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TI Sales Offices

ALABAMA: Huntsville, 500 Wynn Drive, Suite 514, Huntsville,
AL 35805, {205) 837- 7530

ARIZONA: Phoenix, P.0. Box 35160, 8102 N. 23rd Ave., Suite
A. Phoenix, AZ 85069, (602) 249-1313

CAI.IFORIIIL EI Segundo, 831 S. Douglas St., £l Sequndo. CA
90245, (213) 973-2571; Irvine, 17620 Fitch, Irvine, CA 92714,
gN) 545-5210; Sammemo 1900 Point West Way Suite 171,
acramento, CA 95815, 1916) 929-1521; San Diego, 4333 View
Ridge Ave., SmIaB San Diego, CA 92123, (714) 278-9600:
Sunngulo,PO ox 9064, 776 Palomar Ave., Sunnyvale, CA
94086, (408) 732-1840

COLORADO: Denver, 9725E Hampden St., Suite 301, Denver,
CO 80231, (303) 695-2800

CONNECTICUT: Wallingtord, 9 Barnes Industrial Park Rd.,
Bgrn(;os7lndusmal Park, Wallmqfcvd CT 06492, (203)

FLORIDA: Clearwater, 2280 U.S. Hwy. 19 N., Suite 232, Clear-
water, FL 33515, (813) 325-1861; Ft. Lauderdale, 2765 N.W.
62nd'St., . Lauderdale, FL 33909, (305) 973- 8502; Winter
Park, 1330 Lee Rd., Suite 115, Winter Park, FL 32789, (305)

GEORGIA: Atlanta, 3300 Northeast Expy., Building 9, Atlanta.
GA 30341, (404) 452-4600

ILLINO!S: Arlington Heights, 515 W. Algonguin, Arlington
Heights, IL 60005, (312) 640-2934.

INDIANA: FI. Wayne, 2020 inwood Dr., Ft. Wayne, IN 46805,
(219) 424-5174; Indianapolis, 2346 S Lynhursl Suite J-400,
indianapoiis, IN 46241, 317) 248-855!

MARYLAND: Baltimore 1 Rutherford PI., 7133 Rutherford Rd.,
Baltimore, MD 21207, (301) 944-8600

MASSACHUSETTS: Waltham, 504 Totten Pond Rd., Waltham,
MA 02154, (617) 890-7400.

MICHIGAN: Southtield, Central Park Plaza, 26211 Central Park
Bivd., Suite 215, Southfield, M! 48076, (313) 353-0830.

aaamngson: Eding, 7625 Parklawn. Edina. MN 55435, (612)

MISSOURI: Kansl: City, 8080 Ward Pkwy., Kansas City, MO
64114, (816 g 2500; St. Louis, 11861 Westlme Industrial
Line Drive, St. Loms MO 63141, (314) 569-7600.

NEW JERSEY: Clark, 292 Terminal Ave. West, Clark, NJ
07066, (201) 574-9800

NEW MEXICO: Albuquerque, 5307 Alice NSE, Suite E, Albu-
querque, NM 87110, (505 265-8491.

NEW YORK: East Syracuse, 6700 Old Ccllamer Rd., East Syr-
acuse, NY 13057, (315) 463-9291: Endicott, 112 Nanticoke
Ave., P.O. Box 618, Endicott, NY 13760, (607) 754-3900;
Melville, 1 Huntington Ouadrangle. Suite 310, P.O. Box 2936,
Melville, NY 11747, (516) 454-6600, Poughkeepsie, 201 South
Ave., Poughkeepsue NY 12601, (1 ) 473-2900; Hm:he:lzv
1210 Jetferson Rd.. Rochester, NY 14623, (716) 424-5400

NORTH CAROLINA: Charlotte, 8 Woodlawn Green, Woodlawn
Rd., Charlotte, NC 28210, (704) 527-0930.

OXLAHOMA: Tulsa, 3105 €. Skelly Dr, Suite 512, Tulsa, 0K
74105, (918) 749-9547.

OREGON: Beaverton, 6700 SW 105th St., Suite 110, Beaver-
ton, OR 97005, (503) £43-6758

PENNSYLVANIA: Ft, Washln%on 575 Virginia Dr., Ft. Wash-
ington, PA 19034, (215) 643-64

TENNESSEE: Johnson City, P.O. Orawer 1255, Erwin Hwy.,
Johnson City, TN 37601, (615) 461-2129.

TEXAS: Austin, 12501 Research Bldg., P.O. Box 2909, Austin,
X 78723 512) 250- 7855 Dallas, P.O_Box 225012, Dallas,
TX 75 214) 995-6531; Houstan, 9000 Southwest Frwy..
Suite 400 ouston, TX 77036 (713)'778-6592.

UTAH: Salt Lake Cil
84120, (801) 973-631

VIRGINIA Fairfax, 3001 Prosperity. Fairfax, VA 22031, (703)
849-1400; Midlothian, 1371I Sutter's Mill Circle, Midiothian,:
VA 23113 (804) 744-1007.

3672 West 2100 South, Salt Lake City UT

WASHINGTON: Redmond, 2723 152nd Ave., N.E. Bldg 6,

(206} 881-3080, Redmond, WA 98052

CANADA: Ottawa, 436 McClaren St., Ottawa, Canada,
K2POM8 (613) 233- 1177; Richmond Hill, 280 Centre St. E..

OHIO: 23408 C
OH 44122, (216) 464-6100, Dayton, Kln sIe; Bldg.. 4124
Linden Ave., Dayton, OH 45432, (513) 258-387

Hill LAC1B1, Ontario. Canada, 1(416) 884-9181; St.
Laurent, Ville St. Laurent Quebec, 9460 Trans Canada Hwy.,
St. Laurent, Quebec, Canada H481R7, (514) 334-3635. K

TI1 Distributors

ALABAMA: Huntsville, Hall-Mark (205) 837-8700.

ARIZONA: Phoenix, Kierulff Electronics (602) 243-4101; R.V.
Weatherford (602) 272-7144; Tamgu Marshall Industries
(602) 968-6181; Tucxon Kieruiff (602) 624-9986.

CALIFORNIA: Anaheim, R.V. Weatherford (714) 634-9600;
Canoga Park, Marshall industries (213) 999-5001;

Chatsworth, JACO (213) 998-2200; Costa Mesa, TI Su&:
714) 97 9.5391; EI Monte, Marshall Industries (213)

141; El Slgunlo T Sy pIy (213?9 3-5150; Glendale, R.V.
Weatherford (213* 849-3451; Goleta, RPS (805) 964-6823;
Irvine, JACO (714) 540- 5600; Marshall Industries 714)

56-6400; Los Angsles, Kierulff Electronics (213) 725-0325;
RPS (213) 7481 71; Palo Alto, Kierulf! Electronics (415)
0968-6292; Pomona, R.V. Weatherford (714) 623-1261; Sacra-
mento, Ti Supsz {916) 924-8521; San Diego, Arrow Elec-
Ivonlcs (714) 565-4800; Kierulff Electwnu:s (714) 278-2112;
Marshall Industries (714) 578-9600; R.V. Weathertord éﬁd)
278-7400; Santa Barbara, R.V. WealherIord (805) 465-8551;
Santa Clara, United Components (408 496-6900; Sun-
nyvale, Arvow Electromcs 408) 745-661 Marshall Indus-
tries (408& 00; Time Electronics (408) 734-9888; T
Supnly (4 T)732 5555 United (:nmgnnents (408 496 8900

Torrance, Time Electronics (213) 320-0880; Tustin, Kierultf
Electronics (714) 731-5711,

COLORADO: Denver, Arrow Electronics (303) 758-2100; D|
fomat/Denver, (303) 740-8300; Kierulff Electronics é
371-6500; Englewood, R.V. Weatherford (303) 770-9762.

CONNECTICUT: Orange, Mllaray/Connecncul (203) 795-
0714; Wallingford, Arrow Electronics (203) 265-7741; Mar-
shall Industries (203) 265-3822; TI Supply (203) 281-4669.

FLORIDA: Clearwater, Dlrlomallsoulnland 313) 443-4514;
FL Lauderdale, Acrow Electronics (305) 973-8502; Diplo-
mat/Ft. Lauderdale (305) 971-7160; Hall- Mark/Miami (305)
971-9280; Orllndn Hall-MarklUrIando 305) 855-4

Paim Bay Eleclromcs 305) 725-1480; UI Io-
mallFIonﬂa (305) 7 520; St. unhuru Kieruttf Elec-
tronics (813) 576- 1966 Winter Park, Milgray Electronics
(305) 647-5747.

GEORGIA: Norcross, Arrow Electronics (404) 449-8252; Mar-
shall industries (404) 923-5750.

ILLINOIS: Arllralon Heights, Tl Supp (312 640-2964' Ben-
sonville, Hall-Mark/Chicago 5312) 8 £k Grove Vil-
lage, Kierulff Electronics (312) 640-1 0200 Chicago, Newark
Electromcs 3312) 638-4411; Schaumburg, Arrow Electronics

INDIANA: Ft. Wayne, Ft. Wayne Electronics (219) 423-3422;
Ingianapolis, Graham Efectronics (317) 634-8202; Arrow
Electronics (317) 243-9353; TI Supply (800) 325-1039.

|OWA: Cedar Rapids, Deeco (319) 365-7551.

KANSAS: Lenexa, Cnmponenl Specnaltles 913§ 492-3555;
Shawnee Mission, Hall- Marleansas City (913) 888-4747;
Wichita, LCOMP Inc. (316) 265-950

MARYLAND: Baltmore, Arrow Elmrumcs (202& 737-1700,

‘301; 247-5200; Hall- Mark/Baltimore é301£ 9300; Co-

Ia, Diplomat/Maryland 301) 995-1226; Rochville,
MulgraylWashinalon (301) 466-

MASSACHUSETTS: Billerica, KleruIII Electronics 3617)
667-8331; Burlington, Marshall Industries (617) 272-8200;
Waltham, TI Su?g (617{_ 890-0510; Wobum, Arrow Elec-
tronics (617) 933-8130; Time Electronics (617) 935-8080.

MICHIGAN: Ann Arbor, Arrow Eleclmmcs E 13}1971 8200
0ak Park, Newark Electronics (31 rmingt

%pk;mal (313) 477-3200; Grand Rapld: Newavk Elemomcs
HIINESO‘I’A Ellna Arrow Electronics (612) 830-1800;
z(eleu;m Eleé%omcs (612) 835-4388; Minneapolis, Diptomat

HISSOURI emn cl? Hall-Mark/St. Louis 314; 291-5350;

Ig Inc.-Kansas City (816) 221-2400; Ti
Sugnlg (816) 753 47 50; St. Louis, Arrow Electronics (314)
567-6888, LCOMP Inc.-St. Louis (314) 291-6200; TI Supply
(314) 569- 2258

NEW HAMPSHIRE: Manchester, Arrow Electronics (603)
668-6968.

NEW JERSEY: Camden, General Radio Supplz (60
964-8560; Cherr! HIII HaII Markh 9) 424-0880; Clark

Sug gogﬂp 382-6400; Clifton, Marshali Industries (201)
airfield, Kierulff Electronics (201 575 6750;

Marlton, Mllqray/DeIawa(e Vallezy (609 4 4-1300; Moores:

town, Arrow Elearomcsg 5)  Saddlebrook, Ar-

row Electronics (201) 797-5800; Iotnvn Dlplomal/New

Jersey (201) 785-18.

NEW MEXICO: Alhuquerque, Arrow Electronics (505)
243-4566; International Electronics (505) 345-8127; United
Components (505) 345-99!

NEW YORK: Endwell, MarshaII Induslnes g607) 754-1570,
Freeport, Mulgray Eléctronics (516) 546-5600, N.J. 3800)
645- 985 uppauge, Arrow Eleclvomcs 516) 231-1000;
JACO [516 273 5500; Liverpool, Arrow/ (racuse (315)
652-1000; Diplomat (315) 652- 5000 Melville, Diplomat
516) 454-6400; Rochester, Arrow/Rochester (716) 275-

Rochester Radlo Suppry (716) 454-7800; Marshall in-
duslnes (716) 235-76:

NORTH CAROLINA: Halelnll, Arrow Electronics {919)
876-3132; Hall-Mark (919) 832-4465; Winston-Salem, Arrow
Electronics (919) 725-8711.

OHIO: Centerville, Arrow Electronics (513) 435-5563; Cleve-
an upp! ncinnatl, Graham Elec-
land, TIS&I}&ZIG) 464-6100; Cincinnatl, Graham El

tronics 551 ) 732-1661; Columbus, Hall- Mark/Ohio (614)
846-1882; Dayton, £SCO Electronics (513) 226-1133; Mar-
shall Industries &513) 236-8088; Highland Heights, Hall-
:;agl;l(:levsland( 16) 473-2907: Solon, Arrow Electronics

OKLAHOMA: Tulsa, Component Specialties (918) 664-2820;
Hall-Mark/Tuisa (918) 835-8458; TI Supply (918) 749-9543.

OREGON: Beaverton, Almac/Stroum Electronics (503)
641-9070; Portiand, Kierultt Electronics (503) 641-9150.

PENNSYLVANIA: Plllsburuh. Arrow Electronics (412)
856-7000.

TEXAS: Austin, Component Specialties (512) 837-8922; Hall-
Mark/Austin ‘5!2) 837-2814; Harrison Equipment (512)
458-3555; Dallas, Com| onent Specialties 2142 357-6511;
Hall-Mark/Dallas (214) 341- II47 InIemallonal Iectronlcs,
(214) 233-9323; Tl Syj 9; (214 38-6862; EI Paso, Interna-
tional Electronics 915,; 1; Houston, Cumpnnenls e
cialties (713) 771-7237; Hall- Mark/Houslan (713) 781-61

;I;érésos Equipment (713) 652-4700; TI Supply (713)

UTAH: Salt Lake City, Di IumaI/AIIaland (801) 486-4134;
Kierulft Electronics (8 1)9 3-69

WASHINGTON: Redmaond, United Components {2
885-1985; Seattle, Almac/Stroum Electronics (206
763-2300, Kierulff EIecIromcs }206) 575-4420; Tukwila, Ar-
row Electronics {206) 575-0

WISCONSIN: Oak Creek, Avrow Electronics (414‘ 764-6600;
Hall-Mark/Milwaukee (414) 1-3000; Waukesha, Kierulff
Electronics (414) 784-8160.

CANADA: tal% ry, Cam Gard Supply (403) 287-0520; Future
Electromcs (4 3) 259-6408; Downsview, CESCO Electronics
S ) 661-0220; Edmonton, Cam Gard Suppgy (403)
26-1805; Halifax, Cam Gard Supp 30 454-8581; Kam-
loops, Cam Gard Suppzy&, 338; Monclon, Cam
Gard Suppg (506) 855-2200; ontml CESCO Electronics
Ne 735-5511; Future Electronics (514) 731-7441; Ottawa,
ESCO Electronics 613) 729-5118; Future Electronics (513)
820-8313; Quebec City, CESCO F.Ievlromcs (418) 687-4231;
Regina, Cam Gard Suggi; (306) 525-1317; Saskatoon, Cam
Gard Sy gly (306) 6 424; Toronta, Future Electromcs
5416} 5563; Vancouver, Cam Gard Supply (604)
91-1441; Future Electrcmcs (604)438 5545; Winnipeg, Cam
Gard Supply (204) 786-8481 A
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ALPHANUMERIC INDEX

ELECTRICAL PIN ELECTRICAL PIN
TYPE NUMBERS ASSIGNMENTS TYPE NUMBERS ASSIGNMENTS
PAGET PAGET

PAGET PAGEt

FP54ALS16R4 FP74ALS16R4 S-297 $-297 SNS4ALS09 SN74ALS09 $-235 $-235
FP54ALS16R6 FP74ALS16R6 $-297 5-297 SN54LS09 SN74L508 6-12 5-8
FP54ALS16L8 FP74ALS16L8 $-297 5297 SN54509 SN74509 6-12 5-8
FP54ALS16R8 FP74ALS16R8 $-297 $-297 SN5410 SN7410 6-2 5-8
FP54LS333 FP74LS333 $-306 $-306 SN54ALS10 SN74ALS10 S-236 $-236
FP54L5335 FP74LS335 $-306 S-306 SN54H10 SN74H10 6-2 58
FP54AS839 FP74AS839 S-310 S-310 SN54L10 SN74L10% 6-2 5-8
FPS4AS840 FP74AS840 $-310 S-310 SN541.S10 SN741510 6-2 58
SN5400 SN7400 6-2 56 SN54S10 SN74S10 6-2 5-8
SN54ALS00 SN74ALS00 S-228 S-228 SNBAALS11 SN74ALS11 S-237 $-237
SN54HO0 SN74H00 6-2 %5 SNBAH1Y SN74H11 6-10 59
SN54L00 SN74L00* 6-2 56 SN54LS11 SN74LS11 6-10 59
SN541L.S00 SN74L500 6-2 56 SN54511 SN74511 6-10 59
SN54S00 SN74S00 6-2 56 SN5412 SN7412 6-4 5-9
SN5401 SN7401 64 56 SN54ALS12 SN74ALS12 $-238 $-238
SNE4ALSO1 SN74ALSO01 $-229 $-229 SN54L$12 SN74LS12 64 59
SN54HO1 SN74HO1 . 64 56 SN5413 SN7413 6-14 59
SN54L01 64 56 SN64LS13 SN74LS13 6-14 59
SN54LS01 SN74LS01 64 56 SN5414 SN7414 6-14 59
SN5402 SN7402 6-8 56 SN54LS14 SN74LS14 6-14 59
SNB4ALS02 SN74ALS02 $-230 $-230 SNB4ALS15 SN74ALS15 $-239 $-239
SN54L02 SN74L02* 6-8 56 SN54H15 SN74H15 6-12 5-10
SN54L.502 SN74LS02 "6-8 56 SN54LS15 SN74LS15 6-12 5-10
SN54502 SN74502 68 56 SN54515 SN74515 6-12 510
SN5403 SN7403 64 5-7 SN5416 SN7416 6-24 5-10
SN54ALS03 SN74ALS03 S-231 S-231 SN5417 SN7417 6-24 5-10
SN54L03 SN74L03* 6-4 5-7 SN54LS18 SN74LS18 $-17 S-17
SN54L503 SN74L503 64 5.7 SN54LS19 SN74LS19 517 S-17
SN54S03 SN74503 64 5-7 SN5420 SN7420 6-2 5-10
SN5404 SN7404 6-2 5-7 SN54ALS20 SN74ALS20 $-240 $-240
SN54ALS04 SN74ALS04 S-232 $-232 SNS4H20 SN74H20 6-2 5-10
SN54H04 SN74HO04 6-2 5-7 SN54L20 SN74L20% 6-2 5-10
SN54L04 SN74L04* 6-2 5-7 SN54L.520 SN74LS20 6-2 5-10
SN541.504 SN74LS04 6-2 57 SN54520 SN74520 6-2 5-10
SN54504 SN74504 6-2 5-7 SNS4ALS21 SN74ALS21 S-241 - S-241
SN5405 SN7405 64 5.7 SN54H21 SN74H21 6-10 5-11
SN54ALS05 SN74ALS05 S-233 $-233 SN54LS21 SN74LS21 6-10 5-11
SN54HO5 SN74H05 6-4 5-7 SN5422 SN7422 64 5-11
SN54LS05 SN74LS05 64 5.7 SN54ALS22 SN74ALS22 S-242 $-242
SN54S05 SN74505 64 5.7 SNB4H22 SN74H22 64 5-11
SN5406 SN7406 6-24 5-7 SN54LS22 SN74L522 6-4 5-11
SN5407 SN7407 6-24 5-8 SN54522 SN74522 6-4 5-11
SN5408 SN7408 6-10 5-8 SN5423 SN7423 6-39 5-11
SN54ALS08 SN74ALS08 $-234 $-234 SN54LS24 SN74LS24 S-17 s-17
SN54L508 SN74LS08 6-10 5-8 SN5425 SN7425 68 5-11
SN54508 SN74508 6-10 58 SN5426 SN7426 6-24 5.12
SN5409 SN7409 6-12 58 SN541L.526 SN74LS26 6-26 512

t Page numbers with “S-** preceding them refer to pages in this supplement; those without “S-** refer to pages in The TTL Data Book for Design
Engineers, second edition.
# Contact the factory for availability.
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ALPHANUMERIC INDEX

PIN PIN
TYPE NUMBERS ELECTRICAL ) ssIGNMENTS TYPE NUMBERS ELECTRICAL ASSIGNMENTS
PAGET PAGE?
PAGET PAGET

SN5427 SN7427 6-8 5.12 SN54LS49 SN74LS49 7-22 7-22
SN54ALS27 SN74ALS27 §-243 $-243 SN5450 SN7450 6-39 5-16
SN54LS27 SN74LS27 6-8 512 SN54H50 SN74H50 6-39 5-16
SN5428 SN7428 6-20 5.12 SN5451 SN7451 6-30 516
SN54ALS28 SN74ALS28 S-244 S-244 SN54H51 SN74H51 6-30 5-16
SN54L528 SN74L528 6-20 5-12 SN54L51 SN74L51%F 6-30 5-16
SN5430 SN7430 6-2 5-12 SN54LS51 SN74LS51 6-30 5-16
SNB4ALS30 SN74ALS30 $-245 S-245 SN54S551 SN74S51 6-30 5-16
SN54H30 SN74H30 6-2 5-12 SN54H52 SN74H52 6-39 517
SN54L30 SN74L30% 6-2 5-12 SN5453 SN7453 6-39 517
SN54L830 SN74LS30 6-2 5-12 SN54H53 SN74H53 6-39 517
SN545830 SN74S30 6-2 5-12 SN5454 SN7454 6-30 5-18
SN5432 SN7432 6-28 513 SN54H54 SN74H54 6-30 518
SNS4ALS32 SN74ALS32 $-246 $-246 SN54L54 SN74L54% 6-30 5-18
SN54LS32 SN74LS32 6-28 5-13 SN54LS54 SN74LS54 6-30 5-18
SN54S32 SN74532 6-28 513 SN54H55 SN74H55 6-39 519
SN5433 SN7433 6-24 513 SN54L55 SN74L55% 6-30 5.19
SN54ALS33 SN74ALS33 S-247 S-247 SN54LS55 SN74LS55 6-30 5-19
SN54LS33 SN74LS33 6-26 5-13 SN5460 SN7460 6-43 519
SN5437 SN7437 6-20 5-13 SN54H60 SN74H60 6-44 5-19
SN54ALS37 SN74ALS37 $-248 $-248 SN54HB1 SN74H61 6-45 519
SN54LS37 SN74LS37 6-20 513 SN54HE2 SN74H62 6-44 520
SN54537 SN74S37 6-20 5-13 SN54L563 SN74LS63 6-62 520
SN5438 SN7438 6-24 5-13 SN54564 SN74S64 6-30 5-20
SN54ALS38 SN74ALS38 S-249 $-249 SN54S65 SN74S65 6-32 5-20
SN54LS38 SN74LS38 6-26 5-13 SN5470 SN7470 6-46 5-21
SN54S38 SN74838 6-26 5-13 SN54H71 SN74H71 6-50 5-21
SN5440 SN7440 6-20 514 SN54L71 SN74L71% 6-54 5-21
SN54ALS40  SN74ALS40 $-248 5-248 SN5472 SN7472 646 5-22
SN54H40 SN74H40 6-20 5-14 SN54H72 SN74H72 6-50 5.22
SN54L540 SN74L540 6-20 5-14 SN54L72 SN74L72% 6-54 5-22
SN54S40 SN74540 6-20 5-14 SN5473 SN7473 6-46 5-22
SN5442A SN7442A 7-15 7-15 SN54H73 SN74H73 6-50 5-22
SN64L42 SN74L42% 715 7-15 SN54L73 SN74L73% 6-54 5.22
SN541.542 SN74L842 715 7-15 SN54LS73A  SN74LS73A 656 522
SN5443A SN7443A 7-15 7-15 SN5474 SN7474 6-46 5.22
SN54L43 SN74L43% 7-15 715 SNB4ALS74  SN74ALS74 5-250 5-250
SN5444A SN7444A 7-15 7-15 SN54H74 SN74H74 6-50 5.22
SN54L44 SN74L44% 7-15 7-15 SN54L74 SN74L74% 6-54 5.22
SN5445 SN7445 7-20 7-20 SN54LS74A SN74LS74A 6-56 5-22
SN5446A SN7446A 722 7-22 SN54S74 SN74574 6-58 5.22
SN54L46 SN74L461 7-22 7-22 SN5475 SN7475 7-35 7-35
SN5447A SN7447A 7-22 7-22 SN54L75 SN74L75% 7-35 7-35
SN54L47 SN74L47% 7-22 722 SN54LS75 SN74LS75 7-35 7-35
SN54LS47 SN74L547 7-22 7-22 SN5476 SN7476 6-46 5.23
SN5448 SN7448 7-22 7-22 SN54H76 SN74H76 6-50 523
SN54L548 SN74L548 7-22 7-22 SN54LS76A SN74LS76A 6-56 5-23
SN5449 7-22 7-22 "SN5477 7-35 7-35

t Page numbers with “’S-** preceding them refer to pages in this supplement; those without *‘S-** refer to pages in The TTL Data Book for Design
Engineers, second edition,
fcontact the factory for availability.
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ALPHANUMERIC INDEX

PIN PIN
TYPE NUMBERS ELECTR',? AL ASSIGNMENTS TYPE NUMBERS ELECT:'SAL ASSIGNMENTS
PAGE PAGE! PAGE PAGET
SN541.77 7-35 7-35 SN54H106 SN74H106 6-52 5-32
SN54LS77 7-35 7-35 SN54107 SN74107 646 5-32
SN54H78 SN74H78 6-50 5-24 SN54LS107A  SN74LS107A 6-56 5.32
SN54L78 SN74L78% 6-64 524 SN54H108 SN74H108 6-52 5-32
SN54LS78A SN74LS78A 6-56 524 SN54109 SN74109 646 5-33
SN5480 SN7480 741 741 SNS4ALS109  SN74ALS109 5-251 $-251
SN5481A SN7481A 744 744 SN54LS109A  SN74LS109A 6-56 533
SN5482 SN7482 749 749 SN54110 SN74110 6-46 533
SN5483A SN7483A 7-63 . 7-63 SN54111 SN74111 6-46 - 533
SN54LS83A SN74LS83A 7-53 7-53 SNS4ALS112  SN74ALS112 §-252 S-252
SN5484A SN7484A 7-44 744 SNG4LS112A  SN74LS112A 6-56 5-34
SN5485 SN7485 767 7-67 SN545112 SN74S112 6-58 5-34
SN54185 SN74L85% 757 7-57 SNB4ALS113  SN74ALS113 5-253 S-253
SN541.585 SN74LS85 7-57 757 SN54LS113A  SN74LS113A 6-56 5.34
SN54S85 SN74585 7-57 7-67 SN54S113 SN745113 6-58 5-34
SN5486 SN7486 765 765 SNS4ALS114  SN74ALS114 $-254 S-254
SN54L86 SN74L86%F 765 765 SN54LS114A  SN74LS114A 6-56 534
SN54L586 SN74L586 765 765 SN545114 SN745114 6-58 534
SN54586 SN74586 7-65 765 SN54116 SN74116 7-115 7-115
SN54H87 SN74H87 7-70 7-70 SN54120 SN74120 7-118 7-118
SN5488A SN7488A § 5-27 SN54121 SN74121 664 5-35
SN7489 § 5-27 SN54L121 sN74L121% 664 5-35
SN5490A SN7490A 772 772 SN54122 SN74122 6-76 536
SNS4L.90 SN74L90% 7-72 172 SN54L122 SN74L122% 6-76 5-36
SN54LS90 SN74L590 772 7-72 SN54L5122 SN74LS122 6-76 536
SN5491A SN7491A 7-81 7-81 SN54123 SN74123 6-76 5-36
SN54L91 SN74191% 7-81 7-81 SN54L123 SN74L123% 6-76 5-36
SN54L591 SN74LS591 7-81 7-81 SN54LS123 SN74LS123 6-76 5-36
SN5492A SN7492A 7-72 7-72 SN545124 SN745124 7-123 7-123
SN541L592 SN741592 7-72 7-72 SNS54125 SN74125 6-33 537
SN5493A SN7493A 772 7-72 SN54LS125A  SN74LS125A 6-33 537
SN54L93 SN74L93% 772 7-72 SN54126 SN74126 6-33 5-37
SN541.593 SN74LS93 7-72 772 SN54LS126A  SN74LS126A 6-33 537
SN5494 SN7494 786 7-86 SN54128 SN74128 6-22 537
SN5495A SN7495A 7-89 7-89 SN54132 SN74132 6-14 537
SN54L95 SN74L95F 7-89 7-89 SN54LS132 SN74LS132 6-14 5-37
SN54L.5958 SN74LS95B 7-89 7-89 SN545132 SN745132 6-14 537
SN5496 SN7496 795 795 SNB4ALS133  SN74ALS133 S-255 S-255
SN541.96 SN74L96F 795 7-95 SN545133 SN745133 6-2 5-38
SN54L.596 SN74LS96 7-95 795 SN54S134 SN74S134 6-33 5.38
SN5497 SN7497 7-102 7-102 SN545135 SN745135 7-129 7-129
SN54198 SN74L98% 7-107 7107 SN54136 SN74136 7-131 7-131
SN54L99 SN74L99% 7-109 7-109 SN54LS136 SN74LS136 7-131 7-131
SN54100 SN74100 7-113 7113 SN54LS137 SN74LS5137 s-19 s-19
SN54H101 SN74H101 6-52 5-31 SN54L.5138 SN7415138 7-134 7-134
SN64H102 SN74H102 6-52 5-31 SN54S138 SN745138 7134 7-134
SNB54H103 SN74H103 6-52 5-31 SN541.S139 SN741S139 7134
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Engineers, second edition,

fContact the factory for availability.

§ For more information on these devices contact the factory,

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265



ALPHANUMERIC INDEX

ELECTRICAL PIN ELECTRICAL PIN
TYPE NUMBERS ASSIGNMENTS TYPE NUMBERS ASSIGNMENTS
pAaGet paGEet
PAGET PAGET
SN54S5139 SN74S139 7-134 7-134 SN54LS164 SN741L.5164 7-206 7-206
SN545140 SN74S140 6-22 5-39 SN54165 SN74165 7-212 7-212
SN74141 7-138 7-138 SN541.5165 SN74LS165 7-212 7-212
SN74142 7-140 7-140 SN54166 SN74166 7217 7-217
SN54143 SN74143 7-143 7-143 SN54L.S166 SN74LS166 7-217 7-217
SN54144 SN74144 7-143 7-143 SN54167 SN74167 7-222 7-222
SN54145 SN74145 7-148 7-148 SN54S168 SN74S168 7-226 7-226
SN54L5145 SN74LS145 7-148 7-148 SN54LS169A SN74LS169A 7-226 7-226
SN54147 SN74147 7-151 7-151 SN545169 SN745169 7-226 7-226
SN541L.S147 SN74L5147 7-151 7-151 SN54170 SN74170 7-237 7-237
SN54148 SN74148 7-151 7-151 SN54L.S170 SN74L5170 7-237 7-237
SN541L5148 SN741.5148 7-151 7-151 SN74172 7-245 7-245
SN54150 SN74150 7-157 7-157 SN54173 SN74173 7-249 7-249
SN54151A SN74151A 7-157 7-157 SN54LS173A  SN74LS173A 7-249 7-249
SN54LS151 SN74LS151 7-157 7-157 SN54174 SN74174 7-253 7-253
SN54S151 SN74S8151 7157 7-157 SN54LS174 SN74LS174 7-253 7-253
SN54152A 7-157 7-157 SN545174 SN74S8174 7-253 7-253
SN54LS152 7-157 7-157 SN54175 SN74175 7-253 7-253
SN54153 SN74153 7-165 7-165 SN54L.5175 SN74LS175 7-2563 7-253
SN54L153 SN74L153F 7-165 7-165 SN545175 SN74S175 7-253 7-253
SN54LS153 SN74LS153 7-165 7-165 SN54176 SN74176 7-259 7-259
SN54S8153 SN74S8153 7-165 7-165 SN54177 SN74177 7-259 7-259
SN54154 SN74154 7171 71171 SN54178 SN74178 7-265 7-265
SN54L154 SN74L1541 7-17 7171 SN54179 SN74179 7-265 7-265
SN54155 SN74155 7-175 7175 SN54180 SN74180 7-269 7-269
SN54L5155 SN74LS155 7-175 7-175 SN54181 SN74181 7-271 7-271
SN54156 SN74156 7-175 7-175 SN54AS181 SN74AS181 S-268 S-270
SN54L.5156 SN74L5156 7-175 . 7175 SN54LS181 SN74L5181 7271 7-271
SN54157 SN74157 7-181 7-181 SN545181 SN745181 7-271 7-27M
SN541.157 sNn74L157F 7-181 7-181 SN54182 SN74182 7-282 7-282
SN54L8157 SN74LS157 7-181 7-181 SN545182 SN745182 7-282 7-282
SN54S157 SN745157 7-181 7-181 SN54LS183 SN741S183 7-287 7-287
SN5415158 SN74LS158 7-181 7-181 SN54H183 SN74H183 7-287 7-287
SN54S5158 SN745158 7-181 7-181 SN54184 SN74184 7-290 7-290
SN54159 SN74159 7-188 7-188 SN54185A SN74185A 7-290 7-290
SN54160 SN74160 7-190 7-190 SN54186 SN74186 § 549
SN54LS160A SN74LS160A 7-190 7-190 SN54187 SN74187 8§ 5-49
SN54161 SN74161 7-190 7-190
SN54LS161A SN74LS161A 7-190 7-190 SN545188 SN745188 q 5-49
SN54162 SN74162 7-190 7-190 SN545189 SN745189 q 5-49
SN54LS162A SN74LS162A 7-190 7-190 SN54190 SN74190 7-296 7-296
SN545162 SN74S162 7-190 7-190 SN54LS190 SN74LS190 7-296 7-296
SN54163 SN74163 7-190 7-190 SN54191 SN74191 7-296 7-296
SN54LS163A SN74LS163A 7-190 7-190 SN54L5191 SN741L.5191 7-296 7-296
SN54S163 SN745163 7-190 7-190 SN54192 SN74192 7-306 7-306
SN54164 SN74164 7-206 7-206 SN54L192 SN74L1921 7-306 7-306
SN54L164 SN74L164i 7-206 7-206 SN541L.5192 SN74LS192 7-306 7-306
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SN54193 SN74193 7-306 7-306 SN54LS258A  SN74LS258A 7372 7-372
SN54L193 sn7aL193% 7-306 7-306 SN545258 SN745258 7.372 7372
SN54L5193 SN74LS193 7-306 7-306 SN54259 SN74259 7-376 7-376
SN54194 SN74194 7316 7-316 SN54LS259 SN74L5259 17376 7-376
SN54LS194A  SN74LS194A 7316 7-316 SN545260 SN745260 6-8 557
SN545194 SN745194 7316 7316 SN54LS261 SN74LS261 7-380 7-380
SN54195 SN74195 7324 7324 SN54265 ' SN74265 . 689 5.57
SN54LS195A  SN74LS195A 7-324 7-324 SN54LS266 SN74L5266 7-386 ~ 7-386
SN545195 SN745195 7-324 7-324 SN54S270 SN745270 § 5.58
SN54196 SN74196 7-331 7-331 SN545271 SN745271 § 5.58
SN54LS196 SN74LS196 7-331 7331 SN54273 SN74273 7388 7-388
SN545196 SN745196 7-331 7-331 SN54L5273 SN741L5273 - 7388 . 7-388
SN54197 SN74197 7-331 7331 SN54S274 SN745274 7-391 7-391
SN54L5197 SN74LS197 7-331 7-331 SN54L5275 SN74LS275 7391 7-391
SN545197 SN745197 7-331 7-331 SN545275 SN745275 7-391 7-391
SN54198 SN74198 7-338 7-338 SN54276 SN74276 7401 7401
SN54199 SN74199 7-338 7-338 SN54278 SN74278- . 7403 7-403
SN545201 SN74S201 q 5-52 SN54279 SN74279 " 660 5-59
SN54221 SN74221 6-68 5-53 SN541.5279 SN74LS279 6-60 5-59
SN54L5221 SN74L5221 6-68 5-53 SN541.5280 SN74L$280 7-406 7-406
SN54L5222 SN74LS222 S-23 $-23 SN545280 SN745280 7406 7-406
SN54L5224 SN74L.5224 s-23 $-23 SN545281 SN745281 7-410 . 7410
SN748225 q 5-53 SN54283 SN74283 7415 7418

SN545226 SN745226 7345 7-345 SN54L5283 SN741.5283 7-415 7415
SN54L5227 SN74L§227 s-23 $-23 SN545283 SN745283 7-415 . 7415
SN54L.5228 SN74LS228 $-23 $-23 SN54284 SN74284 7-420 7420
SN54L5240 SN74LS240 6-83 553 SN54285 SN74285 7-420 7420
SN545240 SN745240 6-83 553 SN545287 SN745287 ] © . 561
SN54L5241 SN74L5241 6-83 554 SN545288 SN745288 q 561
SN54S241 SN74S241 6-83 5.54 SN545289 SN745289 1 561
SN54L5242 SN74LS242 6-87 5.54 SN54290 SN74290 7-423 7423
SN54L.5243 SN7415243 6-87 5.54 SN54L5290 SN74LS290 7423 7-423
SN5415244 SN74LS244 6-83 5.54 SN54L5292 SN74LS292 s-31 $-31
SN54L5245 SN74L.5245 7-349 7-349 SN54293 SN74293 - 7423 7423
SN54246 SN74246 7-351 7-351 SN54L5293 SN7415293 7423 7-423
SN54247 SN74247 7-351 7-351 SN54LS294 SN741.5294 $-31 $-31
SN54LS247 SN74LS247 7-351 7-351 SN54LS2958  SN74L5295B 7-429 7-429
SN54248 SN74248 7-351 7-351 SN54L5297 SN74LS297 $-38 5-38
SN54L.5248 SN74L5248 7-351 7-351 SN54298 SN74208 7-432 7432
SN54249 SN74249 7-351 7-351 SN54L5298 SN74L5298 7432 - 7-432
SN54L.5249 SN74L5249 7-351 7-351 SN54L5299 SN74LS299 74437 7437
SN54251 SN74251 7-362 7-362 SN545299 SN745299 7-437 7-437
SN54L5251 SN74LS251 7-362 7-362 SN545301 SN745301 q 563
SN545251 SN745251 7362 7-362 SN54LS320 SN74L5320 . S-44 S-44
SN54L5253 SN74LS253 7-369 7-369 SN54LS321 SN74L8321 s-44 - s-44
SN54LS257A  SN74LS257A 7372 7-372 SNB4LS322A  SN74LS322A S47 s-47
SN545257 SN745257 7372 7372 SN54L5323 SN74LS323 7-443 7-443
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SN545340 SN74S340 7-445 7445 SN541.5422 SN74LS422 S-73 S-73
SN54S341 SN74S341 7-445 7-445 SN541L5423 SN74LS423 S-73 S-73
SN54S344 SN7458344 7-445 7-445 SN54425 SN74425 6-33 5-71
SN54LS347 SN74L.S347 S-51 S-51 SN54426 SN74426 6-33 5-72
SN54LS348 SN74LS348 7-448 7-448 SN745428 7-514 7-514
SN74351 7451 7451 SN545436 SN745436 $-77 s-77
SN541LS352 SN741.8352 7-454 7454 SN545437 SN54S437 S-77 S-77
SN54LS353 SN74LS353 7-457 7-457 SN745438 7-514 7-514
SN541.S354 SN74LS354 S-53 S-83 SN541.5440 SN74LS440 S-81 S-81
SN54LS355 SN74L8355 $-53 $-63 SN54L.5441 SN74L5441 S-81 S-81
SN54LS356 SN741L.8356 S-53 S-63 SN541.5442 SN741.5442 S-81 S-81
SN54LS357 SN74LS357 S-53 S-53 SN541L5443 SN74L5443 S-81 S-81
SN54365A SN74365A 6-36 5-66 SN54L5444 SN74L5444 S-81 S§-81
SN541.S365A SN74LS365A 6-36 5-66 SN541.5445 SN741L5445 S-87 s-87
SN54366A SN74366A 6-36 5-66 SN5415446 SN74L5446 S-89 S-89
SN54LS366A SN74LS366A 6-36 5-66 SN541.5447 SN741.5447 S$-93 S-93
SN54367A SN74367A 6-36 566 SN541.5448 SN74L5448 S-81 S-81
SN54LS367A SN74LS367A 6-36 5-66 SN54LS449 SN74L5449 S-89 s-89
SN54368A SN74368A 6-36 5-66 SN54LS465 SN741.5465 S$-95 S-95
SN541LS368A SN74LS368A 6-36 5-66 SN54LS466 SN74L5466 S-95 5-95
SN54S370 SN74S370 8§ 5-67 SN54L.5467 SN741.8467 §-95 S-95
SN54S8371 SN748371 8§ 5-67 SN54L.5468 SN741L5468 S$-95 $95
SN54LS373 SN74L8373 7-47 7471 SN54S470 SN74S470 1 5-73
SN548373 SN74S373 7-441 7-471 SN545471 SN745471 N 5-73
SN54LS374 SN74LS374 7-471 7471 SN548472 SN7458472 9 5-73
SN545374 SN74S374 7-471 7471 SN54S473 SN745473 q 5-73
SN54LS375 SN74LS8375 7-478 7478 SN545474 SN748474 q 5-73
SN54376 SN74376 7479 7-479 SN545475 SN74S8475 q 5-73
SN54LS377 SN74LS377 7-481 7481 SN548481 SN745481 q 5-74
SN54LS378 SN74L8378 7-481 7-481 SN541.5481 SN741.5481 q 5-74
SN54LS379 SN74LS379 7-481 7-481 SN545482 SN745482 q 5-74
SN54S381 SN748381 7484 7484 SN54490 SN74490 7-520 7-520
SN541.5381 SN74LS381 S-60 S-60 SN541.5490 SN74L5490 7-520 7-520
SN541.5382 SN741.5382 S-60 S-60 SN541L.5540 SN741L.8540 S-98 S98
SN5415384 SN74LS384 S-65 S5-65 SN541L5541 SN74LS541 S-98 S-98
SN54LS385 SN74LS385 S-69 S$-69 SN54ALS573 SN74ALS573 S-256 S-256
SN541.5386 SN74L5386 7-487 7-487 SN54ALS574 SN74ALS574 §-257 §-257
SN54S387 SN74S387 q 5-69 SN54ALS576 SN74ALS576 S-258 S-258
SN54390 SN74390 7-489 7489 SNB4ALS580 SN74ALS580 §-259 . S-259
SN54LS390 SN74LS390 7-489 7489 SN541.5590 SN74LS590 S-101 S-101
SN54393 SN74393 7-489 7-489 SN541.5591 SN74L8591 S-101 S-101
SN54L.5393 SN74L5393 7-489 7-489 SN54L5592 SN74LS592 $-105 5-105
SN54LS395A SN74LS395A 7-496 7-496 SN54LS593 SN74LS593 S-105 5-105
SN54LS396 SN74LS396 s-7 S SN54L.5595 SN741.5595 S-110 S-110
SN541.5398 SN741L.58398 7-499 7499 SN54LS596 SN74LS596 S-110 s-110
SN541.5399 SN74LS399 7-499 7-499 SN541LS597 SN74LS597 S-114 S-114
SN545412 SN745412 7-502 7-502 SN5415598 SN74LS598 S-114 S-114

t Page numbers with “S-** preceding them refer to pages in this supplernent; those without *S-** refer to pages in The TTL Data Book for Design
Engineers, second edition.

§ For more information on these devices contact the factory.

see Bipolar Microcomputer Components Data Book, second edition, or its successor.

TEXAS INSTRUMENTS 1

INCORPORATED
POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265



ALPHANUMERIC INDEX

PIN PIN
TYPE NUMBERS ELECTRICAL ASSIGNMENTS TYPE NUMBERS ELECTRICAL ASSIGNMENTS

PAGE? PAGET PAGE? pAGE!

SN54L5600 SN74LS600 S-119 s-119 SN54L5683 SN741.5683 $-203 $-203
SN54LS601 SN74LS601 $-119 s-119 SN54LS684 SN741.5684 $-203 $-203
SN54L5602 SN74L5602 $-119 $-119 SN54L5685 SN74L5685 S-203 5-203
SN54LS603 SN74L5603 S-119 $-119 SN541.5686 SN74LS686 $-203 $-203
SN54LS604 SN74L5604 S-124 s-124 SN54LS687 SN74L5687 $-203 $-203
SN54L5605 SN74LS605 S-124 s-124 SN541.5688 SN741.5688 $-203 $-203
SN54LS606 SN74LS606 S-124 s-124 SNB4LS689 SN74LS689 $-203 $-203
SN54LS607 SN74LS607 S-124 S-124 SN54LS690 SN741L.5690 s-211 $-211
SN54L5608 SN741.5608 5128 s-128 SN54LS691 SN74L5691 s-211 s-211
SN54LS610 SN74LS610 S-133 $-133 SN54L5692 SN74L5692 s-211 s-211
SN54LS611 SN74LS611 S-133 $-133 SN541.5693 SN74L5693 s-211 s-211
SN54LS612 SN74LS612 S-133 $-133 SN54LS696 SN74L5696 S-217 $-217
SN54LS613 SN74LS613 S-133 $-133 SN54L5697 SN74LS697 S-217 S-217
SN54L.5620 SN74L.5620 S-141 S-141 SN54L5698 SN741.5698 $-217 s-217
SN54LS621 SN74LS621 S-141 s-141 SN54L.5699 SN741.5699 §-217 s-217
SN54L5622 SN74LS622 S-141 S-141 SN54AS800 SN74AS800 §-273 $-273
SN541.5623 SN741L5623 S-141 s-141 SN54AS802 SN74AS802 S-274 S-274
SN541.5624 SN74L5624 S-145 $-145 SNB4AS804 SN74AS804 §-275 8-275
SN54LS625 SN74L5625 S-145 $-145 SN54AS805 SN74AS805 $-276 5-276
SN54L.S626 SN74L5626 S-145 S-145 SN54AS808 SN74AS808 $-277 $-277
SN54LS627 SN74L5627 S-145 $-145 SNS4AS832 SN74A5832 $-278 $-278
SN54L.5628 SN74L5628 S-145 $-145 SNE4AS857 SN74AS857 $-279 $-279
SN54L5629 SN74L5629 S-145 S-145 SN54AS867 SN74AS867 $-280 $-280
SN54LS630 SN74LS630 S-151 §-151 SN54AS869 SN74AS869 $-280 $-280
SN54LS631 SN74L$631 S-151 $-151 SN54AS870 SN74AS870 $-281 5-281
SN541.5638 SN74L5638 S-157 $-157 SN54AS871 SN74AS871 s-281 $-281
SN54L.5639 SN74LS639 $-157 $-157 SNGE4ALS873  SN74ALS873 $-260 $-260
SN54L5640 SN74L5640 $-161 S-161 SN54AS873 SN74AS873 5-283 $-283
SN541.5641 SN741.5641 $-161 S-161 SN54ALS874  SN74ALS874 $-261 S-261
SN54LS642 SN74L5642 S-161 S-161 SN54AS874 SN74AS874 $-284 $-284
SN54L.5643 SN741L5643 $-161 $-161 SNE4ALS876  SN74ALS876 $-262 $-262
SN54L5644 SN74LS644 S-161 S-161 SN54AS876 SN74AS876 $-285 $-285
SN541.5645 SN74LS645 $-161 S-161 SN54AS877 SN74AS877 5-286 $-286
SN54L5646 SN74L5646 S-168 $-168 SNBG4ALS880  SN74ALS880 $-263 $-263
SNB4LS647 SN74LS647 S-168 $-168 SN54AS880 SN74A5880 S-287 $-287
SN541.5648 SN74L5648 S-168 S-168 SN54AS881 SN74AS881 $-288 $-288
SN54LS649 SN74L5649 S-168 S-168 SN54AS882 SN74AS882 $-291 $-291
SN54LS651 SN74LS651 $-175 S-175 SN54AS885 SN74AS885 $-293 $-293
SN54LS652 SN74L5652 $-175 $-175 SNE54AS894 SN74AS894 S-294 $-204
SN54LS668 SN74LS668 $-179 S-179 SN54ALS1000 SN74ALS1000 S264 S-264
SN54LS669 SN74LS669 S-179 5-179 SNB4ALS1002 SN74ALS1002 $-265 $-265
SN54LS670 SN74LS670 7526 7-626 SN54ALS1003 SN74ALS1003 5-266 $-266
SN54LS671 SN74LS671 $-187 5-187 SN54ALS1020 SN74ALS1020 S-266 $-266
SN541.8672 SN74L5672 $-187 $-187 TIM8228 7-514 7514
SN54LS673 SN74LS673 $-193 $-193 TIM8238 7-5614 7514
SN54L5674 SN74L5674 $-193 $-193 TIM9905 7-362 7-362
SN54LS681 SN74L5681 $-197 $-197 TIM9906 7-376 7-376
SN54L.5682 SN74L5682 $-203 $-203 TIM9907 7-151 7-151
TIM9908 7-448 7-448
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J and JT ceramic dual-in-line package

These hermetically sealed dual-in-line packages consist of a ceramic base, ceramic cap, and a 24- or 28-lead frame.
Hermetic sealing is accomplished with glass. The packages are intended for insertion in mounting-hole rows on 0.300
(7,62) or 0.600 (15,24) centers. Once the leads are compressed and inserted, sufficient tension is provided to secure the
package in the board during soldering. Tin-plated ("‘bright-dipped’) leads (—00) require no additional cleaning or
processing when used in soldered assembly.
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NT plastic dual-in-line packages

This dual-in-line package consists of a circuit mounted on a 24-lead frame and encapsulated within an electrically non-
conductive plastic compound. The compound will withstand soldering temperature with no deformation and circuit
performance characteristics remain stable when operated in high-humidity conditions. The packages are intended for
insertion in mounting hole rows on 0.300 (7,62) or 0.600 (15,24) centers. Once the leads are compressed and inserted,
sufficient tension is provided to secure the package in the board during soldering. Leads require no additional cleaning

or processing when used in soldered assembly.
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24-PIN NT PLASTIC

1.250 (31,8) MAX

@@@@@O.@OG@@

[ATATATATATA! ATATAYA

0.093 (2,36) R NOM——E!I
0.160 (4,06) NOM —

RAYAYAYAYAYAYAYAY

0.015 (0,38)
MIN

\/

WAV AVA W
OOOOOOOOOE®O®®

0.070 {1,78)
—+| |*—Go531033) 24 PLACES

¥
0.200 (5,08)
MAX

0.125 {3,17) MIN

0.085 (2,16) MAX—»
4 PLACES

PIN SPACING 0.100 (2,54) T.P.
(See Note b)

| [}a-0.033 0,83 min

e 0.021 (0533
l l ] 0.015(0,381]
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TYPES SN54LS18, SN541LS19, SN54LS24, SN74LS18, SN74LS19, SN74LS24
SCHMITT-TRIGGER POSITIVE-NAND GATES
AND INVERTERS WITH TOTEM-POLE OUTPUTS

D2627, JANUARY 1981

SN54LS18 ..J OR WPACKAGE

o . . .
Functionally and Mechanically Identical SN74LS18 - J OR N PACKAGE

To ‘LS13, ‘L.S14, and ‘LS132, Respectively (TOP VIEW)
e Improved Line-Receiving Characteristics Voo D 2 NC 28 2A  2v
. " <] "] n n ] s
e P-N-P Inputs Reduce System Loading
e Excellent Noise Immunity With Typical
Hysteresis of 0.7 V
»
description
Each circuit functions as a NAND gate or inverter, but because of
the Schmitt action, it has different input threshold levels for posi- 1 2 3 4 5 s 7
tive (VT4) and for negative going (VT—) signals. The hysteresis or A B NC 1€ 1D ¥ GND
backlash, which is the difference between the two threshold levels positive logic: Y = ABCD
(VT+ — VT-), is typically 700 millivolts. NC - No internal connection

SN54LS19..J OR W PACKAGE

These circuits are temperature-compensated and can be triggered SNMLSH)(.}(')‘:,?,TE"\:VI;ACKAGE

from the slowest of input ramps and still give clean, jitter-free
vee BA ey 5A sY 4A 4y

output signals [wlfo]fe] [n] [u] [s] [o]_

schematic (each gate)

[ bbb
S el

|

-: 1A v 2A 2y 3A 3y GND
[ positive logic: Y = A
outroT SN54LS24 .. J OR W PACKAGE
SN74LS24 ..J OR N PACKAGE
(TOP VIEW)

vee 48 4A 4y 3B 3A ki g

wl ] 2] {n] n]| fef ]
™ L@

positive logic: Y = AB

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, Vg (see Note 1) .o o oot e e 7V
[0 10 Ve : T 7V
Operating free-air temperature range: SNB4LS' . . .. ... . .. .. . e —55°Cto 125°C

SNTZALS ot 0°Cto 70°C
Storage temMpPerature FaNGE . . v v v v v vt v vttt et e e e —65°C to 150°C

NOTE 1: Voltage values are with respect to network ground terminal.
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TYPES SN54LS18, SN54LS19, SN54LS24, SN741LS18, SN74LS19, SN74LS24
SCHMITT-TRIGGER POSITIVE-NAND GATES
AND INVERTERS WITH TOTEM-POLE OUTPUTS

recommended operating conditions

SN54LS’ SN74LS’ UNIT
MIN NOM MAX | MIN NOM MAX
Supply voltage, V¢ 4.5 5 5.5 | 4.75 5 b5.25 \
High-level output current, IgH —400 —400 | uA
Low-level output current, IoL 4 8| mA
Operating free-air temperature, TA —55 125 0 70| °C
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
SN54LS’ SN74LS’
PARAMETER TEST CONDITIONST UNIT
MIN  TYP¥ MAX |[MIN  TYP* MAX {
Positive-going threshold
Ve | odvegoing Vee =5V 1.8 18 v
voltage
Negative-going threshold
VT1— Vee=5V 1.1 1.1 v
T voltage cc
Hysteresis (VT+— VT-) |Vec=5V 04 0.7 04 0.7 \%
Vik Input clamp voltage Veec =MIN, 1= -~18mA —1.5 —-15] V
VoH High-level output voltage | Vce =MIN, Vi =VT_min, loH = —400 A 25 34 2.7 34 Vv
loL = 4 mA 0.25 0.4 0.25 04
VoL Low-level output voltage Vee = MIN, Vi =VTimax oL \"
loL=8mA 035 05
Input current at positive-
1 Vee=5V, V=V — -2
T+ going threshold cc ! T+ 2 HA
Input current at negative-
IT— Vee=5V, Vi=VT_ - -5 A
T going threshold cc ! T 5 s
Input current at imum
oo putcumentatmax Vee = MAX, V) =7V 0.1 0.1| mA
input voltage
IiH  High-level input current Vee =MAX, V=27V 20 20| pA
l)L  Low-level input current Vee =MAX, V=04V —0.2 —0.2| mA
Short-circuit output
I Voo =MAX,V|=Vgo=0V —20 —100[ -20 —100( mA
05 cumrent$ cc 1770
Suppl + output 'LS18 3.3 3.3
u current, outputs
IccH | :py P Ve = MAX, Vi =0V "LS19 9.9 99 mA
i
9 ‘524 6.6 6.6
Supp! +. output ‘LS18 5.7 5.7
u current, outputs
lecL lo‘:py ' P Vee =MAX, V=45V  |'LS19 17 17 mA
‘LS24 11 11
T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
¥ All typical valuesareat Vcc =6V, Tp = 25°C.
§Not more than one output should be shorted at a time, and the duration of the short-circuit should not exceed one second.
switching characteristics, Vcc =5V, TA = 25°C, see note 2
FROM TO TEST CONDITIONS ‘LS18 ‘LS19 ‘LS24
PARAMETER UNIT
(INPUT) | (OUTPUT) MIN TYP MAX |MIN TYP MAX|MIN TYP MAX
1] An Y 13 13 13 ns
PLH id RL =2k, CL =15pF
tPHL Any Y 37 18 25 ns

NOTE 2: Load circuit and voltage waveforms are shown on page 3-11 of The TTL Data Book for Design Engineers, Second Edition, LCC4112.

PLH
tPHL

Propagation delay time, low-to-high-level output
Propagation delay time, high-to-low-level output

18
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1L TYPES SN54LS137, SN74LS137
MS| 3-LINE TO 8-LINE DECODERS/DEMULTIPLEXERS
WITH ADDRESS LATCHES

D2416, JUNE 1978

SN54LS137...J ORW PACKAGE
SN74LS137...J OR N PACKAGE

(TOP VIEW)
DATA OUTPUTS
A,
Vee ‘Yo Y1 vz v3  va Y5  vye \
1) [15] |14 |13 [12] |n 10 9
e Combines Decoder and 3-Bit
Address Latch
YO Y1 Y2 Y3 Ya Y5

e Incorporates 3 Enable Inputs to

Simplify Cascading A ve
.. . B c GL G2 G1 Y7
o Low Power Dissipation ... 65 mW Typ T T T
1 2 3 4q 5 6 7 8
\ A B C o\ GL G2 - a1 /OU'IYIZUY GND
Vv vV
SELECT ENABLE

positive logic: see function table

description

The ‘LS137 is a three-line to eight-line decoder/demultiplexer with latches on the three address inputs. When the
latch-enable input (GL) is low, the ‘LS137 acts as a decoder/demultiplexer. When GL goes from low to high, the
address present at the select inputs (A, B, and C) is stored in the latches. Further address changes are ignored as long as
GL remains high. The output enable controls, G1 and (_32, control the state of the outputs independently of the select
or latch-enable inputs. All of the outputs are high unless G1 is high and G2 is low. The 'LS137 is ideally suited for
implementing glitch-free decoders in strobed (stored-address) applications in bus-oriented systems.

schematics of inputs and outputs

EQUIVALENT OF EACH EQUIVALENT OF EACH TYPICAL OF ALL OUTPUTS
ENABLE INPUT ADDRESS INPUT
—— oV
Vcc—T———-——— Vee - 1200 § °C

X 3 NOM

$ 20 k2 NOM $ SkaNom
INPUT -— l:

INPUT
OUTPUT
Vo
Copyright © 1978 by Texas Instruments Incorporated
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TYPES SN541S137, SN74LS137

3-LINE TO 8-LINE DECODERS/DEMULTIPLEXERS
WITH ADDRESS LATCHES

functional block diagram (positive logic) logic symbol

G eadeg X
| (14)
=S
4 | o
T RO L P o o2 vo
s _ 8D (14)
[ nz) 2) 1P—v
— v3 @ b (13) Y2
iz g
= v o,
{3) & 4
~ o> a1 i LI
>_Dt)mvs G2 {5) EN . (9 ve
(o 7
y + —\ o e N
] Y6
) :
ENABLE ] Uy
INPUTS Pl a @ DMUX
Cc8
Gl (&
| |
" A o (15) Yo
8D
@ 0 1}My1
S N
(3) 2 Y2
FUNCTION TABLE 2 = 12 v3
_ SULLINA
INPUTS w |& 4
OUTPUTS 8 | Lo
ENABLE | SELECT a1 o N 5>._(;v5
— = 2~
GL G1 G2/C B A|YD Y1 Y2 Y3 Y4 Y5 Y6 Y7 G 6>7Y5
X X H|XXX|/H H H H H H H H 7P—v7
X L X|XXX|/H H H H H H H H
L H L|LLL|L HHHHHHMH
L H LfLLHH L HHH H H H
L H L|LHLIH H L H H H H H
L H L|LHH/H H H L HH H H
L H LIHLLIH H H H L H H H
L HLIHLHHH HHH L H H
L H L{IHHLIH H H H H H L H
L H LIHHH/H H H H H H H L
Output corresponding to stored
H H L|IX X X
address, L; all others, H

H = high level, L = low level, X = irrelevant

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, V¢e (See Note 1)

Inputvoltage . . . . . . . . . . . . ..

Operating free-air temperature range: SN54LS137 e e e e e e e e ..
SN74LS137 . . . . . . . . .. ..o

Storage temperaturerange . . . . . . . . .

NOTE 1: Voltage values are with respect to network ground terminal.

A
A

. —55°C to 125°C

0°C to 70°C

. —65°C to 150°C
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TYPES SN541S137, SN74L8137
3-LINE TO 8-LINE DECODERS/DEMULTIPLEXERS
WITH ADDRESS LATCHES

recommended operating conditions

SN54L5137 SN74LS137 UniT
MIN NOM MAX [MIN NOM MAX
Supply voltage, Ve 45 5 5.5]4.75 5 b5.25 \
High-level output current, IgH —400 —400 | uA
Low-level output current, lo L 4 8 | mA
Width of enabling pulse at GL, tw 15 15 ns
Setup time at A, B, and C inputs, tg, 10 10 ns
Hold time at A, B, and C inputs, tp 10 10 ns
Operating free-air temperature, T 565 125 0 70 | °C

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)

SN54LS137 SN74L8137
PARAMETER TEST CONDITIONST UNIT
MIN TYPE MAX [MIN TYPE MAX
ViH High-leve! input voltage 2 2 \
ViL Low-level input voltage 0.7 08| Vv
Vik Inputclamp voltage Vee = MIN, I =—18 mA -1.5 —1.56 \%
. Vee = MIN, VIH=2V,
VoH High-level output voltage 25 3.5 2.7 3.5 Vv
ViL = VL max, igy=—400uA
Ve = MIN, VIH=2V, | =4 mA 0.25 0.4 0.25 0.4
VoL Low-level output voltage cc IH oL \
VL = V)L max loL=8mA 0.35 0.5
Input current at
1) . . Ve = MAX, V=7V 0.1 0.1 [ mA
maximum input voltage
l)H  High-level input current Ve = MAX, V=27V 20 20 | uA
L Lowevel input t Vec=MAX, V=04V Enable —04 =041 A
ow-level input curren = ' =0.

L i ce : A.B,C =02 02| "
Ios Short-circuit output current$ [Vee = MAX —20 —100 | —20 —100 | mA
lcc  Supply current Vee = MAX, See Note 2 11 18 11 18 | mA

TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
fan typical valuesareat Voo =5V, Tp = 25°C.
Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second.
NOTE 2: Igg is tested with all inputs grounded and all outputs open.
switching characteristics, Vocc =5 V, TA = 25°C, see note 3
FROM TO LEVELS TEST
PARAMETER® MIN TYP MAX |UNIT
(INPUT) (OUTPUT) OF DELAY CONDITIONS
t
PLH ALB.C v 2 1 17 ns
tPHL 4 25 38
t 3 16 24
PLH A,B,C v ns
tPHL 3 19 29
t _ 2 CL=15pF, 13 21
PLH Enable G2 Y RL=2kQ ns
tpPHL 2 L ’ 16 27
T 3 See Note 3 14 21
PLH Enable G1 Y ns
tPHL 3 18 27
t — 3 18 27
PLH Enable GL % ns
tPHL 4 25 38
<>tp._H = propagation delay time, low-to-high-level output.
tpyL = prcpaga_(ion delay time, high-to-low-level output.
NOTE 3: For load circuit and voltage waveforms, see page 3-11 of The TTL Data Book for Design Engineers, second edition.
181
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TYPES SN541S137, SN74L8137
3-LINE TO 8-LINE DECODERS/DEMULTIPLEXERS
WITH ADDRESS LATCHES

TYPICAL APPLICATION DATA

STROBE
DECODER ENABLE

X0

X1

x 1 |
c B

2] o

A G2 G1
‘L8137
INPUT ) Y0 Y1 Y2 Y3 Y4 Y5 Y6 Y7
ADDRESS ? T o
_V_/
L
TO FIVE
X3 > OTHER
X4 DECODERS
x5 >
? . . . . -
| o 1 & ol 5 Q
c B A G2 &1 G c B A B2 61 GL cC B A G2 G1
‘L8137 ‘LS137 L8137
YO Y1 Y2 Y3 Y4 Y5 Y6 Y7 YO Y1 Y2 Y3 Y4 Y5 Y6 Y7 YO Y1 Y2 Y3 Y4 Y6 Y5 Y7
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
\ /
\a
OUTPUTS

FIGURE 1-6-LINE TO 64-LINE DECODER WITH INPUT ADDRESS STORAGE
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L TYPES SN541LS222, SN54LS224, SN54LS227, SN5415228,
LS| SN741S222, SN741S224, SN741LS227, SN741LS228
16 X 4 ASYNCHRONOUS FIRST-IN FIRST-OUT MEMORIES

D2616, JANUARY 1981

SN54L.5222, SN54LS227 . ..J PACKAGE

e Independent Asynchronous Inputs and
SN74L.5222, SN74L5227 . .. J OR N PACKAGE

Outputs
. (TOP VIEW)
o 16 Words of 4 Bits Each
. . N OE E U 20| V¢e
e 3-State Outputs Drive Bus Lines Directly
re [2] [19] unex
e Data Rates from 0 to 10 MHz r [3] 18] ORE
e Fall-Through Time .. .50 ns Typ Lock [+] 17] oR
e Data Terminals Arranged for Optimum 0o [5] 18] a0
PC Board Layout ne 6] 5] ne
. . D1
® Expandable Using External Gating E E’ al
DZ'E 13| @2
description o3 [s] 12] a3
These 64-bit memories are Low-Power Schottky GND |10 1| ciR
memory arrays organized as 16 words of 4 bits
each. They can be expanded in multiples of 15m+1 SN541.8224, SN541.§228 . . . J PACKAGE 2
words or 4n bits, or both, {where n is the number of SN74LS224, SN74LS228 ... J OR N PACKAGE
packages in the vertical array and m is the number of (TOP VIEW)
packages in the horizontal array) but some external ot E U _1__6_]V
gating is required (see Figure 1). For longer words ce
using the 'LS224 or ‘LS228, the IR signals of the i [2] [15] unck
first-rank packages and OR signals of the last-rank LDCK E EOR
packages must be ANDed for proper synchronization. Do E El Qo
INPUT-READY ENABLE AND
TYPE OUTPUT o1 [5] 2] an
OUTPUT-READY ENABLE b2 E 1 a2
'L.S222 Yes 3-State D3 E j
'Ls224 No 3-State ] a3
‘L8227 Yes Open-collector Gnp 8 El CLR
L5228 No Open-collector NC = No internal connection
operation

A FIFO memory is a storage device that allows data to be written into and read from its array at independent data
rates. These FIFO's are designed to process data at rates from O to 10 MHz in a bit-parallel format, word by word.
Data is written into the memory on a high-to-low transition at the load clock input (LDCK) and read out on a low-to-
high transition at the unload clock input (UNCK]).

The memory is full when the number of words clocked in exceeds the number of words clocked out by 16. When the
memory is full, LDCK signals have no effect. When the memory is empty, UNCK signals have no effect.

Status of the FIFO memory (see timing diagram) is monitored by the input ready (IR) and output ready (OR) flags
that indicate “not full” and “not empty” conditions. The IR output will be high only when the memory is not full and
the LDCK input is low. The OR output will be high only when the memory is not empty-and UNCK is high.

A high-to-low transition at the clear (Efﬁ) input resets the internal stack control counters and also sets 1R high and
OR low to indicate that old data remaining at the data outputs is invalid. Data outputs are noninverting with respect
to the data inputs and are at high impedance when output enable (OE) is low. OE does not affect the IR and
OR outputs.
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TYPES SN54LS222, SN54LS224, SN54LS227, SN541S228,

SN741LS222, SN741LS224, SN741L8227, SN741S228
16 X 4 ASYNCHRONOUS FIRST-IN FIRST-OUT MEMORIES

functional block diagram (positive logic)

op il >
LI
Lock AL —
RING COUNTER ComP
| g CTRDIV 16 .
P 2
WRITE N,
ADDRESS H P
< L Lds s 2 16 Q=P+1p
IRE(—ZL—-DO- ————————— B R ittt 7
(L5222, 'LS227 only} ¢ g P=Q+1
. e i o ]
12|
E. i wery [T
o> 14 EMPTY
15|
1
[ElleI I
nnalg .
ek 20BN [RING COUNTER ®
i 1> CTRDIV 16 16 )
1
2
READ 3
ADDRESS 4
5 RAM 16 X 4
b+ H
7
8
(18) L 2 \_“ " %
ORE— — — CT=1 :2
('LS222, "LS227 only) 12
1 1
16 [T [T EN
c5
po 24 s A — 575 1:"5"'3]00
L (18] ta)12)
(8)16) (13)11)
pa 1) {2001
*'1.S222 and 'LS224 have 3-state {(7) outputs. ('LS222 and ‘LS227 pin numbers)
‘LS227 and ‘LS228 have open-collector (Q) outputs. ['LS224 and 'LS228 pin numbers]
timing diagram
INITIALIZE| LOAD2WORDS |  UNLOAD 2WORDS | LOAD UNTIL FULL | UNLOAD

o |
LDCK ]_} I

INPUTS |
UNCK | | u u
| | 1
b XXXXSMKRFARK I KKK KKK KSR,
] ] T
S
L
IR u | |I
| | .
OUTPUTS OR L] 1 [ 15 L]
i | (o
Q-a3 _INALID | [ WoRD1 [worp2] invaio | | worp1 °7 WORD 2
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TYPES SN541S222, SN5415224, SN54LS227, SN541S228,
SN74LS222, SN741LS224, SN741LS227, SN741S228
16 X 4 ASYNCHRONOUS FIRST-IN FIRST-OUT MEMORIES

logic symbols 'LS222 ‘'LS224
FIFO16X 4 FIFO16X 4
CTR
CTR
PYALLE P e _tens
__m
err el 1o err-2dereo
(3) (2)
CT<16:F& > +c1 23 IR c7<16:F & P>y e 2—IR
(4) (3}
LDCK —E=> =22 LDCK ——D +22
re-2Ja3
(17)
M>_ 4,5 OR CT>0| & S 3 (14)0R
(19
UNCK ) T2 UNCK&— 23
18) CT=04 & cr=04+ &
ORE—— G5
34 A\ of 34 Vit
1 1 T
Do (5) D 6.7V {16) Q 00 (4) o 257 (13) Qo
) 14} 5 {12)
D1 —— Q1 D1 < a1
L) 13 oy 08 an o,
32 2) . 032 10 -
'LS227 'LS228
FIFO16 X 4 FIFO16X 4
CTR CTR
o _Jeny oe——{ens
1
CLRub- cT=0 mh CT=0
3) 2)
@ cT<1e:F& >0 23 IR @ c7<163[ & M~y 2 IR
LDCK ——t5x -+ 22 LDCK—)b 422
re 2 Ja3
: & (17) (14)
| _cr>0 > — 4,5 OR cr>o & > 3——0OR
19
u|\|c|<L 24 UNCK {15) T+23
“18) cT=04 & cT=04+ &
OoRE—] G5 /
54 Ve 54 VAt
(5) N e 1
b0 Lo 670 Qo po-¥_fip a5 13 g9
14)
o1 ((7) a4, Dy 8! 02) o,
b2 8) (13) Q2 D2 (6) {11) Q2
9 12
D3 (9} (12) a3 D3 (7) (10) a3

These symbols are functionally accurate but do not show the details of implementation; for these, see the functional block diagram. The
symbol represents the memory as if it were controlled by a single counter whose content is the number of words stored at that time.
Output data is invalid when the counter content is 0.

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, Voo (See Note 1) ... oo s P A
LTS T U AT £ e - 7V
Off-state OUTPUL VOITAgE . . . o o it ittt et ettt ittt et et e e et 55V
Operating free-air temperature range: SN541L.S222, SN54LS224, SN541.S227, SN541L.S228 ... .. —55°C to 125°C

SN741.5222, SN74LS224, SN74LS227, SN74LS228 - - -« - - .. 0°C 10 70°C
Storage temMpPerature ranNge . . . oo v v v ettt s it e e e e —65°C to 150°C

NOTE 1: Voltage values are with respect to network ground terminal.
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TYPES SN541LS222, SN541LS224, SN74LS222, SN741S224

16 X 4 ASYNCHRONOUS FIRST-IN FIRST-OUT MEMORIES
WITH 3-STATE OUTPUTS

recommended operating conditions

SN54LS’ SN74LS’ uNIT
MIN NOM MAX| MIN NOM MAX
Supply voltage, Voo 4.5 5 55| 4.75 5 5.25 v
\ Q -1 —26 ] mA
High-level output current, IgH
IR, OR —400 —400 | wA
Low-level output current, gL a 12 2 mA
IR, OR 4 8
Setup time, tg, D to LDCK | 50 50 ns
Hold time, tp D from LDCK!{ 0 0 ns
Operating free-air temperature, T —55 125 0 70| °cC
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
PARAMETER TEST CONDITIONST SNS4LS SN74LS UNIT
MIN TYPI MAX|MIN TYPE MAX
V(H_High-level input voltage 2 2 \4
VL Low-evel input voltage 0.7 0.8 \"
VK Input clamp voltage Veec =MIN, I =-18mA -1.5 -15] V
Vo Highievel output voltage Q Vee = MIN, Vig=2V, | IgH = MAX 24 3.3 2.4 3.2 v
IR, OR [V|L = V| max, loH =—400 A | 2.5 3.4 2.7 3.4
a loL=12mA 0.25 04 0.25 0.4
VoL Low-level output voltage Vec=MIN, Vig=2V, | loL = 24 mA 035 0.5 \
IR, OR ViL = VL max loL=4mA 0.25 04 0.25 0.4
loL=8mA 0.35 0.5
lozH O.ff-state output currer\t, a Vo=27V 20 20| uA
high-level voltage applied Vee = MAX, V=2V,
lozL Off-state output curre‘nt, VL= V| max Vo=04V _20 20| pa
low-level voltage applied
I .Input current at maximum Voo = MAX,V =7V 100 100 wA
input voltage
l|4  High-level input current Vee = MAX, V=27V 20 20| HA
ljL  Low-level input current Vee = MAX, V=04V —0.4 —0.4 | mA
lpg  Short-circuit current§ a Vee = MAX =30 —1301 30 —130 mA
IR, OR -20 —100 | —20 —100
Outputs high 84 84
lcc  Supply current Vee = MAX Outputs low 87 87 mA
Outputs disabled 89 89

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
T Al typical values are at Ve = 5 V, Tp = 25°C.
§Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second.
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TYPES SN541S222, SN541LS224, SN7418222, SN74LS224
16 X 4 ASYNCHRONOUS FIRST-IN FIRST-OUT MEMORIES
WITH 3-STATE OUTPUTS

switching characteristics, Vg =5V, Tp = 25°C

‘Ls222 ‘LS224
P ETE FROM To TEST CONDITIONS UNIT
ARAMETER MIN TYP MAX | MIN TYP MAX

tPLH IRET IR 21 ns

tPHL IRE, IR 10 . ns

tPLH OREf OR 21 ns

tPHL ORE OR 10 ns

tPLH LDCK IR 25 25 ns

tPHL LDCK 1 IR RL=2ka, 31 31 ns

tPLH LDCK} OR CL=15pF, 45 45 ns

tPLH UNCK 1 OR See Note 2 28 28 ns

PHL UNCK4 OR 26 ‘ 26 ns

tPLH UNCK1 IR 45 45 ns

tPLH CLR| IR 33 33 ns

tPHL CLR. OR 23 23 ns

tPLH LDCK4 Q 45 45 ns

tPHL LDCK1 Q 34 34 ns
RL = 667 2,

tPLH UNCKT Q 48 48 ns
CL =45pF,

PHL UNCK? Q 46 46 ns
See Note 2

tPZL OE?t Q 23 23 ns

tzH OEt Q 21 21 ns

tPLZ OE! Q 15 15 ns

Ry =667 Q2,C) =5pF,
tPHZ OE4 a See Note 2 22 22 ns

NOTE 2: For load circuits and voltage waveforms, see page 3-11 of The TTL Data Book for Design Engineers, second edition.

schematics of inputs and outputs

EQUIVALENT OF CLEAR AND EQUIVALENT OF
OUTPUT READY ENABLE INPUTS OTHER INPUTS
Vee == VCC—W -
13 k2 NOM 19 k2 NOM
INPUT -
INPUT — — —
Yy Y
4 Y
ﬂ; 77
TYPICAL OF INPUT READY AND TYPICAL OF Q OUTPUTS
OUTPUT READY OUTPUTS L vee
——————%—Vcc 100 2 NOM

120 2 NOM 3 1

OUTPUT

QUTPUT
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SN54LS227, SN5418228, SN74LS227, SN74LS228

16 X 4 ASYNCHRONOUS FIRST-IN FIRST-OUT MEMORIES
WITH OPEN-COLLECTOR OUTPUTS

recommended operating conditions

SN54LS’ SN74LS’
. MIN  NOM MAX [ MIN NOM MAX UNIT
Supply voltage, Voo 4.5 5 b5.5]|4.75 5 5.25 \'
High-level output voltage, VOH Q 5.5 5.5 \"
High-level output current, IgH IR, OR —400 —400 | pA
Low-level output current, oL e 12 2 mA
IR, OR 4 8
Setup time, tg D to LDCK | 50 50 ns
Hold time, ty D from LDCK! 0 0 ns
Operating free-air temperature, Tp —55 125 0 70| °C
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
PARAMETER TEST CONDITIONS? SNSALS SN74LS UNIT
MIN TYPE MAX |MIN TYPf MAX
Viy High-level input voltage 2 2 \Y
VL Low-level input voltage 0.7 0.8 \%
Vi Input clamp voltage Vee=MIN, 5)=-18mA —1.5 -15]| V
Vou Highevel output voltage | 1R, OR | VCC ™ MIN: VIH=2V.lon = —400kAl 4, 27 34 v
VL = VL max
loH High-leve! output current | Q Vec=MIN, VIH=2V,Vou =55V, 100 100 | uA
VL= ViL max
a loL=12mA 025 0.4 0.25 04
VoL Low-level output voltage Vee =MIN,  ViH=2V.lloL =24 mA 0.35 0.5 v
1R oR|VIL = ViLmax oL =4 mA 025 04 025 04
! loL =8 mA 0.35 0.5
I .Input current at maximum Voo = MAX, Vi=7V 100 100| wA
input voltage
li4  High-level input current Vee = MAX, V=27V 20 20 | uA
ljL  Low-level input current Vee = MAX, V=04V —-0.4 —0.4 | mA
los f:::igcu'w“mm IR, OR|Vce = MAX -20 —100 | —20 —100 | mA
QOutputs high 84 84
lcc  Supply current Vee = MAX Outputs low 87 87 mA
. Qutputs disabled 89 89

TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions,
fan typical values are at Vo =5V, Ta = 25°C.
§Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second.
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SN54LS227, SN54LS228, SN74LS227, SN74LS228
16 X 4 ASYNCHRONOUS FIRST-IN FIRST-OUT MEMORIES
WITH OPEN-COLLECTOR OUTPUTS

switching characteristics, Vocc =5V, Ta = 25°C

'LS227 'LS228
PARAMETER FROM TO TEST CONDITIONS UNIT
MIN TYP MAX| MIN TYP MAX
tPLH IRE 1 IR 23 ns
tPHL IRE | IR 10 ns
tPLH ORE 1 OR 23 ns
tPHL ORE | OR 10 ns
tPLH LDCK | IR RL =2k, 27 27 ns
tPHL LDCK t IR CL = 15pF, 32 32 ns
tPLH LDCK } OR See Note 2 52 52 ns
tpLH UNCK t OR 31 31 ns
tPHL UNCK | OR 26 26 ns
tPLH UNCK t IR 49 49 ns
tpLH CLR | IR 36 36 ns
tPHL CLR | OR 24 24 ns
tPLH LDCK | Q 54 54 ns
tPHL LDCK | Q 41 41 ns
PLH UNCK t Q R =667 Q, 62 62 ns
tPHL UNCK t Q CL =450pF, 53 53 ns
tPLH QOE | Q See Note 2 23 23 ns
tPHL QE t Q 25 25 ns

NOTE 2: For load circuits and voltage waveforms, see page 3-11 of The TTL Data Book for Design Engineers, second edition.

schematics of inputs and outputs

EQUIVALENT OF CLEAR AND EQUIVALENT OF
OUTPUT READY ENABLE INPUTS OTHER INPUTS
Vce - Veg———¢————
13 k2 NOM $19 k2 NOM
INPUT -
INPUT -
TYPICAL OF INPUT READY AND TYPICAL OF Q OUTPUTS
OUTPUT READY OUTPUTS
—————¢—Vcc
120 2 NOM }
- OUTPUT
- —
OUTPUT 1
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TYPES SN541LS222, SN541LS224, SN54LS227, SN541S228,

SN74LS222, SN741S224, SN74LS227, SN74LS228

16 X 4 ASYNCHRONGUS FIRST-IN FIRST-OUT MEMORIES

TYPICAL APPLICATIONS INFORMATION ouTPUT
— ENABLE
CLR 3
__ UNLOAD
cLK
LoAD o cir OF [-g—5V CLR OF |45V CLR OF ¢
S Lbck oR i Pony } [> Lbck OR ||l°_'“.‘ : P> Lock OR %lé:?;]:
INPUT a4 UNCK <
IR UNCK IR UNCK IR
READY 9 - 4 NN
IRE ORE |-€— 5V IRE ORE  j—e§—5V IRE ORE
-l - L - C
DO Qo DO Qo Do ao
D1 a1 ] a1 D1 (o} ]
D2 2 D2 a2 D2 a2
D3 a3 D3 a3 D3 a3
o cir o 5V L CLR OE |-¢-5V I—I> CLR ot | &
[> LoCK or [-open > Lock orR |oren  @—DN Lock or |—
< " UNCK (] < IR UNCK ] < 1R UNCK <f—¢
IRE ORE |~¢—5V IRE ORE  |——5V IRE ORE
-] r -] r m IJ
Do ao 0o ao Do Qo
D1 01 D1 Qi D1 a1
D2 Q2 D2 Q2 D2 Q2
D3 a3 D3 a3 D3 a3
®
o cn ot sV L CLR oF |¢-5V l__b CLR ot ¢
> LDCK OR |~OPEN [> Lock OR }-oPEN > LbCK OR —
<4 R unck < IR unck < < IR UNCK <}¢
IRE ORE |—€—5V IRE ORE |~g—5V IRE ORE |
[ - | r - | | o
oo Qo DO Qo DO Qo
D1 a1 D1 a1 D1 a1
D2 Q2 D2 Q2 D2 Q2
D3 a3 D3 Q3 D3 a3
LN c1n ot |5V L CLR oE 45V I—B CLR ot ¢
LDCK OR |~OPEN > Lock OR |-OPEN > Lock on —
<4 ® unck < < IR uNek] < IR unck<—¢
5V— IRE ORE [€——5V IRE ORE —4—sv—ﬁ IRE ORE [€-5V
9 r m Ll r
DO Qo Do Qo Do ao
D1 a1 D1 a1 D1 a1
| D2 Q2 D2 Q2 D2 Q2
| 03 a3 D3 a3 D3 Q3
FIGURE 1—-46-WORD BY 16-BIT EXPANSION USING 'LS222
10
l—-m—l = Noninverting delay 2 10 ns (e.g., 2 stages of ‘LS04), 2 places.
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LSI

TYPES SN54LS292, SN54LS294, SN74LS292, SN741.S294
PROGRAMMABLE FREQUENCY DIVIDERS/DIGITAL TIMERS

D2628, JANUARY 1981

Count Divider Chain

Digitally Programmable from 22 to 2n
{n= 31 for ‘'LS292, n = 15 for ‘'LS294)

Useable Frequency Range from DC to
30 MHz

Easily Expandable

Applications
e Frequency Division
e Digital Timing

description

These programmable frequency dividers/digital timers
contain 31 flip-flops (’L.S292) or 15 flip-flops
(‘LS294) plus 30 gates on a single chip. The count
modulo is under digital control of the inputs provided.

Both types feature an active-low clear input to initial-
ize the state of all flip-flops. To facilitate incoming in-
spection, test points are provided (TP1, TP2, and TP3
on the ‘LS292 and TP on the ‘LS294). These test
points are not intended to drive system loads. Both
types feature two clock inputs; either one may be
used for clock gating. {See the function table below.)

‘LS292, ‘L.S294 FUNCTION TABLE

CLEAR CLK1 CLK 2 Q OUTPUT MODE
L X X Cleared to L
H t L Count
H L + Count
H H X Inhibit
H X H Inhibit

schematics of inputs and outputs

SN54L5292 .. J OR W PACKAGE
SN74LS292..JOR N PACKAGE
(TOP VIEW)

B 1 U 116 vee
E 2[] 15 ¢
™1 3[] J1a o
ck 1 4] 113 TP 3
ck2 s[] 112 nc
™2 6] []11 ctR
a 7] J10 A
Gnp 8[] 9 NC

SN54LS294 .. J OR W PACKAGE
SN741.5294..JOR N PACKAGE

{TOP VIEW)
B 1] U 116 Vee
A 2[] 115 ¢
TP 3[ ]14 D
ctk1 4[] []13 NC
cLk2 5[] 12 n~c
Ne 6] ]11 TR
Q 7[] 10 ne
GND  8[] ]9 nC

NC — No internal connection
A brief look at the digital timing capabilities of the
‘LS292 will show that with a 1-MHz input frequency,
programming for 210 will give a period of 1.024 ms,
and 220 will give a period of 1.05 sec, 226 will give a
period of 1.12 min, and 231 will give a period of
35.79 min.

These devices are easily cascadable giving limitless
possibilities to timing delays that can be achieved.

EQUIVALENT
OF EACH INPUT
Vg ———4——-—

>
b3

b3 Req

INPUT -

CLK: Rgq=10 k2 NOM
All others: Rgq = 20 k2 NOM

TYPICAL
OF Q OUTPUTS

—————'1'_VCC

TYPICAL
OF TP OUTPUTS

21000

QUTPUT

-

OUTPUT

AAA

Copyright © 1981 by Texas Instruments Incorporated
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TYPES SN541S292, SN541S294, SN74LS292, SN7415294
PROGRAMMABLE FREQUENCY DIVIDERS/DIGITAL TIMERS

operation

The functional block diagram shows that the count modulo is controlled by an X/Y decoder connected to the mode-
control inputs of several flip-flops. These flip flops with mode controls each have a ‘D’ input connected to the parailel
clock line and a “T* input driven by the preceding stage. The parallel clock frequency is always the input frequency
divided by four.

The X/Y decoder output selected by the programming inputs goes low. While a mode control is low, the ““D’’ input of
that flip-flop is enabled, and the signal from the parallel clock line (fjn + 4) is passed to the “T" input of the following
stage, All the other mode controls are high enabling the *“T** inputs and causing each flip-flop in turn to divide by two.

PARALLEL CLOCK —eeo—gp—

ACTIVE-LOW CLEAR
4 I

3D R
OUTPUT OF
PRECEDING TO TOGGLE
STAGE ——Of> 2T — INPUT OF
NEXT STAGE
FROM —pp— M2
X/Y
CODER
logic symbols
‘LS292 ‘LS294
= (11) f :| f
CLR ——bw R — _’]
CLK1 ﬁ(‘” >1
CLK2 ———(5) ——(3) ‘_(4) ] =1
S5 g L) (3)
=0 " (TP2]f———TP2 CLK2———] - (TPl p——TP
~in=1 [Tp3]-&TP3 —t-[n=0] '
—+-in=1]
A {10) °
® oo T o
c o g1 A g
D(M) [n] 337 [fo_ji_} - . c&— [n]% fo=5n
= sl——
E(L)_ 4 D-(—M)— 3
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TYPES SN541LS292, SN541LS294, SN74LS292, SN74LS294
PROGRAMMABLE FREQUENCY DIVIDERS/DIGITAL TIMERS

functional block diagram (positive logic)

‘LS292
aRIL >0 o
cLk1 4 l
R| R
cLka-2 E>TOPE> T
Q
R Q0
XY —o>7 | 2 R| R 4 O
0 0i22T0>T Q_Q
28[o— P o
%p 9= o Do B 1y
2P
Tn Q
DR[ R J) o) L
o> 210> T Q
2p M2 [ e >3
= o>
20—
18P P P 6 1p2
Al 16
g0 ) <
c(15) 4 T
2D R
pl1a) 8 2D R Q_Q 4
LT T Q
g2 16 14 O— m2 q=> O? %D R
12l > = 3
10jo— =L >0
8 po— M2
o}
RELIQ O
Lo 2P | R 0 0
o> 2TOE>T J
sb——Im2 o> o> |?P R(I’EDS
4p- 2T B ar )
2 p— M2 ‘—‘DO—’O
N M3
—>
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TYPES SN541S292, SN54LS294, SN74LS292, SN74LS294
PROGRAMMABLE FREQUENCY DIVIDERS/DIGITAL TIMERS

functional block diagram (positive logic)

CLR 11 %

CLK1 @

CLK2 (ﬂDO-:

‘LS294

IPO—e
z 0—e

=>TO

-

>

X/Y [} l
2D R ‘-L
0
1 o> 27
up M2
1P S =d Q
120 o>
np S o L
10~ S o
] o, o>
(2) ] sb
(1) 2 -
c {15) 4
o (14) 8 (B
2D R ,_L
L—d> 21 Q
b———m w2 O
60 [o =2 Q
~ q
] o -
b a> 3D S
3p- o3t
2 - M3

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, Vo (see Note 1) . .o oo i e e e e e e e
Y 18 190 & T - P
Operating free-air temperature range: SN54LS292,SN54LS294 . . .. .. ... ... ...,
SN74LS292,SN74LS294 . . . . .. ... ... . . e
Storage temperature FANGE . . v v v v v vt e e e e e e e et e e

NOTE 1: Voltage values are with respect to network ground terminal,

(3) T

(7) a

....... 7V
....... 7V

—55°Ct0 125°C

.. 0°Cto70°C

—65°C to 150°C
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TYPES SN541S292, SN541LS294, SN74LS292, SN74LS294
PROGRAMMABLE FREQUENCY DIVIDERS/DIGITAL TIMERS

recommended operating conditions

SN54LS’ SN74LS’ UNIT
MIN NOM MAX| MIN NOM MAX
Supply voltage, Ve 4.5 5 55| 4.75 5 525 A\
High-level output current, loH (Q only) -1.2 -1.2 mA
Low-level output current, Ig (Q only) 12 24| mA
Clock frequency, fciock 0 30 0 30| MHz
Width of clock input puise, tyy 16 16 ns
Operating free-air temperature, T o —55 125 0 70 °C
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
SN54LS’ SN74LS’
PARAMETER TEST CONDITIONS? UNIT
MIN TYPf MAX [ MIN TYPE MAX
V|H High-level input voltage 2 2 \
ViL Low-level input voltage 0.7 0.8 7
Vik Inputclamp voltage Vee=MIN, || = 18 mA ~1.5 -1.5 A\
Von High-level output a Vee=MIN, Vig=2V, Igy=-1.2mA, 24 34 24 34 .
voltage ViL = VIL max
Vee = MIN, loL=12mA 0.25 04 0.25 0.4
Vg ovdeveloutput|Q ViH=2V, oL = 24 mA 035 05| V
voltage TPe VL = V|L max lgL=1mA 0.25 0.4
Input current at maximum
I ) Ve = MAX, V=7V 0.1 0.1 { mA
input voltage
Iyj4  High-level input current Vee=MAX,Vi=27v 20 20 LA
e Low-level input | CLK1,CLK2 | Vcc=MAX,V| =04V -0.8 -0.8 mA
current All others —0.4 -0.4
lgg orteireuit Vce = MAX —30 —130 | —30 -130 | mA
output current §
Icc  Supply current 'LS292 Vee = MAX, All inputs grounded, 40 75 40 75 mA
'LS294 All outputs open 30 50 30 50
t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
¥ All typical values are at Vec =5V, Ta=25C
8 The duration of the short-circuit should not exceed one second.
*The TP output or outputs are not intended to drive external loads but are solely provided for test points.
switching characteristics, Voc =5V, TA = 25°C, R = 667 £, CL =45 pF, see note 2
PARAMETER FROM To TEST CONDITIONS 15292 15294 UNIT
(INPUT} (OUTPUT) MIN TYP MAX [MIN TYP MAX
fmax CLK1or2 30 50 30 50 MHz
Modulo set at 22,
tPLH CLK1or2 Q 55 90 56 90 ns
A thru E = LLLHL ('LS292),
tPHL CLK1or2 Q Athru D = LLHL (LS294) 80 120 80 120 ns

NOTE 2: Voltage waveforms are shown on page 3-11 of The TTL Data Book for Design Engineers, Second Edition, LCC4112. See load circuit
in Figure 1.
maximum clock frequency

max =
tpLH = Propagation delay time, low-to-high-level output
tpHL = Propagation delay time, high-to-low-level output
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TYPES SN54LS292, SN541LS294, SN74LS292, SN74LS294
PROGRAMMABLE FREQUENCY DIVIDERS/DIGITAL TIMERS

switching loads
Vce
R =667 Q

FROM QUTPUT
UNDER TEST

FIGURE 1

‘LS292 FUNCTION TABLE

PROGRAMMING FREQUENCY DIVISION
INPUTS Q TP1 P2 TP3

E DCB A BINARY DECIMAL | BINARY DECIMAL |BINARY DECIMAL | BINARY DECIMAL
L L L Lt Inhibit Inhibit | Inhibit Inhibit | Inhibit Inhibit | Inhibit Inhibit
L L L L H Inhibit Inhibit | Inhibit Inhibit | Inhibit Inhibit | Inhibit Inhibit
L L L HL 22 4 29 512 217 131,072 224 16,777,216
L L L HH 23 8 29 512 217 131,072 224 16,777,216
L L HL L 24 16 29 512 217 131,072 224 16,777,216
L L H L H 25 32| 29 512 217 131,072 224 16,777,216
L L HH L 26 64 29 512 217 131,072 224 16,777,216
L L HHH 27 128 29 512 217 131,072 224 16,777,216
L H L L L 28 256 29 512 217 131,072 22 4
L HL L H 29 512 29 512 217 131,072 22 4
L H L HL 210 1,024 29 512 217 131,072 24 16
L HL HH 211 2,048 29 512 217 131,072 24 16
L HHLL 212 4,096 29 512 217 131,072 26 64
L HHLH 213 8,192 29 512 217 131,072 26 64
L HHHL 214 16,384 | 29 512 Disabled Low 28 256
L HHHH 215 32,768 29 512 Disabled Low 28 256
H L L L L 216 65,536 29 512 23 8 210 1,024
H L L L H 217 131,072 29 512 | 28 8 210 1,024
H L L HL 218 262,144 [ 29 512 | 25 32| 212 4,096
H L L HH 219 524,288 29 512 25 32 212 4,096
H L H L L 220 1,048576 | 29 512 | 27 128 | 214 16,384
H L HLH 221 2,097,152 | 29 512 | 27 128 | 214 16,384
H L HHL 222 4,194,304 Disabled Low 29 512 | 216 65,536
H L HHH 223 8,388,608 Disabled Low 29 512 | 216 65,536
H H L L L 224 16,777,216 23 8 on 2,048 218 262,144
H H L L H 225 33,554,432 23 8 211 2,048 218 262,144
H H L H L 226 67,108,864 25 32 213 8,192 | 220 1,048,576
H H L HH 227 134,217,728 25 32 213 8,192 220 1,048,576
H HHLL 228 268,435,456 | 27 128 | 215 32,768 | 222 4,194,304
H H HL H 229 536,870,912 27 128 215 32,768 222 4,194,304
H HH H L 230 1,073,741,824 29 512 217 131,072 224 16,777,216
H HHHH 231 2,147,483,648 29 512 217 131,072 224 16,777,216
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TYPES SN541LS292, SN54LS294, SN74LS292, SN74LS294
PROGRAMMABLE FREQUENCY DIVIDERS/DIGITAL TIMERS

‘LS294 FUNCTION TABLE

FREQUENCY DIVISION
PROGRAMMING INPUTS Q TP
D c B A BINARY DECIMAL BINARY DECIMAL
L L L L Inhibit Inhibit Inhibit Inhibit
L L L H Inhibit Inhibit Inhibit Inhibit
L L H L 22 4 29 512
L L H H 23 8 29 512
L H L L 24 16 29 512
L H L H 25 32 29 512
L H H L 26 64 29 512
L H H H 27 128 Disabled Low
H L L L 28 256 22 4
H L L H 29 512 23 8
H L H L 210 1,024 24 16
H L H H 21 2,048 25 32
H H L L 212 4,096 26 64
H H L H 213 8,192 27 128
H H H L 214 16,384 28 256
H H H H 215 32,768 29 512
181
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TTL

TYPES SN54LS297, SN741LS297

LSI DIGITAL PHASE-LOCKED-LOOP FILTERS

D262, JANUARY 1981

e Digital Design Avoids Analog
Compensation Errors

e Easily Cascadable for Higher Order Loops

e Useful Frequency from DC to:
50 MHz Typical (K Clock)
35 MHz Typical (1/D Clock)

description

SN54LS297 ...J OR W PACKAGE
SN74LS297 ...J OR N PACKAGE

a|1 U 16| vee

KCLK | 4 13| 9A2
1/D CLK |5 12| ECPDOUT

p/u|s6 11| XORPD OUT
1mout | 7 10] ¢8

GND | 8 9} ¢A1

The SN54LS297 and SN74LS297 devices are designed to provide a simple, cost-effective solution to high-accuracy,
digital, phase-locked-loop applications. These devices contain all the necessary circuits, with the exception of the
divide-by-N counter, to build first order phase-locked loops as described in Figure 1 in the operations section.

Both exclusive-OR (XORPD) and edge-controlled (ECPD) phase detectors are provided for maximum flexibility.

Proper partitioning of the loop function, with many of the building blocks external to the package, makes it easy for
the designer to incorporate ripple cancellation or to cascade to higher order phase-locked loops.

The length of the up/down K counter is digitally programmable according to the K counter function table. With A,
B, C, and D all low, the K counter is disabled. With A high and B, C, and D low, the K counter is only three stages
long, which widens the bandwidth or capture range and shortens the lock time of the loop. When A, B, C, and D are
all programmed high, the K counter becomes seventeen stages long, which narrows the bandwidth or capture range
and lengthens the lock time. Real-time control of loop bandwidth by manipulating the A through D inputs can

maximize the overall performance of the digital phase-locked loop.

The 'LS297 can perform the classic first-order phase-locked loop function without using analog components. The
accuracy of the digital phase-locked loop (DPLL) is not affected by Vo and temperature variations, but depends
solely on accuracies of the K clock, {/D clock, and loop propagation delays.

MODULO CONTROLS

D A
14)j1s)j(1) |2}

K-COUNTER__(4)

CLOCK
DOWN/UP CONTROL—EL MODULO-K

K-COUNTER_(3) COUNTER
ENABLE

1/D CLOCK:

(5) b INCREMENT/DECREMENT Db oureut

{11)_EXCLUSIVE-OR PHASE

PHASE AILw
(10}

DETECTOR CQUTPUT

{12) _EDGE-CONTROLLED PHASE

PHASE B:
Bis
pHase az—H12 bk

DETECTOR OUTPUT

FIGURE 1-SIMPLIFIED BLOCK DIAGRAM
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TYPES SN541S297, SN74LS297
DIGITAL PHASE-LOCKED-LOOP FILTERS

functional block diagram

. rr—-r-—-——mm—mm"m™—m—m"mm—"m"m"mm"m"""- KCoUNTER T —————™— —ﬂl
A ! xry
- LI E——— ) |
P A S ]
e [ 0 14 13 12 1 10 9 8 7 6 5 4 3 2 1]
o]
| SEEEEEEEEERE
i v . , |
TO MODE CONTROLS 122 {11 STAGES NOT SHOWN)
(4) 1 - |
KCLK =—t— ——a = — = |
! 2 - |
R R R R ToR R
— (6) > c20 974D ‘73D 1D
p/u 9 200 | ¢ > T BT L)——15>14T o —a> 13T |~ Ln’ T I
| < Mi4 ——M13 S m1 |
] |
3) c20 M1a L_—{mi3 L dm
ENCTR I' 200 b1 b1 b—edb1ar o—abiar 4 —d>iT T :
D T3 D
I R | n g 1" s r1 R R [
: POWER-UP RESET i I 1 ) PR 1 }
i =1 1L — DECREMENT |
—
L = _ g e _INcREMENT |
| 1/D CIRCUIT I
o etk T >o- ]
| P )
| 1— ) 1/D OUT
| 21D [ [
L2ip  [—2p 21D
{ > c21 P c21 o> c21 ] 4210 l
| o> c21 =
I ¢———a>c |
| ko> c21 o7 |
| P> c21 > c21 c21 04 21K |
I 21b  }—21p 210 I
| o —o—1{21D |
| ]
r |
@ I~ EXCLUSIVE-OR PHASE DETECTOR - -
oA1 I
[ | (11 xoreD
I T out
L1 I
:— T T T T T T T T T T T T EDGECONTROLLED PHASE DETECTOR _:
| |
I s s :7(12) ECPD
ouT
(3 | R R ]
¢A2
|
| |
I -
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TYPES SN541S297, SN74LS297
DIGITAL PHASE-LOCKED-LOOP FILTERS

K COUNTER FUNCTION TABLE

(DIGITAL CONTROL)

FUNCTION TABLE
EXCLUSIVE-OR PHASE DETECTOR

D c B A MODULO (K) PA1 @B XORPD OUT
L L L L Inhibited L L L
L L L H 23 L H H
L L H L 24 H L H
L L H H 25 H H L
L H L L 28 FUNCTION TABLE
L H L H 27 EDGE-CONTROLLED PHASE DETECTOR
L H H L 28
L H H H 29 A2 ¢B ECPD OUT
H L L L 210 Hor L ! H
H L L H 211 ' Hor L L
H L H L 212 HorL t No change
H L H H 213 ) Hor L No change
H H L L 214
H H L H 215 H = steady-state high level
H H H L 216 L = steady-state low level
H H H H 217 | = transition from high to low
t = transition from low to high
schematics of inputs and outputs
EQUIVALENT OF EACH INPUT TYPICAL OF 1/D OUTPUT TYPICAL OF
vee I, _ v ECPD AND XORPD OUTPUTS
- ——“——-Q cC —_— e V¢C
S
¢ Reg 100 senom $ 120 2NoMm
4
INPUT - - - —
OUTPUT OUTPUT

A, B, C, D, A2: Req =20 kQQNOM

$B: Req= 6kINOM

All others: Rgq = 10 k§2NOM

operation

The phase detector generates an error signal waveform that, at zero phase error, is a 50% duty cycle square wave. At
the limits of linear operation, the phase detector output will be either high or low all of the time, depending on the

direction of the phase error (¢jn — dout). Within these limits, the phase detector output varies linearly with the input

phase error according to the gain kd, which is expressed in terms of phase detector output per cycle of phase error.
The phase detector output can be defined to vary between %1 according to the relation:

PD Output =

100

% high — % low

The output of the phase detector will be kg ¢, where the phase error ¢ = ¢in — dout.

(1
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TYPES SN541S297, SN74LS297
DIGITAL PHASE-LOCKED-LOOP FILTERS

Exclusive-OR phase detectors (XORPD) and edge-controlled phase detectors (ECPD) are commonly used digital types.
The ECPD is more complex than the XORPD logic function, but can be described generally as a circuit that changes
states on one of the transitions of its inputs. kg for an XORPD is 4 because its output remains high (PD output = 1)
for a phase error of 1/4 cycle. Similarly, kg for the ECPD is 2 since its output remains high for a phase error of 1/2
cycle. The type of phase detector will determine the zero-phase-error point, i.e., the phase separation of the phase
detector inputs for ¢e defined to be zero. For the basic DPLL system of Figure 2, ¢e = O when the phase detector
output is a square wave. The XORPD inputs are 1/4 cycle out of phase for zero phase error. For the ECPD, ¢ =0
when the inputs are 1/2 cycle out of phase.

—_———— e —— —— 4
Mfc Lox D> CARRY !
DIVIDE-BY-K I
o/0 COUNTER BORROW |
XORPD OUT =
'in,¢|n {J’A.I }
s |
ok |
1/D CIRCUIT ﬁ—d—{——— 2 Nfe
|
1/D OUT _l
fout. fout CCOUNTER

FIGURE 2-DPLL USING EXCLUSIVE-OR PHASE DETECTION

The phase detector output controls the up/down input to the K counter. The counter is clocked by input frequency
Mfc, which is a multiple M of the loop center frequency fc. When the K counter recycles up, it generates a carry pulse.
Recycling while counting down generates a borrow pulse. If the carry and borrow outputs are conceptually combined
into one output that is positive for a carry and negative for a borrow, and if the K counter is considered as a frequency
divider with the ratio Mf./K, the output of the K counter will equal the input frequency multiplied by the division
ratio. Thus the output from the K counter is (kg $Mf.)/K.

The carry and borrow pulses go to the increment/decrement (I/D) circuit, which, in the absence of any carry or
borrow pulse, has an output that is 1/2 of the input clock I/D CLK. The input clock is just a multiple, 2N, of the loop
center frequency. In response to a carry or borrow pulse, the I/D circuit will either add or delete a pulse at 1/D OUT.
Thus the output of the I/D circuit will be Nf, + (kgqpoMf.)/2K.

The output of the N counter (or the output of the phase-locked loop) is thus:
fo = fe + (kg peMfc)/2KN

If this result is compared to the equation for a first-order analog phase-locked loop, the digital equivalent of the gain
of the VCO is just Mfg/2KN or fc/K for M = 2N.

Thus the simple first-order phase-locked loop with an adjustable K counter is the equivalent of an analog phase-locked
loop with a programmable VCO gain.
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TYPES SN541S297, SN74LS297
DIGITAL PHASE-LOCKED-LOOP FILTERS

Mt

[ e e e s . —— — — — — —— —

ek

R/Ei

D>

+
ENCTR
| XORPD OUT

DIVIDE-BY-K
COUNTER

CARRY

BORROW

oAt

)

'in, ¢>m

JRE

fout, Pout

I/DCLK

1/D CIRCUIT <-—4—-—-|——- 2Nf,

DIVIDE-BY-N
COUNTER

R

FIGURE 3—DPLL USING BOTH PHASE DETECTORS IN A RIPPLE-CANCELLATION SCHEME

absolute maximum rating over operating free-air temperature range (unless otherwise noted)

Supply voltage, V¢ (see Note 1)

Input voltage

Storage temperature range

SN541.5297
SN74L5297

NOTE 1: Voltage values are with respect to network ground terminal.

recommended operating conditions

Operating free-air temperature range:

A"

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

SN54L.5297 SN74LS297 UNIT
MIN NOM MAX |MIN NOM MAX
Supply voltage, Ve 4.5 5 55 (4.75 5 5.25 \")
1/D OUT —-1.2 -1.2| mA
High-level output current, IgH EXOR, ECPD 00 200 | aA
1/D OUT 12 241 mA
Low-leve! output current, IgH XOR. ECPD 2 sl mA
Clock frequency, { K Clock 0 30 0 30 | MHz
 ‘clock 1/D Clock 0 15] © 15 | MHz
Width of clock input pulse, tyy K Clock 16 16 i
1/D Clock 33 33 ns
Setup time, tg,, to K Clock 1 uU/D, ENCTR 30 30 ns
Hold time, tp, from K Clock t U/D, ENCTR 0 0 ns
Operating free-air temperature, Ta —55 125 0 70| °C

INCORPORATED
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TYPES SN541S297, SN741S297
DIGITAL PHASE-LOCKED-LOOP FILTERS

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)

SN54LS297 SN74LS297
PARAMETER TEST CONDITIONS?
ST CONDITIONS MIN Tvpt Max |min Tyet  max |UN'T
V|H High-level input voltage 2 2 \
ViL Low-level input voltage 0.7 08| V
Vik Input clamp voltage Vce = MIN, Ij=—-18mA -1.5 -1.5 \
Ve, Highievel 1/D OUT Ve =MIN,  Vig=2V, [Ion=MAX | 24 2.4
O Gutput voltage | Others VIL = VL max loH = MAX | 2.5 2.7 v
! =12 . . . X
1/D OUT oL mA 0.25 04 0.25 0.4
VoL Low-level Vce = MIN, Vigp=2vV, |loL=24mA 0.35 0.5 v
output voltage = loL = . . . K
p! ag Others ViL VIL max oL=4mA 0.25 04 0.25 04
loL=8mA 0.35 0.5
input current at
1 maximum input Vg = MAX, V=7V 0.1 0.1 mA
voltage
yy ighdevel L;/:' 2. Voo = MAX, V=27V :g ;g
IH input current cc ! =< HA
All others 20 20
A.,B.C.D¢A1 —0.4 —-0.4
Low-level 2 Vee = MAX, V| =04V
TR ¢B —-1.2 —1.2 | mA
input current V=04V
All others —0.8 —0.8
Shortcircuit 1/D OUT -30 —130 | -30 —130
| Ve = MAX
O output current § [Others cc —20 ~100 | 20 Z00 | ™
Vv, = MAX, All inputs grounded,
lcc  Supply current cc puts or 75 120 75 120 | mA
All outputs open

TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
FAll typical values are of Voc =5 V, Ta = 25°C.
§ Not more than ane output should be shorted at a time and the duration of the short-circuit should not exceed one second.

switching characteristics, Vcc =5V, Ta = 25°C

PARAMETER FROM (INPUT) 7O (QUTPUT) TESTCONDITIONS | MIN TYP MAX |UNIT
KCLK 1/D OUT 30 50

fmax 1/D CLK 1/D OUT R =667 15 35 MHz

tPLH 1/D CLK 1 1/D OUT :e‘;;o‘::;':' 15 25| ns

PHL 1/DCLK 1 1/D OUT 22 35| ns
¢A1 or ¢B Other input low XOR OUT 10 15

'PLH BA1 or 0B Other input high XOR OUT 7 25|
@A1 or ¢B Other input low XOR OUT RL= 2k, 15 25

tPHL PAT or 0B Other input high XOR OUT CL=45pF, 7 | ™

tPLH B ECPD OUT See Note 2 20 30| ns

tPHL $A2 ECPD OUT 20 30 | ns

ﬂtp LH = propagation delay time, low-to-high level output
tp L = Propagation delay time, high-to-low level output
NOTE 2: Load circuit and voltage waveforms are shown on page 3-11 of The TTL Data Book for Design Engineers, Second Edition, LCC4112.
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TTL TYPES SN541S320, SN54LS321, SN74LS320, SN74LS321
MSI CRYSTAL-CONTROLLED OSCILLATORS

D2418, DECEMBER 1978 — REVISED JANUARY 1981

‘LS320
. . SN54LS320...J OR W PACKAGE
e Crystal-Controlled Oscillator Operation SN74L5320...J OR N PACKAGE
from 1 MHz to 20 MHz (TOP VIEW)
e 2-Phase Driver Outputs WKTAL XTAL
vee 2 1 NC F Veer [ F
‘LS321 ] Jis] | fia] 2] n] jw| |9
e Similar to ‘LS320 But Includes /2 and r l l
/4 Count-Down Outputs XTALZ XTALY 3 =
description TANK ¥

The ‘LS320 is a crystal-controlled oscillator/clock
. [TANK 2 FFQ FFD F
driver. It features complementary standard and | 1 l ]
7
=

high-current driver outputs. A synchronization

flip-flop is included. L2 lsfepsyle

TANK TANK GND FFQ FFD  NC “Gho
1 1

The driver outputs, F' and F' have very-low impedance
and can be used to drive highly capacitive TTL-fevel
lines. |f the driver outputs are not used, then the logic: see description
V' terminal can be left open.

NC—No internal connection
The ‘LS321 is identical to the 'LS320 except it
additionally features two count-down outputs, F/2

and F/4. SN54LS321 ... J OR W PACKAGE
o . SN74LS321 ... J OR N PACKAGE
These circuits were designed for crystal control of (TOP VIEW)

frequency and capacitive controf is not recommended.
If a fundamental crystal is used, an inductor of 5 to
160 uH is required to be connected between the tank 1

XTAL XTAL
vee 2 1 F/2 ¥ Vee

[
(6] [15] [sa] Ju3] [12] {n] {w] ]s

and tank 2 inputs. If a third-overtone crystal is used, I l l
a tuned tank is necessary. XTALZ XTAL1 Fiz2 F 3
Interaction of the driver outputs with the other TANK 1 ®
outputs limits useful frequencies as shown in the
frequency-limits table. TANK 2 FFQ  FFD  F/a F
The SN54LS320 and SN54LS321 are characterized ’ l 3 1 ‘!'LJ: I .
for opera'{c)ion over the iull military temperature range K TRK e e e R T e
of —-565C to 1256°C. The SN74LS320 and ! 2 ! 2
SN741.5321 are characterized for operation from 0°C logic: see description
to 70°C.
FREQUENCY LIMITS
OUTPUTS IN USE vee | Vec fmax

Driver outputs only 5V 5V 20 MHz

Other outputs only 5V Open | 20 MHz

Driver and any other outputs 5V 5V 10 MHz

Copyright © 1981 by Texas Instruments Incorporated
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TYPES SN541LS320, SN54LS321, SN74LS320, SN74LS321
CRYSTAL-CONTROLLED OSCILLATORS

functional block diagram (positive logic) logic symbols
‘LS320
FFD 5 LD Q &) FFQ
G
<K
Tanx 1 2 I Do— anis A1 Jue _(_:7.21) 3
N @ [ (2) S~ F
ANK2 . F TANK2 m*-
SRR oo XTALT ==y O I
Ve pLUEVE |
XTAL2 ﬁ’—F [‘Fmvcﬁ'1 XTAL2 d =
SECTION
L vo ) c1
5
. 0 B 15 —2 ke
__________________ —_ ‘LS321
F/a : G (7)
! nn L2,
(12) =
| (1) P F
€12 ] TANK1 ——3¢
| >
___________________ J " | o
TANK2 —>é~ -~ (9) =
X ﬂl* CTRDIV2 (13)
TAL1 S L as o,
15) CTRDIV4
XTAL2 ‘-—-!(— (6)
+ ——— F/4
(5] ¢ (4)
FFD 22 1D FFQ
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
Supply voltage, Ve (seeNote 1) . . . . . . . . . L . L L L. oo LTV
Supply voltage, VCC  « « «+ v ¢ v e e e e e e e e e e e e e e e e e e e TV
Input voltage to FFD terminal N —-05Vto7V
Operating free-air temperature range: SN541.5320, SN54L.S321 . . . . ... ......-55Cto125°C
SN741L.5320, SN74LS321 e e e e e ... ...... 0Cto70°C
Storage temperatUre rangeé . . . . . . . . . 4 e 4 e 4 e e e e e e s . . .. .. .—B5°Cto150°C
NOTE 1: Voltage values are with respect to network ground terminals.
recommended operating conditions
SN54L8320 SN74LS320
SN54LS321 SN74LS321 UNIT
MIN NOM MAX MIN NOM MAX
Supply voltage, Voo 4.5 5 5.5 4,75 5 5.25 \
Supply voltage, V¢g' 4.5 5 5.5 4.75 5 5.25 v
] | F'or F’ —12 —24 A
High-level output current, IgH FR.FI2.Fl4 o4 04
i For F' 12 24 mA
Low-level output current, Ig FEF2FA 7 g
F/2 (‘LS321) 0.5 10 0.5 10
Output frequency, fout F/4 (*LS321) 0.25 5 0.25 5 MHz
ForF 1 20 1 20
Operating free-air temperature, T a —55 125 0 70 °C

Input and output schematics are similar to those shown for SN74LS326 on page 7-462 of The TTL Data Book for Design Engineers, second
edition, LCC4112.
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TYPES SN541S320, SN541S321, SN74LS320, SN74LS321
CRYSTAL-CONTROLLED OSCILLATORS

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)

SN541.8320 SN74LS320
PARAMETER TEST CONDITIONST SN541L8321 SN74L8321 UNIT
MIN TYPE MAX|MIN TYPE MAX
ViH High-level input voltage 2 2 v
Vi Low-level input voltage 0.7 0.8 \Y
Vik Input clamp voltage Vee = MIN, Vee' =MIN,  1j=—-18 mA -1.5 —-1.5 \
- Vee =45V Ve =45V, | =—12mA | 256 3.3
High-level FoE oCC . _CC la
VoH tout voltage Vcc =475V, Vgg =475V, gy =—24mA 27 33 v
output vi
P %% IOthers | Voo =MIN,  Vin=2V,  loH=-—4004A| 25 34 27 34
_ ) oL = 12 mA 025 04 025 04
F,F" | Vcc=MIN,  Vgg =MIN
v Low-level loL =24 mA 0.35 0.5 v
oL output voltage Oth v MIN v v loL=4 mA 0.25 04 0.25 0.4
ers = , = max
ce i P T 035 05
Input t at
n nput current a Voo =MAX, V=7V 0.1 01| mA
maximum input voltage
H High-level input current | Voo =MAX, V=27V 20 20| HA
h Low-level input current | Ve = MAX, V=04V —-0.4 04| mA
Short-circuit
I Vee = MAX -20 —100 | —20 —-100| mA
0s output current§ cc
Suppl t ‘LS320 42 70 42 70
oo pelvycurren Voo =MAX,  FFDat GND mA
from Vg 'LS321 47 75 47 75
Supply current
log L pplvcurre Voo =MAX,  Vgg =MAX, FFD at GND 4 8 4 8| ma
from Ve

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions,

LA typical values are at Vee=5V,Vee =5V, and Ty = 25°C,

§Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second, Outputs F’ and F’ do
not have short-circuit protection and these limits do not apply.

switching characteristics, Vcc =5V, Vegg' =5V, TaA=25°C

‘LS320 ‘L.S321
PARAMETER OUTPUTS TEST CONDITIONS uNIT
MIN TYP MAX|MINTYP MAX
F/2 10 15
fmax Maximum operating frequency | F/4 CL =100 pF . 5 7.5 MHz
All others 20 30 20 30
Cy =50 pF 6 12 6 12
F',F’ CL = 100 pF 7 14 7 14
tr Rise time, 1V to 3 V Cy = 200 pF LA LASESRRLE B,
CL = 50 pF 11 22 1 22
Others CL = 100 pF 25 40 25 40
CL = 200 pF 45 70 45 70
CL = 50 pF 5 10 5 10
F', F’ CL =100 pF 5 10 5 10
1 Fall time, 3V 101V C = 200 pF 6 12 6 120
CL =50 pF 6 12 6 12
Others CL =100 pF 10° 20 10 20
CL = 200 pF 17 30 17 30

9 Load circuit and voltage waveforms are shown on page 3-11 of The TTL Data Book for Design Engineers, Second Edition, LCC4112,
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TYPES SN54LS322A, SN74LS322A
8-BIT SHIFT REGISTERS WITH SIGN EXTEND

D2411, OCTOBER 1977 — REVISED JANUARY 1981

TTL
LSI

SN54LS322A ... J PACKAGE
SN74LS322A ... J OR N PACKAGE
(TOP VIEW)
e Multiplexed Inputs/Outputs
Provide Improved Bit Density Vec SPLBOT EXWND D1 ®0s D/p FQF HOM  Gw CLOCK
. 20| |18 s fs] [l [13) {2 {n
e 3-State Outputs Drive Bus
Lines Directly r ‘L 1
. . DS SE D1 B/Qg D/p F/Qf H/GH QK
e Sign Extend Function
e Direct Overriding Clear . o
i/lﬁ 00 A/OA C/Qﬁ /o G/oG (93 ?
12 8 10
REGISTER g/ DO A/Qa C/ac E/Qe G/QGg OUTPUT CLEAR GND
ENABLE ENABLE
logic: see description and function table

description

These low-power Schottky eight-bit shift registers feature multiplexed input/output data ports to achieve full eight-bit
data handling in a single 20-pin package. Serial data may be entered into the shift-right register through either the DO or
the D1 input as selected by the data select input. A serial output (QR’) is also provided to facilitate expansion.
Synchronous parallel loading is accomplished by taking both the register enable and the S/P inputs low. This places the
three-state input/output ports in the data input mode. Data are entered on the low-to-high transition of the clock. The
data extend function repeats the sign in the Qp flip-flop during shifting. A direct overriding clear input clears the
internal registers when taken low whether the outputs are enabled or off. The output enable does not interfere with
synchronous operation of the register.

FUNCTION TABLE

INPUTS INPUTS/QUTPUTS OUTPUT
OPERATION REGISTER — SIGN DATA | OUTPUT
CLEAR S/P CLOCK | A/Q B/Q C/Qc¢ ...H/Q Qy’
ENABLE | | EXTEND | SELECT | ENABLE A BB c H H
L H X X X L X L L L L L
Clear
L X H X X L X L L L L L
Hold H H X X X L X Qap Qo  Qco QHo QHo
H L H H L L 1 Do Q Q Q Q
Shift Right An - ~Bn Gn Gn
H [N H H H L t D1 Qan Qgn QGn Qgn
Sign Extend H L H L X L t Qan  Qapn  QBn QGn QGgn
Load H L L X X X t a b [4 h h
When the output enable is high, the eight input/output terminals are disabled to the high-impedance state; however, sequential operation
or clearing of the register is not affected. If both the register enable input and the s/P input are low while the clear input is low, the
register is cleared while the eight input/output terminals are disabled to the high-impedance state.

H = high level (steady state)
L = iow level (steady state)
X = irrelevant (any input, including transitions)
1 = transition from low to high level
QaQ.--
QaAn ... QHp = the level of Qp through Qyy, respectively, before the most recent t transition of the clock
DO, D1 = the level of steady-state inputs at inputs DO and D1 respectively

. h = the level of steady-state inputs at inputs A through H respectively

QHO = the level of Qp through Qp, respectively, before the indicated steady-state conditions were established

Copyright © 1981 by Texas Instruments Incorporated
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TYPES SN54LS322A, SN741LS322A
8-BIT SHIFT REGISTERS WITH SIGN EXTEND

functional block diagram (positive logic)

REGISTER (1)
ENABLE oo ‘
[]
siP ——LDm -
:
SIGN
(18) I
EXTEND —q >
S m g
D1
DATA =
SELECT &L.Do_ :)_-|\
DS n
3) L@j
Do FOUR
IDENTICAL
CHANNELS
NOT
SHOWN
ol ol
> cK ek
5 al I—ﬁ ah
CLR CLR
o
(11)
CLOCK {>~ - { £
9
CLEAR Lo— A e
OUTPUT (g LP P
ENABLE oL/ o
oOF
(a) (16) n
A/Qp B/Qp Glag
INPUTS/OUTPUTS NOT SHOWN
(5) c/ac (15) D/Qp
(6)E/Q (14} F/QF
logic symbol
SRG8
R O esdr
oF Bl el Ents
s (1) G3
—(2)
s/P 3M1 [SHIFT]
(;E_'b. 3M2 (PAR LOAD]
CLK b c6/1 -
I r
>
SE (18) G4
£8,3,1,6D
DS (19) G5
po —8L_44,5,1,60
p1 a5, 1,60
AlQp 2,6D 2114
: 7,1
) V7,15
B/Qg (2, 6D >
V8,15 284
c/ac (5)
p/ap 5Ly, |
/0 olo—
F/Qf
6/ag 4
H/OH(L:”C‘Z, 6D [
2144
V14,15 (12)
| ———0u"

(13)
H/QH

02),,
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TYPES SN54LS322A, SN74LS322A
8-BIT SHIFT REGISTERS WITH SIGN EXTEND

schematics of inputs and outputs

EQUIVALENT OF EACH INPUT TYPICAL OF OUTPUTS OUTPUT Qy-
v Qa THRU Qy
cc —— — —
{ -—————¢— Ve —T T %Y Ve
3 Req 100 2 NOM $ 120 2 NOM ¢
INPUT -— - -
L 3
3 OUTPUT OUTPUT
Sign extend: Req = 6 k2 NOM
Data select: Rgg =9 k2 NOM
All other inputs: Req =18 k{2 NOM
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
Supply voltage, Ve (see Note 1) .. . YA
Inputvoltage . . . . . . . . . . . . . .. .7V
Off-stateoutput voltage . . . . . . . . v . . e e e e e e e e e e e e e e e e e LY
Operating free-air temperature range: SN54LS322A . . . . . . . . . . . . . . . —=55°C to 125°C
SN74LS322A 0°C to 70°C

Storage temperature . —65°C to 150°C

NOTE 1: Voltage values are with respect to network ground terminal.

recommended operating conditions

SN54LS322A SN74LS322A uNIT
MIN NOM MAX | MIN NOM MAX
Supply voltage, Voc 4.5 5 5.5 | 4.75 5 5.25 v
) Qa thru QR -1 -2.6
High-level output current, IoH an Y ) mA
Qa thru Q 12 24
Low-level output current, 1oL QA, YH 2 3 mA
H
Clock frequency, felock 0 25 0 25 | MHz
' Clock high 30 30
Width of clock pulse, ty(clock} Clock Tow 0 0 ns
Width of clear pulse, tw(clear) Clear low 20 20 ns
Data select 10t 101
Setun time. 1 High-level data® 201 20+ ns
e ime,
1P Tme. tsu Low-level data® 201 201
Clear inactive-state 20t 20t
Hold ti . Data select 10t 10t
old time, tp ns
Data® ot ot
Operating free-air temperature, Ta —55 125 ¢] 70 °C

OData includes the two serial inputs and the eight input/output data lines.
1The arrow indicates that the rising edge of the clock pulse is used for reference.
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TYPES SN54LS322A, SN74LS322A
8-BIT SHIFT REGISTERS WITH SIGN EXTEND

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)

SN54LS322A SN74LS322A
PARAMETER TEST CONDITIONSt UNIT
RAMET MIN TYPE MAX [MIN TYPi MAX
VIH High-level input voltage 2 2 \Y
ViL  Low-level input voltage 0.7 0.8 \
Vik Input clamp voltage Ve = MIN, 1} ==18 mA —-1.5 -1.5 v
Qp thruQy | Voo =MIN, Vig=2V, 2.4 3.2 2.4 3.1
v High-evel output volt: \
OH  High-level output voltage an' VIL=VLmax, oy =MAX | 25 34 27 34
loL =12 mA 0.25 0.4 0.25 0.4
Qp thru QY | Ve = MIN
v L olovel outout vt A T EH vcc—zv * [loL=2amA 03 05
oL Lowleveloutput voltage ] IH=2 % oL =4 mA 025 04 025 04
Qy V)L = V|Lmax
oL =8mA 0.35 0.5
Oftf-state output current, Ve = MAX, ViH=2V,
| Qp thru Q 40 40 | uA
OZH  1,igh-level voltage applied A Hivg=27V
ff-st; tput t, \Y = MAX, VIH=2V,
oz Cffstate output curren Qp thruay | “CC€ IH —400 —400 | pA
low-level voltage applied Vo =04V
A thru H V=565V 0.1 0.1
Input t at i Data select V=7V 0.2 0.2
I nputcurrent at maximum ata selec Vee = MAX | mA
input voltage Sign extend V=7V 0.3 0.3
Any other Vi=7V 0.1 0.1
A thru H, DS 40 40
IH High-level input current Sign extend | Vgg = MAX, V=27V 60 60 | wA
Any other 20 20
Data select —0.8 —0.8
TR Low-leve! input current Sign extend | Voe = MAX, Vy=04V -1.2 —1.2 | mA
Any other —-0.4 —0.4
QA thru Q -30 —130 | —30 —130
10§ Short-circuit output current§ Q:, u-H Vee = MAX —0 ~700 20 100 mA
Icc Supply current Vee = MAX 35 60 35 60 | mA
T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
fan typical valuesareat Vg =56V, T = 25°C.
§Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second,
switching characteristics, Vcc =5V, TA=25°C
FROM TO
PARAMETERY TEST CONDITIONS MIN TYP MAX [UNIT
{(INPUT) (OUTPUT) :
fmax See Note 2 25 35 MHz
t 2 33
PLH Clock Qy' CL =15 pF, RL =2k, 2 ns
tPHL 26 35
- See Note 2
tPHL Clear Qn 27 35 ns
t 16 25
PLH Clock Qp thru QH ns
tPHL 22 33
1 Clear Qa thu Q Cu - 45pF, AL-g65 2, 22 35| ns
tPHL A H See Note 2 Py 5
PzH Output enable Qp thru Qy ns
tPZL 15 35
1] Cp =5pF, RL =665 2, 15 25
PHZ Output enable Qp thru Qn L=se L ns
tPLZ See Note 2 15 25

ﬂfmax = maximum clock frequency

PLH = propagation delay time, low-to-high-level output
tp L = propagation delay time, high-to-low-level output

tpzH = output enable time to high level
NOTE 2: For testing f 54, all outputs are loaded simultaneously, each with Cy and Ry as specified for the propagation times, See load
circuits and waveforms on page 3-11 of The TTL Data Book For Design Engineers, Second Edition, LCC4112,

tpz| = output enable time to tow level

tpHz = output disable time from high level
tpz = output disable time from low level
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TTL TYPES SN54LS3417, SN74LS347
MSI BCD-TO-SEVEN-SEGMENT DECODERS/DRIVERS

D2426, NOVEMBER 1977

logic symbol ‘ {TOP VIEW)
. BlN/'I[?llE]G D
e Low-Voltage Version of sRms 4 al7 E vee
SN54L.S47/SN74L547
or 45l G21 cl2 E f
o Open-Collector Outputs — (3 —
Drive Indicators Directly e = E s
o Lamp-Test Provision v20 ere 7 2021003, BI/RBO | 4 E @
7 b 2021 O (12) RBi |5 Iz] b
o Leading/Trailing Zero A 1 c 0210 G0
Suppression S 1 d 20210k (0 4 ol E °
c=—a e 2021019 o
e Lamp Intensity ole g ¢ 20210115 ¢ ALZ E d
Modulation Capability s 20210 04 Gahols EI e
DRIVER OUTPUTS TYPICAL
TYPE ACTIVE OUTPUT SINK MAX POWER PACKAGES
LEVEL | CONFIGURATION | CURRENT | VOLTAGE | DISSIPATION
SN54L5347 low open-collector 12mA 7V 35 mW J W
SN74LS347 low open-collector 24 mA 7V 35 mW J N
a
,| |b el ) ) ] T [l T ) | ) P R T )l T
o | (Y S | | o | g —_ =
o ¢ 0 T 2 3 4 5 6 7 8 9 10 11 12 13 14 15
3 FONT TABLE T1 — NUMERICAL DESIGNATIONS AND RESULTANT DISPLAYS
SEGMENT
IDENTIFICATION
FUNCTION TABLE
DECIMAL INPUTS OUTPUTS
OR Bi/RBOY NOTE
FUNCTION LT RBI D (o B A a b c d e f g
0 H H L L L L H ON ON ON ON ON ON | OFF
1 H X L L L H H OFF | ON ON | OFF | OFF | OFF | OFF
2 H X L L H L H ON ON |OFF | ON ON | OFF | ON
3 H X L L H H H ON ON ON ON | OFF | OFF | ON
4 H X L H L L H OFF | ON ON | OFF | OFF | ON [o]\]
5 H X L H L H H ON | OFF | ON ON | OFF [ ON ON
6 H X L H H L H OFF | OFF | ON ON ON ON ON
7 H X L H H H H ON ON ON | OFF | OFF | OFF | OFF 1
8 H X H L L L H ON ON ON ON ON ON ON
9 H X H L L H H ON ON ON | OFF | OFF | ON ON
10 H X H L H L H OFF { OFF {OFF ON ON OFF ON
mn H X H L H H H OFF {OFF | ON ON | OFF {OFF | ON
12 H X H H L L H OFF | ON |OFF | OFF | OFF [ ON ON
13 H X H H L H H ON |[OFF |OFF | ON | OFF | ON ON
14 H X H H H L H QFF | OFF |OFF OoN ON ON ON
15 H X H H H H H OFF | OFF |OFF | OFF | OFF | OFF | OFF
BI X X X X X X L OFF | OFF |OFF | OFF | OFF [ OFF | OFF
RBI H L L L L L L OFF ;| OFF {OFF | OFF | OFF | OFF | OFF 3
LT L X X X X X H ON ON ON ON ON ON ON 4

H = high level, L = low level, X = irrelevant
NOTES: 1. The blanking input (BI) must be open or held at a high logic level when output functions O through 15 are desired. The
ripple blanking input {RBI) must be open or high if blanking of a decimal zero is not desired.
2. When a low logic level is applied directly to the blanking input (Bl), all segment outputs are off regardless of the level of any
other input.
3. When ripple-blanking input (RBt) and inputs A, B, C, and D are at a low level with the lamp test input high, all segment outputs
go off and the ripple blanking output (RBO) goes to a low level (response condition}.
4. When the blanking input/ripple blanking output {(BI/RBO) is open or held high and a low is applied to the lamp-test input, all
segment outputs are on,
IBI/RBO is wire AND logic serving as blanking input (Bl) and/or ripple-blanking output (RBO).
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TYPES SN54LS347, SN741S347
BCD-TO-SEVEN-SEGMENT DECODERS/DRIVERS

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, Vcc (see Note 1)

Input voltage

Peak output current (ty < 1 ms, duty cycle < 10%)

Current forced into any output in the off state

Operating free-air temperature range: SN54L.S347
SN74LS347

Storage temperature range

NOTE 1: Voltage values are with respect to network ground terminal,

recommended operating conditions

7V
.1V

200 mA

.. . .. 1TmA
—55°C to 125°C

. 0°Cto70°C

—65°C to 150°C

SN541.5347 SN74LS347 UNIT
MIN NOM k& MAX [{MIN NOM MAX
Supply voltage, Vee 45 5 55 | 4.75 5 525| V
Off-state output voltage, VO (off) athrug 7 71 Vv
On-state output current, Ig(gn) athrug 12 24 | mA
High-level output current, 1o BI/RBO —50 —50 | pA
Low-level output current, lg_ BI/RBO 1.6 3.2 | mA
Operating free-air temperature, Ta —-55 125 0 70| °c
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
PARAMETER TEST CONDITIONS? SN54L,8347 SN74L3347 UNIT
MIN TYPE MAX [MIN TYPf MAX
ViH High-level input voltage 2 2 \
ViL Low-level input voltage 0.7 08| V
ViK Input clamp voltage Ve = MIN, Iy = —18 mA -1.5 -15| V
VOH High-level output voltage| BI/RBO Vee = MIN, Vin=2V, 24 4.2 24 42 \%
ViL = ViL max, gy = —50 A
: Vee=MIN ) = 16 mA 025 04 025 04
VoL Low-level output voltage | BI/RBO VIH=2V, \
ViL = Vi max |'OL=32mA 0.35 0.5
lo(off) Off-state output current | a thru g Vee = MaX, Vin=2V, 250 250 | wA
‘ ViL = ViL max, Vo(off) = 7V
Vee=MAX, |55 = 12 mAl 025 04 025 04
VO(on) On-state output voltage |athrug ViIH=2V, Vv
V)i = Vjy max 10(on) = 24 mA 0.35 0.5
1y Input current at maximum input voltage | Vg = MAX, V=7V 0.1 0.1{ mA
WH High-level input current Vce = MAX, V=27V 20 20| kA
Any input —0.4 -04
he Low-level input current | except BI/RBO{ Ve = MAX, V=04V mA
BI/RBO -1.2 -1.2
Short-circuit
10s BI/RBO Vce = MAX -0.3 -2 |-0.3 -2 | mA
output current
Ice Supply current Vce = MAX, See Note 2 7 13 7 13| mA
TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
fan typical valuesareat Voo =56 V, Tp = 25°C.
NOTE 2: Igc is measured with all outputs open and all inputs at 4.5 V.
switching characteristics, Vcg=5V, Ta = 25°C
PARAMETER TEST CONDITIONS MIN  TYP MAX [UNIT
toff Turn-off time from A input 100
ton Turn-on time from A input C_=15pF, R =665%, 100 ns
toff Turn-off time from RBI input See Note 4 100
ton Turn-on time from RBI input 100 s
NOTE 4: Load circuit and voltage waveforms are shown on page 3-11 of The TTL Data Book for Design Engineers, Second Edition,

LCC4112; ty¢f corresponds to tp| | and top, corresponds to tpy .
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- TYPES SN54LS354, SN54LS355, SN54LS356, SN54LS351,
SN74LS354, SN74LS355, SN74LS356, SN74LS357
MSI 8.LINE TO 1-LINE DATA SELECTORS/MULTIPLEXERS/REGISTERS

D2544, JULY 1979

e Transparent Latches on Data SN54LS’ ... J PACKAGE
Select Inputs SN74LS’...J OR N PACKAGE
(TOP VIEW)

e Choice of Data Registers:

r ’
Transpa_rent( LS,354, LS'355) - E U %] vee
Edge-Triggered ('LS356, 'LS357) B )
D6 |2 19] v
e Choice of Qutputs: 05 E E w} OUTPUTS
Three-State ('LS354, 'LS356)
Open-Collector ("LS355, ‘LS357) pata Jo4 [4] 7] 63
_ L outpPut
INPUTS § 55 E l_‘i] 82 ¢ ENABLES
e Complementary Outputs - Al
£ dab o2 [6] 15] G1
e Easily Expandable
) ‘ i o [7] S0
e High-Density 20-Pin Package oo E [13] s1 o seLecT
DATA CONTROL/CLOCK E 12| s2
GND |10 11| SELECT CONTROL
2
description FUNCTION TABLE
s . . INPUTS
These monolithic data selectors/multiplexers contain DATA
full on-chip binary decoding to select one of eight CLOCK OUTPUT |OUTPUTS
t
. e SELECT! |CONTROL
data sources. The data-select address is stored in (Ls354 | (LS356, ENABLES
transparent latches that are enabled by a low level on © | Ls357) =
. == - S§2 S1 SO | 'LS355 1 G2 G3| W Y
pin 11, SC. On the 'LS354 and 'LS355 a similar = f( ’ - GH Xz -
enable for data is obtained by a low level on pin 9, Y x x X X x H x|z 2
DC. The edge-triggered data registers of the 'LS356

, . o X X X X X X X L]z z
and ‘LS357 are clocked by a low-to-high transition —

. . L L L L 1 L L H DO DO
on pin 9, CLK. Complementary outputs are available Lol L " HorL It L nlBo. bo
in either three-state versions ('LS354 and ’'LS356) Lol ow L (:r oL H 61" D1”

-coll i ! ! 7). —

or open-collector versions ('LS355 and 'LS357) L L H H HorL |L L H|Bi, o1,
L H L L * L L H|D2 D2

Thz §N54L53§4 throughh Slf\l5”4LS.l3r57 are character- LoH L H HorL | L L H |B2, 02,

ized for operitlon over(’f e full military temperature L H H L ' L L ulbs b3

range of =65 C to 125 C; the SN74LS354 through L H M H HorL L L ulbs. o3

SN74LS357 are characterized for operation from WL oL L ' L L H [—)4n D4n

(s} (]

0 Cto70°C. H oL L H Horl [L L H|Da, Da,
H L H L t L L H|Ds D5
H L H H HorL | L L H |Ds, D5,
H H L L 1 L L H|Ds D6
H H L H HorL | L L H |De, D6,
H H H L t L L H|D7 D7
H H H H HorL |L L H |D7, D7,

H = high level (steady state)
L = low level (steady state)
X = irrelevant (any input, including transitions)
Z = high-impedance state (off state)
t = transition from low to high level
DO0... D7 = the level of steady-state inputs at inputs DO through
D7, respectively, at the tirﬁe of the low-to-high clock
transition in the case of 'LS356 and ‘LS357
DOp ... D7, = the level of steady state inputs at inputs DO through
D7, respectively, before the most recent low-to-high
transition of data control or clock
T This column shows the input address setup with SC low.

Copyright ©® 1979 by Texas Instruments Incorporated
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TYPES SN541S354, SN54LS355, SN54LS356, SN54LS357,

SN74L5354, SN74LS355, SN74LS356, SN74LS357
8-LINE TO 1-LINE DATA SELECTORS/MULTIPLEXERS/REGISTERS

logic symbolsT

Do
D1
D2
D3
D4
D5

D6
D7

CLK

DO
D1
D2
D3
D4
D5

D6
D7

tThese symbals are in accordance with |EEE Std 91/ANSI Y32.14 and current discussions in IEC and IEEE,

‘LS354

("LS355 is open-
collector version)

MUX
15) N
(160 N EN
17
LI N
AL P ;
0
AT prs ol
LEII pos )
@ N
B o D IED
JLIN— ) 1
9 Yoo 2 (19)
5__Joo 3 v Y
@__fo 4 N, (8)
@ v | w
. 5
2__ Yo 6
T >
‘L8357
{"LS356 is
3-state version)
MUX
us nJ &
{16) N EN
un
un pfo
LI ey 0
0
TEN ol
JLE ey 2
)
. I
L 9D 0 >1
LTINS P 1
©)
————19D 2 (19)
o2 v
S rry 3
JLIN PR N U8)
@) Qe w
——s0 5
2__ 1o 6
AL ey 7

functional block diagrams (positive logic)

‘LS354, 'LS355

ENABLES'

ol D

DATA
SELECT J £

3&, oureur

us

- %‘
1
1) = N
o) r
2>
¢ ooltl - = )
\
m o
CY
i '0
1
] —
oata
\
S S
@ —
2
@ —
1 L]
@ =
1
e e [ — /
o1
. .
LS356, 'LS357
e
outeut J oo om
ENABLES
it
ETE N
oo
ol
oata
seeeer s — >
priwesh r
u
N
v
5
e 2{>o—
£ oold = ) —
=

® =
oaTa o
weuts )
o =
1
® =
1
2 -
o
Lo —

081

W ouTPUT

Q-mvouvur

WouTPUT
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TYPES SN54LS354, SN54LS355, SN54LS356, SN54LS357,
SN74LS354, SN74LS355, SN74L8356, SN74LS357
8-LINE TO 1-LINE DATA SELECTORS/MULTIPLEXERS/REGISTERS

schematics of inputs and outputs

EQUIVALENT OF EACH DATA OR SELECT INPUT EQUIVALENT OF ALL OTHER INPUTS
Vee —— ——
Vee —— 4: 10 k2
2 NOM
10k [
NOM
INPUT - INPUT
TYPICAL OF BOTH OUTPUTS ON 'LS354 AND ‘LS356 TYPICAL OF BOTH OUTPUTS ON ‘LS355 AND 'LS357
—_—— - Vee
100 ©
NOM
—_— OUTPUT
OUTPUT

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage (568 NOte 1) .. it it ittt ittt et vt et e et e e e e e 7V
I3 <18 7o < T [ 7V
Operating free-air temperature range: SNB4LS’ . ... . ... .. . . i i i —55°C to 125°C

SNZALS i 0°Cto 70°C
Storage tempPerature FaNGE .« . . . v v v vt e a et it e e et e —65°C to 150°C

NOTE 1: Voltage values are with respect to network ground.terminal.
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TYPES SN54LS354, SN54LS356, SN74LS354, SN74LS356
8-LINE TO 1-LINE DATA SELECTORS/MULTIPLEXERS/REGISTERS
WITH 3-STATE OUTPUTS

recommended operating conditions

SN541L5354, SN741L8354,
SN54LS356 SN74L8356 UNIT
MIN NOM MAX |MIN NOM MAX
Supply volitage, Vo 4.5 5 5.5[4.75 5 525| V
High-level output voltage, VoH 5.5 55 V
High-level output current, loH -1 —2.6| mA
Low-level output current, I 12 24| mA
. . . 'LS354 15 15
Setup times, high- or low-level data, tg, (with respect to t at pin 9) "LS356 15 15 ns
Hold times, high- or low-level data, ty {with respect to 1 at pin 9) L5354 15 15 ns
'LS356 0 0
Operating free-air temperature, Ta —55 125 0 70| °C

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)

SN54L8354, SN74LS354,
PARAMETER TEST CONDITIONST SN54LS356 SN74LS356 UNIT
MIN TYPI MAX [MIN TYP MAX
ViH_ High-level input voltage 2 2 \4
ViL Low-level input voltage 0.7 08| V
ViK Input clamp voltage Ve = MIN, I} =—=18 mA -1.5 -1.5]| V
Vee = MIN, VIH=2V, VL=V ,
VoH High-level output voltage cc H ILEVILmax. |, g 24 v
1oH = MAX
Vee = MIN, ViH=2V, |1 =12mA 025 04 025 04
VoL Low-level output voltage CC_ IH oL \
Vi = V)L max loL = 24 mA 035 05
Off-state (high-impedance Vpo=27V 20 20
loz fgnimp Vee = MAX 0 MA
state) output current - Vo=04V -20 —20
Input current at
0 put curre Veo=MAX, V=7V 0.1 0.1] mA
maximum input voltage
IIH High-level input current Vee = MAX, V=27V 20 20{ pA
DC or CLK
Low-level - = ‘ . -0.2 -0.2
oo oW G1,G2,G3| Voo = MAX, V| =04V mA
input current
All others —-0.4 —0.4
\os  Short-circuit output current$ | Veg = MAX —30 —130 | —30 —130[ mA
lcc  Supply current Vce = MAX, See Note 2 29 46 29 46| mA

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions,
LAl typical values are at Vec =5 V, Tp = 25°C,
§ Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second.

NOTE 2: Igg is measured with the inputs grounded and the outputs open.
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TYPES SN54L8354, SN54LS356, SN74LS354, SN74LS356
8-LINE TO 1-LINE DATA SELECTORS/MULTIPLEXERS/REGISTERS
WITH 3-STATE OUTPUTS

switching characteristics, Vcc =5V, Ta = 25°C, R = 667

FROM TO TEST 'LS354 ‘LS356
PARAMETERY UNIT
(INPUT) (OUTPUT) CONDITIONS MIN TYP MAX MIN TYP MAX
t 24 36
o Y 23 35 "
xPH - po-o7 18 27
PLH w ns
tPHL 29 44
t — 28 42 18 27
PLH bC Y ns
tPHL 26 39 33 50
or
t 22 33 24 36
PLH CLK w ns
tpHL 33 50 18 27
tPLH v C| =45pF, 29 44 30 45 ns
t See Note 3 24 36 28 42
xPHL 50,81, 52 - 28 42 36 54
PLH w ns
tPHL 34 51 30 45
t 4 51 6 54
PLH Y 3 3 ns
tPHL 5 31 47 40 60
t 27 4 32 48
ELH w ns
tPHL 40 60 36 54
tpZH 14 27 14 25 ns
tpzL v 18 27 17 25
tPHZ CL=5pF, 15 23 16 24 ns
t =, = See Note 3 15 23 16 24
PLz G1,62 oe Tote
tpzH C| =45pF, 12 24 - 14 23 ns
tpz1 W See Note 3 16 24 16 23
tpPHZ CL=5pF, 15 23 16 23
ns
tpLZ See Note 3 15 23 16 23
tpZH Cy =45pF, 15 29 15 27 ns
tpzL v See Note 3 19 29 18 27
tpHZ Cp =5pF, 15 23 16 25 ns
tpLz a3 See Note 3 15 23 16 25
tpzH C| =45pF, 13 25 14 25 ns
tpz L W See Note 3 17 . 25 16 25
tpHZ CpL =5pF, 15 23 16 25
ns
tpLz See Note 3 15 23 16 25
ﬂtpl_H = propagation delay time, low-to-high-level output tpz| = output enable time to low level
tpp | = propagation delay time, high-to-iow-level output tpHz = output disable time from high level
tpzH = output enable time to high level tpLz = output disable time from low level

NOTE 3: Load circuit and waveforms are shown on page 3-11 of The TTL Data Book for Design Engineers, second edition.
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TYPES SN54LS355, SN54LS357, SN74LS355, SN74LS357
8-LINE TO 1-LINE DATA SELECTORS/MULTIPLEXERS/REGISTERS
WITH OPEN-COLLECTOR OUTPUTS

recommended operating conditions

SN54LS355 SN74L.S355
SN54LS357 SN74LS357 UNIT
MIN NOM MAX|MIN NOM MAX
Supply voltage, Voo 45 5 5.5(4.75 5 56.25( V
High-leve! output voltage, VoH 5.5 55| V
Low-level output current, g 12 24| mA
Setup times, high- or low-level data, tg, (with respect to 1 at pin 9) L5355 15 15 ns
'L.S357 15 15
Hold times, high- or low-level data, ty (with respect to 1 at pin 9) L5385 15 15 ns
'LS357 0 0
Operating free-air temperature, Ta —55 125 0 70| °C

electrical characteristics over recommended operating free-air temper:

ature range (unless otherwise noted)

SN541.S355 SN74L.5355
PARAMETER TEST CONDITIONST SN54L.S357 SN74LS357 UNIT
MIN TYPY MAX |MIN TYPE MAX
V4 High-level input voltage 2 2 \Y
Vi Low-evel input voltage 0.7 08| V
ViK Input clamp voltage Vee = MIN, I} = —18 mA —-1.5 -15] V
Vce = MIN, ViH=2V, VL=V ,
loH High-level output current ¢c H L 1L max 100 100| uA
VoH=55V
Vee = MIN, VIH=2V,| IgL =12mA 025 0.4 025 04
VoL Low-level output voltage cc TH oL Y
ViL = ViL max loL =24 mA 0.35 05
Input current at maximum
I . Vee=MAX, V=7V 0.1 0.1 mA
input voltage
Ii4  High-level input current Vee=MAX, V=27V 20 20| uA
Low-level DCor CLK,
ow-level P - —
. G1,G2,G3 | vgc=MAX, V,=04V 0.2 02| ma
input current
All others -0.4 —0.4
lcc  Supply current Vo= MAX, See Note 2 29 46 29 46| mA

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type.
T Al typical values are at Vec =5V, Ta=25°C.
NOTE 2: Igc is measured with the inputs grounded and the outputs open.
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TYPES SN54LS355, SN54LS357, SN74LS355, SN74LS357
8-LINE TO 1-LINE DATA SELECTORS/MULTIPLEXERS/REGISTERS
WITH OPEN-COLLECTOR OUTPUTS

switching characteristics, Vcc =5V, TA = 25°C, RL = 667 Q

FROM TO TEST 'LS355 'LS357
PARAMETER UNIT
(INPUT) (OUTPUT) CONDITIONS MIN TYP MAX MIN TYP MAX
t 34 41
T Y 26 39 "
t
tPH " po-b7 30 45
PLH W ns
tPHL 33 50
t j— 38 57 27 41
PLH DC Y ns
tPHL 31 47 34 51
or
t 33 50 32 48
PLH CLK w ns
tPHL 39 59 23 35
39 59 38 57
:PLH Y 36 49 40 60 ne
tPHL 50.51,82 32 48 38 57
PLH w ns
tPHL CL =45pF, 39 58 35 53
tPLH v See Note 3 45 68 44 66 .
n
tPHL 5¢ 42 63 41 62
t 44 66 41 62
PLH w ns
tPHL 45 68 41 62
PLH 21 32 18 27
tPHL Y 22 33 18 27 ns
G1,G2
tPLH 18 27 20 30
w ns
tPHL 19 29 21 32
tpZH 24 36 24 36
Y ns
tPHL a3 25 40 24 36
tPPLH 19 29 19 29
W ns
tPHL 19 29 19 29

ﬂtp LH = propagation delay time, low-to-high-level output
tpH L = Propagation delay time, high-to-low-level output

NOTE 3: Load circuit and waveforms are shown on page 3-11 of The TTL Data Book for Design Engineers, second edition.
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TTL TYPES SN54LS381, SN54LS382, SN74LS381, SN74LS382
MSI ARITHMETIC LOGIC UNITS/FUNCTION GENERATORS

D2430, JANUARY 1981

PIN DESIGNATIONS

DESIGNATION PIN NOS. FUNCTION SN54LS381.. J PACKAGE SN54L.S382 .. JPACKAGE
A3,A2,A1,A0 | 17,19.1.3 WORD A INPUTS SN74LS381..J ORNPACKAGE  SN74LS382..J OR N PACKAGE
B3, B2,B1,B0 | 16,18,2,4 WORD B INPUTS {TOP VIEW) (ToP VIEW)

s2,51,50 76,5 FUNCTION-SELECT
INPUTS a1 1[0 20 Vee Al U [f20 vee
CARRY INPUT FOR B 2[] 1o A2 81 2[] 19 A2
ch 15 ADDITION, INVERTED A0 3': ]18 B2 AO 3[: %18 B2
CARRY INPUT FOR B0 4 D17 A3 80 4 Q17 A3
SUBTRACTION S0 5E J16 B3 o 5E 16 B3
F3,F2,F1,FO_| 12,11,9.8 | FUNCTION OUTPUTS st 6[] 15 Cn s1 6[] Nis Cq
{Lsast 1 ACTIVE-LOW CARRY s2 7[] 1a 7 s2 7] 14 Cn+a
ONLY) PROPAGATE OUTPUT Fo 8[] 13 © Fo 8 [13 OvR
—  ('LS381 '3 ACTIVE-LOW CARRY 1 of] N12 F3 1 QE Q12 F3
ONLY) GENERATE OUTPUT onp 1000 N1 F2 GND 10 Qi F2
('Ls382 RIPPLE-CARRY
Cn+4 14
ONLY) OUTPUT
('LS382 '3 OVERFLOW
ONLY) OUTPUT
Vee 20 SUPPLY VOLTAGE
) o SROUND FUNCTION TABLE
. L. . SELECTION | ARITHMETIC/LOGIC
[ ] FU"Y Parallel 4-Bit ALU's in 20-P|.l'| s2 S1 SO OPERATION
Package for 0.300-Inch Row Spacing L L L CLEAR
e Ideally Suited for High-Density L L H BMINUS A
Economical Processors LA L AMINUS B
e ’LS381 Features G and P Outputs ::, E E 2 g_:s y
for Look-Ahead Carry Cascading H L H A+ B
e ’LS382 Features Ripple Carry (Cp, + 4) H H L AB
and Overflow (OVR) Outputs H H H PRESET

H = high level, L = low level

e Arithmetic and Logic Operations
Selected Specifically to Simplify System
Implementation:

A Minus B

B Minus A

APlusB

and Five Other Functions

description

The ‘LS381 and 'L.S382 are low-power Schottky TTL arithmetic logic units (ALUs)/function generators that perform
eight binary arithmetic/logic operations on two 4-bit words as shown in the function table. The exclusive-OR, AND, or
OR function of the two Boolean variables is provided without the use of external circuitry. Also, the outputs can be
cleared (low) or preset {high) as desired. The 'LS381 provides two cascade outputs (P and G) for expansion utilizing
SN54S182/SN745182 look-ahead carry generators. The 'LS382 provides a Cp, + 4 output to ripple the carry to the Cp,
input of the next stage. The 'LS382 detects and indicates two’s complement overflow condition via the OVR output.
The overflow output is logically equivalent to Cny + 3 @ Cp + 4. When the ‘LS382 is cascaded to handle word lengths
longer than four bits in length, only the most significant overflow {OVR) output is used.

The SN54L.S381 and SN54LS382 will be characterized for operation over the full military temperature range of —55°C
to 125°C. The SN74LS381 and SN74LS382 will be characterized for operation from 0°C to 70°C,

Copyright © 1981 by Texas Instruments Incorporated
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TYPES SN541S381, SN54LS382, SN74LS381, SN741LS382
ARITHMETIC LOGIC UNITS/FUNCTION GENERATORS

function table

Certain differences exist in the E, P (‘LS381) and OVR, Cp+4 (‘LS382) function table compared with similar parts
from other vendors. No differences exist in the arithmetic modes (B minus A, A minus B, and A plus B), where these
outputs perform valuable cascade functions.

There are slight differences in the other modes (CLEAR, A + B, A ® B, AB, and PRESET), where these outputs are
strictly ““don’t care.””

This function table is a condensed version and assumes for Ap that A0, A1, A2, and A3 inputs all agree and for By, that
BO, B1, B2, and B3 inputs all agree. This table is intended to point out the response of these G, P (‘LS381) and OVR,
Cn+4 ('LS382) outputs in all modes of operation to facilitate incoming inspection.

FUNCTION TABLE

ARITHMETIC/LOGIC INPUTS QUTPUTS {'LS381) ('LS382)
OPERATION S2 st S0| ¢, | A, B,| F3 F2 F1 FO| G P |OVR Cns
CLEAR L L L X X X L L L L H H L L

L L L H H H H H L L L
L L H H H H L L H L H
L H L L L L L H H L L
B MINUS A L L H L H H H H H H H L L L
H L L L L L L H L L H
H L H H H H H L H L H
H H L L L L H H H L L
H H H L L L L H L L H
L L L H H H H H L L L
L L H L L L L H H L L
L H L H H H L L H L H
AMINUS B L H L L H H H H H H H L L L
H L L L L L L H L L H
H L H L L L H H H L L
H H L H H H H L H L H
H H H L L L L H L L H
L L L L L L L H H L L
L L H H H H H H L L L
L H L H H H H H L L L
APLUS B L H " L H H H H H L L H L H
H L L L L L H H H L L
H L H L L L L H L L H
H H L L L L L H L L H
H H H H H H H L H L H
X L L L L L L H H L L
L L H H H H H H L L L
A @ 8 H L L H L H H H H H H L H H
L H L H H H H H L L L
H H L H H H H H L H H
X H H L L L L H H L L
X L L L L L L H H L L
L L H H H H H H L L L
A+ B u L H H L H H H H H H L H H
L H L H H H H H L L L
H H L H H H H H L H H
L H H H H H H H L L L
H H H H H H H H L H H
X L L L L L L H H L L
X L H L L L L H H L L
AB H H L X H L L L L L H H L L
L H H H H H H H L L L
H H H H H H H H L H H
PRESET H H H L X X H H H H H L L L
H X X H H H H H L H H
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TYPES SN541S381, SN54LS382, SN74LS381, SN74LS382
ARITHMETIC LOGIC UNITS/FUNCTION GENERATORS

functional block diagram (positive logic)

Cn

BO

Al

B1

A2

B2

1 I 1
TILILLT | 1 §j t) 1
(15)
AB
ol
W N
AB
AB
1) -
— AB E
— .
AB _‘:::
ika
e t
$2
L
AB p
(19) Pt gt
—-DC AB s
AB
(18) {}‘
AB
an = %
-—b—{>: B
A8
AR
(16)
i1
S s
AB
AB

(11} F2

{14)
—d>—— s

(14}
P

(13) =
G

} ‘LS381
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TYPES SN541S381, SN54LS382, SN74LS381, SN74LS382

ARITHMETIC LOGIC UNITS/FUNCTION GENERATORS

logic symbols

‘LS381 ‘LS382
ALU ALU
so2 0 got8 | o
(6) 0 (6} )]
st < _ e __| K
@ M7 (ke .aimis) copatidlp :; o], Y7
(Fp.ai>6] cop~3 g
“mtn/z\sl 0] t t/2181 11
Cn 3ct [t c,.(m 3¢ (1}
@ - @ =
A0 P ) A0 P )
1 FO
P I 1 m sota o 1 Fo
[ )
A1 3 (9) a1 3 (9)
2 —F1 e
g2 a (2] 81 (2) a [2] F1
(19)
PO ~ ) JORIELIN o
18 tal ——F2 (18) 141 [——F2
B a 82 Q Bo/COf=1 (13}
T - . an BO/CO OVR
838 _la tel F3 A3I——p (1,2;22 j‘—”‘ Cnva
(16}
B3I——Q (12)
—¢3
schematics of inputs and outputs
EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS
v ————7a—VcC
cc -=- 120 2 NOM 2
Req r
INPUT
OUTPUT
, —
) 4
/77
AnyS:  Regq=10kQ
Cn ('LS381):  Reg= 2.5 kQ
All others:  Req=2kQ

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, V¢ (see Note 1)
Input voltage

Operating free-air temperature range: SN541.5381, SN54L.S382
SN741.5381, SN74LS382

Storage temperature range

NOTE 1: Voltage values are with respect to the network ground terminal.

recommended operating conditions

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

7V

SN54LS’ SN74LS’ UNIT
MIN NOM MAX | MIN NOM MAX
Supply voltage, V¢ 4.5 5 5655|475 5 525 V
High-level output current, IgH —400 —400| pA
G output of ‘LS381 16 16
Low-level output current, lg mA
All other outputs 4 8
Operating free-air temperature, Ta -55 125 o] 70| °c

TEXAS INSTRUMENTS
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TYPES SNb4LS381, SN54LS382, SN74LS381, SN74LS382
ARITHMETIC LOGIC UNITS/FUNCTION GENERATORS

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONST SNSALS' SN74LS' UNIT
MIN "TYP* MAX |MIN TYP¥ mMAX
ViH High-level input voltage 2 2 \4
ViL Low-level input voltage 0.7 0.8 \%
ViK Input clamp voltage Vce = MIN, I} =—18 mA -1.5 15| V
. Ve = MIN, VIH=2V,
VOH High-level output voltage 25 3.4 2.7 3.4 \
ViL=VjLmax, IgH=—400uA
G( Vce = MIN, = . 7 47 0.
Low-ievel G (‘LS381) cc loL =16 mA 0.47 0 o] 7
VoL Vig=2Vv, loL =4 mA 0.25 0.4 0.25 04| V
output voltage Other outputs
. ViL = VL max loL=8mA 0.35 0.5
Input current at maximum
I . Vee = MAX, V=7V 0.1 0.1} mA
input voltage
Any S . 20 20
High-level Any AorB 100 100
1 Ve = MAX, V=27V A
H input current Cp ('LS381) cc ! 80 80 #
Cp, ('LS382) 100 100
Any S —0.2 —-0.2
Low-level Any A or B -1 —1
oo oo Vee = MAX, Vi=04V mA
input current Cp {'LS381) -0.8 -0.8
Cp {'LS382) —0.8 -0.8
108 Short-circuit output current S Ve = MAX —20 —100 | —20 —-100] mA
! Suppl vee = MAX, 35 65 35 65| mA
cc upply current All inputs grounded, Outputs open m
t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
* All typical values are at Vog = 5 V, Ta = 25°C.
Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second,
switching characteristics, Vcc =5V, TA = 25°C
FROM TO ‘LS381 ‘L§382
PARAMETER TEST CONDITIONS UNIT
(INPUT) (OUTPUT) MIN TYP MAX [MIN TYP MAX
t 18 27 18 27
PLH Cn Any F ns
tPHL 14 21 14 21
t . - 20 30
PLH Any AorB G ns
tPHL 21 33
t -
PLH Any AorB P 2 33 ns
tPHL 23 33
t 20 30 20 30
PLH Aj or B; Fi ns
tPHL 15 23 15 23
t 35 53 35 53
PLH S Fi ns
tPHL 34 51 34 51
1 - = 31 a7
PLH s; GorP RL =2k, CL= 15 pF ns
tPHL 32 48
1 28 42
PLH Any AorB Ch+a ns
tPHL 26 39
T 23 35
PLH Any AorB OVR ns
tPHL 27 41
t ’ -+ 38 57
PLH S Ch+4 or OVR ns
tPHL j 36 54
t 10 15
PLH Cn OVR ns
tPHL 13 23
t 13 21
PLH Cn Cn+4 ns
tPHL 11 20
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TTL TYPES SN54LS384, SN74LS384
LSI 8-BIT BY 1-BIT TWO'S-COMPLEMENT MULTIPLIERS

D2419, JANUARY 1981

SN54LS384...J ORW PACKAGE

e Two’'s-Complement Multiplication SN74LS384 . .. J OR N PACKAGE
e Magnitude Only Multiplication {TOP VIEW)
. ascadable f i i —
C or Any Number of Bits &R E 6] vee
e 8-Bit Parallel Multiplicand Data Input
X3 E 5]y
e Serial Multiplier Data Input
. P P X2 E 14} x4
o Serial Data Output for Multiplication
Product X1 E 13] X5
e 40 MHz Typical Maximum Clock Frequency X0 |5 12 X6
Lo PROD | 6 1} X7
description
crock [7] E K
The ‘LS384 is an 8-bit by 1-bit sequential logic
element that performs digital multiplication of two GND E 8 | MODE
numbers represented in two’s-complement form to
produce a two’'s-complement product without
external correction by using Booth’s algorithm schematics of inputs and outputs
internally. The device accepts an 8-bit multiplicand EQUIVALENT OF EACH INPUT PROD OUTPUT
(X input) and stores this data in eight internal latches. Vee —_ — v
These X latches are controlled via the clear input. R 100 2 cc
When the clear input is low, all internal flip-flops are €q NOMm 3
cleared and the X latches are opened to accept new INPUT I
multiplicand data. When the clear input is high, the
latches are closed and are insensitive to X input OUTPUT
changes.
The multiplier word data is passed by the Y inputin a
. . A o Y: Rgg= 3k NOM
serial bit stream, least significant bit first. The Clock: Req = 6 k2 NOM
product is clocked out the PROD output, least X, Mode: Rgq =19 k22 NOM
significant bit first. K, Clear: Reg= 8k NOM

The multiplication of an m-bit multiplicand by an n-bit multiplier results in an {m + n)-bit product. The 'LS384 must
be clocked for m + n clock cycles to produce this two's complement product. The n-bit multiplier {Y-input) sign bit
data must be extended for the remaining m bits to complete the multiplication cycle.

The device also contains a K input so that devices can be cascaded for longer length X words. The PROD output of one
device is connected to the K input of the succeeding device when cascading. The mode input is used to indicate which
device contains the most significant bit. The mode input is wired high or low depending on the position of the 8-bit
slice in the total X word length. The device with the most significant bit is wired low and all lower order bit packages
are wired high.

The SN54LS384 will be characterized for operation over the full military temperature range from —55°C to 125°C.
The SN74 L5384 will be characterized for operation from 0°C to 70°C.

Copyright © 1981 by Tsxas_lnstruments Incorporated
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TYPES SN541LS384, SN74LS384
8-BIT BY 1-BIT TWO’'S-COMPLEMENT MULTIPLIERS

FUNCTION TABLE

INPUTS INTERNAL OUTPUT
— v FUNCTION
CL CLK X; Y -1 PROD
L X Data X L L Load new multiplicand and clear internal sum and carry registers
H t X L L Output Shift sum register
H + X L H per Add multiplicand to sum register and shift
H t X H L Booth’s Subtract multiplicand from sum register and shift
H t X H H algorithm Shift sum register
H = high-level, L = low-level, X = irrevelant, T = low-to-high-level transition
logic symbol
8x12'sCOMP T
er el 7uc2
mooe 2 {1 ow For msa)
CLK ] C3/—»
L
xo & 55 To) 7 [shas
(4} —
X1
x3 ::’ .
4
X4
o
{12) 1 1tR {6)
X6 et . PROD
xy 0,
Y 23 3:)“ ala
I
(10) 1R
K )— Cl
functional block diagram (positive logic)
X7 X6 X5 x4 X3 X2 X1 X0
11 (12} {13) (14) 2) (3) 4} (5)
A6 A5 A4 A3 A2 Al AC
ADDER/SUBTRACTER AND REGISTERS
oK M K SUM
pd Y
e j l 3D ] PROD
QP C3
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TYPES SN541S384, SN74LS384
8-BIT BY 1-BIT TWO'S-COMPLEMENT MULTIPLIERS

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, VG (se8 NOte 1) .. oo i e e e e et e 7V
Input voltage (see Note 2) .. .................. O 55V
Operating free-air temperature range: SN54L.S384 e e e et e e e e e e —55°C to 125°C

SN7ALS384 L 0°Cto 70°C
SLOrage teMPErature TANGE . . vt v v v vv et e ettt et e et e et et ettt e e e s —65°C to 150°C

NOTES: 1. Voltage values are with respect to network ground terminal.
2. Inputvoltages must be zero or positive with respect to network ground terminal.

recommended operating conditions

SN54LS384 SN74LS384 UNIT
MIN NOM MAX |MIN NOM MAX
Supply voltage, Voo 4.5 5 6.5|4.75 5 525 v
High-leve! output current, lgH —400 —-400| pA
Low-level output current, lg| 4 8| mA
Clock frequency, fglock 0 25 0 25| MHz
Y before Clock 1 45 38
Setup time, tgy K before Clock t 30 24 ns
X before Clear ¢ 23 19
Clear inactive-state set up time before Clock t 30 20
Y after Clock 1 0 0
Hold time, tp K after Clock t 0 o ns
X after Clear | 2 2
Clock high 20 20
Pulse width, tyy Clock low 20 20 ns
Clear low 38 33
Operating free-air temperature, ta —-55 125 0 70 °c

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONSt SN54LS384 SN74L5384 UNIT
MIN TYPE MAX |MIN TYPf MAX
V4 High-level input voltage 2 2 \%
VL Low-level input voltage 0.7 0.8 \
VK Input clamp voltage Vee = MIN, lj=—18 mA ~1.5 -1.5 1
Vo High-level output voltage | LCC~MIN- VIH=2V, 25 34 27 34 v
Vi = VL max, Voy=-400uA
VoL Lowevel output voltage Vee = MIN, ViH=2V, loL=4mA 0.25 0.4 0.25 0.4 v
V(L = Vi max loL=8mA 0.35 0.5
Input current at maximum
1 i Vce = MAX, V=565V 1 1] mA
input voltage
X, Mode 20 20
i High-level K, Clear Vee = MAX, V=27V 30 30 LA
input current Clock 40 40
Y 80 80
X, Mode —0.48 —0.48
e Low-level K, Clear Vee = MAX, V=04V —1.2 —1.2 mA
input current Clock —1.6 —1.6
Y —3.2 -3.2
log  Short-circuit output current§| Vee = MAX —20 —100 | —20 —100| mA
lcc  Supply current Ve = MAX, See Note 3 91 155 91 155 | mA
TFor conditions shown at MIN or MAX, use the appropriate value specified under recommended operating conditions.
EAll typical values are at Vog = 5 V, Ta = 26°C.
Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second.
NOTE 3: I is measured with the clear input grounded and all other inputs and outputs open.
181
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TYPES SN5415384, SN74lS3ﬂ4
8-BIT BY 1-BIT TWO'S-COMPLEMENT MULTIPLIERS

switching characteristics, Voc =5V, Ta = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX |UNIT
fmax Maximum clock frequency 25 40 MHz
tPLH Propagation delay time, low-to-high-level output from clock Cp =15 pF, 15 23 ns
tPHL Propagation delay time, high-to-low-level output from clock RL=2k®, 15 23 ns
tPHL Propagation delay time, high-to-low-level output from clear See Note 4 17 25| ns

NOTE 4: Load circuit and waveforms are shown on page 3-11 of the TTL Data Book for Design Engineers, second edition, LCC 4112,
TYPICAL APPLICATION DATA
'LS384
o 8x12'sCOMP 7
CLEAR (L) o z1/c2
L7—'h- ILOW FOR MsB]
cLock il pca/-» SN54LS322/
(A0 NN oy 1 aar q—‘?sm SN74LS322
Al (4) —t
o — o SRG8
A2 @ H—=—Dx{R
A3 e » OUTPUT ENABLE u.)————%'h ZEN1S
A4 e SERIAL (m/PAnAuEL(L)—(;)h 63
:: 2 13R (6) REGISTER ENABLE (L) x| :::I:I:) ]
a7 (11 P an 2 A0
cLock b C6/1 -
R r
(15) >
10 4|0 18)
N4 SIGN EXTEND (L) =8} G4
8,3, 1,6D
R ,3,1,
L&"’J ) YL I P
B) _145,1,60
L% 4,5,1,60
< 2,6D 214
L5384 Ll s
(1) 2,6D >
8,15 284
EES 5) o
[1]) 15) o
2] L (6)
ae 15) T > ]
a9 {a) [
24.817 (3)
MuLTIPLICAND §AT0 @ (LR P 5
A1
B Z144
12 1a) @ e V14,18 12
(13) >
ja13 82~4-p-
a4 (12)
a1 B3 —4->-
A15 BUS <>
1s) B>
85 —4-p-
(0) BS ~4-- ‘LS384
B7 —4-p——¢
- o 8x12's COMP T
'L?384 CLEAR (L) " 21/c2
L (7: [LOW FOR Ms8]
[T cLocK c3—»
RS 3 M5 T 7 JsRes
) (4)
,J (3)
a16 5) 2)
A7 ::: (13) P
A18 PRODUCT 13)
a19 {2) SERIAL 12) 1$r ®
a20 (14) oUTPUT e i —
= — 7
15)
z; () LUV PR A
(15) N4
(10) no W
MULTIPLIER L=

FIGURE 1—-BASIC 24-BIT SERIAL/PARALLEL CONNECTION

WITH 8-BIT TRUNCATED PRODUCT

FIGURE 2-8-BIT BY 8-BIT MULTIPLIER, BUS ORGANIZED
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TTL TYPES SN54LS385, SN74LS385
MSI QUADRUPLE SERIAL ADDERS/SUBTRACTORS

D2412, NOVEMBER 1977

SN54LS385....J PACKAGE

e Four Synchronous Elements in a SN74LS385....JOR N PACKAGE
Single 20-Pin Package (TOP VIEW)
o Buffered Clock and Direct Clear Inputs v Az 4R 4B 4A 3A 38 39A 3T CLEAR
20 " -} ” . 15 " 3 12 1
¢ Independent Two's-Complement C [
Addition/Subtraction SR g s A
o ck g
description cLr A A ctr
B
The 'LS385 is a general purpose adder/subtractor P 1
and is particularly useful as a companion part to the CLR , A CLR
SN54LS384/SN74LS384 serial/parallel two's-com- s o Kz
plement multiplier. The ‘LS385 contains four inde- s 5 -
. A /
pendent adder/subtractor elements with common —S’[A—_I r SL
clock and clear. 1 2 3 4 5 [} 7 [ ] 9 10
. ’ cLock 1tz 1S/A B 1A 2A 28 25/A 2L GND
Each of the four independent sum (Z) outputs reflects
its respective A and B input as controlled by the S/A positive logic: see function table
contral. When S/A is high the £ function is A minus
B. When S/A is low the T function is A plus B. FUNCTION TABLE
. SELECTED INPUTS DATA IN CARRY FLIP-FLOP| £ OUTPUT
When low, the clear input asynchronously resets the |ryncrion [cLEAR S/A|A B|CLOCK | BEFORE { | AFTER T | AFTERt
sum flip-flop low and the carry flip-flop either high in Clear L Lx x| x L L L
the subtract mode or low in the add mode. The clock L H[xx X H L
. " . W Lo ¢ L L L
is positive-edge triggered and controls the sum and " el s M . "
carry flip-flops according to the function table. HooLlLH L L H
H o L|Lw H H L
. . Add
schematics of inputs and outputs L L L : H
H L |HL 1 H L
EQUIVALENT OF EACH INPUT|TYPICAL OF ALL OUTPUTS R PR B N " N
Veg ———¢————— I —— Veo H L|HH 1t H H H
L 18 k0 100 @ H HlL L t L L H
: NOM P NOM H HiL Ly ot H H L
-= H HlL H[ f L L L
INPUT - H H(L H 1 H L H
Subtract
QUTPUT H HIH L t L H L
H H|H L 1 H H H
- H HI|HH t L L H
H  H|HH H H L
H = high level, L = low level, X = irrelevant,
1 = transition from low to high level at the clock input
functional block diagram (each adder/subtractor, positive logic) logic symbol
crock L {>“f > RO OEh/SUBTRACTORS CLR (:11)) [Z1
(56,1516} [ (2912,19)
A-—H—A——Do—ﬁ ZFSUM] x CLK ——1%02
»——CPpC2
/-0 420 1 @
5 l82,1417) rqr 1S/K-‘(3?;——M3 14R 2
1A @ P 3co/sci4-2p
18 ——Q 143R 2L o
a @ +4(3C1/381) 1438
J chany A (6) St
N TLASUI N 0 A —=—
. b =
3s/K (12)
3 115) ——3=
0 5 o
uz:m)— (9 _,s
—— »\ 10 OTHER (17)
cmzAnchb—LDcﬁ »” ADDER/SUBTRACTORS 4B ————
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TYPES SN5415385, SN74LS385
QUADRUPLE SERIAL ADDERS/SUBTRACTORS

recommended operating conditions

SN54LS385 SN74LS385 uNIT
MIN NOM MAX | MIN NOM MAX

Supply voltage, V¢ (see Note 1) 4.5 5 5.6]4.75 5 625 | V
High-level output current, IgH ~400 —400 | pA
Low-level output current, Q| 4 8 | mA
Clock frequency, fclock 0 30 0 30 | MHz
Width of clock pulse, ty, 16 16 ns
Setup time, tgy 10 10 ns
Hold time, ty 0 0 ns
Operating free-air temperature, Ta —55 125 0 70| °C

NOTE 1: Voltage values are with respect to network ground terminal.

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)

SN54LS385 SN74LS385
PARAMETER TEST CONDITIONS? UNIT
AMET MIN TYPf MAX [MIN TYPi MAX
V|H High-level input voltage 2 2 \"
ViL  Low:-tevel input voltage 0.7 08| V
