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THOMSON - MOSTEK 
TECHNICAL SUPPORT, PRODUCT MARKETING 

FOR INTEGRATED CIRCUITS: FOR DISCRETE DEVICES AND RF FOR PASSIVE COMPONENTS: FOR SPECIAL PRODUCTS: 
(Corporate Headquarters) & MICROWAVE TRANSISTORS: 6203 Variel Avenue, Unit A 301 Route 17 North 
1310 Electronics 16 Commerce Drive P.O. Box 4051 Rutherford, NJ 01070 
Carrollton, TX 75006 Montgomeryville, PA 18936-1002 Woodland Hills, CA 91367 2011438-2300 
2141466-6000 2151362-8500 8181887-1010 FAX 2Ql143B-ln4 
TWX 910-860-5437 FAX 2151362-1293 FAX 8181702-0725 

U.S. AND CANADIAN SALES OFFICES: 

WESTERN AREA: 

Thomson Components· Mostek Corporation 
2540 Mission College Blvd. 
Suite 104 
Santa Clara, CA 95054 
408/970-8585 
FAX 405-970-8737 

Thomson Components· Mostek Corporation 
18004 Skypark Circle 
Suite 140 
Irvine, CA 92714 
7141250-0455 
FAX 7141261-1505 

Thomson Components· Mostek Corporation 
6203 Varial Ave. 
Unit A, P.O. Box 4051 
Woodland Hills, CA 91367 
8181887-1010 
FAX 8181702-0725 

Thomson Components - Mostek Corporation 
1107 North East 45th St. 
Suite 411 
Seallle, WA 98105 
206/632-0245 
FAX 206/633-5413 

Thomson Components· Mostek Corporation 
601 South Bowen SI. 
longmont, CO 80501 
3031449-9000 
FAX 3031651-7976 

Thomson Components - Mostek Corporation 
7950 East Redfield Rd. 
Suite 160 
Scottsdale. AZ 85260 
6021998-1580 
FAX 6021483-2303 

Thomson Components - Mostek Corporation 
7155 SW Varns St. 
Tigard, OR 97223-8057 
5031620-5517 
FAX 5031639-3591 

FOR ALL OTHER COUNTRIES 
Thomson Semlconducteurs 
43, Avenue de L:Europe 
78140 Velizy-Viliacoublay/France 
Tel: (1) 39 46 ff7 19lTelex: 204 780 F 
or contact Corporate Headquarters 

CENTRAL AREA: 

Thomson Components - Mostek Corporation 
1310 Electronics 
MSll37 
Carrollton, TX 75006 
2141468-8844 
TWX 910-860-5437 

Thomson Components· Mostek Corporation 
6100 Green Valley Drive 
Suite 130 
Bloomington, MN 55438 
6121831-2322 
FAX 6121831-8195 

Thomson Components - Mostek Corporation 
1827 Walden Office Square 
#430 
Schaumburg, IL 60173 
312/397-6550 
FAX 31213ff7-4066 

Thomson Components· Mostek Corporation 
3215 Steck Ave. 
Suite 202 
Austin, TX 78758 
5121451-4061 
TWX 910-874-2007 

Thomson Components· Mostek Corporation 
26677 W. 12 Mile Rd. 
Suite #141 
Southfield, MI 48034 
313/354-5840 
FAX 313/354-3370 

CANADA 

Thomson CSF Canada 
Semiconductor Division 
1000 Sherbrooke West 
Suite 2340 
Montreal, Quebec H3A 3G4 
5141288-4148 
FAX 5141288-8987 

Thomson Components - Mostek Corporation 
44 Rosebud Ave. 
Brampton, Ontario l6X 2W5 
416/454-5252 
FAX 416/454-4328 
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EASTERN AREA: 

Thomson Components· Mostek Corporation 
83 Cambridge Street 
Suite 2A 
Burlington, MA 01803 
6171273-3310 
FAX 6171272-2467 

Thomson Components· Mostek Corporation 
The Pavilions at Greentree 
Route 1f73, Suite 101 
Marlton, NJ 08053 
6091596-9200 
FAX 609/424-7437 

Thomson Components· Mostek Corporation 
4414 Evangel Cr. #C 
Huntsville, AL 35816 
2051830-9036 
FAX 2051830-9038 

Thomson Components - Mostek Corporation 
387 Hooker Avenue 
Office No.2 
Poughkeepsie, NY 12603 
9141454-8813 
FAX 9141454-1320 

Thomson Components· Mostek Corporation 
5890 Sawmill Rd. 
Suite 204 
Dublin, Ohio 43017 
6141761-0676 
FAX 6141761-2305 

Thomson Components· Mostek Corporation 
3200 Northline Avenue 
Forum VI. Suite 501 
Greensboro, NC 27408 
9191292-8396 

Thomson Components· Mostek Corporation 
6045 Atlantic Blvd. 
Suite 104 
Norcross. GA 30071 
4041662-1588 
FAX 4041662-1561 



u.s. AND CANADIAN REPRESENTATIVES 

CONNECfICUT 
Scientific Components­
llB5 S. Main 51. 
Cheshire. Cf 06410 
(203) 272·2963 
FAX (203) 271·3048 

FLORIDA 
Sales EngIneering Concepts, Inc. 
926 Great Pond Dr. 
Suite 2D02 
Altamonte SprIngs, FL 32714 
(305) 682-4800 
FAX (305) 682·8491 

Salas Engineering Concepts, Inc,· 
10DO S. Federal Hwy. 
Suite 204 
Oeerfield Beach, FL 33441 
(305) 426-4601 
1WX 510·600-7740 

ILLINOIS 
John G. Twist Co,* 
1301 Higgins Road 
Elk Grove Village, IL 60007 
(312) 593-0200 
1WX 510-601·0552 

INDIANA 
MIS Salas Associates, Inc,· 
7319 W. Jefferson Blvd. 
Ft. Wayne, IN 46804 
(219) 436-3023 
FAX (219) 436-3026 

• Home Office 

MIS Sales Associates. Inc. 
1425 E. 86th 51. 
Indianapolis, IN 46240 
(317) 257·891B 

KANSAS 
Rush & West Associates 
107 N. Chester Street 
Olathe, KS 66061 
(913) 764·2700 
1WX 910-380-8110 

MARYLAND 
Trt·Mark Inc,-
1410 Crain Hwy. NW 
Glen Burnie, MD 21061 
(301) 781·6000 
FAX (301) 781·6008 

MASSACHUSETTS 
AID Nova Sales, Inc .. 
2 Milita Drive 
lexington, MA 02173 
(817) 881·1820 

MICHIGAN 
Electronic Sources, Inc: 
8014 W. Grand River 
Suite 6 
Brighton, MI 48116 
(313) 227·3598 
FAX (313) 227·5655 

MINNESOTA 
Horizon 
B053 East Bloomington Freeway 
Bloomington, MN 55420 
(612) B84-6515 
FAX (6t2) BB6-3073 

MISSOURI 
Rush & West Associates 
2170 Mason Rd. 
St. louis, MO B3131 
(314) 965-3322 
1WX 910-752·653 
TELEX 752 653 

NEW JERSEY 
Tritek Sales, Inc .. 
21 E. Euclid Ave. 
Haddonfield, NJ 08033 
(609) 429-1551 
1WX 215-627·0149 (Philadelphia Line) 
1WX 71O-B96-0BBl 

NE Components· 
189~191 Godwin Ave. 
Wyckoff, NJ 074Bl 
(201) 84B·l100 

v 

NEW YORK 
Empire Technical Assoc" 
33 West State 51. 
Suite 211B 
Binghamton, NY 13901 
(607) 772.0851 

GT Sales· 
34 Grand Blvd. 
Brentwood, NY 11717 
(518) 231·0270 

OHIO 
Five Star Electronics· 
6200 S.O.M. Center Road 
Suite B 21 
Solon, OH 44139 
(218) 349·1611 

WISCONSIN 
Heartland Technical Marketing 
3846 Wisconsin Ave. 
Milwaukee, WI 53208 
(414) 931.0606 

CANADA 
Solution Electronic Sales· 
100A 3380 Maqulnna Dr. 
Vancouver, B.C. V5S 4C9 
(604) 436-0679 



u.s. AND CANADIAN DISTRIBUTORS 

ALABAMA Marshall Industries COLORADO Schwaber Electronics 
Marshall Industries One Morgan Integrated Electronics Corp. 215 North Lake Blvd. 
3313 S. Memorial Pkwy. Irvine, CA 927'15 5750 N. Logan Street Altamonte Springs, FL 32701 
Huntsville, AL 35801 (714) 458·5395 Denver, CO 80216 (305) 331-7555 
(205) 881-9235 (303) 292-6121 lWX 510-954-0304 

Marshall Industries 
Quality Components, S.E. 9710 DeSoto Avenue Kierulff electronics Schwaber electronics 
4900 University Square #207 Chatsworth. CA 91311 7060 South Tuscon Way 3685 Park Central Blvd. N. 
Huntsville, AL 35817 (818) 407-0101 Englewood, CO 80112 Pompano Beach, FL 33064 
(205) 830-1881 (303) 790-4444 (305) 977-7511 

MarshaU Industries lWX 510-954-0304 
Pioneer Technologies Group 3039 Kilgore Ave., #140 Marshall Industries 
4825 University Square Rancho Cordova, CA 95670 7000 North Broadway Zeus Components 
Huntsville, AL 35805 (916) 635-9700 Denver, CO 80221 1750 West Broadway 
(205) 637-9300 (303) 427-1818 Suite 114 

Marshall Industries Oviedo, FL 32765 
Schwaber Electronics 10105 Carroll Canyon Rd. Schwaber Electronics (305) 365-3000 
4930-A Corporate Drive San Diego, CA 92131 8955 E. Nicholas, Bldg. 2 lWX 91()'380-7430 
Huntsville, AL 35805 (619) 576-9600 Englewood, CO 80221 FAX (305) 365-2356 
(205) 895-0480 (303) 799-0258 

Marshall Industries GEORGIA 
ARIZONA 336 Los Caches St. CONNECTICUT Dixie Electronics 
Klerulff Electronics Milpitas, CA 95035 Greene·Shaw 1234 Gordon Park Road 
4134 E. Wood Street (408) 943-4600 1475 Whalley Avenue Augusta, GA 30901 
Phoenix, AZ. 85040 New Haven, cr 06525 (404) 722-2055 
(602) 437-0750 Schwaber Electronics (203) 397-0710 

21139 Victory Blvd. lWX 92-2496 Pioneer Technologies Group 
Marshall Industries Conoga Park, CA 91303 3100 F. Northwoods Place 
835 West 22nd St, (818) 999-4702 Marshall Industries Norcross, GA 30071 
Tempe, AZ 85282 20 Sterling Drive (404) 448-1711 
(602)968-6181 Schwaber Electronics Barnes Industrial Park, N. lWX 810-766-4515 

1225 West 190th Street P.O. Box 200 
Schwaber Electronics Suite 360 Wallingford, CT 06492-0200 Quality Components 
11049 North 23rd Drive Gardena, CA 90248 (203) 265-3822 6145 N. Belt Parkway #8 
Sulle 100 (213) 327-8409 Norcross, GA 30071 
Phoenix, f>Z. 85029 Pioneer-Standard (404) 449-9508 
(602) 987-4874 Schweber Electronics 112 Main Street lWX 510-601-5287 

17822 Gillette Avenue Norwalk, CT 06851 829-32421 
ARKANSAS Irvine, CA 92714 (203) 853-1515 
See Oklahoma (714) 863-0264 TWX 710-468-3373 Schwaber Electronics 

FAX (714) 863-0200 (X500) FAX (203) 638-9901 303 Research Drive 
CALIFORNIA Suite 210 
Integrated Electronics Corp. Schwaber Electronics Schwaber Electronics Norcross, GA 30092 
7000 Franklin Blvd., Suite 626 1m Tribute Rd. Suite B Commercial Industrial Park (404) 449-9170 
Sacramento, CA 95823 Sacramento, CA 95815 Finance Drive lWX 610-766-1592 
(916) 424-5287 (916) 929-8732 Danbury, CT 06610 

FAX (916) 929-5608 (203) 746-7060 ILLINOIS 
Integrated Electronics Corp. lWX 710-456-9405 Advent ElectroniCS 
2170 Paragon Drive Schwaber Electronics 711()'16 N. Lyndon 51. 
San Jose, CA 95131 6750 Nancy Ridge Drive DELAWARE Rosemont, IL 60018 
(408) 435-1000 San Diego, CA 92121 See New Jersey (312)287-6200 

(619) 45()'0454 Pennsylvania 
ITAL Sales TWX 91()'335-1155 Klerulff Electronics 
15405 Proctor Avenue FLORIDA 1140 W. Thorndale Ave. 
City of Industry, CA 91745 Schweber Electronics All American Semiconductor Itasca, IL 60143 
(818) 966-6515 90 E. Tasman Drive 16251 N.W, 54th Avenue (31:~) 250-0500 

San Jose, CA 95131 Miami, FL 33014 
Klerulff Electronics (408) 946-7171 (305) 621-6282 Marshall Industries 
9800 Varlel Avenue 80()'327-8237 1261 Wiley Road 
Chatsworth, CA 91311 Zeus Components #F 
(818) 407-2500 1130 Hawk Circle Marshall Industries Schaumburg, IL 60195 

Anaheim, CA 82807 4205 34th 51., S.W. (312) 490-0155 
Kleru1ff Electronics (714) 632-6880 Orlando, FL 32811 
5650 Jillson 51. lWX 91().591-1696 (305) 641-1878 Ploneer·Standard 
Los Angeles, CA 90040 FAX (714) 630-8770 (305) 841-1878 1551 Carmen Drive 
(213) 726-0325 Elk Grove Village, IL 60007 

Zeus Components Pioneer Technologies Group (312) 437-9680 
Klerulff Electronics 1580 Old Oakland Road 337 S. North Lake, #1000 
8797 Balboa Avenue Suite C205JC206 Altamonte Springs, FL 32701 Schweber Electronics 
San Diego, CA 92123 San Jose, CA 95131 (305) 834-9090 904 Cambridge Drive 
(619) 278-2112 (408) 998-5121 TWX 610-853-0264 Elk Grove Village, IL 60007 

lWX 406-628-96083 (312) 364-3750 
Kierulff Electronics FAX (408) 998-0285 Pioneer Technologies Group lWX 910-222-3453 
1180 Murphy Avenue 674 S. Military Trail 
San Jose, CA 95131 Deerfield Beach, FL 33441 
(408) 871-2600 (305) 428-8677 

lWX 51()'955-9653 
Kierulff Electronics 
14101 Franklin Avenue 
Tustin, CA 92680 
(714) 731-5711 

vi 



u.s. AND CANADIAN DISTRIBUTORS 

INDIANA 
Advent Electronics 
8446 Moller Road 
Indianapolis, IN 46268 
(317) 872·4910 
TWX 810-341-3228 

Marshall Industries 
6990 Corporate Dr. 
Indianapolis, IN 46278 
(317) 297·0483 

Pioneer-Standard 
6408 Castleplac(! Drive 
Indianapolis, IN 46250 
(317) 849·7300 
TWX 810·260·1794 

IOWA 
Advent Electronics 
682 58th Avenue, Ct. SW 
Cedar Rapids, IA 52404 
(319) 363·0221 
TWX 910-525-1337 

Schweber Electronics 
5270 North Park Place, NE 
Cedar Rapids, IA 52402 
(319) 373-1417 

KANSAS 
Marshall Industries 
8321 Melrose Dr. 
Lenexa, KS 66214 
(913) 492·3121 

Schweber Electronics 
10300 West 103rd Street 
Suite 200 
Overland Park, KS 66214 
(913) 492·2922 

KENTUCKY 
See Indiana 

LOUISIANA 
See Texas 

MAINE 
See Massachusetts 

MARYLAND 
Marshall Industries 
8445 Helgerman Court 
Gaithersburg, MD 20877 
(301) 840·9450 

Pioneer Technologies Group 
9100 Gaither Road 
Gaithersburg, MD 20877 
(301) 921·0660 
TWX 710·828·0545 

Schweber Electronics 
9330 Gaither Road 
Gaithersburg, MD 20877 
(301) 840·5900 
TWX 710·828·9749 

Zeus Components 
8930·A Route 108 
Columbia, MD 21045 
(301) 997·1118 
TWX 910·380·3554 
FAX (301) 964·9784 

MASSACHUSETTS 
Greene·Shaw 
70 Bridge Street 
Newton, MA 02195 
(617) 969·8900 
TWX 92 2498 

Kierulll Electronics 
13 Fortune Drive 
Billerica, MA 01821 
(617) 667·8331 

Lionex Corporation 
36 Jonspin Road 
Wilmington, MA 01887 
(617) 657·5170 
FAX (617) 657·6008 

Marshall Industries 
One Wilshire Road 
Burlington, MA 01803 
(617) 272·8200 

Schweber Electronics 
25 Wiggins Avenue 
Bedford, MA 01730 
(617) 275·5100 
TWX 710·326·0268 

Zeus Components 
429 Marrett Road 
Lexington, MA 02173 
(617) 863-8800 
TWX 710·326·7604 
FAX (617) 863·8807 

MICHIGAN 
Advent Electronics 
24713 Crestview Ct. 
Farmington Hills, MI 48018 
(313) 477-1650 

Pioneer·Standard 
4505 Broadmoor Avenue SE 
Grand Rapids, MI 49508 
(616) 698·1800 
TWX 510·600·8456 

Pioneer·Standard 
13485 Stamford 
Livonia, MI 48150 
(313) 525·1800 
TWX 810·242·3271 

Schweber Electronics 
12060 Hubbard Ave. CN3306 
Livonia, MI 48150 
(313) 525·8100 
TWX 810·242·2983 

MINNESOTA 
Kierulff Electronics 
7667 Cahill Road 
Edina, MN 55435 
(612) 941·7500 

Marshall Industries 
3800 Annapolis Lane 
Plymouth, MN 55441 
(612) 559·2211 

Pioneer Standard 
10203 Bren Road East 
Minnetonka, MN 55343 
(612) 935·5444 
TWX 910·576·2738 

Schweber Electronics 
7424 W. 76th Street 
Edina, MN 55435 
(612) 941·5280 
TWX 910·576·3107 

MISSISSIPPI 
See Texas 

MISSOURI 
Kierulff Electronics 
11804 Borman Drive 
SI. Louis, MO 63146 
(314) 997·4956 
TWX 910·762·0721 

Schweber Electronics 
502 Earth City Expressway 
Suite 203 
Earth City, MO 63045 
(314) 739·0526 
TWX 43·4065 

MONTANA 
See California 

NEBRASKA 
See Iowa 

NEW HAMPSHIRE 
Schweber Electronics 
Bedford Farms Bldg. #2 
Manchester, NH 03102 
(603) 625·2250 
TWX 710·220·7572 
FAX (603) 625·5710 

NEW JERSEY 
Kierulff Electronics 
37 Kulick Road 
Fairfield, NJ 07006 
(201) 575·6750 

Marshall Industries 
101 Fairfield Rd. 
Fairfield, NJ 07006 
(201) 882·0320 

Pioneer·Standard 
45 Route 46 
Pine Brook, NJ 07058 
(201) 575·3510 
TWX 710·734·4382 

Schweber Electronics 
18 Madison Road 
Fairfield, NJ 07006 
(201) 227·7880 
TWX 710·734--4305 

Solid State 
46 Farrand Street 
Bloomfield, NJ 07003 
(201) 429·8700 
TWX 710-994-4780 
FAX (201) 429·8683 

NEW YORK 
Add Electronics 
7 Adler Drive 
E. Syracuse, NY 13057 
(315) 437·0300 

Nu·Horizons Electronics 
6000 New Horizons Blvd. 
N. Amityville, NY 11701 
(516) 226·6000 

Pioneer-Standard 
840 Fairport Park 
Fairport, NY 14450 
(716) 381·7070 
TWX 510·253·7001 
FAX (716) 381·5955 

Pioneer·Standard 
1806 Vestal Pkwy. East 
Vestal, NY 13850 
(607) 748·8211 
TWX 510·252·0893 

vii 

Pioneer-Standard 
Crossways Park West 
Woodbury, NY 11797 
(516) 921·6700 
TWX 510·221·2184 
FAX (516) 921·2143 

Schweber Electronics 
3 Townline Circle 
Rochester, NY 14623 
(716) 424·2222 
TWX 710-541·0601 

Schweber Electronics 
Jericho Turnpike 
Westbury, NY 11590 
(516) 334·7474 
TWX 510·220·1365 

Zeus Components 
100 Midland Avenue 
Port Chester, NY 10573 
(914) 937·7400 
TWX 710-567-1248 
FAX (914) 937·2553 

NORTH CAROLINA 
Dixie Electronics 
2220 S. Tryon Street 
Charlotte, NC 28234 
(704) 377·4348 

Dixie Electronics 
1021 R. Burke 51. 
Winston·Salem, NC 27102 
(919) 724·5961 

Hammond Electronics 
2923 Pacific Avenue 
Greensboro, NC 27406 
(919) 275·6391 
TWX 628·94645 

Pioneer Technologies Group 
9801 A Southern Pine Blvd. 
Charlotte, NC 28210 
(704) 527·8188 
TWX 810·621·0366 

Quality Components, S.E. 
2940-15 Trawick Road 
Raleigh, NC 27604 
(919) 876·7767 

Schweber Electronics 
5285 North Blvd. 
Raleigh. NC 27604 
(919) 876·0000 
TWX 510·928·0531 

NORTH DAKOTA 
See Minnesota 

OHIO 
Kierulff Electronics 
476 Windsor Park Drive 
Dayton, OH 45459 
(513) 439·0045 

Marshall Industries 
6212 Executive Blvd. 
Dayton, OH 45424 
(513) 236·8088 

Marshall Industries 
59058 Harper Road 
Solon, OH 44139 
(216) 248·1788 



U.S. AND CANADIAN DISTRIBUTORS 

OHIO (conI.) Schweber Electronics Pioneer·Standard Almae Electronics Corp_ 
Pioneer·Standard 900 Business Center Dr. 5853 Point West Drive East 10905 Montgomery 
4800 East 131s1 Street Horsham, PA 19044 Houston, TX 77036 Spokane, WA 99206 
Cleveland, OH 44105 (215) 441-0600 (713) 988-5555 (509) 924-9500 
(216) 587·3600 TWX 510-665-6540 TWX 910-881-1606 TWX 510-773-1855 
TWX 810-421-0011 FAX (509) 928-6096 

Schweber Electronics Quality Components 
Pioneer-Standard 10DO A.I.D.C. Plaza 4257 Kellway Circle Kierulff Electronics 
4433 Interpoint Blvd. Suile 203 Addison, TX 75001 19450 68th Ave. 
Dayton, OH 45424 Pittsburgh, PA 15238 (214) 733-4300 South Kent, WA 98032 
(513) 236-9900 (412) 782-1600 TWX 910-860-5459 (206) 575-4420 
TWX 810-459-1622 TWX 810-427-9441 

Quality Components Marshall Industries 
Schweber Electronics RHODE ISLAND 1005 Industrial Blvd. 14102 N.E. 21st St. 
23880 Commerce Park Rd. See Massachusetts Sugarland, TX n478 Bellevue, WA 98007 
Beachwood, OH 44122 New York (713) 240-2255 (206) 747-9100 
(216) 464-2970 TWX 629 27026 
TWX 810-427-9441 SOUTH CAROLINA WASHINGTON D_C_ 

Dixie Electronics Quality Components See Maryland 
Schweber Electronics 1900 Barnwell Street 2120 M. Braker Lane 
7865 Paragon Road Columbia, SC 29202 Austin, TX 78758 WEST VIRGINIA 
Suite 210 (803) 779-5332 (512) 835-0220 See Ohio 
Dayton, OH 45459 TLX 810-666-2620 TWX 324930 Pennsylvania 
(513) 439-1800 FAX (803) 765-9276 Maryland 

Schweber Electronics 
Zeus (Televox) Dixie Electronics 4202 Beltway Drive WISCONSIN 
2593 Lance Drive 531 E. Palmetto Street Dallas, TX 75234 Kierulff Electronics 
Dayton, OH 45409 Florence, SC 29503 (214) 661-5010 2238-E West Btuemound Road 
(513) 294-4499 (803) 669-8201 TWX 910-860-5493 Waukesha, WI 53186 
TWX 75-9251 (414) 784-8160 
FAX (513) 294-6620 Dixie Electronics Schweber Electronics 

4909 Pelham Rd. 6300 La Calma Drive Marshall Industries 
OKLAHOMA Greenville, SC 29606 Suite 240 235 North Executive Dr. 
Quality Components (803) 297-1435 Austin, TX 78752 #305 
9934 East 21st South (512) 458-8253 Brookfield, WI 53005 
Tulsa, OK 74129 Dixie Electronics TWX 910-874-2045 (414) 797-8400 
(918) 664-8812 116 Pepperhill Square 
TWX 910-860-5459 7525 Brandywine Road Schweber Electronics Schweber Electronics 
629-28599 N. Charleston, SC 29410 10625 Richmond, Suite 100 3050 South Calhoun Rd. 

(803) 552-2671 Houston, TX n042 New Berlin, WI 53151 
Schweber Electronics (713) 784-3600 (414) 784-9020 
4815 South Sheridan SOUTH DAKOTA TWX 910-881-4836 
Fountain Plaza, Suite 109 See Minnesota WYOMING 
Tulsa, OK 74145 Zeus Components See Oregon 
(918) 622-8000 TENNESSEE 1800 North Glenville Washington 

Dixie Electronics Suite 120 
OREGON Box 8215 Suncresl Drive Richardson, TX 75081 CANADA 
Almac Electronics Corp. Gray, TN 37615 (214) 783-7010 R.A.E. Industrial 
1885 NW. 169th Place (615) 477-3838 TWX 910-867-9422 3455 Gardner Court 
Beaverton, OR 98006 FAX (214) 234-4385 Burnaby, B.C. 
(503) 629-8090 Dixie Electronics (604) 291-8866 
FAX (503) 645-0611 6408 Clinton Highway UTAH TWX 610-929-3065 
TWX 910-467-8743 Knoxville, TN 27912 Integrated Electronics Corp. 

(615) 938-4131 101 N. 700 West R.A.E. Industrial 
Kierulff Electronics N. Salt Lake City, UT 84054 11680 170th Street 
14273 N.W. Science Park Drive TEXAS (801) 298-1869 Edmonton, Alberta 
Portland, OR 97229 Kierulff Electronics T5S 1J7 
(503) 641-9150 9610 Skillman Ave. Kierulff Electronics (403) 451-4001 

Dallas, TX 75243 1846 Parkway Blvd. TWX 037-2653 
Marshall Industries (214) 343-2400 Salt Lake City, UT 84119 
8333 SW. Ci rrus Dr. (801) 973-6913 Zentronics 
Beaverton, OR 97005 Marshall Industries 8 Tilbury Court 
(503) 644-5050 2045 Chenault St. Marshall Industries Brampton, Ontario 

Carrollton, TX 75006 3501 South Main St. L6T 3T4 
PENNSYLVANIA (214) 233-5200 Salt Lake City, UT 84115 (416) 451-9600 
Alma Electronics, Inc. FAX (214) 770-0675 (801) 261-0901 TWX 06-97678 
9815 Roosevelt Blvd. FAX (416) 451-8320 
Philadelphia, PA 19114 Pioneer-Standard VERMONT 
(215) 698-4063 13710 Omega Road See New York Zentronics 
TLX 476-1218 Dallas, TX 75234 3300-14 Ave., NE Bay #1 
FAX (215) 969-6768 (214) 386-7300 VIRGINIA Calgary, Alberta 

Pioneer-Standard TWX 910-860-5563 See Maryland T2A 6J4 

259 Kappa Drive (403) 272-1021 

Pittsburgh, PA 15238 Pioneer-Standard WASHINGTON 

(412) 782-2300 9901 Burnet Road Almac Electronics Corp. Zenlronics 

TWX 710- 795-3122 Austin, TX 78758 14360 S.E. Eastgate Way 155 Colonnade, S. #17/18 
(512) 835-4000 Bellevue, WA 98007 Nepean, Ontario 

Pioneer Technologies Group TWX 910-874-1323 (206) 643-9992 K2E 7K1 
261 Gibraltar Road TWX 910-444-2067 (613) 226-8840 
Horsham, PA 19044 FAX (206) 746-7425 TWX 06-97698 
(215) 674-4000 
TWX 510-665-6778 
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U.S. AND CANADIAN DISTRIBUTORS 

CANADA (cant.) 
Zentronics 
11400 Bridgeport Rd. #108 
Richmond. B.C. 
V6X 1T2 
(604) 273·5575 
TWX 04·355844 

Zentronics 
817 McCaffrey Street 
St. Laurent, Quebec 
H4T 1N3 
(514) 737·9700 
TWX 05·824826 

Zentronics 
564 Weber Street, N. #10 
Waterloo, Ontario 
N21 5C6 
(519) 884-5700 
TWX 06·97678 

Zentronlcs 
590 Berry Street 
Winnipeg, Manitoba 
R3H 051 
(204) n5·8661 
TWX 06·97678 

Future Electronics 
3220 5th Avenue, N.E. 
Calgary, Alberta 
T2A 5N1 
(403) 235·5325 

Future Electronics 
82 8t. Regis Crescent N. 
Downsview, Ontario 
M3J 1Z3 
(416) 638·4m 
TWX 610·491·1470 
FAX (416) 638·2936 

Future Electronics 
5312 Calgary Trail South 
Edmonton. Alberta 
T6H 4J8 
(403) 438·2858 

Future Electronics 
Hymus Blvd. 
Pointe Claire 
Montreal, Quebec 
H9R 5C7 
(514) 694·mO 
TWX 610-421·3251 or 
610·421·3500 
FAX (514) 695-3707 or 
(514) 694·0062 

Future Electronics 
Baxter Center 
1050 Baxter Road 
Ottawa, Ontario 
K2C 3P2 
(613) 820·8313 
TWX 610·563·1697 
FAX (613) 820·3271 
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Future Electronics 
1695 Boundary Road 
Vancouver, B,C. 
85K 4X7 
(604) 294·1166 
TLX 043547'14 
FAX (604) 294-1206 

Future Electronics 
444 Sharon Bay 
Winnipeg, Manitoba 
R2G OH7 
(604) 294-1166 (Vancouver) 









STATIC RAMs 

ZEROPOWERTM AND TIMEKEEPERT. RAMs 

Description Part number Organization 
Access 

ICC ISB Page 
Time 

TIMEKEEPER SRAM MK4BT02-12 2K x 8 120 ns 80 mA 3 mA 1-5 
MK4BT02-15 2K x 8 150 ns 80 mA 3 mA 
MK4BT02-20 2K x 8 200 ns 80 mA 3 mA 
MK4BT02-25 2K x 8 250 ns 80 mA 3 mA 

TIMEKEEPER SRAM MK4BT12-12 2K x 8 120 ns 80 mA 3 mA 1-5 
VCC=±10% MK4BT12-15 2Kx 8 150 ns 80 mA 3mA 

MK4BT12-20 2K x 8 200 ns 80 mA 3 mA 
MK4BT12-25 2K x 8 250 ns 80 mA 3 mA 

ZEROPOWER SRAM MK48Z02-15 2K x 8 150 ns 80 mA 1 mA 1-23 
MK48Z02-20 2Kx 8 200 ns 80 mA 1 mA 
MK48Z02-25 2K x 8 250 ns 80 mA 1 mA 

ZEROPOWER SRAM MK48Z12-12 2K x 8 120 ns 80 mA 1 mA 1-23 
VCC=±10% MK48Z12-15 2K x 8 150 ns 80 mA 1 mA 

MK48Z12-20 2K x 8 200 ns 80 mA 1 mA 
MK48Z12-25 2K x 8 250 ns 80 mA 1 mA 

ZEROPOWER SRAM MK48Z08-15 8K x 8 150 ns 80 mA 1 mA 1-35 
MK48Z08-20 8K x 8 200 ns 80 mA 1 mA 
MK48Z08-25 8K x 8 250 ns 80 mA 1 mA 

ZEROPOWER SRAM MK48Z18-15 8K x 8 150 ns 80 mA 1 mA 1-35 
VCC=±10% MK48Z18-20 8K x 8 200 ns 80 mA 1 mA 

MK48Z18-25 8K x 8 250 ns 80 mA 1 mA 

ZEROPOWER SRAM MK48Z0S-15 8K x 8 150 ns 80 mA 1 mA 1-35 
WITH POWER FAIL MK48Z0S-20 8K x 8 200 ns 80 mA 1 mA 
INTERRUPT OUTPUT MK48Z0S-25 8K x 8 250 ns 80 mA 1 mA 

ZEROPOWER SRAM MK48Z1S-15 8K x 8 150 ns 80 mA 1 mA 1-35 
WITH POWER FAIL MK48Z1S-20 8K x 8 200 ns 80 mA 1 mA 
INTERRUPT OUTPUT MK48Z1S-25 8K x 8 250 ns 80 mA 1 mA 
VCC=±10% 

BATTERY BACK-UP RAMs 

Description Part number Organization 
Access 

ICC IBAT Page 
Time 

BATIERY BACK-UP SRAM MK48C02-15 2K x 8 150 ns 80 mA 50 p.A 1-49 
MK48C02-20 2Kx 8 200 ns 80 mA 50 p.A 
MK48C02-25 2K x 8 250 ns 80 mA 50 p.A 
MK48C02L-15 2K x 8 150 ns 80 mA 1p.A 
MK48C02L-20 2K x 8 200 ns 80 mA 1p.A 
MK48C02L-25 2K x 8 250 ns 80 mA 1p.A 

------- THOMSON COMPONENTS MOSTEK -------
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STATIC RAMs 

BiPORT'M DEVICES 

Description Part number Organization 
Access 

Cycle .ICC Page 
Time 

BiPORT FiFO MK4501-65 512 x 9 65 ns 80 ns 80 mA 1-57 
MK4501-80 512 x 9 80 ns 100 ns 80 mA 
MK450HO 512 x 9 100 ns 120 ns 80 mA 
MK4501-12 512 x 9 120 ns 140 ns 80 mA 
MK4501-15 512 x 9 150 ns 175 ns 80 mA 
MK4501-20 512 x 9 200 ns 235 ns 80 mA 
MK4503-50 2048 x 9 50 ns 65 ns 120 mA 1-71 
MK4503-65 2048 x 9 65 ns 80 ns 120 mA 
MK4503-80 2048 x 9 80 ns 100 ns 120 mA 
MK4503-10 2048 x 9 100 ns 120 ns 120 mA 
MK4503-12 2048 x 9 120 ns 140 ns 120 mA 
MK4503-15 2048 x 9 150 ns 175 ns 120 mA 
MK4503-20 2048 x 9 200 ns 235 ns 120 mA 

VERY HIGH SPEED MK4505M-25 1024 x 5 15 ns 25 ns 100 mA 1-87 
CLOCKED FIFO MK4505M-33 1024 x 5 20 ns 33 ns 100 mA 

MK4505M-50 1024 x 5 25 ns 50 ns 100 mA 

VERY HIGH SPEED MK4505S-25 1024 x 5 15 ns 25 ns 100 mA 1-87 
CLOCKED FIFO MK4505S-33 1024 x 5 20 ns 33 ns 100 mA 
(3 state outputs) MK4505S-50 1024 x 5 25 ns 50 ns 100 mA 

BiPORT RAM MK4511-12 512 x 9 120 ns 150 ns 50 mA 1-105 
MK4511-15 512 x 9 150 ns 190 ns 50 mA 
MK4511-20 512 x 9 200 ns 250 ns 50 mA 

STATIC RAMs 

Description Part number Organization 
Access 

ICC ISB Page 
Time 

FAST SRAM MK4801A-55 lK x 8 55 ns 110 mA 1-117 
MK4801A-70 lK x 8 70 ns 110 mA 
MK4801A-90 lK x 8 90 ns 110 mA 

MK4B01A-l lK x B 120 ns 110 mA 1-123 
MK4B01A-2 lK x B 150 ns 110 mA 
MK4B01A-3 lK x B 200 ns 110 mA 
MK4B01A-4 lK x 8 250 ns 110 mA 

ET2147H-l 4K xl 35 ns 180 mA 30 mA 1-129 
ET2147H-2 4K xl 45 ns 180 mA 30 mA 
ET2147H-3 4K xl 55 ns 180 mA 30 mA 
ET2147H-4 4K xi 55 ns 125 mA 20 mA 

------- THOMSON COMPONENTS MOSVEK -------
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STATIC RAMs 

VERY FAST CMOS STATIC RAM 

Description Part number Organization 
Access 

ICC ISB Page 
Time 

FAST CS ACCESS MK41H66-20 16K x 1 20 n5 120 mA 1-135 
MK41H66-25 16K x 1 25 n5 120 rnA 
MK41H66-35 16K x 1 35 ns 120 rnA 

MK41L66-25 16K x 1 25 n5 60 rnA 1-149 
MK41L66-35 16K x 1 35 n5 60 rnA 
MK41L66-45 16K x 1 45 ns 60 rnA 

MK41H69-20 4K x 4 20 n5 120 rnA 1-163 
MK41H69-25 4K x 4 25 ns 120 rnA 
MK41H69-35 4K x 4 35 n5 120 rnA 

MK41L69-25 4K x 4 25 n5 60 rnA 1-1n 
MK41L69-35 4K x 4 35 n5 60 rnA 
MK41L69-45 4K x 4 45 n5 60 rnA 

CE POWER-DOWN MK41H67-20 16K x 1 20 n5 120 rnA 50,..A 1-135 
MK41H67-25 16K x 1 25 n5 120 rnA 50,..A 
MK41H67-35 16K x 1 35 n5 120 rnA 50,..A 

MK41L67-25 16K x 1 25 ns 60 rnA 50,..A 1-149 
MK41L67-35 16K x 1 35 n5 60 rnA 50,..A 
MK41L67-45 16K x 1 45 n5 60 rnA 50,..A 

MK41H6B-20 4K x 4 20 n5 120 rnA 50,..A 1-163 
MK41H6B-25 4K x 4 25 n5 120 rnA 50,..A 
MK41H6B-35 4K x 4 35 ns 120 rnA 50,..A 

MK41L6B-25 4K x 4 25 n5 60 rnA 50,..A 1-1n 
MK41L6B-35 4Kx 4 35 ns 60 rnA 50,..A 
MK41L6B-45 4K x 4 45 n5 60 rnA 50 pA 

MK41HB7-25 64K x 1 25 ns 60 rnA 50,..A 1-219 
MK41H87-35 64K x 1 35 n5 60 rnA 50,..A 
MK41H87-45 64K x 1 45 n5 60 rnA 50,..A 

CE/OE MK41H78-20 4K x 4 20 n5 120 rnA 50 pA 1-191 
MK41H78-25 4K x 4 25 n5 120 rnA 50,..A 
MK41H78-35 4K x 4 35 n5 120 rnA 50,..A 

MK41L78-25 4K x 4 25 n5 60 rnA 50,..A 1-205 
MK41L78-35 4K x 4 35 ns 60 rnA 50,..A 
MK41L78-45 4K x 4 45 ns 60 rnA 50,..A 

---
CE/OE/CLR MK41H79-20 4K x 4 20 ns 120 rnA 1-191 

MK41H79-25 4K x 4 25 ns 120 rnA 
MK41H79-35 4K x 4 35 n5 120 rnA 

MK41L79-25 4K x 4 25 ns 60 rnA 1-205 
MK41L79-35 4K x 4 35 ns 60 rnA 
MK41L79-45 4Kx 4 45 ns 60 rnA 

CACHE MEMORY MK41HBO-20 4K x 4 20 n5 120 rnA 1-229 
COMPARATOR MK41HBO-25 4K x 4 25 ns 120 rnA 
TAGRAMN MK41HBO-35 4K x 4 35 ns 120 rnA 

THOMSON COMPONENTS MOSTEK 
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MI(48T02/12/03/13(B)-12/15/20/25 

--~~----- 2K 8 ZEROPOWER !TIMEKEEPER RAM 

MEMORY COMPONENTS 

FEATURES 

D Integrated Ultra Low Power SRAM, Real Time Clock, 
A7 1 [ • P 24 Vee Crystal, Power-fail Control Circuit and Battery 
A. 2[ P 23 A. 

D BYTEWIDE'" RAM-like Clock Access 
As 3[ P 22 A. 

D BCD Coded Year, Month, Day, Date, Hours, Minutes A. 4[ P21 Vi 
and Seconds A. 5[ P 20 G 

D Software Controlled Clock Calibration for High Ac- A. 6[ P 19 A,. 

curacy Applications A, 7[ P lB E 

D Predicted Worst Case Battery Storage Life of 11 A. B[ P 17 DQ7 

years @ 70 "C DQ. 9[ P 16 DQ. 

D Pin and Function Compatible with JEDEC Standard 
DQ, 10 [ P 15 DQs 

2K X 8 SRAMs (MK48T02/12) DQ. 11 [ P 14 DQ. 

GND 12 [ P 13 DQ. 
D Pin and functionally compatible with JEDEC Stan-

dard 2K x 8 EEPROM (MK48T03/13) 

D Automatic Power-fail Chip Deselect/Write Protection 
Figure 1. Pin Connections 

D Two Power-fail Deselect Trip Points Available 
MK48T02/03: 4.75 V<!:VpFD <!:4.50 V PIN NAMES 
MK48T12/13: 4.50 V<!:VpFD <!:4.20 V 

Ao' A,o Address Input Vee +5 Volts 

R/W E Chip Enable W Write Enable 
Part Number Access Time Cycle Time 

GND Ground G Output Enable 
MK48TXX-12 120 ns 120 ns 

DOo • 007 Data In/Data Out 
MK48TXX-15 150 ns 150 ns 

MK48TXX-20 200 ns 200 ns 

MK48TXX-25 250 ns 250 ns 
TRUTH TABLE (MK48T03/13) 

TRUTH TABLE (MK48T02/12) 

Vee E G W MODE DO 
Vee E G W MODE DO 

VIH X X Deselect High-Z 
VIH X X Deselect High-Z <Vee (Max) VIL V,H vlL Write DIN 

<Vee (Max) VIL X VIL Write DIN >Vee (Min) VIL VIL VIH Read DOUT 
>Vee (Min) VIL VIL VIH Read DOUT VIL VIH VIH Read High-Z 

VIL VIH VIH Read High-Z VIL VIL VIL Read High-Z 

<VpFD (Min) X X X Power-Fail High-Z <VpFD (Min) X X X Power-Fail High-Z 
>VSO Deselect >Vso Deselect 

sVso X X X Battery High-Z sVso X X X Battery High-Z 
Back-up Back-up 
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Figure 2. Block Diagram 

DESCRIPTION 

The MK48T02/12/03/13 combines a 2K x 8 full CMOS 
SRAM, a BYTEWIDE accessible real time clock, a crys· 
tal and a long life lithium carbon mono-fluoride 
battery, all in a single plastic DIP package. The 
MK48T02/12/03/13 is a non·volatile pin and function 
equivalent to any JEDEC standard 2K x 8 SRAM, such 
as t~e 6116 or 5517. It also easily fits into many EPROM 
and EEPROM sockets, providing the non-volatility of the 
PROMs without any requirement for special write tim· 
ing, or limitations on the number of writes that can be 
performed. 

Access to the clock is as simple as conventional 
BYTEWIDE RAM access because the RAM and the 
Clock are combined on the same die. As Figure 2 indi­
cates, the TIMEKEEPER registers are located in the up­
per eight locations of the RAM. The registers contain, 
beginning at the top; year, month, date, day, hour, 
minutes, and seconds data in 24 Hour BCD format. Cor· 
rections for 28, 29 (Leap Year), 30 and 31 day months 
are made automatically. The eighth location is a Con· 

1·6 

trol register. These registers are not the actual clock 
counters; they are BiPORT read/write Static RAM 
memory locations. The MK48T02/12/03113 includes a 
clock control circuit that, once every second, dumps the 
counters into the BiPORT RAM. 

Because the Clock Registers are constructed using 
BiPORT memory cells, access to the rest of the RAM 
proceeds unhindered by updates to the TIMEKEEPER 
registers, even if the TIMEKEEPER registers are being 
updated at the very moment another location in the 
memory array is accessed. 

The MK48T02/12/03/13 also has its own Power-fail De­
tect circuit. The circuit deselects the device whenever 
Vee is out of range, providing a high degree of data 
security in the midst of unpredictable system operations 
brought on by low Vee. 

BIPORT, BYTEWIDE, TIMEKEEPER and ZERO POWER are Trademarks of 
Thomson Components· Mostek Corporation. 



OPERATION 

READ MODE 

The MK48T02/12/03/13 is in the Read Mode whenever 
Vii (Write Enable) is high and E (Chip Enable) is low. The 
device architecture allows ripple-through access 
(changing Addresses without removing Chip Enable) 
to any of the 2048 address locations in the static storage 
array. Valid data will be available at the Data I/O pins 
within tAA after the last address input signal is stable, 
providing that the E and G access times are satisfied. 

READ 

If E or G access times are not yet met, valid data 
will be available at the latter of Chip Enable Access 
Time (teEA) or at Output Enable Access Time (tOEN' 
The state of the eight three-state Data 1/0 signals is con­
trolled by E and G. If the Outputs are activated 
before tAA, the data lines will be driven to an indeter­
minate~tate u~iI tAA. If the Address inputs are changed 
while E and G remain low, output data will remain 
valid for Output Data Hold Time (tOH) but will go in­
determinant until the next tAA. 

READ 
1<*------ I RC -------?j i<t----IRC ------+I 

WRITE 

~------Iwc------~ 

Figure 3. Read-Read-Wrlte Timing 

AC ELECTRICAL CHARACTERISTICS (READ CYCLE TIMING) 
(0°CsTAs70°C) (Vee (Max):2:Vee ;:'Vee (Min)) 

MK48TXX·12 MK48TXX·15 

SYM PARAMETER MIN MAX MIN MAX 

tRe Read Cycle Time 120 150 

tAA Address Access Time 120 150 

teEA Chip Enable Access Time 120 150 

tOEA Output Enable Access Time 75 75 

teEz Chip Enable Hi to High-Z 30 35 

tOEZ Output Enable Hi to High-Z 30 35 

tOH Valid Data Out Hold Time 15 15 

NOTE 
1. Measured using the Output Load Diagram shown in Figure 13. 
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MK48TXX·20 

MIN MAX 

200 

200 

200 

80 

40 

40 

15 

MK48TXX·25 

MIN MAX UNITS NOTES 

250 ns 

250 ns 1 

250 ns 1 

90 ns 1 

50 ns 

50 ns 

15 ns 1 



WRITE MODE 

The MK48T02/12 is in Write Mode whenever the VIi 
and E inputs are held low. The MK48T03/13 requires 
G to be held high in addition to VIi and E being held 
low. The start of a Write is referenced to the latter 
occurring falling edge of either W or E, or the rising 
edge of G (MK48T03/13). A Write is terminated by the 
earlier rising edge of VIi or E, or the falling edge of G 
(MK48T03/13). The addresses must be held valid 
throughout the cycle. VIi or E must return high, or G 
must return low (MK48T03/13) for a minimum of tWR pri­
or to the initiation of another Read or Write Cycle. Data­
in must be valid for tos prior to the End of Write and 
remain valid for tOH afterward. 

Some processors thrash producing spurious Write Cy­
cles during power-up, despite application of a power­
on reset. The MK48T03/13 allow a user to easily over­
come this problem by holding G low with the power-on 
reset signal. MK48T02/12 users should force VIi or E 
high during power-up to protect memory after Vcc 
reaches Vcc (min) but before the processor stablizes. 

The MK48T02/12 G input is a DON'T CARE 
in the write mode. G can be tied low and two-wire RAM 
control can be implemented. A Iowan VIi will disable 
the outputs tWEZ after VIi falls. Take care to avoid bus 
contention when operating with two-wire control. 

WRITE WRITE READ 

Figure 4. Write-Write-Read Timing 

AC ELECTRICAL CHARACTERISTICS (WRITE CYCLE TIMING) 
(0°C,;;TA,;;70°C) (VCC (Max);;,;Vcc;;';Vcc (Min» 

MK4BTXX-12 MK4BTXX-15 

SYM PARAMETER MIN MAX MIN MAX 

twc Write Cycle Time 120 150 

tAS Address Setup Time 0 0 

tAw Address Valid to End of Write 120 150 

tCEW Chip Enable to End of Write 75 90 

tWEW Write Enable to End of Write 75 90 

tWR \I\Jrite Recovery Time 10 10 

tos Data Setup Time 35 40 

tOH Data Hold Time 0 0 

tWEZ Write Enable Low to High-Z 40 50 

tGEW G to End of Write 75 90 

NOTE: 
1. Applies 10 MK48T03/13 only 
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MK4BTXX-20 

MIN MAX 

200 

0 

200 

120 

120 

10 

60 

0 

60 

120 

MK4BTXX-25 

MIN MAX UNITS NOTES 

250 ns 

0 ns 

250 ns 

160 ns 

160 ns 

10 ns 

100 ns 

0 ns 

80 ns 

160 ns 1 



CLOCK OPERATIONS 

Reading the Clock 

Updates to the TIMEKEEPER registers should be Halt­
ed before clock data is read to prevent reading of data 
in transition. Because the BiPORT TIMEKEEPER cells 
in the RAM array are only data registers, and not the 
actual counters, updating the registers can be halted 
without disturbing the clock itself. 

Updating is halted when a "1" is written into the "Read" 
bit, the seventh most significant bit in the Control 
register. As long as a "1" remains in that position, up­
dating is halted. After a Halt is issued, the registers 
reflect the count, that is day, date, and time that were 
current at the moment the Halt command was issued. 

ADDRESS DATA 

7FF 

7FE 0 o 0 
7FD 0 0-
7FC 0 FT 0 0 
7FB KS 0 
7FA 0 
7F9 ST 

7FB W R S 

0-

All of the TIMEKEEPER registers are updated simul­
taneously. A Halt will not interrupt an update in progress. 
Updating is within a second after the bit is reset to a "0". 

Setting the Clock 

The eighth bit of the Control register is the "Write" bit. 
Setting the Write bit to a "1 ", like the Read Bit, halts 
updates to the TIMEKEEPER registers. The user can 
then load them with the correct day, date and time data 
in 24 Hour BCD format. Resetting the Write bit to a "0" 
then transfers those values the actual TIMEKEEPER 
counters and allows normal operation to resume. The 
KS bit, FT bit and the bits marked with zeroes in Figure 
5 must be written with zeroes to allow normal 
TIMEKEEPER and RAM operation. 

FUNCTION 

YEAR 00-99 

MONTH 01-12 

DATE 01-31 

DAY 01-07 

HOUR 00-23 

MINUTES 00-59 

SECONDS 00-59 

CONTROL 

KEY: ST = STOP BIT 

w = WRITE BIT 

R = READ BIT FT = FREQUENCY TEST 

S = SIGN BIT KS = KICK START 

Figure 5. The MK48T02/12/03/13 Register Map 

Calibrating the Clock 

The MK48T02I12103/13 is driven by a quartz crystal con­
trolled oscillator with a nominal frequency of 32768 
Hz:rhe crystal is mounted in the tophat along with the 
battery. A typical MK48T02/12/03/13 is accurate within 
±1 minute per month at 25°C without calibration. The 
devices are tested not to exceed ± 35 ppm (Parts Per 
Million) oscillator frequency error at 25°C, which comes 
to about ±1.53 minutes per month. Of course the os­
cillation rate of any crystal changes with temperature. 
Figure 6 shows the frequency error that can be expect­
ed at various temperatures. 

Most clock chips compensate for crystal frequency and 
temperature shift error with cumbersome trim capaci­
tors. The MK48T02/12/03/13 design, however, employs 
periodic counter correction. The calibration circuit adds 
or subtracts count from the oscillator divider circuit at 
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the divide by 256 stage, as shown in Figure 7. The num­
ber of times pulses are blanked (subtracted, negative 
calibration) or split (added, positive calibration) depends 
upon the value loaded into the five bit Calibration byte 
found in the Control register. Adding count speeds the 
clock up, subtracting counts slows the clock down. 

The Calibration byte occupies the five lower order bits 
in the Control register. The byte can be set to represent 
any value between 0 and 31 in binary form. The sixth 
bit is a sign bit; "1" indicates positive calibration, "0" 
indicates negative calibration. Calibration occurs within 
a 64 minute cycle. The first 62 minutes in the cycle may, 
once per minute, have one second either shortened or 
lengthened by 128 oscillator cycles, that is one tick of 
the divide by 256 stage. If a binary 1 is loaded into the 
register, only the first two minutes in the 64 minute cy­
cle will be modified; if a binary 6 is loaded, the first 12 
will be affected, and so on. 
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Therefore, each calibration step has the effect of ad­
ding or subtracting 256 oscillator cycles for every 
125,829,120 (32768 x 60 x 64) actual oscillator cycles, 
that is 2.034 ppm of adjustment per calibration step; giv­
ing the user a ± 63.07 ppm calibration range. Assum­
ing that the oscillator is in fact running at exactly 32768 
Hz, each of the 31 increments in the Calibration byte 
would represent 5.35 seconds per month. 

Two methods are available for ascertaining how much 
calibration a given MK48T02/12103/13 may require. The 
first involves simply setting the clock, letting it run for 
a month and comparing it to a known accurate refer­
ence (like WWV broadcasts). While that may seem 
crude, it allows the designer to give the end user the 
ability to calibrate his clock as his environment may re­
quire, even after the final product is packaged in a non­
user serviceable enclosure. All the designer has to do 
is provide a simple utility that accesses the Calibration 
byte. The utility could even be menu driven and made 
foolproof. 

The second approach is better suited to a manufactur­
ing environment, and involves the use of some test 
equipment. When the Frequency Test (FT) bit, the 
seventh-most significant bit in the Day register, is set 
to a "1", and the oscillator is running at 32768 Hz, the 
LSB (000) of the Seconds register will toggle at a 512 
Hz. Any deviation from 512 Hz indicates the degree and 
direction of oscillator frequency shift at the test temper­
ature. For example, a reading of 512.00512 Hz would 
indicate a +10 ppm (1-(512/512.00512)) oscillator fre­
quency error, requiring a -5 (000101 2) to be loaded into 
the Calibration Byte for correction. Note that setting or 
changing the Calibration Byte does not affect the Fre­
quency Test output frequency. The device must be 
selected and addresses must be stable at Address 7F9 
when reading the 512 Hz on 000, 
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The FT bit must be set using the same method used 
to set the clock, using the Write bit. The LSB of the Se­
conds register is monitored by holding the 
MK48T02/12/03/13 in an extended read of the Second 
register, without having the Read bit set. The FT bit 
MUST be reset to a "0" for normal clock operations to 
resume. 

Stopping and Starting the Oscillator 

The oscillator may be stopped at any time. If the device 
is going to spend a significant amount of time on the 
shelf, the oscillator can be turned off to minimize cur­
rent drain from the battery. The "Stop" bit is the MSB 
of the Seconds register. Setting it to a "1" stops the os­
cillator. In order to make the oscillator as stingy with cur­
rent as possible, the oscillator is designed to require 
an extra "kick" to begin oscillation again. The extra kick 
is provided by the Kick Start (KS) bit, the MSB of the 
Hours register. To start the oscillator, implement the fol­
lowing procedure. 

1. Set the Write Bit to "1". 
2. Reset the Stop Bit to "0". 
3. Set the Kick Start Bit to "1". 
4. Reset the Write Bit to "0". 
5. Wait 2 seconds. 
6. Set the Write Bit to "1 ". 
7. Reset the Kick Start Bit to "0". 
8. Set the Correct time and date. 
9. Reset the Write Bit to "0". 

Note: Leaving the KS bit set will cause the Clock to 
draw excessive current and will shorten battery 
life. 



DATA RETENTION MODE 

With Vee applied, the MK48T02/12/03/13 operates as 
a conventional BYTEWIDE static ram. However, Vee is 
being constantly monitored. Should the supply voltage 
decay, the RAM will automatically power-fail deselect, 
write protecting itself when Vee falls within the VpFD 
(max), VpFD (min) window. The MK48T02/03 has a VpFD 
(max) -VPFD (min) window of 4.75 volts to 4.5 volts, 
providing very high data security, particularly when all 
of the other system components are specified to 5.0 
volts plus and minus 10%. The MK48T12113 has a VpFD 
(max) -VPFD (min) window of 4.5 volts to 4.2 volts, al­
lowing users constrained to a 10% power supply specifi­
cation to use the device. 

Note: A mid-write cycle power failure may corrupt data 
at the currently addressed location, but does not 
jeopardize the rest of the RAM's content. At voltages 
below VpFD (min), the user can be assured the memory 
will be in a write protected state, provided the Vee fall 
time does not exceed tF. The MK48T02I12/03/13 may 
respond to transient noise spikes that reach into the 
deselect window if they should occur during the time 
the device is sampling Vee. Therefore decoupling of 
power supply lines is recommended. 

The power switching circuit connects external Vee to 
the RAM and disconnects the battery when Vee rises 
above Vso. As Vee rises the battery voltage is checked. 
If the voltage is too low, an internal Battery Not DK 
(BDK) flag will be set. The BDK flag can be checked 
after power up. If the BDK flag is set, the first write 
attempted will be blocked. The flag is automatically 
cleared after first write, and normal RAM operation re­
sumes. Figure 8 illustrates how a BDK check routine 
could be structured. 

Normal RAM operation can resume tREe after Vee e~ 
ce~s VpFD (M~x). Caution should be taken to keep E 
or W high or Glow (MK48T03/13) as Vee rises past 
VpFD (Min) as some systems may perform inadvertent 
write cycles after Vee rises but before normal system 
operation begins. 
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READ DATA 
AT ANY 

ADDRESS 

WRITE 
COMPLIMENT 

DATA BACK 
TO SAME 
ADDRESS 

READ DATA 
AT SAME 
ADDRESS 

AGAIN 

WRITE ORIGINAL 
DATA BACK TO 

SAME ADDRESS 

NOTIFY SYSTEM 
OF LOW 

BATTERY (DATA MAY 
BE CORRUPTED) 

Figure 8. Checking the BOK Flag Status 



EorW 

VpFD (MAX)­

V pFD (MIN) - -

Figure 9. Power-Down/Power-Up Timing 

DC ELECTRICAL CHARACTERISTICS (POWER-DOWN/POWER-UP TRIP POINT VOLTAGES) 
(0°C:sTA:s+70°C) 

SYM PARAMETER MIN TYP 

VpFD Power-fail Deselect Voltage (MK48T02/03) 4.50 4.6 

VpFD Power-fail Deselect Voltage (MK48T12/13) 4.20 4.3 

Vso Battery Back-up Switchover Voltage 3 

AC ELECTRICAL CHARACTERISTICS (POWER-DOWN/POWER-UP TIMING) 
(O°C:sT A:S +70°C) 

SYM PARAMETER 

tpD E or W at VIH or G at VIL before Power Down 

tF VpFD (Max) to VpFD (Min) Vee Fall Time 

tFB VpFD (Min) to Vso Vee Fall Time 

tRB Vso to VpFD (Min) Vee Rise Time 

tR VpFD (Min) to VpFD (Max) Vee Rise Time 

tREe E or W at VIH or G at VIL after Power Up 

NOTES: 
"1. AIJ voltages referenced to GND. 
2. VPFD (Max) to VpFD (Min) fall times of less tF may result in deselection/write 

protection not occurring until 50 "'s after Vee passes VpFD (Min). VpFD 
(Max) to (Min) fall times of Jess than 10 itS may cause corruption of RAM 
data or stop the Clock. 

3. VpFD (Min) to VSO fall times of less than tFS may cause corruption of RAM 
data or stop the clock. 

CAUTION 

MIN 

0 

300 

10 

1 

0 

2 

MAX 

4.75 

4.50 

MAX 

Negative undershoots below -0.3 volts are not allowed 
on any pin while in Battery Back-up mode. 

1-13 

UNITS 

V 

V 

V 

UNITS 

ns 

P.s 

P.s 

p.S 

p'S 

ms 

NOTES 

1 

1 

1 

NOTES 

2 

3 



PREDICTING BACK-UP SYSTEM LIFE 

The useful life of the battery in the MK48T02/12/03/13 
is expected to ultimately come to an end for one of two 
reasons; either because it has been discharged while 
providing current to an external load; or because the 
effects of aging render the cell useless before it can 
actually be discharged. Fortunately, these two effects 
are virtually unrelated, allowing discharge, or Capacity 
Consumption and the effects of aging, or Storage life 
to be treated as two independent but simultaneous 
mechanisms, the earlier of which defines Back-up Sys­
tem life. 

The current drain that is responsible for Capacity Con­
sumption can be reduced either by applying Vee or 
turning off the oscillator. With the oscillator off, only the 
leakage currents required to maintain data in the RAM 
are flowing. With Vee on, the battery is disconnected 
from the RAM. Because the leakage currents of the 
MK48T02/12/03/13 are so low, they can be neglected in 
practical Storage life calculations. Therefore, applica­
tion of Vee or turning off the oscillator can extend the 
effective Back-up System life. 

Predicting Storage Life 

Figure 10 illustrates how temperature affects Storage 
life of the MK48T02/12/03/13 battery. As long as Vee 
is applied or the oscillator is turned off, the life of the 
battery is controlled by temperature and is virtually 
unaffected by leakage currents drawn by the 
MK48T02/12/03/13. 

Storage life predictions presented in Figure 10 are ex­
trapolated from temperature accelerated life-test data 
collected in over 100 million device hours of continu­
ing bare cell and encapsulated cell battery testing by 
Thomson - Mostek. Obviously, temperature accelerat­
ed testing cannot identify non-temperature dependent 
failure mechanisms. However, in view of the fact that 
no random cell failures have been recorded in any of 
Thomson - Mostek's on going battery testing since it 
began in 1982, we believe the chance of such failure 
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mechanisms surfacing is extremely small. For the pur­
pose of this testing, a cell failure is defined as the ina­
bility of a cell stabilized at 25DC to produce a 2.0 volt 
closed-circuit voltage across a 250K ohm load 
resistance. ' 

A Special Note: The summary presented in 
Figure 10 represents a conservative analysis 
of the data presently available. While Thom­
son - Mostek is most likely in possession of 
the largest collection of battery life data of this 
kind in the world, the results presented should 
not be considered absolute or final; they can 
be expected to change as yet more data be­
comes available. We believe that future read­
points of life tests presently under way and im­
provements in the battery technology itself will 
result in a continuing improvement of these 
figures. 

Two end of life curves are presented in Figure 10. They 
are labeled ''Average'' (t5O%) and (t1%). These terms re­
late to the probability that a given number of failures 
will have accumulated by a particular point in time. If, 
for example, expected life at ?ODC is at issue, Figure 
10 indicates that a particular MK48T02/12/03113 has a 
1% chance of having a battery failure 11 years into its 
life and a 50% chance of failure at the 20 year mark. 
Conversely, given a sample of devices, 1 % of them can 
be expected to experience battery failure within 11 
years; 50% of them can be expected to fail within 20 
years. 

The t1% figure represents the practical onset of wear 
out, and is therefore suitable for use in what would nor­
mally be thought of as a worst-case analysis. The t50% 
figure represents "normal" or "average" life. It is, there­
fore, accurate to say that the average device will last 
UtsO%"· 

Battery life is defined as beginning on the date of 
manufacture. Each MK48T02/12/03/13 is marked with 
a four digit manufacturing date code in the form YVWW 
(Example: 8625 = 1986, week 25). 



Calculating Predicted Storage Life of the Battery 

As Figure 10 indicates, the predicted Storage Life of the 
battery in the MK48T02/12/03113 is a function of tem­
perature. 

Because the ambient temperature profile is dependent 

upon application controlled variables, only the user can 
estimate predicted Storage Life in a given design. As 
long as ambient temperature is held reasonably cons­
tant, expected Storage Life can be read directly from 
Figure 10. If the MK48T02/12/03/13 spends an apprecia­
ble amount of time at a variety of temperatures, the fol­
lowing equation should be used to estimate Storage Life. 

Predicted Storage Life == _________ ".;.1 ________ _ 

[(TA1m)/SL11+[(TA2m)/SL21+ ... +[(TAnITT)/SLn1 

Where TA1, TA2, TAn = Time at Ambient Temperature 1, 2, etc. 

TT = Total Time = TA1 + TA2 + ... + TAn 

SL1, SL2, SLn = Predicted Storage Life at Temp 1, Temp 2, etc. (See Figure 10). 

Example Predicted Storage Life Calculation 

A cash register/terminal operates in an environment 
where the iVlK48T02/12/03/13 is exposed to tempera-

tures of 30°C (86 OF) or less for 4672 hrs/yr; tempera­
tures greaterthan 25°C, but less than 40°C (104°F), for 
3650 hrs/yr; and temperatures greater than 40°C, but 
less than 70°C (158°F), for the remaining 438 hrs/yr. 

Reading predicted t1% values from Figure 10; SL1 = 456 yrs., SL2 = 175 yrs., SL3 = 11.4 yrs. 

Total Time (TT) = 8760 hrs.lyr. TA1 = 4672 hrs.lyr. TA2 =3650 hrs.lyr. TA3 = 438 hrs.lyr. 

Predicted Typical Storage Life ~ _________ ".;.1 ________ _ 

[(4672/8760)/4561 +[(3650/8760)/175}+[( 438/8760)111.41 
~ 126 yrs. 
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Figure 10. MK48T02/12/03/13 Predicted Battery Storage Life vs. Temperature 
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Predicting Capacity Consumption life 

The MK48T02/12103/13 internal cell has a minimum rat­
ed capacity of 35 mAh. The device places a nominal 
combined RAM and TIMEKEEPER load of 1.2 p.A on 
a typical internal 37 mAh lithium battery when the clock 
is running and the device is in Battery Back-up mode. 
At that rate, the MK48T02112/03/13 will consume the 
cell's capacity in 29,166 hours, or about 3.3 years. But, 
as Figure 11 shows, Capacity Consumption can be 
spread over a much longer period of time. 

Naturally, Back-up current varies with temperature. As 
Figure 12 indicates, the rate of Current Consumption 
by the MK48T02/12/03/13 with the clock running in Bat­
tery Back-up mode is a function of temperature. 

Because the ambient temperature profile is dependent 
upon application controlled variables, only the user can 
estimate consumption rates in a given design. As long 
as ambient temperature is held reasonably constant, 
expected Capacity Consumption life can be estimated 
by reading 0% Vee Duty Cycle Capacity Consumption 
life directly from Figure 12, and dividing by the expected 
Vee Duty Cycle (I.e. at 25"C with a 66% Duty Cycle, Ca­
pacity Consumption Life = 3.3/(1-.66) = 9.5 years). 

If the MK48T02/12103/13 spends an appreciable amount 
of time at a variety of temperatures, the same equation 
provided in the previous Storage Life section should be 
used to estimate Capacity Consumption life. 

Example Consumption Life Calculation 

Taking the same cash register/terminal used earlier, let's assume that the high and low temperature periods are 
the non-operating, Battery Back-up mode periods, and that the register is turned on 10 hours a day seven days 
per week. The two points of interest on the curves in Figure 12 will be the 25°C and the 70°C points. 

Reading Capacity Life values from Figure 12; Cl1 = 3.3 yrs., Cl2 = 3.55 yrs. 

Total Time (TT) = 8760 hrs./yr. TAl = 4672 hrs./yr. TA2 = 438 hrs./yr. 

Capacity Life;;: _________ ..:.1 ________ _ 

[(4672/8760)/3.3] +[(438/8760)/3.55] 
;;: 5.69 yrs. 

Estimating Back-up System Life 

The procedure for estimating Back-up System Life is 
simple. Pick the lower of the two numbers. In the case 
calculated in the examples, that would be 5.69 years. 

VI 
IX: 

~ .. 

20 

10 

25 

The fact is, since either mechanism, Storage Life or Ca­
pacity Consumption, can end the system's life, the end 
is marked by whichever occurs first. 

50 75 100 

Vee ON (%) 

Figure 11. Typical Capacity Consumption Life at 25"C vs. Vcc 
Duty Cycle 
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Figure 12. Current Consumption Life Over Temperature with 0% Vcc Duty Cycle 

APPLICATION NOTE: 

SINARY TO BCD, AND BCD TO BINARY 
CONVERSION 

The MK48T02/12/03/13 presents and accepts TIME­
KEEPER data in BCD format. Conversion to or from 
other formats can be executed in a single line of code, 
as the fol/owlng example BASIC program demonstrates. 
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10 REM BINARY TO BCD 
20 DEF FNA (X)=INT (Xl10)*16+X-INT (Xl10)*10 
30 REM BCD TO BINARY 
40 DEF FNB (X)=INT (X/16)*10+(XAND15) 



ABSOWTE MAXIMUM RATINGS· 

Voltage On Any Pin Relative To GND .............................................. -0.3 V to +7.0 V 
Ambient Operating (Vee On) Temperature (TA) •..•.....••••....•••..........•..••...••• O°C to +70°C 
Ambient Storage (Vee Off, Oscillator 011) Temperature ................................ -20°C to +70°C 
Total Device Power Dissipation ............................................................ 1 Watt 
Output Current Per Pin .................................................................. 20 mA 
·Stresses greater than those listed under '~bsalute 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 ather conditions beyond those indicated in the operational section of this specification Is not implied. Exposure to absolute 
maximum rating conditions for extended periods of time may affect reliability. 

RECOMMENDED DC OPERATING CONDITIONS 
(0°C,;;TA,;;70°C) 

SYM PARAMETER 

Vee Supply Voltage (MK4BT02103) 

Vee Supply Voltage (MK48T12113) 

GND Supply Voltage 

VIH Logic "1" Voltage All Inputs 

VIL Logic "0" Voltage All Inputs 

DC ELECTRICAL CHARACTERISTICS 
(0°C,;;TA ,;;+70°C) (Vec (Max) 2: Vec 2: Vee (Min)) 

SYM PARAMETER 

lee1 Average Vce Power Supply Current 

ICC2 TTL Standby Current (E = VI H) 

ICC3 CMOS Standby Current (E = Vcc-0.2 V) 

IlL Input Leakage Current (Any Input) 

IOL Output Leakage Current 

VOH Output Logic "1" Voltage (lOUT = -1.0 mAl 

VOL Output Logic "0" Voltage (lOUT = 2.1 mAl 

CAPACITANCE (T A = 25°C) 

SYM PARAMETER 

CI Capacitance on all pins (except DIQ) 

COla Capacitance on DIQ pins 

NOTES 
1. All voltages referenced to GND. 
2. Negative spikes of -1.0 volts allowed for up to 10 ns once per cycle. 
3. ICC1 measured with outputs open. 
4. Measured with Control Bits set as follows: R = 1; W, ST, KS, FT = O. 
5. Measured with GNDsVlsVCC and outputs deselected. 
6. Effective capacitance calculated from the equation C = l.6t with.6V = 3 

volts and power supply at 5.0 V. V tJ. 

7. Measured with outputs deselected. 
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MIN 

4.75 

4.50 

0 

2.2 

-0.3 

MIN 

-1 

-5 

2.4 

MAX UNITS NOTES 

5.50 V 1 

5.50 V 1 

0 V 1 

Vee + 0.3 V V 1 

O.B V 1,2 

MAX UNITS NOTES 

BO mA 3 

5 mA 4 

3 mA 4 

+1 pA 5 

+5 pA 5 

V 

0.4 V 

MAX NOTES 

7 pF 6 

10 pF 6,7 



AC TEST CONDITIONS 

Input Levels: 
Transition Times: 
Input and Output Timing 

Reference Levels 

0.6 V to 2.4 V 
5 ns 

0.8 V or 2.2 V 
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DEVICE 
UNDER 
TEST 

1.0 KG 

+5V 

100 pF 
(INCLUDING SCOPE AND JIG) 

Figure 13. Equivalent Output Load Diagram 



PACKAGE DESCRIPTION 
B Pacl(age 
24 Pin 

24 

o -------t>I 
13 

,1 ........ JE, 
:{( 

~~~~ 

~----------------D,--------------~~ 

BATTERY 

ONLY 

24 PIN 

PLASTIC 

D.I.L. 

ONLY 

, 
DIM. 

0 

Z 

A 

A2 

E, 

B 

B, 

C 

0, 

E 

eA 

e, 
L 

A, 

S 

E 

1r rr=' 

NOTES: 

11 EQUAL SPACES 
<l----- AT .100±.D10 (TNA) ---> 

1. Overall length includes .010 in. flash on either end of the package. 
2. Package standoff to be measured per JEDEC requirements. 
3. Measured from centerline to centerline at lead tips. 
4. When the solder lead finish is specified, the maximum limit shall be in­

creased by .003 in. 

A A2 

til-
~ 
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C 

eA 

INCHES 

MIN MAX NOTES 

- 1.295 

.550 .570 

.320 .380 

.300 .360 

.530 .550 

.015 .021 4 

.045 .070 

.008 .014 4 

- 1.270 1 

.530 .640 

.600 .700 3 

.090 .110 

.120 .150 

.015 .030 2 

.060 .090 

> 

~ 



ORDERING INFORMATION 

MK48T X 

DEVICE Vcc RANGE 
FAMILY 

X 

G 
FUNCTION 

B -XX 

PACKAGE SPEED 

1-22 

·12 120 NS ACCESS TIME 

·15 150 NS ACCESS TIME 

·20 200 NS ACCESS TIME 

·25 250 NS ACCESS TIME 

B PLASTIC WITH BATIERY 

TOP HAT 

2 G DON'T CARE 
ON WRITE 

3 G HIGH FOR 
WRITE 

0 +10%1-5% 
+10oM-10% 
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. :,.,. . M~I~Lf8ze.~Zr03/1~21.1'3(B)·12/15/20/25: 

.-~~-' ----.' ,2K x 8 ZEROPOWER RAM 

.' ~ MEMORY COMPONENTS 

" • , J :'.'"' "J ;" : I I ~ I" i 

FEATURES 

D Predicted worst case battery life of 11 years@70·C 
A7 1 L 0 b 24 Vee 

D Data retention in the absence of power A. 2L b 23 A, 

D Data security provided by automatic write protection As 3L :J 22 A, 

during power failure A. 4L P 21 W 
D Pin and functional compatibility with 2K x 8 Byte A. SL P 20 G 

Wide Static RAMs (MK48Z02/12) A. 6L P 19 A,. 

D Pin and function compatible with 2K x 8 EEPROMs A, 7L P 18 E 
(MK48Z03/13) 

A. 8L P 17 DQ7 

D +5 Volt only ReadlWrite DQ. 9L P 16 DQ. 

D Conventional SRAM write cycles DQ, 10 L f:l1s DQs 

D Full CMOS-440 mW active;. 5.5 mW standby DQ. 11 L P 14 DQ. 

GND 12 L P 13 DQ. 
D 24-Pin Dual in Line package, JEDEC pinouts 

D Read-cycle time equals write-cycle time 

D Low-Battery Warning 

D Two power-fail deselect trip points available 
Figure 1. Pin Connections 

MK48Z02/034.75V",VpFD ",4.50V 
PIN NAMES MK48Z12/134.50V",VpFD ",4.20V 

Au- A,. Address Inputs Vee System Power (+5 V) 

RIW E Chip Enable W Write Enable 
Part Number Access Time Cycle Time 

GND Ground G Output Enable 
MK48ZXX-12 120 ns 120 ns 

DO.-D07 Data In/Data Out 
MK48ZXX-15 150 ns 150 ns 

MK48ZXX-20 200 ns 200 ns 
TRUTH TABLE (MK48Z03/13) 

MK48ZXX-25 250 ns 250 ns 

Vee E G W MODE DQ 
TRUTH TABLE (MK48Z02/12) 

VIH X X Deselect High-Z 

Vee E G W MODE DQ <Vee (Max) VIL V,H VIL Write DIN 
>Vee (Min) VIL VIL VIH Read Dour 

VIH X X Deselect High-Z VIL VIH VIH Read High-Z 
<Vee (Max) VIL X VIL Write DIN VIL VIL VIL Read High-Z 
> Vee (Min) VIL VIL VIH Read Dour <VpFD (Min) X X X Power-Fail High-Z 

VIL VIH VIH Read High-Z 
>VSO Deselect 

<VpFD (Min) X X X Power-Fail High-Z 
sVso X X X Battery High-Z 

>Vso Deselect 
Back-up 

sVso X X X Battery High-Z 
Back-up 

ZEROPOWER'· is a trademark of Thomson Components ~ Mostek Corporation. 
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DESCRIPTION 

The MK48Z02l03l12113 is a 16,384-bit, Non-Volatile Stat­
ic RAM, organized 2K x 8 using CMOS and an integral 
Lithium energy source. The ZEROPOWER'" RAM has 
the characteristics of a CMOS static RAM, with the im­
portant added benefit of data being retained in the ab­
sence of power. Data retention current is so small that 
a miniature Lithium cell contained within the package 
provides an energy source to preserve data. Low cur­
rent drain has been attained by the use of a full CMOS 
memory cell, novel analog support circuitry, and care­
fully controlled junction leakage by an all implanted 

CMOS process. Safeguards against inadvertent data 
loss have been incorporated to maintain data integrity 
in the uncertain operating environment associated with 
power-up and power-down transients. The ZERO POW­
ER RAM can replace existing 2K x 8 static RAM, directly 
conforming to the popular Byte Wide 24-pin DIP pack­
age (JEDEC). MK48Z02/03112113 also matches the pin­
ning of 2716 EPROM and 2K x 8 EEPROM. Like other 
static RAMs, there is no limit to the number of write cy­
cles that can be performed. Since the access time, read 
cycle, and write cycle are less than 250 ns and require 
only +5 volts, no additional support Circuitry is needed 
for interface to a microprocessor. 

,-
I 
I 
I 
I 

-----------, 

1 
+ 

LITHIUM 
CELL 

I 
I 
I 

I POWER 2Kx8 

I RAM 

AO-A10 
'-r---~ 

VOLTAGE SENSE CMOS 000-007 

I SWI~~~ING PaR CELL I-0Il'--+-- E 
I CIRCUITRY iffiK I-oIIc---+-- Vii 
I L ___ t-~--'r--~I- G L _________ _ 

Figure 2. Block Diagram 
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OPERATION 

Read Mode 

The MK48Z02/03/12/13 is in the Read Mode whenever 
W (Write Enable) is high and E (Chip Enable) is low, 
providing a ripple-through access of data from eight of 
16,384 locations in the static storage array. Thus, the 
unique address specified by the 11 Address Inputs (An) 
defines which one of 2,048 bytes of data is to be 
accessed. 

Valid data will be available to the eight data Output 
Drivers within tAA after the last address input signal is 
stable, providing that the E and G access times are 
satisfied. If E or G access times are not met, data 
access will be measured from the limiting parameter 
(tCEA or tOEA)' rather than the address. The st~e of t~ 
eight Data 1/0 signals is controlled by the E and G 
control signals. The data lines may be in an indeter­
minate state between tOH and tAA, but the data lines 
will always have valid data at tAA. 

READ WRITE READ 

~---tRC---.-I ~---tRc ---.-/ ~---twc ----..! 

Figure 3. Read-Read-Wrlte Timing 

AC ELECTRICAL CHARACTERISTICS (READ CYCLE TIMING) 
(0"CsTAs70°C) (VCC (Max)~Vcc~Vcc (Min)) 

MK48ZXX-12 MK48ZXX-15 

SYM PARAMETER MIN MAX MIN MAX 

tRC Read Cycle Time 120 150 

tAA Address Access Time 120 150 

tCEA Chip Enable Access Time 120 150 

tOEA Output Enable Access Time 75 75 

tCEZ Chip Enable Hi to High-Z 30 35 

tOEZ Output Enable Hi to High-Z 30 35 

tOH Valid Data Out Hold Time 15 15 

NOTE 
1. Measured using the Output Load Diagram shown in Figure 8. 
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MK4BZXX-20 

MIN MAX 

200 

200 

200 

80 

40 

40 

15 

MK4BZXX-25 

MIN MAX UNITS NOTES 

250 ns 

250 ns 1 

250 ns 1 

90 ns 1 

50 ns 

50 ns 

15 ns 1 



WRITE MODE 

The MK48Z02/12 is in Write Mode whenever the Iii 
and E inputs are held low. The MK48Z03/13 requires 
G to be held high in addition to Iii and E being held 
low. The start of a Write is referenced to the latter 
occurring falling edge of either W or E, or the rising 
edge of G (MK48Z03/13). A Write is terminated by the 
earlier rising edge of Iii or E, or the falling edge of G 
(MK48Z03/13). The addresses must be held valid 
throughout the cycle. Iii or E must return high, or G must 
return low (MK48Z03/13) for a minimum of tWA prior to 
the initiation of another Read or Write Cycle. Data-in 
must be valid for tos prior to the End of Write and re­
main valid for tOH afterward. 

w 

Oa".Oo, 
VALID 
OUT 

WRITE 

,teEz 

Some processors thrash producing spurious Write Cy­
cles during power-up, despite application of a power­
on reset. The MK48Z03/13 allow a user to easily over­
come this problem by holding G low with the power-on 
reset signal. MK48Z02/12 users should force Iii or E 
high during power-up to protect memory after Vcc 
reaches Vcc (min) but before the processor stablizes. 

The MK48Z02/12 G input is a DON'T CARE 
in the write mode. G can be tied low and two-wire RAM 
control can be implemented. A low on Iii will disable 
the outputs tWEZ after Iii falls. Take care to avoid bus 
contention when operating with two-wire control. 

WRITE 

VALID 
IN 

READ 

VALID 
OUT 

Figure 4. Write-Write-Read Timing 

AC ELECTRICAL CHARACTERISTICS (WRITE CYCLE TIMING) 
(O°CsTAs7Q°C) (Vcc (Max);:,Vcc;:'Vcc (Min» 

MK48ZXX-12 MK48ZXX-15 

SYM PARAMETER MIN MAX MIN MAX 

twc Write Cycle Time 120 150 

tAS Address Setup Time 0 0 

tAW Address Valid to End of Write 120 150 

tCEw Chip Enable to End of Write 75 90 

tWEW Write Enable to End of Write 75 90 

tWA Write Recovery Time 10 10 

tos Data Setup Time 35 40 

tOH Data Hold Time 0 0 

tWEz Write Enable Low to High-Z 40 50 

tGEW G to End of Write 75 90 

NOTE: 
1. Applies to MK4BZ03l13 only 
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MK48ZXX-20 MK48ZXX-25 

MIN MAX MIN MAX UNITS NOTES 

200 250 ns 

0 0 ns 

200 250 ns 

120 160 ns 

120 160 ns 

10 10 ns 

60 100 ns 

0 0 ns 

60 80 ns 

120 160 ns 1 



DATA RETENTION MODE 

With Vee applied, the MK48Z02f12f03f13 operates as 
a conventional BYTEWIDE static ram. However, Vee is 
being constantly monitored. Should the supply voltage 
decay, the RAM will automatically power-fail deselect, 
write protecting itself when Vee falls within the VpFD 
(max), VpFD (min) window. The MK48Z02f03 has a 
VpFD (max) -VPFD (min) window of 4.75 volts to 4.5 volts, 
providing very high data security, particularly when all 
of the other system components are specified to 5.0 
volts plus and minus 10%. The MK48Z12f13 has a VpFD 
(max) -VPFD (min) window of 4.5 volts to 4.2 volts, al­
lowing users constrained to a 10% power supply specifi­
cation to use the device. 

Note: A mid-write cycle power failure may corrupt data 
at the current address location, but does not jeopardize 
the rest of the RAM's content. At voltages below VpFD 
(min), the user can be assured the memory will be in 
a write protected state, provided the Vee fall time does 
not exceed tF. The MK48Z02f12f03f13 may respond to 
transient noise spikes that reach into the deselect win­
dow if they should occur during the time the device is 
sampling Vee. Therefore decoupling of power supply 
lines is recommended. 

The power switching circuit connects external Vee to 
the RAM and disconnects the battery when Vee rises 
above V so. As Vee rises the battery voltage is checked. 
If the voltage is too low, an internal Battery Not OK 
(BOK) flag will be set. The BOK flag can be checked 
after power up. If the BOK flag is set, the first write 
attempted will be blocked. The flag is automatically 
cleared after first write, and normal RAM operation re­
sumes. Figure 5 illustrates how a BOK check routine 
could be structured. 

Normal RAM operation can resume tREe after Vee e~ 
ce~s VpFD (M~x). Caution should be taken to keep E 
or W high or Glow (MK48Z03f13) as Vee rises past 
VpFD (Min) as some systems may perform inadvertent 
write cycles after Vee rises but before normal system 
operation begins. 
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READ DATA 
AT ANY 

ADDRESS 

WRITE 
COMPLIMENT 

DATA BACK 
TO SAME 
ADDRESS 

READ DATA 
AT SAME 
ADDRESS 

AGAIN 

WRITE ORIGINAL 
DATA BACK TO 

SAME ADDRESS 

NOTIFY SYSTEM 
OF LOW 

BATTERY (DATA MAY 
BE CORRUPTED) 

Figure 5. Checldng the BOK Flag Status 



Vee 

VpFO (MAX)-

VpFO (MIN) -

EorW 

Figure 6. Power-Down/Power-Up Timing 

DC ELECTRICAL CHARACTERISTICS (POWER-DOWN/POWER-UP TRIP POINT VOLTAGES) 
(O°C:5T A:5 +70°C) 

SYM PARAMETER MIN TYP 

VpFD Power-fail Deselect Voltage (MK48Z02/03) 4.50 4.6 

VpFD Power-fail Deselect Voltage (MK48Z12113) 4.20 4.3 

Vso Battery Back-up Switchover Voltage 3 

AC ELECTRICAL CHARACTERISTICS (POWER-DOWN/POWER-UP TIMING) 
(O°C:5T A:5 +70°C) 

SYM PARAMETER 

tpD E or W at VIH or G at VIL before Power Down 

tF VPFD (Max) to VpFD (Min) Vee Fall Time 

tFB VpFD (Min) to Vso Vee Fall Time 

tRB Vso to VpFD (Min) Vee Rise Time 

tR VpFD (Min) to VpFD (Max) Vee Rise Time 

tREe E or W at VIH or G at VIL after Power Up 

NOTES: 
1. All voltages referenced to GND. 
2. VpFD (Max) to VpFD (Min) fall times of less tF may result in deselectlonlwrite 

protection not occurring until 50 1'5 after Vee passes VpFD (Min). VpFD 
(Max) to (Min) fall times of less than 101'5 may cause corruption of RAM data. 

3. VpFD (Min) to VSO fall times of less than tFB may cause corruption of RAM 
data. 

CAUTION 

MIN 

0 

300 

10 

1 

0 

2 

MAX 

4.75 

4.50 

MAX 

Negative undershoots below -0.3 volts are not allowed 
on any pin while in Battery Back-up mode. 
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DATA RETENTION TIME 

About Figure 7 

Figure 7 illustrates how expected MK48Z02/03/12/13 bat­
tery life is influenced by temperature. The life of the bat­
tery is controlled by temperature and is virtually 
independent of the percentage of time the 
MK48Z02/03/12/13 spends in battery back-up mode. 

Battery life predictions presented in Figure 7 are ex­
trapolated from temperature accelerated life-test data 
collected in over 100 million device hours of continu­
ing bare cell and encapsulated cell battery testing by 
Thomson - Mostek. Obviously, temperature accelerat­
ed testing cannot identify non-temperature dependent 
failure mechanisms. However, in view of the fact that 
no random cell failures have been recorded in any of 
Thomson - Mostek's ongoing battery testing since it be­
gan in 1982, we believe the likelihood of such failure 
mechanisms surfacing is extremely poor. For the pur­
pose of this testing, a cell failure is defined as the ina­
bility of a cell stabilized at 25°C to produce a 2.0 volt 
closed-circuit voltage across a 250K ohm load 
resistance. 

A Special Note: The summary presented in 
Figure 7 represents a conservative analysis of 
the data presently available. While Thomson -
Mostek is most likely in possession of the lar­
gest collection of battery life data of this kind 
in the world, the results presented should not 
be considered absolute or final; they can be ex­
pected to change as yet more data becomes 
available. We believe that future read-points of 
life tests presently under way and improvements 
in the battery technology itself will result in a 
continuing improvement of these figures. 

Two end of life curves are presented in Figure 7. They 
are labeled ''Average (t50%)" and "(t1'/,)". These terms 
relate to the probability that a given number of failures 
will have accumulated by a particular point in time. If, 
for example, expected life at 70°C is at issue, Figure 7 
indicates that a particular MK48Z02/03/12/13 has a 1% 
chance of having a battery failure 11 years into its life 
and a 50% chance of failure at the 12 year mark. Con­
versely, given a sample of devices, 1% of them can be 
expected to experience battery failure within 11 years; 
50% of them can be expected to fail within 20 years. 

The t1'/o figure represents the practical onset of wear­
out, and is therefore suitable for use in what would nor­
mally be though of as a worst-case analysis. The t50% 

figure represents "normal" or "average" life. It is, there­
fore, accurate to say that the average device will last 
"150%"· 

Battery life is defined as beginning on the dale of 
manufacture. Each MK48Z02/03/12/13 is marked with 
a four digit manufacturing date code in the form YYWW 
(Example: 8502 = 1985, week 2). 

Calculating Predicted Battery Life 

As Figure 7 indicates, the predicted life of the battery 
in the MK48Z02/03/12/13 is a function of temperature. 
The back-up current required by the memory matrix in 
the MK48Z02/03/12/13 is so low that it has negligible 
influence on battery life. 

Because predicted battery life is dependent upon ap­
plication controlled variables, only the user can estimate 
predicted battery life in a given design. As long as am­
bient temperature is held reasonably constant, expect­
ed life can be read directly from Figure 7. If the 
MK48Z02/03/12/13 spends an appreciable amount of 
time at a variety of temperatures, the following equa­
tions should be used to estimate battery life. 

Predicted Battery Life = _________ -'-1 ________ _ 

[(TA1 !TT)/B L1) 1 +[(TA2!TT)/BL21 + ... +[(TAn!TT)/BLn)1 

Where TA1, TA2, TAn = Time at Ambient Temperature 1, 2, etc. 

TT = Total Time = TA1 + TA2 + ... + TAn 

BL1, BL2, BLn = Predicted Battery Lifetime at Temp 1, Temp 2, etc. (see Figure 7). 

EXAMPLE PREDICTED BATTERY LIFE CALCULATION 

A cash registerlterminal operates in an environment 
where the MK48Z02/03/12/13 is exposed to tempera-

tures of 30°C (86'F) or less for 3066 hrs/yr; tempera­
tures greater than 25°C, but less than 40°C (104 OF), for 
5256 hrs/yr; and temperatures greater than 40°C, but 
less than 70 °C (158 OF), for the remaining 438 hrs/yr. 

Reading predicted typical life values from Figure 7; BL1 = 456 yrs., BL2 = 175 yrs., BL3 = 11.4 yrs. 

Total Time (TT) = 8760 hrs.lyr. TA1 = 3066 hrs.lyr. TA2 =5256 hrs.lyr. TA3 = 438 hrs.lyr. 

Predicted Typical Battery Life 2: __________ 1 ________ _ 

[(3066/8760)/4561 + [(5256/8760)/1751 + [(438/8760)/11.41 
2: 116.5 yrs. 
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Figure 7. MK48Z02/03112113 Predicted Battery Storage Life vs Temperature 
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ABSOLUTE MAXIMUM RATINGS· 

Voltage On Any Pin Relative To GND .............................................. -0.3 V to +7.0 V 
Ambient Operating (Vee On) Temperature (TA) ••...•••............•••..•.•••••...•••..• O°C to +70°C 
Ambient Storage (Vee Off) Temperature ............................................ -40°C to +B5°C 
Total Device Power Dissipation ............................................................ 1 Watt 
Output Current Per Pin .................................................................. 20 rnA 
·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 ather conditions above those indicated In the operational section of this specification Is not implied. Exposure to absolute 
maximum rating conditions for extended periods of time may affect reliability. 

CAUTION: Under no conditions can the ''Absolute Maximum Rating" for the voltage on any pin be exceeded since it will cause permanent damage. Specifically, 
do nol perform the "standard" continuity test on any Input or output pin, 1.0 do not force these pins below -0.3 V DC. 

RECOMMENDED DC OPERATING CONDITIONS 
(0°CsTA s70°C) 

SYM PARAMETER 

Vee Supply Voltage (MK4BZ02/03) 

Vee Supply Voltage (MK4BZ12/13) 

GND Supply Voltage 

VIH Logic "1" Voltage All Inputs 

VIL Logic "0" Voltage All Inputs 

DC ELECTRICAL CHARACTERISTICS 
(0°CsTA s+70°C) (Vee (max)~Vee~Vee (min)) 

SYM PARAMETER 

lee1 Average Vee Power Supply Current 

lee2 TTL Standby Current (E = VIH) 

lee3 CMOS Standby Current (E~Vee-0.2 V) 

IlL Input Leakage Current (Any Input) 

IOL Output Leakage Current 

VOH Output Logic "1" Voltage (lOUT = -1.0 rnA) 

VOL Output Logic "0" Voltage (lOUT = 2.1 rnA) 

CAPACITANCE (T A = 25°C) 

SYM PARAMETER 

C, Capacitance on all pins (except D/O) 

COlO Capacitance on D/O pins 

NOTES 
1. All voltages referenced to GND. 
2. Negative spikes of -1.0 volts allowed for up to 10 ns once per cycle. 
3. Icel measured with outputs open. 
4. Measured with GND.sVrsVcc and outputs deselected. 
5. Effective capacitance calculated from the equation C = lLl.t with Ll.V = 3 

volts and power supply at nominal level. Ll.V 
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MIN 

4.75 

4.50 

0 

2.2 

-0.3 

MIN 

-1 

-5 

2.4 

MAX UNITS NOTES 

5.50 V 1 

5.50 V 1 

0 V 1 

Vee + 0.3 V V 1 

O.B V 1,2 

MAX UNITS NOTES 

BO rnA 3 

3 rnA 

1 rnA 

+1 pA 4 

+5 p.A 4 

V 

0.4 V 

MAX NOTES 

7 pF 5 

10 pF 4,5 



AC TEST CONDITIONS 

Input Levels: 
Transition Times: 
Input and Output Timing 

Reference Levels 
Ambient Temperature 
Vee (MK48Z02l03) 
Vee (MK4BZ12113) 

ORDERING INFORMATION 

MK48Z x x 

0.6 V to 2.4 V 
5 ns 

0.8 V or 2.2 V 
Ooc to 70°C 
4.75 V to 5.5 V 
4.5 V to 5.5 V 

B -xx 
DEVICE Vee RANGE G PACKAGE SPEED 
FAMILY FUNCTION 
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DEVICE 
UNDER 
TEST 

+5V 

1.8 K!l 

1.0 K!l 100 pF 

(INCWDING SCOPE AND JIG) 

Figure 8. Output Load Diagram 

·12 120 NS ACCESS TIME 
·15 150 NS ACCESS TIME 

·20 200 NS ACCESS TIME 

·25 250 NS ACCESS TIME 

B PLASTle WITH BATIERY 

TOP HAT 

2 G DON'T CARE 
ON WRITE 

3 G HIGH FOR 
WRITE 

0 +10%1-501& 
+10%1-10% 



PACKAGE DESCRIPTION 
B Package 
24 Pin 

24 

S ~ 

D 

13 

D, 

BATTERY 

ONLY 

1 
E, 24 PIN 

J 
PLASTIC 

D.I.P. 

ONLY 

INCHES 

DIM. MIN MAX NOTES 

D - 1.295 

Z .550 .570 

A .320 .380 

A. .300 .360 

E, .530 .550 

B .015 .021 4 

B, .045 .070 

C .008 .014 4 

D, - 1.270 1 

E .530 .640 
eA .600 .700 3 

e, .090 .110 

L .120 .150 

A, .015 .030 2 

S .060 .090 

~--------E--------~ 

1rr,=' 
I=======--' A A. 

* t I til 
I-j ., ~,,2::-j~B I~.. eA 

I-AT .100±.010 (TNA) 

NOTES: 
1. Overall length includes .010 in. flash on either end of the package. 
2. Package standoff to be measured per JEOEC requirements. 
3. Measured from centerline to centerline at lead tips. 
4. When the solder lead finish is specified, the maximum limit shall be in­

creased by .003 in. 
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~'".': ~ M 1{48Z0B/18/'P'9/19(B,)-1' 5/2'o/;i5~:~ 
.-,~----- t. " 8K X 8 ZEROPOWER' RAM'.,:~ 

FEATURES 

o Predicted Worst Case Battery Life of 11 years @ 70"C NC 1 C 0 ::J 28 Vee 

A'2 2C ::J 27 iii 
o Data retention in the absence of power A7 3C ::J 26 NC 

A. 4C ::J 25 A. 
o Power Fail Interrupt Output (MK48Z09/19) As 5C ::J 24 A. 

o Extra data security provided by early write protec-
A. 6C ::J 23 Al1 

tion during power failure (MK48Z08/09) A. 7C MK48Z08/ ::J 22 G 
A2 8C MK48Z18 ::J 21 A'D 

o Direct replacement for volatile 8K x 8 Byte Wide A, 9C ::J 20 E 
Static RAM AD 10 C ::J 19 DQ7 

o +5 Volt only ReadlWrite 
DQD 11 C ::J 18 DQ. 

DQ, 12 C ::J 17 DQs 

o Unlimited write cycles DQ2 13 C ::J 16 DQ. 

GND 14 C ::J 15 DQ. 

o 28-Pin Dual In Line package, JEDEC pinout 

o Read-cycle time equals write-cycle time INT 1 C 0 ::J 28 Vee 

o Low-Battery Warning A'2 2C ::J 27 iii 
A7 3C ::J 26 E2 

o Two power-fail deselect trip points available A. 4C ::J 25 A. 

MK48Z0B/09: 4.75V2::VpFD 2::4.50V As 5C ::J 24 A. 
MK4BZ18/19: 4.50V2::VpFD 2::4.20V A. 6C ::J 23 Al1 

A. 7C MK48Z09/ ::J 22 G 
A. 8C MK48Z19 ::J 21 A'D 

R/W A, 9C ::J 20 E, 
Part Number Access Time Cycle Time 

AD 10 C ::J 19 DQ7 

MK48Z0BB-25 250 ns 250 ns DQD 11 C ::J 18 DQ. 

MK48Z0BB-20 200 ns 200 ns DQ, 12 C ::J 17 DQ. 

MK48Z08B-15 150 ns 150 ns 
DQ2 13 C ::J 16 DQ. 

GND 14 C ::J 15 DQ. 

MK48Z18B-25 250 ns 250 ns 

MK48Z18B-20 200 ns 200 ns 
Figure 1. Pin Connections 

MK48Z18B-15 150 ns 150 ns PIN NAMES 

MK4BZ09B-25 250 ns 250 ns 

MK48Z09B-20 200 ns 200 ns 
AD' A'2 Address Inputs Vee System Power (+5 V) 

E" E2 Chip Enable W Write Enable 
MK48Z09B-15 150 ns 150 ns 

GND Ground G Output Enable 
MK48Z19B-25 250 ns 250 ns 

MK48Z19B-20 200 ns 200 ns 
DOD - 007 Data In/Data Out INT Power Fail Interrupt Output 

MK48Z19B-15 150 ns 150 ns 
ZEROPOWER'" is a trademark of Thomson Components - Mostek Corporation 
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DESCRIPTION 

The MK48Z08/MK48Z18/MK48Z09/MK48Z19 is a 
65,536-bit, Non-Volatile Static RAM, organized 8K x 8 
using CMOS and an integral Lithium energy source. 
The ZEROPOWER'" RAM has the characteristics of a 
CMOS static RAM, with the important added benefit of 
data being retained in the absence of power. Data reten­
tion current is so small that a miniature Lithium cell con­
tained within the package provides an energy source 
to preserve data. Low current drain has been attained 
by the use of a full CMOS memory cell, novel analog 
support circuitry, and carefully controlled junction leak-

TRUTH TABLE MK48Z08118 

VCC E G W MODE DQ POWER 

<Vcc 
VIH X X Deselect High Z Standby 

(max) VIL X VIL Write DIN Active 

,>Vcc VIL VIL VIH Read DOUT Active 
(min) VIL VIH VIH Read High Z Active 

<VpFD X X X Deselect High Z CMOS 
(min) Standby 
>Vso 

:$VSO X X X Deselect High Z Battery 
Back-up 
Mode 

age by an all implanted CMOS process. Safeguards 
against inadvertent data loss have been incorporated to 
maintain data integrity in the uncertain operating environ­
ment associated with power-up and power-down tran­
sients. The ZERO POWER RAM can replace existing 8K 
x 8 static RAM, directly conforming to the popular Byte 
Wide 28-pin DIP package (JEDEC). MK48Z08118/09/19 
also matches the pinning of 2764 EPROM and 8K x 8 
EEPROMs. Like other static RAM, there is no limit to 
the number of write cycles that can be performed. Since 

-the access time, read cycle, and write cycle are less than 
250 ns and require only +5 volts, no additional support 
cirCUitry is needed for interface to a microprocessor. 

TRUTH TABLE MK48Z09/19 

VCC E1 E2 G W MODE DQ POWER 

VIH X X X Deselect High Z Standby 

<Vcc 
X VIL X X Deselect High Z Standby 

(max) VIL VIH X VIL Write DIN Active 

>Vcc 
VIL VIH VIL VIH Read DOUT Active 

(min) VIL VIH VIH VIH Read High Z Active 

<VpFD X X X X Deselect High Z CMOS 
(min) Standby 
>VSO 

:$Vso X X X X Deselect High Z Battery 
Back-up 
Mode 

I 
I 

- -----------1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
L 

f. ~ 
I 
I 

LITHIUM I 
CELL K 

POWER 8K x 8 
v"'- -" RAM 

CMOS ~ VOLTAGE SENSE POK CELL ,-v 
AND I SWITCHING BOK CIRCUITRY I 

I 

I 
------ -- - - ...J 

- -

Figure 2. Block Diagmm 
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INT (MK48Z09/19 ONLY) 

AO-A12 

DQO-DQ7 

E 
W 
G 
E2 (MK48Z09J19 ONLY) 



OPERATION 

Read Mode 

The MK48Z08/18/09/19 is in the Read Mode whenever 
Vii (Write Enable) is high, E1 (Chip Enable) is low, and 
E2 is high (MK48Z09/19), providing a ripple-through ac­
cess of data from eight of 65,536 locations in the static 
storage array. Thus, the unique address specified by the 
13 Address Inputs (An) defines which one of 8,192 bytes 
of data is to be accessed. 

Valid data will be available to the eight data Output 
Drivers within tAA after the last address input signal is 
stable, providing that the Chip Enable and G access 
times are satisfied. If Chip Enable or G access times are 
not met, data access will be measured from the limiting 
parameter (tOEA or tCEA1 or tCEA2)' rather than the ad­
dress. The state of the eight Data 1/0 signals is controlled 
by the Chip Enable and G control signals. The data lines 
may be in an indeterminate state between tOH and tAA, 
but the data lines will always have valid data at tAA. 

IRC -----------'l>l 
l=------

DO.-D07 ----..::::=-~!:....::::::~~OM OUTPUT DATA VALID 

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

Figure 3. Read Cycle 

READ CYCLE 
AC ELECTRICAL CHARACTERISTICS 
(0°C,;;TA,;;+70°C) (Vcc (min),;;Vcc';;Vcc (max)) 

SYM PARAMETER 

tRc Read Cycle Time 

tAA Address Access Time 

tCEA1 E1 Access Time 

tCEA2 E2 Access Time 

tOEA Output Enable to Output in Valid 

tCEl Chip Enable (E1' E2) to 
Output In Low-Z 

tOEl Output Enable to Output Low-Z 

tCEZ Chip Enable (E1' E2) 
Output In High-Z 

tOEZ Output Enable to Output High-Z 

tOH Output Data Hold Time 

MI<48Z){){-15 MI<48Z){){-20 

MIN MA){ MIN MAX 

150 - 200 -
- 150 - 200 

- 150 - 200 

- 150 - 200 

- 75 - 100 

10 - 10 -

5 - 5 -

- 75 - 100 

- 60 - 80 

20 - 20 -
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MI<48Z){){-25 

MIN MA){ 

250 -

- 250 

- 250 

- 250 

- 125 

15 -

10 -

- 125 

- 100 

25 -

UNITS NOTES 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



Write Mode 

The MK48Z08118109/19 is in the Write Mode whenever 
the Vii and E1 are low and E2 (MK48Z09119) is high. 
The start of a write is referenced to the latter occurring 
falling edge of Vii or E1, or the rising edge of E2 
(MK48Z09/19). A write is terminated by the earlier rising 
edge of Vii or E1 or the falling edge of E2 (MK48Z09119). 
The addresses must be held valid throughout the cycle. 
E1 or Vii must return high or E2 (MK48Z09/19) must 

DQo-DQ7 

COMMON 110 

return low for a minimum of tWR prior to the initiation of 
another read or write cycle. Data-in must be valid los prior 
to the end of write and must remain valid for tOH afterward. 

Because G is a Don't Care in Write Mode and a low 
on Vii will return the outputs to High-Z, G can be tied 
low and two-wire RAM control can be implemented. A 
low on Vii will disable the outputs tWEZ after Vii falls. 
Take care to avoid bus contention when operating with 
two-wire control. 

Figure 4. Write Cycle 1 (Vi Controlled Write) 

DQO-DQ7 
COMMON 110 

DOUT----------~--~~~~~--------++---------------------

DIN ________________ --J 

Figure 5. Write Cycle 2 (~ Controlled Write) 
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OOUT--------------~~ ~~~--------rr---------------------

0°0.0 °7 
COMMON 110 

Figure 6. Write Cycle 3 (E2 Controlled Write) 

WRITE CYCLE 
AC ELECTRICAL CHARACTERISTICS 
(OOCsTA s+70°C) (Vee (min)sVeesVee (max» 

MK48ZXX·15 

SYM PARAMETER MIN MAX 

twe Write Cycle Time 150 -
two Write Pulse Width 100 -
teEw Chip Selection to End of Write 130 -
tAS Address Set up Time 0 -
tWR Write Recovery Time 10 -
tWEZ W to Output High·Z - 75 

tos Data Setup Time 70 -
tOH Data Hold Time 5 -
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MK48ZXX·20 

MIN MAX 

200 -
150 -
180 -
0 -
10 -
- 100 

80 -
5 -

MK48ZXX·25 

MIN MAX UNITS 

250 - ns 

200 - ns 

230 - ns 

0 - ns 

10 - ns 

- 125 ns 

90 - ns 

5 - ns 

NOTES 



AC ELECTRICAL CHARACTERISTICS (POWER-OOWN/POWER-UP TIMING) 
(O°CsTA s+70°C) 

SYM PARAMETER MIN MAX 

tF VpFD (Max) to VpFD (Min) Vee Fall Time 300 

tFB VpFD (Min) to Vso Vee Fall Time 10 

tRB Vso to VpFD (Min) Vee Rise Time 1 

tR VpFD (Min) to VpFD (Max) Vee Rise Time 0 

tREe E1 or W at V1H or E2 at V1L after Power-Up 100 

tpFX INT Low to Auto Deselect 10 40 

tpFH VpFD (Max) to INT High 100 

tFB VpFD (Min) to Vso 10 

UNITS 

Jls 

Jls 

J.IS 

Jls 

Jls 

Jls 

{'s 

{'s 

DC ELECTRICAL CHARACTERISTICS (POWER-DOWN/POWER-UP TRIP POINT VOLTAGES) 
(0°CsTA s+70°C) 

SYM PARAMETER 

VpFD Power-fail Deselect Voltage (MK48Z08/09) 

VpFD Power-fail Deselect Voltage (MK48Z18/19) 

Vso Battery Back-up Switchover Voltage 

NOTES: 
1. All voltages referenced to GND. 
2. VpFD (Max) to VPFD (Min) fall times of less tF may result in deselectionlwrite 

protection not occurring until 40 pS after Vee passes VpFD (Min). VpFD 
(Max) to (Min) fall times of less than 10 P.s may cause corruption of RAM data. 

3. VPFD (Min) to VSO fall times of less than tFB may cause corruption of RAM 
data. 

4. INT may go high anytime after Vee exceeds VpFD (min) and is guaranteed 
to go high tpFH aHer Vec exceeds VpFD (max). 

MIN 

4.50 

4.20 

CAUTION 

TYP MAX 

4.6 4.75 

4.3 4.50 

3 

Negative Undershoots Below -0.3 volts are not allowed 
on any pin while in Battery Back-up mode. 
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UNITS 

V 

V 

V 

NOTES 

2 

3 

4 

NOTES 

1 

1 

1 



VpFD (MAX)-

VpFD (MIN)-

~ 
INT ~ 

(MK48Z09119 ONLY) 1:...!...------""'1f 

ALL INPUTS RECOGNIZED DON'T CARE RECOGNIZED 

1)....-------1 f---HIGH-Z------------(I (PER co~~~lgL INPUT) 
ALL VALID 

OUTPUTS (PER CONTROL INPUT) 

NOTE: 
Inputs mayor may not be recognized at this time. 
Caution should be taken to keep E1 or W in the high state or E2 low as 
Vee rises past VpFD (min). Some systems may perform inadvertant write cy­
cles after Vee rises but before normal system operation begins. Even though 
a power on reset is being applied to the processor a reset condition may not 
occur until aHer the system clock is running. 

Figure 7. Power Down/Power-Up Timing 
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Power Fall and Data Retention 

With. Vee applied, the MK48Z08118109119 operates as 
a stalic RAM. The Power-Fail Detect Circuit of the 
MK48Z08118109119 constantly monitors Vee. Because 
the reference voltage applied to the detector/compara­
tor Is stabilized over temperature, the Power-Fail Detect 
trip pOint remains within the VpFD minImax window un­
der all rated conditions. Once deselection has occurred, 
all inputs and outputs are "Don't Cares" and may have 
anywhere from -0.3 to Vee +0.3 volts applied to them 
with absolutely no effect upon the RAM. 

As Vee falls below approximately Vso volts, the power 
switching circuit connects the lithium battery to supply 
power to the RAM. 

The power switching circuit connects external Vee to 
the RAM and disconnects the battery when Vee rises 
above approximately V so volts. As Vee rises from V PFD 

(min) to VPFD (max), the battery voltage is checked. If 
the voltage is too low, an Internal Battery Not OK (BOK) 
flag will be set. 

Normal RAM operation can resume tREe after Vee 
reache!"vPFD (max). Caution should be taken to keep 
E1, or W In the high state or E2 10w as Vee rises past 
VpFD (min). Some systems may perform inadvertant 
write cycles after Vee rises but before normal system 
operation begins. 
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The BOK flag can be checked after power up. 
If the BOK flag is set, the first write attempted will 
be blocked. The flag is automatically cleared after first 
write, and normal RAM operation resumes. Figure 8 il­
lustrates how a BOK check routine could be 
structured. Note: El on the MK48Z09/19 and E on the 
MK48Z08/18 need not be active to clear the BOK Flag. 
Care should be taken not to inadvertantly clear the 
BOK Flag. 



NOTE: 

READ DATA 
AT ANY 

ADDRESS 

WRITE 
COMPLIMENT 

DATA BACK 
TO SAME 
ADDRESS 

READ DATA 
AT SAME 
ADDRESS 

AGAIN 

WRITE ORIGINAL 
DATA BACK TO 

SAME ADDRESS 

Users not concerned about data retention beyond battery end of life, need 
not to check BOK status, howev.!!!i.J!lake sura to use a dummy write cycle 
on power·up when not checking BOK to avoid losing first write cycle. 

NOTIFY SYSTEM 
OF LOW 

BATTERY (DATA MAY 
BE CORRUPTED) 

Figure B. Checking the BOK Flag Status 
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DATA RETENTION TIME 

About Figure 9 

Figure 9 illustrates how expected MK48Z08/18/09/19 bat­
tery life is influenced by temperature. The life of the bat­
tery is controlled by temperature and is virtually 
independent of the percentage of time the 
MK48Z08/18/09/19 spends in battery back-up mode. 

Battery life predictions presented in Figure 9 are extrapo­
lated from temperature accelerated life-test data collect­
ed in over 100 million device hours of continuing bare cell 
and encapsulated cell battery testing by Thomson -
Mostek. Obviously, temperature accelerated testing can­
not identify non-temperature dependent failure mechan­
isms. However, in view of the fact that no random cell 
failures have been recorded in any of Thomson - Mostek's 
ongoing battery testing since it began in 1982, we be­
lieve the likelihood of such failure mechanisms surfacing 
is extremely poor. For the purpose of this testing, a cell 
failure is defined as the inability of a cell stabilized at 25 'C 
to produce a 2.0 volt closed-circuit voltage across a 250K 
ohm load resistance. 

A Special Note: The summary presented in 
Figure 9 represents a conservative analysis 
of the data presently available. While Thom­
son - Mostek is most likely in possession of 
the largest collection of battery life data of this 
kind in the world, the results presented should 
not be considered absolute or final; they can 
be expected to change as yet more data be­
comes available. We believe that future read­
points of life tests presently under way and im­
provements in the battery technology itself will 
result in a continuing improvement of these 
figures. 

Two end of life curves are presented in Figure 9. They 
are labeled ')!\verage (t50%)" and "(t1oll,)". These terms 
relate to the probability that a given number of failures 
will have accumulated by a particular point in time. If, 
for example, expected life at 70°C is at issue, Figure 9 
indicates that a particular MK48Z08/18/09119 has a 1% 
chance of having a battery failure 11 years into its life 
and a 50% chance of failure at the 22 year mark. Con­
versely, given a sample of devices, 1% of them can be 
expected to experience battery failure within 11 years; 
50% of them can be expected to fail within 22 years. 

The t1O/0 figure represents the practical onset of wear­
out, and is therefore suitable for use in what would nor­
mally be though of as a worst-case analysis. The t50% 
figure represents "normal" or "average" life. It is, there­
fore, accurate to say that the average device will last 
"tsoOfo"· 

Battery life is defined as beginning on the date of 
manufacture. Each MK48Z08/18/09/19 is marked with 
a four digit manufacturing date code in the form YYWW 
(Example: 8502 = 1985, week 2). 

Calculating Predicted Battery Life 

As Figure 9 indicates, the predicted life of the battery 
in the MK48Z08/18/09/19 is a function of temperature. 
The back-up current required by the memory matrix in 
the MK48Z08/18/09/19 is so low that it has negligible 
influence on battery life. 

Because predicted battery life is dependent upon ap­
plication controlled variables, only the user can estimate 
predicted battery life in a given design. As long as am­
bient temperature is held reasonably constant, expect­
ed life can be read directly from Figure 9. If the 
MK48Z08/18/09!19 spends an appreciable amount of 
time at a variety of temperatures, the following equa­
tions should be used to estimate battery life. 

Predicted Battery Life = _________ .:.1 ________ _ 

[(TA11TT)/BL1)] +[(TA21TT)/BL2]"t,,·· +[(TAnITT)/BLn)] 

Where TA1, TA2, TAn = Time at Ambient Temperature 1, 2, etc. 

TI = Total Time = TA1 + TA2 + ... + TAn 

BL1, BL2, BLn = Predicted Battery Lifetime at Temp 1, Temp 2, etc. (see Figure 9). 

EXAMPLE PREDICTED BATIERY LIFE CALCULATION 

A cash register/terminal operates in an environment 
where the MK48Z08/18/09/19 is exposed to tempera-

tures of 30°C (86°F) or less for 3066 hrs/yr; tempera­
tures greater than 25 'C, but less than 40°C (104 OF), for 
5256 hrs/yr; and temperaiures greaier than 40°C, but 
less than 70°C (158°F), for the remaining 438 hrs/yr. 

Reading predicted t1% life values from Figure 9; BL1 = 456 yrs., BL2 = 175 yrs., BLs = 11.4 yrs. 

Total Time (TT) = 8760 hrs.lyr. TA1 = 3066 hrs.lyr. TA2 =5256 hrs.lyr. TAs = 438 hrs.lyr. 

Predicted Typical Battery Life ~ 1 

[(3066/8760)1456] +[(5256/8760)/175) +[(43818760)111.4) 
~ 116.5 yrs. 
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Figure 9. MK48Z08118/09/19 Predicted Battery Life vs Temperature 
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ABSOWTE MAXIMUM RATINGS' 

Total Power Dissipation ................................................................. 1.0 watt 
Output Current Per Pin .................................................................. 10 rnA 
Voltage On Any Pin Relative To GND ........................... '" ................ -0.3 V to +7.0 V 
Ambient Operating (Vee On) Temperature (TN ......................................... 0"C to +70"C 
Ambient Storage (Vee Off) Temperature ............................................ -40°C to +85"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 conditions above those indicated in the operational section of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods of time may affect reliability. 

CAUTION: Under no conditions can the ''Absolute Maximum Rating" for the voltage on any pin be exceeded since it will cause permanent damage. Specifically, 
do not perform the "standard" continuity test on any input or output pin, i.e do not force these pins below -0.3 V DC. 

RECOMMENDED DC OPERATING CONDITIONS 
(0°CsTA s70"C) 

SYM PARAMETER 

Vee Supply Voltage (MK48Z08/09) 

Vee Supply Voltage (MK48Z18/19) 

GND Supply Voltage 

VIH Logic "1" Voltage All Inputs 

VIL Logic "0" Voltage All Inputs 

DC ELECTRICAL CHARACTERISTICS 
(O°CsTAs+70°C) (Vee (min)sVeesVee (max» 

SYM PARAMETER 

lee1 Average Vee Power Supply Current 

lee2 TIL Standby Current (E1 = VIH or E2 = Vld 

ICC3 CMOS Standby Current (E1 ~Vee-0.2 V) 

IlL Input Leakage Current (Any Input) 

ILO Output Leakage Current 

VOH Output Logic "1" Voltage (lOUT = -1.0 rnA) 

VOL Output Logic "0" Voltage (lOUT = 2.1 rnA) 

CAPACITANCE (T A = 25°C) 

SYM PARAMETER 

CIN Input Capacitance 

COUT Output CapaCitance 

NOTES 
1. All voltages referenced to GND. 
2. Negative spikes of -1.0 volts allowed for up to 10 ns once per cycle. 
3. ICC1 measured with outputs open. 
4. Measured with GNDsVr~Vcc and outputs deselected. 
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MIN MAX UNITS NOTES 

4.75 5.50 V 1 

4.50 5.50 V 1 

0 0 V 1 

2.2 Vee + 0.3 V V 1 

-0.3 0.8 V 1,2 

MIN MAX UNITS NOTES 

80 rnA 3 

3 rnA 

1 rnA 

-1 +1 pA 4 

-5 +5 pA 4 

2.4 V 

0.4 V 

CONDITIONS MAX UNIT 

VIN = GND 10 pF 

VOUT = GND 10 pF 



AC TEST CONDITIONS 

Input Levels: 
Transition Times: 
Input and Output Timing 

Reference Levels 
Ambient Temperature 
VCC MK4BZOB/09 
VCC MK4BZ1B/19 

0.6 V to 2.4 V 
5 ns 

O.B Vor 2.2 V 
O°C to 70°C 
4.75 V to 5.5 V 
4.5 V to 5.5 V 

ORDERING INFORMATION 

MK4BZ x 
DEVICE VCC RANGE 
FAMILY 

x B -xx 
SPECIAL PACKAGE SPEED 

FUNCTIONS 
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DEVICE 
UNDER 
TEST 

+5V 

1.8 KO 

1.0 KO 100 pF 
(INCLUDING SCOPE 

AND JIG) 

Figure 10. Output Load Diagram 

-15 150 NS ACCESS TIME 
-20 200 NS ACCESS TIME 
-25 250 NS ACCESS TIME 

B PLASTIC WITH BATTERY 
TOP HAT 

8 SINGLE CHIP SELECT 
9 TWO CHIP SELECTS 

AND INTERRUPT OUT 

0 Vee = +10%1-5% 
1 Vee = +10%1-10"11> 



PACKAGE DESCRIPTION 
B Package 
28 Pin 

D-------+I 

~-------------D,------------~~ 
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INCHES 

DIM. MIN MAX NOTES 
BATTERY 0 - 1.495 

ONLY Z .550 .570 

A .320 .380 

A2 .300 .360 

E, .530 .550 

B .015 .021 4 

B, .045 .070 

C .008 .014 4 

28 PIN D, - 1.470 1 
PLASTIC E .530 .640 

D.I.P. eA .600 .700 3 
ONLY e, .090 .110 

L .120 .150 

A, .015 .030 2 

S .060 .090 

~-------E------~~ 

NOTES: 
1. Overall length includes .Q10 In. flash on either end of the package. 
2. Package sstandoff to be me.sured per JEDEC requirements. 
3. Mes$ured from centerline to centerline at lead tips. 
4. When the solder lead finish is specified, the maximum limit shall be in­

creased by .003 in. 
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FEATURES 

o Ideal Non-Volatile RAM with a single external Lithium 
Cell 

o Data security provided by automatic write protection 
during power failure 

o No battery drain during normal operating conditions 

o Ultra low battery drain during battery back-up 

o Data retention down to 1.B V 

o Low battery warning 

o Power fail detect signal available for memory expansion 
o Fully static Chip Enable and Output Enable facilitate bus 

control 
o High performance 

PIN CONNECTIONS 
Figure 1 

VB' 1 

N.C. 2 

A7 3 

A. 4 
As 5 

A. 6 

A3 7 

A, 8 

A, 9 

Aa 10 
DOa 11 

DO, 12 

Da, 13 

GND 14 

PIN NAMES 

Ao -AlO = Address Inputs 

000 - DQ7 = Data In/Data Out 

GND = Ground 

Vcc = Power (+5 V) 

VB = Battery Inputs 

28 Vee 

27 N.C. 

26 PF 

25 AB 

24 As 

23 W 

22 G 

21 A,a 

20 E 
19 Do.. 
18 DO. 

17 DOs 
16 DO. 
15 DQ3 

E = Chip Enable 

W = Write Enable 

G = Output Enable 

PF = Power Fail 
Detect Output 
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Part No. 

MK4BC02-15 
MK4BC02L-15 

MK4BC02-20 
MK4BC02L-20 

MK4BC02-25 

BLOCK DIAGRAM 
Figure 2 

Vee VB' 

R/W 
Access Time Cycle Time 

150 ns 150 ns 

200 ns 200 ns 

250 ns 250 ns 

0-

I 
I 

---------1 

I 
I 
I 
I 
I 
I 
I 

;L __ ~ ____ _.POWER 

VOLTAGE SENSE 
AND 

SWITCHING 
CIRCUITRY 

2Kx 8 
RAM 

CMOS 
CELL 

I 
I 
I 

DQa·D07 

t<I--~- E 14---i:--- ~ 
L _________ _ t<I--i-1 - G 

____ J 

TRUTH TABLE 

Vee E G W MODE DQ POWER 

:55.5 VIH X X Deselect High Z Standby 
volts 

VIL X VIL Write DIN Active 

~4.75 VIL VIL VIH Read DOUT Active 
volts 

VIL VIH VIH Read High Z Active 

<4.5 X X X Write HighZ CMOS 
volts Protect Standby 



DESCRIPTION 

The MK48C02!MK48C02L is a CMOS RAM with integral 
power fail support circuitry for battery backup applications. 
Thefully static RAM uses a HCMOS six transistor cell and is 
organized 2K x 8. Included in the device is a feature to 
conserve battery energy and a method' of providing data 
security during Vee transients. Battery voltage is checked 
on each power-up with the status communicated via the 
V LB pin. A precision voltage detector, nominally set at 4.60 
volts, write-protects the RAM to prevent inadvertent loss of 
data when Vee is out ottolerl!!lce. In this way, all input and 
output pins (including E and W) become "don't care". The 
device permits full functional ability of the RAM for Vee 
above 4.75 volts, provides write protection for Vee less 
than 4.50 volts, and maintains data in the absence of Vee 
with no additional support circuitry other than a primary 
cell. The current supplied by the battery during data 
retention is for junction leakage only (typically less than 5 
na) because all power-consuming circuitry is turned off. The 
low battery drain allows the use of a long life Lithium 
primary cell. 

OPERATION 

Read Mode 

The MK48C02!MK48C02L is in the Read Mode whenever 
W (Write Enable) is high and E (Chip Enable) is low, 
providing a ripple-through access of data from eight of 
16,384 locations in the static storage array. Thus, the 
unique address specified by the 11 Address Inputs (An) 
define which one of 2048 bytes of data is to be accessed. 

Valid data will be available to the eight Data Output Drivers 
within tAA after the last address input signal is stable, 
providing that the E and G (Output Enable) access times are 
satisfied. IfE or (j access times are not met, data access will 
be measured from the limiting parameter (tCEA or tOEA) 
rather than the address. The state of the eight Data I/O 
Signals is controlled by the E andG control signals. The data 
lines may be in an indeterminate state between tOH and tAA' 
but the data lines will always have valid data at tAA. 

Write Mode 

The MK48C02!MK48C02L is in the Write Mode whenever 
the iii7 andE inputs are inthe low state. The latter occurring 
falling edge of eitherW or E will determine the start of the 

Write Cycle. Therefore, tAS' two' and tCEW are referenced to 
this latter occurring edge of ~ or W. The Write Cycle is 
terminated by the earlier rising edge of E or W. The 
addresses must be held valid throughout the cycle. W must 
return to the high state for a minimum of tWR prior to the 
initiation of another cycle. If the output bus has been 
enabled {E" and G low), then W will disable the outputs in 
tWEZ from its falling edge; however care must be taken to 
avoid a potential bus cont~ntion. Data-In must be valid tos 
prior to the rising edge of E or Wand must remain valid for 
tOH after the riSing edge of E or W. 

Data Retention Mode 

In the normal mode of operation, the MK48C02! 
MK48C02L operates as a static RAM. However, Vee is 
being constantly monitored. Should the supply voltage 
decay, the RAM will automatically write-protect itself in the 
Vee range between 4.75 and 4.50 volts as long as the slew 
!:me (1j) specification is satisfied. The open collector output, 
Ef, will go low when the RAM is write-protected. By holding 
E or W above V1H for a minimum of tpo before power-down, 
incomplete write cycles to the RAM will be avoided. Once 
Vee falls below 4.50 volts, all inputs to the RAM become 
"don't care" and may be as high as 5.50 volts. 

As Vee falls below approximately 3.0 volts, the power 
switching circuit connects the external energy source to 
supply power to the RAM. In the Data Retention mode, the 
current drain on the energy source will be less than IBAT 
max. 

This redundant battery scheme has been provided to 
enhance data retention reliability. If only one battery is used, 
VB, and VB2 should be connected together. 

When Vee rises above approximately 3.0 volts, the power 
switching circuit connects external Vee to the RAM and 
disconnects the external energy source. As Vec rises from a 
4.50 to 4.75 volts, the external energy source is checked. If 
the voltage is belowVLB, a BOK (Battery OK) flag will be set. 
Normal RAM operation can resume tREC after V ce exceed~ 
4.?§. volts. Whenever Vee is between 4.50 and 4.75 volts, E 
or W must be in the high state to prevent inadvertant write 
cycles. The BOK flag can be checked on the first write cycle 
after a power-up. This write cycle will not be executed if 
either battery is below V LB' 
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ABSOLUTE MAXIMUM RATINGS' 
Voltage on any pi n relative to V ss ............................................................ -0.3 V to +7.0 V 
Operating Temperature T A (Ambient) ..••..••......•............•....••..•............•..•....... O°C to + 70°C 
Storage Temperature (Ambient) .•.......................••••...•..•••..•.......•............. -55°C to +125°C 
Power Dissipation ..................••..••......•....•.............•...........•...••.••...........• 1 Watt 
Output Current .•...•..........................•......•..................•...•.........•••..•....... 20 mA 
·Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated in the operational section of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods of time may affect reliability. 

RECOMMENDED DC OPERATING CONDITIONS 
(O°C:5 TA :5 + 70°C) 

SYM PARAMETER 

Vcc Supply Voltage 

GND Supply Voltage 

VIH Logic "'" Voltage All Inputs 

VIL Logic "0" Voltage All Inputs 

VB Battery Voltage 

VLB Low Battery Warning (lLOAD = 10"A) 

l:.VB Battery Switch Differential Voltage 

DC ELECTRICAL CHARACTERISTICS 
(O°C :5 T A :5 + 70°C) (V cc = 5.0 volts + 10% - 5%) 

SYM PARAMETER 

ICCl Average Vcc Power Supply Current 

ICC2 TTL Standby Current (E = VIH) 

ICC3 CMOS Standby Current (E ;::: Vcc - 0.2 V) 

IlL Input Leakage Current (Any Input) 

IOL Output Leakage Current 

VOH Output LogiC "1" Voltage (lOUT = -1.0 mAl 

VOL Output Logic "0" Voltage (lOUT = 2.1 mAl 

VpFL PF Logic "0" Voltage lOUT = 50 !LA 

IBAT Battery Back-Up Current 1 MK48C02L 
VB = 3.5V. Vcc =ov I MK48C02 

ICHG Battery Charging Current 
VB = 1.8 V. Vcc = 5.5 V 
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MIN MAX UNITS NOTES 

4.75 5.50 V , 
0 0 V , 

2.2 Vcc + 0.5 V V 1 

-0.3 0.8 V 1.6 

1.8 3.5 V 1.7 

1.8 2.4 V 1 

0.7 V 

MIN MAX UNITS NOTES 

80 mA 5 

3 mA 

, mA 

-1 +1 !LA 2 

-5 +5 !LA 2 

2.4 V 

0.4 V 

0.4 V 

1 !LA 
50 !LA 

-5 +5 na 



AC ELECTRICAL CHARACTERISTICS 
(O°C :5TA :5 +70°C) (Vcc = 5.0 V + 10% - 5%) 

MK4BC02-15 MK4BC02-20 MK4BC02-25 
MK4BC02L-1S MK4BC02L-20 

SYM PARAMETER MIN MAX MIN MAX MIN MAX UNITS NOTES 

tRC Read Cycle Time 150 200 250 ns 

tAA Address Access Time 150 200 250 ns 3 

tCEA Chip Enable Access Time 150 200 250 ns 3 

tcEZ Chip Enable Data Off Time 35 40 50 ns 

tOEA Output Enable Access Time 70 80 90 ns 3 

tOEZ Output Enable Data Off Time 35 40 50 ns 

tOH Output Hold from Address 15 15 15 ns 
Change 

twc Write Cycle Time 150 200 250 ns 

tAS Address Setup Time 0 0 0 ns 

tCEW Chip Enable to End of Write 90 120 160 ns 

tAW Address Valid to End of Write 120 140 180 ns 

two Write Pulse Width 90 120 160 ns 

tWR Write Recovery Time 10 10 10 ns 

tWEZ Write Enable Data Off Time 50 60 80 ns 

tos Data Setup Time 40 60 100 ns 

tOH Data Hold Time 0 0 0 ns 

SYM PARAMETER MAX NOTES 

C, Capacitance on all pins (except D/O) 7 pF 8 

COla Capacitance on D/O pins 10 pF 4.9 

NOTES: OUTPUT LOAD DIAGRAM 
1. All voltages referenced to GND. 
2. Measured with GNO::; VI:S Vee and outputs deselected. 

Figure 3 5V 
3. Measured with load as shown in Figure 3. 
4. Output buffer is deselected. 
5. ICC, measured with outputs open. 
6. Negative spikes of -1.0 volts allowed for up to 10 ns once per cycle. 
7. Battery voltages below VB min may allow loss of data. 
B. Effectivecapacitancecalculated from the equation C = lAt. with AV = 3volts 

and power supply at nominal level. W D.U.T --__<:>-"---Q 

100 pF 
AC TEST CONDITIONS (INCLUDING SCOPE AND JIG) 

Input Levels: 0.6 V to 2.4 V 
Transition Times: 5 ns 
Input and Output Timing 

Reference Levels: 0.8 V or 2.2 V 
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TIMING DIAGRAM 
Figure 4 

~ 

READ tRC 

-etcEAi 

DQo·D~ ------..(1 

TIMING DIAGRAM 
Figure 5 

READ tRC 

)( 

-tAAi 

WRITE twc 

4. r- tAS lwR11 
I 

tAW ~I 

READ 

-
G 

---...:......../~-----.,...--~ __ !....--I -l"a t 
-
W 

Da..D~ OUT 
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POWER-DOWN. POWER-UP CONDITIONS 
Figure 6 

Vcc-----~ 

4.50V- -

3.0V- -
I 

£l~--
tRB h'- _ 

E:~~L~___oJ--il--l ~~.~~ 
''''''''''"--, _ $ r-

lEAKAGE CURRENT ____________ -J~------------~1 )~------~~ ___________ _ 
IBAT SUPPLIED FROM -
VB' OR VB2 

POWER-DOWN/POWER-UP TIMING 
(O°C :5 T A :5 + 70°C) 

SYM PARAMETER 

tpD E or W at VIH before Power Down 

tF Vee slew from 4.75 V to 4.50 V (E or W at VIH) 

tFB Vee slew from 4.50 to 3.0 V 

tRB Vee slew from 3.0 V to 4.50 V 

tR Vee slew from 4.50 to 4.75 V (E or W at VIH) 

tREe E or W at VIH after Power Up 

tpFF PF at logic '0' (Vee :5 4.50 V) 

tpFR PF at logic '1' (Vee;::: 4.75 V) 

NOTES: 
1. PF starts to go low when Vee < 4.75 V. It is guaranteed to be at a logic '0' 

when Vee ~ 4.50 V. 

2. Measured with load Vce = 4.75 V 

Pin 26 -1S7K n 
D.U.T. 

10pF 

MIN MAX UNITS NOTES 

0 IlS 

300 IlS 

10 IlS 

1 IlS 

0 IlS 

2 ms 

0 ns 1,2 

2 ms 2 

WARNING: Under no circumstances are negative 
undershoots, of any amplitude, allowed when device is 
in battery backup mode. 
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ORDERING INFORMATION 

PART NO. ACCESS TIME PACKAGE TYPE TEMPERATURE RANGE 

MK48C02N·15 150 ns Plastic 0° to 70°C 

MK48C02LN-15 150 ns Plastic 0° to 70°C 

MK48C02N-20 200 ns Plastic 0° to 70°C 

MK48C02LN-20 200 ns Plastic 0° to 70°C 

MK48C02N-25 250 ns Plastic 0° to 70°C 
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M 1{450 1 (N)-65 * /80/10/12/15/20 

512 x 9 CMOS BiPORT FIFO 

MEMORY COMPONENTS 

FEATURES 

D First-In, First-Out Memory Based Architecture 

D Flexible 512 x 9 organization W 1 C • P 28 Vee 

D8 2C P 27 D4 

D Low Power HCMOS technology D3 3C P 26 D5 

D2 4C P 25 D6 
D Asynchronous and simultaneous read/write Dl 5C P 24 D7 

D Bidirectional applications 
DO 6C P 23 FLiRT 
Xi 7C MK4501 P 22 RS 

FF 8C P21 
-

D Fully expandable by word width or depth EF 

QO 9C P 20 xo 
D Empty and full warning flags Ql 10 C P 19 Q7 

Q2 11 C P 18 Q6 
D Retransmit capability Q3 12 C P 17 Q5 

D High performance Q8 13 C P 16 Q4 

GND 14 C P 15 R 

R/W 
Part No. Access Time Cycle Time 

MK4501-65 65 ns 80 ns 
Figure 1. Pin Connections 

MK4501-80 80 ns 100 ns 
PIN NAMES 

MK4501-10 100 ns 120 ns 

MK4501-12 120 ns 140 ns W = Write Xi = Expansion In 
MK4501-15 150 ns 175 ns R = Read XO = Expansion Out 

MK4501-20 200 ns 235 ns RS = Reset FF = Full Flag 
FURT = First Load/ EF = Empty Flag 

Retransmit Vee = 5 Volts 
DESCRIPTION D = Data In GND= Ground 

The MK4501 is a member of the BiPORT'" Memory Q = Data Out 

Series, which utilizes special two-port cell techniques. 
Specifically, this device implements a First·ln, First·Out 
algorithm, featuring asynchronous read/write opera-
tions, full and empty flags, and unlimited expansion 
capability in both word size and depth. The main appli-
cation of the MK4501 is as a rate buffer, sourcing and 
absorbing data at different rates, (e.g., interfacing fast data is approximately one load cycle (write). Since the 
processors and slow peripherals). The full and empty writes and reads are internally sequential, thereby re-
flags are provided to prevent data overflow and under- quiring no address information, the pinout definition will 
flow. The data is loaded and emptied on a First-In, First- serve this and future high-density devices. The ninth 
Out (FIFO) basis, and the latency for the retrieval of bit is provided to support control or parity functions. 

BiPORT is a trademark of Mostek Corporation • 
• The MK4S01N-65 specifications are preliminary. 
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FUNCTIONAL DESCRIPTION 

Unlike conventional shift register based FIFOs, the 
MK4501 employs a memory-based architecture wherein 
a byte written into the device does not "ripple-through." 
Instead, a byte written into the MK4501 is stored at a 
specific location, where it remains until over-written. The 
byte can be read and re-read as often as desired. 

Twin address pOinters (ring counters) automatically 
generate the addresses required for each write and read 
operation. The empty/full flag circuit prevents illogical 
operations, such as reading un-written bytes (reading 
while empty) or over-writing un-read bytes (writing while 
full). Once a byte stored at a given address has been 
read, it can be over-written. 

Address pointers automatically loop back to address 
zero after reaching address 511. The empty/full status 
of the FIFO is therefore a function of the distance 

9 
- D. 

• 

between the pOinters, not of their absolute location. As 
long as the pointers do not catch one another, the FIFO 
can be written and read continuously without ever 
becoming full or empty. 

Resetting the FIFO simply resets the address pOinters 
to address zero. Pulsing retransmit resets the read ad­
dress pointer without affecting the write address pointer. 

With conventional FIFOs, implementation of a larger 
FIFO is accomplished by cascading the individual FI­
FOs. The penalty of cascading is often unacceptable 
ripple-through delays. The 4501 allows implementation 
of very large FIFOs with no timing penalties. The 
memory-based architecture of the MK4501 allows con­
necting the read, write, data in, and data out lines of 
the MK4501s in parallel. The write and read control cir­
cuits of the individual FIFOs are then automatically ena­
bled and disabled through the expansion-in and 
expansion-out pins as appropriate (see the Expansion 
Timing section for a more complete discussion). 

9 
~ 

QD-

I 
INPUT I OUTPUT 

BUFFER BUFFER --
WRITE ... WRITE ~ ADDRESS 

CONTROL POINTER 
w 

j j 

512 X 9 

~ ~ BIPORT" 
MEMORY ARRAY 

---FLAG LOGIC 

EXPANSION LOGIC 

I I 

~I """,,,,,,,,.,, \"" LOGIC 

Figure 2. MK4501 Block Diagram 
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WRITE MODE 

The MK4501 initiates a Write Cycle (see Figure 3) on 
the falling edge of the Write Enable control input (iN), 
provided that the Full Flag (FF) is not asserted. Data 
set-up and hold-time requirements must be satisfied 
with respect to the rising edge of W. The data is stored 
sequentially and independent of any ongoing Read 
operations. FF is asserted during the last valid write 

LAST VALID 
WRITE 

INVALID 
WRITE 

as the MK4501 becomes full. Write operations begun 
with FF low are inhibited. FF will go hightRFF after 
completion of a valid READ operation. Writes beginning 
tFFw after FF goes high are valid. Writes beginning 
after FF goes low and more than tWPI before FF goes 
high are invalid (ignored). Writes beginning less than 
tWPI before FF goes high and less than tFFW later may 
or may not occur (be valid), depending on internal flag 
status. 

IN DETERMINANT 
WRITE 

FIRST VALID 
WRITE 

Figure 3. Write and Full Flag Timing 

AC ELECTRICAL CHARACTERISTICS 
(O°CSTAS +70°C) (Vee = +5.0 volts ± 10%) 

4501-65 4501-80 

SYM PARAMETER MIN MAX MIN MAX 

twe Write Cycle Time 80 100 

twpw Write Pulse Width 65 80 

tWR Write Recovery Time 15 20 

tDS Data Set Up Time 20 25 

tDH Data Hold Time 10 10 

tWFF W Low to FF Low 60 75 

tFFw FF High to Valid 
Write 10 10 

tRFF R High to FF High 60 75 

tWPI Write Protect 
Indeterminant 35 35 

4501-10 

MIN MAX 

120 

100 

20 

35 

10 

95 

10 

95 

35 
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4501-12 4501-15 4501-20 

MIN MAX MIN MAX MIN MAX UNITS NOTES 

140 175 235 ns 

120 150 200 ns 1 

20 25 35 ns 

40 50 65 ns 

10 10 10 ns 

115 145 195 ns 2 

10 10 10 ns 2 

110 140 190 ns 2 

35 35 35 ns 2 



READ MODE 

The MK4501 initiates a Read Cycle (see Figure 4) on 
the falling edge of Read Enable control input fA), 
provided that the Empty Flag (EF) is not asserted. In 
the Read mode of operation, the MK4501 provides a 
fast access to data from 9 of 4608 locations in the stat­
ic storage array. The data is accessed on a FIFO basis 
independent of any ongoing WRITE operations. After R 
goes high, data outputs will return to a high impedance 
condition until the next Read operation. 

w 

INVALID INDETERMINANT 
READ READ 

\ / '- __ .J 

In the event that all data has been read from the FIFO, 
the EF will go low, and further Read operations will be 
inhibited (the data outputs will remain in high im­
pedance). EF will go high tWEF after completion of a 
valid Write operation. Reads beginning tEFR after EF 
goes high are valid. Reads begun after EF goes low 
and more than tRPI before EF goes high are invalid 
(ignored). Reads beginning less than tRPI before EF 
goes high and less than tEFR later mayor may not 
occur (be valid) depending on internal flag status. 

EMPTY 

Figure 4. Read and Empty Flag Timing 

AC ELECTRICAL CHARACTERISTICS 
(O·CSTAS +70·C) (Vcc = +5.0 volts ± 10%) 

4501-65 4501-80 

SYM PARAMETER MIN MAX MIN MAX 

tRC Read Cycle Time 80 100 

tA Access Time 65 80 

tRR Read Recovery Time 15 20 

tRPW Read Pulse Width 65 80 

tRL R Low to Low Z 20 20 

tov Data Valid from R 
High 5 5 

tRHZ R High to High Z 25 25 

tREF R Low to EF Low 60 75 

tEFR EF High to Valid 
Read 10 10 

tWEF W High to EF High 60 75 

tRPI Read Protect 
Indeterminant 35 35 

4501·10 

MIN MAX 

120 

100 

20 

100 

20 

5 

25 

95 

10 

95 

35 
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4501·12 4501·15 4501·20 

MIN MAX MIN MAX MIN MAX UNITS NOTES 

140 175 235 ns 

120 150 200 ns 2 

20 25 35 ns 

120 150 200 ns 1 

20 25 25 ns 2 

5 5 5 ns 2 

35 50 60 ns 2 

115 145 195 ns 2 

10 10 10 ns 2 

110 140 190 ns 2 

35 35 35 ns 2 



RESET 

The MK4501 is reset (see Figure 5) whenever the Reset 
pin (RS) is in the low state. During a Reset, both the 
internal read and write pointers are set to the first loca­
tion. Reset is required after power up, before a Write 
operation can begin. 

Although neither IN or R need be high when RS goes 
low, both IN and R must be high tRSS before RS goes 
high, and must remain high tRSR afterwards. Refer to 
the following discussion for the required state of FLIRT 
and XI during Reset. 

I.----------tnsc ------------t .. ~1 

~-tns-~l 

RS~ I I 
!oQ,..------tnss .. I", tnsnj 

w~ 1 L 
I 1<1--1 ~ - tnss----4 I 

NOTE 
EF and 'F'f! may change status during Reset, 
but flags will be valid at tASe' 

Figure 5. Reset 

AC ELECTRICAL CHARACTERISTICS 
(O°CSTAS +70°C) (Vee = +5.0 volts ± 10%) 

4501-65 4501-80 

SYM PARAMETER MIN MAX MIN MAX 

tRse Reset Cycle Time 80 100 

tRS Reset Pulse Width 65 80 

tRSR Reset Recovery Time 15 20 

tRSS Reset Set Up Time 45 60 

4501-10 

MIN MAX 

120 

100 

20 

80 

1-61 

4501-12 4501-15 4501-20 

MIN MAX MIN MAX MIN MAX 

140 175 235 

120 150 200 

20 25 35 

100 130 180 

UNITS NOTES 

ns 

ns 1 

ns 

ns 



RETRANSMIT 

The MK4501 can be made to retransmit (re-read previ­
ously read data) after the Retransmit pin (RT) is pulsed 
low. (See Figure 6). 

A Retransmit operation sets the internal read pointer 
to the first physical location in the array, but will not 
affect the position of the write pointer. R must be inactive 

.. 

AT 

NOTE 
rJ! and ff may change status during Retransmit, 
but flags will be valid at tATe. 

tATe 

tAT 

tRTS before RT goes high, and must remain high for 
tRTR afterwards. 

The Retransmit function is particularly useful when 
blocks of less than 512 Writes are performed between 
Resets. The Retransmit feature is not compatible with 
Depth Expansion. 

• '1 

FLAG VALID 

Figure 6. Retransmit 

AC ELECTRICAL CHARACTERISTICS 
(O°C,;;TA';; +70°C) (VCC = +5.0 volts ± 10%) 

4501-65 4501-80 

SYM PARAMETER MIN MAX MIN MAX 

tRTC Retransmit Cycle 
Time 80 100 

tRT Retransmit Pulse 
Width 65 80 

tRTR Retransmit Recovery 
Time 15 20 

tRTS Retransmit Setup 
Time 45 60 

4501-10 

MIN MAX 

120 

100 

20 

80 
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4501-12 4501-15 4501-20 

MIN MAX MIN MAX MIN MAX UNITS NOTES 

140 175 235 ns 

120 150 200 ns 1 

20 25 35 ns 

100 130 180 ns 



SINGLE DEVICE CONFIGURATION 

A single MK4501 may be used when application re­
quirements are for 512 words or less. The MK4501 is 
placed in Single Device Configuration mode when the 
chip is Reset with the Expansion In pin (Xi) grounded 
(see Figure 7). 

WIDTH EXPANSION 

Word width may be increased simply by connecting the 
corresponding input control signals of multiple devices. 
Status Flags (EF and FF) can be detected from any 
one device. Figure 8 demonstrates an 18-bit word width 
by using two MK4501s. Any word width can be attained 
by adding additional MK4501s. 

EXPANSION OUT 

t 
WRITE IW) 

-
IR) READ 

9 ~ 9, JI. 

/ 4 / 
IFF) V 

5 
0 - y 

FULL FLAG , IEF) EMPTY FLAG 

DATA IN DATA OUT 

RESET IRs) (AT) RETRANSMIT 

EXPANSION IN I xi) J.. 

Figure 7. A Single 512 X 9 FIFO Configuration 

(XO) EXPANSION OUT 

DATA IN 

WRITE ----""-'---1:>1.- 4- - r------I:~ 
(R) READ 

FULL FLAG (FF) g --:-- (EF) EMPTY FLAG 

NOTE 

!lESET_->.:.(R",S:.L) _-1:001_ -'- --1--------1>1 0 

f4-g:--------l - - L_ 

EXPANSION IN (Xi) 

Flag detection Is accomplished by monitoring the FF and EF signals on either 
(any) device used in the width expansion configuration. Do not connect flag 
output signals together. 

(AT) RETRANSMIT 

DATA OUT 

Figure 8. A 512 X 18 FIFO Configuration (Width Expansion) 
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DEPTH EXPANSION (DAISY CHAIN) 

The MK4501 can easily be adapted to applications 
when the requirements are for greater than 512 words. 
Figure 9 demonstrates Depth Expansion using three 
MK4501s. Any depth can be attained by adding addi­
tional MK4501s. 

External logic is needed to generate a composite Full 
Flag and Empty Flag. This requires the ORing of all 
EFs and the ORing of all FFs (i.e., all must be set to 
generate the correct composite FF or EF). 

iN 

DATA IN 

FF 

9 4 
5 
0 

RS 
, 

XO 

XI 

XO 

XI 

XO 

XI 

The MK4501 operates in the Depth Expansion config­
uration after the chip is Reset under the below listed 
conditions. 

1. The first device must be designated by grounding 
the First Load pin (FL). The Retransmit function is 
not allowed in the Depth Expansion Mode. 

2. All other devices must have FL in the high state. 

3. The Expansion Out (XO) pin of each device must 
be tied to the Expansion In (Xi) pin of the next device. 

Ii 

DATA OUT 

Vee 

EF 

-

Figure 9. A 1536 x 9 FIFO Configuration (Depth Expansion) 
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EXPANSION TIMING 

Figures 10 and 11 illustrate the timing of the Expansion 
Out and Expansion In signals. Discussion of Expansion 
Out/Expansion In timing is provided to clarify how Depth 
Expansion works. Inasmuch as Expansion Out pins are 
generally connected only to Expansion In pins, the user 
need not be concerned with actual timing in a normal 
Depth Expanded application unless extreme 
propagation delays exist between the xo/Xi pin pairs. 

WRITE TO 
LAST PHYSICAL 

LOCATION 

Expansion Out pulses are the image of the WRITE and 
READ signals that cause them; delayed in time by tXOL 
and tXOH. The Expansion Out signal is propagated 
when the last physical location in the memory array is 
written and again when it is read (Last Read). This is 
in contrast to when the Full and Empty Flags are acti­
vated, which is in response to writing and reading a last 
available location. 

I 

READ FROM 
LAST PHYSICAL 

LOCATION 

Figure 10. Expansion Out Timing 

AC ELECTRICAL CHARACTERISTICS 
(O°C:s;TA:S; +70°C) (Vee = +5.0 volts ± 10%) 

4501-65 4501-80 

SYM PARAMETER MIN MAX MIN MAX 

tXOL Expansion Out Low 55 70 

tXOH Expansion Out High 60 80 

4501-10 

MIN MAX 

75 

90 

1-65 

4501-12 4501-15 4501-20 

MIN MAX MIN MAX MIN MAX UNITS NOTES 

90 115 150 ns 

100 125 155 ns 



When in Depth Expansion mode, a given MK4501 will 
begin writing and reading as soon as valid WRITE and 
READ signals begin, provided FL was grounded at 
RESET time. A MK4501 in Depth Expansion mode with 
FL high at RESET will not begin writing until after an 
Expansion In pulse occurs. It will not begin reading until 

a second Expansion In pulse occurs and the Empty 
Flag has gone high. Expansion In pulses must occur 
tXIS before the WRITE and READ signals they are in· 
tended to enable. Minimum Expansion In pulse width, 
tXl ' and recovery time, tXIR ' must be observed. 

» _{_IXI ----Jt,..---~.=1 _ ___J/~ 
I-ixis WRITE TO [ 

w 

FIRST PHYSICAL 
LOCATION 

Figure 11. expansion In Timing 

AC ELECTRICAL CHARACTERISTICS 
(O·CsTAS +70·C) (Vee = +5.0 volts ± 10%) 

4501·65 4501·80 

SYM PARAMETER MIN MAX MIN MAX 

tXI Expansion In 
Pulse Width 60 75 

tXIR Expansion In 
Recovery Time 15 20 

tXIS Expansion In 
Setup Time 25 30 

4501·10 4501·12 

MIN MAX MIN MAX 

95 115 

20 20 

45 50 
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READ FROM­
FIRST PHYSICAL 

LOCATION 

4501-15 4501·20 

MIN MAX MIN MAX 

145 195 

25 35 

60 85 

UNITS NOTES 

ns 1 

ns 

ns 



COMPOUND EXPANSION 

The two expansion techiques described above can be 
applied together in a straight forward manner to achieve 
large FIFO arrays (see Figure 12). 

BIDIRECTIONAL APPLICATIONS 

Applications, which require data buffering between two 

oo·as 

aO·OB 

R.W.As 

OO·ON 
09-0N 

NOTES 

systems (each system capable of READ and WRITE 
operations), can be achieved by pairing MK4501s, as 
shown in Figure 13. Care must be taken to assure that 
the appropriate flag is monitored by each system. (Le., 
FF is monitored on the device where IN is used; EF 
is monitored on the device where R is used.) Both 
Depth Expansion and Width Expansion may be used 
in this mode. 

00·017 

09·017 

01B-ON 

OO·ON 

O(N·B)·ON 

MK4501 
DEPTH EXPANSION 

BLOCK 

1. For depth expansion block seB DEPTH EXPANSION Section and Figure 9. 
2. For Flag operation see WIDTH EXPANSION Section and Figure B. 

Figure 12. Compound FIFO Expansion 

WA R. 
4 

FFA 5 EF. 

° 1 
o O.B\ O.O·B 
!--...,/ 

V 

A 

SYSTEM A - - - - - - - - - - - - - - SYSTEM B 

~ 

A 
°AO·B 

4 0.0'8 

5 , 
RA ° W. 1 

EF; FF. 

Figure 13. Bidirectional FIFO Application 
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ABSOWTE MAXIMUM ~ATINGS· 
Voltage on any pin relative to GND ................................................ -0.5 V to + 7.0 V 
Operating Temperature TA (Ambient) ................................................ O°C to + 70°C 
Storage Temperature ........................................................... -55OC to + 125°C 
Total Device Power Dissipation ............................................................ 1 Watt 
Output Current per Pin .................................................................. 20 mA 
·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 any other conditions above those indicated in the operational sections of this specification, is not implied. Exposure to absolute maximum 
ratings for extended periods may affect device reliability. 

RECOMMENDED DC OPERATING CONDITIONS 
(O°C s TA S +70°C) 

SYM PARAMETER 

Vcc Supply Voltage 

GND Ground 

VIH Logic "1" Voltage All Inputs 

VIL Logic "0" Voltage All Inputs 

DC ELECTRICAL CHARACTERISTICS 
(0°CsTAs+70°C) (Vcc = 5.0 volts ± 10%) 

SYM PARAMETER 

IlL Input Leakage Current (Any Input) 

IOL Output Leakage Current 

MIN 

4.5 

0 

2.0 

-0.3 

VOH Output Logic "1" Voltage lOUT = -1 mA 

VOL Output Logic "0" Voltage louT = 4 mA 

ICCl Average Vcc Power Supply Current 

Icc2 
Average Standby Current 
(R" = W = RS = FURT = VIH) 

TYP MAX UNITS 

5.0 5.5 V 

0 0 V 

Vcc + 1 V 

0.8 V 

MIN MAX UNITS 

-1 1 pA 

-10 10 pA 

2.4 V 

0.4 V 

80 mA 

8 mA 

ICC3 Power Down Current (All Inputs ;;" Vce -0.2 V) 500 pA 

AC ELECTRICAL CHARACTERISTICS 
(T A = 25°C, f = 1.0 MHz) 

SYM PARAMETER 

CI Capacitance on Input Pins 

Co Capacitance on Output Pins 

NOTES 
1. Pulse widths less than minimum values are not allowed. 
2. Measured using output load shown In Output load Diagram. 
3. All voltages are referenced to ground. 
4. -1.5 volt undershoots are allowed for 10 ns once per cycle. 

TYP MAX 

7 pF 

12 pF 

5. Measured with 0.4::::;VINsVCC. 

6. Fi"VIH' O.4"VOUT"VCC· 
7. ICC measurements are made with outputs open. 
8. With output buffer deselected. 
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DEVICE 
UNDER 
TEST 

680 n 

AC TEST CONDITIONS: 
Input Levels 
Transition Times. 

.............................................................. GND to 3.0 V 

Input Signal Timing Reference Level 
Output Signal Timing Reference Level. 
Ambient Temperature. 

Vee· 

. ................ 5 ns 
......... 1.5 V 

.. 0.8 V and 2.2 V 
.. .............. o'e to 70'C 

....................... 5.0 V ± 100/0 

SV 

~ 

- '-

Figure 14. Output Load 

NOTES 

1. OVERALL LENGTH INCLUDES .010 IN. 
FLASH ON EITHER END OF THE PACKAGE. 

2. PACKAGE STANDOFF TO BE MEASURED 
PER JEOEC REQUIREMENTS. 

3. THE MAXIMUM LIMIT SHALL BE 
INCREASED BY .003 IN. WHEN 
SOLDER LEAD FINISH IS SPECIFIED. 

1.1 KIl 

30 pF 

DIM 

A 
AI 
A2 
B 

Bl 
C 
0 

01 
E 

El 
el 
eA 
L 

Figure 15. MK4501 Plastic (N type) Duai-in-Line, 28 pins 
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INCHES 
NOTES 

MIN MAX 
- .210 2 

.015 - 2 

.140 .160 

.015 .021 3 

.050 .070 

.008 .012 3 
1.440 1.470 1 
.065 .085 
.600 .625 
.530 .560 
.090 .110 
.600 .700 
.120 -



ORDERING INFORMATION 

PART NO. ACCESS TIME 
R/W CYCLE 

CLOCK FREQ. PACKAGE TYPE 
TEMPERATURE 

TIME RANGE 

MK4501N-65 65 ns 80 ns 12.5 MHz 28 Pin Plastic DIP 0° to ?Ooe 

MK4501N-80 80 ns 100 ns 10.0 MHz 28 Pin Plastic DIP 0° to ?Ooe 

MK4501N-10 100 ns 120 ns 8.3 MHz 28 Pin Plastic DIP 0° to 70°C 

MK4501N-12 120 ns 140 ns 7.1 MHz 28 Pin Plastic DIP 0° to 70°C 

MK4501N-15 150 ns 175 ns 5.7 MHz 28 Pin Plastic DIP 0° to 70°C 

MK4501N-20 200 ns 235 ns 4.2 MHz 28 Pin Plastic DIP 0° to 70°C 
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, \ ",'>:: 

--~~------
MI{4503(N/I{)·50/65/80/10/12/15/2'0 , 

2048 x 9 CMOS BiPORT" FIFO' H 

PRELIMINARY MEMORY COMPONEt:-JTS'" 
l ' ' .. .. , 1 r:~i~ ,:,1 ,\,:,-:.:;;:~ I';i~ 

FEATURES 

W 1 L . ::J 28 Vee 
D First-In, First-Out Memory Based Architecture 

2L ::J 27 08 04 

D Flexible 2048 x 9 organization 03 3L ::J 26 05 

02 4L ::J 25 06 

D Low Power HCMOS technology 01 5L ::J 24 07 

00 6L ::J 23 FLiRT 
D Asynchronous and simultaneous readlwrite Xi 7L MK4503 ::J 22 RS 

D Bidirectional applications 
FF 8L ::J 21 EF 
QO 9L ::J 20 XO/HF 

D Fully expandable by word width and depth Q1 10 L ::J 19 Q7 

Q2 11 L ::J 18 Q6 

D Empty and full warning flags Q3 12 L P 17 Q5 

Q8 13 L P 16 Q4 
D Retransmit capability 

GNO 14 L P 15 R 

D High performance 
28 Pin Plastic DIP 

D Half full flag in single device mode 
M 00 I:: 0 tl .... on 

~J~n ~;; ~ ~ 
/' 3 2 f 32 31 30 

RIW D2[ 5 29 P DS 

Part No. Access Time Cycle Time D1 [ S 28 P D7 

MK4503-50 50 ns 65 ns 
DO[ 7 27 P NC 

MK4503-65 65 ns 80 ns 
Xi [ B 26 P FLiRT 

"FF[9 32 Pin PLCC 25P As 

MK4503-80 80 ns 100 ns QO[ 10 
Top VI~~ 

24 P EF 

MK4503-10 100 ns 120 ns 
Q1 [11 23b XO/HF 

NC[ 12 22~ Q7 

MK4503-12 120 ns 140 ns Q2[ 13 21P Q6 

MK4503-15 150 ns 175 ns 14 15 16 17 18 19 20 

MK4503-20 200 ns 235 ns aa1~~g~ 
Figure 1. Pin Connections 

DESCRIPTION PIN NAMES 

The MK4503 is a member of the BiPORT'" Memory W = Write Xi = Expansion In 
Series, which utilizes special two-port cell techniques. R = Read XO/HF = Expansion Out 
Specifically, this device implements a First-In, First-Out Half Full Flag 
algorithm, featuring asynchronous read/write opera- RS = Reset FF = Full Flag 
tions, full, half full and empty flags, and unlimited ex-

FLIRT = First Loadl EF = Empty Flag pansion capability in both word size and depth. The 
main application of the MK4503 is as a rate buffer, Retransmit Vee = 5 Volts 

sourcing and absorbing data at different rates, (e.g., D = Data In GND = Ground 
interfaCing fast processors and slow peripherals). The Q = Data Out NC = No Connection 
BIPORT is a trademark of Thomson Components· Mostek Corporation. 
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full, half full and empty flags are provided to prevent 
data overflow and underflow. The data is loaded and 
emptied on a First-In, First-Out (FIFO) basis, and the 
latency for the retrieval of data is approximately one load 
cycle (write). Since the writes and reads are internally 
sequential, thereby requiring no address information, 
the pinout definition will serve this and future high­
density devices. The ninth bit is provided to support con­
trol or parity functions. 

FUNCTIONAL DESCRIPTION 

Unlike conventional shift register based FIFOs, the 
MK4503 employs a memory-based architecture wherein 
a byte written into the device does not "ripple-through." 
Instead, a byte written into the MK4503 is stored at a 
specific location, where it remains until over-written. The 
byte can be read and re-read as often as desired in the 
single device configuration. 

Twin internal pointers (ring counters) automatically 
generate the addresses required for each write and read 
operation. The empty/full flag circuit prevents illogical 
operations, such as reading un-written bytes (reading 
while empty) or over-writing un-read bytes (writing while 
full). Once a byte stored at a given address has been 
read, it can be over-written. 

- D. 

The address pointers automatically loop back to ad­
dress zero after reaching address 2047. The empty/half 
full and full status of the FIFO is therefore a function 
of the distance between the pointers, not of their abso­
lute location. As long as the pointers do not catch one 
another, the FIFO can be written and read continuous­
ly without ever becoming full or empty. 

Resetting the FIFO simply resets the write and read 
pOinters to location zero. PulSing retransmit resets the 
read address pointer without affecting the write address 
pointer. 

With conventional FIFOs, implementation of a larger 
FIFO is accomplished by cascading the individual FI­
FOs. The penalty of cascading is often unacceptable 
ripple-through delays. The 4503 allows implementation 
of very large FIFOs with no timing penalties. The 
memory-based architecture of the MK4503 allows con­
necting the read, write, data in, and data out lines of 
the MK4503s in parallel. The write and read control cir­
cuits of the individual FIFOs are then automatically ena­
bled and disabled through the expansion-in and 
expansion-out pins. 

9 

I 
o. 

INPUT I OUTPUT 
BUFFER BUFFER 

WRITE WRITE 2048 X 9 READ .... ADDRESS --. BIPORT' ~ ADDRESS 
READ 
~ CONTROL 

POINTER MEMORY ARRAY POINTER 
CONTROL 

w 

~ 

FLAG LOGIC 

U 
EXPANSION LOGIC 

X 

---------------I .. ~I . ...,,,""""., 11-...... -------------- R'i' 
• LOGIC • 

Figure 2. MK4503 Block Diagram 
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WRITE MODE 

The MK4503 initiates a Write Cycle (see Figure 3) on 
the falling edge of the Write Enable control input (iN). 
provided that the Full Flag (FF) is not asserted. Data 
set-up and hold-time requirements must be satisfied 
with respect to the rising edge of W. The data is stored 
sequentially and independent of any ongoing Read 
operations. FF is asserted during the last valid write 

w 

LAST VALID 
WRITE 

NOT FULL 

INVALID 
WRITE 

FULL 

as the MK4503 becomes full. Write operations begun 
with FF low are inhibited. FF 'will go high tRFF after 
completion of a valid READ operation. Writes beginning 
tFFw after FF goes high are valid. Writes beginning 
after FF goes low and more than tWPI before FF goes 
high are invalid (ignored). Writes beginning less than 
tWPI before FF goes high and less than tFFW later may 
or may not occur (be valid). depending on internal flag 
status. 

INDETERMINANT 
WRITE 

FIRST .VALID 
WRITE 

~J~'" 
~I VALID 1-. rn---<VALID VAUD )---

00.0. DATA 11---------------· DATA DATA 
IN _-IJINIL-.J 

Figure 3. Write and Full Flag Timing 

AC ELECTRICAL CHARACTERISTICS 
(O°CSTAS +70°C) (Vcc = +5.0 volts ± 10%) 

4503-50 4503-65 

SYM PARAMETER MIN MAX MIN MAX 

twe Write Cycle Time 65 80 

twpw Write Pulse Width 50 65 

tWA Write Recovery Time 15 15 

tDS Data Set Up Time 30 30 

tDH Data Hold Time 5 10 

tWFF W Low to FF Low 45 60 

tFFW FF High to Valid 

Write 10 10 

tAFF R High to FF High 45 60 

tWPI Write Protect 

Indeterminant 35 35 

4503-80 4503-10 4503-12 

MIN MAX MIN MAX MIN MAX 

100 120 140 

80 100 120 

20 20 20 

40 40 40 

10 10 10 

70 95 115 

10 10 10 

70 95 110 

35 35 35 
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4503-15 4503-20 

MIN MAX MIN MAX UNITS NOTES 

175 235 ns 

150 200 ns 1 

25 35 ns 

50 65 ns 

10 10 ns 

145 195 ns 2 

10 10 ns 2 

140 190 ns 2 

35 35 ns 2 



READ MODE 

The MK4503 initiates a Read Cycle (see Figure 4) on 
the falling edge of Read Enable control input (R), 
provided that the Empty Flag (EF) is not asserted. In 
the Read mode of operation, the MK4503 provides a 
fast access to data from 9 of 18432 locations in the static 
storage array. The data is accessed on a FIFO basis 
independent of any ongoing WRITE operations. After R 
goes high, data outputs will return to a high impedance 
condition until the next Read operation. 

AC ELECTRICAL CHARACTERISTICS 
(O°C:sTA:S +70OC) (Vcc = +5.0 volts ± 10%) 

4503-50 4503-65 4503-60 

SYM PARAMETER MIN MAX MIN MAX MIN MAX 

tRC Read Cycle Time 65 80 100 

tA Access Time 50 65 80 

tRR Read Recovery Time 15 15 20 

tRPW Read Pulse Width 50 65 80 

tRL R Low to Low Z 0 0 0 

tov Data Valid from R 
High 5 5 5 

tRHZ R High to High Z 25 25 25 

tREF R Low to EF Low 45 60 75 

tEFR EF High to Valid 
Read 10 10 10 

IwEF W High to EF High 45 60 75 

tRPI Read Protect 
Indeterminant 35 35 35 
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In the event that all data has been read from the FIFO, 
the EF will go low, and further Read operations will be 
inhibited (the data outputs will remain in high im­
pedance). EF will go high tWEF after completion of a 
valid Write operation. Reads beginning tEFR after EF 
goes high are valid. Reads begun after EF goes low 
and more than tRPI before EF goes high are invalid 
(ignored). Reads beginning less than tRPI before EF 
goes high and less than tEFR later mayor may not 
occur (be valid) depending on internal flag status. 

4503-10 4503-12 4503-15 4503-20 

MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 

120 140 175 235 ns 

100 120 150 200 ns 2 

20 20 25 35 ns 

100 120 150 200 ns 1 

0 0 0 0 ns 2 

5 5 5 5 ns 2 

25 35 50 60 ns 2 

95 115 145 195 ns 2 

10 10 10 10 ns 2 

95 110 140 190 ns 2 

35 35 35 35 ns 2 



w 

INVALID 
READ 

\ I '- __ -I 

INDETERMINANT 
READ 

Qo~.------------------------------------~AK 

Figure 4. Read and Empty Flag Timing 
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RESET 

The MK4503 is reset (see Figure 5) whenever the Reset 
pin (RS) is in the low state. During a Reset, both the 
internal read and write pointers are set to the first loca­
tion. Reset is required after power up, before a Write 
operation can begin. 

Although neither Vii or R need be high when RS goes 
low, both Vii and R must be high tRSS before RS goes 
high, and must remain high tRSR afterwards. Refer to 
the following discussion for the required state of FURT 
and Xi during Reset. 

~----------tnsc -------------! .. ~I 
I4------tns~ .. 1 . 

~~ I I 
.'""I .. t--------tnss .. I.. tnsnj 

NOTE 
~, EJ!' and FF' may change status during Reset, 
but flags will be valid at tRSC' 

AC ELECTRICAL CHARACTERISTICS 
(O°CSTAS +70°C) (Vcc = +5.0 volts ± 10%) 

Figure 5. Reset 

4503-50 4503-65 4503-80 4503-10 4503-12 4503-15 4503-20 

SYM PARAMETER MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX 

tAse Reset Cycle Time 65 80 100 120 140 175 235 

tns Reset Pulse Width 50 65 80 100 120 150 200 

tASA Reset Recovery Time 15 15 20 20 20 25 35 

tASS Reset Set Up Time 30 45 60 80 100 130 180 
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UNITS NOTES 

ns 

ns 1 

ns 

ns 



RETRANSMIT 

The MK4503 can be made to retransmit (re-read previ­
ously read data) after the Retransmit pin (RT) is pulsed 
low. (See Figure 6). 

A Retransmit operation sets the internal read pointer 
to the first physical location in the array, but will not 
affect the position of the write pOinter. R must be inactive 

.. 
AT 

NOTE 
HF, EF and FF may change status during Retransmit, 
but flags will be valid at tAlC" 

Imc· 

IRT 

tRTS before RT goes high, and must remain high for 
tRTR afterwards. 

The Retransmit function is particularly useful when 
blocks of less than 2048 Writes are performed between 
Resets. The Retransmit feature is not compatible with 
Depth Expansion. 

II -I 

FLAG VALID 

Figure 6. Retransmit 

AC ELECTRICAL CHARACTERISTICS 
(O°C",TA'" HO°C) (Vcc = +5.0 volts ± 10%) 

4503-50 4503-65 

SYM PARAMETER MIN MAX MIN MAX 

tRTC Retransmit Cycle 
Time 65 80 

tAT Retransmit Pulse 
Width 50 65 

tATA Retransmit Recovery 
Time 15 15 

tATS Retransmit Setup 
Time 30 45 

4503-80 

MIN MAX 

100 

80 

20 

60 
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4503-10 4503-12 4503-15 4503-20 

MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 

120 140 175 235 ns 

100 120 150 200 ns 1 

20 20 25 35 ns 

80 100 130 180 ns 



SINGLE DEVICE CONFIGURATION 

A single MK4503 may be used when application re­
quirements are for 2048 words or less. The MK4503 is 
placed in Single Device Configuration mode when the 
chip is Reset with the Expansion In pin (Xi) grounded 
(see Figure 7). 

WIDTH EXPANSION 

Word width may be increased simply by connecting the 
corresponding input control signals of multiple devices. 
Status Flags (EF and FF) can be detected from any 
one device. Figure 8 demonstrates an 18-bit word width 
by using two MK4503s. Any word width can be attained 
by adding additional MK4503s. The half full flag (HF) 
operates the same as in the single device configuration. 

(HF) HALF FULL FLAG 

t 
(W) -WRITE (R) READ 

9 II. 9 1>. 
DATA IN / \ 4 / / 5 

(FF) V 0 - r 
FULL FLAG 3 (EF) EMPTY FLAG 

DATA OUT 

RESET (Rs) (iff) RETRANSMIT 

EXPANSION IN (Xi) i 

Figure 7. A Single 2048 x 9 FIFO Configuration 

DATA IN 

WRITE _-'-'!.L_.-j_ -4--~-------s~ 

FULL FLAG (FF) ~ - -r-
RESET_-,(",R-",SL) _~ __ :t. -. ~-------s~ 0 

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

EXPANSION IN (Xi) 

NOTE 
Flag detection Is accomplished by monitoring the FF and EF signals on 
either (any) device used In the width expansion configuration. Do not connect 
flag output Signals together. 

(ii) READ 
(ef) EMPTY FLAG 

Figure 8. A 2048 x 18 FIFO Configuration (Width Expansion) 
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HALF FULL FLAG LOGIC 

When in single device configuration, the (HF) output 
acts as an indication of a half full memory. After half 
of the memory is filled, and at the falling edge of the 
next write operation, the half full flag (HF) will be set 

HALF-FULL 

I 
1\ 

~ tWHF ~ 

I I 
1\ 

low and remain low until the difference between the 
write pointer and read pointer is less than or equal to 
one half the total memory. The half full flag (HF) is 
then reset by the rising edge of the read operation. See 
Figure 9. 

HALF-FULL +1 HALF·FULL 

----I=- tRHF I<f-
-:f-

re-
I 

Figure 9. Half Full Flag Timing 

AC ELECTRICAL CHARACTERISTICS • 
(O·C:s:TA:s:+70·C) (Vee = +5 Volts ±10%) 

4503-50 4503-65 

SYM PARAMETER MIN MAX MIN MAX 

WHF Wrile Low 10 Half Full 

Flag Low 65 80 

IRHF Read High 10 Half Full 

Flag High 65 80 

4503-80 

MIN MAX 

100 

100 
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4503-10 4503-12 4503-15 4503-20 

MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 

120 140 175 235 ns 

120 140 175 235 ns 



DEPTH EXPANSION (DAISY CHAIN) 

The MK4503 can easily be adapted to applications 
when the requirements are for greater than 2048 words. 
Figure 10 demonstrates Depth Expansion using three 
MK4503s. Any depth can be attained by adding addi­
tional MK4503s. 

External logic is needed to generate a composite Full 
Flag and Empty Flag. This requires the ORing of all 
EFs and the ORing of all FFs (Le., all must be set to 
generate the correct composite FF or EF). 

FF 
9 I 9 

The MK4503 operates in the Depth Expansion config­
uration after the chip is Reset under the below listed 
conditions. 

r The first device must be designated by grounding 
- the First Load pin (FL). The Retransmit function is 

not allowed in the Depth Expansion Mode. 

2. All other devices must have FL in the high state. 

3. The Expansion Out (XO) pin of each device must 
be tied to the Expansion In (XI) pin of the next device. 
The Half Full Flag (HF) is disabled in this mode. 

EF 

I 9 

DATAIN ________ ,/~ __ _.--~ 

4 
5 
o 

/ 3 r--= 
-+ I ... FL 

,..,r------r--.,.---,/~------_,/ DATA OUT 

~r-~-t--t-------------_Vvcc 

RS 

-r= 
XI 

XI 

XO 

I-+-----~-"--~ 
FF 

9 

/ 
1 

~ ~ 
o f---
3 

FL 

-.--
, XI 

--

Figure 10. A 6K x 9 FIFO Configuration (Depth Expansion) 
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EXPANSION TIMING 

Figures 11 and 12 illustrate the timing of the Expansion 
Out and Expansion In signals. Discussion of Expansion 
Out/Expansion In timing is provided to clarify how Depth 
Expansion works. Inasmuch as Expansion Out pins are 
generally connected only to Expansion In pins, the user 
need not be concerned with actual timing in a normal 
Depth Expanded application unless extreme 
propagation delays exist between the xo/Xi pin pairs. 

WRITE TO 
LAST PHYSICAL 

LOCATION 

Expansion Out pulses are the image of the WRITE and 
READ signals that cause them; delayed in time by tXOL 
and tXOH ' The Expansion Out signal is propagated 
when the last physical location in the memory array is 
written and again when it is read (Last Read). This is 
in contrast to when the Full and Empty Flags are actio 
vated, which is in response to writing and reading a last 
available location. 

J 

READ FROM 
LAST PHYSICAL 

LOCATION 

Figure 11. Expansion Out Timing 

AC ELECTRICAL CHARACTERISTICS 
(O·CsTAS +70·C) (Vee = +5.0 volts ± 10%) 

4503-50 4503-65 

SYM PARAMETER MIN MAX MIN MAX 

IXOL Expansion Out Low 40 55 

tXOH Expansion Out High 45 60 

4503-80 

MIN MAX 

70 

80 
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4503-10 4503-12 4503-15 4503-20 

MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 

75 90 115 150 ns 

90 100 125 155 ns 



When in Depth Expansion mode, a given MK4503 will 
begin writing and reading as soon as valid WRITE and 
READ signals begin, provided FL was grounded at 
RESET time. A MK4503 in Depth Expansion mode with 
FL high at RESET will not begin writing until after an 
Expansion In pulse occurs. It will not begin reading until 

w 

-tx-,S----------W-R-I-T-'ETO 

FIRST PHYSICAL 
LOCATION 

a second Expansion In pulse occurs and the Empty 
Flag has gone high. Expansion In pulses must occur 
tXIS before the WRITE and READ signals they are in· 
tended to enable. Minimum Expansion In pulse width, 
tXI ' and recovery time, tXIR ' must be observed. 

READ FROM· 
FIRST PHYSICAL 

LOCATION 

Figure 12. Expansion In Timing 

AC ELECTRICAL CHARACTERISTICS 
(O°CSTAS +70°C) (Vee = +5.0 volts ± 10%) 

4503·50 4503-65 

SYM PARAMETER MIN MAX MIN MAX 

tXI Expansion In 

Pulse Width 45 eo 
tXIR Expansion In 

Recovery Time 15 15 

tXIS Expansion In 

Setup Time 20 25 

4503·80 

MIN MAX 

75 

20 

30 
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4503·10 4503·12 4503·15 4503-20 

MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 

95 115 145 195 ns 1 

20 20 25 35 ns 

45 50 eo 85 ns 



COMPOUND EXPANSION 

The two expansion techiques described above can be 
applied together in a straight forward manner to achieve 
large FIFO arrays (see Figure 13). 

BIDIRECTIONAL APPLICATIONS 

Applications, which require data buffering between two 

systems (each system capable of READ and WRITE 
operations), can be achieved by pairing MK4501s, as 
shown in Figure 14. CE!re must be taken to assure that 
the appropriate flag is monitored by each system. (Le., 
FF is monitored on the device where W is used; EF 
is monitored on the device where R is used.) Both 
Depth Expansion and Width Expansion may be used 
in this mode. 

aD-aS 00-017 

aD-aS 09-017 

R.W.RS MK4503 MK4503 
-'-----.I DEPTH EXPANSION r---.. DEPTH EXPANSION 

BLOCK BLOCK 

DO-ON 
D9-DN D1S·DN 

NOTES 
1. For deplh expansion block see DEPTH EXPANSION Section and Figure 10. 
2. For Flag operalion see WIDTH EXPANSION Section and Figure B. 

Figure 13. Compound FIFO Expansion 

WA 

FF: 4 
5 

J\ 
0 
3 

DAO-S O.O-S 

V 

A 

SYSTEM A - - - - - - - - - -

~ 

A 
°AO-S 

4 
D.O-S 

5 

RA 0 
3 

EFA 

Figure 14. Bidirectional FIFO Application 
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Q(N-S)-ON 

MK4503 
DEPTH EXPANSION 

BLOCK 

R. 

EF. 

- - - - SYSTEM B 

W. 

FF. 



ABSOWTE MAXIMUM RATINGS' 
Voltage on any pin relative to GND ................................................ -0.5 V to + 7.0 V 
Operating Temperature T A (Ambient) ................................................ O°C to + 70°C 
Storage Temperature ........................................................... -55°C to + 125°C 
Total Device Power Dissipation ............................................................ 1 Watt 
Output Current per Pin .................................................................. 20 mA 
"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 any other conditions above those indicated in the operational sections of this specification, is not Implied. Exposure to absolute maximum 
ratings for extended periods may affect device reliability. 

RECOMMENDED DC OPERATING CONDITIONS 
(O°C :5 TA :5 +70°C) 

SYM PARAMETER 

Vcc Supply Voltage 

GND Ground 

VIH Logic "1" Voltage All Inputs 

VIL Logic "0" Voltage All Inputs 

DC ELECTRICAL CHARACTERISTICS 
(O°C:5TA:5+70°C) (Vcc = 5.0 volts ± 10%) 

SYM PARAMETER 

IlL Input Leakage Current (Any Input) 

IOL Output Leakage Current 

MIN 

4.5 

0 

2.2 

-0.3 

VOH Output Logic "1" Voltage lOUT = -1 mA 

VOL Output Logic "0" Voltage lOUT = 4 mA 

Icc1 Average Vcc Power Supply Current 

Icc2 ~era~ Standby Current 
(R = W = RS = FLIRT = VIH) 

TYP MAX UNITS 

5.0 5.5 V 

0 0 V 

Vcc + .3 V 

0.8 V 

MIN MAX UNITS 

-1 1 pA 

-10 10 pA 

2.4 V 

0.4 V 

120 mA 

12 mA 

ICC3 Power Down Current (All Inputs ~ Vcc -0.2 V) 4 mA 

AC ELECTRICAL CHARACTERISTICS 
(O°C:5TA:5±70°C) (Vcc = +5.0 volts ± 10%) 

SYM PARAMETER 

CI Capacitance on Input Pins 

Co Capacitance on Output Pins 

NOTES 
1. Pulse widths less than minimum values are not allowed. 
2. Measured using output load shown in Output Load Diagram. 
3. All voltages are referenced to ground. 
4. -1.5 volt undershoots are allowed for 10 ns once per cycle. 
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TYP MAX 

7 pF 

12 pF 

5. Measured with O.OsVINsVCC. 

6. 'R"VIH. O.OsVOUTsVCC. 
7. ICC measurements are made with outputs open. 
S. With output buffer deselected. 
9. Input levels tested at 500 ns cycle time. 

NOTES 

3 

3,9 

3, 4, 9 

NOTES 

5 

6 

3 

3 

7 

7 

7 

NOTES 

8 



AC TEST CONDITIONS: 

DEVICE 
UNDER 
TEST 

L..--..... 68011 

Input Levels .............................. " .......................................... GND to 3.0 V 
Transition Times ............................... , ............................................... ". 5 ns 
Input Signal Timing Reference Level ................................................. 1.5 V 
Output Signal Timing Reference Level .......................... ,,,. O.B V and 2.2 V 
Ambient Temperature ................................................... , .......... O"C to 70°C 
Vee "".".,"", .. " .... " .. , ...... , .. ,"",."", ... ,"'.,", .. " .. , ... ,""",.,"', .. 5.0 V ± 10% 

+5V 

1.1 KO 

;:1' 30 pF 

Figure 15. Output Load 

~ 
1. OVERALL LENGTH INCLUOES .010 IN, 

FLASH ON EITHER END OF THE PACKAGE, 

2, PACKAGE STANDOFF TO BE MEASUREO 
PER JEOEC REQUIREMENTS, 

3, THE MAXIMUM LIMIT SHALL BE 
INCREASEO BY ,003 IN. WHEN 
SOLCER LEAD FINISH IS SPECIFIEO, 

o 

DIM 

A 
Al 
A2 
B 

Bl 
C 
0 

01 
E 

El 
el 
eA 
L 

Figure 16. MK4503 Plastic (N type) Dual-ln-L1ne, 28 pins 
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INCHES 
NOTES 

MIN MAX 
- .210 2 

.015 - 2 

.140 .160 
,015 .021 3 
,050 .070 
.OOB .012 3 

1.440 1.470 1 
.065 .085 
,600 .625 
,530 .560 
.090 .110 
.600 .700 
.120 -



~------D--------~ 

DIM 

A 
Ai 
8 

81 
D 

D1 
D2 
E 

E1 
E2 

1 

INCHES 
MIN MAX 

.120 .140 

.078 .095 

.013 .021 

.026 .032 

.485 .495 

.447 .453 

.390 .430 

.585 .595 

.547 .553 

.490 .530 

.023 

.029 1 \--.050 I NOM 

Figure 17. MK4503 Plastic Leaded Chip Carrier, 32 Pin (K Type) 
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FEATURES 

D 1024 x 5 Organization 

D Very high performance 

Part No. Cycle Time Cycle Access 
Frequency Time 

4505-25 25 ns 40 MHz 15 ns 

4505-33 33 ns 30 MHz 20 ns 

4505-50 50 ns 20 MHz 25 ns 

D Rising edge triggered clock inputs 

D Supports free-running 40% to 60% Duty Cycle Clock 
Inputs 

D Separate Read and Write Enable Inputs 

D Fully asynchronous and simultaneous Read/Write 
operation 

D Cascadable to any depth with no additional logic 

D Width Expandable to more than 40 bits with no ad­
ditional logic 

D Half Full Status Flag 

D Full and Empty Flags, Almost Full, Almost Empty, 
Input Ready, Output Valid Status Flags (4505M) 

D TTL and CMOS Compatible 

D 3 State Outputs 

PIN NAMES 

Do - D4 
0 0 - 0 4 
CKw, CKR 
WE1 
RE1 
RS 
HF 
Vee, GND 

- Data Input 
- Data Output 
- Write and Read Clock 
- Write Enable Input 1 
- Read Enable Input 1 
- Reset (Active Low) 
- Half Full Flag 
- +5 Volt, Ground 
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D. 1 24 Vee 

D. 2 23 CKw 

D, 3 22 WE, 

D, 4 21 FF 

DD 5 20 DR 

AE 6 19 HF 

RS 7 18 AF 

QV 8 17 Q. 

EF 9 16 Q. 

RE, 10 15 Q, 

CKR 11 14 Q, 

V" 12 13 QD 

D. 1 20 Vee 

D. 2 19 CKw 

D, 3 18 WE, 

D, 4 17 WE, 

DD 5 16 HF 

As 6 15 Q. 

RE, 7 14 Q. 

RE, 8 13 Q, 

CI(R 9 12 Q, 

V" 10 11 QD 

Figure 1. Pin Configuration, 300 mil DIP 

(4505M Only) 

FF, EF 
AF, AE 
DR,OV 

- Full and Empty Flag (Active Low) 
- Almost Full, Almost Empty Flag 
- Input Ready, Output Valid 

(4505S Only) 

WE2 - Write Enable Input 2 
RE2 - Read Enable Input 2 (3 State 

Control) 



DESCRIPTION 

The MK4505 is a Very High Speed 1K x 5 Clocked FIFO 
memory. It achieves its high performance through the 
use of a pipelined architecture, a 1.21' full CMOS, sin­
gle poly, double level metal process, and a memory ar­
ray constructed using Thomson-Mostek's 8 transistor 
BiPORT'" memory cell. 

The device is designed for use in applications where 
data is moving through a system on a square wave 
clock; applications such as digitized video and audio, 
image processing, A-to-D and D-to-A conversions, high 
speed data links, Radar return sampling or data tracing. 

D 

, WE 
(450 5M) 

INPUT 
BUFFER 

WRITE 
I 

The device is available in two versions; a Master, the 
MK4505M, and a Slave, the MK4505S. The Master pro­
vides all of the control signals necessary for reliable, 
full speed, fully asynchronous width expansion and/or 
depth expansion. The Master also provides a full com­
pliment of status flags, including Output Valid, Empty, 
Almost Empty, Half Full, Almost Full, Full, and Input 
Ready. The Master cannot be written while Full or read 
while. Empty. The Slave, in contrast, can be forced to 
write and/or read continuously regardless of device sta­
tus; a feature useful in triggered data acquisitions, or 
for retransmit (repeat reading) applications. 

I 
OUTPUT 
BUFFER 

READ 
CONTROL 

Q 

RE, 
05M) (45 

WE 
(450 

CONTROL --1 WRITE IT 1K x 5 BIPORT ARRAY rn READ r- R E, 
05S) 

, ADDRESS ADDRESS, 
5S) POINTER POINTER (45 

i i j -, 
HF. AF, AE -----

fF,EF CK" 
FLAG LOGIC 

HF 

.-------------- ---------1 1-------- --------------
I 4505M I 

DR . -------------- ---------i FLAG 1-------- --------------~ 
I LOGIC I 

AF .-------------- --------, 1-------- --------------~ AE 

L---f--~ 

Figure 2. Block Diagram MK4505M/4505S 
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4505M WRITE TRUTH TABLE 

PRESENT STATE NEXT NEXT STATE 

CKw 
RS WE, FF DR 

OPERATION 
FF DR D 

X 0 X X X Reset I I Don't Care 

i I 0 I I No-Op I I Don't Care 

t I X 0 0 No-Op ? ? Don't Care 

t I I I I Write ? ? Data In 

4505M READ TRUTH TABLE 

PRESENT STATE NEXT NEXT STATE 

CKR RS RE, EF QV 
OPERATION 

EF QV Q 

X 0 X X X Reset 0 0 High Z 

t I X 0 X No-Op ? 0 High Z 

t I 0 I 0 Hold ? I Previous a 
t I I I X Read ? I Data Out 

4505S WRITE TRUTH TABLE 

PRESENT STATE NEXT NEXT STATE 

CKw 
RS WE, WE. 

OPERATION 
0 

X 0 X X Reset Don't Care 

t I 0 X No-Op Don't Care 

t I X 0 No-Op Don't Care 

t I I I Write Data In 

4505S READ TRUTH TABLE 

PRESENT STATE NEXT NEXT STATE 

CKn 
RS RE, RE. 

OPERATION 
Q 

X 0 X X Reset High Z 

t I X 0 No-Op High Z 

t I 0 I Hold Previous Data Out 

t I I I Read Data Out 

x = Don't care 

? = The next state will be active but the logic lavel is unknown. 
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WRITE OPERATIONS 

The device will perform a Write on the next rising edge 
of the Write Clock (CKw) whenever (see figure 3): 

- (4505S) WEI and WE2 are high at the rising 
edge of the clock_ 

- (4505M) WEI and FF are high at the rising edge 
of the clock_ 

Because the device only re-evaluates and updates the 
Full Flag (FF) on the rising edge of CKw, the appear­
ance of an active Full Flag at valid flag access time, 
tA, assures the user that the next rising edge of the 
clock will be ignored_ 

READ AND HOLD OPERATIONS 

The device will perform a Read on the next rising edge 
of the Read Clock (CKR) whenever (see figure 4): 

- (4505S) REI and RE2 are high at the rising edge 
of the clock_ 

- (4505M) REI and EF are high at the rising edge 
of the clock_ 

Because the device only re-evaluates and updates the 
Empty Flag (EF) on the rising edge of CKR, the 
appearance of an active Empty Flag at valid flag ac­
cess time, tA, assures the user that the next rising edge 
of the clock will be ignored_ 

The device will perform a Hold Cycle (hold over previ­
ous data) if REI is low at the rising edge of the clock 
(CKR)- If EF (4505M) or RE2 (4505S) is low at the rising 
edge of the clock, then the outputs will go to High-Z_ 

RESET 

RS is an asynchronous master reset input A Reset is 
required after power-up, before first write_ Reset com­
mences on the falling edge of RS irrespective of the 
state of any other input or output While deactivating 
Write and/or Read Enable inputs is not required for per­
formance of a Reset, failure to do so requires the user's 
observance of Reset Set Up Time (tRSS) to assure First 
Write (and/or First Read of a stand alone 4505S) will 
occur at the first rising edge of the clock after RS 
is taken high (Figure 6)_ 

After Reset, if no valid Read operations have been per­
formed since Reset, the "previous data" that will be out­
put when executing the first Hold cycle will be all zeroes 
(see Figure 7.) 



AC ELECTRICAL CHARACTERISTICS 
(TA = 0 to 70 C, VCC = 5.0 ± 10%) 

SYM PARAMETER 4505-25 

MIN 

ICK Clock Cycle Time 25 

tCKH Clock High Time 10 

tCKl Clock Low Time 10 

ts Set Up Time 10 

tH Hold Time 0 

tA Output Access Time 

tOH Output Hold Time 5 

taz Clock 10 Outputs High-Z 

tal Clock to Outputs Low-Z 5 

tRSS Reset Set Up Time 12 

tRS Reset Pulse Width 25 

tFRl First Read Latency 50 

tFFl First Flag Cycle Latency 25 

tFT Fall.:rhrough Delay ·71 

NOTES 
1. All AC Electrical Characteristics measured under conditions specified 

In ''AC Test Conditions". 
2. Measured w/40pf Output Load (Figure 12A). 
3. Measured w/5pf Output Load (Figure 128). 
4. Need not be met unless device Is Read and/or Write Enabled. 
5. Minimum first Write to first Read delay required to assure valid first Read. 
6. Minimum lirst Write to first Read Clock delay required to assure clearing 

the Empty Flag. 

MAX 

15 

15 
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4505-33 4505-50 UNITS NOTE 

MIN MAX MIN MAX 

33 50 ns 1 

13 20 ns 1 

13 20 ns 1 

13 16 ns 1 

0 0 ns 

20 25 ns 1,2 

5 5 ns 1,2 

20 25 ns 1,3 

5 5 ns 1,3 

16 25 ns 1,4 

33 50 ns 

66 100 ns 1,5 

33 50 ns 1,6 

94 135 ns 



DR 

(4505M) 

WE, 

(45055) 

WE, 

QV 

(4505M) 

RE, 

Q 

Figure 3. Write Cycle Timing 

~--ICK---J 

tCKH tCKL 

PREVIOUS Q 

Figure 4. Read Cycle Timing 
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Q 

READ HOLD 

--J~-ICK----l~-

READ 

IA_~ 
__ DAl_A ---,X DATA )j(D-ATA---..X'--__ "DAl_A __ 

-=1 'r- .--:.....-1 ---

~ . =fL 
Figure 5. Hold Cycle Timing 

D 

l'I'. DR ------:--

cKw 

Re,.. EF 

QV 

Q 

NOTE: I RSS NEED NOT BE MET UNLESS DEVICE IS READ ANDIOR WRITE ENABLED 

Figure 6. Reset Cycle Timing (4505""'5) 
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Q 

RE, 

RESET NO-OP HOLD READ 

=p= 
~'·+-r--'-------"·~'I------,-=~=-=-=-:.:r~L~UT 
-t-,~ _~--.:.IA 1 __ 

~~05M) ___ ....... \'-_______ :I.--,s-....:...I-------
RE2 (45055) - .Jf 

Figure 7. First Hold After Reset 

Q 

RE, 

AE 

\'------11 \~-

Figure 8. Almost Empty Flag Timing (4505M) 
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o 

AF, HF 

NOTE 

LAST WRITE 
BEFORE HF OR AF 

<\._O_~_~A_LI_~N __ >-t=7:' 1 

tA~ 
------------~ ~------

Figure 9. Almost Full, Half Full Flag Timing (4505M/S) 

Flag Interpretation Key 

VALID WRITE VALID READ 
CURRENT CYCLES CYCLES 

FLAG STATE REMAINING REMAINING 

MIN MAX MIN MAX 

AE 
1 1016 1024 0 8 

0 0 1015 9 1024 

HF 
1 0 512 512 1024 

0 513 1024 0 511 

AF 
1 0 8 1016 1024 

0 9 1024 0 1015 

The table describes the number of valid cycles that can be performed, including 
the next rising edge of the clock. --
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WE, 

D 

RE, IllII//JlJlllllJfl /I ~ I I 
4 tAn ____ _ 

ov 

o 

--~PF_tA __ _ 
~tAL 

---------------I~ 
Figure 10. Simultaneous Write/Read Timing (4505M) 

WE1• WE2 
-----

D 

I 

~.", ~--:-----,-IS !~ __ 
o ---------- I. FIRST 

READ 

Figure 11. Simultaneous Write/Read Timing (45055) 
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WIDTH AND DEPTH EXPANSION 

A single Master (MK4S0SM) is required for each 1k of 
depth configured. The number of Slaves that can be 
driven by a single Master is limited only by the effects 
of adding extra load capacitance (Write and Read Ena­
ble Input Capacitance) onto the Input Ready (DR), Out­
put Valid (OV), Full Flag (FF) and Empty Flag (EF) 
outputs. However, even 40 bits of width (8 devices) 
results in only 40pf of loading, which corresponds to 
the amount of load called out in the AC Test Conditions. 
Additional loading will slow the flags down, but as long 
as Enable Set Up time (ts) is met, slowing the flags has 
no negative consequences. 

WIDTH AND DEPTH EXPANSION EXAMPLES 

The width and depth expansion interface timing dia­
grams (Figures 13 and 14) are in reference to the width 
and depth expansion schematic in Figure 12 (For sim­
plicity all clocks have the same frequency and transis­
tion rate). Example 1 - First Write Since Empty - Reading 
the timing diagram from the top left to bottom right, one 
can determine that Figure 13 illustrates the effects of 
the first WRITE/READ cycles from an EMPTY array of 
FIFOs. Both of the EF pins are initially low (EFx' EF 
and RE2). As data is written into Bank A, the expan­
sion clock reads data from Bank A and writes it to Bank 
B, the interface EF (EF and RE2) and the external EF 
(EFx) go inactive (logic 1) while data is shifted through 
the FIFO array from Bank A through Bank B to the ex­
ternal output (ax). The EF logic goes valid (logic 0) 
once data is shifted out of its respective bank. 

Example 2 - First Read Since Full- Reading the timing 
diagram from the bottom left to top right, one can de­
termine that Figure 14 illustrates the effects of the first 
READs from a FULL array of FIFOs. As data is read 
out of the system (ax), it allows Bank B to receive data 

shifted from Bank A. As Bank B shifts data out via ax, 
allowing Bank A to shift data into Bank B, both banks 
will show an invalid FF status (logic 1) on the internal FF' 
(FF and WE2) as well as the external FF (FFx). When 
Bank A is no longer considered FULL, Data In from the 
system (Ox) is now written into Bank A and shifted to 
Bank B until the FIFO array is again completely Full. 

APPLICATION 

The MK4S0S operates from a s.o volt supply. It is com­
patible with all standard TTL families on all inputs and 
outputs. The device should share a solid ground plane 
with any other devices interfaced with it, particularly TTL 
devices. Additionally, because the outputs can drive rail­
to-rail into high impedance loads, the MK4S0S can also 
interface to S volt CMOS on all inputs and outputs. 

Since very high frequency current transients'will be as­
sociated with the operation of the MK4S0S, power line 
inductance must be minimized on the circuit board pow­
er distribution network. Power and ground trace grid­
ding or separate power planes can be employed to 
reduce line inductance. Additionally, a high frequency 
decoupling capacitor should be placed next to each 
FIFO. The capacitor shOUld be 0.1 Jl= or larger. 

Though often times not thought of as such, the traces 
on a memory board are basically unterminated, low im­
pedance transmission lines. As such they are subject 
to signal reflections manifested as noise, undershoots 
and excessive ringing. Series termination in close prox­
imity to the TTL drivers can improve driver/signal path 
impedance matching. While experimentation most often 
proves to be the only practical approach to selection 
of series resistors, values in the range of 10 to 33 ohms 
often prove most suitable. 
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'2 :::r 
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U> 
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rn 
n 
:::r 
CD 
3 .. 
if 

r - _BA!!K~ 

I 

AF 

~DA 
AFx .. If-----------. 

KEY: 

DXL: 

WEx 

DRx 

fFx 

X = EXTERNAL 

DA = DATA IN, BANK A 

0A = DATA OUT, BANK A 

Ds = DATA IN, BANK B 

as = DATA OUT, BANK B 

DR 

fF 

'" 
LfmD

A 

WE 
, 45055 

WE. 

~CKw CK. 

t" 

EXPANSION 
I~ERFACE - _BA~KB 

,--- r.;-+. 
< ,',? AF HF 

AEI 

I 

Ds OSI 

4505M 
RE, 

:1 

Osl 

.~ . 

CKw CK., 

r fii=~ 

WRITE CLOCK EXPANSION 
CLOCK 

..., 

~ AEx 

sZ , 10 > Ox 

• I I I : ~V 
EFX 

15 

I • c REx 

• 
1 

'" Asx 

READ CLOCK 



I I 
t. t, t, t, t, t, t, t, t, t" 

NEXT OPERATION BANK A 
WRITE WRITE READ READ NO·OP NO'()P NO·OP NO·OP EMPTY 
DATA 2 DATA 3 DATA 2 DATA 3 

.READ DATA 1 
I 

\ 

WRITE CLOCK 

0. D. 

RE, DR 

OV WE, 

EF Re, 

fF WE, 

EXPANSION CLOCK 

READ CLOCK 

NEXT OPERATION BANK B NO·OP NO·OP NO·OP WRITE WRITE WRITE READ READ NO·OP EMPTY 
DATA 1 DATA 2 DATA 3 DATA 2 DATA 3 . (EMPTY) 

READ DATA 1 

• NOTE: EXAMPLE BEGINS WITH BOTH BANKS EMPTY, AS STATUS FLAGS INDICATE 

Figure 13. Example 1 • Width and Depth Expansion Interface Timing 
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NEXT OPERATION BANK A 

WRITE CLOCK 

QA D. 

RE, DR 

QV WE, 

EF RE, 

FF We, 

EXPANSION CLOCK 

REx 

READ CLOCK 

" 
ND·OP 

" 
NO·OP 

t2 t3 
READ READ 
DEXP1 DExP2 

I I I I 

" WRITE DATA' 
READ 
DExP3 

I 

" WRITE 
DATA 2 

'. 
WRITE 
DATA 3 

" FULL 

11111111111/1111 I I I ~ 
I I I I 

(XXXXXXXXXXXX~ 

I 1 1 I; iii '-
I 1 I !I I I 1'-

NEXT OPERATION BANK B READ READ READ WRITE WRITE 
DEXP2 

NO·OP 
(FULL) 

NO·OP 
(FULL) 

FULL 
Q·DATA 1 Q·DATA 2 ~~~AE 3 DEXP1 

DExPO 

• NOTE: EXAMPLE BEGINS WITH BOTH BANKS FULL, AS INDICATED BY STATUS FLAGS 

Figure 14. Example 2 • Width and Depth Expansion Interface Timing 
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ABSOWTE MAXIMUM RATINGS 

Voltage on any pin relative to GND ................................................. -1.5V to +7.0V 
Ambient Operating Temperature (T A) ................................................... 0 to +70 C 
Ambient Storage Temperature (Plastic) .............................................. -55 to +125 C 
Total Device Power Dissipation ............................................................ 1 Watt 
RMS Output Current per Pin .............................................................. 25mA 

RECOMMENDED DC OPERATING CONDITIONS 
(0 °C sT AS 70 DC) 

SYM PARAMETER 

Vee Supply Voltage 

Vss Supply Voltage 

VIH Logic 1 Input 

VIL Logic 0 Input 

NOTES 
1. All voltages referenced to GND. 

2. VIL may undershoot to -2.DV for 200n5 or less once per cycle. 

DC ELECTRICAL CHARACTERISTICS 
,(0°CsTA s7O°C), Vee = 5.0 ± 10%) 

SYM PARAMETER 

Icc Average Power Supply Current 

IlL Input Leakage Current 

IOL Output Leakage Current 

VOH Logic 1 Output Voltage (lOUT = -4 mAl 

VOL Logic 0 Output Voltage (lOUT = 8 mAl 

NOTES 
1. Measured with both ports operating at tCK Min, outputs open. Vee max, 
2. Measured with VIN ~ 0.4V to VCC. 
3. Measured at 00 • 04' 

Measure<l after clocking with RE2 ~ 0 (45058). 
Measured with OV ~ 0 (4505M). 

4. All voltages referenced to GND. 

CAPACITANCE 
(TA = 25°C, f = 1.0 MHz) 

SYM PARAMETER 

CI Input Capacitance 

C01 Output Capacitance 

CO2 Output Capacitance 

NOTES 

1. Sampled, not 100% tested. Measured at 1MHz. 
2. Measured at all data and flag outputs except EF and FF. 
3. Measured at EF and FF. 

MIN 

4.5 

0 

2.2 

-1.0 

1-100 

LIMITS UNITS NOTE 

TYP MAX 

5.0 5.5 V 1 

0 0 V 1 

Vee+1.0 V 1 

0.8 V 1,2 

LIMITS UNITS NOTE 

MIN MAX 

100 mA 1 

-1 +1 pA 2 

-10 +10 pA 3 

2.4 V 4 

0.4 V 4 

LIMITS UNITS NOTE 

TYP MAX 

4 5 pi 1 

8 10 pf 1,2 

12 15 pf 1,3 



AC TEST CONDITIONS 

Input Levels ....................................................................... 0 to 3 Volts 
Transition Times ......................................................................... 5 ns 
Input and Output Reference Levels ....................................................... 1.5 Volts 
Ambient Temperature ................................................................. 0 to 70 C 
Vee .......................................................................... 5.0 Volts ± 10% 

+5V +5V 

470 OHMS 470 OHMS 

DUT--Q------------, DUT--Q----------, 

240 OHMS 240 OHMS 

GND GND 

(A) (8) 

• INCLUDES SCOPE AND TEST JIG. 

Figure 15. Equivalent Output Load Circuit 
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ORDERING INFORMATION 

MK 

PART NUMBER ACCESS TIME PACKAGE TYPE TEMPERATURE 

MK4505M(N)-25 15ns 24 pin Plastic DIP ooe to 700C 

MK4505M(N)-33 20ns 24 pin Plastic DIP ooe to 700C 

MK4505M(N)-50 25ns 24 pin Plastic DIP ooe to 700C 

MK4505S(N)-25 15ns 20 pin Plastic DIP ooe to 700C 

MK4505S(N)-33 20ns 20 pin Plastic DIP OOC to 70 0e 
MK4505S(N)-50 25ns 20 pin Plastic DIP OOC to 70 0e 
MK4505M(K)-25 15ns 32 pin Plastic Lee OOC to 700C 

MK4505M(K)-33 20ns 32 pin Plastic Lee OOC to 700C 

MK4505M(K)-50 25ns 32 pin Plastic Lee OOC to 70 0e 
MK4505S(K)-25 15ns 32 pin Plastic Lee ooe to 70 0e 
MK4505S(K)-33 20ns 32 pin Plastic Lee ooe to 70 0e 
MK4505S(K)-50 25ns 32 pin Plastic Lee OOC to 70 0e 

TN~~~ __ _ 

IL __________________ Speed grade 

Package Type 
N: Plastic DIP 
K: Plastic Lee 

4505M 

Device family and 
L-_______________________ number identification 

4505M: Master 
4505S: Slave 

L--__________________________ Thomson - Mostek 

prefix 
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20 PIN"N" PACKAGE 
PLASTIC DIP (MK4505S) 

NOTES 

1. OVERALL LENGTH INCLUDES .010 IN. 
FLASH ON EITHER END OF THE PACKAGE. 

2. PACKAGE STANDOFF TO BE MEASURED 
PER JEOEC REQUIREMENTS. 

3. THE MAXIMUM LIMIT SHALL BE 
INCREASED BY .003 IN. WHEN 
SOLDER LEAD FINISH IS SPECIFIED. 

24 PIN "N" PACKAGE 
PLASTIC DIP (4505M) 

NOTES 

1. OVERALL LENGTH INCLUDES .010 IN. 
FLASH ON EITHER END OF THE PACKAGE. 

2. PACKAGE STANDOFF TO BE MEASURED 
PER JEOEC REQUIREMENTS. 

3. THE MAXIMUM LIMIT SHALL BE 
INCREASED BY .003 IN. WHEN 
SOLDER LEAD FINISH IS SPECIFIED. 

DIM 

A 
Al 
A2 
8 

81 
C 
0 

01 
E 

El 
el 
eA 
L 

DIM 

A 
Al 
A2 
8 

81 
C 
0 

01 
E 
El 
el 
eA 
L 
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INCHES 
NOTES 

MIN MAX 

- .21D 2 
.015 - 2 
.120 .140 
.015 .021 3 
.050 .070 
.008 .012 3 

1.020 1.050 1 
.060 .075 
.300 .325 
.240 .270 
.090 .110 
.300 .400 
.120 -

INCHES 
NOTES 

MIN MAX 
- .210 2 

.015 - 2 

.120 .140 

.015 .021 3 

.050 .070 

.008 .012 3 
1.220 1.250 1 
.060 .075 
.300 .325 
.240 .270 
.090 .110 
.300 .400 
.120 -
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, , 

f~ 

M,I{4511 (N)-12[15f,21iJ ~ , 

512 x 9 CMOS'BiPOR,[,' RAM',~ 

MEMORY COMPONENtS ,1 

I' j ~i 

FEATURES 

o Single Chip Bi-directional Message Passing 

ADX4 1 [ 0 '::J 28 Vee 
o Software Controlled Interrupt Outputs ADxs 2[ :J 27 ADx• 

o Addressable StatuslControl Flags 
ADx6 3 [ :J 26 ADx• 

ADx7 4[ :J 25 ADxl 

o Identical Ports, 3-wire Controlled 1/0 ADxs 5[ :J 24 ADxo 

WEx 6[ :J 23 OEx 

PIN NAMES CEx 7[ MK4511 :J 22 INTx 
CEy 8L :J 21 INTy 

AD - AddresslData 1/0 INT - Interrupt Output WEy 9[ :J 20 DEy 

CE - Chip Enable GND - Ground ADYB 10 [ :J 19 ADYD 

OE - Output Enable Vcc - +5 Volts 
ADY7 11 [ P 18 ADYl 

WE - Write Enable 
ADY6 12 [ P 17 ADY2 

ADys 13 [ P 16 ADY3 
GND 14 [ PIS ADY4 

Part Number ~ccess Time Cycle Time Cycle Rate 

MK4511-12 120 ns 150 ns 6.67 MHz 

MK4511-15 150 ns 190 ns 5.26 MHz Figure 1. Pin Connections 

MK4511-20 200 ns 250 ns 4.00 MHz 

of read and write operations is altogether convention-
DESCRIPTION al; the presence of the other port is effectively trans-

parent to the accessing processor. Therefore, all timing 
The MK4511 dual port RAM contains a Single 512 x 9 parameters are specified without references that 

CMOS memory matrix that can be accessed simultane- differentiate between the ports. 

ously from both of the inputloutput ports. Dual port oper-
ation is achieved through the use of a memory array READ MODE 
composed of BiPORT memory cells. Each memory cell 
is accessible from both ports at all times. The MK4511 is in Read Mode whenever Chip Enable 

(CE) is low and Write Enable (WE) is high. A stable 

Pin count is kept low through the use of addressldata address must be placed onto the AD lines tAs prior to 
multiplexing. This technique is being used on advanced Chip Enable becoming active. The address must be 
microprocessors and other devices to keep pin counts held valid for tAH following the falling edge of CEo 
and package sizes down. 

In Read Mode the bi-directional AD lines are driven al-

The MK4511 incorporates all functions required for dual ternately by the user and the MK4511. Bus contention 
port operations, including software controlled interrupt will occur if the user's address driver remains active too 
outputs. Use of the interrupt outputs is optional, allow- long. An Output Enable input (OE) is provided, offering 
ing both polled and interrupt controlled applications. an improved ability to avoid bus contention. The OE 

control keeps the AD lines in a high impedance state 
SINGLE PORT OPERATIONS while held high and for tOEL after it goes low. Output 

data will be valid at the latter of tOEA or tCEA' A Chip 
The MK4511 may be viewed from either port as an or- Enable recovery time (tCER) must be observed between 
dinary three wire controlled 512 x 9 static RAM. Timing assertions of CEo 
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OEx 

INTx 

INTy 

OEy 

X PORT 
CONTROL 

LOGIC 

X INTERRUPT 
CONTROL 
REGISTER 

Y INTERRUPT 
CONTROL 
REGISTER 

Y PORT 
CONTROL 

LOGIC 

36 

3 

512 X 9 
BIPORT 

MEMORY 
ARRAY 

3 

36 

Figure 2. MK4511 Block Diagram 
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READ READ READ MODIFV WRITE 

Figure 3. Read-Read-Read Modify Write 

READ CYCLE TIMING 
AC ELECTRICAL CHARACTERISTICS 
(0°CsTAs70°C) (Vee = 5.0 V ± 10 percent) 

SYM PARAMETERS 

tRe Read Cycle Time 

tAS Address Setup Time 

tAH Address Hold Time 

teEA Chip Enable Access Time 

tOEL Output Enable to Lo-Z 

tOEA Output Enable Access Time 

tOH Valid Data Out Hold Time 

teEz Chip Enable Hi to Hi-Z 

tOEZ Output Enable Hi to Hi-Z 

tWEZ Write Enable Lo to Hi-Z 

teER Chip Enable Recovery Time 

MK4511-12 

MIN MAX 

150 

0 

20 

120 

15 

55 

5 

90 

40 

40 

30 
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MK4511-15 MK4511-20 

MIN MAX MIN MAX 

190 250 

0 0 

25 35 

150 200 

15 15 

70 90 

5 5 

110 150 

50 65 

50 65 

40 50 

UNITS NOTES 

ns 

ns 

ns 

ns 1 

ns 

ns 1 

ns 1 

ns 

ns 

ns 

ns 



WRITE MODE 

The MK4511 is in Write Mode whenever Write Enable 
(WE) and Chip Enable (CE) are active low. As in Read 
Mode, the falling edge of CE latches the addresses 
present at the AD lines. The same addresses set-up and 
hold times apply. Input to the AD pins must then change 
from the address to input data. Input data present on 
the AD lines must be stable for tos prior to the end of 
write and must remain valid for tOH afterward. A write 
cycle may be ended by the rising edge of WE or 
CEo Chip Enable recovery time must also be observed 
in write mode. 

Even if WE becomes active prior to CE becoming active, 

WRITE WRITE 

CE falling actually begins the cycle, latching the address 
present on the AD lines. Such cycles must reference 
tWEW' tos and tOH to the rising and falling edges of CE 
and WE. 

Read-Modify-Write cycles are possible if the outputs are 
enabled and the assertion of WE is delayed through 
ro. The write cycle will begin when WE goes low. 
WE going low or DE going high will return the output 
drivers to high-Z within tWEZ or tOEz respectively. The 
address latched when CE went low is still the valid 
address as the write cycle proceeds. The cycle is end­
ed by the earlier rising edge of CE or WE. 

READ MODIFY WRITE 

Figure 4. Write-Write-Read Modify Write 

WRITE CYCLE TIMING 
AC ELECTRICAL CHARACTERISTICS 
(0°CsTA s70°C) (Vcc = 5.0 V ± 10 percent) 

SYivi PARAMETERS 

twc Write Cycle Time 

tCEW Chip Enable to End of Write 

tWEW Write Enable to End of Write 

tos Data Setup Time 

tOH Data Hold Time 

MK4511-12 

Mlr~ MAX 

150 

120 

80 

40 

10 
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MK4511-15 MK4511-20 

MIN MAX MIN MAX UNITS NOTES 

190 250 ns 

150 200 ns 

105 130 ns 

55 65 ns 

10 10 ns 



DUAL PORT OPERATIONS 

INTERRUPT CONTROL 

Although the Interrupt Control Registers for each port 
are accessed in parallel with RAM locations OOOH and 
1FFH, they do not .reside within the RAM array. They 
do not derive their control inputs from the RAM cells' 
status. In fact, changing the RAM location's contents 
via an opposite port will not affect a Interrupt Control 
Register at all. Therefore, for example, Port Y writing 
to address OOOH cannot affect the status of the Port X 

INTx 

ENA/DIS 

ADx, D a 

CK 

ADx. 

ROW Ox COWMN Ox 

Interrupt Register. 

The lower three bits of each byte written to the top and 
bottom addresses are the ones routed simultaneously 
to the Interrupt Control Registers. The Interrupt Con­
trol Registers consists of three flip-flops per port that 
serve as the Interrupt RequesUCancel flag (REO/CAN), 
Interrupt Output Enable/Disable flag (ENAIDIS) and 
Interrupt Acknowledge/Ready flag (ACKlRDY). As 
Figure 5 shows, the logic attached to the Interrupt Con­
trol Registers interprets interrupt status and drives the 
Interrupt Outputs. 

INTy 

EN AlDIS 

a D ADy, 

CK 

REa/CAN 

ADy. 

~-+-__ ADY2 

ROW 127y COLUMN 3y 

Figure 5. MK4511 Interrupt Control Registers and Interrupt Logic 

INTERRUPT BYTE STRUCTURE 

Because only the lower 3 bits of each interrupt byte are 
used to control the interrupt logic, the six MSBs writ­
ten to the RAM have no affect on the state of the inter­
rupt outputs, and may be used for any other purpose. 
The functions of the three control bits are: 

Interrupt Output Enable/Disable 
ENAlDISx (ADx1 ) and ENA/D1Sy (ADy1) 
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Each port can disable its own interrupt outputs by writ­
ing a 0 (XXXXXXXOX2) into its ENAIDIS bit. If disabled, 
the interrupt pin will remain high regardless of interrupt 
requests from the other port. If an interrupt is request­
ed of a disabled port, and an enabling 1 is later written 
into ENAIDIS of the disabled port, the interrupt output 
will go low tWIL following the rising edge of the enabling 
write. Disabling a port with an active interrupt output 
pin will result in the output going high tWIH after the end 
of the disabling write. 



Interrupt Request/Cancel 
REQ/CANx (ADxo) and REQ/CANy (ADyo) 

Assuming that the Enable and Ready flags are set, writ­
ing a 1 into a REO/CAN bit drives an enabled 
interrupt output pin on the opposite port low. The inter­
rupt line will be driven low tWIL following the end of the 
write that places a 1 in the REO/CAN bit. For example, 
when XXXXXXXX.!2Js written into location OOOH set­
ting REO/CANx, INT y will go active low within tWIL. 
Writing a 0 into the REO/CAN bit cancels the interrupt 
request, returning the INT output to a high state tWIH 
after the end of write. 

ADy 

l\EA6V 
DATA 

Interrupt Acknowledge/Ready 
ACKlRDYx (ADx2) and ACKlRDYy (ADy2) 

Once an interrupt has been received at a port, the in­
terrupt can be turned off by writing a 1 (XXXXXX1XXl!l 
into the ACK/RDY bit of the receiving port. Writing 
an acknowledge will cause the interrupt output to go 
high tWIH after the end of the write. The interrupt re­
quest flag cannot be set while the acknowledge flag is 
active. An acknowledge must always be followed with 
a ready (writing a 0 over the 1) before requests from 
the other port can be recognized. Interrupt requests can 
be recognized tRRR after a ready. 

ACKNOWLEDGE 
DATA 

III-------\\...-__ ...J/ 

Y"---RRR~ ~" ~ '" ~ 
J " ~, ,--1, ,-1.-

----------~~--------~I~I-----------.~.~----~--

CEx \'----~/ 
ENABLE AND/OR 
REQUEST DATA 

j 1--1 ----,.\'---__ ~/' 
DlSAiii:E AND/OR 

CJ!iiICa: DATA 

Figure 6. Interrupt Request Timing 

INTERRUPT OUTPUT TIMING 
AC ELECTRICAL CHARACTERISTICS 
(0°CsTA s70°C) (Vee = 5.0 V ± 10 percent) 

SYM PARAMETERS 

tWIL End of Write to INT Low 

tWIH End of Write to INT High 

tRRR Ready to Request Recognized 

MK4511-12 

MIN MAX 

50 

50 

10 
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MK4511-15 MK4511-20 

MIN MAX MIN MAX 

60 85 

60 85 

10 15 

UNITS NOTES 

ns 

ns 

ns 



IMPLEMENTATION 

Use of the interrupt feature is completely optional, al­
lowing simple implementation of either interrupt driven 
or polled inter-processor communications applications. 
Either port can read or write any of the 512 bytes without 
restriction. Users who choose not to utilize the interrupt 
feature should leave the interrupt pins unconnected. 

Any inter-processor communications application will 
doubtless employ some type of semaphore scheme. 
The use of the REO/CAN, ENAJDIS and ACKIRDY 
bits allow for each port to follow the exact status of the 
other port. The following example covers the case of 
port X interrupting port Y but applies equally well for 
port Y interrupting port X. 

An Example Approach to Inter-processor Commu­
nications Using Pre-Allocated Memory Blocks and 
Interrupts 

Pre-define six memory blocks of 85 bytes each (for a 

total of 510 bytes). Assign some number of blocks (prob­
ably three) to the X port and the balance to the Y port. 
Each port will write only to its assigned memory blocks, 
preventing port X and port Y attempting to load their 
messages into the same area. 

Write the message to be passed into the Port X mes­
sage area. When finished, read ACKlRDYx. If ready, 
request an interrupt on port Y by writing a 1 into 
REO/CANx. Indicate which message block(s) contain 
valid message data, using the upper six bits of the in­
terrupt register byte. 

Now, acknowledge the interrupt to Port Y by writing a 
1 to the acknowledge flag on Port Y. Begin reading the 
message via Port Y. The acknowledge should not be 
removed until after the message has been read. When 
it has been, set the ACKlRDYy flag to ready. 

Check to see that the message was received. Monitor 
ACKlRDYy via Port X. Changes to the message block 
should not be made by Port X until ACKlRDYy is zero, 
indicating Port Y has finished reading its message. 
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COLLISION 

The central objective of the MK4511 design effort was 
to produce a component that makes implementation of 
asynchronous, random access dual port memory ap­
plications, that can assure data integrity, as simple and 
inexpensive to design and implement as possible. 

Data integrity can be called into question if port to port 
collision occurs. A collision is defined as both ports at­
tempting to write at the same address or one port read­
ing and one writing at the same address at the same 
time. 

While a collision is generally considered undesirable, 
the conditions that can lead to ill-defined results are 
definable and manageable. In the case of a writefwrite 
collision, the data stored at the address in question may 
or may not have any similarity to either write attempted 
or the previously resident data if the delay between the 
ends of the writes (twwdis not long enough. On the 
other hand, write/read collisions do not affect the integri-

ty of data storage, but do have an impact on the validi­
ty of output data at definable pOints in time (tOOl and 
toov). Figures 7 and 8 describe these conditions. 

All of the parameters indicated reference the validity of 
the entire byte of data. Individual bits of a byte change 
state at slightly different rates. Though this is a subtle 
distinction, it is nonetheless important, particularly in 
the case of monitoring ACKIRDY. Be aware that a 
read may catch the ready bit at a valid zero before the 
rest of the byte has finished transition. Nevertheless, 
because there is no reason for the ready bit to go low, 
other than that the opposite port is writing a zero into 
it, catching it low is a reliable indication that the other 
port is ready. This is all to say that single significant bit 
flag write/read operations can proceed reliably under 
collision conditions where byte wide operations cannot. 

Simultaneous reads at the same address will always 
produce valid data and are therefore not considered a 
collision in this context. 

\'------'/ 

CEy 

MATCHING 
ADDRESS 

-0-\ ~~~I~ATA )>--------

\'----~/ 
Figure 7. Minimum Write To Write Latency For Valid Data Storage 
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~x \ / 
WEx 1 
ADx 

IODY 

ADy VALID DATA OUT NEW VALID DATA OUT 

~y 
~I 

IC~~ 
el!y 

Figure 8. Simultaneous Read Write Timing 

COLLISION TIMING 
AC ELECTRICAL CHARACTERISTICS 
(0"CsTA s70°C) (Vee = 5.0 V ± 10 percent) 

SYM PARAMETERS 

toOl Output Data Indeterminant 

tODV Output Data Valid 

tWWL Write to Write Latency 

MK4511-12 

MIN MAX 

10 

90 

80 
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MK4511-15 MK4511-20 

MIN MAX MIN MAX 

10 10 

115 150 

105 130 

IOEZ 

UNITS NOTES 

ns 

ns 

ns 



ABSOWTE MAXIMUM RATINGS· 

Voltage on any pin relative to GND ............................................... -0.3 V to +7.0 V 
Ambient Operating Temperature (TA) ................................................. O"C to +70°C 
Ambient Storage Temperature ................................................... -55"C to +125°C 
Total Device Power Dissipation ............................................................ 1 Watt 
Output Current per Pin .................................................................. 20 mA 

* Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only snd functional 
operation of the device at these or other conditions beyond those Indicated In the operational section of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods of time may affect reliability. 

RECOMMENDED DC OPERATING CONDITIONS 
(O"C sT AS 70 "C) 

SYM PARAMETERS 

VCC Supply Voltage 

GND Supply Voltage 

VIH Logic 1 Voltage, All Inputs 

VIL Logie 0 Voltage, All Inputs 

DC ELECTRICAL CHARACTERISTICS 
(0°CsTAs70"C) (Vcc = 5.0 V ± 10 percent) 

SYM PARAMETERS 

ICC1 Average Power Supply Current per Port 

ICC2 TTL Standby Current per Port 

ICC3 CMOS Standby Current per Port 

IlL Input Leakage Current 

IOL Output Leakage Current (Any Output Pin) 

VOH Output Logic 1 Voltage (lOUT = -1 mAl 

VOL Output Logie 0 Voltage (lOUT = 2.1 mAl 

CAPACITANCE 
(TA = 25°C; f = 1.0 MHz) 

SYM PARAMETERS 

CI Capacitance on any Input Pin 

Co Capacitance on any Output Pin 

NOTES 
1. Measured with load shown in Figure 9. 
2. All voltages referenced to GND. 
3. No more than one negative undershoot or positive overshoot of 1.5 V with 

a maximum pulse width of 10 ns Is allowed once per cycle. 
4. Output buffer Is deselected, both ports are active. 
5. All Inputs = VIH' 
6. All inputs ;"Vec - O.'ZII 
7. Measured with GND:sV"sVec and outputs deselected. 
B. Effective capacitance is calculated as follows: C = ~ 

/J,V = 3 V /J,V 

9. Output buffer 15 deselected. 
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MIN 

4.5 

0 

2.2 

-0.3 

TYP MAX UNITS NOTES 

5.0 5.5 V 2 

0 0 V 

VCC + 0.3 V 2,3 

0.8 V 2,3 

MIN MAX UNITS NOTES 

25 mA 4 

2.5 mA 5 

1 mA 6 

-1 +1 pA 7 

-5 +5 pA 7 

2.4 V 2 

0.4 V 2 

TYP UNITS NOTES 

4 pF 8 

10 pF 8,9 



AC TEST CONDITIONS 

Input Levels ..................................................................... GND to 3.0 V 
Transition Times ......................................................................... 5 ns 
Input Signal Timing Reference Level ........................................................ 1.5 V 
Output Signal Timing Reference Levels ............................................. 0.8 V and 2.2 V 
Ambient Temperature ............................................................... O°C to 70°C 
Vee ....................................................................... 5.0 V ± 10 percent 

DEVICE 
UNDER 
TEST 

+5.0 V 

1.8K!) 

1K!) 

_ GND 

100 pF· 

• INCWDES SCOPE AND TEST JIG. 

Figure 9. Equivalent Output Load Circuit 
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ORDERING INFORMATION 

Part Number 

MK4511N·12 

MK4511N·15 

MK4511N·20 

28 PIN 
"N"Package 

NOTES 

Access Time 

120 ns 

150 ns 

200 ns 

1. OVERALL LENGTH INCLUDES .010 IN. 
FLASH ON EITHER END OF THE PACKAGE. 

2. PACKAGE STANDOFF TO BE MEASURED 
PER JEDEC REQUIREMENTS. 

3. THE MAXIMUM LIMIT SHALL BE 
INCREASED BY . 003 IN. WHEN 
SOLOER LEAD FINISH IS SPECIFIED. 

Package Type 

28 pin Plastic DIP 

28 pin Plastic DIP 

28 pin Plastic DIP 

DIM 

A 
Ai 
A2 
8 

81 
C 
D 

D1 
E 

E1 
e1 
eA 
L 
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Temperature Range 

ooe to 700C 

ooe to 70°C 

ooe to 70°C 

INCHES 
NDTES 

MIN MAX 

- .210 2 
.015 - 2 
.140 .160 
.015 .021 3 
.050 .070 
.OOB .012 3 

1.440 1.470 1 
.065 .OB5 
.600 .625 
.530 .560 
.090 .110 
.600 .700 
.120 



FEATURES 

o Static operation 

o Organization: 1 K x 8 bit RAM JEDEC pinout 

o Pin compatible with Mostek's BYTEWYDETM memory 
family 

o 24128 pin ROM/PROM compatible pin configuration 

o High performance 

DESCRIPTION 

The MK4801 A uses Mostek's Scaled POLY 5™ process and 
advanced circuit design techniques to package 8,192 bits of 
static RAM on a single chip. Static operation is achieved 
with high performance and low power dissipation by 
utilizing Address Activated™ circuit design techniques. 

BLOCK DIAGRAM 
Figure 1 

TRUTH TABLE 

CE OE WE Mode DQ 

VIH X X Deselect High Z 

VIL X VIL Write DIN 

VIL VIL VIH Read DOUT 

VIL VIH VIH Read High Z 

x ;:: Don't Care 

o CE and OE functions facilitate bus control 

Part No. Access Time 

MK4801A-55 

MK4801A-70 

MK4801A-90 

The MK4&P~xCels. high speed memory applications 
Wher~~E!<i nization requires relatively shallow depth 
wjtJJ>a' format. The MK4801 A presents the usera 
r1~en' cost effective alternative to bipolar and 

\. e~fYeneration N-MOS fast memory. 

I ONNECTIONS 

A71 

AS 2 
AS 3 
A44 

A35 

A26 

A17 
Aoa 

0009 

0°110 

0°211 
VSS12 

PIN NAMES 

~-A9 
CE 

VSS 
VCC 
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Address Inputs 
Chip Enable 
Ground 
Power (+5V) 

24VCC 
23AB 

22 Ag 

21 WE 
20 OE 
19 NC 

18 EE 
170°7 

1600S 

150°5 
140°4 
13003 

Write Enable 
Output Enable 
No Connection 
Data Inl 
Data Out 



ABSOLUTE MAXIMUM RATINGS· 
Voltage on any pin relative to VSS ••.•....•....•.....................•........•••.............. -.5V to + 7.0V 
Operating Temperature T A (Ambient) .••......................•.....•...................•........ O°C to + 70°C 
Storage Temperature (AmbientXCeramic) ......•.....•.....••.....•......•.......•..........••• -65°C to +150°C 
Storage Temperature (AmbientXPlastic) .......•.....•.....•...............................•••• -55°C to +125°C 
Power Dissipation ....•....•.......••....................•...........•..•••...................••.... 1 Watt 
Output Current .....................................................•.............................•. 20mA 
·Stresses greater than those listed under "Absolute Maximum Ratings" maycause permanent damage lathe device. This is a stress rating onlv 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 CONDITIONS7 
(O°C:;:; TA :;:; +70°C) 

SYM PARAMETER 

Vee Supply Voltage 

Vss Supply Voltage 

VIH Logic "1" Voltage All Inputs 

VIL Logic "0" Voltage All Inputs 

DC ELECTRICAL CHARACTERISTICS'.7 
(DoC:;:; TA :;:; +70°C) (Vee = 5.0 V ± 5%) 

SYM PARAMETER 

lee I Average Vee Power Supply Current 

IlL Input Leakage Current (Any Input) 

IOL Output Leakage Current 

VOH Output Logic "1" Voltage lOUT 
=1 mA 

VOL Output Logic "0" Voltage lOUT 
=4mA 

CAPACITANCE'.' 
(O°C:;:; TA :;:; + 70°C) (Vee = +5.0 V ± 5%) 

SYM PARAMETER 

CI All pins (except 0/0) 

COlO 0/0 pins 

MIN 

4.75 

0 

2.2 

-2.0 

MIN 

-10 

-10 

2.4 
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TYP MAX UNITS NOTES 

5.0 5.25 V 1 

0 0 V 1 

7.0 V 1 

.8 V 1.9 

TYP MAX UNITS NOTES 

60 125 mA 8 

10 pA 2 

10 pA 2 

V 

0.4 V 

TYP MAX NOTES 

4pF 6pF 

10pF 12 pF 6 



AC ELECTRICAL CHARACTERISTICS 3,' 

(O°C :5 T A :5 70°) (Vee = 5.0 V ± 5%) 

SYM PARAMETER 

tAe Read Cycle Time 

tAA Address Access Time 

teEA Chip Enable Access Time 

teEz Chip Enable Data Off Time 

tOEA Output Enable Access 
Time 

tOEZ Output Enable Data Off 
Time 

tAZ Address Data Off Time 

twe Write Cycle Time 

tAS Address Setup Time 

tAH Address Hold Time 

tosw Data To Write Setup Time 

tOHW Data From Write Hold 
Time 

two Write Pulse Duration 

tWEZ Write Enable Data Off Time 

tWPL Write Pulse Lead Time 

NOTES: 
1. All voltages referenced to Vss. 
2. Measured with .4 ~ VI:5: 5.0 V. outputs deselected and Vee = 5 V. 

MK4S01A-55 MK4S01A-70 

MIN 

55 

5 

5 

10 

65 

0 

15 

5 

10 

25 

5 

40 

MAX MIN MAX 

70 

55 

25 

15 5 

25 

15 5 

10 

SO 

0 

20 

5 

10 

30 

10 5 

50 

OUTPUT LOAD 
Figura 3 

70 

35 

20 

35 

20 

15 

3. AC measurements assume Transition Time = 5 ns, levels VSS to 3.0 V. 
4. Input and output timing reference levels are at 1.5 V. 
5. Measured with a load as shown in Figure 3. 
6. Output buffer is deselected. 

MK4S01A-90 

MIN MAX UNITS NOTES 

90 ns 

90 ns 5 

45 ns 5 

5 30 ns 

45 ns 5 

5 30 ns 

10 ns 

100 ns 

0 ns see 
text 

30 ns see 
text 

5 ns 

10 ns 

40 ns see 
text 

5 25 ns 

60 ns 

5V 

1.1Kn 

7. A minimum of 2 rns time delay is required after application of Vee (+5 VI 
before proper device operation can be achieved. 

B. ICC measured with outputs open. 
D.U.T. ---...---~ 

9. Negative undershoots to a minimum of -1.5 V are allowed with a maximum 
of 50 ns pulse width. 
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680n· ;:, 30pF 

(Including Scope and Jig) 
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TIMING DIAGRAM 
Figure 4 

• 

~ 
--..I 

READ 

'RC 

\ 

- tCEA 

\ 

READ 

'RC 

\ 

'AA_ 

I-

WRITE 

'wc • 

\ )~I\ 
-+ _'AS 

/\ J 

It 
_'AH ...... - 'WD _'WPL-+ 

- 'AZ 

l - 'OEA I- 'L-.J 
_ 'OEZ I 

V VALID OUT 'j ~VALlD\ 

TIMING DIAGRAM 
Figure 5 

WRITE 

1'4---- 'wc ---..... t----

-

IN I 

WRITE READ 

'WC ---_~---- 'RC ---_oj 

~ J,+" 
DOo-DQ7 ~>----~( V~~ID )>-____ ~ '-__ --' >-_______ ~~ VALID OUT 'f--
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The MK4801 A features a fast CE (50"A> of Address Access) 
function to permit memory expansion without impacting 
system access time. A fast OE (50% of access time) is 
included to permit data interleaving for enhanced system 
performance. 

The MK4801 A is pin compatible with Mostek's 
BYTEWYDETM memory family of RAMs, ROMs and 
EPROMs. 

OPERATIO~ 

Read Mode 

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

In the READ mode of operation, the MK4801A provides a 
fast address ripple-through access of data from 8 of 8192 
locations in the static storage array. Thus, the unique 
address specified by the 10 Address Inputs (An) define 
which 1 of 1024 bytes of data is to be accessed. 

A transition on any ofthe 1 o address inputs will disable the 
8 Data Output Drivers after tAl' Valid Data will be available 
to the 8 Data Output Drivers within tAA after the last address 
input signal is stable, providing that the CE and OE access 
times are satisfied. If CE or OE access times are not met, 
data access will be measured from the limiting parameter 

PACKAGE DESCRIPTION 
Ceramic Dual-In-Une (P) 
24 Pin 
Figure 6 

(tCEA or tOEA) rather than the address. The state of the 8 data 
1/0 signals is controlled by the Chip Enable (CE) and Output 
Enable (OE) control signals. 

Write Mode 

The MK4801 A is in the Write Mode whenever the Write 
Enable (WE) and Chip Enable (CE) control inputs are in the 
low state. 

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

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

Da~n mustbe valid tosw priorto the low to high transition 
of WE. The Data In lines must remain stable for tOHW after 
WE goes inactive. The write control of the MK4801A 
disables the data out buffers during the write cycle; 
however, OE should be used to disable the data out buffers 
to prevent bus contention between the input data and data 
that would be output upon completion of the write cycle. 

PACKAGE DESCRIPTION 
Cerdip (J) 
24 Pin 
Figure 7 
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MK4801 A(N,P)·1/2/314 

=-~~-.---. ----' 1 K.x 8 BI~ STATiIC RAM . 

FEATURES 

o Static operation 

o Organization: 1 K x 8 bit RAM JEDEC pinout 

o H ig h performa nce 

o Pin compatible with Mostek's BYTEWYDE'M memory 
family 

o 24/28 pin ROM/PROM compatible pin configuration 

o CE and OE functions facilitate bus control 

DESCRIPTION 

The MK4801 A uses Mostek's advanced circuit design 
techniques to package 8,192 bits of static RAM on a single 
chip. Static operation is achieved with high performance 
and low power dissipation by utilizing Address ActivatedTM 
circuit design techniques. 

BLOCK DIAGRAM 
Figure 1 

"'----I 

.. ----I 

TRUTH TABLE 
CE OE WE Mode DO 

V,H X X Deselect HighZ 

V'L X V,L Write D'N 

V'L V'L V,H Read Dour 

V'L V,H V,H Read High Z 

X= Don t Care 

MEMORY COMPONENTS 

" ._,J , ~, • 

o MKB version screened to MIL-STD-883 

Part No. 

MK4801A-1 

MK4B01A-2 

MK4801A-3 

MK4B01A-4 

R/W 
Access Time 

120 nsec 

R/W 
Cycle Time 

The M~4 1A ex high speed memory applications 
where rganiza 'on requires relatively shallow depth 
Wi~' ord format. The MK4801A presents to the 

r sity cost effective N-MOS memory with the 
~ rm e characteristics necessary for today's micro-

o or applications. 

CONNECTIONS 

A71 

A& 2 
As 3 

A44 

A35 

A26 

A'7 
ADS 

0009 

00,10 

0°211 

VSS12 

PIN NAMES 
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Address Inputs 
Chip Enable 
Ground 
Power (+5Vj 

24VCC 
23AS 

22 A9 

21 WE 

20 OE 
19 NC 

lS CE 
17007 
1600& 

1500S 
14004 
13003 

Write Enable 
Output Enable 
No Connection 
Data In/Data Out 



ABSOLUTE MAXIMUM RATINGS* 
Voltage on any pin relative to Vss ...................................•......................... -.5 Vto +7.0 V 
Operating Temperature T A (Ambient) ....................•............•.......................... O°C to + 70°C 
Storage Temperature (AmbientXCeramic) ...................................................... -65°C to +150°C 
Storage Temperature (AmbientXPlastic) .....................................•................. -55°C to +125°C 
Power Dissipation .............•....•................................................•.•.........••. 1 Watt 
Output Current ........................................... : ......................................... 20 mA 
·Stressesgreater than those listed under "Absolute Maximum Ratings" maycause 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 CONDITIONS7 
(O°C :5TA :5 +70°C) 

SYM PARAMETER 

Vee Supply Voltage 

Vss Supply Voltage 

V'H Logic "1" Voltage All Inputs 

V'L Logic "0" Voltage All Inputs 

DC ELECTRICAL CHARACTERISTICS''> 
(O°C :5 T A :5 +70°C) (Vee = 5.0 V ± 5%) 

SYM PARAMETER 

leel Average Vee Power Supply Current 

I'L Input Leakage Current (Any Input) 

IOL Output Leakage Current 

VOH Output Logic "1" Voltage 
lOUT = 1 mA 

VOL Output Logic "0" Voltage 
lOUT = 4 mA 

CAPACITANCE''> 
(O°C :5TA :5 +70°C) (Vee = +5.0V ± 5%) 

SYM PARAMETER 

C, All pins (except 0/0) 

COlO 0/0 pins 

MIN TYP 

4.75 5.0 

0 0 

2.2 

-0.3 

MIN TYP 

50 

-10 

-10 

2.4 

1-124 

MAX UNITS NOTES 

5.25 V 1 

0 V 1 

7.0 V 1 

.8 V 1,9 

MAX UNITS NOTES 

80 mA 8 

10 p.A 2 

10 p.A 2 

V 

0.4 V 

TYP MAX NOTES 

4pF 6 pF 

10 pF 12 pF 6 



AC ELECTRICAL CHARACTERISTICS ',' 
(O°C :5 T A :5 70°) (V cc = 5.0 V ± 5%) 

SYM PARAMETER MIN 

tAC Read Cycle Time 120 

tM Address Access Time 

tCEA Chip Enable Access Time 

tCEZ Chip Enable Data Off Time 5 

tOEA Output Enable Access 
Time 

tOEZ Output Enable Data Off 5 
Time 

tAZ Address Data Off Time 10 

twc Write Cycle Time 120 

tAs Address Setup Time 0 

tAH Address Hold Time 40 

tDsw Data To Write Setup Time 10 

tDHW Data From Write Hold 10 
Time 

tWD Write Pulse Duration 45 

tWEZ Write Enable Data Off Time 5 

tWPL Write Pulse Lead Time 75 

NOTES: 
,. All voltages referenced to Vss 

., 
MAX 

120 

60 

30 

60 

30 

30 

2. Measured with .4:5 V,:5 5.0 V, outputs deselected and Vee = 5 V 

MIN 

150 

5 

5 

10 

150 

0 

50 

10 

10 

50 

5 

90 

3. AC measurements aSSlfme Transition Time = 5 ns, levels VSS to 3.0 V 
4. Input and output timing reference levels are at 1.5 V 
5. Measured with a load as shown in Figure 3. 
6. Output buffer is deselected. 
7. A minimum of 2ms time delay is required after application of Vee (+5 VI 

before proper device operation can be achieved, 
8. ICC measured with outputs open. 
9. Negative undershoots to a minimum of -1.5 V are allowed with a 

maximum of 50 ns pulse width. 

·2 ·3 

MAX MIN 

200 

150 

75 

35 5 

75 

35 5 

10 

200 

0 

65 

15 

10 

60 

35 5 

130 

OUTPUT LOAD 
Figure 3 

D.U.T. 

6S0ll 
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·4 

MAX MIN MAX UNITS NOTES 

250 ns 

200 250 ns 5 

100 125 ns 5 

40 5 45 ns 

100 125 ns 5 

40 5 45 ns 

10 ns 

250 ns 

0 ns see 
text 

80 ns see 
text 

20 ns 

10 ns 

70 ns see 
text 

40 5 45 ns 

170 ns 

5V 

1.lKll 

,. .... 100pF 
(Including Scope and Jig) 



TIMING DIAGRAM 
Figure 4 

. 
~ 
~ 

TIMING DIAGRAM 
Figure 5 

AO· Ag 

CE 

DE 

WE 

DOo-DQ7 

READ 

'RC 

\ 

-- 'CEA 

\ 

-- tOEA 

WRITE 

'wc 

( VALID 
IN 

READ 

'RC 

\ 
/ 

tAA~ 

~ 

- tAl r-I--

V VALID OUT )1 

WRITE 

'wc 

) 
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WRITE 

'WC • 

/\ ~, - *-'AS 

/\ V 

/ ~'AH -~ 

- 'wo _'WPl __ 

- tOEZ ~ 
I~ VALID \ 

IN / 
~ ~ 

READ 

tRC 

>--------~( VALID OUT 'j--



The MK4801 A features a fast CE (50% of Address Access) 
function to permit memory expansion without impacting 
system access time. A fast OE (50% of access time) is 
included to permit data interleaving for enhanced system 
performance. 

The MK4801 A is pin compatible with Mostek's 
BYTEWYDETM memory family of RAMs, ROMs and 
EPROMs. Mostek also offers a higher performance version 
of the MK4801A designated the MK4801A. 

OPERATION 

Read Mode 

The MK4801 A is in the READ MODE whenever the Write 
Enable Control input (WE) is in the high state. 

In the READ mode of operation, the MK4801 A provides a 
fast address ripple-through access of data from 8 of 8192 
locations in the static storage array. Thus, the unique 
address specified by the 10 Address Inputs (An) define 
which 1 of 1024 bytes of data is to be accessed. 

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

PACKAGE OESCRIPTION 
Ceramic Dual-In-Une (P) 
24 Pin 
Figure 6 

[]' [J' -.- ] 
, .. 

(tCEA or tOEA) rather than the address. The sta~ of the 8 data 
I/O signals is controlled by the Chip Enable(CE) and Output 
Enable (OE) control signals. 

Write Mode 

The MK4801 A is in the Write Mode whenever the Write 
Enable (WE) and Chip Enable (CE) control inputs are in the 
low state. 

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

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

Da~n must be valid tosw prior to the lowto high transition 
of WE. The Data In lines must remain stable for tOHW after 
WE goes inactive. The write control of the MK4801A 
disables the data out buffers during the write cycle; 
however, OE should be used to disable the data out buffers 
to prevent bus contention between the input data and data 
that would be output upon completion of the write cycle. 

PACKAGE DESCRIPTION 
CERDIP(J) 
24 Pin 
Figure 7 
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Plastic Dual-In-Une (N) 
24 Pin 
Figure 8 

fE:~~I-i" 
I. 

~ -! 

1·128 



ET2147H • ETL2147H(N,J)-35/45/55 

The ET2l47H is a 4096-word by l-bit static random access memory 
fabricated using N-channel silicon-gate technology X-MOS. All 
internal circuits are fully static and therefore require no clocks or 
refreshing for operation. The data is read out non destructively and 
has the same polarity as the input data. 
The separate chip select input automatically switches the part to its 
low power standby mode when it goes high. 
The output is held in a high impedance state during write to simplify 
common 1/0 applications. 
• All inputs and outputs directly TTL compatible 
• Static operation - no clocks or refreshing required 
• Automatic power down 
• High speed - down to 35 ns access time 
• Three-state output for bus interface 
• Separate Data In and Data Out pins 
• Single + 5V supply 
• Standard 1a-pin dual-in-line package 

Mu Acceu/Cu,renl ET2147H-l ET2147H-2 ET2147H,3 ETL2147H-3 
(, 

Access (TAVQV-ns) 35 45 55 ",.\\ 
Active Current (ICC-rnA) lao \ \":\ 
Standby Current (ISB-mA) 

cs WE 
151 IWI 
H X 

L L 
L L 
L H 

lao 
30 30 

COLUMN I/O CIRCUIlS 

" At' "'0 ... 9 -'8 

TRUTH TABLE' 

DIN DOUT 
Mode 

IDI 101 

X H,·Z Not Selected 

H HI'Z WIlle 1 

L H,·Z W"leO 

X DOUT Read 

• The symbols In parentheses ale p'oposed .ndust/y s!llndal" 

lao 
30 " . .') ... 

1-o00UT fa) 

AS 

Power 

SlanClDy 

ACI, ... e 
ACI,ve 

Act,ye 
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4096 x 1 STATIC RAM 

MEMORY COMPONENTS 

NMOS 
4096 X 1 

STATIC RAMs 

"\ 

-- '"<,, 

",1!I!f:=> ~ (( '~U1FIX 
.' \~. C PACKAGE 

,") .. '-..-
. . t C>·0.'> ALSO AVAILABLE 

18~ '''--;::!) JSUFFIX . ~ 0 --.-/." CERDIP PACKAGE 
~._ "/ A 

// ........ \ \,'V/' 

~jJ 
" 

PIN ASSIGNMENT 

AO [ 1 
\.J 18 P vee 

Al [ 2 17 P A6 

A'1 [ 3 16p A7 

AJ [ 4 lSP AS 

A4 [ S 14p A9 

AS [ 6 13 b AlO 

OOUT (01 [ 7 12P AI' 

WE(W![8 l1P DIN (D) 

VSs [ 9 lOP Cs lSi 

PIN NAMES' 
AO AI' Addre5~ tnpul<; 

WEIW, Wille Enable 

CSlSi Chip Sf'!lecl 

DINID) Data In 

DOUTIO, Dala Oul 

vce POoNer 15vI 

Vo5 Ground 

LOGIC SYMBOL' 

- AO 

- A' 

- A2 

- A3 

- A. 

- A5 
DIN (0) I-- A6 

- A7 
DOUr (a) I-

- A' 

- A" 

- A.O 

- An es WE 
(51 (WI 

? ? 



ABSOLUTE MAXIMUM RATINGS 

Voltage on Any Pin Relative to VSS 
Storage Temperature Range 
Power Dissipation 
DC Output Current 
Bias Temperature Range 
Lead Temperature (Soldering. 10 seconds) 

- 3.5V to + 7V 
-65°C to + 150°C 

1.2W 
20mA 

- 65°C to + 135°C 
300°C 

Operating Conditions 
Supply Voltage (VCC) 
Ambient Temperature (T~) 

MIN MAX UNITS 
4.5 5.5 'V 
o + 70°C 

DC ELECTRICAL CHARACTERISTICS TA = O'C 10. 70·C. VCC = SV:t 10% (Noles 1 and 2) 

ETL 2147H·3 ET2147H 
Symbol Parameler Conditions ·1. ·2.·3 Unlls 

Min Max Min Max 

IILII Inpul Load Currenl VIN = OV 10 5.5V. VCC = Max - 10 - 10 .A 
(Allinpul Pins) 

IILOI Oulpul Leakage Currenl CS = VIH. VOUT = GND 10 4.SV. - 50 - SO pA 
VCC=Max 

VIL Inpul Low Voltage -3.0 0.8 -3.0 0.8 V 

VIH Inpul High Voltage 2.0 6.0 2.0 6.0 V 

VOL Oulpul Low Voltage IOL=8.0 mA - 0.4 - 0.4 V 

VOH Oulpul High Voltage IOH= -4.0mA 2.4 2.4 - V 

ICC Power Supply Current VIN = 5.5V. TA = O'C. - 125 - 180 mA 
OulpulOpen 

ISB Siandby Currenl VCC = Min 10 Max. C5 = VIH - 20 - 30 mA 

IPO Pe;tk Power·On Current VCC = VSS 10 VCC Min. - 30 - 40 mA 
CS = Lower 01 VCC or VIH Min 

CAPACITANCE TA = 2S'C. 1 = 1 MHz (Nole 3) 

Symbol Parameler Conditions Min Max Units 

CIN Address/Conlrol Capacilance VIN =OV - 5 pF 

COUT Oulpul Capacitance VOUT=OV - 6 pF 

Note' : The operating ambient temperature range is guaranteed with transverse air flow exceeding 400 linear feel per mmute 

Note 2 : These circuits require 500l1s time delay after vee reaches the specified minimum limit to ensure proper orientation altet 
power-on. This allows the internally generated substrate bias to reach its functional level. 

Note 3 : ThiS parameter is guaranteed bV periodic testing. 

AC TEST CONDITIONS 

Input Test Levels 
Input Rise and Fall Times 
Input Timing Reference Level 
Output Timing Reference Level (H-l ) 
Output Timing Reference Levels 

(H.2. H.3. H.3L) 
Output Load (SeeFig.l) 

GND to 3.0V 
5 ns 
1.5V 
1.5V 

O.BV and 2.0V 

1·130 

Dour SV 

300" 

30 pF 
(INCLUDING 
SCOPE 
FIXTUREI 

Fig. 1- Ouplul Load 



READ CYCLE AC ELECTRICAL CHARACTERISTICS TA = O'C to 70'C, VCC = 5V ± 10% (Note 1) 

Symbol ET2147H .1 ET2147H·2 ET2147H·3 
Parameter ETL2147H·3 

Alternata Standard Min Max Min Max Min Max 

tRC 

tAA 

tACS 

tLZ 

tHZ 

tOH 

tpu 

tpo 

TAVAV 

TAVOV 

TSLOV 

TSLOX 

TSHOZ 

TAXOX 

TSLIH 

TSHIL 

Read Cycle Time 35 - 45 -
Address Access Time - 35 - 45 

Chip Select Access Time (Note 4) - 35 - 45 

Chip Select to Output Active 5 - 5 -
INote 5) 

Chip Deselect to Output TRI·STATE 0 30 0 30 
(Note 5) 

Output Hold from Address Change 5 - 5 -
Chip Select to Power·Up 0 - 0 -
Chip Deselect to Power· Down - 20 - 20 

READ CYCLE WAVEFORMS' 

Read Cycle 1 (Continuous Selection CS = VIL, WE = VI H) 

'RC 

55 -

- 55 

- 55 

10 -

0 30 

5 -
0 -

- 20 

II~==================~~~AV=A~~~==================~IJ ______________ __ 
ADDRESS ~:J * 

'M 
~AVO~ -I 

DATA OUT -----t-P-R-E-vI-O-U-s-D-A-TA--vA-L-ID~~l------~){r---------------D-A-T-A-V-A-Ll-D---------------

I--IT!~~XI--·1 

Read Cycle 2 (Chip Select Switched, WE = Vi H) (Note 4) 

1-------
'RC __________ _ 
~AVAVI 

CHIP SELECT 

,- 'HZ 
ITSHOZI I 'ACS ----

'll ~SLOVI 

DATAOUT---ffiG~~~~;~~~S~L~O~XI~=-=-~2·=·=:=:==·=·=··)· (::::::~D~A~T~A~~V~A~L~ID~:::::l::l~-,HiGHIr~~~~-HIGH IMPEDANCE J\. HIGH IMPEDANCE 

VCC ICC---_____ ~------------------'...:.....::.._. I---~. ~~L~HI - ~~~LI -~. 
SUPPLY 50", 50, 

CURRENT ISS---------__ -' ... --------

Nole 4 : Address must be valid coincident with or prior to the chip select transition from high to low. 

Nolo 5: Measured ± 50 mV from sleady slale voltage. This parameler is sampled and not 100 % lesled. 

-The symbols in parentheses are proposed industry standard. 
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Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



WRITE CYCLE AC ELECTRICAL CHARACTERISTICS TA = O·C 10 + 70·C, VCC = 5V ± 10% (Nole 1) 

Symbol 
ET2147H -1 ET2147H -2 ET2147H-3 

Parameter ETL2147H-3 Unit 
Alternate Standard Min Max Min Max Min Max 

Iwc TAVAV Write Cycle Time 35 - 45 - 55 - ns 

tcw TSl.WH Chip Selecllo End of Wrile 35 - 45 - 45 - ns 

tAW TAVWH Address Valid to End of Write 35 - 45 - 45 - ns 

tAS TAVSL Address Set· Up Time 0 - 0 - 0 - ns 
TAVWL 

twp TWLWH Write Pulse Width 20 - 25 - 25 - ns 

tWR TWHAx Write Recovery Time 0 - 0 - 10 - ns 

tow TOVWH Data Set· Up Time 20 - 25 - 25 - ns 

tOH TWHOX. Data Hold Time 10 - 10 - 10 - ns 

twz TWLOZ Write Enable to Output TRI-STATE 0 20 0 25 0 25 ns 
(Note 5) 

tow TWHOX Output Active from End of Write 0 - 0 - a - ns 
(Note 5) 

WRITE CYCLE WAVEFORMS' (Note 6) 

Write Cycle 1 (Write Enable Limited) 

AODRESS 

CHIP SELECT 
~~~----------~----------~~~~~~~~ 

WRITE ENABLE 

DATA IN ________________ -J-~----------+_~.~---------

ADDRESS 

WRITE ENABLE ============='4"------~'f"~-~ ..... = ...... """''"'='''' 

DATA IN 
-----------------'1~------------~·~---------

Note 6: The output remains TRI·STATE if the CS and WE go high simultaneously. ~ or ~ or both must be high during the address 
transitions to prevent an erroneous write . 

• The symbols in parentheses are proposed industry standard. 

1-132 



~RADMAX TYP 
10.508) 

PHYSICAL DIMENSIONS 
Inches (milhmeters) 

-, 
0.310 

17.174) MAX 

~""""""'-r:TT:'T"T'::"'I"""""'~U 

o HD-0.3ZO 
117.366-1.121) 1-

,rn'h _ .a-•• , ~~~ 10203-0.3051 _I o.m .~:~~~ L 86" 94" 

i8.m·~:~m 
- 0.IDO±O.010 JYP L 

12.540 ± 0.2541 

O.OIU 0.003 TYP 
ID.457± 0.0761 

Ceramic Dual-In-Line-Package (J) 
Order Number ET2147HJ -1. -2.-3 

ETL2147HJ-3 
ET Package Number J18A 

These specifications are subject to change without notice. 

-I ~ I~::) MAX BOTH ENOS 

Please inquire with our sales offices about the availability of the different packages. 
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MI{41 H66/MI{41 H67(N,P)-20/25/35 

--~~------ 16K x 1 CMOS STATIC RAM:~ 

. MEMORY COMPONENTS '.: 

" .. . ,,,,,,";' :r\rI::_!I~ 

FEATURES 

Ao 1 L 0 P 20 Vee o 20, 25, and 35 ns Address Access Time 
2L p 19 A13 A, 

o Equal access and cycle times A, 3 L P 18 A12 

o 20-pin, 300 mil Plastic and Ceramic DIP 
A3 4L P 17 Al1 

A. 5L 
MK41H66 

P 16 A,o 

o All input and output pins TTL compatible, low As 6L P 15 A. 
capacitance, and protected against static discharge 

A. 7L P 14 A. 

o 50 pA. CMOS Standby Current (MK41H67) Q SL P 13 A7 

WE 9L P 12 D 
o High speed chip select (MK41H66) GND 10 L P 11 cs 

o JEDEC standard pinout 

Ao 1 L 0 P 20 Vee 

MK41H66 TRUTH TABLE A, 2L P 19 A'3 

CS WE Mode Q Power A, 3L P'S A12 

H X Deselect High Z Active A3 4L P 17 A;, 

L L Write High Z Active A. 5L 
MK41H67 P 16 A,. 

L H Read Data Out Active 
As 6L P 15 As 

A. 7L P 14 A. 
X = Don't Care 

Q SL P 13 A7 
- 9L P 12 D WE 

MK41H67 TRUTH TABLE GND 10 L P 11 CE 

CE WE Mode Q Power 

H X Deselect High Z Standby 
Figure 1. Pin Connections 

L L Write High Z Active 

L H Read Data Out Active PIN NAMES 

Ao - A '3 - Address WE - Write Enable 
DESCRIPTION CE - Chip Enable GND - Ground 

(MK41H67) Vee - + 5 volts 
The MK41H66 and MK41H67 feature fully static opera- CS - Chip Select D - Data In 
tion requiring no external clocks or timing strobes, and (MK41H66) Q - Data Out 
equal address access and cycle times. Both require 
only a single +5V ± 10 percent power supply. Both 
devices are fully TTL compatible. 

The MK41H67 has a Chip Enable power down feature 
the Address and CE pins at full supply rail voltages. 

which automatically reduces power dissipation when The MK41H66 Chip Select pin provides a high speed 
the CE pin is brought inactive (high). Standby power chip select access, allowing fast read cycles despite 
can be further reduced to microwatt levels by holding decoder delays. 
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OPERATIONS 

READ MODE 

The MK41H6617 is in the Read Mode whenever WE 
(Write Enable) is high and CE/CS (Chip Enable/Select) 
is low, providing a ripple-through access to anyone of 
16,384 locations in the static storage array. Valid data 
will be available at the Data Output pin (0) within tAA 

IRe IRe 

----, 
"-' 

~'"1 ~'"9 _tCA _tCA 

~ 

after the last address input signal is stable, providing 
that the CE/CS access time is satisfied. If CE/CS 
access time is not met, data access will be measured 
from the limiting parameter (tCA) rather than the ad­
dress. The state of the Data Output pin is controlled by 
the CE/CS, and WE control signals. The 0 may be in 
an indeterminate state at tCL' but the 0 will always have 
valid data at tAA. 

IRe twe 

-
'---

~'"l -'~l 

I ~ rt-I --I I--- IReH -- tRCS - -- ....--tWEW ---.. 

--1 

-! tDS I---
IDH 

o 

-1 lel --W- --1 IOH
- ~ IWEZ ~tcz~ -

~. VALID OUT [( VALID VALID OUT OUT Q 

Figure 2. Read-Read-Read-Write Timing 
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READ CYCLE TIMING 
AC ELECTRICAL CHARACTERISTICS 
(O"CsTAs70"C) (VCC = 5.0 V ± 10 percent) 

MK41H6X·20 

SYM PARAMETER MIN MAX 

tRC Read Cycle Time 20 

tAA Address Access Time 20 

tCl Chip Enable to Low-Z (MK41H67) 5 

tCl Chip Select to Low-Z (MK41H66) 3 

tCA Chip Enable Access Time (MK41H67) 20 

tCA Chip Select Access Time (MK41H66) 10 

tRCS Read Command Setup Time 0 

tRCH Read Command Hold Time 0 

tOH Valid Data Out Hold Time 5 

tcz Chip Enable to High-Z (MK41H67) 8 

tcz Chip Select to High-Z (MK41H66) 7 

tWEZ Write Enable to High-Z 8 
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MK41H6X·25 MK41H6X·35 

MIN MAX MIN MAX UNITS NOTES 

25 35 ns 

25 35 ns 1 

5 5 ns 2 

3 3 ns 2 

25 35 ns 1 

12 15 ns 1 

0 0 ns 

0 0 ns 

5 5 ns 1 

10 13 ns 2 

8 10 ns 2 

10 13 ns 2 



WRITE MODE 

The MK41H6617 is in the Write Mode whenever th~ WE 
and CE/CS inputs are in the low state. CE/CS or WE 
must be high during address transitions. Addresses 
must be held valid throughout a write cycle. The Write 
begins with the concurrence of a Iowan WE and CE 
ICS. Therefore, tAS is referenced to the latter occurring 

edge of CE/CS, or WE. 

If the output is enabled (CE/CS is low), then WE will 
return the output to high impedance within tWEZ of its 
falling edge. Data-In must remain valid tOH after the ris­
ing edge of CE/CS or WE. 

1----lwc----I4---lwc----t+---lwc----t+---IRC---I 

CElts 

- IDS I 
~ 

D 

Q 

Figure 3. Wrlte-Write-Wrlte-Read Timing 
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WRITE CYCLE TIMING 
AC ELECTRICAL CHARACTERISTICS 
(0°CsTAs70°C) (Vee = 5.0 V ± 10 percent) 

MK41H6X-20 

SYM PARAMETER MIN MAX 

twe Write Cycle Time 20 

tAS Address Setup Time 0 

tAW Address Valid to End of Write 16 

tAH Address Hold after End of Write 0 

tew Chip Enable/Select to End of Write 18 

tWEW Write Enable to End of Write 16 

tos Data Setup Time 10 

tOH Data Hold Time 0 

tWEL Write Enable to Low-Z 5 

LOW Vee DATA RETENTION TIMING (MK41H67) 

MK41H6X-25 MK41H6X-35 

MIN MAX MIN MAX UNITS NOTES 

25 35 ns 

0 0 ns 

20 30 ns 

0 0 ns 

22 32 ns 

20 30 ns 

12 15 ns 

0 0 ns 

5 5 ns 2 

~---- OATA RETENTION MODE-----cl~ 

Vee --------"' 
Vee (MIN)-

eE-----..1 

w-----------------------------

Figure 4. Data Retention Timing 

LOW Vee DATA RETENTION CHARACTERISTICS 
(0°CsTAs70°C) 

SYM PARAMETERS 

VOR Vee for Data Retention 

leeOR Data Retention Power Supply Current 

teoR Chip Deselection to Data Retention Time 

tR Operation Recovery Time 

MIN 

2.0 

-

0 

tRe 
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MAX UNIT NOTES 

Vee (min) V 7 

50 p.A. 7 

- ns 

- ns 



STANDBY MODE (MK41H67 Only) 

The MK41H67 is in Standby Mode whenever CE is 
held at or above V1H , 

50% 

'------STANDBY----~ 

Figure 5. Standby Mode Timing 

STANDBY MODE 
AC ELECTRICAL CHARACTERISTICS 
(0'C:5TA :570'C) (Vee = 5.0 V ± 10 percent) 

MK41H67-20 

SYM PARAMETER MIN 

tpD Chip Enable High to Power 
Down 

tpu Chip Enable Low to Power Up 0 

APPLICATION 

The MK41H66/7 operates from a 5.0 volt supply. It is 
compatible with all standard TTL families on all inputs 
and outputs. The device should share a solid ground 
plane with any other devices interfaced with it, particu­
larly TTL devices. Additionally, because the outputs can 
drive rail-to-rail into high impedance loads, the 41H66/7 
can also interface to 5 volt CMOS on all inputs and out­
puts. Refer to the normalized performance curves that 
follow. 

Since very high frequency current transients wiil be as­
sociated with the operation of the MK41H66/7, power 
line inductance must be minimized on the circuit board 
power distribution network. Power and ground trace 

MAX 

20 

MK41H67-25 MK41H67-35 

MIN MAX MIN MAX UNITS NOTES 

25 35 ns 

0 0 ns 

gridding or separate power planes can be employed to 
reduce line inductance. Additionally, a high frequency 
decoupling capacitor should be placed next to each 
RAM. The capacitor should be 0.1 /iF or larger. 

Though often times not thought of as such, the traces 
on a memory board are basically unterminated, low im­
pedance transmission lines. As such they are subject 
to signal reflections manifested as noise, undershoots 
and excessive ringing. Series termination in close prox­
imity to the TTL drivers can improve driver/signal path 
impedance matching. While experimentation most often 
proves to be the only practical approach to selection 
of series resistors, values in the range of 10 to 33 ohms 
often prove most suitable. 
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ABSOWTE MAXIMUM RATINGS· 

Voltage on any pin relative to GND ................................................ -1.0 V to +7.0 V 
Ambient Operating Temperature (TA) •......•.•...•......•.•...•.•....•.•.•.•......••. O°C to +70°C 
Ambient Storage Temperature (Plastic) ............................................ -55°C to +125°C 
Ambient Storage Temperature (Ceramic) .......................................... -65°C to +150°C 
Total Device Power Dissipation ............................................................ 1 Watt 
Output Current per Pin .................................................................. 50 mA 
·Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This Is a stress rating only and functional 
operation of the device at these or other conditions beyond those indicated in the operational section of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods of time may affect reliability. 

RECOMMENDED DC OPERATING CONDITIONS 
(0°CsTAs70°C) 

SYM PARAMETER 

Vcc Supply Voltage 

GND Supply Voltage 

VIH Logic 1 Voltage, All Inputs 

VIL Logic 0 Voltage, All Inputs 

DC ELECTRICAL CHARACTERISTICS 
(0°CsTA s70°C) (VCC = 5.0 V ± 10 percent) 

SYM PARAMETER 

ICCl Average Power Supply Current 

ICC2 TIL Standby Current (MK41H67 only) 

ICC3 CMOS Standby Current (MK41H67 only) 

IlL Input Leakage Current (Any Input Pin) 

IOL Output Leakage Current (Any Output Pin) 

VOH Output Logic 1 Voltage (lOUT = -4 mAl 

VOL Output Logic 0 Voltage (lOUT = +8 mAl 

CAPACITANCE 
(TA = 25°C, f = 1.0 MHz) 

SYM PARAMETER 

Cl Capacitance on input pins 

C2 Capacitance on Q pin 

NOTES 

1. Measured with load shown in Figure 6(A). 
2. Measured with load shown in Figure 6(8). 
3. All voltages referenced to GND. 
4. VIL may undershoot to -2.0 volts for 200ns or less during input transitions. 
5. ICC1 is measured as the average AC current with Vce == Vee (max) and 

with the outputs open circuit. tcycle = min. duty cycle 100%. 
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MIN TYP MAX UNITS NOTES 

4.5 5.0 5.5 V 3 

0 0 0 V 

2.2 VCC +1.0 V 3 

-1.0 0.8 V 3,4 

MIN MAX UNITS NOTES 

120 mA 5 

10 mA 6 

50 p.A 7 

-1 +1 p.A 8 

-10 +10 p.A 9 

2.4 V 3 

0.4 V 3 

TYP MAX UNITS NOTES 

4 5 pF 10 

8 10 pF 6,10 

6. CE ~ VIH, All Olher Inpuls ~ Don'l Care. 
7. VCC (max) "CE" VCC - 0.3 V 

GND + 0.3 V~-A13"'VIL (min) or VIH (max)"AO·AI3"VCe -0.3 V. 
All Other Inputs ~ Don't Care. 

8. Input leakage current specifications are valid for all VIN such that 
o V<VIN<VeC. Measured at Vec ~ Vee (max). 

9. Output leakage current specifications are valid for all VOUT such that 
o V<VOUT<Vee, CEil5s ~ VIH and Vee in valid operating range. 

10. Capacitances are sampled and not 100% tested. 



AC TEST CONDITIONS 

Input Levels ..................................................................... GND to 3.0 V 
Transition Times ......................................................................... 5 ns 
Input and Output Signal Timing Reference Level .............................................. 1.5 V 
Ambient Temperature ............................................................... ooe to 700e 
Vee ....................................................................... 5.0 V ± 10 percent 

+5.0 V +5.0 V 

470 OHMS 470 OHMS 

DEVICE 
UNDER 
TEST 

DEVICE 
UNDER 
TEST 

== 240 OHMS 
30 pF" 

2400HMS =:= 5 pF" 

- _ GND - '--- GND 

" INCWDES SCOPE AND TEST JIG. 
(A) (8) 

Figure 6. Output Load Circuits 
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NORMALIZED DC AND AC PERFORMANCE CHARACTERISTICS 

NORMALIZED SUPPLY CURRENT VS. 
SUPPLY VOLTAGE T A =O'C 
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1.2 

1.15 "', 
1.1 

1.05 

0.95 

0." 
0.85 

0.' 

0.75 

NORMALIZED SUPPLY CURRENT VS. 
AMBIENT TEMPERATURE Vee =5.0V 
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LOGIC THRESHOLD VOLTAGE VS. 
SUPPLY VOLTAGE T A =25'C 
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NORMALIZED SOURCE AND SINK CURRENTS VS. 
SUPPLY VOLTAGE TA =25'C 
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ORDERING INFORMATION 

PART NUMBER 

MK41H67N-20 

MK41H67N·25 

MK41H67N-35 

MK41H66N·20 

MK41H66N·25 

MK41H66N·35 

MK41H67p·20 

MK41H67p·25 

MK41H67p·35 

MK41H66p·20 

MK41H66p·25 

MK41H66p·35 

MK 41H6X 

ACCESS TIME PACKAGE TYPE TEMPERATURE RANGE 

20 ns 20 pin Plastic DIP O°C to 70°C 

25 ns 20 pin Plastic DIP O°C to 7O°C 

35 ns 20 pin Plastic DIP O°C to 700C 

20 ns 20 pin Plastic DIP O°C to 70°C 

25 ns 20 pin Plastic DIP OOC to 70°C 

35 ns 20 pin Plastic DIP O°C to 70°C 

20 ns 20 pin Ceramic DIP O°C to 70 DC 

25 ns 20 pin Ceramic DIP OOC to 70 DC 

35 ns 20 pin Ceramic DIP O°C to 70 DC 

20 ns 20 pin Ceramic DIP O°C to 70°C 

25 ns 20 pin Ceramic DIP O°C to 70°C 

35 ns 20 pin Ceramic DIP O°C to 70 DC 

IL __________________ Speed grade rN~_~ __ _ 

Package Type 
N: Plastic DIP 
P: Ceramic DIP 

'--______________________ Device family and 

number identification. 

L-__________________________ Thomson· Mostek 

prefix 
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20 PIN uN" PACKAGE 
PLASTIC DIP 

I:::::::::~ 
I D' ~Dl~ 

~.~ 
B 01 

---H-B 
NOTES 

1. OVERALL LENGTH INCLUDES .010 IN. 
FLASH ON EITHER END OF THE PACKAGE. 

2. PACKAGE STANOOFF TO BE MEASURED 
PER JEOEC REQUIREMENTS. 

3. THE MAXIMUM LIMIT SHALL BE 
INCREASED BY .003 IN. WHEN 
SOLDER LEAO FINISH IS SPECIFIED. 

20 PIN uP" PACKAGE 
SIDE BRAZED CERAMIC DIP 

1. PACKAGE STANDOFF TO BE MEASURED 
PER JEDEC REQUIREMENTS. 

2. THE MAXIMUM LIMIT SHALL BE 
INCREASED BY • 003 IN. WHEN 
SOLDER LEAD FINISH IS SPECIFIED. 

~OA---I 
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DIM 

A 
A1 
A2 
B 

Bl 
C 
a 

01 
E 

E1 
01 
eA 
L 

Gl 

DIM 
INCHES 

NOTES 
MIN MAX 

A .210 2 
Al .015 - 2 
A2 .120 .140 
B .015 .021 3 

Bl .050 .070 
C .008 .012 3 
0 1.020 1.050 1 

01 .060 .075 
E .300 .325 

E1 .240 .270 
01 .090 .110 
eA .300 .400 
L .120 -

INCHES 
NOTES 

MIN MAX 
.175 1 

.020 - 1 

.080 .110 

.015 .021 2 

.038 .057 

.008 .012 2 

.965 .995 

.025 .055 

.295 .325 

.280 .310 

.090 .110 

.290 .365 

.120 -

.005 -
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~,' 'I(i 

MI(41l66/MI(41l67(N,Pl·2·51/,~\5{~~d 
16K x 1 CMOS SlWTIlC 'R!l'M,;,r~ 

FEATURES 

AD 1 L 0 ::J 20 Vee 
D JEDEC LVTIL standard +3.3 volt operation 

2L ::J 19 A'3 A, 

D 25, 35 and 45 ns Address Access Time A. 3L ::J lB A,. 

D Equal access and cycle limes 
A3 4L ::J 17 An 

A. SL 
MK41L66 

::J 16 A,o 

D 20-pin, 300 mil Plastic and Ceramic DIP A. 6L ::J 15 As 

D All input and output pins TIL compatible, low 
A. 7L ::J 14 A. 

capacitance, and protected against static discharge Q BL ::J 13 A7 

WE 9 L ::J 12 D 

D 50 p.A CMOS Standby Current (MK41L67) GND 10 L ::J 11 cs 

D High speed chip select (MK41L66) 

D JEDEC standard pinout A. 1 L 0 ::J 20 Vee 

A, 2L ::J 19 A'3 

MK41L66 TRUTH TABLE A. 3L j 18 A,. 

CE WE Mode Q Power A3 4L ::J 17 An 

H X Deselect High Z Active A. SL 
MK41L67 

tJ 16 A,. 

L L Write High Z Active A. 6L ::J 15 As 

L H Read Data Out Active As 7L ':J 14 A. 

Q BL ':J 13 A7 

WE 9L ::J 12 D 

MK41L67 TRUTH TABLE GND 10 L ::J 11 CE 

CS WE Mode Q Power Figure 1. Pin Connections 
H X Deselect High Z Standby 

L L Write High Z Active 
PIN NAMES 

L H Read Data Out Active AD - A13 - Address WE - Write Enable 

CE - Chip Enable GND - Ground 
x = Don't Care (MK41L67) Vee - + 3.3 volts 

CS - Chip Select D - Data In 

DESCRIPTION (MK41L66) Q - Data Out 

The MK41L66 and MK41L67, together with their by 4 
counterparts, the MK41L68 and MK41L69, are the first 
devices on the market that meet or exceed the JEDEC performance increases to continue. Scaling down the 
standard for LVTIL VLSI digital circuits. The LVTIL supply voltage provides a number of other potential 
standard provides for compatability between +5.0 ±0.5 benefits including reduced EMI, RFI, power consump-
volt TIL devices and +3.3 ±0.3 volt LVTIL devices wi- tion and increased reliability. 
thin the same system. Adoption of a lower power sup-
ply voltage standard allows dimensional scaling of The MK41L66 and MK41L67 feature fully static opera-
silicon die to continue, which in turn allows density and tion requiring no external clocks or timing strobes, and 
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equal address access f (,d cycle times:rhe MK41L67 has 
a Chip Enable power jJwn feature which automatical­
ly reduces power dissIpation when the CE pin is brought 
inactive (high). Standby power can be further reduced 
to microwatt levels by holding the Address and CE pins 
at full supply rail voltages. -

The MK41L66 Chip Select pin provides a high speed 
chip select access, allowing fast read cycles despite 
decoder delays. 

OPERATIONS 

READ MODE 

The MK41L6617 is in the Read Mode whenever WE 

IRC IRC 

~ 
--J _.M=l _'M~ 

I-ICA ~tCA 

,..-----,. 

(Write Enable) is high and CE/CS (Chip Enable/Select) 
is low, providing a ripple-through access to anyone of 
16,384 locations in the static storage array. Valid data 
will be available at the Data Output pin (0) within tAA 
after the last address input signal is stable, providing 

. that the CE/CS access time is satisfied. If CE/CS 
access time is not met, data access will be measured 
from the limiting parameter (teA> rather than the ad­
dress. The state of the Data Output pin is controlled by 

. the CE/CS,and WE control signals. The 0 may be in 
an indeterminate state at teL' but the 0 will always have 
valid data at tAA. 

IRC Iwc 

r---

"-----'Ml -'~1 tAH -
I ri-I --I _IRCH -- IRCS - -- tCL _tWEW -

--' 

-IIDS -
IDH 

o 

-1 ICl -W- -1~H- ~ Iw~ f..-Icz- r--

,(- VALID OUT ( VALID 
VALID OUT OUT ~ a 

Figure 2. Read-Read-Read-Wrlte Timing 
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READ CYCLE TIMING 
AC ELECTRICAL CHARACTERISTICS 
(0°CSTAs70°C) (VCC = 3.3 V ± 0.3 V) 

MK41L6X-25 

SYM PARAMETER MIN 

tRC Read Cycle Time 25 

tAA Address Access Time 

tCL Chip Enable to Low-Z (MK41L67) 7 

tCL Chip Select to Low-Z (MK41L66) 5 

tCA Chip Enable Access Time (MK41L67) 

tCA Chip Select Access Time (MK41L66) 

tRCS Read Command Setup Time 0 

tRCH Read Command Hold Time 0 

tOH Valid Data Out Hold Time 5 

tcz Chip Enable to High-Z (MK41L67) 

tcz Chip Select to High-Z (MK41L66) 

tWEZ Write Enable to High-Z 

tWEL Write Enable to Low-Z 5 

WRITE MODE 

The MK41L66/7 is in the Write Mode whenever the WE 
and CE/CS inputs are in the low state. CE/CS or WE 
must be high during address transitions. Addresses 
must be held valid throughout a write cycle. The Write 
begins with the concurrence of a low on WE and CE 
ICS. Therefore. tAS is referenced to the latter occurring 

MAX 

25 

25 

12 

10 

8 

10 
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MK41L6X-35 MK41L6X-45 

MIN MAX MIN MAX UNITS NOTES 

35 45 ns 

35 45 ns 1 

7 7 ns 2 

5 5 ns 2 

35 45 ns 1 

15 17 ns 1 

0 0 ns 

0 0 ns 

5 5 ns 1 

13 17 ns 2 

10 12 ns 2 

13 17 ns 2 

5 5 ns 2 

edge of CE/CS. or WE. 

If the output is enabled (CE/CS is low). then WE will 
return the output to high impedance within tWEZ of its 
falling edge. Care must be taken to avoid bus conten­
tion in this type of operation. Data-In must remain valid 
tOH after the rising edge of CE/CS or WE. 



WRITE CYCLE TIMING 
AC ELECTRICAL CHARACTERISTICS 
(OOCsTAs70OC) (Vee = 3.3 V ± 0.3 V) 

SYM PARAMETER 

twe Write Cycle Time 

tAS Address Setup Time 

tAW Address Valid to End of Write 

tAH Address Hold after End of Write 

tew Chip Enable/Select to End of Write 

tWEW Write Enable to End of Write 

tos Data Setup Time 

tOH Data Hold Time 

MK41L6X-25 

MIN MAX 

25 

0 

20 

0 

22 

20 

14 

0 

MK41L6X-35 MK41L6X-45 

MIN MAX MIN MAX UNITS 

35 45 ns 

0 0 ns 

30 40 ns 

0 0 ns 

32 40 ns 

30 40 ns 

15 18 ns 

0 0 ns 

\4---twc--_~---twc--_\4---twc----.jf4---tRC----I 

Q 

Figure 3. Wrlte-Wrlte-Write-Read Timing 
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LOW vee DATA RETENTION TIMING (MK41L67) 

14-----DATA RETENTION MODE ------I~ 

Vee------------~ 

Vee (MIN)-

ce------..I 
~-----------------------------

Figure 4. Data Retention Timing 

LOW Vee DATA RETENTION CHARACTERISTICS 
(O°C sTAs 70°C) 

SYM PARAMETERS 

VOR Vee for Data Retention 

leeOR Data Retention Power Supply Current 

teoR Chip Deselection to Data Retention Time 

tR Operation Recovery Time 

MIN 

2.0 

-
0 

tRe 
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MAX UNIT NOTES 

Vee (min) V 7 

50 pA 7 

- ns 

- ns 



STANDBY MODE (MK41L67 Only) 

The MK41L67 is in Standby Mode whenever CE is held at or above V1H• 

50% 

'------STANDBy-----J 

Figure 5. Standby Mode Timing 

STANDBY MODE 
AC ELECTRICAL CHARACTERISTICS 
(0°C:sTA :S70°C) (Vee = 3.3 V ± 0.3 V) 

MK41L67-25 

SYM PARAMETER MIN 

tpD Chip Enable High to Power 
Down 

tpu Chip Enable Low to Power Up 0 

APPLICATION 

The MK41L6617 operates from a 3.3 volt supply. It is 
compatible with all standard TIL families on all inputs 
and outputs. The device should share a solid ground 
plane with any other devices interfaced with it, particu­
larly 5 volt TIL devices. Additionally, because the out­
puts can drive rail-Io-rail into high impedance loads, the 
41L6617 can also interface to 5 volt CMOS on all inputs 
and outputs. Refer to the normalized performance 
curves that follow. 

Since very high frequency current transients will be as­
sociated with the operation of the MK41L66/7, power line 
inductance must be minimized on the circuit board pow­
er distribution network. Power and ground trace 

MAX 

25 

MK41L67-35 MK41L67-45 

MIN MAX MIN MAX UNITS NOTES 

35 45 ns 

0 0 ns 

gridding or separate power planes can be employed to 
reduce line inductance. Additionally, a high frequency 
decoupling capacitor should be placed next to each 
RAM. The capacitor should be 0.1 pF or larger. 

Though oiten times not thought of as such, the traces 
on a memory board are basically unterminated, low im­
pedance transmission lines. As such they are subject 
to signal reflections manifested as noise, undershoots 
and excessive ringing. Series termination in close prox­
imity to the TIL drivers can improve driver/signal path 
impedance matching. While experimentation most oiten 
proves to be the only practical approach to selection 
of series resistors, values in the range of 10 to 33 ohms 
oiten prove most suitable. 
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ABSOWTE MAXIMUM RATINGS' 

Voltage on any pin relative to GND ............................................... -1.0 V to +6.0 V 
Ambient Operating Temperature (T A) ................................................. O°C to +70°C 
Ambient Storage Temperature (Plastic) ............................................ -55°C to +125°C 
Ambient Storage Temperature (Ceramic) .......................................... -65°C to +150°C 
Total Device Power Dissipation ............................................................ 1 Watt 
Output Current per Pin .................................................................. 50 mA 
*Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or other conditions beyond those indicated in the operational section at this specification is not Implied. Exposure to absolute 
maximum rating conditions for extended periods of time may affect reliability. 

RECOMMENDED DC OPERATING CONDITIONS 
(0°CsTAs70°C) 

SYM PARAMETER 

Vee Supply Voltage 

GND Supply Voltage 

VIH Logic 1 Voltage, All Inputs 

VIL Logic 0 Voltage, All Inputs 

DC ELECTRICAL CHARACTERISTICS 
(0°CsTA s70°C) (Vce = 5.0 V ± 10 percent) 

SYM PARAMETER 

lec1 Average Power Supply Current 

ICC2 TTL Standby Current (MK41L67 only) 

lec3 CMOS Standby Current (MK41L67 only) 

IlL Input Leakage Current (Any Input Pin) 

IOL Output Leakage Current (Any Output Pin) 

VOH Output Logic 1 Voltage (lOUT = -1 mAl 

VOL Output Logic 0 Voltage (lOUT = +4 mAl 

CAPACITANCE 
(TA = 25°C, f = 1.0 MHz) 

SYM PARAMETER 

C1 Capacitance on input pins 

C2 Capacitance on Q pin 

NOTES 

1. Measured with load shown in Figure 6(A). 
2. Measured with load shawn in Figure 6(8). 
3. All voltages referenced to GND. 
4. VIL may undershoot to -2.0 volts for 200ns or less during input transitions. 
5. ICCl is measured as the average AC current with VCC = VCC (max) and 

with the outputs open circuit. t cycle = min. duty cycle 100%. 

MIN TYP MAX UNITS NOTES 

3.0 3.3 3.6 V 3 

0 0 0 V 

2.0 Vee+l.2 V 3 

-1.0 0.8 V 3,4 

MIN MAX UNITS NOTES 

60 mA 5 

8 mA 6 

50 p.A 7 

-1 +1 p.A 8 

-10 +10 p.A 9 

2.4 V 3 

0.4 V 3 

TYP MAX UNITS NOTES 

4 5 pF 10 

8 10 pF 6,10 

6. CE ~ VIH, AI'.Qlher Inpuls ~ Oon'l Care. 
7. VCC (max) ;'CE"VCC - 0.3 V 

GND + 0.3 V~-A13"VIL (min) or VIH (max) "Ao-A13 "'VCC -0.3 V. 
All Other Inputs = Don't Care. 

8. Input leakage current specifications are valid for all VIN such that 
o V<VIN<VCe. Measured al Vec ~ VCC (max). 

9. Output leakage current specifications are valid for all VOUT such that 
o V<VOUT<VCC, CE/Cs ~ VIH and VCC in valid operating range. 

10. Capacitances are sampled and not 100% tested. 
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AC TEST CONDITIONS 

Input Levels ..................................................................... GND to 3.0 V 
Transition Times ......................................................................... 5 ns 
Input and Output Signal Timing Reference Level .............................................. 1.5 V 
Ambient Temperature ................•.............................................. DoC to 70°C 
Vee .................................................................. " ........ 3.3 V ± 0.3 V 

v, 

R, 

DEVICE 
UNDER 
TEST 

R2 

EQUIVALENT TO: 

DEVICE 
lOUT 

UNDER 
TEST 

VOUT( 

-~ 

Ie, 

C· , 

RTH 

400!l 

LOAD CIRCUIT VAWES 

v, 5.0 V 3.3 V 

R, 1000!l 6600 

R2 6700 1016!l 

C, 30 pF 30 pF 

• INCWDES SCOPE AND TEST JIG 

VTH 

12.00 V 

Figure 6. Output Load Circuits 
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NORMALIZED DC AND AC PERFORMANCE CHARACTERISTICS 

Vee ,e.~:;' ~'V" TA 

\,~ ~.c) Normalized Supply Current vs. Supply Voltage '~. :ralized Supply Current vs. Ambient 

e,~ Temperature 

MHz 

~~~ 
~ 

,,~~ 
~'fJ 

Normalized Supply Current vs. Cycle Time 
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Normalized Address Access Time vs. Supply 
Voltage 



IISOURCE I 

Normalized Address Access Time vs. Ambient 
Temperature 

Normalized Output Source and Sink Currents 
vs. Supply Voltage 

IISOURCE I 
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Address Access Time vs. Output 
Loading 

Normalized Output Source and Sink Currents 
vs. Ambient Temperature 



IISOURCE I 

Normalized Output Source and Sink Currents 
vs. Output Voltage 

logic Thresholds vs. Ambient Temperature 
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Vce 

-"'. ..~, \~~,:> 
<\ \'/.;o.glc Thresholds vs. Supply Voltage 

<!,\"':::\j,1 
,?"<\':;,) .t' 
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ORDERING INFORMATION 

PART NUMBER ACCESS TIME PACKAGE TYPE TEMPERATURE RANGE 

MK41L66N·25 25 ns 20 pin Plastic DIP O"C to 70 "C 

MK41L66N·35 35 ns 20 pin Plastic DIP O"C to 70°C 

MK41L66N·45 45 ns 20 pin Plastic DIP O°C to 70°C 

MK41L67N·25 25 ns 20 pin Plastic DIP O"C to 70°C 

MK41 L67N·35 35 ns 20 pin Plastic DIP O°C to 7O"C 

MK41L67N-45 45 ns 20 pin Pla,stic DIP O°C to 70°C 

MK41L66p·25 25 ns 20 pin Ceramic DIP O"C to 70°C 

MK41L66p·35 35 ns 20 pin Ceramic DIP O"C to 70 "C 

MK41L66p·45 45 ns 20 pin Ceramic DIP O"C to 70°C 

MK41L67P·25 25 ns 20 pin Ceramic DIP O°C to 7O"C 

MK41L67p·35 35 ns 20 pin Ceramic DIP O"C to 70°C 

MK41L67p·45 45 ns 20 pin Ceramic DIP O"C to 70°C 
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20 PIN "N" PACKAGE 
PLASTIC DIP 

B 

-H-B 
~ 

81 

1. OVERALL LENGTH INCLUDES .010 IN. 
FLASH ON EITHER END OF THE PACKAGE. 

2. PACKAGE STANDOFF TO BE MEASURED 
PER JEDEC REQUIREMENTS. 

3. THE MAXIMUM LIMIT SHALL BE 
. INCREASED BY .003 IN. WHEN 

SOLDER LEAD FINISH IS SPECIFIED. 

20 PIN "P" PACKAGE 
SIDE BRAZED CERAMIC DIP 

[a::::D] 
I 0 ~ ~DI 

NOTES 

1. PACKAGE STANDOFF TO BE MEASURED 
PER JEOEC REQUIREMENTS. 

2. THE MAXIMUM LIMIT SHALL BE 
INCREASED BY .003 IN. WHEN 
SOLDER LEAD FINISH IS SPECIFIED. 
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DIM 

A 
AI 
A2 
B 

Bl 
C 
0 

01 
E 

El 
el 
eA 
L 

DIM 

A 
AI 
A2 
B 

Bl 
C 
0 

01 
E 

El 
.1 
eA 
L 

Ql 

INCHES 
NOTES 

MIN MAX 
.210 2 

.015 - 2 

.120 .140 

.015 .021 3 

.050 .070 

.OOB .012 3 
1.020 1.050 1 
.060 .075 
.300 .325 
.240 .270 
.090 .110 
.300 .400 
.120 -

INCHES 
NOTES 

MIN MAX 
- .175 1 

.020 - 1 

.OBO .110 

.015 .021 2 

.03B .057 

.OOB .012 2 

.965 .995 

.025 .055 

.295 .325 

.2BO .310 

.090 .110 

.290 .365 

.120 -

.005 -
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!!-~,~-
LIHlI .. 

---~---
;~" ' ," 4K . 4 CMOS STATIC RAM 

FEATURES 

o 20, 25, and 35 ns Address Access Time 

o Equal access and cycle times 

o 20-pin, 300 mil Plastic and Ceramic DIP 

o All inputs and outputs TTL compatible, low 
capacitance, and protected against static discharge 

o 50 pA CMOS Standby Current (MK41H68) 

o TTL Standby Current unaffected by address activity 
(MK41H68) 

o High speed chip select (MK41H69) 

o JEDEC standard pinout 

MK41H68 TRUTH TABLE 

CE WE Mode DQ Power 

H X Deselect High Z Standby 

L L Write DIN Active 

L H Read DOUT Active 

MK41H69 TRUTH TABLE 

CS WE Mode DQ Power 

H X Deselect High Z Active 

L L Write DIN Active 

L H Read DOUT Active 

x = Don't Care 

DESCRIPTION 

The MK41H68 and MK41H69 feature fully static opera­
tion requiring no external clocks or timing strobes, and 
equal address access and cycle times. Both require 
only a single +5V ± 10 percent power supply. Both 
devices are fully TTL compatible. 

The MK41H68 has a Chip Enable power down feature 
which automatically reduces power dissipation when 
the CE pin is brought inactive (high), Standby power 
can be further reduced to microwatt levels by raising 

A. 1 L 0 

AS 2 L . 

A. 3 L 

A7 4 L 

A. 5 L MK41H68 

A. 6 L 

A,o 7 L 

A" 8 L 
Ce 9L 

GNO 10 L 

A. 1 L 0 

As 2 L 

A. 3 L 

A7 4 C 

A. 5 C MK41H69 

A. 6 C 

A,o 7 C 

A" 8 C 
CS 9 C 

GNO 10 C 

P 20 Vee 

p 19 A3 

P 18 A2 

P 17 A, 

P 16 Ao 

P 15 OQ3 

P 14 OQ2 

P 13 OQ, 

P 12 OQo 

P 11 WE 

P 20 Vee 

p 19 A3 

P 18 A2 

P 17 A, 

P 16 Ao 

:J 15 OQ3 

:J 14 OQ2 

:J 13 OQ, 

:J 12 OQo 

:J 11 WE 

Figure 1. Pin Connections 

PIN NAMES 

Ao - A11 - Address 
DOo - D.9a - Data I/O 

CE - Chip Enable 
(MK41H68) 

CS - Chip Select 
(MK41H69) 

WE - Write Enable 
GND - Ground 
Vee - + 5 volts 

the CE pin to the full Vee voltage. 

The MK41H69 Chip Select pin provides a high speed 
chip select access, allowing fast read cycles despite 
decoder delays. 
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OPERATIONS 

READ MODE 

The MK41H68/9 is in the Read Mode whenever WE 
(Write Enable) is high and CE/CS (Chip Enable/Select) 
is low, providing a ripple·through access to data from 
four of 16,384 locations in the static storage array. The 
unique address specified by the 12 Address Inputs de· 
fines which one of 4096 nibbles of data is to be ac· 
cessed. 

tRe tRe 

~ 
~ 

~'-=l ~-9 _'c. ~tCA 

1/ 

Valid data will be available at the four Data Output pins 
within tAA after the last address input signal is stable, 
providing that the CE/CS access time is satisfied. " 
CE/CS access time is not met, data access will be 
measured from the limiting parameter (tCA) rather 
than the address. The state of the four Data I/O pins 
is controlled by the CE/CS, and WE control sig· 
nals. The data lines may be in an indeterminate state 
at tCL' but the data lines will always have valid data at 

tAA• 

tAC 'we 

v---
1'---'-l ~'-l 

rt- -I f4- t RCH - IRCS - - 'cL ~tWEw_ 

~ ~ teL J~~_ ~"~ f4-twEz1- tDH ~ 

-- tDS I+--

~s-Q, < 
VALID VALID OUT VALID OUT OUT 

Figure 2. Read·Read·Read·Write Timing 
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READ CYCLE TIMING 
AC ELECTRICAL CHARACTERISTICS 
(0°CsTAs70°C) (VCC = 5.0 V ± 10 percent) 

MK41H6X-20 

SYM PARAMETER MIN MAX 

tRC Read Cycle Time 20 

tAA Address Access Time 20 

tCL Chip Enable to Low-Z (MK41H68) 7 

tCL Chip Select to Low-Z (MK41H69) 5 

tCA Chip Enable Access Time (MK41H68) 20 

tCA Chip Select Access Time (MK41 H69) 10 

tRCS Read Command Setup Time 0 

tRCH Read Command Hold Time 0 

tOH Valid Data Out Hold Time 5 

tcz Chip Enable to High-Z (MK41H68) 8 

tcz Chip Select to High-Z (MK41H69) 7 

tWEZ Write Enable to High-Z 8 
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MK41H6X-25 MK41H6X-35 

MIN MAX MIN MAX UNITS NOTES 

25 35 ns 

25 35 ns 1 

7 7 ns 2 

5 5 ns 2 

25 35 ns 1 

12 15 ns 1 

0 0 ns 

0 0 ns 

5 5 ns 1 

10 13 ns 2 

8 10 ris 2 

10 13 ns 2 



WRITE MODE 

The MK41H68/9 is in the Write Mode whenever the WE 
and CE/CS inputs are in the low state. CE/CS or WE 
must be high during address transitions. Addresses 
must be held valid throughout a write cycle. The Write 
begins with the concurrence of a low on WE and CE 
ICS. Therefore, tAS is referenced to the latter occurring 

edge of CE/CS, or WE. 

If the output is enabled (CE/CS is low), then WE will 
return the outputs to high impedance within tWEZ of its 
falling edge. Care must be taken to avoid bus conten­
tion in this type of operation. Data-In must remain valid 
tOH after the rising edge of CE/CS or WE. 

t+_---Iwc,---~----Iwc-t+_---Iwc--___c~t----IAC-----<~ 

Icw_ 

IDS I IDS I 
~- ~ 

DQ. - DQ,------f- VALID IN +----+ VALID IN +-----+ VALID IN +-----f 
\....>.-U-__ ...£¥'-"-"'" 

Figure 3. Write-Write-Write-Read Timing 
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WRITE CYCLE TIMING 
AC ELECTRICAL CHARACTERISTICS 
(OCC,;;TA,;;70 cC) (Vee ~ 5.0 V ± 10 percent) 

MK41H6X-20 

SYM PARAMETER MIN MAX 

twe Write Cycle Time 20 

tAS Address Setup Time 0 

tAW Address Valid to End of Write 16 

tAH Address Hold after End of Write 0 

tew Chip Enable/Select to End of Write 18 

tWEW Write Enable to End of Write 16 

tos Data Setup Time 12 

tOH Data Hold Time 0 

tWEL Write Enable to Low-Z 5 

LOW Vee DATA RETENTION TIMING (MK41H6B) 

MK41H6X-25 MK41H6X-35 

MIN MAX MIN MAX UNITS NOTES 

25 35 ns 

0 0 ns 

20 30 ns 

0 0 ns 

22 32 ns 

20 30 ns 

14 15 ns 

0 0 ns 

5 5 ns 2 

i<I-----DATA RETENTION MODE ------I~ 

Vee --------, 
Vee (MIN)-

C'E-----.J 

w-----------------------------

Figure 4. Data Retention Timing 

LOW Vee DATA RETENTION CHARACTERISTICS 
(OCC,;;TA,;;70 cC) 

SYM PARAMETERS 

VOR Vee for Data Retention 

leeoR Data Retention Power Supply Current 

teoR Chip Deselection to Data Retention Time 

tR Operation Recovery Time 

MIN 

2.0 

-
0 

tRe 
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MAX UNIT NOTES 

Vee (min) V 7 

50 pA 7 

- ns 

- ns 



STANDBY MODE (MK41H68 Only) 

The MK41HS8 is in Standby Mode whenever CE is 
held at or above VIH • 

--------""'\- - - - - - -ACTIVE- - - - - - -,-------

Icc 50% 

~-------STANDBY--------J 

Figure 5. Standby Mode Timing 

STANDBY MODE 
AC ELECTRICAL CHARACTERISTICS 
(OOCsTAs70°C) (Vee = 5.0 V ± 10 percent) 

MK41H68-20 

SYM PARAMETER MIN 

tpD Chip Enable High to Power 
Down 

tpu Chip Enable Low to Power Up 0 

APPLICATION 

The MK41HS8/9 operates from a 5.0 volt supply. It is 
compatible with all standard TTL families on all inputs 
and outputs. The device should share a solid ground 
plane with any other devices interfaced with it, particu­
larly TTL devices. Additionally, because the outputs can 
drive rail-Io-rail into high impedance loads, the 41HS8/9 
can also interface to 5 volt CMOS on all inputs and out­
puts. Refer to the normalized performance curves that 
follow. 

Since very high frequency current transients will be as­
sociated with the operation of the MK41 HS8/9, power 
line inductance must be minimized on the circuit board 
power distribution network. Power and ground trace 

MAX 

20 

MK41H68-25 MK41H68-35 

MIN MAX MIN MAX UNITS NOTES 

25 35 ns 

0 0 ns 

gridding or separate power planes can be employed to 
reduce line inductance. Additionally, a high frequency 
decoupling capacitor should be placed next to each 
RAM. The capacitor should be 0.1 pF or larger. 

Though often times not thought of as such, the traces 
on a memory board are basically unterminated, low im­
pedance transmission lines. As such they are subject 
to signal reflections manifested as noise, undershoots 
and excessive ringing. Series termination in close prox­
imity to the TTL drivers can improve driver/signal path 
impedance matching. While experimentation most often 
proves to be the only practical approach to selection 
of series resistors, values in the range of 10 to 33 ohms 
often prove most suitable. 
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ABSOWTE MAXIMUM RATINGS· 

Voltage on any pin relative to GND ................................................ -1.0 V to +7.0 V 
Ambient Operating Temperature (TA) ................................................. O°C to +70°C 
Ambient Storage Temperature (Plastic) ............................................ -55°C to +125°C 
Ambient Storage Temperature (Ceramic) .......................................... -65°C to +150°C 
Total Device Power Dissipation ............................................................ 1 Watt 
Output Current per Pin ................................................................... 50 rnA 
·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 other conditions beyond those indicated in the operational section of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods of time may affect reliability. 

RECOMMENDED DC OPERATING CONDITIONS 
(O°C sTA s70°C) 

SYM PARAMETER 

VCC Supply Voltage 

GND Supply Voltage 

VIH Logic 1 Voltage, All Inputs 

VIL Logic 0 Voltage, All Inputs 

DC ELECTRICAL CHARACTERISTICS 
(0°CsTAs70°C) (VCC = 5.0 V ± 10 percent) 

SYM PARAMETER 

ICCl Average Power Supply Current 

ICC2 TIL Standby Current (MK41H68 only) 

ICC3 CMOS Standby Current (MK41H68 only) 

IlL Input Leakage Current (Any Input Pin) 

IOL Output Leakage Current (Any Output Pin) 

VOH Output Logic 1 Voltage (lOUT = -4 rnA) 

VOL Output Logic 0 Voltage (lOUT = +8 rnA) 

CAPACITANCE 
(TA = 25°C, f = 1.0 MHz) 

SYM PARAMETER 

Cl Capacitance on input pins 

C2 Capacitance on DQ pins 

NOTES 

1. Measured with load shown in Figure 6(A). 
2. Measured with load shown in Figure 6(8). 
3. All voltages referenced to GND. 
4. VIL may undershoot to -2.0 volts for 200ns or less during input transitions. 

MIN TYP MAX UNITS NOTES 

4.5 5.0 5.5 V 3 

0 0 0 V 

2.2 VCC +l.0 V 3 

-1.0 0.8 V 3,4 

MIN MAX UNITS NOTES 

120 rnA 5 

8 rnA 6 

50 pA 7 

-1 +1 pA 8 

-10 +10 pA 9 

2.4 V 3 

0.4 V 3 

TYP MAX UNITS NOTES 

4 5 pF 10 

8 10 pF 6,10 

6. CE = VIH. AI~ther Inputs = Don't Care. 
7. VCC (max) ",CE",Vec - 0.3 V, All Olher Inputs ~ Oon·1 Care. 
B. Input leakage current specifications are valid for aU VIN such that 

o V<VIN<VCe. Measured al VCC ~ VCC (max). 
9. Output leakage curr~ .!E.8ciflcations are valid for all VOUT such that 

o V<VOUT<VCC, CE/CS ~ VIH and Vec in valid ope,·.ling range. 
5. ICC1 is measured as the average AC current with VCC = VCC (max) and 

with the outputs open circuit. tcycle = min. duty cycle 100%. 
10. Capacitances are sampled and not 100% tested. 
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AC TEST CONDITIONS 

Input Levels ..................................................................... GND to 3.0 V 
Transition Times ......................................................................... 5 ns 
Input and Output Signal Timing Reference Level .............................................. 1.5 V 
Ambient Temperature ............................................................... O°C to 70°C 
Vee ....................................................................... 5.0 V ± 10 percent 

+5.0 V +S.O v 

470 OHMS 470 OHMS 

DEVICE 
UNDER 
TEST 

DEVICE 
UNDER 
TEST 

240 OHMS == 30 pF' -'--
2400HMS -,-

SpF' 

- _ GND - _ GND 

, INCLUDES SCOPE AND TEST JIG. 

(A) (8) 

Figure 6. Output Load Circuits 
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NORMALIZED DC AND AC PERFORMANCE CHARACTERISTICS 

NORMALIZED SUPPLY CURRENT VS. 
SUPPLY VOLTAGE T A =O"C 

1.4 

1.3 
vV' 

V 
1.2 

J 1.1 

c 
~ 

V"'" 

V 
:::; .. 
::! "" II: D •• c z 

0.8 

0.7 

, .. ,v 
VV 

V 
0.6 

4.2 4.4 4.6 4.B 5.2 5.4 5.6 5.8 

SUPPLY VOLTAGE (V) 

NORMALIZED SUPPLY CURRENT VS. 
CYCLE TIME Vcc=5.0V TA=25"C 

0.99 ./ 
0.98 
0.97 
0.96 
0.95 
0.94 

J 0.93 

c 0.92 

'" 0.91 

~ D •• 

" 0.89 

./ 
./ 

II: 0.88 c z 0.87 
0.86 
0.85 
0.84 
0.83 
0.82 
0.81 

0.8 
22 26 30 34 3. 42 46 50 

CYCLE FREQUENCY (MHz) 

_9 
c 
'" ~ 
" II: 
c z 

0-: 
~ 
'1 
ilj 
c z 
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1.18 

1.16 

1.14 

1.12 

1.1 

1.08 

1.06 

1.04 

1.02 

1 

0.98 

0.96 

0.94 

0.92 

D •• 

0.88 

0.86 

0.84 

NORMALIZED SUPPLY CURRENT VS. 
AMBIENT TEMPERATURE Vcc =5.0V 

, , 
I-.... 

t-.... .. 
-60 -40 -20 20 40 60 BO 100 120 

AMBIENT TEMPERATURE ("e) 

NORMALIZED ACCESS TIME VS. 
SUPPLY VOLTAGE TA=25"C 

1.2 

1.15 

" 1.1 

............. 
1.05 

'~ 
' ...... 0.95 

............. 
D •• 

0.85 
....... ....... 

0.8 
4.2 4.4 4.6 4.8 5.2 5.4 5.6 5.8 

SUPPLY VOLTAGE (V) 



~ 
>-" 
0 

~ 
:::; 

" :; 
a: 
0 z 

NORMALIZED ACCESS TIME VS. 
AMBIENT TEMPERATURE Vcc =5.0V 

1.4 

1.3 
vJ..o 

1.2 1// 

....... V 
1.1 

V""'" 

0.' ....... ""'" 

0 .• 
....... V 

0.7 ",""'" 
-60 -40 -20 20 40 60 80 100 120 

AMBIENT TEMPERATURE (Oe) 

LOGIC THRESHOLD VOLTAGE VS. 
AMBIENT TEMPERATURE Vcc =5.0V 

2.2 .,.,.,-,-,-,..,....,....,....,..--r--r--r--r-r-r-r-r-,-., 
2.1 I .. 

1"- ...... 
1 .• +++-+--+-+--I--I-P+--::f-...... -+:::" 
1 .• ++++-I--I--I-+-+-+-+-i-='P--Ik-1-1-1-1-+-1 ................. 
1.7++++-I--I--I-+-+-+-+-+-HH-I~-...!::-+-1 ......... 
1.6+++-I--I--I--I-+-+-+-+-+-HH-I-I-+-+-1 
1.5+++++-+-+-+-+-+-+-+-+-+-1-1-1-1-1-1 
1.4+++++-+-+-+-+-+-+-+-+-+-1-1-1-1-1-1 
1.3+++++-+-+-+-+-+-+-+-+-+-1-1-1-1-1-1 

v" :',:+_+.-.. 1-.-.• 1-.-.1-.-.• 1-.-. t-.. I-.-•• +_-t-~.-F--I. -.. -I. -.. -1. " ... ± .. d. == .. =.I= •• =."-+-i 

-60 -40 -20 20 40 60 80 100 120 

AMBIENT TEMPERATURE (~C) 
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a: 
0 z 
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NORMALIZED ACCESS TIME VS. 
OUTPUT LOADING Vcc =5.0V TA=25°C 

4.5 
v y 

3.5 ........... 
,-

V V 

2.5 ./ 
/" 

J 
/ 1.5 

/ 
/ 

0.5 
200 400 600 aDo 1000 

CAPACITANCE (pF) 

LOGIC THRESHOLD VOLTAGE VS. 
SUPPLY' VOLTAGE T A =25°C 
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NORMALIZED SOURCE AND SINI{ CURRENTS VS. 
OUTPUT VOLTAGE Vcc =5.0V TA=25"C 
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1.08 
1.07 
1.06 

~ 1.05 'SOURCE 
1.04 

~"- " 1.03 

" 1.02 ........ 
1.01 

1 
....... 

0.99 
0.98 
0.97 
0.96 
0.95 

r-.. ..... " ..... 
+--I--+--f---+ ....... -""~ ....... +·.:··"'.~+-.... ISINt( '---

0.94 
0.93 
0.92 
0.91 

0.' 
0.89 
0.88 

20 40 so so 

AMBIENT TEMPERATURE (be) 
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NORMALIZED SOURCE AND SINK CURRENTS VS. 
SUPPLY VOLTAGE TA =25"C 

1 •• ',-----,--,---,----,--,;--T""--,---, 
1.S+--II--+--I---j---+---I--+-7"I 
1.7+--II--+--I---j---+----1 l soUAcE 1/, ,.,' 
1.6+--11--+--1--+---+---1--.. """' .. 4----1 
1.s+--II--+--I---j---+--b"'-+--j 
'.'+--I1--+--I---j---+-.-:/7. f--+---j 
1.3+--I1--+--I---j---+.-:; .. .-"--+--1---1 
1.2+--I1--+--I--+--.. __ /¥----f---l---I 

,·,+=~f;::=t;d;::;P=~~==F=:j:=~ O.~+f----If::' .. SlN~K4~'-__ +-.-,/.-"--/+·-/-· --t----\---\--.., 
o.s---b_"'9f--+--t,L--j---+---I--+---j 
0.7+--If--+-.. 7 •• ?-··-t· --+---+---1--+----1 
o.s+--If----J7"--f---+---+---t--+----1 
0,'+--If-.--' .. 7. L.j--+---t---t----\---\--.., 
0.4+---,lf-L--+--f---+---+---t--+----1 
0.3 "../ ..... 

0.2 

SUPPLY VOLTAGE (V) 



ORDERING INFORMATION 

PART NUMBER ACCESS TIME PACKAGE TYPE TEMPERATURE RANGE 

MK41H68N-20 20 ns 20 pin Plastic DIP O°C to moc 
MK41H68N-25 25 ns 20 pin Plastic DIP O°C to 70°C 

MK41H68N-35 35 ns 20 pin Plastic DIP O°C to 700C 

MK41H69N-20 20 ns 20 pin Plastic DIP O°C to 70°C 

MK41H69N-25 25 ns 20 pin Plastic DIP O°C to moc 
MK41H69N-35 35 ns 20 pin Plastic DIP OOC to moc 
MK41H68P-20 20 ns 20 pin Ceramic DIP OOC to 700C 

MK41H68P-25 25 ns 20 pin Ceramic DIP O°C to 70°C 

MK41H68P-35 35 ns 20 pin Ceramic DIP O°C to 70°C 

MK41H69P-20 20 ns 20 pin Ceramic DIP O°C to 70°C 

MK41H69P-25 25 ns 20 pin Ceramic DIP O°C to 70°C 

MK41H69P-35 35 ns 20 pin Ceramic DIP O°C to moc 

MK 41H6X 

L Speed grade TN~_~ __ _ 

Package Type 
N: Plastic DIP 
P: Ceramic DIP 

'--________________________ Device family and 

number identification 

'-____________________________ Thomson - Mostek 

prefix 
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20 PIN "N" PACKAGE 
PLASTIC DIP 

I.:::: :.::: :).~ 
~j§\ 

-l~B l-eA-l 
~ 

I. OVERALL LENGTH INCLUDES .010 IN. 
FLASH ON EITHER END OF THE PACKAGE. 

2. PACKAGE STANDOFF TO BE MEASURED 
PER JEDEC REQUIREMENTS. 

3. THE MAXIMUM LIMIT SHALL BE 
. INCREASED BY .003 IN. WHEN 

SOLDER LEAD FINISH IS SPECIFIED. 

20 PIN "P" PACKAGE 
SIDE BRAZED CERAMIC DIP 

[a::::D] 
I D ~ ~D' 

I. PACKAGE STANDOFF TO BE MEASURED 
PER JEOEC REQUIREMENTS. 

2. THE MAXIMUM LIMIT SHALL BE 
INCREASED BY .003 IN. WHEN 
SOLDER LEAD FINISH IS SPECIFIED. 
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DIM 

A 
AI 
A2 
B 
BI 
C 
0 

01 
E 
EI 
el 
eA 
L 
QI 

DIM 
INCHES 

NOTES 
MIN MAX 

A - .210 2 
AI .015 - 2 
A2 .120 .140 
B .015 .021 3 

Bl .050 .070 
C .OOB .012 3 
0 1.020 1.050 I 

01 .060 .075 
E .300 .325 

El .240 .270 
el .090 .110 
eA .300 .400 
L .120 -

INCHES 
NOTES 

MIN MAX 
- .175 I 

.020 - I 

.OBO .110 

.015 .021 2 

.038 .057 

.OOB .012 2 

.965 .995 

.025 .055 

.295 .325 

.280 .310 

.090 .110 

.290 .365 

.120 -

.005 -



1-176 



MI{41 L68/MI{41 L69(N,P)·25/35/45 

--~~----- 4K x 4 CMOS STATIC RAM 

PRELIMINARY MEMORY COMPONENTS 

FEATURES 

o JEDEC LVTTL Standard +3.3 volt operation 

o 25, 35 and 45 ns Address Access Time 

o Automatic Power-up Clear 

o Equal access and cycle times 

o 20-pin, 300 mil Plastic and Ceramic DIP 

o All inputs and outputs TTL compatible, -low 
capacitance, and protected against static discharge 

o 50 pA CMOS Standby Current (MK41L68) 

o TTL Standby unaffected by address activity 
(MK41L68) 

o High speed chip select (MK41L69) 

o JEDEC standard pinout 

MK41L68 TRUTH TABLE 

CE WE Mode DQ Power 

H X Deselect High Z Standby 

L L Write DIN Active 

L H Read DOUT Active 

MK41L69 TRUTH TABLE 

CS WE Mode DQ Power 

H X Deselect High Z Active 

L L Write DIN Active 

L H Read DOUT Active 

x = Don't Care 

DESCRIPTION 

The Mostek MK41L68 and MK41L69, together with their 
22 pin derivatives, the MK41L78 and MK41L79, are the 
first devices on the market that meet or exceed the 
JEDEC Standard for LVTTL VLSI digital circuits. The 

A. 1 c: • 
As 2 c: 
A. 3 c: 
A7 4 c: 
A. 5 c: MK41168 

A. 6 c: 

P 20 Vee 

p 19 A3 

D 18 A. 

P 17 A1 

P 16 AD 

P 15 OQ3 

P 14 OQ. 

P 13 OQ1 

P 12 OQD 

P 11 WE 

A1D 7 c: 
A11 8 c: 
CE 9 c: 

GNO 10 c: 

f] 20 Vee 

D 19 A3 

j 18 A. 

D 17 A1 

P 16 AD 

D 15 OQ. 

D 14 OQ. 

f] 13 OQ1 

D 12 OQD 

P 11 WE 

Figure 1. Pin Connections 

PIN NAMES 

AD - All - Address 
DOD - 003 - Data 110 

CE - Chip Enable 
(MK41L68) 

CS - Chip Select 
(MK41L69) 

WE - Write Enable 
GND - Ground 
Vee - + 3.3 volts 

LVTTL standard provides for compatability between 
+5.0 ± 0.5 volt TTL devices and +3.3 ± 0.3 volt LVTTL 
devices within the same system. Adoption of a lower 
power supply voltage standard allows dimensional scal­
ing of silicon die to continue, which in turn allows den­
sity and performance increases to continue. Scaling 
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down the supply voltage provides a number of other 
potential benefits including reduced EMI, RFI, power 
comsumption and increased reliability. 

The MK41L68 and MK41L69 feature fully static 
operation requiring no external clocks or timing strobes, 
and equal address access and cycle times. The 
MK41 L68 has a Chip Enable power down feature which 
automatically reduces power dissipation when the CE 
pin is brought inactive (high). Standby power can be 
further reduced to microwatt levels by raising the CE 
pin to the full Vee voltage. The MK41L69 Chip Select 
pin provides a high speed chip select access, allowing 
fast read cycles to be achieved despite decoder delays. 

OPERATIONS 

READ MODE 

The MK41L68/9 is in the Read Mode whenever WE 

'Re I .. 

~ 
----1 

~ICA -'"9 _' .. ~'"9 

(Write Enable) is high and CE/CS (Chip Enable/Select) 
is low, providing a ripple-through access to data from 
four of 16,384 locations in the static storage array. The 
unique address specified by the 12 Address Inputs de­
fines which one of 4096 nibbles of data is to be ac­
cessed. 

Valid data will be available at the four Data Output pins 
within tAA after the last address input signal is stable, 
providing that the CE/CS access time is satisfied. If 
CE/CS access time is not met, data access will be 
measured from the limiting parameter (teA) rather than 
the address. The state of the four Data 110 pins is con­
trolled by the CEICS and WE control signals. The data 
lines may be in an indeterminate state at teL' but the 
data lines will always have valid data at tAA. 

'Re Iwe 

V--
1'---

-'"l ~'-=l 'AO f--

H- -I I+--'Reo -- lACS - -- leL I---'WEW--

.-J ~ J~,~_ ~,-~ 'CL r--'WEz·l ~ 'DO -

+---twEl----' 

J:~ i ~ <; VALID OUT a. VALID OUT VALID OUT ~r-c--0°0 .0 

Figure 2. Read-Read-Read-Wrlte Timing 
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READ CYCLE TIMING 
AC ELECTRICAL CHARACTERISTICS 
(0°C,;;TA,;;70°C) (VCC = 3.3 ± 0.3 V) 

MK41L6X-25 

SYM PARAMETER MIN 

tAC Read Cycle Time 25 

tM Address Access Time 

tCl Chip Enable to Low-Z (MK41LSB) 7 

tCl Chip Select to Low-Z (MK41LS9) 5 

tCA Chip Enable Access Time (MK41L68) 

tCA Chip Select Access Time (MK41L69) 

tACS Read Command Setup Time 0 

tAcH Read Command Hold Time 0 

tOH Valid Data Out Hold Time 5 

tcz Chip Enable to High-Z (MK41L6B) 

tcz Chip Select to High-Z (MK41L69) 

tWEZ Write Enable to High-Z 

tWEl Write Enable to Low-Z 5 

WRITE MODE 

The MK41LS8/9 is in the Write Mode whenever the WE 
and CE/CS inputs are in the low state. CE/CS, or WE 
must be high during address transitions. Addresses 
must be held valid throughout a write cycle. The Write 
begins with the concurrence of a low on WE and CE 
ICS. Therefore, tAS is referenced to the latter occurring 
edge of CE/CS, or WE. The write cycle is terminated 

MAX 

25 

25 

12 

10 

8 

10 

MK41L6X-35 MK41L6X-45 

MIN MAX MIN MAX UNITS NOTES 

35 45 ns 

35 45 ns 1 

7 7 ns 2 

5 5 ns 2 

35 45 ns 1 

15 1B ns 1 

0 0 ns 

0 0 ns 

5 5 ns 1 

13 17 ns 2 

10 12 ns 2 

13 17 ns 2 

5 5 ns 2 

by the earlier rising edge of CE/CS, or WE. 

If the output is enabled (CE/CS Is low), then WE will 
return the outputs to high Impedance within tWEZ of its 
falling edge. Care must be taken to avoid bus conten­
tion in this type of operation. Data-In must remain valid 
tDH after the rising edge of CE/CS or WE. 
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WRITE CYCLE TIMING 
AC ELECTRICAL CHARACTERISTICS 
(O°CsTAs70"C) (Vee = 3.3 ± 0.3 V) 

SYM PARAMETER 

twe Write Cycle Time 

tAS Address Setup Time 

tAW Address Stable to End of Write 

tAH Address Hold after End of Write 

tew Chip Enable/Select to End of Write 

tWEW Write Enable to End of Write 

tos Data Setup Time 

tOH Data Hold Time 

MK41L6X-25 

MIN MAX 

25 

0 

20 

0 

22 

20 

14 

0 

MK41L6X-35 MK41L6X-45 

MIN MAX MIN MAX UNITS 

35 45 ns 

0 0 ns 

30 40 ns 

0 0 ns 

32 40 ns 

30 40 ns 

15 18 ns 

0 0 ns 

f4__---twc---.. ~·I_---twc-f4__---twc--__i*"c____--tRC ----!~ 

DQD - DQ.------f- VALID IN *-----{- VALID IN -}-----f- VALID IN +-----{ 

Figure 3. Wrlte-Write-Write-Read Timing 
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LOW Vee DATA RETENTION TIMING (MK41L68) 

Vee----------------~ 

Vee (MIN)-

V'H -

V OR -

ce-------

~---- DATA RETENTION MODE-----~ 

w-----------------------------

Figure 4. Data Retention Timing 

LOW Vee DATA RETENTION CHARACTERISTICS 
(O°C:s;T A :s; 70 0C) 

SYM PARAMETERS 

VOR V cc for Data Retention 

ICCOR Data Retention Power Supply Current 

tCOR Chip Deselection to Data Retention Time 

tR Operation Recovery Time 

MIN 

2.0 

-
0 

tRC 
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MAX UNIT NOTES 

Vcc (min) V 7 

50 pA 7 

- ns 

- n5 



STANDBY MODE (MK41L68 Only) 

The MK41L68 is in Standby Mode whenever CE 
is held at or above V1H• 

50% 

'------STANDBy------.J 

Figure 5. Standby Mode Timing 

STANDBY MODE TIMING 
AC ELECTRICAL CHARACTERISTICS 
(0°C:s;TA:s;70°C) (Vee = 3.3 ± 0.3 V) 

MK41L68-25 

SYM PARAMETER MIN 

tpo Chip Enable High to Power 
Down 

tpu Chip Enable Low to Power Up 0 

APPLICATION 

The MK41L68f9 operates from a 3.3 volt supply. It is 
compatible with all standard TTL families. The device 
should share a solid ground piane with any other 
devices interfaced with it, particularly 5 volt TIL 
devices. Additionally, because the outputs can drive rail­
to-rail into high impedance loads, the MK41L68f69 can 
also interface to 5 volt CMOS on all inputs and outputs. 
Refer to the normalized performance curves that follow. 

Since very high frequency current transients will be as­
sociated with the operation of the MK41 L68f9, power line 
inductance must be minimized on the circuit board pow­
er distribution network. Power and ground trace grid­
ding or separate power planes can be employed to 

MAX 

25 
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MK41L68-35 MK41L68-45 

MIN MAX MIN MAX UNITS NOTES 

35 45 ns 

0 0 ns 

reduce line inductance. Additionally, a high frequency 
decoupling capacitor should be placed next to each 
RAM. The capacitor should be 0.1 pF or larger. 

Though often times not thought of as such, the traces 
on a memory board are basically unterminated, low im­
pedance transmission lines. As such they are subject 
to signal reflections manifested as noise, undershoots 
and excessive ringing. Series termination in close prox­
imity to the TTL drivers can improve driverfsignal path 
impedance matching. While experimentation most often 
proves to be the only practical approach to selection 
of series resistors, values in the range of 10 to 33 ohms 
often prove most suitable. 



ABSOLUTE MAXIMUM RATINGS· 

Voltage on any pin relative to GND ............................................... -1.0 V to +6.0 V 
Ambient Operating Temperature (TA) ..•...•.••.•..••.....••••.••..•.•.....•..•....... O°C to +70°C 
Ambient Storage Temperature (Plastic) ............................................ -55°C to +125°C 
Ambient Storage Temperature (Ceramic) .......................................... -65°C to +150°C 
Total Device Power Dissipation ............................................................ 1 Watt 
Output Current per Pin .................................................................. 50 mA 
·Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or other conditions beyond those indicated In the operational section of this specification Is not implied. Exposure to absolute 
maximum rating conditions for extended periods of time may affact reliability. 

RECOMMENDED DC OPERATING CONDITIONS 
(0°CsTAS70°C) 

SYM PARAMETER 

Vee Supply Voltage 

GND Supply Voltage 

VIH Logic 1 Voltage, All Inputs 

VIL Logic 0 Voltage, All Inputs 

DC ELECTRICAL CHARACTERISTICS 
(0°CsTA s70°C) (Vee = 3.3 ± 0.3 V) 

SYM PARAMETER 

leel Average Power Supply Current 

leC2 TTL Standby Current (MK41L68 only) 

ICC3 CMOS Standby Current (MK41L68 only) 

IlL Input Leakage Current (Any Input Pin) 

IOL Output Leakage Current (Any Output Pin) 

VOH Output Logic 1 Voltage (lOUT = -1 mAl 

VOL Output Logic 0 Voltage (lOUT = +4 mAl 

CAPACITANCE 
(TA = 25°C, f = 1.0 MHz) 

SYM PARAMETER 

Cl Capacitance on input pins 

C2 Capacitance on DQ pins 

NOTES 

1. Measured with load shown in Figure 6. 
2. Measured with load shown in Figure 6, C1 = 5 pF. 
3. All voltages referenced to GND. 
4. VIL may undershoot to -2.0 volts for 200ns or less during input transitions. 
5. ICCl is measured as the average AC current with VCC = Vec (max) and 

with the outputs open circuit. t cycle = min. duty cycle 100%. 

MIN TYP MAX UNITS NOTES 

3.0 3.3 3.6 V 3 

0 0 0 V 

2.0 Vee +1.2 V 3 

-1.0 0.8 V 3,4 

MIN MAX UNITS NOTES 

60 mA 5 

8 mA 6 

50 p.A 7 

-1 +1 pA 8 

-10 +10 p.A 9 

2.4 V 3 

0.4 V 3 

TYP MAX UNITS NOTES 

4 5 pF 10 

8 10 pF 6,10 

6. CE = V,H. all other inputs = Don't Care. 
7. VCC (max) .. i5E .. VCC - 0.3 V. 

All other inputs = Don't Care. 
8. Input leakage current specifications are valid for all Y,N such that 

o V<VIN<VCC' Measured at VCC = VCC (max). 
9. Output leakage curl!!!! .!!I!.eclfications are valid for all VOUT such that 

o V <Vour<Vcc. CE/CS = VIH and VCC In valid operating range. 
10. Capacitances are sampled and not 100% tested. 
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AC TEST CONDITIONS 

Input Levels ..................................................................... GND to 3.0 V 
Transition Times ......................................................................... 5 ns 
Input and Output Signal Timing Reference Level .............................................. 1.5 V 
Ambient Temperature ............................................................... O"C to 7O"C 
Vee .............................................................................. 3.3 ± 0.3 V 

v, 

R, 

DEVICE 
UNDER 
TEST 

Rz 

- -

EQUIVALENT TO: 

DEVICE 
lOUT 

UNDER 
TEST 

VOUT\ 

== 

Ie, 

C· , 

RTH 

400n 

LOAD CIRCUIT VAWES 

v, 5.0 V 3.3 V 

R, 1000n 880n 

Rz 670n 1018n 

C, 30 pF 30pF 

• INCWDES SCOPE AND TEST JIG 

VTH 

12.00 V 

Figure 6. Output Load Circuits 
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NORMALIZED DC AND AC PERFORMANCE CHARACTERISTICS 

Vce 

Normalized Supply Current YS. Supply Voltage ~~~~ 
"''''~ ~~'" 

"~~~ 
ft;.~ 

,,'"'~jY 

MHz 

VS. Ambient 

Normalized Supply Current YS. Cycle Time Normalized Address Access Time vs. Supply 
Voltage 

1-185 



I 'SINK I 

Normalized Address Access Time vs. Ambient 
Temperatu re 

Normalized Output Source and Sink Currents 
vs. Supply Voltage 

I 'SINK I 
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Address Access Time vs. Output 
loading 

Normalized Output Source and Sink Currents 
vs. Ambient Temperature 



IISINK I 

Normalized Output Source and Sink Currents 
vs. Output Voltage 

logic Thresholds vs. Ambient Temperature 
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ORDERING INFORMATION 

PART NUMBER ACCESS TIME PACKAGE TYPE TEMPEFIATURE RANGE 

MK41L6BN-25 25 ns 20 pin Plastic DIP oOC to 70°C 

MK41L6BN-35 35 ns 20 pin Plastic DIP OOC to 70°C 

MK41L6BN-45 45 ns 20 pin Plastic DIP OOC to 700C 

MK41L69N-25 25 ns 20 pin Plastic DIP OOC to 700C 

MK41L69N-35 35 ns 20 pin Plastic DIP O°C to 70°C 

MK41L69N-45 45 ns 20 pin Plastic DIP OOC to 70°C 

MK41 L68P-25 25 ns 20 pin Ceramic DIP OOC to 700C 

MK41L68P-35 35 ns 20 pin Ceramic DIP O°C to 700C 

MK41L68P-45 45 ns 20 pin Ceramic DIP OOC to 70°C 

MK41L69P-25 25 ns 20 pin Ceramic DIP OOC to 700C 

MK41L69P-35 35 ns 20 pin Ceramic DIP O°C to 70°C 

MK41L69P-45 45 ns 20 pin Ceramic DIP O°C to 70°C 
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20 PIN uN" PACKAGE 
PLASTIC DIP 

NOTES 

I. OVERALL LENGTH INCLUDES .010 IN. 
FLASH ON EITHER ENO OF THE PACKAGE. 

2. PACKAGE STANOOFF TO BE MEASURED 
PER JEOEC REGUIREMENTS., 

3. THE MAXIMUM LIMIT SHALL BE 
INCREASED BY .003 IN. WHEN 
SOLOER LEAD FINISH IS SPECIFIEO. 

20 PIN uP" PACKAGE 
SIDE BRAZED CERAMIC DIP 

NOTES 

1. PACKAGE STANDOFF TO BE MEASURED 
PER JEDEC REGUIREMENTS. 

2. THE MAXIMUM LIMIT SHALL BE 
INCREASED BY .003 IN. WHEN 
SOLDER LEAD FINISH IS SPECIFIED. 

DIM 

A 
Al 
A2 
8 

81 
C 
0 

01 
E 

El 
el 
eA 
L 
Ql 
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DIM 
INCHES 

NOTES 
MIN MAX 

A - .210 2 
Al .015 - 2 
A2 .120 .140 
8 .015 .021 3 

81 .050 .070 
C .008 .012 3 
0 1.020 1.050 1 

01 .060 .075 
E .300 .325 

El .240 .270 
el .090 .110 
eA .300 .400 
L .120 

INCHES 
NOTES 

MIN MAX 
- .175 1 

.020 - 1 

.080 .110 

.015 .021 2 

.038 .057 

.008 .012 2 

.965 .995 

.025 .055 

.295 .325 

.280 .310 

.090 .110 

.290 .365 

.120 

.005 -
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, . ' . 
, M,I{41 H78/79(N,P)·20/25/35 

.-~~------ , ' 
, 4K x 4 CMOS STATIC RAM 

:. PRELIMINARY MEMORY COMPONENTS 

, ~. 1.< if, ~ <' ,i .. • ', ". , ~.. ~ \ 1'1. '(, r 

FEATURES 

D 20, 25, and 35 ns Address Access Time A. 1 L 0 :::J 22 Vee 

D Equal access and cycle times 
As 2L :::J 21 A3 

As 3L :::J 20 A. 

D 22-pin, 300 mil Plastic and Ceramic DIP A7 4L :::J 19 A, 

D All inputs and outputs TTL compatible, low 
A. 5L 

MK41H78 
:::J 18 AD 

capacitance, and protected against static discharge A. 6L :::J 17 N.C. 

A'D 7L :::J 16 DQ3 
D 50 pA CMOS Standby Current A11 8L :::J 15 DQ. 

- 9 L :::J 14 DQ, D TTL Standby Current unaffected by address activity CE 

OE 10 L :::J 13 DQD 
D Separate Output Enable control GND 11 L :::J 12 WE 

D Flash Clear Function (MK41H79) 

TRUTH TABLE A4 1 L 0 :::J 22 Vee 

CE OE WE 'CLR Mode DQ Power As 2L :::J 21 A3 

H X X X Deselect High Z Standby As 3L :::J 20 A. 

L X L H Write DIN Active A7 4L :::J 19 A, 

L L H H Read DOUT Active 
A. 5L 

MK41H79 
:::J 18 AD 

L H H H Read High Z Active 
A. 6L :::J 17 CLR 

A'D 7L :::J 16 DQD 
L X L L Flash Clear High Z Active A11 8L :::J 15 DQ, 

L L H L Flash Clear Low Z Active - 9L :::J 14 DQ. CE 

L H H L Flash Clear High Z Active OE 10 L :::J 13 DQ3 

• - Applies to MK41L79 only. X = Don't Care GND 11 C :::J 12 WE 

DESCRIPTION Figure 1. Pin Connections 

The MK41H78179 features fully static operation requir- PIN NAMES 

ing no external clocks or timing strobes, and equal ad-
OE - Output Enable dress access and cycle times. It requires a single +5V Ao - A11 - Address 

± 10 percent power supply and is fully TTL compatible. DOD - D03 - Data 1/0 WE - Write Enable 

N.C. - No Connect GND - Ground 
The device has a Chip Enable power down feature 
whi~automatically reduces power dissipation when 

CE - Chip Enable Vee - + 5 volts 

the CE pin is brought inactive (high). Standby power 
can be further reduced to microwatt levels by raiSing Flash Clear operation is provided on the MK41H79 via 
the CE pin to the full Vce voltage. An Output Enable the CLR pin, and CE active (lOW). A low applied to the 
(OE) pin provides a high speed tristate control, allow- CLR pin clears all RAM bits to zero, making it especially 
ing fast readlwrite cycles to be achieved with the useful for high speed cache and buffer storage appli-
common-I/O data bus. cations. 
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OPERATIONS 

READ MODE 

The MK41H78179 is in the Read Mode whenever WE 
(Write Enable) is high and CE (Chip Enable) is low, 
providing a ripple·through access to data from four of 
16,384 locations in the static storage array. The unique 
address specified by the 12 Address Inputs defines 
which one of 4096 nibbles of data is to be accessed. 

IRC .. IRC 

~ 
~ ---1 ~~1 f4--ICEA . _ICEA 

~. 

Valid data will be available at the four Data Output pins 
within tM aiter the last address input signal is stable, 
providing that the CE and OE (Output Enable) access 
times are satisfied. If CE or OE access times are not 
met, data access will be measured from the limiting 
parameter (tCEA or tOEA) rather than the address. The 
state of the four Data 1/0 pins is controlled by the CE, 
WE and OE control signals. The data lines may be in 
an indeterminate state at !eEL and IoEL' but the data 
lines will always have valid data at tM . 

• IRC 'wc_ 

r--
I\-----I ---l 

----T~I -IOEAi 

1 
1-1 ~IRCH -- lACS - _I

WEW
_ 

~~ JL'"iJ-.~~'"~ tCEL ~1wu1- IoH r--
- .. las I+-

:~ :< VALID VALID OUT ~ 3 out 00,·00 

Figure 2. Read·Read·Read·Wrlte Timing 
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READ CYCLE TIMING 
AC ELECTRICAL CHARACTERISTICS 
(O°CsTAs70°C) (VCC = 5.0 V ± 10 percent) 

MK41H7X-20 

SYM PARAMETER MIN MAX 

tRC Read Cycle Time 20 

tAA Address Access Time 20 

tCEL Chip Enable to Low-Z 7 

tCEA Chip Enable Access Time 20 

tOEL Output Enable to Low-Z 2 

tOEA Output Enable Access Time 10 

tRCS Read Command Setup Time 0 

tRCH Read Command Hold Time 0 

tOH Valid Data Out Hold Time 5 

tCEZ Chip Enable to High-Z 8 

toEZ Output Enable to High-Z 7 

twEZ Write Enable to High-Z 8 
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MK41H7X-25 MK41H7X-35 

MIN MAX MIN MAX UNITS NOTES 

25 35 ns 

25 35 ns 1 

7 7 ns 2 

25 35 ns 1 

2 2 ns 2 

12 15 ns 1 

0 0 ns 

0 0 ns 

5 5 ns 1 

10 13 ns 2 

8 10 ns 2 

10 13 ns 2 



WRITE MODE 

The MK41H7B179 is in the Write Mode whenever the WE 
and CE inputs are in the low state. CE or WE must 
be high during address transitions. Addresses must be 
held valid throughout a write cycle. The Write begins 
with the concurrence of a low on WE and CEo There­
fore, tAS is referenced to the latter occurring edge of 

CE or WE. The write cycle is terminated by the earlier 
rising edge of CE or WE. 

If .the output is enabled (CE and OE low), then WE 
will return the outputs to high impedance within tWEZ 
of its falling edge. Care must be taken to avoid bus con­
tention in this type of operation. Data-In must remain 
valid tOH after the rising edge of CE or WE. 

I+----Iwc ----I4----lwc----f+---1wc -----!*'f----IRC-----!~ 

DO.· DO, ------f .Jf-----f VALID IN -r-----f- VALID IN .Jf-----f 
I'-__ J ~~~ __ -J 

Figure 3. Wrlte-Wrlte-Wrlte-Read Timing 
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WRITE CYCLE TIMING 
AC ELECTRICAL CHARACTERISTICS 
(0°CsTAs70°C) (VCC = 5.0 V ± 10 percent) 

MK41H7X-20 

SYM PARAMETER MIN MAX 

twc Write Cycle Time 20 

tAS Address Setup Time 0 

tAW Address Stable to End of Write 16 

tAH Address Hold after End of Write 0 

tCEW Chip Enable to End of Write 18 

tWEW Write Enable to End of Write 16 

tos Data Setup Time 12 

tOH Data Hold Time 0 

tWEL Write Enable to Low-Z 5 

LOW Vee DATA RETENTION TIMING (MK41H78) 

MK41H7X-25 MK41H7X-35 

MIN MAX MIN MAX UNITS NOTES 

25 35 ns 

0 0 ns 

20 30 ns 

0 0 ns 

22 32 ns 

20 30 ns 

14 15 ns 

0 0 ns 

5 5 ns 2 

1<1-----DATA RETENTION MODE------I~ 

Vee --------... 
Vee (MIN)-

V'H - -

VOR - -

eE-----J 

w-----------------------------

Figure 4. Data Retention Timing 

LOW Vee DATA RETENTION CHARACTERISTICS 
(0°CsTAs70°C) 

SYM PARAMETERS 

VDR Vcc for Data Retention 

ICCOR Data Retention Power Supply Current 

tCOR Chip Deselection to Data Retention Time 

tR Operation Recovery Time 

MIN 

2.0 

-
0 

tRC 
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MAX UNIT NOTES 

Vcc (min) V 7 

50 pA 7 

- ns 

- ns 



CLEAR CYCLE TIMING (MK41H79) 
AC ELECTRICAL CHARACTERISTICS 
(O°CsTA s70°C) (Vcc = 5.0 ± 10%) 

MK41H79·20 MK41H79·25 MK41H79·35 

SYM PARAMETER MIN 

tFCC Flash Clear Cycle Time 40 

tCEC Chip Enable Low to End of Clear 40 

tCLP Flash Clear Low to End of Clear 38 

tcx Clear to Inputs Don't Care 0 

tCR End of Clear to Inputs 0 
Recognized 

tcwx Clear to Write Enable Don't Care 0 

tOHC Valid Data Out Hold from Clear 5 

FLASH CLEAR (MK41H79 Only) 

A Flash Clear cycle sets all 16,384 bits in the RAM to 
logic zero. A Clear begins at the concurrence of a low 
on Chip Enable (CE) and Flash Clear (CLR). A Clear 
may be ended by a high on either CE or CLR. A low 

IRC ., .. 
~ 

---./ 
LAST READ ADORESS 

1 lex 

.. CEC 

MAX MIN MAX MIN MAX UNITS NOTES 

50 70 ns 

50 70 ns 

48 68 ns 

0 0 ns 

0 0 ns 

0 0 ns 

5 5 ns 1 

on CLR has no effect if the device is disabled (CE high). 
A Clear may be executed within either a Read or a Write 
cycle. Figure 5 illustrates a Clear within a Read cycle. 
Clears within Write cycles are constrained only in that 
Write timing parameters must be observed as soon as 
the Flash Clear pin returns high. 

tFCC .. .. Iwc • 
~)([X cyl9. FIRST WRITE ADDRESS 

I-- - I---ICR 

/ 
.. 

f.--ICLP-

~ICR-

~ 
Ny. y.:V 

tcwx -
\ r\ / 

DQO-DQ3-_~'--------«'--~)>---
Figure 5. Last Read·Flash Clear·First Write 
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STANDBY MODE 

The MK41H78/79 is in Standby Mode whenever CE is 
held at or above V1H • 

50% 

'-----STANDBV-------' 

Figure 6. Standby Mode 

STANDBY MODE 
(0°CsTA s70°C) (Vee = 5.0 V ± 10 percent) 

MK41H7X-20 

SYM PARAMETER MIN 

tpD Chip Enable High to Power 
Down 

tpu Chip Enable Low to Power Up 0 

APPLICATION 

The MK41H78/79 operates from a 5.0 volt supply. It is 
compatible with all standard TIL families on all inputs 
and outputs. The device should share a solid ground 
plane with any other devices interfaced with it, particu­
larly TIL devices. Additionally, because the outputs can 
drive rail-to-rail into high impedance loads, the 41 H78/79 
can also interface to 5 volt CMOS on all inputs and out­
puts. Refer to the normalized performance curves that 
follow. 

Since very high frequency current transients will be as­
sociated with the operation of the MK41H78/79, power 
line inductance must be minimized on the circuit board 
power distribution network. Power and ground trace 

MAX 

20 

MK41H7X-25 MK41H7X-35 

MIN MAX MIN MAX UNITS NOTES 

25 35 ns 

0 0 ns 

gridding or separate power planes can be employed to 
reduce line inductance. Additionally, a high frequency 
decoupling capacitor should be placed next to each 
RAM. The capacitor should be 0.1 jl= or larger. 

Though often times not thought of as such, the traces 
on a memory board are basically unterminated, low im­
pedance transmission lines. As such they are subject 
to signal reflections manifested as noise, undershoots 
and excessive ringing. Series termination in close prox­
imity to the TIL drivers can improve driver/signal path 
impedance matching. While experimentation most often 
proves to be the only practical approach to selection 
of series resistors, values in the range of 10 to 33 ohms 
often prove most suitable. 
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ABSOLUTE MAXIMUM RATINGS· 

Voltage on any pin relative to GND ................................................ -1.0 V to H.O V 
Ambient Operating Temperature (T A) .•......•.......•.....•..............•......•.... O"C to HO"C 
Ambient Storage Temperature (Plastic) ............................................ -55°C to +125"C 
Ambient Storage Temperature (Ceramic) .......................................... -65°C to +150"C 
Total Device Power Dissipation ............................................................ 1 Watt 
Output Current per Pin .................................................................. 50 mA 
·Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and fUnctional 
operation of the device at these or other conditions beyond those indicated in the operational section of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods of time may affect reliability. 

RECOMMENDED DC OPERATING CONDITIONS 
(0"CsTA s70°C) 

SYM PARAMETER 

VCC Supply Voltage 

GND Supply Voltage 

VIH Logic 1 Voltage, All Inputs 

VIL Logic 0 Voltage, All Inputs 

DC ELECTRICAL CHARACTERISTICS 
(0"CsTA s70°C) (VCC = 5.0 V ± 10 percent) 

SYM PARAMETER 

Icc, Average Power Supply Current 

ICC2 TTL Standby Current (MK41H78) 

ICC2 TTL Standby Current (MK41H79) 

ICC3 CMOS Standby Current (MK41H78) 

IlL Input Leakage Current (Any Input Pin) 

IOL Output Leakage Current (Any Output Pin) 

VOH Output Logic 1 Voltage (lOUT = -4 mAl 

VOL Output Logic 0 Voltage (lOUT = +8 mAl 

CAPACITANCE 
(TA = 25°C, f = 1.0 MHz) 

SYM PARAMETER 

C, Capacitance on input pins 

C2 Capacitance on DQ pins 

NOTES 

1. Measured with load shown In Figure 7(A). 
2. Measured with load shown in Figure 7(B). 
3. All voltages referenced to GND. 
4. V,L may undershoot to -2.0 volts for 200ns or less during Input transitions. 

MIN TYP MAX UNITS NOTES 

4.5 5.0 5.5 V 3 

0 0 0 V 

2.2 VCC +1.0 V 3 

-1.0 0.8 V 3,4 

MIN MAX UNITS NOTES 

120 mA 5 

10 mA 6 

16 mA 6 

50 pA 7 

-1 +1 pA 8 

-10 +10 pA 9 

2.4 V 3 

0.4 V 3 

TYP MAX UNITS NOTES 

4 5 pF 10 

8 10 pF 10 

6. CE = VIH, all~her inputs = Don't Care. 
7. VCC (max) "CE"VCC - 0.3 V, all other Inputs = Oon't Care. 
B. Input leakage current specifications are valid for all VIN such that 

a V <VIN <VCC. Measured at VCC = VCC (max). 
9. Output leakage curr!!!! specifications arB valid for all VOUT such that 

o V<VOUT<VCC, CE = V,H and Vec In valid operating range. 
5. ICC1 is measured as the average AC current with VCC = VCC (max) and 

with the outputs open circuit. tRC = tAC (min) is used. 
to. Capacitances are sampled and not tOO% tested. 
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AC TEST CONDITIONS 

Input Levels ..................................................................... GND to 3.0 V 
Transition Times ......................................................................... 5 ns 
Input and Output Signal Timing Reference Level .............................................. 1.5 V 
Ambient Temperature ............................................................... ooe to 70 0e 
Vee ....................................................................... 5.0 V ± 10 percent 

+5.0 V +5.0 V 

470 OHMS 470 OHMS 

DEVICE 
UNDER 
TEST 

DEVICE 
UNDER 
TEST 

240 OHMS == 30 pFo 
2400HMS =~ 5pFO 

- _ GND - _ GND 

° INCLUDES SCOPE AND TEST JIG. 

(A) (B) 
Figure 7. Output Load Circuits 
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NORMALIZED DC AND AC PERFORMANCE CHARACTERISTICS 

Icc 

MHz 

Normalized Supply Current vs. Cycle Time 

1-200 

Supply Current va. Ambient 
Temperatura 

Normalized Address Access Time vs. Supply 
Voltage 



ISOURCE 

ISINK 

Normalized Output Source and Sink Currents 
vs. Supply Voltage 

1·201 

Normalized Output Source and Sink Currents 
vs. Ambient Temperature 



ISOURCE 

~:~ ~<t,<t., 
4\;~ t;~ 

V1L ~ V ~ .. 

VOUT ,,~~ Vcc 

Normalized Output Source and Sink Currents ~ -. ~~IC Th'resholds vs. Supply Voltsge 

vs. Output Voltage ~ .. " , t~~ 

~,O ~~ 
~~+ ~~~ 

logic Thresholds VB. Ambient Temperature 

1-202 



22 PIN "N" PACKAGE 
PLASTIC DIP 

-H--s 

~ 
1. OVERALL LENGTH INCLUDES .010 IN. 

FLASH ON EITHER END OF THE PACKAGE. 

2. PACKAGE STANDOFF TO BE MEASURED 
PER ~EOEC REGUIREMENTS. 

3. THE MAXIMUM LIMIT SHALL BE 
INCREASED BY .003 IN. WHEN 
SOLDER LEAD FINISH IS SPECIFIED. 

22 PIN "P" PACKAGE 
SIDE BRAZED CERAMIC DIP 

~ 
•• t 

11.. . A 

I I 

Al ~ 
~~8 

NOTES 

1. PACKAGE STANDOFF TO BE MEASURED 
PER ~EOEC REQUIREMENTS. 

2. THE MAXIMUM LIMIT SHALL BE 
INCREASED BY .003 IN. WHEN 
SOLDER LEAD FINISH IS SPECIFIED. 
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DIM 

A 
A1 
A2 
B 

B1 
C 
0 

01 
E 

E1 
e1 
eA 
L 

DIM 

A 
A1 
A2 
B 

B1 
C 
0 

01 
E 

E1 
e1 
eA 
L 
Q1 

INCHES 
NOTES 

MIN MAX 
- .210 2 

.015 - 2 

.120 .140 

.015 .021 3 

.050 .070 

.OOB .012 3 
1.020 1.050 1 
.010 .025 
.300 .325 
.240 .270 
.090 .110 
.300 .400 
.120 -

INCHES 
NOTES 

MIN MAX 
- .175 1 

.020 - 1 

.080 .110 

.015 .021 2 

.038 .057 

.008 .012 2 
1.085 1.115 
.035 .065 
.295 .325 
.280 .310 
.090 .110 
.290 .365 
.120 -
.005 -



ORDERING INFORMATION 

PART NUMBER ACCESS TIME PACKAGE TYPE TEMPERATURE RANGE 

MK41 H78N-2D 2D ns 22 pin Plastic DIP DOC to 7DoC 

MK41H78N-25 25 ns 22 pin Plastic DIP DOC to 7DoC 

MK41H78N-35 35 ns 22 pin Plastic DIP DOC to 7DoC 

MK41H78P-2D 2D ns 22 pin Ceramic DIP DOC to 70°C 

MK41H78P-25 25 ns 22 pin Ceramic DIP DOC to 7DoG 

MK41H78P-35 35 ns 22 pin Ceramic DIP DOC to 70°C 

MK41H79N-2D 2D hs 22 pin Plastic DIP DOC to 70°C 

MK41H79N-25 25 ns 22 pin Plastic DIP DOC to 70°C 

MK41H79N-35 35 ns 22 pin Plastic DIP DOG to 700C 

MK41H79P-2D 2D ns 22 pin Ceramic DIP DOG to 70°C 

MK41H79P-25 25 ns 22 pin Ceramic DIP DOC to 700C 

MK41H79P-35 35 ns 22 pin Ceramic DIP DOC to 7DoC 

MK t Speed grade rN 

L _____________________ Package Type 

N: Plastic DIP 
P: Ceramic DIP 

'--______________________ Device family and 

number identification 

L... __________________________ Thomson - Mostek 

prefix 

1-204 



--~~-----
MI{41 L 78fMK41l79(N.P)-25;~J~1 

FEATURES 

A. 1 L 0 :::J 22 Vee o JEDEC LVTTL standard +3.3 volt operation 
As 2L :::J 21 A3 

o 25, 35 and 45 nsec Address Access Time A. 3L :::J 20 A. 

o Equal access and cycle times 
A7 4L ~ 19 A, 

A. 5L 
MK41L78 

:::J 18 Ao 

o 22-pin, 300 mil Plastic and Ceramic DIP A. 6L :::J 17 N.C. 

o All inputs and outputs TTL compatible, low 
A,o 7L ~ 16 DOo 

capacitance, and protected against static discharge A11 BL ~ 15 DO, 
- 9L :::J 14 D02 CE 

o 50pA CMOS standby current OE 10 L tJ 13 D03 

o TTL standby current unaffected by address activity GND 11 [ P 12 WE 

o Separate Output Enable control 
A. 1 L 0 P 22 Vee 

D Flash Clear function (MK41L79) As 2L P 21 A3 

A. 3L P 20 A. 

TRUTH TABLE A7 4L ~ 19 A, 

A. 5L 
MK41L79 

P 1B Ao 

CE OE WE 'CLR Mode DQ Power A. 6[ P 17 CLR 

H X X X Deselect High Z Standby A,o 7[ P 16 DOo 

L X L H Write DIN Active A11 8L P 15 DO, 
- 9[ P 14 DO. L L H H Read DOUT Active CE 

L H H H Read High Z Active OE 10 [ P 13 D03 

L X L L Flash Clear High Z Active 
GND 11 [ P 12 WE 

L L H L Flash Clear Low Z Active Figure 1. Pin Connections 

L H H L Flash Clear High Z Active 

• ~ Applies to MK41L79 only. X = Don't Care PIN NAMES 

Ao - All - Address OE - Output Enable 
DESCRIPTION DOo - D03 - Data I/O WE - Wriie Enable 

N.C. - No Connect GND - Ground 

The Mostek MK41L78 and MK41L79, together with their 
(MK41L78) Vee - +3.3 volts 

CLR - Flash Clear 20 pin derivatives, the MK41L68 and MK41L69, are the 
(MK41L79) 

first devices on the market that meet or exceed the 
CE - Chip Enable JEDEC Standard for LVTTL VLSI digital circuits. The 

LVTTL standard provides for compatibility between 
+5.0 ± 0.5 volt TTL devices and +3.3 ± 0.3 volt LVTTL sity and performance increases to continue. Scaling 
devices within the same system. Adoption of a lower down the supply voltage provides a number of other 
power supply voltage standard allows dimensional scal- potential benefits including reduced EMI, RFI, power 
ing of silicon die to continue, which in turn allows den- consumption and increased reliability. 
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The MK41L78 and MK41L79 feature fully static opera­
tion requiring no external clocks or timing strobes, and 
equal address access and cycle times. The devices 
have a Chip Enable power down feature which 
automatically reduces power dissipation when the CE 
pin is brought inactive (high). Standby power can be 
further reduced to microwatt levels by raising the CE 
pin to the full Vcc voltage. An output enable (OE) pin 
provides a high speed three state control, allowing fast 
read/write cycles to be achieved with the common-I/O 
data bus. 

Flash Clear operation is provided on the MK41L79 via 
the CLR pin, and CE active (law). A low applied to the 
CLR pin clears all RAM bits to zero, making it especially 
useful for high speed cache and buffer storage appli­
cations. 

OPERATIONS 

READ MODE 

The MK41L78/9 is in the Read Mode whenever WE 

(Write Enable) is high and' CE (Chip Enable) is low, 
providing a ripple-through access to data from four of 
16,384 locations in the static storage array. The unique 
address specified by the 12 Address Inputs defines 
which one of 4096 nibbles of data is to be accessed. 

Valid data will be available at the four Data Output pins 
within tAA after the last address input signal is stable, 
providing that the CE and OE (Output Enable) access 
times are satisfied. If CE or OE access times are not 
met, data access will be measured from the limiting 
parameter (tCEA or tOEA) rather than the address. The 
state of the four Data I/O pins is controlled by the CE, 
WE and OE control signals. The data lines may be in 
an indeterminate state at tCEl and tOEl' but the data 
lines will always have valid data at tAA. 

�+_---tRc----I ... ---Inc --_~ •• I----·I.c_I+_---twc--__t 

~ ICEL ~t'=-1 I J '" 
-- tWEL --J I ~ tOEL 

tOH 

DO., 00,------+ r---lK-f VALID OUT 
~~ __ ~II IX~~OO 

VALID IN -t---

Figure 2. Read-Read-Read-Wrlte Timing 
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READ CYCLE TIMING 
AC ELECTRICAL CHARACTERISTICS 
(O°CsTAs70°C) (Vcc = 3.3 ± 0.3 Volts) 

SYM PARAMETER 

tRC Read Cycle Time 

tAA Address Access Time 

tCEL Chip Enable to Low-Z 

tCEA Chip Enable Access Time 

tOEL Output Enable to Low-Z 

tOEA Output Enable Access Time 

tRCS Read Command Setup Time 

tRCH Read Command Hold Time 

tOH Valid Data Out Hold Time 

tCEZ Chip Enable to High-Z 

tOEZ Output Enable to High-Z 

tWEZ Write Enable to High-Z 

tWEL Write Enable to LO\(i-Z 

MK41L7X-25 

MIN MAX 

25 

25 

7 

25 

3 

12 

0 

0 

5 

10 

8 

10 

5 
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MK41L7X-35 MK41L7X-45 

MIN MAX MIN MAX UNITS NOTES 

35 45 ns 

35 45 ns 1 

7 7 ns 2 

35 45 ns 1 

3 3 ns 2 

15 18 ns 1 

0 0 ns 

0 0 ns 

5 5 ns 1 

13 15 ns 2 

10 12 ns 2 

13 15 ns 2 

5 5 ns 2 



WRITE MODE 

The MK41L7819 is in the Write Mode whenever the WE 
and CE inputs are in the low state. CE or WE must 
be high during address transitions.·Addresses must be 
held valid throughout a write cycle. The Write begins 
with the concurrence of a low on WE and CEo There­
fore, tAS is referenced to the latter occurring edge of 

CE or WE. The write cycle Is terminated by the earlier 
rising edge of CE or WE. 

If the output is enabled (CE and OE low), then WE 
will return the outputs to high impedance within tWEZ 
of its falling edge. Care must be taken to avoid bus con­
tention in this type of operation. Data-In must remain 
valid tOH after the rising edge of CE or WE. 

fool .. I----lwc --_,....---Iwc --_-I+---lwc----o0j4----I""---J 

VALID IN OQ. -OQ,------+ 
'--_....J 

....-IwEL-

10• 

VALID IN -1----1- VALID IN 

Figure 3. Wrlte-Wrlte-Wrlte-Read Timing 
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WRITE CYCLE TIMING 
AC ELECTRICAL CHARACTERISTICS 
(O·CsTAs70·C) (Vee = 3.3 ± 0.3 Volts) 

SYM PARAMETER 

twe Write Cycle Time 

tAS Address Setup Time 

tAw Address Stable to End of Write 

tAH Address Hold after End of Write 

teEW Chip Enable to End of Write 

tWEW Write Enable to End of Write 

tos Data Setup Time 

tOH Data Hold Time 

MK41L7X-25 

MIN MAX 

25 

0 

20 

0 

22 

20 

14 

0 

LOW Vee DATA RETENTION TIMING (MK41L78) 

MK41L7X-35 MK41L7X-45 

MIN MAX MIN MAX UNITS NOTES 

35 45 ns 

0 0 ns 

30 40 ns 

0 0 ns 

32 40 ns 

30 40 ns 

15 18 ns 

0 0 ns 

~----DATA RETENTION MODE-------I~ 

Vee---------~ 

Vee (MIN)-

ce------J 

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

Figure 4. Data Retention Timing 

LOW Vee DATA RETENTION CHARACTERISTICS 
(0"CsTAs70·C) 

SYM PARAMETERS 

VOR Vee for Data Retention 

leeoR Data Retention Power Supply Current 

teoR Chip Deselection to Data Retention Time 

tR Operation Recovery Time 

MIN 

2.0 

-
0 

tRe 
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MAX UNIT NOTES 

Vee (min) V 7 

50 pA 7 

- ns 

- ns 



CLEAR CYCLE TIMING (MK41L79) 
AC ELECTRICAL CHARACTERISTICS 
(O°CsTA s70"C) (VCC = 3.3 ± 0.3 Volts) 

MK41L79·25 MK41L79·35 MK41L79·45 

SYM PARAMETER MIN 

tFCC Flash Clear Cycle Time 50 

tCEC Chip Enable Low to End of Clear 50 

tCLP Flash Clear (CLR) Pulse Width 45 

tcx Clear to Inputs Don't Care 0 

tCR End of Clear to Inputs 0 
Recognized 

tcwx Clear to Write Enable Don't Care 0 

tOHc Valid Data Out Hold from Clear 5 

FLASH CLEAR (MK41L79 Only) 

A Flash Clear cycle sets all 16,384 bits in the RAM to 
logic zero. A Clear begins at ,the concurrence of a low 
on Chip Enable (CE) and Flash Clear (CLR). A Clear 
may be ended by a high on either CE or CLR. A low 

IRe • 
~ 
---I 

LAST READ ADDRESS 1\ 

1 lex 

• IeEe 

MAX MIN MAX MIN MAX UNITS NOTES 

70 90 ns 

70 90 ns 

65 85 ns 

0 0 ns 

0 0 ns 

0 0 ns 

5 5 ns 1 

on CLR has no effect if the device is disabled (CE high). 
A Clear may be executed within either a Read or a Write 
cycle. Figure 5 illustrates a Clear within a Read cycle. 
Clears within Write cycles are constrained only in that 
Write timing parameters must be observed as soon as 
the Flash Clear pin returns high. 

IFce . .. twe .. 
\'A" .x: FIRST WRITE ADDRESS 

- - I+-ICR 

/ 
• 

-'cuo 

_teR _ 

~ 
'M,,'''xx'V 

lew. I--

\ r-'\ / 
_ , ~'~1 

DOD-DO. ~'--------(,-__ ~»-----
Figure 5. Last Read·Flash Clear-First Write 
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STANDBY MODE 

The MK41L78/9 is in Standby Mode whenever CE is 
held at or above V1H . 

~----vcc + 0.3 v ____ "'\ 

50% 

'------STANDBY----~ 

Figure 6. Standby Mode 

STANDBY MODE CHARACTERISTICS 
(0°C:s;TA :s;70°C) (Vee = 3.3 ± 0.3 volts) 

MK41L7X·25 

SYM PARAMETER MIN 

tpD Chip Enable High to Power 
Down 

tpu Chip Enable Low to Power Up 0 

APPLICATION 

The MK41L78/9 operates from a 3.3 volt supply. It is 
compatible with all 5 volt TTL families, such as ALS, 
F, and LS, on all inputs and outputs. The device should 
share a solid ground plane with any other devices in­
terfaced with it, particularly 5 volt TTL devices. Even 
though the Absolute Maximum Ratings allow the device 
to be accidentally installed in a 5 volt socket, care 
should be taken in normal applications to avoid driving 
inputs past the V1H (max) specifications. Refer to the 
normalized performance curves that follow. 

Since very high frequency current transients will be as­
sociated with the operation of the MK41L78/9, power line 
inductance must be minimized on the circuit board pow­
er. distribution network. Power and ground trace 

MAX 

25 

MK41L7X·35 MK41l7X·45 

MIN MAX MIN MAX UNITS NOTES 

35 45 ns 

0 0 ns 

gridding or separate power planes can be employed to 
reduce line inductance. Additionally, a high frequency 
decoupling capacitor should be placed next to each 
RAM, especially in applications utilizing Flash Clear. 
The capacitor should be 0.1 pF or larger. 

Though often times not thought of as such, the traces 
on a memory board are basically unterminated, low im­
pedance transmission lines. As such they are subject 
to signal reflections manifested as noise, undershoots 
and excessive ringing. Series termination in close prox­
imity to the TTL drivers can improve driver/signal path 
impedance matching. While experimentation most often 
proves to be the only practical approach to selection 
of series resistors, values in the range of 10 to 33 ohms 
often prove most suitable. 
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ABSOWTE MAXIMUM RATINGS' 

Voltage on any pin relative to GND ............................................... -1.0 V to +6.0 V 
Ambient Operating Temperature (TN ................................................. ooc to +70°C 
Ambient Storage Temperature (Plastic) ............................................ -55OC to +125°C 
Ambient Storage Temperature (Ceramic) .......................................... -65°C to +150°C 
Total Device Power Dissipation ............................................................ 1 Watt 
Output Current per Pin .................................................................. 50 mA 
·Stresses greater than those listed under '~bsolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or other conditions beyond those indicated in the operational section of this specification is not Implied. Exposure to absolute 
maximum rating conditions for extended periods of time may affect reliability. 

RECOMMENDED DC OPERATING CONDITIONS 
(OOC:sTA:s70OC) 

SYM PARAMETER 

Vcc Supply Voltage 

GND supply Voltage 

VIH Logic 1 Voltage, All Inputs 

VIL Logic 0 Voltage, All Inputs 

DC ELECTRICAL CHARACTERISTICS 
(O°C:sTA :s70°C) (VCC = 3.3 ± 0.3 Volts) 

SYM PARAMETER 

ICCl Average Power Supply Current 

ICC2 TIL Standby Current (MK41L78) 

ICC2 TIl.. Standby Current (MK41L79) 

ICC3 CMOS Standby Current (MK41L78) 

IlL Input Leakage Current (Any Input Pin) 

IOL Output Leakage Current (Any Output Pin) 

VOH Output Logic 1 Voltage (lOUT = -1 mAl 

VOL Output Logic 0 Voltage (lOUT = +4 mAl 

CAPACITA~CE 
(TA = 25°C, f = 1.0 MHz) 

SYM PARA!\IIETER 

C1 Capacitance on input pins 

C2 Capacitance on DQ pins 

NOTES 

1. Measured with load shown In Figure 7(A). 
2. Measured with load shown in Figure 7(8). 
3. All voltages referenced to GND. 
4. VIL may undershoot to -2.0 volts for 200ns or less during input transitions. 

MIN TYP MAX UNITS NOTES 

3.0 3.3 3.S V 3 

0 0 0 V 

2.0 VCC +1.2 V 3 

-1.0 0.8 V 3,4 

MIN MAX UNITS NOTES 

SO mA 5 

8 mA 6 

14 mA S 

50 pA 7 

-1 +1 pA 8 

-10 +10 pA 9 

2.4 V 3 

0.4 V 3 

TYP MAX UNITS NOTES 

4 5 pF 10 

8 10 pF 6,10 

6. CE = VIH. 
7. VCC (max) ;"ae;"VCC - 0.3 V, a/l other inputs = Don·t Care. 
a Input leakage current specifications are valid for all VIN such that 

o V<VIN<VCC. Measured at VCC = VCC (max). 
9. Output leakage current specifications are valid for all VOUT such that 

o V<VOUT<VCC. CEo = VIH and VCC In valid operating range. 
5. leC1 is measured as the average AC current with Vec == Vee (max) and 

with the outputs open circuit. t cycle = min. duty cycle 100%. 
10. Capacitances are sampled and not 100% tested. 
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AC TEST CONDITIONS 

Input Levels ..................................................................... GND to 3.0 V 
Transition Times ............................................................... ' .......... 5 ns 
Input and Output Signal Timing Reference Level .............................................. 1.5 V 
Ambient Temperature ............................................................... Ooc to AfC 
Vee. ' . ' . ' ........................................................................ 3.3 ± 0.3 V 

v, 

R, 

DEVICE 
UNDER 
TEST 

R. 

- -

EQUIVALENT TO: 

DEVICE 
lOUT 

UNDER 
TEST 

VOUT( 

== C' , 

RTH 

400!l 

LOAD CIRCUIT VAWES 

v, 5.0 V 3.3 V 

R, 1000!l 660(} 

R. &7O!l 1016!l 

C, 30 pF 30 pF 

• INCWDES SCOPE AND TEST JIG 

VTH 

I~ 1 2.00 V 

-

Figure 7. Output Load Circuits 
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NORMALIZED DC AND AC PERFORMANCE CHARACTERISTICS 

Normalized Supply Current vs. Supply VoHage 

MHz 

Normalized Supply Current vs. Cycle Time 

1·214 

Supply Current· vs. Ambient 
Temperature 

Normalized Address Access Time vs. Supply 
Voltage 



ISOURCE 

ISINK 

T A ,ce:,<:J v <.~. LOAD (pF) 

,'Y <0) 
Normalized Address Access Time vs. Ambient (\ \':;? Noh1u.ilZed Address Access Time vs. Output 

Temperature S WV loading 

.. ,~.,~ . <,z:f$ 
~ ~ \j>;;;,v.~~ y 

/'-~~ " ~;) 
/(~Cj) ~~W 

-~~\) 0 
,." 'C '-'> .~. \,;. 

Normalized Output Source and ~Ink Currents 
vs. Supply Voltage 
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ISINK 

Normalized Output Source and Sink Currents 
vs. Ambient Temperature 



ISOURCE 

ISINK 

Normalized Output Source and Sink Currenta 
VB. Output Voltage 

logic Thresholds VB. Ambient Temperature 
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22 PIN "N" PACKAGE 
PLASTIC DIP 

c:::::::] 
I 0 ~~Ol 

~ l1.. • 
I I 

., -.'i.. 
--ll-s 

~ 
1. OVERALL LENGTH INCLUDES .010 IN. 

FLASH ON EITHER END OF THE PACKAGE. 

2. PACKAGE STANOOFF TO BE MEASURED 
PER JEOEC REGUIREMENTS. 

3. THE MAXIMUM LIMIT SHALL BE 
INCREASED BY . 003 IN. WHEN 
SOLDER LEAD FINISH IS SPECIFIED. 

22 pin "P" PACKAGE 
SIDE BRAZED CERAMIC DIP 

~G'=1 .. , R~I 
11. • I I 

Ai ~ 
....j~B -t=:..-l 

NOTES 

1. PACKAGE STANDOFF TO BE MEASURED 
PER JEDEC REOUIREMENTS. 

2. THE MAXIMUM LIMIT SHALL BE 
INCREASED BY .003 IN. WHEN 
SOLDER LEAD FINISH IS SPECIFIED. 
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DIM 

A 
AI 
A2 
8 

81 
C 
0 

01 
E 

El 
el 
eA 
L 

DIM 

A 
AI 
A2 
B 

81 
C 
0 

01 
E 

El 
el 
eA 
L 
Ql 

INCHES 
NOTES 

MIN MAX 
- .210 2 

.015 - 2 

.120 .140 

.015 .021 3 

.050 .070 

.OOB .012 3 
1.020 1.050 1 
.010 .025 
.300 .325 
.240 .270 
.090 .110· 
.300 .400 
.120 -

INCHES 
NOTES 

MIN MAX 
- .175 1 

.020 - 1 

.OBO .110 

.015 .021 2 

.03B .057 

.OOB .012 2 
LOBS 1. 115 
.035 .065 
.295 .325 
.2BO .310 
.090 .110 
.290 .365 
.120 
.005 



ORDERING INFORMATION 

PART NUMBER 

MK41L78N·25 

MK41L78N·35 

MK41L78N·45 

MK41L79N·25 

MK41L79N·35 

MK41L79N-45 

MK41L78p·25 

MK41L78p·35 

MK41L78p·45 

MK41L79p·25 

MK41L79p·35 

MK41L79p·45 

MK 41L7X 

ACCESS TIME PACKAGE TYPE TEMPERATURE RANGE 

25 ns 22 pin Plastic DIP OOC to 700C 

35 ns 22 pin Plastic DIP O°C to 700C 

45 ns 22 pin Plastic DIP OOC to 70°C 

25 ns 22 pin Plastic DIP OOC to 70°C 

35 ns 22 pin Plastic DIP OOC to 70°C 

45 ns 22 pin Plastic DIP OOC to 700C 

25 ns 22 pin Ceramic DIP OOC to 700C 

35 ns 22 pin Ceramic DIP O°C to 700C 

45 ns 22 pin Ceramic DIP O°C to 700C 

25 ns 22 pin Ceramic DIP O°C to 700C 

35 ns 22 pin Ceramic DIP OOC to 70°C 

45 ns 22 pin Ceramic DIP OOC to 70°C 

11... __________________ Speed grade TN,-~ __ _ 

Package Type 
N: Plastic DIP 
P: Ceramic DIP 

'--_______________________ Device family and 

number identification 

'--__________________________ Thomson· Mostek 

prefix 
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MI{41 H87 (N,P)·25/35/45 

64K ' 1 CMOS STATIC RAM 

PRELIMINARY MEMORY COMPONENTS 

FEATURES 

o 25, 35, and 45 ns Address Access Time 

o Equal access and cycle times 

o 22-pin, 300 mil Plastic and Ceramic DIP 

o All inputs and outputs TTL compatible, low 
capacitance, and protected against static discharge 

o 50 pA CMOS Standby Current 

o Battery Backup Operation 

o JEDEC standard pinout 

MK41H87 TRUTH TABLE 

CE WE Mode Q Power 

H X Deselect HighZ Standby 

L L Write High Z Active 

L H Read Data Out Active 

DESCRIPTION 

The MK41H87 features fully static operation requiring 
no external clocks or timing strobes, and equal address 
access and cycle times. The MK41H87 requires only a 
Single +5V ± 10 percent power supply, and it is fully 
TTL compatible. 

The MK41H87 has a Chip Enable power down feature 
which automatically reduces power dissipation when 
the CE pin is brought inactive (high). Standby power 
can be further reduced to microwatt levels by holding 
the Address and CE pins at full supply rail Voltages. 

OPERATIONS 

READ MODE 

The MK41H87 is in the Read Mode whenever WE 
(Write Enable) is high and CE (Chip Enable) is low, 

A. 1 [ II P 22 Vee 

A, 2 [ P 21 A,S 

A. 3 [ P20 A,. 

A, 4[ b 19 A" 
A. 5[ b 18 A,. 

As 6[ MK41H87 b 17 A" 
A. 7[ b 16 A,. 

A7 8[ b 15 A. 

Q 9[ b 14 As 

WE 10 [ b 13 0 

GND 11 [ b 12 CE 

Figure 1. Pin Connections 

PIN NAMES 

Ao - A'5 - Address 
CE - Chip Enable 
WE - Write Enable 

GND - Ground 

VCC - + 5 volts 
D - Data In 
a - Data Out 

providing a ripple-through access to data from one of 
65,536 locations in the static storage array. Valid data 
will be available at the Data Output pin (a) within tAA 
after the last address input signal is stable, providing 
that the CE access time is satisfied. If CE access time 
is not met, data access will be measured from the limit­
ing parameter (tCA) rather than the address. The state 
of the Data Output pin is controlled by the CE and WE 
control signals. The a may be in an indeterminate state 
at tCl' but the a will always have valid data at tAA. 
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IRC IRC IRC Iwc 

~ r--
---J i\......:..-

~~1 ~~9 ~'Ml -'-l -'c.. i-ICA 

r----\ 

I ~ rt-I -I I+-- lROH -- tRCS ~ --
~ 

o 

-1 ICL :-LL 
\--ICZ _ 

-110H~ 

( VALID OUT 
VALID 
OUT Q 

Figure 2. Read-Read-Read-Wrlte Timing 

READ CYCLE TIMING 
AC ELECTRICAL CHARACTERISTICS 
(OOCsTA s70OC) (VCC = 5.0 V ± 10 percent) 

MK41H87-25 MK41H87-35 

_Iwew -

-lIDS-

IDH 

~ IWEZ --
VALID OUT 

MK41H87-45 

SYM PARAMETER MIN MAX MIN MAX MIN MAX UNITS 

tRC Read Cycle Time 25 35 45 ns 

tAA Address Access Time 25 35 45 ns 

tel Chip Enable to Low-Z 5 5 5 ns 

tCA Chip Enable Access nme 25 35 45 ns 

tRCS Read Command Setup Time 0 0 0 ns· 

tRCH Read Command Hold Time 0 0 0 ns 

tOH Valid Data Out Hold Time 5 5 5 ns 

tcz Chip Enable to High-Z 10 12 15 ns 

tWEZ Write Enable to High-Z 10 12 15 ns 
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WRITE MODE 

The MK41H87 is in the Write Mode whenever the WE 
and CE inputs are in the low state. CE or WE must be 
high during address transitions. Addresses must be 
held valid throughout a write cycle. The Write begins 
with the concurrence of a low on WE and CEo Therefore, 

t.og is referenced to the latter occurring edg~ CE or WE. 
If the output is enabled (CE is low), then WE will return 
the output to high impedance within tWEZ of its falling 
edge. Data-In must remain valid tOH after the rising 
edge of CE or WE. 

14----�wc----�~ ... I----IWC----I~---lwc----I~---IRC----i~ 

- IDS I 
-+1= 

D 

Q 

Figure 3. Write-Write-Write-Read Timing 

1-221 



WRITE CYCLE TIMING 
AC ELECTRICAL CHARACTERISTICS 
(O·C:sTA:s70·C) (VCC = 5.0 V ± 10 percent) 

MK41H8X·25 MK41Hax·35 MK41H8X·45 

SYM PARAMETER MIN MAX MIN MAX MIN 

twc Write Cycle Time 25 35 45 

tAS Address Setup Time 0 0 0 

tAw Address Valid to End of Write 20 30 40 

tAH Address Hold after End of Write 0 0 0 

tcw Chip Enable to End of Write 20 30 40 

tWEW Write Enable to End of Write 20 25 30 

tDS Data Setup Time 20 25 35 

tDH Data Hold Time 0 0 0 

tWEL Write Enable to Low-Z 5 5 5 

LOW Vee DATA RETENTION TIMING 

,..----DATA RETENTION MODE-----~ 

Vee----------------~ 

Vee (MIN)- -

CE ----------..1 
~---------------------

Figure 4. Data Retention Timing 

LOW Vee DATA RETENTION CHARACTERISTICS 
(O·C:sTA:s70°C) 

SYM PARAMETERS 

VDR V cc for Data Retention 

ICCDR Data Retention Power Supply Current 

tCDR Chip Deselection to Data Retention Time 

tR Operation Recovery Time 

MIN 

2.0 

-
0 

tRC 

1·222 

MAX 

Vcc (min) 

50 

-
-

MAX UNITS NOTES 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 2 

UNIT NOTES 

V 7 

pA 7 

ns 

ns 



STANDBY MODE (MK41H87) 

The MK41H87 is in Standby Mode whenever CE is 
held at or above VIH . 

CE 

_--JI 

50% 

\ 
\\......---,-----

'-----STANDBY-----.L 

Figure 5. Standby Mode Timing 

STANDBY MODE 
AC ELECTRICAL CHARACTERISTICS 
(0·CsTAs70·C) (Vee = 5.0 V ± 10 percent) 

MK41H87·25 

SYM PARAMETER MIN 

tpD Chip Enable High to Power 
Down 

tpu Chip Enable Low to Power Up 0 

APPLICATION 

The MK41H87 operates from a 5.0 volt supply. It is com· 
patible with all standard TTL families on all inputs and 
outputs. The device should share a solid ground plane 
with any other devices interfaced with it, particularly TTL 
devices. Additionally, because the outputs can drive rail­
to-rail into high impedance loads, the 41H87 can also 
interface to 5 volt CMOS on all inputs and outputs. 

Since very high frequency current transients will be as­
sociated with the operation of the MK41H87, power line 
inductance must be minimized on the circuit board pow­
er distribution network. Power and ground trace grid-

MAX 

25 

MK41H87·35 MK41H87·45 

MIN MAX MIN MAX UNITS NOTES 

35 45 ns 

0 0 ns 

ding or separate power planes can be employed to 
reduce line inductance. Additionally, a high frequency 
decoupling capacitor should be placed next to each 
RAM. The capacitor should be 0.1 ,.F or larger. 

Though often times not thought of as such, the traces 
on a memory board are basically unterminated, low im­
pedance transmission lines. As such they are subject 
to signal reflections manifested as noise, undershoots 
and excessive ringing. Series termination in close prox­
imity to the TTL drivers can improve driver/signal path 
impedance matching. While experimentation most often 
proves to be the only practical approach to selection 
of series resistors, values in the range of 10 to 33 ohms 
often prove most suitable. 
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ABSOWTE MAXIMUM RATINGS' 

Voltage on any pin relative to GND ................................................ -1.0 V to +7.0 V 
Ambient Operating Temperature (T A) ................................................. O"C to +70"C 
Ambient Storage Temperature (Plastic) ............................................ -55"C to +125"C 
Ambient Storage Temperature (Ceramic) .......................................... -65"C to +150"C 
Total Device Power Dissipation ............................................................ 1 Watt 
Output Current per Pin .................................................................. 50 mA 
·Stresses greatsr 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 other conditions beyond those Indicated In the operational section of this specification Is not implied. Exposure to absolute 
maximum rating conditions for extended periods of time may affect reliability. 

RECOMMENDED DC OPERATING CONDITIONS 
(O"C :sTA:s70"C) 

SYM PARAMETER 

Vee Supply Voltage 

GND Supply Voltage 

VIH Logic 1 Voltage, All Inputs 

VIL Logic 0 Voltage, All Inputs 

DC ELECTRICAL CHARACTERISTICS 
(O°C:sTA:s70°C) (VCC = 5.0 V ± 10 percent) 

SYM PARAMETER 

lecl Average Power Supply Current 

ICC2 TTL Standby Current 

ICC3 CMOS Standby Current 

IlL Input Leakage Current (Any Input Pin) 

IOL Output Leakage Current (Any Output Pin) 

VOH Output Logic 1 Voltage (lOUT = -4 mA) 

VOL Output Logic 0 Voltage (lOUT = +8 mA) 

CAPACITANCE 
(TA = 25°C, f = 1.0 MHz) 

SYM PARAMETER 

C1 Capacitance on input pins 

C2 Capacitance on DQ pins 

NOTES 

1. Measured with load shown in Figure 6(A). 
2. Measured with load shown in Figure 6(8). 
3. All voltages referenced to GND. 
4. V,L may undershoot to -2.0 yolts for 2oon5 or less during input transitions. 
5. ICC1 is measured as the average AC current with Vee = Vee (max) and 

with the outputs open circuit. tcycle = min. duty cycle 100%, 

MIN TYP MAX UNITS NOTES 

4.5 5.0 5.5 V 3 

0 0 0 V 

2.2 VCC+1.0 V 3 

-1.0 0.8 V 3,4 

MIN MAX UNITS NOTES 

60 mA 5 

4 mA 6 

50 pA. 7 

-1 +1 pA 8 

-10 +10 pA. 9 

2.4 V 3 

0.4 V 3 

TYP MAX UNITS NOTES 

4 5 pF 10 

8 10 pF 6,10 

6. CE = VIH. AI!..Qther Inputs = Don't Care. 
7. VCC (max) "CE"VCC - 0.3 V 

GND + 0.3 V "Ao-A15 "VIL (min) or VIH (max)"Ao-A15"VCC -0.3 V. 
All Other Inputs = Don't Care. 

S. Input leakage current specifications are valid for all VIN such that 
o V<VIN<VCe· Measured at Vee = Vee (max). 

9. Output leakage cur'!!!! .!I!.8cifications are valid for aU VOUT such that 
o V<VOUT<VCC. CEICS = VIH and Vce in valid operating renge. 

10. Capacitances are sampled and not 100% tested. 

1-224 



AC TEST CONDITIONS 

Input Levels ..................................................................... GND to 3.0 V 
Transition Times .......................................................................... 5 ns 
Input and Output Signal Timing Reference Level .............................................. 1.5 V 
Ambient Temperature ............................................................... Ooc to ?Ooe 
Vee ....................................................................... 5.0 V ± 10 percent 

+5.0 V +5.0 V 

470 OHMS 470 OHMS 

DEVICE 
UNDER 
TEST 

DEVICE 
UNDER 
TEST 

--
240 OHMS -r- 30pF" 

240 OHMS =:= 5pF" 

- _ GND - ___ GND 

" INCWDES SCOPE AND TEST JIG. 

(AI (81 

Figure 6. Output Load Circuits 
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22 PIN "N" PACKAGE 
PLASTIC DIP 

c::::::::~ 
I 0 ~~Ol 

~ .tIl 
I I 

AI ...l 
-H-e 
~ 

1. OVERALL LENGTH INCLUDES .010 IN. 
FLASH ON EITHER END OF THE PACKAGE. 

2. PACKAGE STANDOFF TO BE MEASURED 
PER JEDEC REQUIREMENTS. 

3. THE MAXIMUM LIMIT SHALL BE 
INCREASED BY .003 IN. WHEN 
SOLDER LEAD FINISH IS SPECIFIED. 

22 PIN "P" PACKAGE 
SIDE BRAZED CERAMIC DIP 

I:31 
I-.A-1 

~~.~ 
., I 8==-i' li • 

I I 

AI --1 
-H-B ~ .. -l 

1. PACKAGE STANDOFF TO BE MEASURED 
PER JEDEC REGUIREMENTS. 

2. THE MAXIMUM LIMIT SHALL BE 
INCREASED BY .003 IN. WHEN 
SOLDER LEAD FINISH IS SPECIFIED. 
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DIM 
INCHES 

NOTES 
MIN MAX 

A .210 2 
Al .015 - 2 
A2 .120 .140 
B .015 .021 3 

Bl .050 .070 
C .OOB .012 3 
0 1.020 1.050 1 

01 .010 .025 
E .300 .325 
El .240 .270 
al .090 .110 
eA .300 .400 
L .120 -

DIM 
INCHES 

NOTES 
MIN t4AX 

A - .175 1 
Al .020 - 1 
A2 .OBO .110 
B .015 .021 2 
Bl .03B .057 
C .OOB .012 2 
a 1.0B5 1.115 

01 .035 .065 
E .295 .325 
El .2BO .310 
el .090 .110 
eA .290 .365 
L .120 -
Ql .005 -



ORDERING INFORMATION 

PART NUMBER 

MK41H87N·25 

MK41H87N·35 

MK41H87N-45 

MK41H87P·25 

MK41H87p·35 

MK41H87p·45 

MK 41H87 

ACCESS TIME PACKAGE TYPE TEMPERATURE RANGE 

25 ns 22 pin Plastic DIP OCC to 70cC 

35 ns 22 pin Plastic DIP OCC to 70cC 

45 ns 22 pin Plastic DIP OCC to 70cC 

25 ns 22 pin Ceramic DIP OCC to 70cC 

35 ns 22 pin Ceramic DIP OCC to ?OcC 

45 ns 22 pin Ceramic DIP OCC to ?OcC 

1'-__________________ Speed grade TN,-~_' __ 

Package Type 
N: Plastic DIP 
P: Ceramic DIP 

L-_______________________ Device family and 

identification number 

'--__________________________ Thomson· Mostek 

prefix 
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, ~ If ." ';(I 

\ ".¥ • ~ 

" '. MI{41 H80(N{P)-20{25{35: 

.-~~------ 4K X 4 CMOS TAGRAM'" : 

", : PRELIMINARY MEMORY COMPONENTS': 
r , " >f ,...' ~ ~ 

',t -l1" ~ , , -' .... 1 

FEATURES 

D 4K x 4 SRAM with on board 4 bit Comparator 

D 20, 25, and 35ns Address to Compare Access Time 

D 12, 15, and 20 ns Tag Data to Compare Access Time 

D Equal Access, Read and Write Cycle Times 

D Flash Clear Function 

D 22-pin, 300 mil Plastic and Ceramic Dip 

D All Inputs and Outputs are TTL compatible, low 
capacitance, and protected against static discharge 

D Word Width Expandable 

TRUTH TABLE 

WE OE CLR MATCH MODE 

H H H Valid Compare Cycle 

l X H Invalid Write Cycle 

H l H Invalid Read Cycle 

X X l Invalid Flash Clear Cycle 

X = Don't Care 

DESCRIPTION 

The MK41HBO is a member of Mostek's 4K x 4 CMOS 
Static RAM family featuring fully static operation requir­
ing no external clocks or timing strobes. Cycle Time and 
Compare Access Time are equal. The MK41HBO is po­
wered by a single +5V ±10% power supply and the 
inputs and outputs are fully TTL compatible. 

The MK41HBO features an onboard 4 bit comparator that 
compares RAM contents and current input data. The 
result is an active high match on the MATCH pin or an 
active low miss on the MATCH pin. The MATCH pins 
of several MK41HBO's can be nanded together to pro­
vide enabling or acknowledging Signals to the data 
cache or processor. 

A. 

As 

A. 

A7 

A. 

A. 

A,. 

An 

OE 

WE 

Vss 

PIN NAMES 

Ao - All 
DOa - D03 
MATCH 
WE 
OE 
ClR 
Vee 
Vss 

1 L 0 :::J 22 vee 

2L :::J 21 A3 

3L :::J 20 A. 

4L :::J 19 A, 

5L :::J 18 A. 

6L MK41H80 :::J 17 CLR 

7L :::J i6 DC3 

8L :::J 15 DC, 

9L :::J 14 DC, 

10 L :::J 13 DC. 

11 L :::J 12 MATCH 

Figure 1. Pin Connections 

- Address Inputs 
- Data Input/Output 
- Comparator Output 
- Write Enable 
- Output Enable 
- Flash Clear 
- Power (+5V) 
- Ground 

Tag data can be read from the data pins by bringing 
Output Enable (OE) low. This will allow data stored 
in the memory array to be displayed at the Outputs 
(000-003), 

Flash Clear operation is provided on the MK41HBO via 
the (ClR) pin. A low applied to the CLR pin clears all 
RAM bits to a logic zero. 
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COMPARE CYCLE WRITE CYCLE 

Ie Ie 

ADDRESS ADDRESS 
VALID VALID 

ADDR 

~t ~ 1- -i tCCH ~ 

WI////l ~ ~ ~~\~~\%\\~~';. 
tAW tAH I .. _ t

RCS 
tRCH--!-lwEW-

!jllill 
I ~tAS_ 

II 

~tDS"'" ~tDH" 

~ VALID V VALID 
1\ DATA IN f\ DATA IN DO' 

- t DCA tACH 

--~-'~~ ~,~ :5----
MATCH =:t== COMPARE ~ 
'AVOID METASTABLE INPUTS 

tc t=='=~ 
AD DR 

DO' 

Figure 2. Compare and Write Cycle 

READ CYCLE 

~ tc 

ADDRESS 
VALID 

~ 

VALID 
DATA OUT 

MATCH __ ~ ______________________________ IN_VA_L_ID ________________________ __ 

'AVOID METASTABLE INPUTS 

Figure 3. Write and Read Cycle 
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COMPARE, WRITE AND READ TIMING 

The MK41HaO employs three signals for device control. 
The Write Enable (WE) pin enables a Write Cycle if 
low and either a Compare Cycle or a Read Cycle when 
high. The OE pin enables a Read Cycle If low or a 
Compare Cycle if high. The CLR pin enables a Flash 
Clear Cycle when brought low. 

The MK41HaO begins a Compare Cycle with the appli­
cation of a valid address (see Figure 2). A valid MATCH 
is enabled when OE and WE go high in conjunction 
with their respective Set Up and Hold times. MATCH 
will occur tACA after a valid address, and tOCA after valid 
Data In. MATCH will then go invalid tACH after the ad­
dress changes. 

The MK41HaO starts a Write Cycle with stable address­
es (see Figure 2). OE may be in either logic state. WE 
may fall with stable addresses, and must remain low 
until tAW with a duration of twEw:.Qata in must be held 
valid tos before and tOH afterWE goes high. 
MATCH will be invalid during this cycle. 

The MK41 HaO begins a Read Cycle with stable address­
es and WE high (see Figure 3). DO becomes valid 
tAA after a valid address, and tOEA after the fall of OE. 
DO outputs become invalid tOH after the address be­
comes invalid or tOEZ after OE is brought high. Ripple 
through data access may be accomplished by holding 
OE acliv~w whi~trobing addresses Ao-A11' and 
holding CLR and WE high. The MATCH output will 
be invalid during the Read cycle. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(0 DC sT A s70DC) (VCC = 5.0V ±10%) 

·20 ·25 ·35 

SYMBOL PARAMETER MIN MAX MIN MAX MIN MAX UNITS NOTES 

tc Cycle Time 20 25 35 ns 

tccs Compare Command Set Up Time 7 a 10 ns 

tCCH Compare Command Hold Time 0 0 0 ns 

tRCS Read Command (WE) Set Up Time 0 0 0 ns 

tRCH Read Command (WE) Hold Time 0 0 0 ns 

tAS Address Set·up Time 0 0 0 ns 

tAW Address Stable to End of Write 
Command (WE) 

16 20 30 ns 

tAH Address Hold Time after End of Write 0 0 0 ns 

tWEW Write Command (WE) to End of Write 16 20 30 ns 

tos Data Set Up Time 12 13 14 ns 

tOH Data Hold Time 0 0 0 ns 

toeA Data Compare Access Time 12 15 20 ns 4 

tACA Address Compare Access Time 20 25 35 ns 4 

tACH Address Compare Hold Time 5 5 5 ns 4 

tOCH Data Compare Hold Time 3 3 3 ns 4 

tOEA Output Enable (OE) Access Time 10 12 15 ns 4 

tOH Valid Data Out (DO) Hold Time 5 5 5 ns 4 

tAA Address Access Time 20 25 35 ns 4 

tOEZ Output Enable (OE) to High-Z 7 a 10 ns 5 

tOEL Output Enable (OE) to Low-Z 2 2 2 ns 5 

tWEZ Write Enable (WE) to High-Z a 10 13 ns 5 

tWEL Write Enable (WE) to Low-Z 5 5 5 ns 5 
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APPLICATION 

The MK41 HBO operates from a 5.0 volt supply. It is com­
patible with all standard TTL families on all inputs and 
outputs. The device should share a solid ground plane 
with any other devices interfaced with it, particularly TTL 
devices. Additionally, because the outputs can drive rail­
to-rail into high impedance loads, the MK41HBO can also 
interface to 5 volt CMOS on all inputs and outputs. Refer 
to the normalized performance curves that follow. 

Because high frequency current transients will be as­
sociated with the operation of the MK41 HBO, power lines 
inductance must be minimized on the circuit board pow­
er distribution network. Power and ground trace grid­
ding or separate power planes can be employed to 
reduce line inductance. 

The MK41HBO compares contents of addressed RAM 
locations to the current data inputs. A logic one (1) 

7 r ROW 1 7 ROW 
1 A~e~:~~ r DECODER 

CLEAR 
BUFFER I 

1 WRITE 1 
WRITE 

1 ENABLE r CONTROL BUFFER 

4 
DATA INPur 

BUFFER 

5 1 ;J'D':I::S 1 -I BUFFER 1 

~ DATA OUTPUT 

·1 
OUTPUT 

1 ENABLE • BUFFER 

BUFFER 

4 

5 

output on the MATCH pin indicates that the input data 
and the RAM contents MATCH. Conversely, a logic zero 
(0) on the MATCH pin indicates at least one bit differ­
ence between the RAM contents and input data gener­
ating a miss. Since the comparator circuitry is always 
enabled, metastable data input levels can result in ex­
cessive MATCH output activity. Therefore, the use of 
data bus pull-up or pull-down resistors is recommended. 

Though often times not thought of as such, the traces 
on a memory board are basically unterminated, low im­
pedance transmission lines. As such they are subject 
to signal reflections manifested as noise, undershoots 
and excessive ringing. Series termination in close prox­
imity to the TTL drivers can improve driver/signal path 
impedance matching. While experimentation most often 
proves to be the only practical approach to selection 
of series resistors, values in the range of 10 to 33 ohms 
often prove most suitable. 

ME"'"RY 
CELL ARRAY 

128 ROWS 
32.4 COWMNS 

4 

~ 4·BIT I MATCH 

COWMN 4 COMPARATOR I 
I/O 

COWMN 
DECODER 

• 

Figure 4. Block Diagram 
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FLASH CLEAR CYCLE 

A Flash Clear Cycle begins as CLR is brought low 
(see Figure 5). A Flash Clear sets all 16,384 bits in the 
RAM to logic zero. Control Inputs will not be recognized 

from ~ after CLR falls to tCA after CLR is brought 
high. OE and WE are Don't Cares and DO is High-Z. 
MATCH will be invalid while CLR is low. 

AC ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(O°CsTAs70°C) (VCC = 5.0V ±10%) 

·20 ·25 ·35 

~YMBOL PARAMETER MIN MAX MIN MAX MIN MAX 

tFCC Flash Clear Cycle Time 40 50 70 

tcx Clear (CLR) to Inputs Don't Care 0 0 0 

tCA End of Clear (CLR) to Inputs 0 0 0 
Recognized 

tCLP Flash Clear (CLR) Pulse Width 36 44 60 

READ CYCLE CLEAR CYCLE WRITE CYCLE 

UNITS 

ns 

ns 

ns 

ns 

~--- te --......,~ __ -- tFee----I~ __ ---te--__I~ 

NOTES 

~ ADDRESS 
___ .JI\'--___ \l;;.~;;;;;LI;;;;;D __ _.J 

ADDR ADDRESS \ ~X)\ X . X'I \ II ADDRESS 
VALID r<NV<XJ ,-_~\l;;.;~;:;:LlD::-"_-..JJf\~ __ _ 

1\ 

DQ· 

MATCH 

·AVOID METASTABLE INPUTS 

If 

Figure 5. Read·Flash Clear·Wrlte Cycle 
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ABSOWTE MAXIMUM RATINGS· 
Voltage on Any Terminal Relative to VSS ............................................. -1.0V to +7.0V 
Operating Temperature TA (Ambient) ................................................. O"C to +70"C 
Storage Temperature (Ceramic) .................................................. -65°C to +150°C 
Storage Temperature (Plastic) ................................................... -55"C to +125°C 
PoWer Dissipation ...................................................................... 1 Wall 
Output Current per Pin ................................................... '.' ................ 50 mA 
·Sl ...... grealer lhan lhose listed under "Absolule Maximum Rallngs" may cause permanenl damage to Ihe device. This Is a stress rellng .only and functional 
operallon allho device althese Dr any other condilions above lhese IndlcSled In Ihe operation sections of Ihls speclflcallon Is nOllmplled. Exposure to absolule 
maximum rating condRlan. for extended periods of time may allecl reliability. 

RECOMMENDED DC OPERATING CONDITIONS 
(O"CsTAs+70"C) 

SYMBOL PARAMETER 

Vee Supply Voltage (Referenced to VSS) 

Vss Ground 

V1H Input High (Logic 1) yoltage, Allinpuis (Referenced to Vss) 

VIL InpulLow (logic 0) Yoltage, All Inputs (Referenced to Vss) 

DC ELECTRICAL CHARACTERISTICS 
(O"CsTAs+70"C) (Vee = 5.0V ±10%) 

SYMBOL PARAMETER 

ICCI Operating Current - Average Power Supply Operating 
Current 

IlL Input Leakage Current, Any input 

IOL Output Leakage Current 

VOH Output High (Logic 1) voltage Referenced to Vss: 
IOH = -4mA 

VOL Output Low (Logic 0) voltage Referenced to Vss: 
IOL = +8mA 

AC ELECTRICAL CHARACTERISTICS 
(TA = 25"C, f = 1.0 MHz) 

SYMBOL PARAMETER 

C1 CapaCitance on any Input Pin 

C2 Capacitance on any Output Pin 
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MIN 

4.5 

0.0 

2.2 

-1.0 

TYP MAX UNITS NOTES 

5.0 5.5 V 

0.0 0.0 V 

Vee+1 V 

0.8 V 1 

MIN MAX UNITS NOTES 

120 mA 2 

-1 1 pi. 6 

-10 10 pi. 7 

2.4 V 

0.4 V 

TYP MAX UNITS NOTES 

4 5 pF 3 

8 10 pF 3 



AC TEST CONDITIONS 

Input Levels ..................................................................... GND to 3.0 V 
Transition Times ......................................................................... 5 ns 
Input and Output Signal Timing Reference Level .............................................. 1.5 V 
Ambient Temperature ............................................................... Ooc to 70 0e 
Vee ....................................................................... 5.0 V ± 10 percent 

+5.0 V +5.0 V 

410 OHMS 410 OHMS 

DEVICE DEVICE 

UNDER UNDER 

TEST TEST 

30 pF* 240 OHMS 
5pF'* 

240 OHMS 

GND GND 

* INCWDES SCOPE AND TEST JIG. 

(A) 

NOTES 
1. VIL may undershoot to -2.0 volts for 2oon5 or less during input transitions. 
2.ICC1 is measured as the average AC current with Vee = Vee (max) and 

with the outputs open circuit. t cycle = min duty cycle 100%. 
3. Capacitances are sampled and not 100% tested. 
4. Measured with loed shown in Figure 6(A). 
5. Measured with load shown in Figure 6(8). 

(8) 

6. Input leakage current specifications are valid for all VIN such that 

OV<VIN<VCe. Measured at Vee = Vee (max). 
7. Output leakage current specifications are valid for all cas such that 

OV<VOUT<VCC' With exception to MATCH which is always enabled. 

Figure 6. Output Load Circuits 
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NORMALIZED DC AND AC PERFORMANCE CHARACTERISTICS 

Vee 

Normalized Supply Current vs. Supply Voltage 

MHz 

Normalized Supply Current vs. Cycle Time 
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Supply Current vs. Ambient 
Temperature 

Normalized Access Time VB. Supply 
Voltage 



ISOURCE 

Normalized Access Time VS. Ambient 
Temperature 

Normalized Output Source and Sink Currents 
VS. Supply Voltage 

,'" \:;.'" )..'.-: "',,/" 

> \',\\',~9rri1:lized Access Time vs. Output loading 
,;\>"\;./~~ 
\' 

ISOURCE 
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Normalized Output Source and Sink Currents 
VS. Ambient Temperature 



IISOURCE I 

IISINK I 

Normalized Output Source and Sink Currents 
vs. Output Voltage 

Logic Thresholds vs. Ambient Temperature 
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22 PIN "N" PACKAGE 
PLASTIC DIP 

-.J 1-.020 

tJd-
IV V V V V 1J1 

I--- 1.050 ---I 

11~ ~~ 
~-b. -'~~ J lJ ~U4 

~015 ~ 1i2f 
10 EQUAL SPACES 

@.100 

NOTE: Overall length includes .010 flush on either end 0' package 

22 PIN "P" PACKAGE 
SIDE BRAZED CERAMIC DIP 

mm'T~L 
~ I 15 1 I \l-.050:t.015 1.085 - - 111 
r=1.115 1 
Wffl~----'-·L R I I I !.015 t 

-r ~ ~ t-.·~~Z .010:!;.OO2 ~'II I I 

.100:t.0101 L -J~ ~~~~ ~ ~ I .018+.003 . 

_ 10 EQUAL SPACES .345:t.055 
@.100 « «. 
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ORDERING INFORMATION 

PART NUMBER ACCESS TIME PACKAGE TYPE TEMPERATURE RANGE 

MK41HBON-20 20 ns 22 pin Plastic DIP 0"0 to 7O°C 

MK41HBON-25 25 ns 22 pin Plastic DIP 0"0 to 70 "0 

MK41HBON-35 35 ns 22 pin Plastic DIP 0"0 to 7O°C 

MK41HBOP-20 20 ns 22 pin Ceramic DIP 0"0 to 70 "0 

MK41HBOP-25 25 ns 22 pin Ceramic DIP 0"0 to 7O°C 

MK41HBOP-35 35 ns 22 pin Ceramic DIP 0"0 to 7O°C 
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CHAPTER 2 - PROGRAMMABLE ROMs 





PROGRAMMABLE ROMs 

NMOS EPROMs 

Description Part number Organization 
Access 

Consumption Page 
Time 

UV ERASABLE PROM ET2716 2K x B 450 ns 500/125 mW 2-5 
ET2716-1 2K x8 350 ns 500/125 mW 

CMOS EPROMs 

Description Part number Organization 
Access 

Consumption Page 
Time 

UV ERASABLE PROM ETC2716-5 2KxB 550 ns 25/0.5 mW 2-11 
ETC2716 2K x B 450 ns 25/0.5 mW 
ETC2716-1 2K x B 350 ns 25/0.5 mW 

ETC2732-55 4KxB 550 ns 25/0.5 mW 2-17 
ETC2732-45 4KxB 450 ns 25/0.5 mW 
ETC2732-35 4KxB 350 ns 25/0.5 mW 

TS27C64-30 BK xB 300 ns 15012.5 mW 2-25 
TS27C64-25 8K x8 250 ns 150/2.5 mW 
TS27C64-20 8K x 8 200 ns 15012.5 mW 
TS27C64-15 8K x 8 150 ns 15012.5 mW 

TS27C256-30 32K x B 300 ns 20012.5 mW 2-33 
TS27C256-25 32K xB 250 ns 200/2.5 mW 
TS27C256-20 32K xB 200 ns 200/2.5 mW 
TS27C256-15 32KxB 150 ns 20012.5 mW 

TS27Cl024 64K x 16 150 ns 250/5 mW 2-41 

TS27Clool 12BKx8 150 ns 250/5 mW 2-43 

CMOS EEPROMs 

Description Part number Organization 
Access 

Page 
Time 

ELECTRICALLY ERASABLE TS59Cll 64K x 16 or 2-45 
PROM 128K x B 

TS93C46 64Kx 160r 2-47 
12BKxB 

TS2BC16A 2KxB 150 ns 2-49 

TS2BC17A 2K x B 150 ns 2-51 

TS2BC64 BKxB 150 ns 2-53 
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OlP ROMs 

Description Part number Organization 
Access 

Consumption Page 
Time 

ONETIME TS27C64P·20 8Kx8 200 ns 15012.5 mW 2·55 
PROGRAMMABLE ROM TS27C64p·25 8Kx8 250 ns 150/2.5 mW 

TS27C64p·30 8K x8 300 ns 15012.5 mW 
TS27C64p·35 BK x8 350 ns 150/2.5 mW 

TS27C256p·20 32K x8 200 ns 200/2.5 mW 2·63 
TS27C256p·25 32K x B 250 ns 200/2.5 mW 
TS27C256P·30 32K x 8 300 ns 20012.5 rT)W 
TS27C256p·35 32K x B 350 ns 200/2.5 mW 
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ET2716(O) • ET2716(O)-1 

16 384-BIT (2048 x 8) UV ERASABLE PROM 

The ET2716 is a high speed 16K UV erasable and electrically repro­
grammable EPROM ideally suited for applications where fast turn­
around and pattern experimentation are important requirements. 
The ET2716 is packaged in a 24-pin dual-in-line package with 
transparent lid. The transparent lid allows the user to expose the 
chip to ultraviolet light to erase the bit pattern. A new pattern can 
then be written into the device by following the programming proce­
dure. 
This EPROM is fabricated with the reliable, high volume, time pro­
ven, N-channel silicon gate technology X-MOS. 
o 2048 x 8 organization 
o 525 mW max active power, 132 mW max standby power 
o Low power during programming 
o Access time ET2716-1, 350ns ; ET2716, 450ns 
o Single 5V power supply 
o Static-no clocks required 
o Inputs and outputs TIL compatible during both read and program 

modes 
o Three-state output with OR-tie capability 

BLOCK DIAGRAM' +-- vpp·sv 
.....- vcc·sv 
+-- VSSGND 

CATA OUTPUTS (PROGRAM INPUTSI 
00-0, (00-0'1 

6£" (GI----(» CONTROLIPROGRAM 

UIPGM li/Pl---l>L-_'T""_.....;.'O;.,G,..;'C;...._-._--, 

Y GATING 

\1.314 
BIT MATRIX 

Pin Connection During Read or Program 

PIN NAME/NUMBER 

CE/PGM OE 
OUTPUTS MODE (E/P) @ VPP VCC 

18 20 21 24 9-11.13-17 

Read VIL VIL 5 5 DOUT 

Program Pulsed VIL VIH 25 5 DIN 
toVIH 

·Symbols in parentheses are proposed JEOEC standard. 
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MEMORY COMPONENTS 

NMOS 
16,384-BIT 
(2048 X 8) 

UV ERASABLE PROM 

.,' 
, .. ,1 ,,: : _ ~ • 1t1I!f!J!. 
... ,. ~ ~ 

24 I" - ; QSUFFIX 
I - - CERDIP PACKAGE 

Ar' 

AB 

A5. 

M 

A3 

A2 

AI 

AD 

0 0(0(1') 

0 ,(0,) 

O:! (02) 

vss 

1 

PIN ASSIGNMENT 

PIN NAMES' 

VCC 

AB 

AS 

VPP 

AID 

Ce/PGM (E/P) 

Ar(Ol) 

AD-AID Address Inputs 
00-07 (00-07) Data Outputs 
CE/PGM (E/P) Chip Enable/Program 
OE (G) Output Enable 
VPP Read 5V. Program 25V 
vce Power (5V) 
VSS Ground 



ABSOLUTE MAXIMUM RAnNG. (Note 1) 

-10' Clo 80' C Temperature Undar 8/al 
Storage Temperature 
VPP Supply Vonage wtth ~ 10 VSS 

- 66' Clo + 125' C 
28.5V 10 - D.3V 

All Input or Output Voltages with 
Respect to VSS (except VPP) 

Power DiSSipation 
Lead Temperature (Soldering. 10 seconds) 

SVIo - D.3V 
1.5W 

300'C 

READ OPERATION (Note 2) 

DC OPERAnNG CHARACTERllnca (Note 3) 

T A = 0° C to + 70° C. ,vCC = 5V ± 5 % for Em16. vce = 5V ± 10 % for ET2716-1 
VPP = vce (Note 4). VSS = ov. (Unless oIIterwise specHled) 

SYMBOL PARAMETER CONDITIONS MIN TVP MAX 

III Input Current VIN' 5'25VORVIN • VIL - - 10 

ILO Oulput I..eakape Current VOUT' 5.25V. CEIPGM • 5V - - 10 

IPPt vpp Supply Current Vpp = 5.25 V - - 5 

tCCt vee Supply Current (Standbyl CEIPGM' VIH. OE " VIL - to 25 

ICC2 VCC Supply Cu".nt (Active) CEIPGM ' OE ' VIL - 51 100 

VIL Input Low Voltage -0 I - 0.8 

VIH Input High Voltllge 20 - VCC+1 

VOH Output High Voltage IOH ~ -400pA 2' - -
VOL Output Low Voltage IOL = 21 mA - - 0,45 

AC CHARACTERISTICS 

T A = 0° C to + 70° C, VCC = 5V ± 5% for ET2716, VCC = 5V ± 10% for Em16-1 
VPP = VCC (Note 4), VSS = OV, (Unless otherwise specified) 

SVMBOL 
PARAMETER CONDITIONS 

STANOARD JEDEC 

IACC TAvav Ad(lress to OutPUt Delay CEIPGM' OE • Vil 

ICE rElOV CE 10 Output Delay OE 'Vll 

tOE TGlOV Output Enable to QUiP"" Delay CEIPGM'Vll 

tOF TGHOZ Output Enable High to Output H.,Z CEIPGM·VIL. 

10H TAXOX Address to OutPut Hold 

tOo TEHOZ CE 10 Output Hi·Z 

CAPACITANCE (Note 5) 

T A = 25°C, f = 1 MHz 

SYMBOL PARAMETER 

CI Input Capacitance 

CO Output Capacitance 

CONDITIONS 

VIN' OV 

VOUT' ov 

CEIPGM • OE • Vll 

OE'Vll 

TVP MAX UNITS 

, 6 pF 

8 12 pF 

ET2716-1 ET2716 
UNITS 

MIN MAX MIN MAX 

-
-
-
a 

C 

a 

350 - 450 os 

350 - 450 n, 
120 - 120 n, 
100 a lOa n, 
- a - n, 

100 a lOll n, 

AC Test Conditions 

Output load: 1 TTL gate and CL = 100 pF 
Input Rlae and Fall Times 20 n9 
Input pulse levels: O.45V to 2.4V 
Timing massuremenl relerence level = 
Inputs and outputs O.SV' and 2V 

UNITS 

pA 

.A 

mA 

mA 

mA 

V 

V 

V 

v 

Note1: "Absolute Maximum Ratings" are those values beyond whic!l the safety of the device cannot be guaranteed. Except for 
"Operating Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical 
Characteristics" provides conditions for .actual device operation. 
Note 2 : vee must be applied at the same time or before VPP and removed after or at the same time as VPP 
Note 3 : Typical condilions are for opera lion at : TA; 2SoC. VCC ; 5V. VPP; VCC, and VSS ; OV 

Nota 4 : VPP may be connected to vee except during program. 
Note 5 :Capacitance is guaranteed by periodic testing. TA ;: 25° C. f = 1 MHz. 
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SWITCHING TIME WAVEFORMS' 

Roed Cycto (CE/PGM • VI L) 

VIH ~~~~~r----------,"", 
ADDRESSES 

VIL ~~~~~~ ___________ ~ 

VIH ====~====\: 
OUTPUT WADLE 

VIL ------t-----.:~-__,..,....----.....I 

VDII------------~~:::l~~L:::~p_ ... ------~:::: ...... ~ 
OUTPUT VALID 1).-:::;':;'--

VDL-----------~~ _________ __I 

Rood eyelo (Ce c VI L) 

VIH ~~~m~,_----------"""\ 
ADDRESSES 

VIL ~~~~ff-'1-----------_f 

VIH =====t===~ 
CHIP ENADLE 

VIL -----j------'jI. __ ..,.... _____ -' 

VOH------------~~==~~~~==~~~~~ ... ~::~ ...... ~ 
OUTPUT VALID 1).-:::;:: __ 

VDL-----------~~ ____________ __1 

ADDRESSES 

CHIP ENADLE 

Stllndby Powo, Down Mode (OE a VIL) 

VIH===========~,_------------------­

VALID VALID 

VIL==========;;;;;;I~-------------

VIH -------,,r------.;;;Kl 
VIL====f 

STArlDDY 

too 
ITEHQZI 

Hi·Z 

STANDBY 

Hi·Z VDH -- VALID FOR 
OUTPUT CURRErlT ADDRESS 

VOL ;;;;;;;;;.;;;;;;;.p 
VALID FOR 

CURRENT ADDRESS 

• Symbols in parentheses are proposed JEOEC standard. 
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PROGRAM OPERATION 

DC ELECTRICAL CHARACTERISTICS AND OPERATING CONDITIONS (Noles I and 2) 
(TA = 25'C ± 5OC) (VCC = 5V ± 5%, VPP = 25V ± IV) 

SYMBOL PARAMETER MIN 

III Input Leakage Current (Note 3) -
VIL Input Low Level -0,1 

VIH Input High Level 2,0 

ICC VCC Power Supply Current -
IPPI VPP Supply Current (Note 4) -
IPP2 VPP Supply Current During -

Programming Pul,e (Note 5) 

AC CHARACTERISTICS AND OPERATING CONDITIONS (Notes t, 2, and 6) 
(T A = 25'C ± 5'C) (VCC = 5V ± 5 %, VPP = 25V ± IV) 

MAX 

10 

0,8 

VCC + 1 

100 

5 

30 

SYMBOl: PARAMETER MIN TYP 

STANDARD JEDEC 

tAS TAVPH Address Setup Time 2 -
tos TGHPH OE Setup Time 2 -
tDS TDVPH Data Setup Time 2 -
tAH TPLAX Address Hold Time 2 

tOH TPLGX OE Hold Time 2 -
tDH TPLDX Data Hold T I me 2 -
tDF TGHOZ Chip DISable to Output Float a -

Delay (Note 4) 

tCE TGLOV Chip Enable to Output Delay (Note 4) - -
tpw TPHPL Program Pulse WIdth 45 50 

tpR TPH1PH2 Program Pulse Rise Time 5 -
tpF TPL2PLI Program Pulse Fall Time 5 -

UNITS 

JJA 

V 

V 

mA 

mA 

mA 

MAX UNITS 

- IJ' 

- IJ' 

- IJ' 

IJ' 

- IJ' 

- IJS 

100 ns 

120 ns 

55 ms 

- ns 

- ns 

Note1: vee must be applied at the same time or before VP~ and removed afterorat the same time asVPP.To prevent damage tathe deviceit 
must not be inserted into a board with power applied. 
Note 2 : Care must be taken to prevent overshoot of the VPP supply when switching to + 25V 
Nota 3: O,45V4VIN<'5,25V 
Nota 4 : CE/PGM = VIL, VPP = vee 
Nota 5 : VPP = 26 V 
Note 6 : Transition times~ 20 ns unless otherwise noted 
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Program Mode 

The ET2716 is programmed by introducing "0" s into 
the desired locations. This is done 8 bits (a byte) at a 
time. Any individual address, a sequence of addresses, 
or addresses chosen at random may be programmed. 
Any or all of the 8 bits associated with an address 
location may be programmed with a single program 
pulse applied to the chip enable pin. All input voltage 
levels including the program pulse on chip enable are 
TIL compatible. The programming sequence is : 

With VPP = 25V, VCC = 5V, OE = VIH and CE/PGM = 
VIL, an address is selected and the desired data 
word is applied to the output pins. (VIL = "0'" and 
VIL = "'" for both address and data). After the 
address and data signals are stable the program 
pin is pulsed from VIL to VIH with a pulse width 
between 45 ms and 55 ms. 

Multiple pulses are not needed but will not cause 
d.evice damage. No pins should be left opt'". A high 
level (VIH or higher) must not be maintained longer 
than tPW(MAX)On the program pin during program­
ming. ET2716's may be programmed in parallel with 
the same data in this mode. 

Program Verify Mode 

The programming of the ET2716 may be verified either 
1 word at a time during the programming (as shown in 
the timing diagram) or by reading all of the words out at 
the end of the programming sequence. This can be 
done with VPP = 25V (or 5V) in either case. VPP must be 
at 5V for all operating modes and can be maintained at 
25V for all programming modes. 

Program Inhibit Mode 

The program inhibit mode allows programming several 
ET2716's simultaneously with different data for each 

one by controlling which ones receive the program 
pulse. All similar inputs of the ET2716 may be paralle­
led. Pulsing the program pin (from VIL to VIH) will pro­
gram a unit while inhibiting the program pulse to a~it 
will keep it from being programmed and keeping OE = 
VIH will put its outputs in the Hi-Z state. 

ERASING 
The ET2716 is erased by exposure to high intensity 
ultraviolet light through the transparent window. This 
exposure discharges the floating gate to its initial state 
through induced photo current. It is recommended that 
the ET2716 be kept out of direct sunlight. The UV 
content of sunlight may cause a partial erasure of some 
bits in a relatively short period of time. 

An ultraviolet source of 2537 A yielding a lotal integra­
ted dosage of 15 watt-seconds/em' is required_ This 
will erase the part in approximately 15 to 20 minutes if 
a UV lamp with a '2,OOOpW/cm' power rating is used. 
The ET2716 to be erased should be placed 1 inch away 
from the lamp and no filters should be used. 

An erasure system should be calibrated periodically. 
The distance from lamp to unit should be maintained at 
1 inch. The erasure time is increased by the square of 
the distance (if the distance is doubled the erasure 
time goes up by a factor of 4). 'Lamps lose intensity as 
they age. When a lamp is changed, the distance is 
changed, or the lamp is aged, the system should be 
checked to make certain full erasure is occuring, 
Incomplete erasure will cause symptoms that can be 
misleading. Programmers, components, and system 
designs have been erroneously suspected when 
incomplete erasure was the basic problem. 

PHYSICAL DIMENSIONS inches (millimelers) 

1.25. 

"5r GLASS 0.06& ... O.tui I~ ::, rc '·"'·O'''';:j. ~U. (~I. _;-~OO7O 

H II ~.J ~ I ... 025 •. 000 -0 .• 12 I --r-r 
D .•. 0080 IO~!~~: ~ ~ _1f-0.018 U.OOZ-i25 I- ---'-~ ~ ~D.IOO DOlO "I 10.461;0.06'1 i3.i8l' 

. +0.13& I. t. 1111 
17 .• 

0.025 

~, 

32,75 1 0.600 

f--Il;JJ!U!l...IliLll!UllIMuAX!!Ll!!lJl!l..l!!U!.u!!Y! :!::'" 
I~~lo~:'~~ + 0.526·051. 

01 - nJ.JIiC· 13.0611 
UVWINDOW 

L",-,.....-r.n'"'";rr;rr'"'";;n;;n;;r-l.-l. 

·1.624 

UV window Cavity Dual-In-Llne Package (JQI 
Order Number E12716Q (-. 11 

Package Number J24 CQ 

These specifications are subject to change without notice. 
Please inquire wilh our sales offices about the availability of the different packages. 
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TIMING DIAGRAM * 
Program Mode 

VIH==~r-------+------_ ;...---­
ADDRESSES 

VIL =='T-'I'-.,.... ____ -+-_....;.. ___ ~ ~ ___ _ 

_ ~H---~~~~~~ 

E/P VIL ======:1f 

DEVICE OPERATION 

The ET2716 has 3 modes of operation in the normal 
system environment. These are shown in Table I. 

Read Mode 
!he ET 2716 read operation requires that OE = VIL, 
CE/PCM = VIL and that addresses AD-AID have been 
stabilized. Valid data will appear on the output pins 
after tACC, tOE or tCE times (see Switching Time 
Waveforms) depending on which is limiting. 

Deselect Mode 
The ET 2716 is deselected by making DE = VIH. This 
mode is independent of ce/PGM and the condition of 
the addresses. The outputs are Hi-Z when DE = VIH. 
This allows OR-tying 2 or more ET2716's for memory 
expansion. 

IpF 
CTPL lPl1) 

Standby Mode (Power Down) 

The ET2716 may be powered down to the standby mode 
by making ce/PGM = VIH. This is independent of DE 
and automatically puts the outputs in their Hi-Z state. 
The power is reduced to 25 % (13.2 mW max) of the 
normal operating power. VCC and VPP must be mainte­
ned at 5V. Access time at power up remains either tACC 
or tCE (see Switching Time Waveforms). 

PROGRAMMING 

The ET 2716 is shipped from THOMSON SEMICON­
DUCTEURS completely erased. All bits will be at "1" 
level (output high) in this initial state and after any full 
erasure. Table" shows the 3 programming modes. 

TABLE I. OPERATING MODES (VeC = VPP = 5VI 

PIN NAME/NUMBER 

MODE CE/PGM DE OUTPUTS 
(Em @ 

18 20 9-11,13-17 

Read VIL Vil DOUT 

Deselect Don't Care VIH HI'Z 

Slanllbv VIH D,on't Care HiZ 

TABLE II. PROGRAMMING MODES (VCC = 5VI 

PIN NAME/NUMBER 

MODE CEIPGM 5E VPP OUTPUTS 0 
fE/PI (GI 

18 20 21 9-11,13-17 

Program Pulsed VIL VIH 25 DIN 
10 VIH 

Program Verify VIL Vil 25(51 DOUr 

Program Inhibit VIL VIH 25 HI'Z 

• Svmbols in parentheses are proposed JEDEC standard 
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, • c.. "..-

..., . ~ 

" ETC2716(O) • ETC~2716(QI-l/5 ; 

.-~~----- , 16,384-8IT (2048 x 8) CMOS U,V'EI;IASA8L£ PROM ; 

, MEMORY COMPONENTS -
: ." ~~~ ~'~.h ,.,\:,'tl<~ji~ .. ~~,\ ~t~ 

The ETC 2716 is a high speed 16K UV erasable and electrically repro-
grammable CMOS EPROM ideally suited for applications where fast 
turn-around pattern experimentation and low power consumption are 
important requirements. 
The ETC 2716 is packaged in a 24-pin dual-in-line package with 
transparent lid. The transparent lid allows the user to expose the chip 
to ullravioletlightto erase the bit pattern. A new pattern can then be 
written into the device by following the programming procedure. 
ThisEPROM is fabricated with the reliable, high volume, time 
proven, p2CMOS silicon gate technology. 
o CMOS power consumption 
o Performance compatible to market standard 8-bit CMOS Microp 
o 2048 x 8 organization 
o Pin compatible'to 2716 
o Access time down to 350 ns 
o Single 5V power supply 
• Static - no clocks required 
o'TTL compatible 1105 during both read and program modes 
o Three·state output with OR-tie capability 
o Oper. temp.: O°C,+ lO°C; - 2SoC.+ lO°C(Esuffixl ;-40°C,+ 8SoC(Vsuffix) 

Paramolor/Part Numbor ETC 2716-1 ETC 2716 ETC 2716-5 

Access Time (ns) 350 450 550 

Active Current (mA a 1 MHz) 5 5 5 

Standby CUrrent (rnA) 0.1 0.1 0.1 

BLOCK DIAGRAM 

_ VPP 

_ vec 
_ vss 

Mode 

Read 
Program 

DATA OUTPUTS (PROGRAM INPUTS) 
00-07 

YGATING 

'6,384 
BIT MATRIX 

Pin Connection During Read or Program 

Pin Name/Number 

CElPGM 6E VPP vee OUlpulG 
18 20 21 24 9-11,13-17 

VIL VIL 5 5 DOUl 
Pulsed VIL VIH 25 5 DIN 

toVIH 

2-9 

16,384-BIT 
(204B1IB) 

UV ERASABLE PROM 

24 

A7 

A6 

AS 

A4 

A3 

A2 

A' 

AD 

00 

0, 

02 

vss 

AO-A10 
0 0.07 

CE/PGM 

6E 
VPP 
vee 
VSS 

QSUFFIX 
CERDIP PACKAGE 

PIN ASSIGNMENT 

vce 

AS 

A9 

VPP 

OE 

A'O 

CEIPGM 

07 

Oe 

Os 

04 

0 3 

PIN NAMES 

Address Inpuls 
Data Outputs 
Chip Enable/Program 
Output Enable 
Read 5V. Program 25V 
5V 
Ground 



ABSOLUTE MAXIMUM RATINGS (Note 11 

Temperature Under Bias 
Storage Temperature 

VPPSupply Voltage with Respect 

-10°C to + 80°C 

-65'Cto + 125'C 

Output Voltages with Respect vee + 0.3V to VSS - 0.3V 
toVSS 

26.5Vto -0.3V Power Dissipation 
toVSS Lead Temperature (Soldering, 10 secondsl 

Input Voltages with Respect to 6Vto -0.3V 
VSS except VPP (Note 5) 

READ OPERATION (Note 21 

DC OPERATING CHARACTERISTICS 

TA = O'C to + 70'C, VCC = 5V ± 5%, VPP = VCC (Note 31, VSS = OV,(Unless otherwise specified) 

Symbol Parameter Conditions Min 

III Input Current VIN = VCC or GND -
ILO Output Leakage Current VOUT = 5.25V, CElPGM ;" VIH -
VIL Input Low Voltage -0.1 

VIH Input High Voltage (Note 51 2.0 

VOLI OutpuloLow Voltage IOL=2.1 mA -
VOHI Output High Voltage IOH= -400pA 2.4 

VOL2 Output Low Voltage IOL=OpA -
VOH2 Output High Voltage IOH=OpA VCC-O.l 

IPPI VPP Supply Current VPP=5.25V -
ICCI VCC Supply Current Active CEIPGM, OE = VIL 

(TTL Levelsl Addres~es = VIH or VIL -
Frequency 1 MHz, I/O = 0 mA 

ICC2 VCC Supply Current Active CE/PGM, OE = VIL (Note 51 
(CMOS Levels) Addresses = GND or VCC -

Frequency 1 MHz, I/O = 0 mA 

ICCSBI VCC Supply Current Standby CElPGM=VIH -
ICCSB2 VCC Supply Current Standby CElPGM=VCC -

CAPACITANCE (Note 41 TA = 25'C, 1=1 MHz AC TEST CONDITIONS 

Input Pulse Levels 
Symbol Parameter Conditions Typ Max Units 

Typ 
(Note 21 

-
-
-
-
-
-
-
-
-

2 

1 

0.1 

0,01 

Max 

10 

10 

0.8 

VCC:,,1 

0.45 

-
0.1 

-
10 

10 

5 

1 

0.1 

1.OW 
3OO'C 

Units 

pA 

pA 

V 

V 

V 

V 

V 

V 

pA 

mA 

mA 

rnA 

mA 

0.45V to 2.4V 
20ns 

CI Input Capacitance VIN=OV 4 6 pF 

Input Rise and Fall Times 
Output Load 1 TTL Gate and CL = 100 PF 

CO Output Capacitance VOUT=OV 8 12 pF 
Input and Output Timing 
Reference Levels 0.8V, 2V 

Note1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cann<?t ~e guaranteed. ,~xcept.for 
"Operating Temperature Range" they are nol meant to imply that the devices should be operated at these limIts. The table of Electrical 
Characteristics" provides conditions for actual device operation. 
Note 2 : Typical conditions are for operation at : TA = 25°e. vee = 5V. vpp = vee. and VSS = av. 
Note 3: VPP may be connected to vee except during program. 

l'.Jctc" : Capacitance is guaranteed by periodic testing. TA = 25°C. f = 1 MHz. 
Note 5 : The inputs (Address. QE, CE) may go above vee by one volt with no latch up danger. On IV the output (data inputs during 
programming) need be restricted to vee + O.3V. 
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AC CHARACTERISTICS TA=O·C 10 + 70·C, VCC=5V :!:5'10, VPP= VCC, VSS=OV, (Unless otherwise specified) 

Symbol 
Paramoter Conditions ETC2716-1 ETC 271S ETC 2716-5 UNIT 

Altornllte 

IACC 

ICE 

10E 

IDF 

IOH 

100 

Standard 

TAVOV 

TELOV 

TGLOV 

TGHOZ 

TAXOX 

TEHOZ 

Min Mox 

Address 10 Oulput Delay CE/PGM = OE = VIL - 350 

CE 10 Oulpul Delay OE = VIL - 350 

Oulpul Enable 10 Oulpul CE/PGM=VIL - 120 

Delay 

Oulpul Enable High 10 CE/PGM=VIL 0 100 

Oulpul Hi·Z 

Address 10 Oulpul Hold CE/PGM = OE = VIL 0 -

CE 10 Oulpul Hi·Z OE=VIL 0 100 

SWITCHING TIME WAVEFORMS 

Read Cycle (CE/PGM = VIL) 

Min Mox Min Mllx 

- 450 - 550 

- 450 - 550 

- 120 - 120 

0 100 0 100 

0 0 

0 100 0 100 

VIH - ~ VALID ADDRESSES VALID 
VIL 

1_ IOH_1 1 

ViH I 

\-
~AX~ : OUTPUT ENABLE 

VIL 

'OE IOF I 
tAce I ~GLOV) ~GHaZ)-' 

VOH 1-- {TAVQV} ---

OUTPUT Hi2 VALID 
H,Z 

VOL 

Read Cycle (0£ = VIL) 

VIH.-.;---:-:~~ 
ADDRESSES ////?:'//.''/,-'''' VALID VALID 

CHIP ENABLE 

OUTPUT 

ADDRESSES 

CHIP ENABLE 

OUTPUT 

VIL :i:i:"",' "",' ""';;r."'t-___________ J 
_ IOH __ I 

ITAxaXI 
~----VIH =====1:==='\ 

VIL ------t---\-\....--;---:-....,....-:-:--...J 
__ L Ice" too I 

__ lAce ___ I (TELOY) (TEHOZ)-

VOH:::::::::~~~~~~AV~Q~V~)::~~'::~~~~~~~~~ HiZ I ~ 
v~ \ ~LlD ~ 

Siandby Power-Down Mode (Of = VIL) 

VIH 
VALID VALID 

VIL 

VIH 

VIL STANDBY 

VOH 
VALID FOR H, Z VALID FOR 

VOL CURRENT ADDRESS CURRENT ADDRESS 
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PROGRAM OPERATION 

DC ELECTRICAL CHARACTERISTICS AND OPERATING CONDITIONS (Notes 1 and 2) 

(TA = 2S·C :t S·C) (VCC = SV :t 5%, VPP = 25V :I: 1 VI 

Symbol Para mater Min 

III Input Leakage Current (Note 3) -
VIL Input Low Level -0.1 

VIH Input High Level (Note 7) 2.2 

ICC VCC Power Supply Current -
IPPI VPP Supply Current (Note 4) -
IPP2 VPP Supply Current During -

Programming Pulse (Note 5) 

AC CHARACTERISTICS AND OPERATING CONDITIONS (Notes 1, 2, and 6) 

(TA = 25°C:t 5°C) (VCC = 5V ± 5%, VPP = 2SV :tlV) 

Typ 

-
-
-
-
-
-

Symbol Parameter Min Typ 

tAS Address Set·up Time 2 -
tos OE Set·up Time 2 -
tos Data Set·up Time 2 -
tAH Address Hold Time 2 -
tOH OE Hold Time 2 -
tOH Data Hold Time 2 -
tOF Output Disable to Output Three state Delay I Note 41 0 -
tOE Output Enable to Output Delay (Note 4) - -

tpw Program Pulse Width 45 50 

tpR Program Pulse Rise Time 5 -
tpF Program Pulse Fall Time 5 -
tvs VPP Set·Up Time 2 -
tVH VPP Hold Time 2 -

Max Unite 

10 "A 
0.8 V 

VCC+l V 

10 mA 

10 "A 
30 mA 

Max Units 

- I'S 

- ,,5 
- ,,5 
- ,,5 
- I'S 

- ~S 

100 ns 

120 ns 

55 ms 

- ns 

- ns 

- I'S 

- ~s 

Nota 1 : vee must be applied at the same time or before VPP and removed after or at the same time as VPP. To prevent damage to the 
device it must not be inserted into B board with power applied. 

Note 2 : Care must be taken to prevent overshoot of the VPP supplV when switching to + 26 V max 

Note 3: OV 4VIN45.25V 

Noto 4 : cr/PGM ; VIL. VPP ; vee 
Note 5 : VPP ; 26 V 

Note 6 : Transition times,,"20 ns unless otherwise noted .. 
Nota 7 : The inputs (Address. DE. EE) may go above vee by one volt with no latch up danger. Only the output (data inputs during 
programming) need be restricted to vee +- O.3V to VSS - O.3V. 
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PROGRAM TIMING DIAGRAMS 
Single Add,... Programming Followod b~ a Verily Mode 

Multiple Addre •• Programming Followod by a Verify Modo' 

PROGRAM PROGRAM VERIFY 
(READ MODE) 

• All timings are the same as the single address programming mode. A dummy read is required only if the last programmed byte is the first 
byte to be verified. 

FUNCTIONAL DESCRIPTION 
DEVICE OPERATION 

Tho ETC 2716 haa 3 modes 01 operation in tho normol aystem 
environment. These alO shown in Table I. 

RCllld Modo 
The. ETC 2716 read operation requlreu that 1m = VIL. 
~PGM = VIL and that addresses AO-A 10 have basn ata· 
blllzed. Valid data will appear on the output pins alter tACC. 
tOE or tCE times (see Switching Time Waveforms) depend· 
Ing on which Is limiting. 

TABLE I. OPERATING MODES (VCC ; 5V) 

Pin Nama/Numbor 

Modo CE/PGM OE Outputu 
18 20 9·11.13·" 

Read VIL VIL DOUT 
Deselect Don'l Care VIH Hi·Z 
Standby VIH Don't Care Hi·Z 

Doooloct Modo 
The ETC 2716 is deselected by making liE = VIH. This 
mode Is Independent of CE/PGM and the condition of the 
addreeses. The outputs are HI·Z when OE=VIH. this 
allows OR·tying 2 or more ETC 2716 for memory 
expansion. 
Standby Modo IPowor Down) 
The ETC 2716 may be powered down to the stand~ 
mode by making CE/PGM = VIH. This Is Independent 01 OE 
and automatically puts the outputs In their HI·Z state. 
The power Is reduced to 0.4% of the normal operating 
power. vee must be maintained at 5V. Access time at 
power up remains either tAcc or tCE (see Switching Time 
Waveforms). 

PROGRAMMING 

The ETC 2716 is shipped from THOMSON SEMICONo.UC· 
TEURS completely erased. All bits will be at a "1" level 
(output high) in this initial state and after any full erasure. 
Table II shows the 3 programming modes. 
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FUNCTIONAL DESCRIPTION (Continued) 

TABLE II. PROGRAMMING MODES (Vee .. 5V) Program Inhibit Mode 

Pin N.riIeINumber 

Mod. CEIPGM OE VPP Oulpull 0 
18 20 21 8-11,13-17 

Program Pulsed VIL VIH 25 DIN 
loVIH 

Program Vertfy VIL VIL 25161 DOUT 

Program InhIbit VIL VIH 25 HI'Z 

Program Moda 

The ETC 2716 is progrllmmed by introducing "O"s into 
the desired' locations. This Is done 6 bits (a byte) at a time. 
Any Individual address, a sequence of addresses, or ad· 
dresses chosen at random may be programmed. Any or all 
of the 8 bits aSSOCiated with an address location may be 
programmed with a single program pulse applied 10 the 
chip enable pin. All Input voltage levels, Including the pro­
gram pulse on chip enable are TTL compatible. The pro­
gramming sequence Is: 

With Vpp = 25V, vec = 5V, OE = VIH and CElPGM = VIL, 
an address Is selected and the desired data word is ap­
plied to the output pins. (VIL ="0" and VIL ="1" for both 
address and data.) Aller the address and data signals 
arestablethe program pin is pulsed from VIL to VIH with 
a pulse widlh between 45 ms and 55 ms. 

Multiple pulses are not needed but will not cause device 
damage. No pins should be left open. A high level (VIH or 
higher) must not be maintained longer than tpwIMA)(1 on the 
program pin during programming. ETC 27t6 may be program­
med in parallel with the same data in this mode. 

Program Verify Mode 
The programming of the ETC 2716,s verified in the pro­
gram verify mode which has VPP at VCC (see Table II). 
Alter programming an address, that same address cannot 
be Immediately verilled without an address change (dum­
my read). 

The program Inhibit mode allows programming several 
ETC 2716 simultaneously with different date for each 'one by 
controlling which ones receive the program pulse. 
All similar inputs of the ETC 2716 may be paralleled. 
Pulsing the program pin (from VIL to VI H) will program a 
unit while Inhibiling the program pulse to a unit will keep It 
from being programmed and keeping c5r: = VIH will put its 
outputs In the HI·Z state. 
ERASING 
The ETC 2716 is erased by exposure to high intensity ultra­
violet light through the transparent window. This expo­
sure discharges the floating gata to its initial itata 
through induced photo current. It is recommended that the 
ETC 2716 be kept out of direct sunlight. The UV con­
tent 01 sunlight may cause a partial erasure 01 some bits In 
a relatively short period 01 lime. Direct sunlight can also 
cause temporary functional failure. Extended exposure to 
room level fluorescent IIghling will also cause erasure. An 
opaque coating (paint, tape, label, etc.) should be placed 
over the package window If this product Is to be.operated 
under these lighting conditions. Covering the window also 
reduces ICC due to photodlode currents. 
An ultraViolet source of 2537). yielding a total Integrated 
dosage of 15 watt-seconds/cm2 is required. This will erase 
the part in approximately 15 to 20 minutes if a UV lamp 
with a 12,OOOI'W/cm2 powerratlng is used. The ETC 2716 
to be erased should be placed 1 inch away from the lamp 
and no filters should be used. 
An erasure system should be calibrated periodically. The 
distance from lamp to unit should be maintained at tinch. 
The erasure time is increased by the square of the dis­
tance (if the distance is doubled the erasure time goes up 
by a factor of 4). Lamps lose intenSity as they age. When 
a lamp is changed, the distance is changed, or the lamp 
is aged, the system should be checked to make certain 
full erasure is occurring. Incomplete erasure will cause 
symptoms that can be misleading. Programmers, com­
ponents, and system designs have been erroneously sus· 
pected when incomplete erasure wasthe basic problem. 

PHYSICAL DIMENSIONS inches (millimeters) 

1290 0600 

I ' (I~ 240) 

t MAX i-"'''''-''-'-=-I:.J'-LJ..J...:.L.J..::J...LJ...L:.L.J...:1...t.:u..'-1i GLASS 

0025 

iO'63si 
RAD 

(~:~ ~~~~, -(B 0526 0514 
DIA 113360 1 J 0561 

UVWINDOW I 
UV Window Cavity Dual-in-Line Package (0) 

'-r-rr:1rr.rr:T'"17'1'"'r.T1"T"T:"!""T'7rT.'T"T.':T'"T,.".-J -

0160 0200 
~ 0590 0620 14064) MAX GLASS 0 055·0005 MAX 5080 
I r--!.l~a-)-' SEALANT \ ~) ~ - 0020 0070 

. r-t ~T~ • j , 

0008 0012~ I 
0685 -0025 (0203·03051 

~~ __ ' 0060 a 100 I- . I l 0018 0002 
'0635 j 1152425401 . 0100 0010 ' -tt-j()457-00SIt ~ 

17399 1524 ~~ 131751 

These specifications are subject to change without notice. MIN 
Please inquire with our sales offices about the availabilitv of the different packages. 

2-14 



The ETC 2732 is a high speed 32K UV erasable and electrically 
reprogram mabie CMOS EPROM ideally suited for applications 
where fast turn-around, pattern experimentation and low power 
consumption are important requirements. 

The ET.C 2732 is packaged in a 24-pin dual-in-line package with 
transparent' lid. The transparent lid allows the user to expose the 
chip to ultraviolet light to erase the bit pattern. A new pattern can 
then be written into the device by following the programming proce-
dure. This EPROM is fabricated with the reliable, high volume, time pro-
ven, p2 CMOS silicon gate technology. 

• CMOS power consumption: 26.25 mW max active power, 0.53 
mW max standby power 

.4096 x 8 organization 

• Pin compatible to ET 2716, ETC 2716, ET 2732, ET 2764 

• Access time down to 350 ns 

• Single 5V power supply 

• Static - no clocks required 
• TTL compatible 1/05 during both read and program modes 
• Three·state outp"ut with .0R.tie c~ability. . • • 
.Oper. temp. : 0 C, + 70 C ; -20 C, + 70 C (0 suffiX) ; -25 C, + 70 C 

(E suffix) ; -40·C,+ 85·C (V suffix). 

ETC2732(O)·35/45/55 ' 

CMOS 

(4096n B) 
32,760· BIT 

UV ERASABLE PROM· 

~, 
~ \ .. 

,. : 0" 

I, 01" 
. .' ' . . QSUFFIX 

24 1 _ -" CERDIP PACKAGE 

1 

Plrlmeter/Part Number ETC2732Q·3S ETC2732Q-4S ETC2732Q·SS 

Access Time (ns) 350 450 500 

Active Current(mAatl MHz) 5 5 5 

Standby Current (rnA) 0.1 0.1 0.1 

BLOCK DIAGRAM 
GND DATA OUTPUTS vce (VSS) 

00-0 7 

l l lttfttt 5V GND 

OEI;P=J CONTROL h LOGIC OUTPUT BUFFERS 

I 
---! y ~ V.GATING 
==: DECODER ---=--. 

AD-All ::::; ==: 
ADDRESS 

INPUTS · - X · 32.768-BIT - DECODER · CELL MATRIX 

----! · - ---=--. 
Pin Nume/Number 

Mode CE OeIVPP VCC Outputs 
18 20 24 9·11.13·17 

Read VIL VIL 5V DOUT 
Standby VIH Don't Care 5V Hi·Z 
Program VIL 25V 5V DIN 
Program Verify VIL VIL 5V DOUT 
Program Inhibit VIH I 25V 5V Hi·Z 
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A7 

A8 

A5 

A4 

A3 

A2 

AI 

AD 

00 

0, 

02 

vss 

AO-AII 
00-07 
CE 
OE 
VPP 
VCC 
VSS 

PIN ASSIGNMENT 

PIN NAMES 

Address Inputs 
Data Outputs 
Chip Enable 
Output Enable 

vee 

AS 

A9 

All 

OeIVPP 

AID 

CE 

07 

06 

05 

04 

03 

Read RV, Program 25V 
5V 
Ground 



ABSOLUTE MAXIMUM RATINGS (Note I) 

Temperature Under Bias 
Storage Temperature 

-IOoC to + 8()oC 

- 6SoC to Of- 125'C 
Output Voltages with Respect VCC + 0.3V to VSS - 0.3V 

to VSS 

VPP Supply Voltage with Respect 

toVSS 

26.5V to -0.3V Power Dissipation I.OW 

Input Voltages with Respect to 
VSS except VPP (Note 5) 

READ OPERATION (Note 2) 

Lead Temperature (Soldering, 10 seconds) 300'C 
6V to -0.3V 

DC OPERATING' CHARACTERISTICS TA = OOC to + 70'e, vee = 5V ± 5 %, VSS= OV, (Unless otherwise specified) 

Symbol Parameter Conditions Min Typ Max Units (Note 2) 

III Input Current VIN=VCC or GND - - 10 ~A 

ILO Output Laakage Currant VOU'bVCC or VSS, CE = VIH - - 10 

~A 

VIL Input Low Voltage -0.1 - 0.8 V 

VIH Input High Voltage (Note 4) 2.0 - VCC+l V 

VOlt Output Low Voltage 10l_2.1 mA - - 0.45 V 

VOHI Output High Voltage IOH = -400~ 2.4 - - V 

VOL2. Output Low Voltage IOL = O~A - - 0.1 V 

VOH2 Output High Voltage IOH - O~A VCC- 0.1 - - V 

ICCI VCC Supply Current Active CE = OE =VIL 
(TIL Levels) Inputs - VIH or VIL - I 2 10 rnA 

Frequency 1 MHz, I/O = 0 rnA 

ICC2 VCC Supply Current Active CE = OE = VIL (Note 4) 
(CMOS Levels) Inputs=GND or VCC - 1 I 5 rnA 

Frequency 1 MHz, I/O = 0 rn A , 
ICCSBI VCC Supply Current Standby CE = VIH - 0.1 1 rnA 

ICCSB2 VCC Supply Current Standby CE - VCC - 0.01 0.1 rnA 

AC CHARACTERISTICS TA = O'C to + lOoC, VCC = 5V ± 5 %, VSS = OV, (Unless otherwise specified) 

ETC2732Q·35 ETC2732Q·45 ETC2732Q·55 
Symbol Parameter Conditions UNIT 

Min Max Min Ma. Min Ma. 

tACC Address ce/PGM = De = VIL to Output Delay - 350 - 450 I - 550 ns 

tCE CE to Output Delay OE = VIL - 350 - 450 - 550 ns 

tOE Output Enable EE/PGM = VIL - 150 - 150 - 150 ns to Output Delay 

tOF Output Enable High CE/PGM = VIL 0 130 0 130 0 130 ns 
to Output Hi·Z (Note 5) 

tOH Addres. CE/pm.1=0E=VIL 0 - 0 - a - ns to Output Hold 
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CAPACITANCE (Note 3) (TA - + 25aC, I = 1 MHz) 

Symbol Parameter 

C'N' Input Capacitance 
Except CENpp 

C'N2 OENpp Input 
Capacitance 

COUT Output Capacitance 

AC TEST CONDITIONS 

Input Pulse Levels 
Input Rise and Fall Times 

Output Load 
Input and Output Timing 
Relerence Levels: 

ADDRESSES 

OUTPUT ENABLE 

OUTPUT 

ADDRESSES 

VIH 

Vil 

VIH 

Vil 

VOH 

VOL 

VIH 

~l 

Conditions Typ 

Y,N = OV 4 

Y,N - OV -

VOUT = OV 8 

0.45 to 2.4V 

<20ns 

I TIL Gate and CL=IOO PF 

O.BVand 2V 

Max Units 

6 pF 

20 pF 

12 pF 

SWITCHING TIME WAVEFORMS 

Road Cyelo IE! = VIL) 

VAUD 

Road Cyelo 10E = VIL) 

CHIP ENABLE 
VIH =====1==="'\ 

~l----~~---t==~~--~~ _I-_-!-_ 

OUTPUT 

Nola t : "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for 
"Operating Temperature Range" they are, not meant to Imply that the devices should be operated at these limits. The table 01 "Electrical 
Characteristics" provides conditions for actual device operation. 
Nole 12 : Typical conditions are lor operation at: TA = 25"C, vec = 5V, VPP = vec, and VSS=OV. 
Nole 3 I capecitance is guaranteed by periodic testing. TA = 25"C, 1 = I MHz. 
Nole 4 : The inputs IAddress, CE, CE) may go above vee by one volt with no latch up danger. Only the out~ut (data inputs during 
programming) need be restricted to VCC +O.3V. 
Mole III The tOF compere level is determined as foltows : 

High to Hi-Z, the measured VOHI (OC)- O.IOV 
Low to Hi-Z, the meaaured VOLI (DC) + O.IOV 
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PROGRAMMING 

DC PROGRAMMING CHARACTERISTICS (Notes 1 and 21 
TA- +25oC ± 5OC, VCC- 5V ± 5%, VPP - 25V ± 1V) (Unless otherwise specified) 

Symbol Parameter Conditions Min Typ Max Units 

III Input Current (All inputs) V'N - Vee or GND - - to !LA 

VOL Output Low Voltage During Verify 10l.- 2.1 mA - - 0.45 V 

VOH Output High Voltage During Verify 10H- -400 !LA 2.4 - - V 

lee Vee Supply Current - 2 10 mA 

VIL Input Low Level (All Inputs) -0.1 - 0.8 V 

VIH Input High Level (All Inputs Except OENpp) 2.0 - Vee +'1 V 

Ipp Vpp Supply Current CE - VIL, DE - Vpp - - 30 mA 

AC PROGRAMMING CHARACTERISTICS (TA = +25oC ± 5oC, VCC = 5V ± 5%, VPP.25V ± IV) 

Symbol Parameter Conditions. Min Typ Max 

tAS Address Set· Up Time 2 - - ~s 

tOES DE Set·Up Time 2 - - I'S 

tos Data Set·Up Time 2 - - I's 

tAH Address Hold Time 0 - - I's 

tOEH DE Hold Time 2 - - I'S 

tOH Data Hold Time 2 - - I's 

tOF Chip Enable to Output Float Delay 0 - 130 ns 

tOv Data Valid from CE CE = Vll;DE - VIL - - 1 I'S 

tpw CE Pulse Width During Programming 45 50 55 ms 

tpRT DE Pulse Rise Time During Programming 50 - - ns 

tVR Vpp Recovery Time 2 - - I'S 
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PROGRAMMING WAVEFORMS 

Note: All times shown In parentheses are minimum and in lIS unless otherwise specified. 
The Input timing reference is O.SV for a ViL and 2V for a VIH. 

VtH::::::~~----------------------~~::~---l~--------~'~----~ 
ADDRE~ES :::::~~~ ______________________ A_D_O_R~E_SS_X ____ ~ __________ ~. ______ ~ Vtl 

'AS 
(2) 

OA U VIH -===~t===rD~A~T~A~IN~S~T~A~B~lEJI)-________ ..;H~i';;'Z __ +-__ -<I 
Vll: ADD X 

'OH 
(2) -'rzr~-vpp---'--·,.. __ + ___ +-__ ... 

IIllvpp 

Vil 

er VIH::======~ 
Vll-----------'1r 

AC TEST CONDITIONS 

Vee 
vpp 

Input Rise and Fall Times 
Input Pulse Levels 
Timing Measurement Reference Level 
Inputs. Outputs 

5V ± 5% 
25V ± TV 

,,20 ns 
0.45V to 2:4V 

O.BV and 2V 

'DV 
(1)--

'VR 
(2) 

ADD X + 1 

Hi·Z 

Note' : Vee must be applied simultaneously or before Vpp and removed simultaneously or afterVpp. The ETC 2732 m.ust not be inserted 
into or removed from D board with Vpp at 25 :!: 1 V to prevent damage to the device. 

Noto 2: The maximum allowable voltage which may be applied to the Vpp pin during programming is 26V. Care must be taken when 
switching the Vpp supply to provent overshoot exceeding this 26V maximum specification. A 0.1 pF capacitor is requirod acrossVpp,Vcc 
to GND to suppross spurious voltage transionts which may damage the device. 
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FUNCTIONAL DESCRIPTION 

DEVICE OPERATION 

The five modes of operation of the ETC 2732 are listed in 
Table I. A single 5V power supply is requir~ in the read 
mode. All inputs are TTL levels except for OE/Vpp during 
programming. In the program mode the OENpp input is 
pulsed from a TTL level to 25V. 

Reed Mode 

The ETC 2732 has two control functions, both of which 
must be logically active in order to obtain data at the 
outputs. Chip Enable (CE) is the power control and should 
be used for device selection. Output Enable (OE) is the 
output control and should be used to gate data to the 
output pins, independent of device selection. Assuming 
that addresses are stable, address access time (IACC) is 
equal to the delay from Ce to output (ICE). Data is avai· 
lable at the outputs after \he falling edge of OE, assuming 
that CE has been low and addresses have been stable for 
at least IACC·IOE. 

Standby Mode 

The ETC 2732 has a standby mode which reduces the 
active power dissipation by 98 %, from 26.25 mW to 
0.53mW. The ETC 2732 is placed in the standby mode, by 
applying a TTL high signal to the EE input when in 
standby mode the outputs are in a high impedance state, 
independant of the DE input. 

Output OR-Tying 

Because EPROMS are usually used in larger memory 
arrays, we have provided a 2-line control function that 
accommodates this use of multiple memory connection. 
The 2-line control function allows for. 

a)the lowest possible memory power dissipation, and 

b) complete assurance that output bus contention will not 
occur. 

To most efficiently use these two control lines. it is 
recommended that Ce (pin 18) be decoded and used as 
the primary device selecting function, while ~ (pin 20) be 
made a common connection to all devices in the array and 
connected to the READ line from the system control bus. 
This assures that all deselected memory devices are in 
their low power standby modes and that the output pins 
are active only wtlen data is desired from a particular 
memory device. 

Programming 

CAUTION: Exceeding 26.5V on pin 20 (Vpp) will damage 
the ETC 2732. 

Initially, and after each erasure, all bits of the ETC 2732 are 
in the ",." state. Data is introduced by selectively pro­
gramming "Os" into the desired bit lecations. Although 
only "as" will be programmed, both "Is" and "Os" can 
be presented in the data word. The only way to change a 
"0" to a "I" is by ultraviolet light erasure. 

The ETC 2732 is in the programming mode when the 
Oe/Vppinput is at 25V.It is required that a O.II1F capacitor 
be placed across OE/Vpp, and ground to suppress spu­
rious voltage transients which may damage the devici'e. 
The data to be programmed is applied 8 bits in paralleltQ. 
the data output pins. The levels required for the address 
and data inputs are TTL. 

When the address and data are stable, a 50 ms active low 
TTL program pulse is applied to the Ce input. A program 
pulse must be applied at each address location to be 
programmed. You can program any location at any time­
either individually, sequentially, or at random. The pro­
gram pulse has a maximum width of 55 ms. 
The ETC 2732 must not be programmed with a DC signal 
applied to the CE input. 

Programming of multiple ETC 2732s in parallel with the 
same data can be easily accomplished due to the sim­
plicity of the programming requirements. Like inputs of 
the paralleled ETC 2732s may be connected together 
when they are programmed with the same data. A low 
level TTL pulse applied to the EE input programs the 
paralleled. 

Program Inhibit 

Programming multiple ETC 2732s in parallel with different 
data is also easily accomplished. Except for Ce, all like 
inputs (including ~) of the parallel ETC 2732s rnay be 
common. A TTL level program pulse applied to an ETC 
2732s CE input with DENpp at 25 V will program that ETC 
2732. A high level CE input inhibits the other ETC 2732s 
from being programmed. 

Program Verify 

A verify should be performed on the programmed bits to 
determine whether they were correctly programmed. The 
verify is accomplished with OENpp and CE at VIL: Data 
should be verified tov after the falling adge of CE. 

TABLE I. MODE SELECTION 

Pins a! OENpp VC6 Outputs 
Mode (181 (20 (24 (9-11,13-171 

Read. VIL VIL 5 DOUT 

Standby VIH Don't Care 5 Hi-Z 

Program VIL Vpp 5 DIN 

Program Verify VIL VIL 5 DOUT 

Program Inhibit VIH Vpp 5 Hi-Z 
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FUNCTIONAL DESCRIPTION (Continued) 

ERASURE CHARACTERISnCS 
The erasure characteristics of the ETC 2732 are such that 
erasure begins to occur when exposed to light with 
wavelengths shorter tha.n approximately 4000 Angstroms 
(A). It should be noted that sunlight and certain types of 
fluoroscont lamps have wavelengths in the 3000 A 
-4000 A range. Data shows that constant exposure to 
room-level fluorescont lighting could orase the typical 
ETC 2732 in approximately 3 years, while it would take 
approximately 1 week to causo orasure when exposed to 
direct sunlight. If the ETC 2732 is to be exposed to these 
types of lighting conditions for oxtended periods of time, 
opaquo labels should be pia cod over tho ETC 2732 window 
to provent unintentional erasuro. Cov~ring tho window 
widl also prevent tomporary functional failure dua to the 
generation of photo currents. 

,The rocommended erasure proceduro for tha ETC 2732 is 
exposur~ to shortwave ultraviolet light which has a 
wavelength of 2537 Angstroms (A). The integrated dose 
(i.o., UV intensity x exposure time) for erasure should be 
a minimum of 15W-sec/cm'. The erasure time with this 
dosage is approximately 21 minutes using an ultraviolet 
lamp with a 12,000 fJ.W/cm' power rating. The ETC 2732 
should be place within I inch of the lamp tubes during 
erasure. Some lamps have a filter on their tubes which 
should be removed before erasure. 

An .erasure system should be calibrated periodically. The 
distance from lamp to unit should be maintainad at one 
inch. The orasure time increases as the square of the 
distance. (If distance is doubled the erasure time increa­
ses by a factor of 4). Lamps lose intensity as they age. 

PHYSICAL DIMENSIONS 

0560 
MAX GLASS ii"4"i'2, 

os"fo". 0025 

T~ 
~ 
10762·13971 

GLASS 
SEALANT 

When a lamp is changed, the distance has changed or the 
lamp has aged, the system should be checked to make 
certain full erasure is occurring. Incomplete erasure will 
cause symptoms that can be misleading. Programmers, 
components, and even system designs have been erro­
neously suspected when incompleto erasure was the 
problem. 

SYSTEM CONSIDERATION 

The power switching characteristics of EPROMs require 
caroful decoupling of the devices. The supply current, Icc. 
has three segments that are of interest to the system 
designer - the standby current level. the active current 
level. and the transient current peaks that are produced 
on tho falling and rising edges of chip enable. The 
magnitude of these transient current peaks is dependent 
on the output capacitance loading of the device. The 
associated transient voltage peaks can be suppressed by 
properly selected decoupli~g capacitors. It is recommen­
ded that a 0.1 fJ.F ceramic capacitor be used on every 
device betwaen Vee and GND. This should be a high 
frequency capacitor of low inherant inductance. In addi­
tion. a 4.7 fJ.F bulk electrolytic capacitor should be used 
between Vee and GND for each eight devices. The bulk 
capacitor should be located near where tha powar supply 
is connected to the array. The purpose of the bulk capaci­
tor is to overcome the voltage droop caused by the 
inductive effects of the PC board traces. 

inches (millimelers) 

~ t 
*,M.~' 

0590·0620 

00200070 t t Dnm¥ ¥ ¥ V ¥ ¥ ¥ ~L t 
'060 •. '778:,. ,~:'::,I I J L JI-J I~~:~: ~~~:I 
~-l 4- ~-~ 
1152425401 (2540'02541 (0457'00511 

1740:~:;! 
000S-0015 -" 

~ 
TV' TV' 

UV Window Cavity Dual-In-Llne Package (0) 

Theso specifications are subject to change without notice. 
Please inquire with our sales officos about the availabilitv of the different packages. 
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TS27C64(O)-15/20/25/30 

65,536-BIT (8192 x 8) CMOS UV ERASABLE PROM 

The TS27C64 is a high speed 64K UV erasable and electrically repr.ogram· 
mabie EPROM ideally suited for applications where fast turn·around and 
pattern experimentation are important requirements. 

The TS27C64 is packaged in a 28·pin dual·in·line package with transparent 
lid. The transparent lid allows the user to expose the chip to ultraviolet 
light to erase the bit pattern. A new pattern can then be written into the 
device by following the programming procedure. 

• Fast Access time - 150ns, 200ns, 250ns, 300ns 
• Compatible to high speed microprocessors zero wait state, 
• 28·pin JEDEC approved pin·out 
• Low power consumption: active 20 rnA (max.) 

standby 1 rnA (max.) 
• Programming voltage: 12.5 V 
• High speed programming « 1 minute) 
• Electronic signature 
• Also proposed il1 plastic packages 10TP) 

TABLE 1 : ORDERING INFORMATION 

PART NUMBER tACC (ns) tCE (ns) tOE (ns) VCC 

TS27C64·15 150 150 75 5V ± 10 % 

TS27C64·20 200 200 80 5V ± 10 % 

TS27C64-25 250 250 100 5V ± 10 % 

TS27C64-30 300 300 120 5V ± 10 % 

Operating temperature range 
0° C to + 70° C (CO suffix), - 40° C to + 85° C (VO suffix) 

- 55° C to + 125° C (MO suffix) TS27C64-25MO TS27C64·30MO 

BLOCK DIAGRAM 

DATA OUTPUTS 00·07 

V GATING 

65.536 BIT 
CELL MATAIX 
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MEMORY COMPONENTS 

CMOS 
65.536-BIT 
(8192 X 8) 

UV ERASABLE PROM 

28 

vPP 

AI2 

A7 

A6 

AS 

A4 

A3 

A2 

Al 

AD 

00 

01 

02 

GNO 

aSUFFIX 
CEAOIP PACKAGE 

PIN ASSIGNMENT 

VCC 

A8 

A9 

All 

07 

05 

04 

PIN NAMES 

AO·AI2 Address 

CE Chip Enable 

DE Output Enable 

00·07 Outputs 

PGM Program 

NC Non Connected 



MAXIMUM RATINGS (Note 1) 

Rating Symbol Value Unit 

Operating temperature range Tomb TL to TH ·C 

TS27C64Q 010+ 70 
TS27C64VQ -4010+85 
TS27C64MQ -5510 .,25 

Storage temperature range TSlg -65 to + 125 ·C 

Supply voltage Vpp· -0.610 + 14 V 

I "put voltage A9 Vin* -0.610 + 13.5 V 
Except VPP. A9 -0.6 10 + 6.25 

Max pOVilef dissipation Po 1.5 W 

lead temperature +300 ·C 

(Soldering: 10 seconds) 

.. With respect to Vss 

Note 1 : "Maximum ratings" Bre those values beyond which the safety of the device cannot be guaranteed. Except for "Operating tem­
perature range" they are notmeent to Imply that the devices should be operated at thssalimits. The table of "Electrical charac­
teristics" provides conditions for actual device operation. 

READ OPERATION (Note 2) 

DC CHARACTERISTICS 
Tamb = TL to TH. Vce = 5 V ± 10 %, Vss = 0 V (Unless otherwise specified) 

Characteristic 

Inpulload currant (Vin= VCC or GNDI 

Ouput leakage current (VOUI ' VCC or VSS. CE· VIHI 

Vpp read voltage 

Input low voltage 

Input high .ollaga (Nole 21 

Output low voltage 
IOL'2.1 mA 
IOL'OjJA 

Output high voltage 
IOH a -400 "A 
IOH' O"A 

~C t:Jlf,plY act I.e currenl (TTL leuel.1 
• • VIL.lnputs· VIH or VIL. f· 5 MHz. liD· 0 mA 

VCC supply standby current 
ee,VIH 
!:E'.VCC 

Vpp read currenl (Vpp' VCC' 5.6 VI 

AC CHARACTERISTICS (Notes 3, 4, 5) 
Tamb = TL toTH 

Characteristic 

Addr.ss to oUlput deley (CE- OE. VILI 

CE to output delay (OE=VILI 

OUlput enable 10 output delay (CE· VILI 

Output enable high to output float 
(CE,VILI 

Output hold from addresses. CE or OE 
whichever occured first (CEI:I OEI:IV,LI 

Symbol 

'ACC 

ICE 

'OE 

tOF (Nole4) 

'OH 

Min 

-
-
-
0 

0 
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Symbol Min Typ 
(Nota 21 

ILl - -
ILO - -
Vpp VCC -0.7 

VIL -0.1 -
VIH 2.0 -
VOL - -

- -
VOH 

2.4 -
Vce- O•1 -

ICC2 - 10 

ICCS81 - 0.6 
ICCS82 - 10 

IpPl - -

M.'mumv"u" 

TS27C64 TS27C64 TS27C64 TS27C64 
·15 ·20 ·25 -30 

150 200 250 300 

150 200 250 300 

75 80 100 120 

50 50 60 105 

- - - -

Max Unit 

10 "A 
10 "A 

VCC V 

0.8 V 

VCC+l V 

V 
0.45 

0.1 

V 
--
30 mA 

1 mA 
100 "A 
100 "A 

Unit 

n. 

n. 

ns 

ns 

ns 



CAPACITANCE (Note 5) 

Tamb=+25°C,I=1 MHz 

Characteristic 

Input capacitance (Vin= OV) 

Output capacitance (V out = a VI 

Note 2: Typical conditions are lor operation at: Tamb =+ 25°C, VCC = 5 V, Vpp = VCC, and VSS = 0 V 

Note 3 : VCC must be applied at the same time or before Vpp and removed after or at the same time as Vpp 
Vpp may be connected to VCC except during program. 

Note 4 : The tDF compare level is determined as follows: 
High to THREE-STATE, the measured VOH(DCI - O.lV 
Low to THREE-STATE the measured VOL(DC) + O.lV. 

Note 5: Capacitance is guaranteed by periodic testing. Tamb =+ 25° C, 1= 1 MHz 

AC TEST CONDITIONS (Figure 1,2) FIGURE 1 - OUTPUT LOAO CIRCUIT 

Output Load 

Input Rise and Fall Times 
Input Pulse Levels 

1 TTL Gale and CL"" 00 pF 
,;20 ns 

0.45V 10 2.4V 

Timing Measurement Reference Level 

Inputs, Outputs O.BV and 2V 

FIGURE 2 - AC TESTING INPUT/OUTPUT WAVEFORM 

1.3 V 

lN914 

3.3 kn 

f-t--OOUT 

CL=100pF .r.(I neludes fig 
capacitance) 

V 

2.4 V ------.. r------..... 
0.45 V ____ -'X ... = ___ T_e~_t:_~_~_n_ts __ :__'x'_ ___ _ 

AC testing inputs are driven at 2.4 V for a logic "'" and 0.45 V for a logic "0". 
Timing measurements are made at 2.0 V for a logic "'" and O.BV for a logic "0". 

AC WAVEFORMS (READ MODE) 
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HIGH SPEED PROGRAMMING CHARACTERISTICS 

DC PROGRAMMING CHARACTERISTICS 
Tamb = 25 ± SoC, Vee = 6.0 V ± 0.25 V, Vpp = 12.5 V ± 0.3 V (Note 1) 

Characteristic Symbol Min Typ Max 

Input current lall inputs· VI'" VIL or VIH) II - - 10 

I nput low level lall inputs) VIL -0.1 - 0.8 

Input high level VIH 2.0 - VCC + 1 

Output low voltage during verify (lOL == 2.1 rnA) VOL 

Output high voltage during verify ( 'OH=- 400 p.At VOH 

Vee supply current (Program & Verify) ICC3 

Vpp supply current (Program - CE= VIL = PGM) IpP2 

AC PROGRAMMING CHARACTERISTICS 
Tamb = 25 ± 5°C, Vee = 6.0 V ± 0.25 V, Vpp = 12.5 V ± 0.3 V (Note 1) 

Characteristic 

Address set-up time 

DE set-up time 

Data set-up time 

Address hold time 

Data hold time 

Output enable to output float delay 

Vpp set-up time 

Vee set-up time 

PGM initial program pulse width 

PGM overprogram pulse width (Note 2) 

CE set-up time 

Data valid from OE 

AC TEST CONDITIONS 

Input rise and fall times (10% to 90%) 
I nput pulse levels 
Input timing reference level 
Ouptut timing reference level 

20ns 
0.4SV to 2.4V 
O.BV and 2.0V 
O.BV and 2.0V 

Symbol 

'AS 

tOES 

tos 

tAH 

tOH 

tOF 

tvps 

tvcs 

tpw 

'OPW 

teES 

tOE 

- -
2.4 -
- -
- -

Min Typ 

2 -
2 -
2 -
0 -
2 -
0 -

2 -
2 -

0.95 1.0 

2.85 -
2 -
- -

Note1: Vee must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 

Note 2: topw is defined in flow chart. 
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0.45 

-
30 

30 

Max 

-
-
-
-
-

130 

-
-

1.05 

78.75 

-
150 

Unit 

~A 

V 

V 

V 

V 

mA 

mA 

Unit 

~s 

~s 

~s 

~s 

~s 

ns 

~s 

~s 

ms 

m. 

~s 

ns 



HIGH SPEED PROGRAMMING WAVE FORMS 

PROGRAM VERIFy-----

ADDRESSES =>< AODRESS STABLE DATA OUT VALID K 
~tAS-I> -:4 fq-- tAH 

DATA IN STABLE ~ 
High Z 

DATA OUT VALID DATA 

~tDS-I> ~ ~ t--tDFP 

" 
VPP '-I' Vpp 

Vee 
f4- tVPS--I> 

.-
Vee + 1 

Vee Vee -I'kI- ·tveS-I> 

------. 
1\ 
I*-- teES---I> 

" 

'---J 

<l-tOES~ ---i> tpw <I--

~tOE_ 

--i> topw - \ .I VIL 

1. The input timing reference level is O.BV for VIL and 2.0V for VIH. 
2. tOE and tDFP are characteristics of the device but must be accommodated by the programmer. 
3. When programming the TS27C64, a O.lIlF capacitor is required across Vpp and ground to suppress spurious voltage 

transients which can damage the device. 

TABLE 2. MODE SELECTION 

PinG CE OE 
Modo (20) (22) 

Read VIL VIL 

Output disable VIL VIH 

Standby VIH X 

High speed 
VIL VIH programming 

Program Verify VIL VIL 

Program inhibit VIH X 

Electronic 
VIL VIL signature (Note 31 

NOTES: 1 . X can be either VIL or VIH 

2· VH= 12.0V ±O.5 V 

A9 
1241 

X 

X 

X 

X 

X 

X 

VH 
Note 2 

PGM VPF ~fo~ Outpu .. 
(27) (1 (11.1315·19) 

VIH Vee Vee DOUT 

VIH Vee Vee Hi·Z 

X Vee Vee Hi·Z 

VIL Vpp Vee DIN 

VIH Vpp Vee DOUT 

X Vpp Vee Hi·Z 

VIH Vee Vee CODE 

3· All address lines at VIL except A9 and AO that is 
toggled from VrL (manufacturer code: 9B) to 
VIH (tvpe code: OBI. 
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HIGH SPEED PROGRAMMING FLOW CHART 

Program tQPW= 3.Xms 

No 
Increment ADOA 
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FUNCTIONAL DESCRIPTION 

DEVICE OPERATION 

The seven modes of operation of the TS27C64 are listed 
in Table 2. A single 5V power supply is required in the 
read mode. All inputs are TTL levels except for Vpp. 

Read Mode 

The TS27C64 has two control functions, both of which 
must be logically active in order to obtain data at the 
outputs. Chip Enable (CEI is the power control and 
should be used for device selection. Output Enable (OEI 
is the output control and should be used to gate data to 
the output pins, independent of device selection. Assu· 
ming that addresses are stable, address access time 
(tAccl is equal to the delay from CE to output (tCE I. 
Data is available at the outputs after a delay of tOE 
from the falling edge of OE, assuming that CE has been 
low and addresses have been stable for at least lACC.tOE. 

Standby Mode 

The TS27C64 has a standby mode which reduces the 
maximum power dissipation to 5.5 mW. The TS27C64 
is placed in the standby mode by applying a TTL high 
signal to the EE input. When in standby mode, the out· 
puts are in a high impedance state, independent of the 
OE input. 

Output OR· Tying 

Because EPROMs are usually used in larger memory 
arrays, we have provided two control lines which accom­
modate this multiple memory connection. The two 
control lines allow for: 
al the lowest possible memory power dissipation, and 
bl complete assurance that output bus contention will 

not occur. 

To use these control lines most efficiently, CE (pin 
201 should be decoded and used as the primary device 
selecting function, while OE (pin 221 should be made 
a common connection to all devices in the array and 
connected to the READ line from the system control 
bus. This assures that all deselected memory devices 
are in their low power standby modes and that the 
output pins are active only when data is desired from 
a particular memory device. 

Programming modes 

CAUTION: Exceeding 14V on pin 1(Vppl will damage 
the TS27C64. 

Initially, and after each erasure, all bits of the TS27C64 
are in the "1" state. Data is introduced by selectively 
programming "Os" into the desired bit locations. AI· 
though only "Os" will be programmed, both "1" and 
"Os" can be presented in the data word. The only way 
to change a "0" to a "1" is by ultraviolet light erasure. 
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The TS27C64 is in the.!!!:ogramming mode when the Vpp 
input is at 12.5 V and CE and PGM are both at TTL low. 
It is required that a 0.1 IlF capacitor be placed across 
Vpp, VCC and ground to suppress spurious voltage tran· 
sients which may damage the device. The data to be pro' 
grammed is applied B bits in parallel to the data output 
pins. The levels required for the address and data inputs 
are TTL. 

Programming of multiple TS27C64s in parallel with the 
same data can be easily accomplished due to the simpli· 
city of the programming requirements. Like inputs of 
the parallel TS27C64s may be connected together when 
they are programmed with the same data. A low level 
TTL pulse applied to the PGM input programs the paral· 
leled TS27C64s. 

• High speed programming 

The high speed programming algorithm described in 
the flow chart page 6 rapidly programs TS27C64 using 
an efficient and reliable method particularly suited to 
the production programming environment. Typical pro· 
gramming times for individual devices are on the order 
of 1 minute. 

o Program inhibit 

Programming of multiple TS27C64s in parallel with 
different data is also easily accomplished by using the 
program inhibit mode. A high level on EE or PGNI 
inputs inhibits the other TS27C64s from being pro· 
H.!:!mmed. Except for CE, all like inputs (including 
OEI of the parallel TS27C64s may be common. A 
TTL low·level pulse applied to a TS27C64 CE and 
PGM inputs with Vpp at 12.5 V will program that 
TS27C64. 

• Program verify 

A verify may be performed on the programmed bits 
to determine that they were correctly programmed. 
The verify is performed with CE and OE at V I L. PGM 
at VIH and Vpp at 12.S V. 

o Electronic signature mode 

Electronic signature mode allows the reading out of a 
binary code that will identify the EPROM manufactu· 
rer and type. 
This mode is intended for use by programn'ling equip· 
ment for the purpose of automatically matching the 
device to be programmed with its corresponding pro· 
gramming algorithm. This mode is functional in the 
2SoC ± SoC ambient temperature range that is requi· 
red when programming the TS27C64. 
To activate this mode the programming equipment 
must force 11.S V to 12.S V on address line A9 (pin 
241 of the TS27C64. Two bytes may then be sequen· 
ced from the device outputs by toggling address line 
AO (pin 10) from VI L to VIH. All other address lines 
must be held at VIL during electronic signature mode. 



ERASING 

The TS27C64 is erased by exposure to high intensity ul· 
traviolet light through the transparent window. This ex· 
posure discharges the floating gate to its initial state 
through induced photo current. It is recommended that 
the TS27C64 be kept out of direct sunlight. The UV 
content of sunlight may cause a partial erasure of some 
bits in a relatively short period of time. Direct sunlight 
can also cause temporary functional failure. Extended 
exposure to room level fluorescent lighting will also 
cause erasure. An opaque coating (paint, tape, label, 
etc.) should be placed over the package window if this 
product is to be operated under these lighting conditions. 
Covering the window also reduces ICC due to photodiode 
currents. . 
An ultraviolet source of 2537 A yielding a total integra· 
ted dosage of 15 watt·seconds/cm' is required. This 

will erase the part in approximately 15 to 20 minutes 
if a UV lamp with a 12,000 p.W/cm' power rating is 
used. The TS27C64 to be erased should be placed 1 inch 
from the lamp and no filters should be used. 

An erasure system should be calibrated periodically. The 
distance from lamp to unit should be maintained at 1 
inch. The erasure time is increased by the square of the 
distance (if the distance is doubled the erasure time 
goes up by a factor of 4). Lamps lose intensity as they 
age. When a lamp is changed, the distance is changed, or 
the lamp is aged, the system should be checked to make 
certain full erasure is occuring. Incomplete erasure 
will cause symptoms that can be misleading. Program· 
mers, components, and system designs have been erro­
neously suspected when incomplete erasure was the 
basic problem. 

PHYSICAL DIMENSIONS inches (millimeters) 

~ 
(O.N5) . 
. HAD 

1.500 

138.101 
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, " ; i~ --~~----- 262,144-BIT (32,768 x 8) CMOS UV ERASABLE'PROM 

ADVANCE INFORMATION 

The tS27C256 is a high speed 256K UV erasable and electrically reprogram· 
mabie EPROM ideally suited for applications where fast turn·around and 
pattern experimentation are important requirements. 
The TS27C256 is packaged in a 28'pin dual·in·line package with transpa· 
rent lid. The t"insparent lid allows the user to expose the chip to ultra· 
violet light to erase the bit pattern, A new pattern can then be written 
into the device by following the programming procedure. 

• Fast access time - 150 ns, 200 ns, 250 ns, 300 ns 
• Compatilile tol\igh speed microprocessors zero wait state 
• 28'pin JEDEC approved pin·out 
.. Low' power consumption: active 40 mA (max.) 

standby 1 rnA (max,) 
• Programming voltage: 12.5 V 
• High speed programming 
• Electronic signature. 
• Will be proposed in plastic packages (OTP) 

TABLE 1 - ORDERING INFORMATION 

PART NUMBER 'ACC Insl teE Ins) "OE In" Vee· 

TS27C256·15 150 150 75 5V± 10% 

TS27C256-20 200 200 75 5V ± 10 % 

TS27C256,25 250 250 100 5V ± 10% 

TS27C256·30 300 300 120 5V ± 10% 

Operating temperature range 
O°C to + 70°C (Ca suffix),-40oC to + 85°C (Va suffix) 

AO·At4 
ADDRESS' 
INPUTS 

BLOCK DIAGRAM 

2&2.144 BITS 
CELL MATRIX 
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'MEMORY COMPON~NT1S~~ 
, ... • 'J "~; ..... ':r~/J<!"' ~,~~ 

CMOS 

262,144 BIT 
(32,768 x 81 

UV ERASABLE PROM 

aSUFFIX 
CERCIP PACKAGE 

PIN ASSIGNMENT 

Vpp vee 
A12 A14 

A7 A1J 

A6 A8 

AS A9 

A4 All 

AJ De 
A2 Al0 

Al CE 
AO 07 

00 06 

01 05 

02 04 

GND OJ 

PIN NAMES 

A().At4 Add,ess 

CE Chip Enable 

OE Output Enable 

00,07 Oulpuls 



MAXIMUM RATINGS (Note 1) 

Rating Symbol Value Unit 

Operating temperature range Tamb TL toTH DC 

TS27C256CQ -10 to +80 
TS27C256VQ -40 to +85 

Storage temperature range Tstg -65 to + 125 DC 

Supply voltage Vpp' -0.6 to + 14 V 

'nput voltage A9 Vin- -0.6 to + 13.5 V 
Except VPP. A9 -0.6 to + 6.25 

Max pOMr dissipation Po 1.5 W 

Lead temperature + 300 DC 

(Soldering: 10 seconds) 

• With respect to VSS 

Notel: "Maximum ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating tern· 
perature range" they aro not meant to imply that the devices should be operated at these limits. The table of "Electrical charac­
teristics" provides conditions for actual device operation. 

READ OPERATION (Note 21 

DC CHARACTERISTICS 
Tamb = TL to TH. Vee = 5 V ± 10 %. Vss = 0 V (Unless otherwise specified; 

Characteristic 

Input load current IVi""' Vee or GNO) 

Ouput leakage current tVout = Vee or VSS. eE- VIH' 

Vpp read voltage 

Input low voltage 

Input high voltage (Note 2) 

Output low voltage 
IOL" 2.1 mA 
IOL~ 0 ~A 

Output high voltage 
IOH" -400 "A 
IOH" OllA 

~~ ~!~I~~t:~~~~!B~:~To~\,lle~~~s~ 5 MHz. 1/0- 0 mA 

Vee supply standby current 

CE =VIH. DE = Inputs = VIH or VIL 
Ce =VCC - 0.1 V. DE = Input'=VCC - 0.1 V Or VSS. 0.1 V 

Vpp read current (Vpp- VCC- 5.25 VI 

AC CHARACTERISTICS (Notes 3, 4, 51 
Tamb = TL to TH 

Characteriltic 

Addre .. to output deley ICE- OE-VILI 

CE to output deley (QE-VILI 

Output enable to output delay (CE- VILI 

Output enable high 10 OUlpUI floal 

lCE-VILI 

Output hold from addresses. CE or DE 
whlchevor occured first ICE- oeoVILI 

Symbol Min 

tACC -
teE -
tOE -

IOF INole41 0 

tOH 0 
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Symbol Min Typ 
INote21 

ILl - -
ILO - -
Vpp VCC -0.7 -
VIL -0.1 -
VIH 2.0 

VOL - -
- -

VOH 
2.4 -

VCC - 0.1 -
ICC2 - 10 

ICCSBI - 0.5 
ICCSB2 - 1 

IpPl - -

Maximum value, 

TS27C256 TS27C256 TS27C256 
·15 ·20 ·25 

150 200 250 

150 200 250 

75 75 100 

60 66 60 

- - -

Max Unit 

10 ~A 

10 ~A 

VCC V 
0.8 V 

VCC+l V 

V 
0.45 
0.1 

V --
40 mA 

1 mA 
10 ~A 

10 ~A 

Unit 
TS27C256 

·30 

300 ns 

300 ns 

120 n. 

75 ns 

- n. 



CAPACITANCE (Note 5) 
Tamb~' 25° C, f = 1 MHz 

Characteristic 

Input capacitance IVin'" OV) 

Output capacitance IVout = 0 VI 

Note 2; Typical conditions are for operation at: Tamb ~.+ 25°C, VCC = 5 V, Vpp = VCC, and VSS = a V 

Note 3 : VCC must be applied at the same time or before Vpp and removed after or at the same time as Vpp 
Vpp may be connected to VCC except during program. 

Note 4 : The tOF compare level is determined as follows: 
High to THREE-STATE, the measured VOH(DC) - a_lV 
Low to THREE-STATE the measured VOUDC) + a_lV. 

Note 5: Capacitance is guaranteed by periodic testing_ Tamb ~ + 25°C, f = 1 MHz. 

AC TEST CONDITIONS (Figure 1,2) FIGURE 1 - OUTPUT LOAD CIRCUIT 

Output Load 1.3 V 

Input Rise and Fall Times 
Input Pulse Levels 

1 TIL Gate and CL ~ 100 pF 
$20 ns 

0.45V to 2.4V 
lN914 

Timing Measurement Reference Level 

Inputs, Outputs O.BV and 2V 

FIGURE 2 - AC TESTING INPUT/OUTPUT WAVEFORM 

3.3 kn 

~+-_OOUT 

CL=100pF 

I (I neludes fig 
capacitance) 

? 

2.4V ____ ~ 

0.45 V ____ -'X'_: ___ T_e~_;:_~_~_in_ts __ =~x'_ ___ _ 
AC testing inputs are driven at 2.4 V for a logic "1" and 0.45 V for a logic "0". 
Timing measurements are made at 2.0 V for a logic" 1" and Q.8V for a logic "0". 

AC WAVEFORMS (READ MODE) 

OE 

ml---·~---+~It!PPtlHI.Z 
OUTPUT --+---""\!ttt!iG~ .~--:~::::"'4....;'I~-
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HIGH SPEED PROGRAMMING CHARACTERISTICS 

DC PROGRAMMING CHARACTERISTICS 
Tamb = 25 ± 5°C, Vee = 6.0 V ± 0.25 V, VPP = 12.5 V ± 0.3 V (Note 1) 

Characteristic Symbol Min Typ Max 

I nput current (all inputs· VI= VIL or VIH) II - - 10 

Input low level (all inputs) VIL -0.1 - 0.8 

Input high level VIH 2.0 - Vee + 1 

Output low voltage during verify (lOL = 2.1 rnA) VOL 

Output high voltage during verify ( IOH =- 400 ",AI VOH 

Vee supply current (Program & Verify) lee3 

Vpp supply current (Program, CE= VILI 'pP2 

AC PROGRAMMING CHARACTERISTICS 
Tamb = 25 ± 5°C, Vee = 6.0 V ± 0.25 V, Vpp = 12.5 V ± 0.3 V (Note 1) 

Characteristic 

Address set-up time 

DE set-up time 

Data set-up time 

Address hold time 

Data hold time 

Output enable to output float delay 

Vpp set-up time 

Vee set-up time 

CE initial program pulse width 

CE overprogram pulse width (Note 2) 

Data valid from oe 

AC TEST CONDITIONS 

I nput rise and fall times (10% to 90%) 
I nput pulse levels 
I nput timing reference level 
Ouptut timing reference level 

20ns 
0.45V to 2.4V 
O.BV and 2.0V 
O.BV and 2.0V 

Symbol 

tAS 

tOES 

'OS 

tAH 

tOH 

tOF 

tvps 

tves 

tpw 

topw 

tOE 

- -
2.4 -
- -
- -

Min Typ 

2 -
2 -

2 -
0 -
2 -
0 -
2 -
2 -

0.95 1.0 

2.85 -
- -

Notel: Vee must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 

Note 2: topw is defined in flow chart. 
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0.45 

-
40 

30 

Max 

-

-
-
-
-

130 

-
-

1.05 

78.75 

150 

Unit 

~A 

V 

V 

V 

V 

mA 

mA 

Unit 

~S 

!.IS 

!.IS 

!.IS 

!.IS 

ns 

!.IS 

!.I' 

ms 

m. 

ns 



HIGH SPEED PROGRAMMING WAVE FORMS 

.----... ---- PHOGRAM .. - .- ... 
~!4 - VERIFY -_._-_ .... _-

ADDrlESSES ==>< ADDRESS STABLE DATA OUT VALID ~ 
f4-- t AS --l> -=1 r.--- tAH 

DATA 
) 

DATA IN STABLE ~ 
HIgh l 

"\ DATA OUT VALID 

i<r-tDS --l> ~ ~ f---- tDFP 

Vpp 
'~ 

~tvPS-;' 

VPP 

Vee 

Vee'" 1 

Vee Vee ~~ tves-+ 

V,H 

CE J 
V,L 

V,H 

DE 

Jt.---.J 

<l- toEs1 ---i> tpw f4-
~tOE __ 

~ topw j<I--- ~ ,,/ 
1. The input timing reference level is O.BV for V,L and 2.0V for V,H. 
2. tOE and tDFP are characteristics of the device but must be accommodated by the programmer. 
3. When programming the TS27C256. a 0.1 /1F capacitor is required across Vpp and ground to suppress spurious 

voltage transients which can damage the device. 

TABLE 2. MODE SELECTION 

Pin. CE OE 
Modo (20) (22) 

Read V,L V,L 

Output disable VIL VIH 

Standby VIH X 

High speed VIL V,H programming 

Program Verify VIH VIL 

Program inhibit V,H V,H 

Electronic V,L VIL signature (Note 31 

NOTES: 1 - X can be either VIL or VIH 

2· VH' t 2.0 V ± 0.5 V 

A9 Vpp rfo~ Output. 
1241 (1) (11-1315-19) 

--
X Vce Vee DOUT 

X Vee Vee Hi-Z 
--

X Vee Vee Hi-Z 

X Vpp Vee DIN 
--

X Vpp Vee DOUT 

X Vpp Vee Hi-Z 

VH Vee Vee CODE 
Note 2 

3 - All address lines at V I L except A9 and AO that is 
toggled from VIL (manufacturer code: 98) to 
V,H 'type code: 041 
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HIGH SPEED PROGRAMMING FLOW CHART 

Fail 

No 
Increment ADDR 

Program tpw'" 1 ms±5% 

Verify one 
byte 

Pass 

Program tQPW'" 3.Xms 

Last AODR? 
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Ves 

Ves 
Verify 
byte 

Pass 

Fail Device 

failed 

Fail Device 
failed 



FUNCTIONAL DESCRIPTION 

DEVICE OPERATION 

The seven modes of operation of the TS27C256 are listed 
in Table 2. A single 5V power supply is required in the 
read mode. All inputs are TTL levels except for Vpp. 

Read Mode 

The TS27C256 has two control functions, both of which 
must be logically active in order to obtain data at the 
outputs. Chip Enable (CE) is the power control and 
should be used for device selection. Output Enable (OE) 
is the output control and should be used to gate data to 
the output pins, independent of device selection. Assu­
ming that addresses are stable, address access time 
(tACC) is equal to the delay from CE to output (tCE). 
Data is available at the outputs after a delay of tOE 
from the falling edge of OE, assuming that CE has been 
low and addresses have been stable for at least lACC· tOE: 

Standby Mode 

The TS27C256 has a standby mode which reduces the 
maximum power dissipation to 5.25 mW. TheTS27C256 
is placed in the standby mode by applying a TTL high 
signal to the CE input. When in standby mode, the out· 
puts are in a high impedance state, independent of the 
OE input. 

Output OR-Tying 

Because EPROMs are usually used in larger memory 
arrays, we have provided two control lines which accom­
modate this multiple memory connection. The two 
control lines allow for: 
a) the lowest possible memory power dissipation, and 
b) complete assurance that output bus contention will 

not occur. 

To use these control lines most efficiently, CE (pin 
20) should be decoded and used as the primary device 
selecting function, while OE (pin 22) should be made 
a common connection to all devices in the array and 
connected to the READ line from the system control 
bus. This assures that all deselected memory devices 
are in their low power standby modes and that the 
output pins are active only when data is desired from 
a particular memory device. 

Programming modes 

CAUTION: Exceeding 14V on pin 1 (Vpp) will damage 
the TS27C256. 

Initialy, and after each erasure, all bits of the TS27C256 
are in the "1" state. Data is introduced by selectively 
programming "Os" into the desired bit locations. AI· 
though only "Os" will be programmed, both "1" and 
"Os" can be presented in the data word. The only way 
to change a "0" to a "1" is by ultraviolet light erasure. 

2·37 

The TS27C256 is in the programming mode when the 
Vpp input is at 12.5 V and CE is at TTL low. It is 
required that a 0.1 pF capacitor be placed across Vpp, 
VCC and ground to suppress spurious voltage transients 
which may damage the device. The data to be program­
med is applied B bits in parallel to the data output pins. 
The levels required for the address and data inputs are 
TTL. 

Programming of multiple TS27C256s in parallel with the 
same data can be easily accomplished due to the simpli· 
city of the programming requirements. Like inputs of 
the paralleled TS27C256s may be connected together 
when they are programmed with the same data. A low 
level TTL pulse applied to the CE input programs the 
paralleled TS27C256s. 

o High speed programming 

The high speed programming algorithm described in 
the flow chart page 3 rapidly programs TS27C256 
using an efficient and reliable method particularly 
suited to the production programming environment. 
Typical programming times for individual devices are 
on the order of 5 minutes. 

o Program inhibit 

Programming of multiple TS27C256s in parallel with 
different data is also easily accomplised by using the 
program inhibit mode. A high level on CE input inhi· 
bits the other TS27C256s from being programmed. 
Except for CE, all like inputs (including OE) of the 
parallel TS27C256s may be common. A TTL low level 
pulse applied to a TS27C256 CE input with Vpp at 
12.5 V will program that TS27C256. 

• Program verify 

A verify may be performed on the programmed bits 
to determine that they were correctly programmed. 
The verify is performed with OE at VIL CE at VIH 
and Vpp at 12.5 V. 

o Electronic signature mode 

Electronic signature mode allows the reading out of a 
binary code that will identify the EPROMs manufac· 
turer and type. 
This mode is intended for use by programming equip· 
ment for the purpose of automatically matching the 
device to be programmed with its corresponding pro' 

. gramming algorithm. This mode is functional in the 
25°C ± 5°C ambient temperature range that is requi· 
red when programming the TS27C256. To activate 
this made the programming equipment must force 
11.5 V to 12.5 V on address line A9 (pin 24) of the 
TS27C256. Two bytes may then be sequenced from 
the device outputs by toggling address line AO (Pin 10) 
from VIL to VIH. All other address lines must be 
held at VIL during electronic signatule mode. 



ERASING 

The TS27C256 is erased by exposure to high intensity ul­
traviolet light through the transparent window. This ex· 
posure discharges the floating gate to its initial state 
through induced photo current. It is recommended that 
the TS27C256 be kept out of direct sunlight. The UV 
content of sunlight may cause a partial erasure of some 
bits in a relatively short period of time. Direct sunlight 
can also cause temporary functional failure. Extended 
exposure to room level fluorescent lighting will also 
cause erasure. An opaque coating (paint, tape, label, 
etc.) should be placed over the package window if this 
product is to be operated under these lightingconditions. 
Covering the window also reduces ICC due to photodiode 
currents. 

An ultraviolet source of 2537A yielding a total integra­
ted dosage of 15 watt-seconds/cm 2 is required. This 

will erase the part in approximately 15 to 20 minutes 
if a UV lamp with a 12,000 p.W/cm 2 power rating is 
used. The TS27C256 to be erased should be placed 1 inch 
from the lamp and no filters should be used. 

An erasure system should be calibrated periodically. The 
distance from lamp to unit should be maintained at 1 
inch. The erasure time is increased by the square of the 
distance (if the distance is doubled the eraSUre time 
goes up by a factor of 4). Lamps lose intensity as they 
age. When a lamp is changed, the distance is changed, or 
the lamp is aged, the system should be checked to make 
certain full erasure is occuring. Incomplete erasure 
will cause symptoms that can be misleading. Program­
mers, components, and system designs have been erro­
neously suspected when incomplete erasure was the 
basic problem. 

PHYSICAL DIMENSIONS inches (millimeters) 

~ 
(0.635) 

" RAU 

~ 
f-------c~::-------! 01>2401 
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0280' 0010 -cD 
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Ic O.:i90·0.620 --I1~O:)(4) ~ 15080) 

114.986· 157481::::t+ ] MAX 0020-0070 

rl II ~ ~~~~~~=Fl-]- ;o;oe;rn, I · 0008· 0.012 I -L .. 
+ 0.025 10203· 0305) 

I 0885 _ 0 060 _--I 
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These speCifications are subject to change without notice. 
Please inquire with our sales offices about the availability of the different packages. 
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r;'~'~~', ,'", "t., .'.' " " 131!012'x 8 8Fr CMOS UV OR ONE TIME EPROM 

PRODUCT PREVIEW 

The TS27C1001 is a high speed 1 Mbit UV erasable and electri­
cally reprogra'mmable EPROM ideally suited for 8 bits micropro­
cessors systems requiring large programs. 

- 8 bits outputs: 
o CEROIP 32 pins package with window also proposed in plas­

tic package (one time programmable). 
o 32 pins OIL (600 MILS). 

- Fast access time 150 ns. 
Low power "CMOS" consumption 50 mA (max.). 

- Programmiog voltage 12.5 V, 
Electronic signature for automated programming, 
Programming times in the 30 seconds range. 

- Easy to implement on all existing 8 bits systems to expand the 
software or on new sophisticated. Large and very fast systems. 
Upgrade capability up to 8 Mbits, 

BLOCI( DIAGRAM 

1m OUTPUT ENABLE 

IiG!;l PROGRAMMING LOGIC 

CE CHIP ENABLE 

Ao- Al0 
ADDRE 

INPUTS 

Y DECODER 

X DECODER 

DATA OUTPUTS 00.07 

tmTl 
OUTPUT BUFFERS 

YGATING 

, 048.576 BITS 

CELLS MATRIX 
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CMOS 
131.072 x 8 BITS 

UV OR ONE TIME 
EPROM 

a (CERDIP WITH WINDOW) 

Vpp 
A16 
A15 
A12 

A7 
A6 
A5 
A4 
A3 
A2 
Al 
AO 
00 
01 
02 

GND 

PIN ASSIGNMENT 

Vee 
PGM 
He 
.A14 
.AU 
.A8 
A9 
All 
OE 
A10 
CE 
07 
06 
05 
04 
03 



ORDERING INFORMATION 

Part number tAcc(ns) tCE (ns) tOE (nl) VCC 

TS27Cl00l • 12 120 120 65 5V± 10% 

TS27Cl00l ·15 150 150 75 5V± 10% 

TS27Cl00l ·20 200 200 75 5V± 10% 

TS27Cl001 ·25 250 250 100 5V± 10% 

Operating Temperature Range 

()<>C to + 70'C (C suffix) - 4()<>C to + 85'C (V suffix) 

These specifications are subject to change without notice. 
Please inquire with our sales offices about the availability of the different packages. 
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TS27 C 1024(0)-12/15/20/25 

65.536 x 16 BIT CMOS UV OR ONE TIME EPROM 

PRODUCT PREVIEW 

The TS27C1024 is a high speed 1 Mbit UV erasable and electri­
cally reprogrammable EPROM ideally suited for 16 bits or 32 bits 
microprocessors systems. 

- 16 bits outputs: 
• CEROIP 40 pins package with window also proposed in plas­

tic package (one time programmable), 
o 40 pins OIL (600 MILS), 
• 44 pins plastic leaded chip carrier. 

- Fast access time 150 ns. 
Low power "CMOS" consumption 50 mA (max.). 

- Programming voltage 12.5 V. 
Electronic signature for automated programming. 
Programming times in the 30 seconds range. 

- Easy layout of the components on printed circuit upgrade capa­
bility up to 4 Mbits. 

VccO--O­
GNDO---­

Vpp 0----

BLOCK DIAGRAM 

OUTPUT ENABLE 

PROGRAMMING LOGIC 

CHIP ENABLE 

Y DECODER 

X DECODER 

OUTPUT BUFFERS 

YGATING 

1 048,576 BITS 

CELLS MATRIX 
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MEMORY COMPONENTS 

CMOS 
65,536 )( 16 BITS 

UV OR ONE TIME 
EPROM 

a (CERDIP WITH WINDOW) 

00. 
00 .. 
00. 
00, 

00, 

'a 
IC 

00, 
00, 

00, 

00, 

PIN ASSIGNMENT 

888!!l!l!l~..«<· 

00. 
00. 
00, 
00, 

00, 

'CI! 

NO .. , 
A. 

A" 

A" 
Au -. 
Va .. 
A, .. .. .. .. .. -, .. 

A .. 

A" 
A .. 

A. .. 
'a 
NO .. 
A, .. .. 



ORDERING INFORMATION 

Pert number tAcclna) tee Ina) toe Ina) VCC 

TS27Cl024 - 12 120 120 66 6V±10% 

TS27Cl024 - 16 150 150 75 5V± 10% 

TS27Cl024 - 20 200 200 75 5V± 10% 

TS27Cl024 - 25 250 250 100 5V±10% 

Operating Tempereture Renge 

()<>C 10 + 7()<>C IC sufflx)- 4()<>C 10 + 850C IV suffix) 

These specifications are subject to change without notice. 
Please inquire with our sales offices about the 8"ailabilitv of the different packages. 
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PRODUCT PREVIEW 

Main features: 

Highly reliable CMOS floating gate technology. 
Single 5-volt supply. 
Eight pin package. 
64 x 16 or 128 x 8 user selectable serial memory. 
Compatible with General Instrument GI 5911. 
Self timed programming cycle. 
Word and chip erasable. 
Operating Range OOC to 700C. 
10,000 erase/write cycles. 
Ten year data retention. 
Power-on data' protection. 

BLOCI( DIAGRAM 
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" " V'~ 

'" 
1S59& l1H~~Cl/,;, 

11( BIT SERIAL EEPROM 

PSUFFIX 

PLASTIC PACKAGE 

CERAMIC PACKAGE 

PIN ASSIGNMENT 

'-" 
est 8 J (+SV) Vec 01 

ClKC 2 7J ROY 1m 

OIC j 6JORG 

DOC 4 ~ JG'<D 

PIN NAMES 

CS Chip Select 

ClK Clock Input 

01 Serial Data Input 

DO Serial Data Input 

ORG Organization Input 

R/B Ready/Busy Output 

VCC + 5 V Power Supply 

GND Ground 



NOTES 
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PRODUCT PREVIEW 

Main features: 

Highly reliable CMOS floating gate technology. 
Single 5-volt supply. 
Eight pin package. 
64 x 16 or 128 x 8 user selectable serial memory. 
Compatible with National Semiconducteurs NMC 9346. 
Self timed programming cycle. 
Word and chip erasable. . 
Operating Range ODC to 70DC. 
10,000 erase/write cycles. 
Ten year data retention. 
Power-on data protection. 

DI 

col---01 

t.:aIOlIY 
NlMV 
12010 

«04a10 

BLOCI( DIAGRAM 

L~~_J-------------IlDV/iiU3Y 
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1 K BIT SERIAL EEPROM 

PSUFFIX 
PLASTIC PACKAGE 

CERAMIC PACKAGE 

PIN ASSIGNMENT 

'0' III I r tIC 

DI J • .,~r; 

DO. 5 10lIO 

PIN NAMES 

CS Chip Select 

SK Clock Input 

01 Serial Data Input 

DO Serial Data Output 

ORG Organization Input 

VCC + 5 V Power Supply 

GND Ground 

NC No Connect 



NOTES 

2·46 



- < 

TS28,C16,A(P,C) 

16,384-BIT (2K x ~) CMOS ELEC1RICALL Y ERASABLE PROM , 

I 
MEMORY COMPONENTS 

, ~" , ...... ",,-, l' ,< , ~ 

PRODUCT PREVIEW 

DESCRIPTION 

The TS28C16A is a fast, low power, 5 V only CMOS EEPROM 
requiring a simple interface for in-system programming. 

On-chip address and data latches, self-timed' write cycle with 
auto-erase and VCC power up/down write protection eliminate 
additional timing and protection hardware. Data polling is provided 
to allow the user to minimize write cycle time. 

The TS28C16A is fabricated in reliable floating gate CMOS tech­
nology. It is designed for up to 10,000 write cycles and 10 years 
data retention_ 

Main features: 

- Very fast access time 150 ns maximum. 

- Low CMOS power: 
• active 25 mA maximum, 
o standby: 100 pA maximum. 

- 5 V only operation. 

- Simple write operation: 
o on-chip address and data latches, 
• self-timed write cycle with auto-erase, 
• power up/down write protection. 

- Fast write cycle time 5 ms max. byte write. 

- Reliable floating-gate CMOS technology. 

- Operating Range: COC to 7COC. 

BLOCK DIAGRAM 

.... "\. 
INPUTS 
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CMOS 
16.384-BIT (2K x 8) 

ELECTRICALLY 

ERASABLE PROM 

P SUFFIX 
PLASTIC PACKAGE 

CERAMIC PACKAGE 

PIN NAMES 

_ .. InpulII 

Dam InputIOutput 
wrtto En<bIo 
ChIp ElIIlbIo 
OutputEnablo 
+5V 
Ground 

PIN ASSIGNMENT 
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TS28C 17 A(P,C) 

16.384·BIT (2K x 8) CMOS ELECTRICALLY ERASABLE PROM 

PRODUCT PREVIEW 

DESCRIPTION 

The TS28C17A is a fast. low power. 5 V only CMOS EEPROM 
requiring a simple interface for in·system programming. 

On-chip address and data latches. self-timed write cycle with 
auto-erase and VCC power up/down write protection eliminate 
additional timing and protection hardware. Ready/Busy output 
indicates status of chip to the microprocessor. Data polling is 
provided to allow the user to minimize write cycle time. 

The TS28C17A is fabricated in reliable floating gate CMOS tech­
nology.lt is designed for up to 10.000 write cycles and 10 years 
data retention. 

Main features: 

- Very fast access time 150 ns maximum. 

- Low CMOS power: 
• active 25 mA maximum. 
o standby: 100 pA maximum. 

- 5 V only operation. 

- Simple write operation: 
• on-chip address and data latches. 
• self-timed write cycle with auto-erase. 
• power up/down write protection. 

- Ready/Busy open drain status output. 

- Fast write cycle time 5 ms max. byte write. 

- Reliable floating-gate CMOS technology. 

- Operating Range: OOC to 700C. 

BLOCK DIAGR,..A_M ___ .... 

I 
BUFFERS ,1.3 .... 111' 
LAte"" II PROtI 

AND ARMY 
DECO"" 
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MEMORY COMPONENTS 

CMOS 

16.384-8IT 12K x 8) 

ELECTRICALLY 

ERASABLE PROM 

P SUFFI)( 
PLASTIC PACKAGE 

CERAMIC PACKAGE 

PIN NAMES 

AO·AlO Addresses 
1/00. 1/0 9 Data Inputs/Outputs 
CE Chip Enable 
OE Output Enable 
WE Write Enable 
ROY/BUSY Device Ready/Busy 
NC No Connect 

PIN ASSIGNMENT 

=:1-' U "1-", 
oc- • 1ft-a 
If- » "I-" 
11- • "I-" 
1>- • ,a~ ... .. -. nl-" 
AJ- , nl-" 
AI- • ,,1-111 
11- • "1- 11 
AI-II "~II/OJ 

11'''_ n 'If-"III 
1,/0.-1, uf-II'o. 
,,'c.-II ,,~,,/o. 

DID-II lI~I:I/DJ 
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PRODUCT PREVIEW 

DESCRIPTION 

The TS2BC64 is a fast, low power, 5 V only CMOS EEPROM 
requiring a simple interface for in-system programming. 

On-chip address and data latches, self-timed write cycle with 
auto-erase and VCC power up/down write protection eliminate 
additional timing and protection hardware. Ready/Busy output 
indicates status of chip to the microprocessor. Data polling is 
provided to allow the user to minimize write cycle time. 

The TS28C64 is fabricated in reliable floating gate CMOS technol­
ogy. It is designed for up to 10,000 write cycles and 10 years data 
retention. 

Main featureo: 

- Very fast access time 150 ns maximum. 

- Low CMOS power: 
o active 25 mA maximum, 
o standby: 100 pA maximum. 

- 5 V only operation. 

- Simple write operation: 
o on-chip address and data latches, 
o self-timed write cycle with auto-erase, 
o power up/down write protection. 

- Ready/Busy open drain status output. 

- Fast write cycle time 5 ms max. byte write. 

- Reliable floating-gate CMOS technology. 

- Operating Range: OOC to 700C. 

BLOC!( DIAGRAM 

".A,• 
ADDRESS 
INPUTS 

, 
DUfFEAS 
LArcHES 

AN. 
DECODER 

.-------, 

65.536·BIT 
(I PRO'" 
ARRAY 

2-51 

CMOS 

65,536-BIT (SI< x S) 

ELECTRICALLY 

ERASABLE PROM 

P SUFFI)( 
PLASTIC PACKAGE 

CERAMIC PACKAGE 

PIN NAMES 

AO·A12 
1/00- 1/0 9 
CE 

Addresses 
Data Inputs/Outputs 
Chip Enable 

OE 
WE 
ROY/BUSY 
NC 

Output Enable 
Write Enable 
Device Ready/Busy 
No Connect 

PIN ASSIGNMENT 
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. 

TS27C64P·15/20/25/30 

65.536-BIT (8192 x 8) CMOS ONE TIME PROGRAMMABLE-ROM I 

, MEMORY COMPONENTS 
j , ~. 

• "" ",j 

ADVANCE INFORMATION 

The TS27C64P is a high speed 64K bits one time electrically programmable 
ROM ideally suited for applications where fust turn·around is an important 
requirement. 

The TS27C64P is packaged in a 2B'pin dual·in·line plastic package and 
therefore can not be re·written. Programming is performed according to 
standard THOMSON SEMICONDUCTEURS 64K EPROM procedure. 

o Compatible to standard TS27C64 (electrical parameters) 
o Programming voltage 12.5 V 
o High speed programming 
o 2B·pin JEDEC approved pin·out 
o Ideal for automatic insertion 
o Also proposed in PLCC (32 pins JEDEC standard) 

TABLE 1: ORDERING INFORMATION 

PART NUMBER tACC (ns) tCE (ns) tOE (ns) VCC 

TS27C64P-15 150 150 75 5V ± 10% 

TS27C64P-20 200 200 80 5V ± 10% 

TS27C64P-25 250 250 100 5V ± 10% 

TS27C64P-30 300 300 120 5V ± 10% 

Operating temperature range 
O°C to+ 70°C (CP suffix). - 40°C to+ B5°C (VP suffix) 

- 40°C to 105°C (TP suffix) 

AO·A12 
ADDRESS 
INPUTS 

BLOCK DIAGRAM 

YGATING 

65.536 BIT 
CELL MATRIX 
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CMOS 
65.536-BIT 
(8192 X 8) 

ONE TIME PROGRAMMABLE -ROM 

PSUFFIX 
PLASTIC PACKAGE 

PIN ASSIGNMENT 

vPP VCC 

A12 PGM 

A7 NC 

A6 AS 

A5 A9 

A4 All 

A3 OE 

A2 AID 

Al CE 
AO 07 

00 06 

01 05 

02 04 

GND 03 

PIN NAMES 

AO·A12 Address 

CE Chip Enable 

OE Outpul Enable 

00·07 Outputs 

PGM Program 

NC Non Connected 



MAXIMUM RATINGS (Note 1) 

Rating Symbol Value Unit 

Operating temperature range Tamb TL to TH °e 
TS27C64CP o ro+ 70 
TS27C64VP - 40 to+ 85 
TS27C64TP - 40 to+ 105 

Storage temperature range Tstg --S5 to + 125 °e 

Supply voltage Vpp· -0.6 to + 14 V 

Input voltage A9 Vjn- -0.6 to + 13.5 V 
Except)!p.P. A9 -0.6 to + 6.25 

Max povwr dissipation Po 1.5 W 

Lead temperature +300 °c 
(Soldering: 10 seconds) 

• With respect to Vss 

Note 1 : "Maximum ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating tem­
perature range" they are not meant to implv that the devices should be operated at these limits. The table of "Electrical charac­
teristics" provides ~onditio"s for actual device operation. 

READ OPERATION (Note 2) 

DC CHARACTERISTICS 
T amb = TL to TH, Vce = 5 V ± 10 %, VSS = 0 V (Unless otherwise specified) 

Characteristic 

Input load current (Vin= Vee or GNO) 

Ouput leakage current (Vout = Vee or VSS. ce= VIH) 

Vpp read voltage 

Input low voltage 

Input high voltage INote 2) 

Output low voltage 
IOL'2.1 mA 
IOL"O"A 

Output high voltage 
IOH' -400 "A 
IOH' OpA 

~~Ot!'~I~~t:~~~~:~e~:~To~'vlt~~~s2 5 MHz, 1/0= a mA 

Vec supply standby current 
CE,VIH 
cr.VCC 

Vpp read current IVpp= Vee= 5.5 V) 

AC CHARACTERISTICS (Notes 3, 4, 5) 
Tamb = TL to TH 

Characteristic 

Address to output delay Ice .. De .. VIL) 

eE to output delay IOE"VIL) 

Output enable to output delay (Ce .. VIL) 

Output enable high to output float 

lCE=VILI 

Output hold from addresses, ce or OE 

whichever occured first (EE .. Oe=VIL) 

Symbol 

tACC 

teE 

tOE 

'OF INote41 

tOH 

Min 

-
-
-
0 

0 

2-54 

Symbol Min Typ 
INot.21 

ILl - -
ILO -
Vpp VCC -0.7 -
VIL -0.1 -
VIH 2.0 -
VOL 

- -
- -

VOH 
2.4 -

Vce - 0.1 -
Ice2 - 10 

ICCSBl - 0.5 
ICCSB2 - 10 

IpPl - -

MlDCimum values 

TS27C64 TS27C64 TS27C64 TS27C64 
-15 -20 ·25 ·30 

150 200 250 300 

150 200 250 300 

75 80 100 120 

50 50 60 lOS 

- - - -

Max Unit 

10 "A 
10 "A 

VCC V 

0.8 V 

VCC+ 1 V 

V 
0.45 

0.1 

V 
-
-
30 mA 

1 mA 
100 "A 
100 pA 

Unit 

ns 

ns 

ns 

ns 

ns 



CAPACITANCE (Note 51 
Tamb =+ 25° e, f = 1 MHz 

Charactoristic 

Input capacitance IVin" OV) 

Output capacitance (Vout = 0 V~ 

Note 2: Typical conditions are for operation at: Tamb =+ 25°C, VCC = 5 V, Vpp = VCC, and Vss = a V 

Note 3 : VCC must be applied at the same time or before Vpp and removed after or at the same time as Vpp 
Vpp may be connected to Vce except during program. 

Note 4 : The tOF compare level is determined as follows: 
High to THREE-5TATE, the measured VOH(OCI - a.1V 
Low to THREE-5TATE the measured VOL(OCI + a.1V. 

Note 5: Capacitance is guaranteed by periodic testing. T amb =+ 25° C, f = 1 MHz 

AC TEST CONDITIONS (Figure 1,21 FIGURE 1 - OUTPUT LOAD CIRCUIT 

Output Load 1.3 V 

Input Rise and Fall Times 
Input Pulse Levels 

1 TIL Gate andCL",100pF 
s20 ns 

O.4SV to 2.4V 
lN914 

Timing Measuremenl Reference Level 

Inputs, Outputs O.BV and 2V 

FIGURE 2 - AC TESTING INPUT/OUTPUT WAVEFORM 

3.3 kn 

1-+--0 OUT 

CL-l00pF 

&(1 nclucbs fiD 
cDpDcitanco) .-

2.4 V ---..... r-------.. r---

0.45 V ___ ....JX= To~:itnts =X'--__ _ 
AC tosting inputs oro drivon at 2.4 V for II 100ic "1" and 0.45 V for a logic "0", 
Timing moasuromonts aro macb Dt 2.0 V for a 100ic "'" and O.aV for 0 IOQie "0". 

AC WAVEFORr.1S (READ MODE) 

HI·! 
OUTPUT =={===<: 

~~~====I~===F~ 
-tAce 
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HIGH SPEED PROGRAMMING CHARACTERISTICS 

DC PROGRAMMING CHARACTERISTICS 
Tamb = 25 ± 5°C, Vee = 6.0 V ± 0.25 V, Vpp = 12.5 V ± 0.3 V (Note I) 

Characteristic Symbol Min Typ MIX 

Input current (all inputs· VI"" VIL or VIHI II - - 10 

I "put low 1evil (ellinputl) VIL -0.1 - 0.8 

I nput high level VIH 2.0 - VCC +1 

Output low voltage during verify HOL .2.1 mAl VOL 

Output high voltage during verify ( 'OH"-400 pAl VOH 

Vee supply current (Program & Verify) ICC3 

Vpp supply currenl (Program' CEo VIL .PGM) IpP2 

AC PROGRAMMING CHARACTERISTICS 
Tamb = 25 ± 5°C, Vec = 6.0 V ± 0.25 V, Vpp = 12.5 V ± 0.3 V (Note 1) 

Characteristic 

Address sot-up tlma 

OE set-up time 

Data let-up time 

Address hold time 

Data hold timo 

Output enable to output float delay 

Vpp set-up time 

Vee set-up time 

PGM initial program pulse width 

PGM Dverprogram pulse width (Nota 2) 

C E set-up time 

Data valid from oe 

AC TEST CONDITIONS 

Input rise and fall times (10% to 90%) 
I nput pulse levels 
Input timing reference level 
Ouptut timing reference level 

20ns 
0.45V to 2.4V 
O.BV and 2.0V 
O.BV and 2.0V 

Symbol 

lAS 

IOES 

lOS 

IAH 

IOH 

IOF 

IVPS 

IVcS 

IPW 

IOPW 

teES 

IOE 

- -
2.4 -
- -
- -

Min Typ 

2 -
2 -
2 -
0 -
2 -
0 -
2 -
2 -

0.96 1.0 

2.85 -
2 -
- -

Note1: Vee must be appliad simultaneously or before Vpp and removed slmulteneously or after Vpp. 

Note 2: topw is defined in flow chart. 
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0.46 

-
30 

30 

MIX 

-
-
-
-
-

130 

-
-

1.06 

78.75 

-
150 

Unit 

,.A 

V 

V 

V 

V 

mA 

mA 

Unit 

,.s 

,.. 
,.. 
,.. 
,.. 
ns 

,.s 

,.. 
ms 

m. 

,.. 
n. 



HIGH SPEED PROGRAMMING WAVE FORMS 

PROGRAM VERIFY 

==>< ADDRESS STABLE DATA OUT VALID K ADDRESSES 

Vil 

I<r-'AS- -:-1 _'AH 

DATA IN STABLE rt: 
HighZ 

DATA OUT VALID 
VIH 

DATA 

4--'OS--t ~ --I> t---tDFP 

'---../ 
~IIfPS_ 

" 

Vpp 

Vpp 

Vee 

Vec _I 

Vee Vee ---../14--IIfeS-o 

---, 

1\ .. 
f4--- tces--iI 

" 

VIH 

It--I 
~'OEs1 --i) tpw ~ 

\ 
4-- tOE--i> 

--iI 'opw fct- ,,/ 
l VI 

1. The input timing reference level is O.BV for ViL and 2.0V for VIH. 
2. toE and tOFP are characteristics of the device but must be accommodated by the programmer. 
3. When programming tho TS27C64. a 0.1 /.IF capacitor is required across Vpp and ground to suppress spurious voltage 

transients which can damage tho device. 

TABLE 2. MODE SELECTION 

Pin. CE OE 
Modo· (20) (22) 

Read VIL VIL 

Output d'sab'e V'L V'H 

Standby V'H X 

H'gh .paod VIL V'H programm'ng 

Progrom Verily VIL V'L 

Program Inh'blt V'H X 

Eloctronic 
VIL V'L "gnatun! (No,. 31 

NOTES: 1 - X can Ito .i,her VIL or V'H 

2· VH-12.0V ±O.5V 

A9 
(241 

X 

X 

X 

X 

X 

X 

VH 
No'e 2 

POM Vpr ~foV OulpuID 
(27) (1 (11-1315-19) 

VIH Vee Vee DOUT 

V'H Vee Vee Hi-Z 

X Vee Vee Hi-Z 

VIL Vpp Vee DIN 

V'H Vpp Vee DOUT 

X Vpp Vee Hi-Z 

VIH Vee Vec CODe 

3 & All address lines at VIL except A9 and AO that is 
toggled from VIL Imanufacturer code: 98) to 
V'H hype code: OB). 
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HIGH SPEED PROGRAMMING FLOW CHART 

Inc ",men! AD DR 
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Device 
failed 



FUNCTIONAL DESCRIPTION 

DEVICE OPERATION 

The seven modes of operation of the TS27C64 are listed 
in Table 2. A single 5V power supply is required in the 
read mode. All inputs are TTL levels except for Vpp. 

RaadMade 

The TS27C64 has two control functions, both of which 
must be logically active in· order to obtain data at the 
outputs. Chip Enable (CE) is the power control and 
should be used for device selection. Output Enable (OE) 
is the output control and should be used to gate data to 
the output pins, independent of device selection. Assu· 
ming that addresses are stable, address access time 
hACC) is equal to the delay from CE to output (teE). 
Data is available at the ~tputs after a d~ of tOE 
from the falling edge of OE, assuming that CE has been 
low and addresses have been stable for at least fACe tOE" 

Standby Moda 

The TS27C64 has a standby mode which reduces the 
maximum power dissipation to 5.5 mW. The TS27C64 
is placed in the standby mode by applying a TTL high 
signal to the CE input. When in standby mode, the out­
puts are in a high impedance state, independent of the 
OE input. 

Output OR-Tying 

Because EPROMs are usually used in larger memory 
arrays, we have provided two control lines which accom­
modate this multiple memory connection. The two 
control lines allow for: 
a) the lowest possible memory power dissipation, and 
b) complete assurance that output bus contention will 

not occur. 

To use these control lines most efficiently, CE (pin 
20) should be decoded and used as the primary device 
selecting function, while OE (pin 22) should be made 
a common connection to all devices in the array and 
connected to the READ line from the system control 
bus. This assures that all deselected memory devices 
are in their low power standby modes and that the 
output pins are active only when data is desired from 
a particular memory device. 

Programming modes 

CAUTION: Exceeding 14V on pin 1 (Vpp) will damage 
the TS27C64. 

Initially, and after each erasure, all bits of the TS27C64 
are in the "I"· state. Data is introduced by ,electively 
programming "Os" into the desired bit locations. Al­
though only "Os" will be programmed, both "I" and 
"Os" can be presented in the data word. The only way 
to change a "0" to a "I" is by ultraviolet light erasure. 

2-59 

The TS27C64 is in the 1!!:ogramming mode when tho Vpp 
Input is at 12.5 V and CE and PGM are both at TTL low. 
It is required that. 0.1 ,..F cepacitor be placed &cross 
Vpp, VCC and ground to suppress spurious voltaga tran­
sients which may damage the devico. The data to be pro­
grammed is npplled 8 bits In parallol to the date output 
pins. The levels requirod for tho address and data inputs 
are TTL. 

Programming of multiple TS27C64s in parallel with the 
same data can be easily accomplished due to the simpli­
city of the programming requirements. Like inputs of 
the parallel TS27C64s may be connected together when 
they are programmed with the same data. A low level 
TTL pulse applied to the PGM input programs the paral­
leled TS27C64s. 

o High speed programming 

The high speed programming algorithm described in 
the flow chart page 6 rapidly programs TS27C64 using 
an efficient and reliable method particularly suited to 
the production programming environment. Typical pro­
gramming times for individual devices are on the order 
of 1 minute. 

o Program inhibit 

Programming of multiple TS27C64s in parallel with 
different data is also easily accomplished by using the 
program inhibit mode. A high level on CE or PGM 
inputs inhibits the other TS27C64s from being pro­
grammed. Except for CE, all like inputs (including 
OE) of the parallel TS27C64s may be common. A 
TT L low-Ieyel pulse applied to a TS27C64 CE and 
PGM inputs with Vpp at 12.5 V will program that 
TS27C64. 

• Program verify 

A yerify may be performed on the programmed bits 
to determine that they were correctly programmed. 
The verify is performed with CE and OEat VIL, PGM 
at VIH and Vpp at 12.5 V. 

o Electronic signaturo modo 

Electronic signature mode allows the reading out of a 
binary code that will identify the EPROM manufactu­
rer and type. 
This mode is intended for use by programming equip­
ment for the purpose of automatically matching the 
deyice to be programmed with its corresponding pro­
gramming algorithm. This mode is functional in the 
25°C ± 5°C ambient temperature range that is requi­
red when programming the TS27C64. 
To actiYate this mode the programming equipment 
must forca 11.5 V to 12.5 V on add ross lino A9 (pin 
24) of the TS27C64. Two byte. may then be sequen­
ced from the device outputs by toggling address line 
AO (pin 10) from VI L to VIH. All other address lines 
must be held at VIL during electronic signature mode. 



PHYSICAL DIMENSIONS Inches (mlilimolers) 

These specifications are subject to changa without notice. 
Please inquire with our sales offices about the availability of the different packages. 
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ADVANCE INFORMATION 

The TS27C256P is a high speed 256K bits one time electrically pogram­
mabie ROM ideally suited for applications where fast turn-around is an 
imlJOrtant requirement. 

The TS27C256P is lJackaged in a 28-pin dual-in-Iine pl.stic package and 
therefore can not ue rc~written. Pro'Jrammin!, is ,.,erformed according to 
standard THOMSON SEfAiCONDUCTEURS 25GK EPROM procedure. 

o Compatible to swndaru TS27C256 (oloctrical parameters) 
o Proyramming voltage 12.5 V 
o High speed programming 
o 28-pin JE DEC approved pin-out 
o Ideal for automatic insertion 
o Also proposed in PLCC (32 pins JEDEC standard) 

TABLE 1 - ORDERING INFORMATION 

PART NUMBER 'ACC (n,1 'CE Insl 'DE (n,1 VCC· 

TS27C256-20 200 200 75 5V ± 10 % 

TS27C256-25 250 250 100 5V ± 10 % 

TS27C256-30 300 300 120 5V ± 10% 

TS27C256-35 35U 350 120 5V ± 10 % 

Orerating temperature range 
O°C to. 70n C (CP suffix), - 40°C to. 85"C (VP suffix) 

_. 40° C to 105° C (TP suffix) 

AO-AI4 
ADDRESS' 
INPUTS 

BLOCK DIAGRAM 

YGATING 

262,144 BITS 
CELL MATRIX 
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CMOS 

262,144 BIT 
/32,768 X 8) 

ONE TIME PROGRAMMABLE-ROM 

Vpp 

A'2 

A7 

AS 

A5 

A4 

A3 

A2 

Al 

AO 

00 

01 

02 

GND 

P SUFFIX 
PLASTIC PACKAGE 

PIN ASSIGNMENT 

PIN NAMES 

AD-A 12 Address 

CE Chip Enable 

OE 
00·07 

OUlput Enable 

Outputs 

VCC 

A14 

A1J 

AS 

A9 

All 

DE 
AIO 

CE 
07 

06 

05 

04 

03 



MAXIMUM RATINGS (Note 1) 

Rating Symbol V.lue Unit 

Operating temperature ransp Tamb TL toTH "C 
TS27C256CP o to+ 70 
TS27C256VP -40 to +85 
TS27C256TP -40 to+ 105 

Storage temperatura range T.t9 -65 to. 125 °c 

Supply voltage Vpp· -O.S to + 14 V 

Input voltage A9 Vin- -0.6 to • 13.5 V 
Except Vpp, A9 -0.6 to +6.25 

Max pOMr dissipation Po 1.5 W 

Lead temperatu ra • 300 °c 
(Soldering: 10 seconds) 

• With respect to VSS 

Note1: "Maximum ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating tem. 
perature range" they are not meant to implv that the devices should be operated at these limits. The table of "Electrical charac· 
teristics" provides conditions for actual device operation. 

READ OPERATION (Note 2) 

DC CHARACTERISTICS 
T amb = TL to TH, VCC = 5 V ± 10 %. VSS = 0 V (Unless otherwise specified) 

Charactoristic 

Input load current tV;n"" Vee or GNOJ 

Ouput leakage current (Vout = Vee or VSS. CE = VIHI 

Vpp read voltage 

Input low voltage 

Input high voltage (Note 21 

Output low voltage 
IOL"2.1mA 
10L= 0 ~A 

Output high voltage 
IOH=-400~A 
10H"0~A 

~c ~pIY active current (TTL levels) 
" "VIL, Inputs= VIH or VIL, f= 5 MHz, 1/0= 0 mA 

VC8-EUPPIY standby current 
_ = V 1H• aE= Inp~$= V 1H or V 1L 
ce= Vce-0.1V,OE= Inputs =VCC-0.1VorVSS+0.1V 

Vpp read current (VpP" VCC" 5.25 VI 

AC CHARACTERISTICS (Notes 3, 4, 5) 
Tamb = TL to TH 

Characteristic 

Address to output delay ICE = OE" V I L J 

CE to output delay 10E=VILI 

Output enable to output delay ICE", VIL I 

Output enable high to output float 

(CE=VILI 

Output hold from addresses, CE or OE 
whichever occured first (EE .. Oe= VILI 

Symbol Min 

tAce -
teE -
tOE -

tOF INote4J 0 

tOH 0 
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Symbol Min Typ 
INote 21 

ILl - -
iLO - -
Vpp VCC -0.7 -
VIL -0.1 -
VIH 2.0 -
VOL 

- -
- -

VOH 
2.4 -

Vce - 0.1 -
leC2 - 10 

ieCSBl - 0.5 
leCSB2 - 1 

IPPI - -

Maximum uluos 

TS27C256 TS27C256 TS27C256 
·15 ·20 ·25 

150 200 250 

150 200 250 

75 75 100 

50 55 60 

- - -

Ma. Unit 

10 ~A 

10 ~A 

VCC V 

0.8 V 

VCC" V 

V 
0.45 

0.1 

V 
-
-

40 mA 

1 mA 
10 ~A 

10 ~A 

Unit 
TS27C256 

·30 

300 ns 

300 n. 

120 ns 

75 n. 

- ns 



CAPACITANCE (Note 5) 

Tamb =. 25° C, f = t MHz 

Charactoristic 

Input capacitance (Vln" OVI 

Output capacltanco (Vout" 0 VI 

T 
T 
I 

Symbol Min 

Cln -
Cout -

I Typ I Ma. 

I 4 I 6 

I 8 T 12 

Note 2 : Typical conditions are for operation at: Tamb =. 25°C, VCC = 5 V, Vpp = VCC, and VSS = 0 V 

Note 3 : VCC must be applied at the same time or before Vpp and removed after or at the same time as Vpp 
Vpp may be connected to VCC except during program. 

Noto 4 : The tDF compare level is determined as follows: 
High to THREE-5TATE, the measured VOH(DC) - O.tV 
Low to THREE-5TATE the measured VOL/DC) .O.tV. 

Note 5: Capacitance is guaranteed by periodic testing. Tamb = + 25°C, f = 1 MHz. 

I 
I 
T 

AC TEST CONDITIONS (Figure t,2) FIGURE 1 - OUTPUT LOAD CIRCUIT 

Output load 
Input Rise and Fall Times 
Input Pulse levels 

1 TIL Gate andel'" 100 pF 
:0;20 ns 

0.4SV to 2.4V 
Timing Measurement Reference level 

Inputs,OutpulS 0.8\( and 2V 

FIGURE 2 - AC TESTING INPUT/OUTPUT WAVEFORM 

2.4 V ---~ r------...... 
Tostpoints 

0.8 V 

1.3V 

lN914 

3.3 kn 

1-+---0 OUT 

CL"100pF 
l' (I nclucla. fig 
~ capacitanco) 
V 

_____ X-- 2.0 V --X 
0.45 V "-_____ ~ '--__ _ 

AC testing inputs are driven at 2.4 V for a logic "1" and 0.45 V for a logic "0", 
Timing measurements are mado at 2.0 V for a logic ." .. and O.8V for a logic "0". 

AC WAVEFORMS (READ MODE) 

~~~-=-=======---~==~~'J==== 
ADDRESSES ADDRESSES 

VALID 
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Unit 

pF 

pF 



HIGH SPEED PROGRAMMING CHARACTERISTICS 

DC PROGRAMMING CHARACTERISTICS 
Tamb = 25 ± 5°C. VCC = 6.0 V ± 0.25 V. Vpp = 12.5 V ± 0.3 V (Note 1) 

Characteristic Symbol Min Typ Max 

Input current (all inputs· VI= VIL orVIHI II - - 10 

Input low level (all inputs) VIL -0.1 - 0.8 

Input high level VIH 2.0 - Vec + 1 

Output low voltage during verify (lOL .. 2.1 rnA) VOL 

Output high voltage during verify IIOH-- 400,uAJ VOH 

Vee sUPP,ly turrent (Program & Verifyl ICC3 

Vpp supplV current (Program - CE .. V'LI IpP2 

AC PROGRAMMING CHARACTERISTICS 
Tamb = 25 ± 5°C. VCC = 6.0 V ± 0.25 V. Vpp = 12.5 V ± 0.3 V (Note 1) 

Characteristic 

Address set·up time 

OE set-up time 

Data set·up time 

Address hold time 

Data hold time 

Output enable to output float delav 

Vpp set·up time 

Vee set·up time 

CE initial program pulse width 

CE overprogram pulse width (Note 2) . 

Data val id from OE 

AC TEST CONDITIONS 

I nput rise and fall times (10% to 90%) 
Input pulse levels 
Input timing reference level 
Ouptut timing reference level 

20ns 
0.45V to 2.4V 
O.BV and 2.0V 
O.BV and 2.0V 

. Symbol 

'AS 

toES 

'OS 

'AH 

'OH 

IOF 

tvps 

'vcs 

'PW 

'OPW 

'OE 

- -
2.4 -
- -
- -

Min Typ 

2 -
2 -
2 -
0 -
2 -
0 -
2 -
2 -

0.95 1.0 

2.85 -
- -

Note1: VCC must be applied simultaneously or before Vpp and removed simultaneouslv or after Vj'p. 

Note 2: topw is defined in flow chart. 
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0.45 

-
40 

30 

MIX 

-
-
-
-
-

130 

-
-

1.05 

78.75 

150 

Unit 

~A 

V 

V 

V 

V 

mA 

mA 

Unit 

~. 

p. 

"' 
Il' 

Il' 

n. 
~. 

~. 

m. 

m. 
n. 



HIGH SPEED PROGRAMMING WAVE FORMS 

PROGRAM VERIFY 

I~ 
.. 

ADDRESS STABLE DATA OUT VAllO ADDRESSES 

I+-tAS_ 

~ 
DATA IN STABLE \: 

HighZ 
DATA OUT VALID DATA 

VI L ~,~ 

I+-tOS---t ~ .:..... 
.. 

'--I Vpp 

Vpp 

Vee 
~tvPS_ 

Vee + 1 
Vee Vee --I° .. _tves_ 

\ J 
~ 

+-tOES-1 - tpw I+-

~tOE_ -- tOPw ~ \ .. / 
VIH 

10 The input timing reference level is 0.8V for VIL and 2.0V for VIH. 
2. tOE and tDFP are characteristics of the device but must be accommodated by the programmer. 

K 
~tAH 

if-r-tDFP 

3. When programming the TS27C256, a 0.1 p.F capacitor is required across Vpp and ground to suppress spurious 
voltage transients which can damage the device. 

TABLE 2. MODE SELECTION 

Pint CE OE 
Mode (20) (22) 

Read VIL VIL 

Output disable VIL VIH 

Slandby VIH X 

High.peed 
Vil VIH programming 

Program Verily VIH VIL 

Program inhibit VIH VIH 

EIDCtronic 
VIL Vil signature INote 3) 

NOTES: 1· X can bt either VIL or VIH 

2 - VH"12.0 V ±O.5 V 

A9 Vpr VC~ Oulputa 
(24) (1 (28 (11-1315-19) 

X Vee Vee DOUT 

X Vee Vee Hi-Z 

X Vee Vee Hi-Z 

X Vpp Vee DIN 

X Vpp Vee DOUT 

X Vpp Vee Hi-Z 

·VH 
Vee Vee CODE Note 2 

3· All addr ... lin .. at V I L except A9 and AO that Is 
toggled from VIL (manufacturer code: 98) to 
VIH hype code: 041 
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HIGH SPEED PROGRAMMING FLOW CHART 

Program toPW.3.Xms 

Yes 

No 
Incroment AODR 

Fail Device 
f::iled 
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failed 



FUNCTIONAL DESCRIPTION 

DEVICE OPERATION 

The seven modes of operation of the.TS27C256 oro listed 
In Table 2. A singlo 5V power supply is requirod in tho 
road modo. All Inputs are TTL levols except for Vpp. 

RocdMado 

The TS27C256 has two control functions. both of which 
must bo logiClllly cctivo in order to obtain data lit tho 
outputs. Chip Enablo (CE) is tho powor control and 
should bo used for device .:olection. Output Enablo (OE) 
is the output control and should bo used to gate data to 
the output pins. Indepond3nt of dovico selection. Astu­
ming that addresses oro stable. address eccess timo 
(tACC) is equal to tho delay from CE to output !tCE). 
Data is llYailable at tho ~tputs after a d~ of tOE 
from the falling odge of OE. assuming that CE has boen 
low and addresses have boon stable for at least tACe tOE: 

Stcndby Mod:! 

The TS27C256 has a standby mode which reduces tho 
maximum power dissipation to 5.25 mW. The TS27C256 
is placed in the standby mode by applying a TTL high 
signal to the EE input. When in standby mode. the out­
Puts are in a high impedance state. independent of the 
OE input. 

Output OR·Tylng 

Becl:USO EPROMs aro usually used in largsr memory 
arrays. we have provided two control lines which accom· 
modate this multiple momory connection. The two 
control lines allow for: 
a) the lowest possible 'memory power dissipation. and 
b) complete assurance that output bus contention will 

not occur. 

To use these control . lines most efficiently. CE (pin 
20) should be decoded and used as the primary device 
selecting function. while OE (pin 22) should bo made 
o common connection to all devices in the array and 
connected to the READ Ii ne from the system control 
bus. This assures that all deselected memory devices 
ore in their low power standby modes and that the 
output pins are active only when data is desired from 
a particular memory device. 

Programming modQs 

CAUTION: Exceeding 14V on pin 1(Vpp) will damage 
the TS27C256. 

Initialy. and after each erasure. all bits of the TS27C256 
are in the "1" state. Data is introduced by selectively 
programming "Os" into the desired bit locations. AI· 
though only "Os" will be programmed. both "1" and 
"Os" can be presented in the data word. The only way 
to change a "0" to a "1" is by ultraviolet light erasure. 
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Tho TS27C256 is in the programming modo wllon tllo 
Vpp input is at 12.5 V and CE is at TTL low. It is 
roquired that a 0.1 J.lF cap.citor ba pieced cerino VPP. 
VCC and ground to suppress spurious voltclP tramients 
which may damcG3 tho doviC3. Tho data to II:! pronrcm· 
mod is applied 8 bits in parallel to tho data output pins. 
The levols required for tho cddrcss and data inputs are 
TTL. 

. Programming of multiplo TS27C256s in parnllel with tho 
same data can be easily accomplished duo to tlla simpli· 
city of the programming requirements. Liko inputs of 
tile paralleled TS27C256s may be connected tOg3ther 
when they ore programmed with the same data. A low 
level TTL pulse applied to the CE input programs the 
paralleled TS27C256s. 

o Hinh speed programmino 

The high speed programming algorithmdescribad in 
the flow chart p.g3 3 rapidly programs TS27C256 
using an efficient and reliable method particularly 
suited to the production programming environment. 
Typical programming times for individual devices are 
on the order of 5 minutes. 

o Pronram inhibit 

Programming of multiple TS27C256s in parallel with 
different data is also easily accomplised by using the 
program inhibit mode. A high level on CE input inhi· 
bits the other TS27C256s from being programmed. 
Except for CEo all like inputs (including OE) of the 
parallel TS27C256s may b3 common. A TTL low level 
pulse applied to a TS27C256 CE input with Vpp at 
12.5 V will program that TS27C256. 

o Program verify 

A verify may be performed on the progrcmmed bits 
to determine that they were correctly programmed. 
The verify is performed with OE at VIL. CE' at VIH 
and Vpp at 12.5 V. 

o Electronic ,ignaturo mode 

Electronic signature mode allows the reading out of a 
binary code that will identify the EPROMs manufac· 
turer and type. 
This mode is intended for use by programming equip· 
ment for the purpose of automatically matching the 
device to be programmed with its corresponding pro· 
gramming algorithm. This mode is functional in the 
2S·C ± 5°C ambient temperature range that is requi· 
red when programming the TS27C256. To activate 
this mode the programming equipment must force 
11.5 V to 12.5 V on address line A9 (pin 24) of the 
TS27C256. Two bytes may lhen be sequenced from 
the device outputs by toggling address line AO (Pin 10) 
from VI L to VIH. All other address lines must be 
held at VIL during electronic signature mode. 



ERASING 

The TS27C266 is erased by exposure to high intensity ul­
traviolet light through the transparent window. This eK­
posure discharges the floating gate to its initial stete 
through induced photo current It is recommended that 
the TS27C266 be kept out of dirilct sunlight. The UV 
content of sunlight may cause a panial erasure of some 
bits in a reletively short period of time. Direct aunlight 
can also cause temporary functional failuril. EKter\ded 
uposure to room level fluorescent lighting will also 
cause eraStlre. An opaque coating (paint. tape, label, 
ete_) should be placed over the package window if this 
product is to be operated under these lighting conditions. 
Covering the window also reduces ICC due to photodiode 
currents. 

o 
An ultraviolet soun:e of 2537 A yielding a total integr. 
ted dosage of 15 watt-seconds/em' is required. This 

will erase the pan in approximately. 15 to 20 minutes 
if a UV lamp with a 12,000 p.W/em' power rating Is 
used. The TS27C256 to be erased should be placed 1 inch 
from the lamp and no filters should be used. 

An erasure system should be calibrated periodically. The 
distance from lamp to unit should be maintained at 1 
inch. The erasure time is increased by the square of the 
distance (If the distance is dou bled the erasu re time 
goes up by a factor of 4). Lamps lose intensity as they 
age. When a lamp is changed, the distance is changed, or 
the lamp is aged, the system should be checked to make 
certain full 'IIraStlre is occuring. Incomplete erasure 
will cause sy;nptoms that can be misleading. Program­
mers, components, and system designs have been erro­
neously suspected when incomplete erasu re was the 
basic problem. 

PHYSICAL DIMENSIONS Inch •• (millimet .... ) 

~ -~ - .. . .!..!!!!. 
131101 

0210: 0010 

~ 
D .. 

UVWINOOW 

. These specification. are subject to change without notice. 

-1 
.. I 

..2.!2!!.. 
1152ao, r ... -.x 

·I·<A·· 
~ 

113360 130561 

Please inquire with our Ialel offices about the availability of the different packages. 
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CHAPTER 3 ~ IB~POlAR PROMs 





BIPOLAR PROMs 

FAST PROM 

Description Part number Organization 
Access 

Output Page 
Time 

8K FA5TPROM T571180A lKx8 45 ns Open collector 3-5 
T5711808 1Kx8 35 ns Open collector 
T571180C lKx8 25 ns Open collector 
T571181A lK x 8 45 ns 3-state 
T5711818 1K x 8 35 ns 3-state 
T571181C lKx8 25 ns 3-state 
T571280A lK x 8 45 ns Open collector 
T5712808 lKx8 35 ns Open collector 
T571280C 1K x 8 25 ns Open collector 
T571281A lKx8 45 ns 3-state 
T5712818 1Kx8 35 ns 3-state 
T571281C 1Kx8 25 ns 3-state 

16K FA5T PROM T571190 2K x 8 80 ns Open collector 3-11 
T571190A 2K x 8 60 ns Open collector 
T5711908 2K x 8 45 ns Open collector 
T571190C 2K x8 35 ns Open collector 
T571191 2K x8 80 ns 3-state 
T571191A 2Kx8 60 ns 3-state 
T5711918 2K x 8 45 ns 3-state 
T571191C 2Kx8 35 ns 3-state 
T571290C 2Kx8 35 ns Open collector 
T571291C 2K x 8 35 ns 3-state 

32K FA5T PROM T5713218 4Kx8 55 ns 3-state 3-17 
T571321C 4Kx8 45 ns 3-state 

64K FA5T PROM T571640 8K x 8 55 ns Open collector 3-23 
T571641 8Kx8 55 ns 3-state 
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TS71180 • TS71181 • TS71280 • TS71281 (P,C,J)-CIBIA 

PRODUCT PREVIEW 

The TS71180, 71181, 71280, 71281 are programmable read-only me­
mories (PROM) organized in 1024 words by 8-bit configuration and are 
field programmable_ They are shipped in an unprogrammed form and have 
"0" in aU locations_ 

These PROM's are available with open collector (TS71180171280) or 
three state outputs (TS71181171281)_ 

• Fast access times: 
Address access time: 25 ns max (TS71180C-71181C-71280C-71281C) 

35 ns max (TS711808-71181B-71280B-71281B) 
45 ns max (TS71180A-71181A-71280A-71281A) 

• Low voltage programming 
• Highly reliable fuses TilW for ultra-fast programming 
• Low power Schottky technology (oxide isolation process) 
• TTL compatible 
• I ndustrv standard pin configuration, 

APPLICATIONS 
• Microprogramming 
• Hardwired algorithms 
• Random logic 
• Code conversion 
• Sequential controllers 

BLOCK DIAGRAM 

AddrelS inputs 

Cli ...-tr----.., 
Chip enable inputs ru 0--1'--__ ...1 

01 02 03 CM 05. 06 01 08 
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BI92-BIT (1024 x B) FAST PROM 

CB-68 

MEMORY COMPONENTS 

8 K FAST 
PROMs 

CASES 

lS71180 
lS711S1 

PSUFFIX 
PLASTIC PACKAGf 

ALSO AVAILABLE 

JSUFFIX CSUFFIX 
CERI2IP PACKAGE CERAMIC PACKAGE 

CB~ 

2~VI.-

1 

PSUFFIX 
PLASTIC PACKAGE 

ALSO AVAILABLE 

lS71280 
lS712S1 

JSUFFIX CSUFFIX 
CERDIP PACKAGE CERAMIC PACKAGE 

PIN ASSIGNMENT 

A7 VCC 

A6 A8 

A5 A9 

A4 CEi 
A3 m 
A2 CE3 

AI CE4 

AO 08 

01 07 

02 06 

03 05 

GND 04 

VCC : Power supplV voltage (DC + 5 VI 
01 to 08 : Outputs_ 



MAXIMUM RATINGS 

Riling Symbol C suffix M oufflx 

Power supply VCC 7±5% 7 ± 10% 

Operating temperature Toper -0, + 70 -55, + 125 

Storage temperature T,t; -65, + 150 -65, + 150 

ELECTRICAL OPERATING CHARACTERISTICS 
T amb = 2S·C (unl~55 otherwise noted) 

Characteristic 

Maximum input current at VOL max (Vcc= Vee max, V,=O.45 VI 

Maximum input current at VIH min (Vee= Vee max. VI= 2.7) 

Maximum input current (Vee= Vee max, VI= 5.5 VI 

Low level input voltage 

High level input voltage 

Short-circuit output current (Vee· Vee max, VO· 0) lNatell 

low 1 ..... 1 output voltage (VCC" VCC min,lOl = 16 mA, VI = VIH or Vill 

High le .. 1 output voltage (VCC= VCC min, IOH" 2 mA, VI • VIH or Vill 

Power supply current (All inputs Bre grounded Vee= Vee max) 

Clamping input voltage (Vee= Vee min. VI"" -18 rnA) 

Output leakage current (VCC =Vccmax,CEl = 2A V, CE2= CE3= 0.4 VI 

VO= 5.5 V 71180/71280 

VO' 5.5 V 71181171281 
VO=0.5 V 71181171281 

Input capacitance (V, = 2 V @ fa 1 MHz) (Note 21 

Output capacitance (V,= 2 V@ f= 1 MHz) (Note 21 

Symbol 

III 

IIH 

IIR 

Vil 

VIH 

ISC 

VOL 

VOH 

ICC 

VI 

IOFF 
IOZH 
IOZl 

CI 

Co 

Unh 

V 

·C 

·C 

C suffix 

Min Typ Max 

- - - 0.25 

- - 40 

- - 40 

- - 0.8 

2 - -
- 20 - -70 

- - 0.45 

2.4 - -
- - 175 

- - - 1.2 

- - +40 

- - +40 

- - -40 

- 5 -
- 8 -

Note1: Onlv one output should be shorted at a time. otherwise permanent damage to the device may relult. 

Note 2: These parameters are not 100 % tested. but are periodicallV sampled. 
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M suffix Unit 

Min Typ Max 

- - - 0.25 mA 

- - 40 "A 

- - 50 "A 

- - 0.8 V 

2 - - V 

-15 - -85 inA 

- - 0.5 V 

2.4 - - V 

- - 185 mA 

- - -1.2 V 

- - +60 "A 
- - +80 "A 
- - -60 "A 

- 5 - pF 

- 8 - pF 



SWITCHING CHARACTERISTICS !These times are maasured from threshold to threshold I 

C lufflx M lufflx 
Charoctertotlc Symbol Unit 

Min Typ Ma. Min Typ Max 

Address access time (AG-A9) - (OI .... OS) tAA ns 

TS7118OA, TS71181A, TS712l1JA, TS71281A - - 45 - - 70 
TS711808, T5711818, T5712808, T5712818 - - 35 - - 50 
T57118OC, T571181C, T57128OC, T571281C - - 25 - - 30 

Chip enable access time (CE1, CE2, CE3, CE4) - 101. ... OS) tCE ns 

T571180A, T571181A, T5712l1JA,. TS71281A - - 30 - - <0 
TS711808, T5711818, TS712808, T5712818 - - 25 - - 30 
TS71180C, TS71181C, T57128OC, T571281C - - 20 - - 25 

Chip disable time (CE1, CE2, CE3, CE4) - 101. ••• OS) tCD n. 

TS7118OA, TS71181A, TS71280A, T571281A - - 30 - - 40 
T5711808, T5711818, T5712808. T5712818 - - 25 - - 30 
TS71180C. T571181C. T571280C. TS71281C - - 20 - - 25 

READING SEQUENCE 

+3V-

Address 1.5 V 
OV-

. Chip enable 

VOH -

01 ..... 08 
VOL 

tAA 

DYNAMIC TEST 

VCC 
VCC 

AD 01 
AI 02 Rl =300n S·C versionsl 
A2 03 
A3 04 
A4 05 
AS OS 
A6 07 
A7 08 
A8 CEi 
A9 CE2 

CE3 
R2 = 600n Ie,.,." CE4 

Ground 
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PROGRAMMING CHARACTERISTICS 

1. 

2. 

3. 

4. 

Ch., .... riltic: SVmbol Min Typ MI. Unit 

VCC programming pulse Vccp 12.5 - 13 V 

Vcc~uring verify VCCL 4.5 - - V 

VCCH - - 5.5 V 

Programming supply current (VCCp·' 2.75 ±0.25 V) 'CCP - 420 550 mA 

Input voltage V'L 0 - 0.5 V 

V'H 2.4 - 5.5 V 

Output programming voltage Vo 11.5 12 '2.5 V 

Output programming current (VO-12 ±O.S) '0 - 1.5 - .mA 

Vee pulse rise time tRl 5 - '0 ~. 

Output pulse rise time tR2 10 - 20 ~. 

CE1 programming pulse width tp 40 50 60 '" 
Addre" ,ot·up time I V CCP tOA '00 - - n. 

Pulse sequence delay to 10 - - ~. 

Delav time before verify tov 3 - - ~ 

Programming time (VCC· Veep) tpR - - '0 • 
AI!owed f~.~ing attempts - - , 

.. 

Select the address to be programmed. 5. After a delay to ;;;. 10 IlS, remove output voltage Vo 
Apply CEI = H ; CE2 = H ;CE3 = H. from the output to be programmed. 

After a delay tOA ;;;. 100 ns, raise VCC to VCCP = 6. After a delay to ;;;. 10 Ils, lower the voltage VCCP to 
12.75 V ± 0.25 V. VCC=5±0.5V. 

After a delay to ;;;" 10 IlS, apply Vo = 12 ± 0.5 V 7. After a delay tov ;;;. 31ls, apply a logic low level to 
to the output to be programmed. Program one output the EEl input and verify that the programmed output 
at the time. Other outputs are open. remains in the high state for VCCH = 5.5 V and 

VCCL = 4.5 V ("I. Then, apply a logic high level to 
After a delay to ;;;. 10 p.s, apply a logic low level to the CE I chip select input. 
the CEI input. This level will be held during tp == 50 
± 10p.s. B. Repeat steps 1 through 7 to program other locations 

of the PROM. 

TYPICAL PROGRAMMING SEQUENCE 

A~f.~S __ ~rl''''''''''''''''''''''-' , ......... -i,~ ...... ~)(,_L_AS ... T_A_O_O_R_E_S_S ..................... ___ 

Vcc 

OV 

Va 

OV--+....J 

.. , .. ----l-....;.,t 
eEl 
"0" __ _ 

-----u-
" Programming verification at both max and min VCC is optional (VCCH, VCCLI. 
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----------------
D. 

12,6mcu. 14 
111 

DIN 

A51D 

eEl O.A.T.A 

D'N 

eEl DATA 

PHYSICAL DIMENSIONS 

III 

." 
Nomlnaldlmtnllon 
Trutg&omlltric.llposltlon 

24 pi", 

V 
C8-68 

Nominll dimenSIon 
Truegeomll[flcalposilion 

24 pi .. , 
C8-505 
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CB-68 

C SUFFIX 
CE RAM IC PACKAGE 

ALSO AVAILABLE 
J SUFFIX 

CERDIP PACKAGE 

CB-505 

C SUFFIX 
CERAMIC PACKAGE 

ALSO AVAILABLE 

1571180 
1571181 

1571280 
1571281 

J SUFFIX P SUFFIX 
CERDIP PACKAGE PLASTIC PACKAGE 



ORDEI\ING INFORMAnON 

I TS711B1C j I P I -~ 
PIn n~mber I Screernng cl ... 

Op.,. temp. PICkage 
TIle ...... below harizontIIIIy Iho_ .. "-aufIbI Com_onl "" _kqo. _1nI_-..... -"" _. Othor _01_ on __ 

PARr NUM.R 
OPER. TEMP. PACKAGE SCREENING CLASS 

C M P J C E ltd -D Gil III 

41 .. TI711 .. TI71111A • • • • • 
T87121OA. TI71211A • • • • • 

•• 1 TI711", TI711111 • • • • • 
TI71_. T8712111. • • • • • 

21.1 T8711111C. T871111C • • • • • 
T8712111C. T871211C • • • • • 
Example" TS71181CP. TS71181CP-O, TS71181CJ, TS71181CJ-O 

Oper. temp.: C: O·C 10 + 7O·C, M: - 65·C 10 + 125·C. 
hclcq. : P: Plastic DlL. J : C.,dlp DlL. C : Ceramic OIL. E: Ceramic LCC. 
8crHnIng c ...... : Std (no end-suffix), - D: NFC 96883 level O. 
Gil : NFC 96883 level G, BlI: MIL-STD-883 level B end NFC 96883 level B. 
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TS71190· TS71191· TS71290. TS71291(P,C,J,E).C/B/A 

ADY ANCE INFORMATION 

The TS71190, 71191, 71290, 71291 are programmable read·only me·­
mories (PROM) organized in a 2048 words by 8·bit configuration and are' 
field programmable. They are shipped in an unprogrammed form and have 
"0" in alilceations. 
These PROM's are available with open collector (TS71190/71290) or three 
state outputs (TS71191171291). 

• Fast access times: 
Address access time: 80 ns max. (TS71190, TS71191) 

60 ns max. (TS71190A, TS71191A) 
45nsmax. (TS71908, TS711918) 
35 ns max. (TS71190C, TS71191C) 

(TS71290C, TS71291C) 
• Temperature compensating circuits to achieve a wide range of operation 
• Low voltage programming 
• Highly reliable fuses Ti/W for ultra·fast programming 
• Low power Schottky technology 
• TTL compatible 
• Industry standard pin configuration. 

APPLICATIONS 
• Microprogramming 
• Hardwired algorithms 
• Random logic 
• Code conversion 
• Sequential controllers 

BLOCK DIAGRAM 

.. 
•• 
'6 ., 
.s ',. Address inputs A 10 

m 
Chip enable inputs 2B 

01 02 0:1 0 as Ob 01 08 . 
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16 K FAST 
PROMs 

CASES 

PSUFFIX 
PLASTIC PACKAGE 

ALSO AVAILABLE 
C SUFFIX J SUFFIX 

'CERAMIC PACKAGE CEROIP PACKAGE 

CB·707 

~ .TS71191A,B 

~ 
E SUFFIX 

TRICECOP (LCCI 
CHIP CARRIER PACKAGE; 

PIN ASSIGNMENT 

A7 VCC 

AS AS 

A5 A9 

A4 AtD 

A3 CEt 

A2 CE2 

At CE3 

AO as 

at 07 

02 06 

03 05 

GNO 04 

AO to Al0 : Address inputs 
eEl. CE2. eE3 : Chip enable inputs 
Vee: Power supply voltage (DC + 5 V) 
01 to 08: Outputs. 



MAXIMUM RATINGS 

Rating Symbol C suffix M .Ufflx 

Power supply VCC 7±5% 7 ± 10% 

Operating temperatura Toper -0, + 70 -55, + 125 

Storage temperature T'ID -65, + 150 -65,+150 

ELECTRICAL OPERATING CHARACTERISTICS 
T amb = 2SoC (unless otherwise noted) 

Characteristic 

Maximum input current at VOL max (Vee· Vee max, VI"" 0.46 V) 

Maximum input current at VIH min (VCC-= Vee max, VI"::: 2.7) 

Maximum input current (Vcc· Vee max, V1 1l 6.S V) 

Low level Input voltage 

High lewl input voltage 

Short~lrcult output current (Note 1) 

VCC" VCC max, VO" 0 71191 ,A ,B,C 
71291 

Lowle .. 1 output voltage (VCC" VCC min, VI "VIH or VIU 
IOL '9.6 mA 71190,A 

IOL = 16mA 71190B.C 

~ 71191B,C 
71290C 
71291C 

High le .. 1 output voltage (VCC· VCC min, IOH' 2 mA, VI ,VIH or VILI 

Power supply current (All inputs are grounded Vee. Vee max) 

Clamping input yoltage (VeclI Vee min, VIII -18 rnA) 

Output leakage current (Vee -VCC max,CE1. 2A V, CE2= CE3.0A VI 

Vo' 5.5 V 71190,A.B,C/7129OC 

Vo' 5.5 V 71191,A,B.C171291C 
VO.0.5 V 71191,A,B,C/71291C 

Input capacitence (VI" 2 V@ 1·1 MHz I (Note 21 

Output capacitance (VI- 2 V@ f-1 MHd (Note 21 

Symbol 

IlL 

IIH 

IIR 

VIL 

VIH 

ISC 

VOL 

VOH 

ICC 

VI 

IOFF 
IOZH 
IOZL 

CI 

Co 

Unit 

V 

°c 
°c 

C .ufflx 

Min Typ Max 

- - - 0.25 

- - 40 

- - 40 

- - 0.8 

2 - -

- 20 - -70 

- 0.35 0.45 

- 0,35 0.45 

2.4 - -
- 135 175 

- - -1.2 

- - +40 

- - +40 

- - -40 

- 5 -
- 8 -

Note1: Only one output should be shoned at a time, otherwise permanent damage to the device may result. 

Note 2 : These parameters are not 100 % tested, but are periodically sampled. 
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M suffix Unit 

Min Typ Max 

- - - 0.25 mA 

- - 40 ~A _. - 50 ~A 

- - 0.8 V 

2 - - V 

-15 - -85 mA 

- 0.35 0.5 V 

- 0.35 0.5 V 

2.4 - - V 

- 135 185 mA 

- - -1.2 V 

- - +60 ~A 

- - +60 ~A 

- - -60 ~A 

- 5 - pF 

- 8 - pF 



SWITCHING CHARACTERISTICS (These times are measured from threshold to threshold) 

CharacteriltJc Svmbol C.uffi. M luffix Unit 

Min TVp MIX Min TVp MI. 

Address access time lAO· Al01 - (01. .... 081 tAA n. 
T571190· TS71191 - 40 80 - 50 100 

TS71190A ·T571191A - 40 60 - 50 80 

TS71190B, T571191B - - 45 - - 65 

T571190C, TS71191C} - - 35 - - 55 
TS71290C, T571291C 

Chip enable access time (CE1, CE2, CE31_ (01 ..... 081 tCE ns 
TS71190,A/TS71191.A - 20 35 - 20 45 

TS71190B, TS71191B - - 30 - - 36 

T571190C, TS71191C } - - 25 - - 30 
TS711290C, TS71291C 

Chip disablo time (CE1, CE2, CE31 -(01 ..... 081 tCD n. 

TS71190,A/TS71191,A - 20 35 - 20 45 

TS71190B, TS71191B - - 30 - - 35 

T571190C, T571191C} - - 25 - - 30 
TS71290C, TS71291C 

READING SEQUENCE 

t3V-

Address 1.5V 
OV-

CEI 

Chip enable 

CE2, eE3 

VOH -

01 ..... 08 
VOL 

tAA 

DYNAMIC TEST 

vec 
Vee 

AO 01 
Al 02 Rl = 470 n (300 n B·e versions) 
A2 03 
A3 04 
A4 05 
A5 06 
A6 07 
A7 DB 
AB CEl 
A9 CE2 

Al0 _ CE3 R2 = 1 kn Ie, "30" (600 n B·e versions) 

Ground 
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PROGRAMMING CHARACTERISTICS 

Characteristic Symbol Min Typ Ma. Unl' 

Vee programming pulse Vccp 12.5 - 13 V 

Vee during verify VCCL 4.5 - - V 

VCCH - - 5.5 V 

Programming supply current IVCCp= 12.75 ±O.25 V) ICCp - 420 550 mA 

I "put voltage V,L 0 - 0.5 V 

V,H 2.4 - 5.5 V 

Output programming voltage Va 11.5 12 12.5 V 

Output programming current IVO= 12 ±0.5) 10 - 1.5 - mA 

Vee pulse rise time 'Rl 5 - 10 ~s 

Output pulse rise time 'R2 10 - 20 ~s 

CE 1 programming pulse width Ip 40 50 60 ,.. 
Address set-up time I Veep lOA 100 - - ns 

Pulse sequence delay 10 10 - - ~s 

Delay time before verify tov 3 - - ,.. 
Programming time (Vee'" Veep) 'PR - - 10 s 

Allowed fusing attempts - - 1 

1. Select the address to be programmed. 5. After a delay to ;;. 10 p.s, remove output voltage Vo 
Apply CEl = H ; CE2 = H ; CE3 = H. from the output to be programmed. 

2. After a delay tOA ;;. 100 ns, raise VCC to VCCP = 6. After a delay to ;;. 10 p.s, lower the voltage VCCP to 
12.75 V ± 0.25 V. VCC=5±0.5V. 

3. After a delay to ;;. 10 p.s, apply Vo = 12 ± 0.5 V 7. After a delay tov ;;. 3 p.s, apply a logic low level to 
to the output to be programmed. Program one output the CEl input and verify that the programmed output 
at the time. Other outputs are open. remains in the high state for VCCH = 5.5 V and 

VCCL = 4.5 V ("). Then, apply a logic high level to 
4. After a delay to;;' 10 p.s, apply a logic low level to the CEl chip select input. 

the CEl input. This level will be held during tp = 50 
± 10p.s. 8. Repeat steps 1 through 7 to program other locations 

of the PROM. 

TYPICAL PROGRAMMING SEQUENCE 

A~f.;SS _...J'I\.~ ______ J , ___ ~~ __ .... X\,_L_A_S_T_A_O_O __ RE_S_S _______ _ 

VCC 

OV 

Va 

oV---f....J 

-----L.J 
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ORDERING INFORMATION 

I TS71191 j I J I B~ 
Part n~mber I Screening class 

Opor. temp. Poekego 
Tho tabla below horizontally ohow. 011 avallablo suffix comblntltlan. for packago. operating tomporatura and qucllty 
laval. Othor pODalbllltloll on roquallt. 

PART NUMBER 
OPER. TEMP. PACltAGE SCREENING CLASS 

C M P J C E Std -D ClID BIB 

TS711!lO 0 0 0 0 0 

COn. TS711Dl 0 0 0 0 0 

0 0 0 0 

0 0 0 0 0 0 

TS71190A 0 0 0 0 0 

6On. TS71191A 0 0 0 0 0 
0 0 0 0 

0 0 0 0 0 0 

TS71190B 0 0 0 0 0 

45". TS71191B 0 0 0 0 0 

0 0 0 0 
0 0 0 0 0 0 

TS711&OC 0 0 0 0 0 

TS71191C 0 0 0 0 0 
0 0 0 0 

35n. 0 0 0 0 0 0 

TS71290C 0 0 0 0 0 

TS71291C 0 0 0 0 0 
0 0 0 0 
0 0 0 0 0 

Example. : TS71190CP. TS71190CP·O, TS71190CJ, TS71190CJ·O 

Opor. tamp.: C: ODC to + 70DC, M: -55DC to + 125DC. 
Packago: P: Plastic OIL, J : Cerdip OIL, C : Ceramic OIL, E: Ceramic LCC. 
Seroening cla •• o.: Std (no end·suffixl, - 0 : NFC 96883 lovol O. 
GIB : NFC 96883 level G, BIB: MIL·STO·883 level Band NFC 96883 level B. 

PHYSICAL DIMENSIONS 

" 
ttl Nomil\llldimenslon 
(21 Trul gaomttric&' position 

" ") 

DLN 

ASIO CB-68 
eEl D.A.T ..... 
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CB·6B 

PSUFFIX 
PLASTIC PACKAGE 

ALSO AVAILABLE 
C SUFFIX J SUFFIX 

CERAMIC PACKAGE CEROIP PACKAGE 



DIN 

CEI D.A.T.A. 

DII\1 

eEl DATA. 

PHYSICAL DIMJ;NSIONS 

lit Norniftll di.,..,..ion 
f2) Trw fIOINtricli pOlillon 

12 

III 

, 
CB-SOS 

1 , .... 

, 
CB-707 

CB505 

PSUFFIX 
PLASTIC PACKAGE 

ALSO AVAILABLE 

TS71290C 
TS71291C 

C SUFFIX J SUFFIX 
CERAMIC PACKAGE CEROIP PACKAGE 

CB·707 

o TS71190A,B 
TS71191A,B 

E SUFFIX 
TRICECOP (LCCI 

CHIP CARRIER PACKAGE 

A4 5 

A3 • 
A2 , 
Al • 
AO • 

4 :J 2 I 21 " M 

25 Al0 

" CEI 
" CE2 
" CE3 
21 NC 

NC til :ro 08 
01 11 II 07 

12 13 14 15 11 n • 

These specifications are subject to change without notice 
Please inquire with Dur sales offices about the availability of the different packages 
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PRODUCT PREVIEW 

rhe TS71321 is programmable read-only memory (PROM) organized in 
a 4096 words by 8-bit configuration and is field programmable. It is ship­
ped in an u·nprogrammed form and has "0" in all allocations. This PROM's 
is available with three state outputs (TS71321). 

• Fast access times: 
Address access time: 45 ns max TS71321C 

55 ns malt TS713218 

o Low voltage programming 
o Highly reliable fuses TiIW for ultra-fast programming 
o Low power Schottky technology (o)(ide isolation process) 
o. TTL compatible 
• Industry standard pin configuration. 

APPLICATIONS 
• Microprogramming 
o Hardwired algorithms 
o Random logic 
o Code coi1Version 
o Sequential controllers 

Address inputs 

Chip enable inpulS 

All 
AI. 
A. 
A8 

A' 
AS 
AS 

BLOCK DIAGRAM 

0102 OJ 04 05 06 07 08~ 
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TS71321 (P,C,J)·C/B 

32 768-BIT (4096 x 8) FAST PROM 

MEMORY COMPONENTS 

32 K FAST 
PROMs 

CASE CB·68 

PSUFFIX 
PLASTIC PACKAGE 

ALSO AVAILABLE 
JSUFFIX C SUFFIX 

CERDIP PACKAGE CERAMIC PACKAGE 

PIN ASSIGNMENT 

A7 VCC 

AS AB 

AS A9 

A4 AID 

A3 ce; 
A2 All 

Al CE2 

AD OB 

01 07 

02 06 

03 05 

GND 04 

VCC : Power supply voltage (DC + 5 VI 
01 to OB : Outputs. 



MAXIMUM RATINGS 

ROIl,. Iymllol CMlffi. 

PO_Iupply Vee 7 ±5" 

Operating tlmPlf"eture Topor -0, + 70 

Stor_ tompenltu" TItg -66, + 160" 

ELECTRICAL OPERATING CHARACTERISTICS 
T amb = 25·C (unless otherwise noted) 

Ch.racteristic 

Maximum input current 81 VOL max (Vee" Vee maK, VI" 0.45 VI 

Maximum input current at VIH min (Vee" Vee max, VI" 2.7) 

Maximum input current (Vee" Vee max, VI"" 5.5 VI 

Low level input voltage 

High lewl input voltage 

Short-circuit output current (Vee· Vee max, VO= 0) INotoll 

MMlffill 

7± 10" 

-55,+126 

-66,+160 

Symbol 

IlL 

IIH 

IIR 

VIL 

VIH 

ISC 

Low I ...... !>utput voltogo tvcc' Vee min,lOL .16 mA, VI = VIH or VILI VOL 

High 10 .. 1 output VOI .. go.tVec"~ Vce min. IOH= 2 mA, VI = VIH or VILI VOH 

Power supply current (All inputs are grounded Vee" Vee maxi lee 

Clamping input voltage (Vee'" Vee min, VI"" -18 mAl VI 

OutputloakagocurrentlVcC =Vce max,CEI. 2A V. CE2= CE3= OA VI 

VO= 5.5 V IOZH 
VO·0.5 V IOZL 

Input capacitance tVI" 2 V @ f· 1 MHzl tNote21 CI 

Output capacitance (V,- 2 V @: f. 1 MHz) INote21 Co 

Unit 

V 
·c 

·c 

C luffix 

Min Typ M.,. 

- - - 0.25 

- - 40 

- - 40 

- - 0.8 

2 - -
- 20 - -70 

- - 0.45 

2.4 - -
- - 175 

- - - 1.2 

- - +40 

- - -40 

- 5 -
- 8 -

Note1: Only one output should be shorted at a time, otherwise permanent damage to the device may result. 

Note 2: These parameters are not 100 % tested, but are periodically sampled. 
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M luffix Unit 

Min Typ MOIl 

- - -0.25 mA 

- - 40 "A 

- - 50 "A 

- - 0.8 V 

2 - - V 

-15 - -86 mA 

- - 0.5 V 

2.4 - - V 

- - 185 mA 

- - -1.2 V 

- - +60 "A 
- - -60 "A 

- 5 - pF 

- 8 - pF 



PROGRAMMING CHARACTERISTICS 

1. 

2. 

3. 

4. 

Charactoristic Symbol Min Typ Mox Unit 

Vee programming pulse Vccp 12.5 - 13 V 

Vee during verify VCCL 4.5 - - V 

VCCH - - 5.5 V 

Programming supply current (VCCP' 12.75 ±0.25 VI ICCp - 420 550 mA 

Input voltage V,L 0 - 0.5 V 

V,H 2.4 - 5.5 V 

Output programming voltage Vo 11.5 12 12.5 V 

Output programming current IVO' 12 ±0.51 10 - 1.5 - rnA 

Vee pulse rise time tRt 5 - to IlS 

Output pulse rise time tR2 to - 20 IlS 

CE 1 programming pulse width tp 40 50 60 IlS 

Address set-up time I Veep 'DA 100 - - ns 

Pulse sequence delay 10 10 - - IlS 

Delay time before verify 'DV 3 - - I'S 

Programming time (Vee= Veep) 'pR - - 10 S 

Allowed fusing attempts - - 1 

Seleet the address to be programmed. 5. After a delay to ;;. 10 J,ls, remove output voltage Va 
Apply CEl = H ; CE2 = H ; CE3 = H. from the output to be programmed. 

After a delay tOA ;;. 100 ns, raise VCC to VCCP = 6. After a delay to;;' 10 J.IS, lower the voltage VCCP to 
12.75 V ± 0.25 V. VCC=5±0.5V. 

After a delay to ;;. 10 J,lS, apply Va = 12 ± 0.5 V 7. After a delay tov ;;. 3 J,lS, apply a logic low level to 
to the output to be programmed. Program one output the CEI input and verify that the programmed output 
at the time. Other outputs are open. remains in the high state for VCCH = 5.5 V and 

VCCL = 4.5 V (*). Then, apply a logic high level to 
After a delav to ;;. 10 J,ls, apply a logic low level to the CE 1 chip select input. 
the CEl input. This level will be held during tp = 50 
± 10J,ls. B. Repeat steps 1 through 7 to program other locations 

of the PROM. 

TYPICAL PROGRAMMING SEQUENCE 

"I" 
Address 

"0" 

VCC 

OV 

Vo 

FIRST ADDRESS 

'DA 

ov---4 ....... 

"' .. ----I~...:..I 
CEI 
"0" __ _ 

'-______ /~-----J)(~-L-A-S-T-A-D-D-R-E-SS----------------

.... _L.J 

* Programming verification at both max and min VCC is optional (VCCH, VccU· 
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SWITCHING CHARACTERISTICS !These times are measured from threshold to threshold) 

C suffix M suffix 
Characteristic Symbol Unit 

Min Typ Max Min Typ Max 

Addre .. acc ... time (AO-All) - (01 ...• 0S) IAA ns 

TS71321B - - 66 - - 66 
TS71321C - - 46 - - 60 

Chip enable access time (CE1, CE2) - (01 .... 0S) tCE ns 

TS71321B - - 35 - - 40 
TS71321C - - 20 - - 30 

Chip disabl. tim. (CE1, CE2) - (01 .... OS) ICD ns 

TS71321B - - 35 - - 40 
TS71321C - - 20 - - 30 

READING SEQUENCE 

,-------------------------------------------------+3V--
Address 

Chip enable 

01 ..... 08 

AD 
AI 
A2 
A3 
A4 
A5 
A6 
A7 
AS 
A9 

AID 
All 

-*-1.5 V 

'---------------------------------------------oV---

VCC 

.. --tAA--_~ 

-01 
02 
03 
04 
05 
06 

_07 
as 
ce; 
CE2 

Ground 

DYNAMIC TEST 

Rl =3000 
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DIN 

"SID 
eEl 

•• 2..5"12) 

O.A.T.A. 

•. 57ma ... 

" '" 

PHYSICAL DIMENSIONS 

111 Nomi ... 1 dlll'llMion 
(21 T""III01'111lr1c11po1ilion 

24,,~ , 
CB-68 
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CB-68 

PSUFFIX 
PLASTIC PACKAGE 

ALSO AVAILABLE 
J SUFFIX C SUFFIX 

CERDIP PACKAGE CERAMIC PACKAGE 



ORDERING INFORMATION 

I TS71321C j [ P [ -~ 
Part n~mber I Screening class 

Oper. temp. Package 
The tBbl~ below horizontallv shows all available suffix combinations for package. operating temperatura and quality 
le~81. Other possibilities on reqlutst. 

PARr NUMBER 
OPER. TEMP. PACKAGE SCREENtNG CLASS 

C M P J C E S'd -0 GIB BIB 
TS71321C 4S ns • • • • • 
T8713218 56 ns • I • I • I I • I • I I 
Examples: TS71321 CP, TS71321 CP-O, TS71321 CJ, TS71321 CJ·D 

Oper. temp.: C: DOC to + 70oe, M: -55°C to +125°C. 
Package: P : Plastic Oil, J: Cerdip OIL, C : Ceramic OIL, E: Ceramic Lee. 
Screening classes: Std Ino end-suHix), -0: NFC 96883 level D. 
GIB: NFC 96883 level G, BIB: MIL·STO·883 level Band NFC 96883 level B. 
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TS71640 • TS71641(C), 

PRODUCT PREVIEW 

The TS71640, 71641 are programmable read·only memories (PROM) orga· 
nized in a 8192 words by 8·bit configuration and are field 'programmable: 
They are shipped in an unprogrammed form and have "0" in all allocatio~s. 
These PROM's are available with open collector (TS71640) or three state 
outputs ·(TS71641). 

• Fast access times: 
Address access time: 55 ns max. 
Enable access time: 30 ns max. 

• Highly reliable shorting junction concept 
• Low power Schottky technology (oxide isolation process) 
• TTL compatible 
• Industry standard pin configuration. 

APPLICATIONS 
o Microprogramming 
• Hardwired algorithms 
o Random logic 
• Code conversion 
o Sequential controllers 

\ 

AD 
AI 
.2 
A' .. •• 

Atldress II1pUts A6 

I 
A7 

AS .9 
AID 
All 
AI2 

Chip enable input a' 

BLOCK DIAGRAM 

01 02 0' O. O. 06 07 O. 
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64.536-BIT (8192 x 8) FAST PROM 

A7 

AS 

AS 

A4 

A3 

A2 

Al 

AO 

01 

02 

03 

GND 

64 K FAST 
PROMs 

CASE CB·68 

CSUFFIX 
CERAMIC PACKAGE 

PIN ASSIGNMENT 

VCC 

A8 

A9 

Al0 

CE 
All 

A12 

08 

07 

06 

05 

04 

Vee: Power supply voltage (DC + 5 V) 
01 to 08 ,Outputs. 



MAXiMUM RATINGS 

Ratillll Symbol C suffix 

Power supplV VCC 7±6" 

Operating temperature Toper - 0, + 70 

Storage temperature T,tg - 65, + 150 

ELECTRICAL OPERATING CHARACTERISTICS 
Tamb = 25·C (unless otherwise noted) 

Characteristic 

M IUfflx 

7 ± 10" 

- 55, + 126. 

- 65, + 150 

Symbol 

Maximum input current at VOL max (Vee= Vee max, VI=O.45 VI III 

Maximum input current at VIH min tVee= Vee max, VI- 2.71 IIH 

Maximum input current (Vee" Vee max, VI= 5.5 VI "R 
Low level input voltage V,l 

High lew.' input voltage V,H 

Short-circuit output current (Vee = Vee max, VO= 0) INot.'1 ISC 

Lawleyel output voltage (Vee'" Vee min,tOl .16 rnA, VI .. VIH or VIL) VOL 

High , ... 1 output voltage IVCC' Vec min. IOHm 2 mA, V, • V,H or V,U VOH 

Power supply current (All inputs are grounded Vee= Vee maxi ICC 

Clamping input voltage lVee" Vee min, VI= -18 rnA) V, 

Output leakage current IVce • Vce max.CE 1.2.4 V. CE2. CE3. 04 VI 

VO' 5.5 V 71640 IOFF 
VO' 5.5 V 71641 IOZH 
VO' 0.5 V 71641 IOZl 

Input capacitance IV,= 2 V@f= 1 MHzl INote 21 C, 

Output capacitance IVI= 2 V @- f= 1 MHz~ (Not. 21 Co 

Unit 

V 

·C 

·C 

C luffix 

Min Typ Mox 

- - - 0.25 

- - 40 

- - 40 

- - 0.8 

2 - -
- 20 - - 70 

- - 0.46· 

2.4 - -
- - 175 

- - - 1.2 

- - +40 

- - +40 

- - -40 

- 5 -
- 8 -

Note1: On IV one output should be shorted at a time, otherwise permanent damage to the device may result. 

Note 2: These parameters are not 100 % tested. but are periodically sampled. 
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M.uffix Unit 

Min Typ Ma 

- - -0.25 mA 

- - 40 ,.A 

- - 50 ,.A 

- - 0.8 V 

2 - - V 

-15 - -85 mA 

- - 0.5 V 

2.4 - - V 

- - 185 mA 

- - -1.2 V 

- - +60 ,.A 

- - +60 ,.A 

- - -60 ,.A 

- 5 - pF 

- 8 - pF 



SWITCHING CHARACTERISTICS (These times are measured from threshold to threshold) 

Characteristic Symbol 
CsuHix M suffix 

Unit 
Min Typ Max Min Typ Max 

Address access time lAO· A121 -101 ..... 081 tAA 55 65 ns 

Chip enable access time I CE I - 101 ..... 081 tCE 30 35 

Chip disable time ( CE I - (01 ...•. 081 tCD 30 35 ns 

READING SEQUENCE 

,-------------------------------------------------13V--
Address -*-1.5V 

Chip enable 

01 ..... 08 

AO 
Al 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 

A10 
All 
A12 

Vee 

'-__________________________________________________ oV ___ 

[ 

- 01 
02 
03 
04 
05 

- 06 
- 07 

08 
CE 

Ground 

~------ I 3 V --

1.5 V 1.5 V I 

jlCE ----=---- ----- --=·-~:.F-··- VOH -
1.5 V 1.5V-

-------------------------- VOL 
I 

DYNAMIC TEST 

R1=30on 
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PHYSICAL DIMENSIONS 

•• 2.5.4(2) '.57ma ... 

Datum IH NomiNlI dil'l'llnsion 
(21 TruegtOlTletric:lfposilion 

ASID CB-68 

eEl O.A.T.A., 

ORDERING INFORMATION 

I TS71640 j I P I -~ 
Part n~mber I Oper. temp. 

CB-68 

CSUFFIX 
CERAMIC PACKAGE 

Screening class 

Package 
The table below horizontally showl all &vallable suffix combination. for package. operating temperature and quality 
lovel. Other possibilities on requftlt. 

OPER. TEMP. PACKAGE SCREENING CLASS 
PART NUMBER 

I I I Std I -D I GlB I BIB C M P ~ C E 
TS71&40 • • • • • 
TS71641 • • • • • 
examples: TS71640CP, TS71640CP·O, TS71640CJ, TS71640CJ·O 

Ope,. temp.: C: OOC 10 + 70°C, M: - 55°C 10 + 125°C. 
Package: P: Plastic OIL. J : Cerdip Oil, C: Ceramic OIL. E: Ceramic lCC. 
Screening cia .... : S1d lno end-suffiKl, - D : NFC 96883 level D. 
GIB : NFC 96883 level G, BIB: Mll·STD-883 level B and NFC 96883 level B. 
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