definition, or symbol used.
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34

3.3.1

3.3.2

INSPECTION LOT

A group of microcircuits of the same device type, package type, and lead finish
manufactured on the same production line using like production techniques which
are sealed within seven calendar days beginning on Monday.

PERCENT DEFECTIVE ALLOWABLE (PDA)
The maximum percent defectives allowed which will allow a lot to continue normal

processing. PDA shall be imposed across burn-in and measured by D.C. parametric
failures only. PDA for MKB type dev ices shall not exceed 10%.

ITEM REQUIREMENTS

3.4.1

3.4.2

343

3.44

345

3.4.6

PACKAGE CONFIGURATION

The package lead configuration and physical dimensions shall be as specified inthe
detail device specification.

CASE MATERIAL

All devices manufactured under this document shall be hermetically sealed in a
ceramic package. No organic materials shall be used inside the device package and
the use of desicant material shall not be permitted.

LEAD MATERIAL

All leads shall be plated in such a manner as to resist corrosion blistering, cracking
and or peeling. Lead material may be either Type A (KOVAR) or Type B (ALLOY 42).

3.4.3.1 LEAD FINISH
Lead finish shall consist of one of the following:

PACKAGE TYPE LEAD FINISH

P,F.E Gold (99.7% pure, 50u in min) over Ni underplate
(50w in - 200u in)
J Tin Plate (100u in min to 500y in max)

NOTE: “P" Type packages with hot solder dip lead finish may be supplied
as an alternate to the "J” Type package but not without prior notification
to the customer.

ELECTRICAL REQUIREMENTS

All devices manufactured under this document shall be guaranteed to meet the
electrical characteristics specified in the customer device specifications as mutually
agreed upon or the Mostek device data sheet.

ENVIRONMENTAL REQUIREMENTS

All end items manufactured under this document shall be capable of meeting the
requirements of this specification after exposure to any or all of the environmental
tests and conditions specified herein.

DEVICE MARKING REQUIREMENTS

Each end item manufactured under this specification shall be legibly and

permanently (to the extent of MIL-STD-883 Method 2015) marked with the
following information:
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3.4.7

3.4.8

3.4.9

3.4.10

3.4.6.1 Manufacturers identification
3.4.6.2 Assembly location

3.4.6.3 Inspection lot date code

3.4.6.4 Manufacturers part type

3.4.6.5 Customer part no. (when applicable)
INDEX POINT

Each microcircuit package shall contain an index notch, tab or mark to denote pin
one of the device.

WORKMANSHIP

All microcircuits supplied under this specification shall be manufactured using good
engineering, production, and inspection practices as established by industry
standards and inhouse controlled processing specifications.

LOT TRACEABILITY

Each inspection lot shail have traceability sufficient to detail all processing data
related to the manufacture of that lot from wafer scribe through product shipment.
All inspection lots shall be relatable to any or all production lots combined to form
the inspection lot.

COUNTRY OF ORIGIN

Unless domestic manufacture is specifically required by the customer purchase
order, MKB devices may be either of domestic or foreign origin.

Manufacture of MKB type devices at facilites not solely owned and operated by
Mostek shall not be permitted.

4.0 PRODUCT ASSURANCE PROVISIONS

4.1

4.2

SAMPLING AND INSPECTION

Mostek shall be responsible for the performance of all inspections, as judged necessary by
Mostek, required to produce product in compliance with this specification.

411

4.1.2

413

Inspections shall, as a minimum, be in accordance with MIL-STD-883 Method 5004
and Table 1 herein.

Quality conformance testing shall be in accordance with MIL-STD-883 Method
5005 and Table 2 herein.

Sampling plans shall be per MIL-STD-105 and MIL-M-38510 Appendix B.

TEST EQUIPMENT AND CALIBRATION

Mostek shall maintain test equipment sufficient to measure all electrical parameters and
mechanical limits specified herein. Environmental tests subcontracted by Mostek shall be
performed by subcontractors having active letters of laboratory suitability issued by D.E.S.C.

4.2.1

Calibration shall be per MIL-C-45662 on all inhouse equipment used to measure
electrical parameters and/or mechanical dimensions which affect the quality or
reliability of finished product produced under this document.

vii—17
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f4.3

4.4

4.2.2 EQUIPMENT ACCURACY

Environmental and testing equipment shall hcve accuracies which meet or exceed
the accuracy requirements of MIL-STD-883.

LOT SCREENING

All products shall be screened on a 100% basis to th/e tests and conditions specified in Table 1
herein. Electrical test subgroups shall be in accordance with Table 2 herein.

4.3.1 BURNIN

Burn-in shall be performed per MIL-STD-883 Method 1015 Condition D.

a) Ta = 125°C

b}t = 160 hrs min

c) Burn-in P.D.A. shall be 10% as measured by D.C. parametric failures occuring at
the first electrical test after compietion of burn-in. Rejects occuring at electrical
test performed prior to burn-in shalf not be included in the P.D.A. calculation.
P.D.A. shall be calculated as follows: The total D.C. parametric failures divided by
the total quantity submitted for burn-in.

d) Cool down with Bias: Bias during cool-down shall not be removed from devices
while oven temperature conditions are above 35°C.

4.3.2 DYNAMIC RAMS ONLY

Voltage cell stress shall be performed per MIL-STD-883 Method 1015 Condition D
except as follows:

a) Ta = 125°C

b)t = 12 hrs min

c) Vdd, Vbb = Accelerated - Refer to detail burn-in specification

d) Voltage stress shall be inserted in Table 1 after hermiticity and prior to burn-in.

Processes in addition to those specified in Table 1 may be performed by Mostek where
deemed necessary to enhance the quality or reliability of products manufactured under this
document.

5.0 QUALITY CONFORMANCE

5.1

Quality conformance tests consisting of Groups A and B shall be performed on each
inspection lot as defined herein. Groups B, C, and D shall be generic unless otherwise
specified on the customer purchase order.

5.1.1 GROUPA

Inspection shall be in accordance with Mostek Spec 651-00020-10 and Table 2

herein. Group A may be sampled u<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>