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FUNCTIONAL INDEX

Processor (Bit Slice) Devices

Part Number
Description Number ~ of Pins Package(s)
4-Bit Microprocessor Slice for Logic Replacement and Basic Arithmetic. Am2901B 40 (42) P, D, (F)
4-Bit Microprocessor Slice, Improved Speed Am23901B. Am2901C 40 (42) P, D, (F)
4-Bit Microprocessor Slice for Fast Multiplication and Division. Am2903 48 D, F
4-Bit Microprocessor Slice, Improved Speed Am2903. Am2903A 48 D, F
4-Bit Microprocessor Slice for Fast Multiplication, Division and BCD Operations Am29203 48 D, F
Srt\?jtusst ;22 :rr:(ljftT(;g;\stn;fl_%ngtgir;e;’aat:: Carry-In to ALU, Contains Shift Linkages, AM2904 40 (42) D, (F)
:AE::) Isnllsc:traux:cc);osp::r_g;nc; ’iequencer Slice for Sequencing through AM2911 20 P.D
4-Bit Microprogram Sequencer Slice, Improved Speed Am2911. Am2911A 20 P,D
4-Bit Microprogram Sequencer Slice. Microsequencer with OR Inputs for Branching Am2909 28 P,D, F
4-Bit Microprogram Sequencer Slice, Improved Speed Am2909. Am2909A 28 P,D, F
gl:;rggrr]zgel;aénog?;t:z!iz :;io?:; Address Microsequencer with 16 AM2910 40 (42) D, (F)
Priority Interrupt Expander Am2913 20 P,D, F
Vectored Priority Interrupt Controller Am2914 40 (42) D, (F)
System Clock Generator and Driver Variable Microcycle Length Controller Am2925 24 D
Program Control Unit Am2930 28 D,F
Program Control Unit Am2932 20 D, F
DMA Address Generator Am2940 28 D, F
Programmable Timer Counter, DMA Address Generator Am2942 22 D, F
8-Bit Bidirectional /O Port with Handshake Am2950/2951 28 D, F
8-Bit Bidirectional I/O Port Am2952/53 24 D, F
16-Way Branch Control Unit Am29803A 16 P,D,F
Next Address Control Unit Am29811A 16 P,D,F
Controller Products
Part Number
Description Number of Pins Package(s)
2:2::2 Z:g izg:sC:CSoétlaJ:jts ?:?:;srates Carry-In to ALU. Contains Shift Linkages. AmM2904 40 (42) D, (F)
glgr:g;zgerraénoSt?;tr]zl:tarruﬁcl?r:ts Address Microsequencer with 16 AM2910 40 (42) D, (F)
Priority Interrupt Expander Am2913 20 P,D, F
Vectored Priority Interrupt Controller Am2914 40 (42) D, (F)
System Clock Generator and Driver Am2925 24 D
DMA Address Generator Am2940 28 D, F
Programmable Timer/Counter, DMA Address Generator Am2942 22 D, F
8-Bit Bidirectional I/O Port with Handshake Am2950/2951 28 D, F
8-Bit Bidirectional 1/O Port Am2952/53 24 D,F
Interruptable 8-bit Microprogram Sequencer Am29112 48 D
16-Bit Bipolar Microprocessor Am29116 52 D

Package Designations 25, 26, 29, Z81, 93 Series

P

54, 74 Series

— Molded Plastic Package

D - Hermetic DIP Package

F

— Hermetic Flat Package

J — Hermetic DIP
W — Hermetic Flat
N - Molded Plastic
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RAM/PROM
Address to
Part Output Access Number
Description Number Time (Typ) of Pins Package(s)
High Speed 1024-Bit RAM Am2952, Am2953 -
Noninverting Schottky 64-Bit RAM Am29700/701 22 16 P,D,F
64-Bit RAM Am29702/703 22 16 P,D,F
16 Word by 4-Bit 2-Port RAM Am29705 53 28 P,D, F
16-Word by 4-Bit 2-Port RAM. Improved Speed 29705 Am29705A - 28 P,D,F
16-Word by 4-Bit 2-Port RAM Am29707 - 28 P,D,F
Low-Power Schottky 256-Bit RAM Am29720/721 35 16 P,D,F
256-Bit Generic Series Bipolar PROM Am29750/751A 25 16 D,F
1024-Bit Generic Series Bipolar PROM Am29760A/761A 25 16 D, F
2048-Bit Generic Series Bipolar PROM Am29770/771 30 16 D, F
4096-Bit Generic Series Bipolar PROM Am29774/775 - 22 D
Dynamic Memory Support Products
Part Data Inv/Non- | Number
Description Number | Width Function inverting | of Pins | Package(s)
) Expandable Hamming Code EDC Slice
Error Detection and Am2960/ : - 2
Correction Unit (EDC) AMZ8160 16 w/Diagnostics/Initialization and Byte-Level | to Bus 48 D
1/O Interface
Am2961/ 4-Port EDC Interface for RAM, EDC and
’ 1
EDC Data Bus Buffer AMZ8161 4 24mA Ig, Data Bus Drive | to Bus 24 D
Am2962/ 4-Port EDC Interface for RAM, EDC and
J 1
EDC Data Bus Buffer AMZ8162 4 24mA lo, Data Bus Drive N to Bus 24 D
_ Memory Timing and Controls for _
EDC and Refresh Controlier AmZ8163 AmZ8160/AmZ8164 (used w/AMZ8127) 40 D, P
. Am2964B/ _ Memory Address Controller w/Refresh _
Dynamic Memory Controller | s 751648 Counter, RAS Decoder, CAS Inhibit Buffer 40 D.P
. . Am2965/ RAM Driver w/3-State, Undershoot
Dynamic RAM Driver Amzsies | © Protected Outputs ! 20 D.P
. ) Am2966/ RAM Driver w/3-State, Undershoot
Dynamic RAM Driver AmZ8166 8 Protected Outputs N 20 D, P
Transmission Line Interface
Diff/
Part tpp tsKEw VHYST VTH Single- Number
Description Number ns (Typ) | ns (Typ) | mV (Typ) [ mV (Typ)| Ended Output of Pins | Package(s)
Dual Party Line Transceiver Am26LS27 In Development D D, 3S 20 D,P
Dual Party Line Transceiver Am26L.528 D D, 3S 20 D, P
Quad RS-423 Line Driver Am26LS29 120 S 3S 16 D,FP
Dual/Quad RS-422/423 Line Driver Am26LS30 120 D/s TTL 16 D,F P
Quad RS-422 Line Driver Am26LS31 12 +2 D D, 3S 16 D,F P
Quad RS-422 Line Receiver Am26LS32 13 *1 100 200 D 3S 16 D,F, P
Quad High Vg Line Receiver Am26LS33 16 +1 170 500 D 38 16 D,FP
Quad Party Line Receiver Am26LS34 16 *1 170 200 D 3S 16 D,P
Quad Party Line Receiver Am26LS35 16 +1 170 200 D 3S 16 D, P




FUNCTIONAL INDEX (Cont.)

Digital Signal Processing Products

Part Number
Description Number Output of Pins Package(s)

8-Bit Serial Parallel Multiplier Am25LS14/Am54/74L.S385 TTL 16 D,FP
Quad Serial Adder/Subtractor Am25LS15/Am54/74L.S385 TTL 20 D,F P
8 x 8-Bit Serial/Parallel Multiplier Accumulator Am25L.S2516 3S 40 D

4 x 2-Bit Multiplier Am25S05 TTL 24 D,FP
8 x 8-Bit Parallel Multiplier Am25S557/Am25S558 3S 40 D
Microprogrammable Signal Processor Am29501 TTL 64 D

16 x 16-Bit Parallel Multiplier Am29516/Am29517 3S 64 D
Multilevel Pipeline Registers Am29520/Am29521 3S 24 D
Programmable FFT Address Sequencer Am29540 3S 40 D

Microcomputer Interface and Support Circuits
Part loL (Max) tpd Inv/Non- Number
Description Number mA @V ns (Typ) | inverting | Output of Pins |Package(s)

DMA Address Generator Am2940 24* 0.5 12 N 38 28 D,F
i;‘;%;’:gzz‘;gg:edc°“"‘e" DMA Am2042 | 24 | 05 12 N 3s 22 D.F
8-Bit Bidirectional /O Port Amased | 24+ | 05 15 N/ 3s 28 D.F
Octal Bus Transceiver w/T/R, CD AmZ8103 | 24/48 0.5 1 | 3S 20 D, P
Octal Bus Transceiver w/T/R, CD AmZ8104 | 24/48 0.5 14 N 38 20 D,P
Octal Bus Transceiver wT/R AmZ8107 | 24/48 0.5 11 | 38 20 D,P
Octal Bus Transceiver w/T, R AmZ8108 | 24/48 0.5 14 N 38 20 D, P
Octal Register w/CP, CLR, OE, CP Enable | Amz8120 | 8.0 0.45 24 N 3s 241 D
8-Bit Equal-to Comparator AmZ8121 12 0.5 9.0 TTL 20 D, P
Single-Siep, Wait and Timeot Controls | ATZ127 See Data Sheet 20 | D
Octal Latch w/G, OE AmZ8133 24 0.5 15 | 3S 20 D, P
3-to-8 Decoder w/Control Storage AmZ8136 24 0.5 30 38 20 D,P
Octal Bus Driver w/OE, OE AmZz8140 | 48 0.55 9.0 I 3s 20 D, P
Octal Bus Driver w/OE, OE Amz8144 | 48 0.55 11 N 3s 20 D.P
3-to-8 Chip Select Decoder w/ACK AmZ8148 8.0 0.45 19 TTL 20 D, P
Octal Latch w/G, OE AmZ8173 24 0.5 12 N 3S 20 D, P
Octal Input/Output Port 8212 15 0.45 12 N 3S 24 D, P
Quad Bidirectional Bus Driver 8216 50 0.6 15 N 3S 16 D,P
Clock Generator/Driver 8224 15 | 045 Li‘\’,i?s 16 D.P
Quad Bidirectional Bus Driver 8226 50 0.6 15 | 3S 16 D, P
System Controller 8228 210 | 045 | 1530 Senerates 8080 28 D, P
System Controller 8238 2/10 0.45 15-30 Bus Interface 28 D,P

Note: 1. 24-pin, 0.3” wide package.

*Commerctal version only.
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FUNCTIONAL INDEX (Cont.)

Part loL (Max) tod Inverting/ Number
Description Number mA @V ns (Typ) Nonlnverting Output of Pins Package(s)
Hex Register, Common Enable Am25LS07 8.0 .45 13 N TTL 16 D FP
Hex Register, Common Enable Am25S07 20 0.5 1" N TTL 16 D,F P
Hex Register, Common Enable 54/74S378 20 0.5 1" N TTL 16 J, W, N
Quad Register, Common Enable Am25L.508 8.0 0.45 13 N/I TTL 16 D,F P
Quad Register, Common Enable Am25S08 20 0.5 11 N/I TTL 16 D, F,P
Quad Register, Common Enable 54/74S379 20 0.5 1 N/ TTL 16 J, W, N
Quad Register, Muitipiexer inputs | Am25LS09 8.0 0.45 13 N TTL 16 D,FP
Quad Register, Multiplexer Inputs | Am25S09 20 0.5 11 TTL 16 D, F P
Quad Register, Multiplexer 54/74S399 20 0.5 11 TTL 16 J, W, N
Octal Serial/Parallel Register ?Z??ffggé 80 | 045 18 N 3s 20 D, F,P
Octal Shift Register, SYN LR | AM25LS2% | g0 | 045 23 N 3s 20 D, F,P
Octal Register w/CP and CLR Am25LS273 8.0 0.45 15 N TTL 20 D,F P
Octal Register w/CP and CLR 54/741.S273 8.0* 0.5 18 N TTL 20 D,F,P
%‘ﬁ::;zgiosﬁmg ?P' CLR Am25LS273B | 80 | 045 25 N TTL 20 D,F, P
Octal Shift Register, Asyn CLR Am25LS299 8.0 0.45 22 N 3S 20 D,F,P
Octal Shift Register, Asyn CLR 54/741.S299 8.0* 0.5 - N 3S 20 J, W, N
Octal Latch w/G, OE Am25LS373 24 0.5 20 N 3S 20 D, F,P
Octal Latch w/G, OE 54/741.S373 24* 0.5 20 N 38 20 D, FP
Octal Latch w/G, OE Am25S373 32 0.5 12 N 3S 20 D,F,P
Octal Latch w/G, OE 54/74S373 20 0.5 12 N 3S 20 D,F,P
Octal Register w/CP, OE AmM25LS374A | 24 0.5 15 N 3s 20 D,F,P
Octal Register w/CP, OE 54/741.S374 24* 0.5 22 N 3S 20 D,FP
Octal Register w/CP, OE Am25S374 32 0.5 11 N 3S 20 D,FP
Octal Register w/CP, OE .54/74S374 20 0.5 1 N 38 20 D,F,P
Octal Register w/CP, CP Enable Am25L8377 8.0 0.5 14 N TTL 20 D,FP
Octal Register w/CP, CP Enable | 54/74LS377 8.0* 0.5 18 N TTL 20 D,FP
(%Csﬁgzzggﬁm/s ()DP' CPEnable | \ o5 53778 | 8.0 05 23 N TTL 20 D,F,P
Octal latch w/G, OE Am25L.S533 24 0.5 20 | 3S 20 D,FP
Octal Latch w/G, OE 54/741.S533 24* 0.5 20 | 3S 20 D,F P
Octal Latch w/G, OE Am25S533 32 0.5 14 | 3S 20 D,FP
Octal Latch w/G, OE 54/74S533 20 0.5 19 | 38 20 D,FP
Octal Register w/CP, OE Am25L.S534 24 0.5 15 | 3S 20 D,F P
Octal Register w/CP, OE 54/741.S534 24* 0.5 22 | 3S 20 D,FP
Octal Register w/CP, OE Am25S534 32 0.5 1 | 3S 20 D,F P
Octal Register w/CP, OE 54/74S534 20 0.5 11 | 3S 20 D,F,P
Quad Register szftggggsl 12 05 18 N TTL3S 16 D.F,P
Quad Register gg;%ssm/ 20 05 6.0 N TTU3S 16 D,F,P
Quad Register Dual Outputs pmesLszstdll 12 | os 20 N/l 3s 20 D,F,P

*Commercial version only.
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FUNCTIONAL INDEX (Cont.)

Part loL (Max) tod Inverting/ Number
Description Number mA @V | ns (Typ) | Noninverting | Output of Pins | Package(s)

Octal Register w/CP, CLR, OF, | s 551 59500 | 80 | 0.45 24 N 3s 22 D.F.P
CP Enable
Quad Register Am29LS18 12 0.5 18 N TTL/3S 16 D,F, P
Octal Register w/CP, CLR, OF | 14 80 | 045 24 N 3s 22 D,F,P
CP Enable
8-Bit Bidirectional /O Port Am2950/51 24 0.5 15 IIN 3S 28 D, F
Octal Register w/CP, OE Am2954 32 0.5 1 N 3s 20 D,F,P
Octal Register w/CP, OE Am2955 32 0.5 1 I 3S 20 D, F,P
Octal Register w/G, OE Am2956 32 0.5 9.0 N 3s 20 D,F,P
Octal Latch w/G, OE Am2957 32 0.5 14 1 3S 20 D,F,P

*74LS only, see data sheet for 54L.S application.

Transceivers

Part loL (Max) tpd Inverting/ Number
Description Number mA @V | ns (Typ) | Noninverting Output of Pins | Package(s)

Octal Transceiver w/T/ﬁ, CD Am2946 24/48 0.5 11 | 3S 20 D, P
Octal Transceiver w/T/ﬁ, CcD Am2947 24/48 0.5 14 N 38 20 D, P
Octal Transceiver w/T/R Am2948 24/48 05 11 | 3s 20 D, P
Octal Transceiver w/T/R AM2949 24/48 | 05 14 N 3s 20 D, P
Quad IEEE-488 Transceiver 3448A 48 0.5 12 N 3S/0C 16 D,P
Quad Transceiver w/OE, OE Am25L.5242 48 0.55 12 | 38 20 D,F,P
Quad Transceiver w/OE, OE 54/741.S242 24* 0.5 12 | 3S 20 D,FP
Quad Transceiver w/CE, OE 54/745242 64 0.55 4.5 | 3S 20 D, P
Quad Transceiver w/OE, OE Am25L.S243 48 0.55 12 N 3S 20 D,FP
Quad Transceiver w/OE, OE 54/741.S243 24* 0.5 12 N 38 20 D,FP
Quad Transceiver w/OE, OE | 54/745243 64 0.55 6.0 N 3S 20 D, P
Octal Transceiver w/T/ﬁ, CD 73/8303 16/48 0.5 11 | 3S 20 D, P
Octal Transceiver w/T/R, cD 73/8304B 16/48 0.5 14 N 3S 20 D,P
Octal Transceiver w/T/R 73/8307 16/48 0.5 1 | 3S 20 D,P

I Octal Transceiver w/T/R 73/8308 16/48 | 05 14 N 3s 20 D, P

*74LS only, see data sheet for 54LS specification.

3-Port Transceivers
Quad Transceiver AmM26S10 100 0.8 10 1 to Bus 3S 16 D,F,P
Quad Transceiver Am26S11 100 0.8 12 N to Bus 3S 16 D F P
8:::TT(';2i‘r’fi‘=’e&6V Am26512 100 | 085 14 ! as 16 D F,P
8:3::{;’;?‘:‘9; o5V AmM26512A 100 | 085 14 | as 16 D,F,P
S/”sasd Hzé'\;‘rp“' Transceiver Am2905 100 | o8 21 l oc 24 D,F,P
S;‘::mz; Input Transceiver Am2906 100 08 21 I oc 24 D,F,P
%asd ;;3?23":; y Am2907 100 08 21 | oc 20 D,F,P
2:;%;?;?;2\{:62;\3’::;\?;3 Am2908 100 08 21 I oc 20 D, F,P

*Commercial version only.




FUNCTIONAL INDEX (Cont.)

3-Port Transceivers (Cont.)

Part loL (Max) tpd Inverting/ Number
Description Number mA @V ns (Typ) | Noninverting Output of Pins | Package(s)
Quad Transceiver Am2912 100 0.8 10 | 3S 16 D,F,P
3/“;;’ s;’\’l‘rp“‘ Transceiver Am2915A 48 05 21 | 3s 24 D,F,P
Sf::rii/‘ Input Transceiver Am2916A a8 0.5 21 | 3s 24 D,F,P
8/“338" gx:‘ﬁﬂ"ggn y Am2917A 48 05 21 | 3s 24 D.F, P
Quad Transceiver Am2926 48 0.5 10 | 3S 16 D, P
g:aaglgigfg:;‘f'c)‘zﬁ“’)c“ Am2927 48 05 18 | 3s 20 D,F,P
g:aasigzgfg"l‘;‘;‘:’o":’ftgg;k Am2928 48 05 18 | 3s 20 D.F,P
Quad Transceiver Am2929 48 0.5 13 N 3S 16 D, P
Quad Transceiver 8T26A 48 0.5 10 | 3S 16 D,P
Quad Transceiver 8T28 48 0.5 13 N 3S 16 D, P
Drivers/Buffers
Octal Driver w/aé, OE Am25LS240 48 0.55 12 | 3S 20 D, F,P
Octal Driver w/OE, OE 54/74L.S240 24* 0.5 12 | 3s 20 D,F,P
Octal Driver w/OE, OE Am25S240 64 0.55 45 | 3s 20 D, P
Octal Driver w/OE, OE 54/745240 64 0.55 45 I 3s 20 D, P
Octal Driver w/OE, OE Am25L.S241 48 0.55 12 N 3S 20 D,F,P
Octal Driver w/OE, OE 54/74L.5241 24* 0.5 12 N 3s 20 D,F,P
Octal Driver w/OE, OE Am25S241 64 0.55 6.0 N 3S 20 D, P
Octal Driver w/OE, OE 54/745241 64 0.55 6.0 N 3s 20 D, P
Octal Driver w/OE, OE AmM251.S244 48 0.55 12 N 3s 20 D,F, P
Octal Driver w/OE, OE 54/74L.S244 24+ 05 12 N 3s 20 D, F,P
Octal Driver w/OE, O AmM25S244 64 0.55 6.0 N 3s 20 D, P
Octal Driver w/OE, OE 54/745244 64 0.55 6.0 N 3s 20 D, P
Octal Driver w/OE, OE Am2958 64 0.55 45 N 3s 20 D, P
Octal Driver w/OE, OE Am2959 64 0.55 6.0 I 3s 20 D, P
Octal Buffer w/G1, Go 71/81LS95 16 0.5 15 N 3s 20 D, P
Octal Buffer w/Gy, Gp 71/81L.S96 16 0.5 13 I , 3s 20 D, P
Octal Buffer w/Gy Gp 71/81LS97 16 0.5 15 N 3s 20 D, P
Octal Buffer w/G1, G 71/81LS98 16 0.5 13 | 3S 20 D, P

*74LS only, see data sheet for 54LS specification.
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Counters
Part loL (Max) tpd Number
Description Number mA @V ns (Typ) Output of Pins Package(s)
Am25L.52568/
BCD Decade Up/Down Counter 54/74LS568 8.0 0.45 13 3S 20 D,F, P
oo Am25LS2569/
4-Bit Binary Up/Down Counter 54/74L.S569 8.0 0.45 13 38 20 D,F, P
BCD Decade Counter 54/745160 20 0.5 6.0 TTL 16 D,F,P
4-Bit Binary Counter Async Clear | 54/74S161 20 0.5 6.0 TTL 16 D,F,P
4-Bit Binary Counter Sync Clear 54/74S5163 20 0.5 6.0 TTL 16 D,F,P
4-Bit BCD Counter 93510 20 0.5 6.0 TTL 16 D, FP
4-Bit Binary Counter 93516 20 0.5 6.0 TTL 16 D, F P
Progammable Timer/Counter Am2942* 24 0.5 13 22 D, F
*Commercial version only.
Operators
Part loL (Max) tod Inverting/ Number
Description Number mA @V ns (Typ) | Noninverting | Output of Pins | Package(s)
4-Bit ALU/Function Generator | Am25LS381 8.0 0.15 14 N TTL 20 D,F P
4-Bit ALU/Function Generator | 54/74L.S381 8.0* 0.5 14 N TTL 20 D, FP
. ) Am25L.S2517/8
4-Bit ALU/Function Generator 54/74LS382 8.0 45 14 N TTL 20 D,FP
8-Bit Comparator Am25L.52521 12 5 9.0 | TTL 20 D, FP
4-Bit Shifter Am25S10 20 0.5 5.0 N 3S 16 D, F,P
4-Bit Shifter 54/74S350 20 0.5 5.0 N 3S 16 D,F P
Look-ahead Carry Generator Am2902A 20 0.5 6.5 N TTL 16 D,F P
Twelve Input Parity
Checker/Generator 93548 20 05 19 N TTL 16 D,F,P
Decoders/Demultiplexers, Multiplexers, Priority Encoders
Priority Encoder Am25L82513 12 0.5 11 N 3S 20 D,F,P
8-Input Multiplexer, Am25L.52535/
Control Storage Am2922 20 0.5 16 NI 3 20 O.FP
8-Bit Decoder Control Storage | Am25LS2536 24* 0.5 20 N 3S 20 D,F, P
One-of-Ten Decoder Am25LS2537 12 0.5 17 N/t 3S 20 D,FP
. Am25L.52538/
One-of-Eight Decoder AM2921 12 0.5 15 N/ 3S 20 D,FP
Dual One-of-Four Decoder Am25L.S2539 12 0.5 17 N/l 38 20 D, FP
Chip Select Address Decoder | Am25LS2548 8.0 0.45 14 | TTL 20 D, F,P
8-Input Multiplexer Am2923 20 0.5 12 N/l TTL/3S 16 D,F,P
8Line to 8-Line Decoder/ Am2924 20 05 45 | n 16 D,F, P
Multiplexer
One-Shots
Retriggerable, Resettable,
Monostable Multivibrator AmM26502 20 05 28 NORI TTL 16 D, F,P

Note: 1. New 24-pin, 0.3” wide package.

*Commercial version only.
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DESIGNER’S GUIDE
TO HIGH PERFORMANCE
LOW-POWER SCHOTTKY LOGIC

By David A. Laws and Roy J. Levy.

Advanced Micro Devices is a leading supplier of low-power
Schottky MSI and LS| devices. Two basic families of product
are offered:

AMB4/74LS Series

® Typical tpd 10ns/gate at 2mW
® Typical Register fmax = 40MHz

Pin for pin and electrical alternate source devices to the
standard performance LS logic family.

AM25LS Series

® Typical tpd 5ns/gate at 2mW
® Typical Register fmax = 66MHz

Advanced Micro Devices’ proprietary high performance LS
logic family. This includes both original designs and en-
hanced specification versions of the AM54/74LS devices.
Improvements include twice the fan-out over the military
temperature range, higher noise margin and faster switching
speeds.

THE SCHOTTKY DIODE STRUCTURE

The major components of switching delays in digital integrated
circuits are listed in Figure 1. One of the most significant of
these is the storage time constant of a transistor driven into
saturation Ts. Older TTL circuits minimized this parameter
with a process technique known as gold doping. This increased
the rate of recombination of charge stored in the base region.

The desired result of improved speed was achieved. Unfortu-
nately it also reduced available design ( at low temperatures
and was marginally effective when hot. This resulted in lower-
ed performance over the full military temperature range.

The development of the Schottky diode provides a more effec-
tive solution. A feature of the Schottky diode is its lower
forward voltage at a given current level compared to a diffused

(P-N) diode of the same area, Figure 2. Connecting a Schottky
diode between the base and collector of a transistor, Figure 3,
will shunt excess base current drive from the base to the col-
lector, once the collector drops to a low enough voltage to for-
ward bias the Schottky. This prevents' the build up of stored
charge and eliminates the Ts component of the delay.

INPUT
OUTPUT \ / ‘
o B
- -

PARAMETERS DETERMINING FACTORS
Td R,C
Tf B, Cob, Base Drive, Signal Amplitude
Ts Storage Time Constant of a Saturated
Transistor
Tr Cob, Signal Amplitude

Figure 1. Major Causes of Propagation Delay.
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Figure 2. Comparison of Vg for Schottky and
Diffused Diodes.

Figure 3. Schottky Clamped Transistor and its
Conventional Circuit Symbol.
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A Schottky diode is formed at a metal to semiconductor junc-
tion .when the semiconductor doping is at the level normally
found in the collector region of TTL devices. A Schottky-
clamped transistor is constructed by extending the metal con-
tact for the base region over the collector as shown in Figure 4.
The same meétallization structure forms a simple ohmic contact
at the base, collector and emitter contact windows because of
the higher doping levels in the silicon at these locations.

The selection of the forward voltage drop across the Schottky
diode, VsBD, is a compromise between a high value to insure
a minimum VQL but low enough to prevent charge storage in
the base. Platinum silicide Schottky diodes provide this op-
timum voltage drop. Platinum is deposited and platinum-
silicide is formed by sintering and annealing. As aluminum has
a high affinity for silicon, in order to prevent the aluminum
interconnect metallization from diffusing through the platinum
material, with resulting lower VgBp, a barrier of tungsten-
titanium is evaporated after the platinum and before the alu-
minum metallization. This structure has been extensively eval-
uated and proven to have excellent reliability characteristics.
It is now widely employed in the manufacture of Schottky
devices. Reliability data is available from Advanced Micro
Devices on request.

CHARACTERISTICS OF SCHOTTKY DEVICES

The primary reason for the development of Schottky devices
was to improve AC (switching) performance and the first inte-
grated circuits to employ this technique offered propagation
delays as fast as 3ns. However, their fast rise and fall times and
high power requirements have restricted their application to
highest performance systems. It was realized that the tech-
nique could be used to decrease the charging current required
to achieve the 10ns speed specification of older TTL gates.
This insures considerably lower operating power requirements.
The resulting family of devices are known as Low-Power
Schottky (LS) circuits.

2. D.C. Circuit Characteristics

CIRCUIT CONFIGURATIONS

The basic circuit design configuration of a Low-Power Schottky
gate is similar to that of the original standard TTL elements.
However, certain refinements have been made to optimize de-
vice performance when fabricated with the LS process.

In order to analyze the circuit configuration, Table 1 shows
terms used in describing Advanced Micro Devices’ LS circuits:

TABLE 1
D.C. CIRCUIT PARAMETER DEFINITIONS

IiL The current out of an input at a specified LOW voltage.

IlH The current into an input at a specified HIGH voltage.

loL The current into an output when in the LOW state.

IoH The current out of an output when in the HIGH state
(pull-up circuit only).

Isc The current out of an output in the HIGH state when
shorted to ground. (Also called IQs)

Vce The range of supply voltage over which the device is
guaranteed to operate.

ViL The guaranteed maximum input voltage that will be re-
cognized by the device as a logic LOW.

V|H The guaranteed minimum input voltage that will be re-
cognized by the device as a logic HIGH.

VoL The maximum guaranteed logic LOW voltage at the out-

put terminal while sinking the specified load current IQ .
VOH The minimum guaranteed logic HIGH voltage at the out-
put terminal when sourcing the specified source current

IOH.

l0zH Three-state off-state output current, high level voltage
applied.

10z Three-state off-state output current, low-level voltage
applied.

ALUMINUM INTERCONNECT
/ METALLIZATION
)

SCHOTTKY DIODE

FORMED AT JUNCTION

(
A\

SUBSTRATE

Figure 4. Schottky Diode Clamped Transistor Structure.



Both the input and output structures of the LS devices them-
selves have evolved through a number of configurations as
designers have attempted to optimize circuit performance.

Depending on the function of the device any one of four com-
monly used inputs may be employed. The significant char-
acteristics of each of these configurations are summarized in
Figure 5.

The first LS designs used the familiar multi-emitter TTL input
of Figure 5a. However because of low breakdown voltage and
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slow speed it is now used only where the geometry offers a
significant advantage in circuit mask layout.

The second and still most widely used structure is the simple
DTL style input of Figure Bb. This is the fastest version and it
has good input breakdown voltage. In output functions having
only a single gate defay between input and output, such as a
three-state enable input, the low threshold of the DTL confi-
guration causes the output node to be at a sufficiently low
voltage to risk leakage problems at high temperature. The input
of Figure 5c raises the threshold by one diode to overcome this
problem (Figure 6). However because it is slower and uses

RiN
a) TTL 1L
1 |
I |
I I N
| |
Rin
¢) High Threshold = d) PNP
DTL HIGH Vqp TTL PNP
Threshold @ 25°C 1.0V 14V 1.3V 1.5V
Cin 5.5pF 4.5pF 3.5pF 4.0pF
L aRIN aRIN aRIN aBpNP
‘Input BV >15 >15 ~8 ~8
Gate Delay, ns 5+, 65— 5+, 6.5— 5.5+, 7.5— 5+, 6.5—

Figure 5. Low-Power Schottky Input Configurations.

~0.1 r—r—
- DTL
0 INPUT:
L INATHLT
o ‘0 _r
01 (128 25"
z > Euly
E02 R = “THIGH Vi
z A= INPUTS
—55°
0.4
05
|
05 0 05 10 15 20 25

V| (VOLTS)

Figure 6. LS Input Characteristics for DTL and
High Threshold Inputs.

more silicon area, its use is limited to special situations. A PNP
input, Figure 5d, insures low d.c. loading for devices with
common input/output pins such as the Am25LS23. However
it is slow and has low breakdown voltage, comparable to the
multi-emitter TTL structure.

Figure 7 compares the early LS output configuration with the
design most frequently used today. The change was made to
provide clamping of positive ringing and to allow the higher
Isc currents now specified (see section 3). The typical VOH
versus |QH curves of Figure 8 are similar for both versions.

This example displays an Igc of approximately 35mA. Note
that both of these designs include the ‘squaring” network
(R3, R4 and Qs) at the base of the output pulldown transistor,
Qg4, which was not included on standard TTL families. The
result of this is a sharp transition of VQUT with VN shown in
Figure 9 for a simple gate function.
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Figure 9. Typical Output Versus Input Voltage
Characteristic.

The typical VoL versus |Q| output characteristics of LS de-
vices are shown in Figure 10. Most 74LS functions are specified
at VoL = 0.4V at IoL =4mA and 0.5V at 8mA. Am25LS are
specified at 0.45V for IgL = 8mA. Some newer designs are
being guaranteed at lgL of 12mA and 24mA. This curve in-
dicates that lack of § at low temperature will not permit
existing designs to be guaranteed to these higher values without
severe yield loss.

16
14 7‘V/
12 // >
_10
E /
£s 25LS —@ 74LS
E v/
° =7 25/74L8
741!
4 —1—126° T *
~///
2 ~55°——
o [/ 1
0 01 02 03 04 05
VoL (VOLTS)

Figure 7. Low-Power Schottky Output Configurations.
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o
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Figure 8. Typical Vo Versus Igy for Low-Power Schottky.

Figure 10. Typical LS VoL Versus g Characteristics.

INPUT/OUTPUT LEVELS

Table 2 shows the guaranteed d.c. parameters of the Am54LS/
74LS and second generation Am25LS families. Input current
requirements (lj, lj) and therefore output drive needs (IQH,
loL) are significantly reduced over older TTL.

Aone unitload input current at logic HIGH, ||, for Am54LS/
74LS is 20uA, compared with 40uA for Am54/74 standard
TTL. Similarly at logic LOW, | is reduced to —0.36mA from
—1.6mA.

Corresponding reductions in the output drive requirements are
loL = 4mA vs. 16mA at VoL = 04V and IoH = —400uA
compared to 800uA.
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TABLE 2
COMPARISON OF TTL DC PARAMETERS

54LS/74LS LOW-POWER SCHOTTKY 25LS LOW-POWER SCHOTTKY
Parameters Conditions Min. Typ. Max. Conditions Min. Typ. Max. Units
v loL = 4.0mA 0.4 oL = 4.0mA 0.4
oL 1oL = 8.0mA (COM'L Only) 0.5 oL = 8.0mA (MIL, COM'L) 0.45 v
Vou ot = —400uA MiL 2.5 34 lon = —4404A MIL 2.5 34 v
COM'L 2.7 34 com'L 2.7 3.4
] MIL 0.7 ) MiL 0.7
ViL Logic LOW Logic LOW \
COM'L 0.8 com'L 0.8
ViH Logic HIGH 2.0 Logic HIGH 2.0 v
L VN =04V -0.36 Vin = 0.4V -0.36 mA
HH ViN =27V 20 VN = 2.7V 20 HA
54S/74S AND 25S SCHOTTKY TTL STANDARD TTL
Parameter Condition Min. Typ. Max. Condition Min. Typ. Max. | Units
Vou loL = 20mA 0.3 0.5 loL = 16mA 0.2 04 | Volts
Von loy = —1.0mA Z'(;I;VI'L ;3 2: loq = —300nA 24 34 Volts
VL Logic LOW 0.8 Logic LOW 0.8 Volts
ViH Logic HIGH 2.0 Logic HIGH 2.0 Volts
e V|n = 0.5V -2.0 Vin = 0.4V -1.6 mA
LT™ Vin = 2.7V 50 Vin = 2.4V 40 nA
FAN-OUT CAPABILITY Military LS devices have a 100mV lower noise margin in the
LOW state than standard TTL. In most systems, this does not
The fan-out capability of a logic family indicates the number present a problem as the lower power supply currents being
of inputs which can be driven by a single output. It is defined switched with LS generally result in lower system noise gen-
as the maximum output drive current divided by the input cur- eration.

rent available. . i
The logic levels guaranteed over the operating temperature

Logic HIGH Fan-out = IgH/IH ranges are of course worst case. Figures 12 and 13 show the
Logic LOW fan-out = Ig /I typical values to be considerably better than these.
Table 3 shows the fan-out capabilities of typical functions DRIVING DEVICE DRIVEN DEVICE
from the three families. The lower current operating levels of MU LoSIC
LS devices allow them to be specified at a logic LOW fan-out 30— voLTAGE v B
over the commercial range of more than twice that of standard R oL —— 2N B
TTL (22 vs. 10). The Am25LS family allows this advantage to S zj e — == :
be extended to the military range. 5‘ 2o | 3STATECOMLORMIL - Vi,
D.C. NOISE MARGIN s R N
& 16l (HIGHLEVEL) | VOLTAGE

The D.C. noise margins of a digital system are defined from S el -
Figure 11 as follows: S 12p -

Logic HIGH Noise Margin = VOH1 — V|H2 5 o =

Logic LOW Noise Margin = V|2 — VOL1 E g'z oW ouTeoT MA;IMUM LOGIC
These parameters for LS devices are shown in Table 2. LS has % 04 ,_VO"L'TLG‘E_ NOISE - L\/%‘AII.T:‘GP:T
a minimum logic HIGH output voltage of VoH = 2.5V for © o2 O
military and 2.7V for the commercial temperature range. For 00
standard TTL, VQH is 2.4V. V|4 is 2.0V for both families.
Table 3 compares the guaranteed noise margin values for the VoH, Vikg
standard TTL and LS devices. LS devices offer improved mar- o— FeE o —————— o N L o
gin over standard TTL in the logic HIGH state, which is the Vo, Vit
most critical with regard to noise generation. At a similar fan-
out, 10 for standard TTL and 11 for LS, noise margins in the
LOW state are the same over the commercial range. Figure 11. Input/Output Voltage Interface Conditions.
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TABLE 3
FAN-OUT AND NOISE MARGIN
COMPARISON OF TTL AND LS FAMILIES.

a) LOGIC “HIGH” STATE

INPUT OUTPUT
FAMILY | CURRENT CURRENT FAN-OUT NOISE MARGIN
IH 10H MILITARY COMMERCIAL MILITARY COMMERCIAL
54/74 40uA —800uA 20 20 400mV 400mV
541L.S8/74LS 20uA —400uA 20 20 500mV 700mV
25LS 20uA —440uA 22 22 500mV 700mV
b) LOGIC “LOW'* STATE
INPUT OUTPUT
FAMILY | CURRENT CURRENT FAN-OUT NOISE MARGIN
hL loL MILITARY COMMERCIAL MILITARY COMMERCIAL
54/74 —1.6mA 16mA 10 10 400mV 400mV
54LS/74LS —0.36mA 4mA 11 1 300mV 400mV
8mA No Spec. 22 No Spec. 300mV
25LS —0.36mA 4mA 1 1 300mV 400mV
8mA 22 22 250mV 350mV
TRANSITION
REGION
3 35
12 #LOGIC 1" INPUT]| VOH @ Vge = 4.5V
: THRESHOLD
— 3.0
ot
1.0
)GIC 0" INPU 28 RANTEED §
A 1 GUARA
2 08 LO‘TGl-IigEgH(g":‘_TD?T L) 2 20 [ [NOISE MARGIN § Aﬁg}g’éL
o LA y ° me MARGIN
S 06 ACTUAL g LOGIC “1" INPUT |
| TiRegioLD |
i
== 1.0 oL
02fFvg @8mA TSV @ 4ma 0 “””g;ng(')"L'D""L l | 1
—40 0 40 80 120 160 T 40 0 40 80 120 160
Ta (°C) Ta (°C)
Figure 12. LS Logic 0" Noise Margin. Figure 13. LS Logic ““1”” Noise Margin.
Am25LS D.C. FEATURES 2. Am25LS products are guaranteed at a fan-out of 22 (8mA)

over the military range. Amb4LS is specified at fan-out of

The D.C. advantages offered by second generation Am25LS 10 (4mA) only

over 54/74LS devices can be seen from Table 3 as:

3. Am25LS offers a symmetrical fan-out of 22 in both logic
HIGH and logic LOW states, allowing full use of the logic
LOW drive capability.

1. In the logic LOW state at a fan-out of 22 (8mA), Am25LS
has 50mV greater noise margin (350mV vs. 300mV).
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3. A.C. Characteristics
INTRODUCTION

Many Low-Power Schottky functions have been designed spe-
cifically to replace standard TTL elements in existing system
designs. Their A.C. performance characteristics usually meet
or exceed the limits of the earlier devices. The switching terms
which are used on data sheets to describe the A.C. performance
of these designs are summarized in Table 4. The more impor-
tant parameters are discussed in detail in this section.

TABLE 4
DEFINITION OF SWITCHING TERMS

(All switching times are measured at the 1.3V logic level unless
otherwise noted.)
fMAX The highest operating clock frequency.

tpLH The propagation delay time from an input change to an
output LOW-to-HIGH transition.

tpHL The propagation delay time from an input change to an
output HIGH-to-LOW transition.

tpwy  Pulse width. The time between the leading and trailing
edges of a pulse, measured at the 50% points.

tr Rise time. The time required for a signal to change from
10% to 90% of its measured values.

tf Fall time. The time required for asignal to change from
90% to 10% of its measured values.

ts Set-up time. The time interval for which a signal must
be applied and maintained at one input terminal before
an active transition occurs at another input terminal.

th Hold time. The time interval for which a signal must be
retained at one input after an active transition occurs
at another input terminal.

tHzZ HIGH to disable. The delay time from a control input

also  change to the three-state output HIGH-level to high-

tPHZz impedance transition (measured at 0.5V change).

tLz LOW to disable. The delay time from a control input

also  change to the three-state output LOW-level to high-

tpLz impedance transition (measured at 0.5V change).

tzH Enable HIGH. The delay time from a control input

also  change to the three-state output high-impedance to

tpzHy HIGH-level transition.

tz Enable LOW. The delay time from a control input

also change to the three-state output high-impedance to

tpzL. LOW-level transition.

PROPAGATION DELAYS

The standard designations for delays through combinatorial
logic networks are tpH| and tpLH. A delay from an input
change to an output going LOW is called tpH|, while tpLH
is the delay from an input change to an output going HIGH.

Figure 14 shows a typical waveform with the output changing
during the interval indicated by the diagonal, sloping line.
Note that all switching times shown are measured at the 1.3
volt logic level.
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Figure 14. Propagation Delay.

Typical values for asingle gate propagation delay tpH| in Low-
Power Schottky functions are 8—10ns into a 15pF load. Higher
performance LS families, such as Am25LS, exhibit delays in
the 4 — 6ns range. These propagation delays will increase by
2 — 4ns at an output loading of 50pF or approximately 0.1ns
per pF.

EDGE RATES

The rise and fall times of Low-Power Schottky devices are sim-
ilar to those of standard TTL. Into a 50pF load fall time, tf, is
typically 6-8ns, while rise time, ty, is in the 9-12ns range. A.C.
parameters are measured at tf < 6ns and ty < 15ns.

As with standard TTL, careful P.C. board layout rules should
be employed to avoid problems which can occur at these rela-
tively fast edge rates. In particular, precautions should be taken
to insure that transmission line effects do not cause false
switching or ringing and oscillation problems on lines longer
than 18 inches. See Section 4 for more information.

SEQUENTIAL DEVICES

Set-up time, tg, hold time, th, are the most important param-
eters for specifying sequential elements such as latches, flip-
flops and registers.

For these synchronous devices, inputs must be stable for a cer-
tain period of time before the clock or enable pulse. This inter-
val is the region in time during which devices are ‘‘sampling’’
their inputs. As an example, consider a latch with a D input
and an active LOW clock. The latch will store the information
present on its input just before the clock goes HIGH. The ques-
tion is, how long does the input level have to be present and
stable before the clock goes HIGH? A particular device will
“sample’’ its input at some exact instant, but in a group of de-
vices some are slower than others. The result is an interval of
some time called set-up time during which all devices, fast or
slow, will “sample’’ their inputs.

All devices exhibit a hold time. That is a period of time after
the clock or enable pulse transition during which the data can-
not be changed without loss of input intelligence. This hold
time occurs after the clock goes HIGH. Figure 15 shows the
input requirements and definitions for data entry.
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Notes: 1. Diagram shown for HIGH data only. Output transition
may be opposite sense.
2. Cross hatched area is don’t care condition.

Figure 15. Set-up and Hold Time Definitions.

fmax.

A frequently misunderstood parameter on data sheets is
maximum clock frequency fpjax. This was defined by the
early TTL manufacturers as the maximum toggle frequency
which can be attained by the device under ideal conditions
with no constraints on ty, tf, pulse width, or duty cycle. Al-
though fpmAX as specified cannot usually be attained in an
operating system, it is a relatively easy parameter to test and
provides a convenient measure of comparative performance
between different devices.

EFFECTS OF TEMPERATURE AND POWER
SUPPLY VARIATIONS

Standard TTL devices exhibit severe degradation in A.C
formance towards the recommended ifimits of the o

. per-
the operati
temperature and power supply voltage ranges.

ing

Atelevated temperature and/or high V¢ levels, charge storage
begins to slow down A.C. response. At the other extreme, low
temperature and/or low Vg, the loss of § causes a similar
problem. These combined effects can cause more than 50% de-
gradation in performance over the full military temperature
and power supply extremes.

TABLE 5
GUIDELINES FOR TYPICAL VARIATION
OF A.C. PARAMETERS WITH COMBINED
TEMPERATURE AND V¢ VARIATION

Va\r/igt(i:on AC Derating Factor
Temperature Range | (Nominal 5V) | System | Component
COM'L, 0°C to +70°C None 5% 10%
COM’L, 0°C to +70°C +0.25V 15% 30%
MIL, —55°C to +125°C None 15% 30%
MiL, —55°C to +125°C +0.5V 25% 50%

Low-Power Schottky technology reduces the impact of both
of these effects on performance. g8 degradation at cold tem-
peratures is far less severe and Schottky clamping largely
eliminates the effects of charge storage at high temperature.

The system’s designer would like a factor which will allow his
system to meet specification with minimum design overkill.
However, the component engineer often requires maximum
delays to be guaranteed. For system design guidelines, the AC
derating factors of Table 5 may be useful.

It must be emphasized that the values of Table 5 are typical.
However as it is unlikely that any given system will contain all
worst case devices they will usually yield a fairly safe prediction
of the system performance which can be achieved.

Individual components will of course be slower than these
typical numbers. These must be reflected on procurement
specifications. A general rule of thumb would be to double the
system design guidelines of Table 5. Am25LS specifications
are published with worst case parameters guaranteed over the
operating power supply and temperature ranges, as well as at a
realistic system load condition of 50pF. A typical example of
this format is shown in Table 6.

SHORT CIRCUIT OUTPUT CURRENT

To improve performance, in 1975 Tl lowered the short-circuit
current limiting resistor value. This increased the Igc (10s)
range from —6 to —42mA up to —30 to —130mA. The overall
delay when driving very large capacitive loads (>150pF) was
reduced somewhat as a result. However, the inherent circuit
performance still dominates in normal applications such that
the Am25LS and other high performance families remain
faster even when driving large capacitive loads.
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TABLE 6
Am25LS2513 THREE-STATE PRIORITY ENCODER
A.C. SPECIFICATION FORMAT FOR Vcc AND TEMPERATURE
EXTREMES AND 50pF LOAD CONDITION

SWITCHING CHARACTERISTICS
(TA=+25°C, Ve = 5.0V)

Parameters’ Description Test Conditions Min. Typ. Max. Units
tpLH | _ ( 17 25
T; to An (In-ph ns
P i n-phase) 17 %5
tPLH = 1 17
1; to An (Out-phase) ns
tPHL 12 18
tPLH I 7.0 "
tj to EO ns
tPHL 24 36
tpLH B0 Cp = 15pF 11 17
Ito
tPHL R =2.0kQ 23 24 ns
tPLH _ 12 18
1 to An -ns
tPHL 14 21
tZH 23 40
Gqor G to An ns
48 . 20 37
tZH Bn B4 G 20 30
. , Gg to An ns
tzL 35455 18 27
tHz G G A 17 27
or to An ns
tLz 1 2 CL =5.0pF 19 28
tHz 5 Ba Ry =2.0kQ e ”
, Gg, Gg to An ns
(TR 3. 54,55 18 27
SWITCHING CHARACTERISTICS Am25LS COM'L Am25LS MIL
P
OVER OPERATING RANGE Ta =0°C to +70°C TA = —56°C to +125°C
Vee =5.0V 5% Vee =5.0V £10%
Parameters Description Test Conditions Min. Max. Min. Max. Units
t — 1 37
PLH T to An (In-phase) ns
PPHL 30 34
t — 22 27
PLH lj to An (Out-phase) ns
tPHL 22 25
tPLH N — 15 18
T; to EO ns
tPHL 48 60
tPLH o C =50pF 19 21
Elto E ns
tPHL R =2.0kQ 46 57
tPLH — 22 25
I to An ns
tPHL 27 32
tzH 42 49
z G1or Gy to An ns
ZL 43 49
tzH - - 36 43
G3,G4,Ggto A ns
tz1 3.4, 55 10 An 35 43
tHZ . 34 40
G1qorGyptoAn ns
Lz CL =5.0pF 34 40
tH - = R =2.0kQ 30 35
z G3, G4, Gg to An ns
tz 31 35
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4. Design Guidelines

POWER SUPPLY CONSIDERATIONS

The recommended power supply voltage (Vccg) for all TTL
circuits, including LS, is +5V. Commercial temperature range
devices, designated 74LS or in the case of Am25LS with the
suffix C, are specified with a +5% supply tolerance (+250mV)
over the ambient range 0°C to 70°C. Military range parts, des-
ignated 54LS or in the case of Am25LS with the suffix M, are
guaranteed with a £10% supply tolerance (+500mV) over an
ambient temperature range of —55°C to +125°C. The power
supply should be well regulated with a ripple less than 5% and
with regulation better than 5%. Even though LS devices gener-
ate significantly smaller power supply spikes when switching
than standard TTL, on-board regulation is still preferable to
isolate this noise to one board.

A low-inductance transmission line power distribution bus
with good RF decoupling is necessary for large systems. On
all boards, ceramic decoupling capacitors of 0.01uF to 0.1uF
should be used at least one for every five packages, and one for
every one-shot (monostable), line driver and line receiver pack-
age. In addition, a larger tantalum capacitor of 20uF to 100uF
should be included on each card. On boards containing a large
number of packages, a low impedance ground system is essen-
tial. The ground can either be a bus or a ground which is incor-
porated with the V¢ supply to form a transmission lire power
system. Separate power transmission systems can be attached
to the board to provide this same feature without the cost of a
multi-layer PC card.

UNUSED INPUTS

An unused input to an AND or NAND gate should not be left
floating as it can act as an antenna for noise. On devices with
storage, such as latches, registers and counters, it is particu-
larly important to terminate unused inputs (MR, PE, PL, CP)
properly since a noise spike on these inputs might change the
contents of the memory. This technique optimizes switching
speed as the distributed capacitance associated with the float-
ing input, bond wire and package leads is eliminated. To ter-
minate, the input should be held between 2.4V and the max-
imum input voltage. One method of achieving this is to con-
nect the unused input to Vcg. Most LS inputs have a break-
down voltage >7V and require no series resistor. Devices spe-
cified with a maximum 5.5 volt breakdown should use a 1k2
to 10k§2 current limiting series resistor to protect against VcC
transients. Another method is to connect the-unused input to
the output of an unused gate that is forced HIGH. Do not con-
nect an unused input to another input of the same NAND or
AND function. Although recommended for standard TTL, with
LS this increases the input coupling capacitance and reduces
A.C. noise immunity.

TRANSMISSION LINE EFFECTS

The relatively fast rise and fall times of Low-Power Schottky
TTL (5 to 15ns) can cause transmission line effects with inter-
connections as short as 18 inches. With one TTL device driving
another and the driver switching from LOW to HIGH, if the
propagation delay of the interconnection is long compared to
the signal rise time, the arrangement can behave like a trans-
mission line driven by a generator with a non-linear output.
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The initial voltage step at the output, just after the driver has
switched, propagates down the line and reflects at the end. In
the typical case where the line is open ended or terminated in
an impedance greater than its characteristics impedance (ZQL),
the reflected wave arrives back at the source and increases
VouT. If the total round-trip delay is longer than the rise time
of the driving signal, a staircase response results at the driver
output and along the line. If one of the driven devices is con-
nected close to the driver, the initial output voltage (VouT)
seen by it might not exceed V|H. The state of the input is un-
determined until after the round trip of the transmission line,
thus slowing down the response of the system.

The longest interconnection that should be used with LS de-
vices without incurring problems due to line effects is in the
10—12 inch range.

With longer interconnections, transmission line techniques
should be used for maximum speed. Good system operation
can be obtained by designing around 100 ohm lines. A 0.026
inch (0.65mm) trace on a 0.062 inch epoxy-glass board
(Er = 4.7) with a ground plane on the other side represents a
100%2 line. 28 to 30 gauge wire (0.25 to 0.30mm) twisted pair
line has a characteristic impedance of 100 to 11582.

LINE DRIVING AND RECEIVING

For lines longer than 2 feet, twisted pairs of coaxial cable
should be used. The characteristic impedance or the transmis-
sion media should be approximately 1202 such as twisted pairs
of #26 wire or 10052 coax. A possible choice is cables with a
characteristic impedance Rg of 100£2 such as ribbon cable or
flat cable with controlled impedance. Resistive pull-ups at the
receiving end can be used to increase noise margin. Where re-
flection effects are unacceptable, the line must be terminated
in its characteristic impedance. A method shown in Figure 16
has the output of the line tied to VcC through a resistor equiv-
alent to the characteristic impedance of the line. As the output
impedance of the LS driver is low and must sink the current
through it, in addition to the current from the inputs being
driven, a useful technique is to terminate the line in a voltage
divider with two resistors, each twice the line impedance. This

Vee

Rg = CHARACTERISTIC Ro
IMPEDANCE OF LINE

TWISTED PAIR

ENABLE = OR COAX = STROBE

Ra = R = 220

Ra =20

Figure 16. LS Driving Twisted Pair.



reduces the extra sink current by 50%. Where the line exceeds
five feet in length it is preferable to dedicate gates solely to
line driving.

For additional noise immunity when driving long lines, a dif-
ferential line driver and line receiver may be used. These dedi-
cated line interface circuits drive a twisted pair of wires differ-
entially, permit easy termination of lines and provide excellent
common mode noise rejection.

The Am26LS31 driver and Am26LS32 and Am26LS33 are
quad differential line drivers and receivers satisfying the inter-
face requirements of EIA RS-422 and 423 as well as military
applications, Figure 17. They are designed to operate off the
standard 5V power supplies of the LS logic devices. More
applications information on line termination techniques is
provided on the above mentioned device data sheets.

CROSS-TALK AND RINGING

These two problems may be experienced with all forms of high
speed digital logic. Crosstalk is the coupling of energy from
one circuit to another via real or parasitic capacitance and in-
ductance. Ringing is the possible rebound of the signal into the
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input threshold region (0.8 — 2.0V) following a HIGH-to-LOW
level change. When a driver switches from a HIGH-to-LOW
state the output voltage should fall below the threshold value.
However, a line having a very low characteristic impedance
does not allow transistor Q5 in the NAND gate example to sat-
urate, and the resulting output voltage may not be low enough
to switch an adjacent device until two or more line delay times.
The low current levels at which LS devices operate, coupled
with the low output impedance in both HIGH and LOW Logic
states, minimize crosstalk effects. Input clamp diodes provided
on all LS devices are extremely effective in reducing ringing
phenomenon.

Care should be taken to insure that signals with falling edges
faster than 2.5-3ns/volt are not coupled into the input of an
LS function. Even though the signal may not pass into the
threshold region, if the pulse edge is fast enough, sufficient
energy may be capacitively coupled into a sequential device to
cause it to change state: High speed Schottky elements in a
test setup can exceed this limit. However in an active system,
the edges will generally be slowed sufficiently to eliminate any
problem.

DATA 1/4
INPUT Am26LS31

1/4
Am26LS32

DATA
ouT

DATA
ouT

1/4
Am26LS32

SHIELD OR COMMON GROUND RETURN

Figure 17. Differential Line Driving and Receiving with the Am26LS31 and Am26LS32.
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DEFINITION OF STANDARD LOW-POWER SCHOTTKY TERMS

DEFINITION OF A.C. SWITCHING TERMS

(All switching times are measured at the 1.3V logic level unless otherwise

noted.)

fmax The highest operating clock frequency.
tp 4 The propagation delay time from an input change to an output
LOW-to-HIGH transition.

toHL

The propagation delay time from an input change to an output

HIGH-to-LOW transition.

tpw

Pulse width. The time between the leading and trailing edges of

a pulse.

t

Rise time. The time required for a signal to change from 10% to

90% of its measured values.

Falltime. The time required for a signal to change from 90% to 10%

of its measured values.

Set-up time. The time interval for which a signal must be applied

and maintained at one input terminal before an active transition
occurs at another input terminal.

Hold time. The time interval for which a signal must be retained at

one input after an active transition occurs at another input terminal.

HIGH to disable. The delay time from a control input change to the

three-state output HIGH-level to high-impedance transition (mea-
sured at 0.5V change).

LOW to disable. The delay time from a control input change to the

three-state output LOW-level to high-impedance transition (mea-
sured at 0.5V change).

tzH

Enable HIGH. The delay time from a control input change to the

three-state output high-impedance to HIGH-level transition.

tzL

Enable LOW. The delay time from a control input change to the

three-state output high-impedance to LOW-level transition.

LOW-POWER SCHOTTKY
PARAMETER MEASUREMENTS

LOAD TEST CIRCUIT FOR THREE-STATE OUTPUTS

TEST

POINT Vee
[e]

AV

$

FROM OUTPUT
UNDER TEST

Cy INCLUDES
PROBE AND JIG E Rr NeeonS
CAPACITANCE 5k& 1N3064

1

Note: For standard totem-pole outputs, remove Ry, S and Sp closed.

Notes:

SET-UP, HOLD, AND RELEASE TIMES

WWWY ‘
NWWWA

DATA
INPUT

’ WWW
MWW

th.

3v
1.3v
ov

TIMING
INPUT

1. Diagram shown for HIGH data only. Output transition may
be opposite sense.
2. Cross hatched area is don’t care condition.

DEFINITION OF D.C. TERMS

H

L

I

(o}
Negative
Current
Positive
Current
he

hH
loL
lon
Isc
lec
lozn
lozL
Vee
Vi
Vin
Vo

VoH

HIGH, applying to a HIGH voltage level.
LOW, applying to a LOW voltage level.
Input

Output

Current flowing out of the device.

Current flowing into the device.

LOW:-level input current with a specified LOW-level voltage
applied.

HIGH-level input current with a specified HIGH-level voltage
applied.

LOW-level output current.

HIGH-level output current.

Output short-circuit source current.

The supply current drawn by the device from the V¢ power
supply.

Three-state off-state output current, HIGH-level voltage

applied.

Three-state off-state output current, LOW-level voltage

applied.

The range of supply voltage over which the device is guaran-
teed to operate.

The guaranteed maximum input voltage that will be recog-
nized by the device as a logic LOW.

The guaranteed minimum input voltage that will be recognized
by the device as a logic HIGH.

The maximum guaranteed logic LOW voltage at the output
terminal while sinking the specified load current g, .

The minimum guaranteed logic HIGH voltage at the output
terminal when sourcing the specified source current lgy.

PROPAGATION DELAY
v

ﬂ_ 1.3v

ov

PLH ‘»HL«L—‘ v
ol—— VoH

OUTPUT —ﬂ 13v
VoL

PLH PHL

N

SAME PHASE
INPUT TRANSITION

OPPOSITE PHASE
INPUT TRANSITION

1.3v
ov

PULSE WIDTH

1.3v

LOW-HIGH-LOW
PULSE

Flvw
HIGH-LOW-HIGH \
PULSE

Notes:

ENABLE AND DISABLE TIMES

Enable Disable

CONTROL
INPUT

OUTPUT
NORMALLY LOW

OQUTPUT
NORMALLY HIGH

-+ L
w7
Sy OPEN,

—~ov
1. Diagram shown for Input Control Enable-LOW and Input Con-
trol Disable-HIGH.
2. Sq and Sy of Load Circuit are closed except where shown.

Note: 1.
t < 16ns; t <

Pulse Generator for All Pulses: Rate <
6ns.

1.0MHz; Z, = 50();




DEFINITION OF STANDARD SCHOTTKY TERMS

DEFINITION OF A.C. SWITCHING TERMS

(All switching times are measured at the 1.5V logic level unless otherwise
noted.)

fmax The highest operating clock frequency.

tpLy The propagation delay time from an input change to an output
LOW-to-HIGH transition.

tpy The propagation delay time from an input change to an output

HIGH-to-LOW transition.

tpw Pulse width. The time between the leading and trailing edges of
a pulse.

t Rise time. The time required for a signal to change from 10% to
90% of its measured values.

t Falltime. The time required for a signal to change from 90% to 10%
of its measured values.

tg Set-up time. The time interval for which a signal must be applied
and maintained at one input terminal before an active transition
occurs at another input terminal.

t Hold time. The time interval for which a signal must be retained at
one input after an active transition occurs at another input terminal.

tyz HIGH to disable. The delay time from a control input change to the
three-state output HIGH-level to high-impedance transition (mea-
sured at 0.5V change).

tiz LOW:todisable. The delay time from a control input change to the
three-state output LOW-level to high-impedance transition (mea-
sured at 0.5V change).

tzy Enable HIGH. The delay time from a control input change to the
three-state output high-impedance to HIGH-leve! transition.

tz1  Enable LOW. The delay time from a control input change to the

three-state output high-impedance to LOW-level transition.

SCHOTTKY PARAMETER MEASUREMENTS
FOR THREE-STATE OUTPUTS

LOAD TEST CIRCUIT

TEST

POlNT Vee
S AL
FROM OUTPUT
UNDER YEST
cL INCLUDES o
PROBE AND JIG b ING1GR
CAPACITANCE > 1N3064

SET UP, HOLD, AND RELEASE TIMES

oata _WWWY

’A'AVA'A'AV
weur _AWVYW 1.

MWW |

3V

TIMING 15V

INPUT

ov

Notes: 1. Diagram shown for HIGH data only. Output transition may
be opposite sense.

2. Cross hatched area is don't care condition.

DEFINITION OF D.C. TERMS

H HIGH, applying to a HIGH voltage level.

L LOW, applying to a LOW voltage level.

| Input

(o] Output

Negative Current flowing out of the device

Current

Positive Current flowing into the device.

Current

he LOW-level input current with a specified LOW-level voltage
applied.

hH HIGH-level input current with a specified HIGH-level voltage
applied.

loL LOW-level output current.

loH HIGH-level output current.

Isc Output short-circuit source current.

lcc The supply current drawn by the device from the Vg power
supply.

lozn Three-state off-state output current, HIGH-level voltage
applied.

lozL Three-state off-state output current, LOW-level voltage
applied.

Vee The range of supply voltage over which the device is guaran-
teed to operate.

Vi The guaranteed maximum input voltage that will be recog-
nized by the device as a logic LOW.

Vin The guaranteed minimum input voltage that will be recognized
by the device as a logic HIGH.

VoL The maximum guaranteed logic LOW voltage at the output
terminal while sinking the specified load current Ig, .

Von The minimum guaranteed logic HIGH voltage at the output

terminal when sourcing the specified source current loy.

PROPAGATION DELAY

3V
VoH

15V

ov
"PLH«L—T tPHLJ——j

ouTPUT ﬂ 15V

Vou

PLH tPHL

N

1.5V
ov

SAME PHASE
INPUT TRANSITION

OPPOSITE PHASE
INPUT TRANSITION

PULSE WIDTH

LOW-HIGH-LOW /
PULSE /|

%—;tpw
HIGH-LOW-HIGH \1 15V
PULSE

1.5V

ENABLE AND DISABLE TIMES
Enable Disable

X za——%— :

CONTROL
INPUT

OUTPUT
NORMALLY LOW

OUTPUT 18V
NORMALLY HIGH s, OPEN :
L ~ov 05V

Notes: 1. Diagram shown for Input Control Enable-LOW and Input Con-
trol Disable-HIGH.

2. S4 and Sy of Load Circuit are closed except where shown.

Note: 1. Pulse Generator for All Pulses: Rate <
t < 2.5ns; tf < 2.5ns.

1.0MHz; Z, = 50Q;
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Am25L.S07
Am25L.5S08
Am25L.S09
Am25L514

Am25LS15
Am25L.522
Am25L523
Am25L.S240
Am25L.5241
Am25L.S242
Am25L.5243
Am25L.5244
Am25L.5273
Am25LS273B
Am25LS299
Am25L.8373
Am25LS374A
Am25LS377
Am25LS377B
Am25L.S381

Am25L.S533
Am25L.S534
Am25L.S2513
Am25L.S2516

Am25L52517
Am25LS2518
Am25L.S2519
Am25L.S2520
Am25L52521
Am25LS2535
Am25L.S2536
Am25LS2537
Am25L.52538
Am25L.S2539
Am25L.52548
Am25L.52568
Am25L.52569

Low Power Schottky Index
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Am25LS07-Am25LS08

Hex/Quad Parallel D Registers With Register Enable

DISTINCTIVE CHARACTERISTICS FUNCTIONAL DESCRIPTION
® 4-bit and 6-bit parallel registers The Am25LS07 is a 6-bit Low Power Schottky register with
® Common Clock and Common Enable a buffered- common register enable. The Am25LS08 is a
® Positive edge triggered D f!ip floPs 4bit register with a buffered common register enable. The
® Am25LSd. c. parameters including: devices are similar to the Am54LS/74LS174 and Am54LS/
VoL = 0.45Vv at .|o|_= SmA- 74LS175 but feature the common register enable rather
Fan-out over military range = 22 than common clear.
440uA source current
® Second sourced by Tl as 54LS/74L.S378 and 379 Both registers will find application in digital systems where
® 100% product assurance screening to MIL-STD-883 information is associated with a logic gating signal. When
requirements the enable is LOW, data on the D inputs is stored, in the
register on the positive going edge of the clock pulse. When
the enable is HIGH, the register will not change state re-
gardless of the clock or data input transitions.
LOGIC DIAGRAMS
Am25LSQ7
Do D1 D2 D3 73 Dg
o —>o— S S 3 S S 3
CP D CP D cP [} CP D P D 3 D
E E E E E E
Qo Qi Q2 Q3 Q4 Qs
Am25LS08
Do Dy D2 D3
] | |
i g1 3 3 1 3
cP D ) cP D cP D
E E E E
l_ o Q r [o} Q J- a Q r Q Q
- | . ] ! 1 1
£ P> 1 1 ]
G Qo 9 o Q@ 0 a3 Q3
CONNECTION DIAGRAMS LOGIC SYMBOLS
Top Views
Am25LS07 Am25LS08 Am25LS07 Am25LS08
Vec @5 Dg Dy Q D3 Q3 CP Vec Q3 Q3 D3 Dy 0 Q, cCP v 3 a6 1o 1 4 5 12 13
oo nnn OO nanmn &[IIIII (L | l 1 |
% 15 14 13 12 11 10 9 16 15 14 13 12 11 10 9 55 D D3 05 Di 05 . % o 5, 0s
Am25L.507 Am25L508 b 66T AEGISTER i A»Bme Frrere N
° ° Qo Q; Q2 .03 Q4 Qs Qo Qg Q2 Q3
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8 ] I l I ‘ l T l_? " T l (r ‘
R EERERERERERE] ooy 2 5 7 10 12 15 s 2 8 7 1 o104 s
E Q0 Dg Dy Qi D3 Qp GND E Q Qy by Dy Q; Q; GND
Vee = Pin 16
Note: Pin 1 is marked for orientation. GND =Pin 8




Am25LS07 ¢ Am25LS08

ELECTRICAL CHARACTERISTICS

The Following Conditions Apply Unless Otherwise Specified:

coM’L
MIL

Ta =0°Cto+70°C
Ta = —55°C to +125°C

Vee =5.0V 5%
Vce =5.0V £ 10%

DC CHARACTERISTICS OVER OPERATING RANGE

(MIN. =4.75V  MAX. = 5.25V)
(MIN. =450V MAX. =5.50V)

Typ.
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units
Vee = MIN., | = —440uA com’L 2.7 3.4
VoH Output HIGH Voltage cc OH H Volts
VIN=ViHor VL MiL 25 3.4
V = MIN. | =4mA 04
VoL Output LOW Voltage ce oL Volts
VIN = VIHoOr VL loL=8mA 0.45
Vi Input HIGH Level Guaranteed |n;?ut logical HIGH 2.0 Volts
voltage for all inputs
Guaranteed input logical LOW CcComM’'L 08
ViL Input LOW Level . Volts
voltage for all inputs MIL 0.7
Vi Input Clamp Voltage Vee = MIN,, iy = —18mA -1.5 Volts
Clock, E —0.36
} | t L \Y =MAX., V|N = 0.4V L mA
L nput LOW Current cc IN Others —0.24
Clock, E 20
I | t HIGH \Y =MAX., =27V A
IH npu Current cc VIN Others 14 M
I Input HIGH Current Vee = MAX,, VN = 7.0V 0.1 mA
Isc QOutput Short Circuit Current _
(Note 3) Vee = MAX. —15 -85 mA
| Power Supply Current \ MAX. (Note 4) LS07 16 2 mA
wer = . (Note
ce i cc Lso08 1 18

Notes: 1. For conditions shown as MIN. or MA X, use the appropriate value specified under Electrical Characteristics for the applicable device type.
2. Typical limits are at Vg = 5.0V, 25°C ambient and maximum loading.
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second.
4. Outputs open; enable grounded; data inputs at 4.5V, rneasured after a momentary ground, then 4.5V applied to the clock input.

MAXIMUM RATINGS (Above which the useful life may be impaired)

Storage Temperature

—65°C to +150°C

Temperature (Ambient) Under Bias

—55°C to +125°C

Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous

—0,5V to +7.0V

DC Voltage Applied to Outputs for HIGH Output State

—0.5V to +V¢c max.

DC Input Voltage

—0.5V to +7.0V

DC Output Current, Into CiJ?urt-puts

30mA

DC Input Current

—30mA to +5.0mA

SWITCHING CHARACTERISTICS

(Ta =+25°C, Voe = 5.0V)

Parameters Description Min. Typ. Max Units Test Conditions
tPLH Clock to Output 13 20 ns
tPHL Clock to Output 13 20 ns
tow Clock Pulse Width 17 ns
ts Data 20 ns CL =15pF
tg Enable 30 ns RL =2.0ka
th Data 5.0 ns
th Enable 5.0 ns
fmax (Note 1) | Maximum Clock Frequency 40 65 MHz

Note 1. Per industry convention, fmax is the worst case value of the maximum device operating frequency with no constraints on t;, tz,
pulse width or duty cycle.
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Am25LS07 ¢ Am25LS08

SWITCHING CHARACTERISTICS

OVER OPERATING RANGE* Am25LS COM’L Am25LS MIL
Tp = 0°Cto +70°C Ta = —55°C to +125°C
Vce = 5.0V £5% Vce = 5.0V £10%
Parameters Description Min. Max. Min. Max. Units Test Conditions
tpLH Clock to Output 30 35 ns
tpHL Clock to Output 30 35 ns
" tow Clock Pulse Width 26 30 ns
ts Data 30 35 ns C_ = 50pF
ts Enable 43 50 ns Rp = 2.0k
th Data 1 12 ns
th Enable 11 12 ns
fmax (Note 1){Maximum Clock Frequency 30 25 MHz

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9.

DEFINITION OF FUNCTIONAL TERMS FUNCTION TABLE
Dj The D flip-flop data inputs.
E Enable. When the enable is LOW, data on the Dj inputs is Inputs Outputs
transferred to the Qj outputs on the LOW-to-HIGH clock E D; cP Q; 9
transition. When the enable is HIGH, the Q; outputs do not a X X NG NG
change regardless of the data or clock input transitions. L X H NG NC
CP Clock Pulse for the register. Enters data on the LOW-to- L x L NC NC
HIGH transition. L L ' L H
Q; The TRUE register outputs. L H 4 H L
6i The complement register outputs
H=HIGH NC = No Change
L = LOW X =Don't Care

t = LOW-to-HIGH Transition
Qj on Am25LS08 Only

LOW-POWER SCHOTTKY INPUT/OUTPUT
CURRENT INTERFACE CONDITIONS

DRIVING OUTPUT

DRIVEN INPUT

Note: Actual current flow direction shown.
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Am25LS07 ¢ Am25LS08

APPLICATION

DIE SIZE 0.075" X 0.084""

DIE SIZE 0.075" X 0.061""

Do Qo
Dy Q
g o
by =2 2
INPUT =
DATABUS 03 “N; 03 WORD 1
oa T oo
D Qs
P E
Do Qpf—
Dy N Q
b2 3 @
o WORD 2
b3 § ozf—--
A A Yo <
Dg [ A
SELECT D5 Qs
P E
B B YW
Am25LS139
Y b—m—m—m—
Do Qg
Dy Q
ENABLE ——Of G Y3 jo—— n 8 o
o WORD 3
03 § Q3
os ° Qg
Ds Qs
cPoE
Do o) S
Dy Q
~
D, & Q
2 WORD 4
Dz ¢ Q3
Dy < Q4
Ds Qs ,
P E
cLock 4] T
Selective Register Loading of Data on Synchronous Clock.
Metallization and Pad Layout
Am25LS07 Am25LS08
_ E 18V
E 1 16 Vo ce
Q 2~—1 [—15 Qg Qg 15 Qg
LY 14 D
Dy 3 5 —
0 " "l a% 14 Q3
D, 4 » 13 Dy
13 D:
12 q, %o 12 03
Q 5 . - 4 Dy 2
m wl _ —
Dy 6 L @ 1 a;
a7 ] ! ‘l 0 o
Q 10 Q
GND 8 9 cp 1 2
GND 9 cP
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Am25LS09

Quad Two-Input, High-Speed Register

DISTINCTIVE CHARACTERISTICS FUNCTIONAL DESCRIPTION

® 4-bit register accepts data from one-of-two 4-bit input fields The Am25LS09 is a dual port four-bit register using ad-
® Edge triggered clock action vanced Low Power Schottky technology to reduce the
® Second sourced by T.I. as 54L.S/74L.S399 effect of transistor storage time. The register consists of
® Am25LS d.c. parameters including: four D flip-flops with a buffered common clock, and a two-

— VoL =0.45V at gL =8mA
— Fan-out over military range = 22
— 440uA source current
® 100% product assurance screening to MIL-STD-883
requirements

input multiplexer at the input of each flip-flop. A common
select line, S, controls the four multiplexers. Data on the
four inputs selected by the S line is stored in the four flip-
flops at the clock LOW-to-HIGH transition. When the S in-
putis LOW, the Dja input data will be stored in the register.
When the S input is HIGH, the Djg input data will be
stored in the register.

LOGIC DIAGRAM

Doa Dos D1a D1g D2a D28 D3a D38

D ) B )
cp —Dc cp ——d cp cp cp
[ Q Q Q
Qg Q Q; a3
CONNECTION DIAGRAM LOGIC SYMBOL
Top View
3 4 6 5 11 12 14 13
Vce Q3 D3a D3 Dz D2a Q2 CP | l I l I l I l
O mn Doa Do Dia D1 D2a D2 D3a D3
16 15 14 13 12 11 10 9
1—s
Am25L509
9 —cp
[ J Qg Qq Q) Q3
12 3 4 5 6 7 8 , I ' I
S Qp Doa Dog Dig D1a Qp GND 2 7 10 15
Ve = Pin 16
Note: Pin 1 is marked for orientation. GND = Pin 8
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Am251.S09

ELECTRICAL CHARACTERISTICS
The Following Conditions Apply Unless Otherwise Specified:

COM'L Ta =0°Cto+70°C Vee =5.0V £ 5% (MIN. =475V MAX. =5.25V)
MiL Ta=—-55°Cto+125°C Vee =5.0V £ 10% (MIN. =450V MAX. =5.50V)
DC CHARACTERISTICS OVER OPERATING RANGE
o Typ.
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units
\Y =MIN.,, | = —440uA comMm’L 2.7 3.4
VoH Output HIGH Voltage cc OH " Volts
VIN = ViHor ViL MIL 25 3.4
\Y = MIN. I =4mA 0.4
VoL Output LOW Voltage cC oL Volts
VIN =VIHor V|L oL =8mA 0.45
Vil Input HIGH Level Guaranteed m;.:utlloguzal HIGH 2.0 Volts
voltage for all inputs
Guaranteed input logical LOW MIL 0.7
ViL Input LOW Level ar m? gica Volts
voltage for all inputs coM’L 0.8
\7 Input Clamp Voltage Vce =MIN,, |y = —=18mA -15 Volts
Clock, S —0.36
I Ve = MAX., =0. - A
I Input LOW Current cc Vin = 0.4V Others —0.24 m
Vee = MAX., Vi = 2.7V Clock, $ 20 A
IhH Input HIGH Current cc + VIN = 2. Others 14 M
1) Input HIGH Current Vee = MAX,, VN = 7.0V 0.1 mA
Output Short Circuit Current _
Isc (Note 3) Vce = MAX. —-15 —85 mA
Icc Power Supply Current Ve = MAX. (Note 4) 11 18 mA

Notes: 1. For conditions shown as MIN. 'or MA X. use the appropriate value specified under Electrical Characteristics for the applicable device type.

. Typical limits are at Vg = 5.0V, 25°C ambient and maximum loading.

AWN

MAXIMUM RATINGS (Above which the useful life may be impaired)

. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second.
. Measured with Select and Clock inputs at 4.5V; all data inputs at OV; all outputs open.

Storage Temperature

—65°C to +150°C

Temperature (Ambient) Under Bias

—55°C to +125°C

Supply Voltage to Ground Potential (Pin 16 to Pin Ei_)pontinuous
DC Voltage Applied to Outputs for High Output State

—0.5Vto+7.0V

—0.5V to +V¢c max.

DC Input Voltage

—-05Vto+7.0V

DC Output Current, Into Outputs B
DC Input Current

30mA

—30mA to +5.0mA

SWITCHING CHARACTERISTICS
(Ta =+25°C, Ve = 5.0V)

Parameters Description Min. Typ. Max Units Test Conditions
tPLH Clock to Q HIGH 13 20 ns
tPHL Clock to Q LOW 13 20 ns
tow Clock Pulse Width 17 ns
tg Data Set-up Time 20 ns CL = 15pF,
tg Select Input Set-up Time 30 ns R = 2.0kQ2
th Data Hold Time 5 ns
th Select Input Hold Time 0 ns
fmax (Note 1) Maximum Clock Frequency 40 65 MHz

Note 1. Per industry convention, fax is the worst case value of the maximum device operating frequency with no constraints on ty, tf,

pulse width or duty cycle.
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Am25LS09

SWITCHING CHARACTERISTICS Amz5LS COM'L Am75LS WL
Tp = 0°C to +70°C Tp = —55°C to +125°C
Vce = 5.0V 5% Vce = 5.0V £10%
Parameters Description Min. Max. Min. Max. Units Test Conditions
[ Clock to Q HIGH 30 35 ns
tpHL Clock to Q LOW 30 35 ns
tow Clock Pulse Width 26 30 ns
ts Data Set-up Time 30 35 ns C_ = 50pF
tg Select Input Set-up Time 43 50 ns R = 2.0kQ
th Data Hold Time 11 12 ns
th Select Input Hold Time 4 5 ns
fmax(Note 1)|Maximum Clock Frequency 30 25 MHz
*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9.
DEFINITION OF FUNCTIONAL TERMS FUNCTION TABLE
ﬂgﬁ;p?;x’;; ‘jzge"gﬁipﬂ‘:ps. A" word into the two-input SELECT | CLOCK | DATA | INPUTS | OUTPUT
i . S CcP Dia DiB Q;
DoB., D1B, D2, D3g The “B"” word into the two-input
multiplexer of the D flip-flops. L 1 L X L
Qq, Q1, Q2, Q3 The outputs of the four D-type flip-flops of L 4 H X H
the register.
H T X L L
S Select. When the select is LOW, the A word is applied to
the D inputs of the flip-flops. When the select is HIGH the B H t X H H
word is applied to the D inputs of the flip-flops.
CP Clock Pulse. Clock pulse for the register. Enters data on ::g;?: (\:/;léage Level :‘ : gﬂwgl‘;itzge Level
the LOW-to-HIGH transition of the clock line. t = LOW-to-HIGH Transition T

Am25LS ¢ Am54LS/74LS
LOW-POWER SCHOTTKY INPUT/OUTPUT
CURRENT INTERFACE CONDITIONS

DRIVING OUTPUT

DRIVEN INPUT

loH | i

T

Note: Actual current flow direction shown.
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APPLICATIONS

Am0026

L O3p D3g
Q3 Q3
L—Jox 028
o 4,
Dig 0o, ? o8 Q
Dog § L Am2802 Dog §
0. B 256x 4 DYNAMIC 03a B
ME g | | SMIFTREGISTER A g a
D & M Dpa < M1
D1a — %A .
o
[ oA o [_ Pog, @

CLOCK
LOAD/RECIRCULATE
STATIC TEST/OPERATE

Am25LS09 used in 2568 x 4 memory system with load/recirculate control, and 1 x 4 static test capability for the system. MOS interface is orie
load at each end. This circuit is especially useful in digital filtering where special algorithms require a static single step operation for testing
purposes.

WORD A WORD B
= | | —
Ooa D1a D24 D3a Dog D1g D2g D3s
s1 s
Am25LS09
cP1 cr
Qg Q Q2 Q3
WORD 1
, | T _
Doa D1a D2a D3a Dog Dig D2g D3p
s2 s
Am25LS09
CP2 cp
Qg Q ay Qg
WORD 2
=1 | | —
Doa D1a D2a D3a Dog Dig D2g D3s
s3 s
Am25L509
cP3 ce
Qg Qy [ Qg
—_—

WORD 3

Am25LS09 used to store a word from either data bus A or data bus B.

Metallization and Pad Layout

s Ve
Q Q3
D.
Oon 3A
Dog gas
018 28
Dia D2a
Q Q
GND 8 9 cp

DIE SIZE 0.075" X 0.061"
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Am25LS14

8-Bit Serial/Parallel Two’s Complement Multiplier

DISTINCTIVE CHARACTERISTICS

® Two’s complement multiplication without correction
Magnitude only multiplication
Cascadable for any number of bits

°
°
® 8-bit parallel multiplicand data input

25MHz minimum clock frequency

Second sourced by T.l. as the SN54LS/74L.S384
100% product assurance screening to MIL-STD-883
requirements

FUNCTIONAL DESCRIPTION

The Am25LS14 is an 8-bit by 1-bit sequential logic element
that performs digital multiplication of two numbers repre-
sented in two’s complement form to produce a two’s comple-
ment product without correction by using Booth’s algorithm
internally. The device accepts an 8-bit multiplicand (X input)
and stores this data in eight internal latches. The X latches are
controlled via the clear input. When the clear input is LOW, all
internal flip-flops are cleared and the X latches are opened to
accept new multiplicand data. When the clear input is HIGH,
the latches are closed and are insensitive to X input changes.

The multiplier word data is passed by the Y input in a serial
bit stream — least significant bit first. The product is clocked
out the S output least significant bit first.

The multiplication of an m-bit multiplicand by an n-bit multi-
plier results in an m + n bit product. The Am25LS14 must be
clocked for m + n clock cycles to produce this two’s comple-
ment product. Likewise, 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 cas-
caded for longer length X words. The sum (S) output of one
device is connected to the K input of the succeeding device
when cascading. Likewise, a mode input (M) 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.

LOGIC DIAGRAM

X7 Xg Xg Xq4 X3 X9 Xy Xo
D D D D D D D D
E Q E Q E Q E Q E Q E Q E Q E Q
J | | | | !
(CTR)
Y1
Y _‘V—“DO'—D Q
—]cr
CLR
A; Ag Ag Ag Ag Ay Ay Ag
o CLEAR
ADDER/SUBTRACTOR AND REGISTERS
e
7 cp [ K SUM
CLOCK Dc l
(cP)
D a s
m D%
cp
CLR
K D(,; ]
MPR-327
CONNECTION DIAGRAM LOGIC SYMBOL
Top View
o ] 1121314 2 3 4 5
0 P L]
xs[] sy , cn 7 X6 Xs Xa Xa X2 X1 X
x2[]3 14 [] Xa s v
x4 13 x%s 10 —K Am25LS14
Am25LS14 9 —m
% []s 12 [ ]% 7 —cp
s
s[]s 1 [ Jxs
P 0[]k
«r] | !
ano[]s o Im
Vce = Pin 16
Note: Pin 1 is marked for orientation. MPR-328 GND =Pin 8 MPR-329
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Am25LS14

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted)

Am25LS14XC Ta=0°Cto+70°C Vce = 5.0V £5% (COM'L) MIN. = 4.75V MAX. = 5.25V
Am25LS14XM Ta = —55°C to +125°C Vce = 5.0V £10% (MIL) MIN. = 4.5V MAX. = 6.5V
. Typ' .
Parameters Description Test Conditions(Note 1) Min. (Note 2) Max. Units
- - MIL 25 3.4
Vee = MIN,, Igy = —1.0mA i
\"/ Output HIGH Voltage - Volts
OH P 9 VIN=ViHor Vi com'L 2.7 34
1, =8.0mA 0.4
Vce = MIN. oL
Volts
VoL Output LOW Voltage VIN = ViH or Vi oL =12mA 045
Vin Input HIGH Level Guaranteed inr}ut logical HIGH 20 Volts
voltage for all inputs
Guaranteed input logical LOW
ViL Input LOW Level voltage for all inputs 0.8 Volts
\7 Input Clamp Voltage Vee = MIN,, iy = —18mA -1.2 Volts
X, M —0.48 |
K,CLR -1.2
he Input LOW Current Vee = MAX., Vi = 0.4V mA
cp -1.6°
Y -3.2
X, M 20
K, CLR 30
(1 Input HIGH Current Vee = MAX., VN = 2.7V HA
CcpP 40
Y 80
Iy Input HIGH Current Vce = MAX., VN = 5.5V 1.0 mA
Isc Output Short Circuit Current Vee = MAX. —15 -85 mA
(Note 3)
Icc Power Supply Current Vce = MAX. 91 185 mA

Notes: 1. For conditions shown as MIN. or MAX,, use the appropriate value specified under Electrical Characteristics for the applicable device type.
2. Typical limits are at Vcc = 5.0V, 256°C ambient and maximum loading.
3. Duration of the short circuit test should not exceed-one second.

MAXIMUM RATINGS (Above which the useful life may be impaired)

Storage Temperature

—65°C to +150°C

Temperature (Ambient) Under Bias —55°C to +125°C
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5V to +7.0V
DC Voltage Applied to Outputs for High Output State —0.5V to + V¢ max.
DC Input Voltage —0.5V to +6.5V
Output Current, Into Outputs 30mA

DC Input Current

—30mA to +5.0mA




Am25LS14

SWITCHING CHARACTERISTICS
(Ta =+25°C, Ve = 5.0V)

Parameters Description Min. Typ. Max. Units Test Conditions
t 13 20
PLH Clock to Output ns
tPHL 13 20
tPHL Clear to Output 17 25 ns
t 32
s Y to Clock ns
th 0
t 1
s K to Clock 8 ns
th 0 Cp = 15pF
t, 13 R = 2.0k
s X; to Clear ns
th 0
¢ Clock (HIGH) 15
pw Clock (LOW) 15 ne
tow Clear Pulse Width 20 ns
ts Clear Recovery Time (Inactive State) 18 ns
fmax (Note 1)| Maximum Clock Frequency 25 30 MHz

Note 1. Per industry convention, fmax is the worst case value of the maximum device operating frequency with no constraints on t, tf,
pulse width or duty cycle.

SWITCHING CHARACTERISTICS i
OVER OPERATING RANGE* Am25LS COM'L Am25LS MIL
Ta =0°C to +70°C TA = —55°C to +125°C
Vce =5.0V £5% Vce =5.0V £ 10%
Parameters Description Min. Max. Min. Max. Units Test Conditions
T 24 27
L Clock to Output 27 s ns
tPHL Clear to Output 33 37 ns
t 38 45
Y to Clock ns
th 0 0
t 24 30
K to Clock ns
th 0 0
5 >3 C_ = 50pF
s X; to Clear ns R =2.0kQ
t 0 0
Clock (HIGH) 18 22
tow ns
Clock (LOW) 18 22
tpw Clear Pulse Width 33 38 ns
ts Clear Becovery Time 20 30 ns
(Inactive State)
fmax (Note 1) | Maximum Clock Frequency 20 15 MHz

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9.



Am25LS14

DEFINITION OF FUNCTIONAL TERMS INPUT/OUTPUT CURRENT

Xo, X1, X2, X3, X4, Xs, Xg, X7 The eight data inputs for INTERFACE CONDITIONS

the multiplicand (X) data. Lo . DRIVING OUTPUT DRIVEN INPUT

Y The serial input for the multiplier (Y) data—least signifi- Vee »

cant bit first. S INPUTS NOM R

S The serial output for the product of X ® Y—least signifi- aa

cant bit first.

CP Clock. The buffered common clock input for the serial/
parallel multiplier. All functions occur on the LOW-to-HIGH
transition of the clock.

CLR Clear. The buffered common clear for all flip-flops
within the device. When the clear is LOW all flip-flops are
cleared. Also the buffered X-input latch enable. When the
clear input is LOW, the X latches will accept new X-input
data.

K The sum expansion input to the serial/parallel multiplier.
Allows for cascading devices.

M The mode control input for the most significant bit of
the multiplier. It is used in conjunction with cascading to
determine the most significant bit. Note: Actual current flow direction shown.

|
!
|
|
|
|
1
|
|
|
|
|
|
|
|

FUNCTION TABLE

INPUTS INTERNAL | OUTPUT
J— FUNCTION
CIR{CcP | K | M| X |V Y_q s
e L L| - - - - Most Significant Multiplier Device
- | = |CS| H| - - - - Devices Cascaded in Multiplier String
L| - - - |OP| — L L Load New Multiplicand and Clear Internal Sum and Carry Registers
H| - - -1 - - - - Device Enabled
Hit |- ~-|—-]L L, AR Shift Sum Register
HIt ]| -] —-|- L H AR Add Multiplicand to Sum Register and Shift
H{t ]| -] —-|~-|H L AR Subtract Multiplicand from Sum Register and Shift
H{t|-|-|-|H H AR Shift Sum Register
H =HIGH
L =LOW
T = LOW-to-HIGH transition

CS = Connected to S output of higher order device
OP = X; latches open for new data (i = 0, 7)
AR = Output as required per Booth’s algorithm

Metallization and Pad Layout

CLR Vee
Y
Xa
X3
X5
X2
3
X1
X7
X0
s
K
cp ™

DIE SIZE 0.097" X 0.137"
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Am25LS14

LOW-POWER SCHOTTKY
LOADING RULES

STANDARD POWER SCHOTTKY
LOADING RULES

Input Fan-out Input Fan-out

Unit Load Output Output LOW Unit Load OQutput Output LOW

Input/Output Pin No.’s HIGH LOW HIGH 8mA 12mA Input/Output Pin No.’s HIGH Low HIGH 8mA 12mA
CLR 1 1.5 3.3 - - - CLR 1 06 0.6 - - -
X3 2 1.0 1.3 - - - X3 2 0.4 0.25 - - -
X2 3 1.0 1.3 - - - X2 3 0.4 0.25 - — -
Xq 4 1.0 1.3 - - - X1 4 0.4 0.25 - - -
Xo 5 1.0 1.3 - - - Xo 5 0.4 0.25 - - -
S 6 - - 50 22 33 S 6 - - 20 4.0 6.0
cp 7 20 44 - - - cP 7 0.8 0.8 - - -
GND 8 - - - - - GND 8 - - - - -
M 9 1.0 1.3 - M 9 04 025 - - -
K 10 1.5 3.3 - - - K 10 0.6 0.6 - N -
X7 1 1.0 1.3 - - - X7 1 0.4 0.25 - — -
Xg 12 1.0 1.3 - - - Xg 12 0.4 0.25 - - -
Xg 13 1.0 1.3 - - - Xg 13 0.4 0.25 - - -
Xg 14 1.0 1.3 - - - Xgq 14 0.4 0.25 - - -
Y 15 40 8.8 - - - Y 15 1.6 1.6 - - -
Vee 16 - - - - - Vce 16 - - - - -

A Low Power Schottky TTL Unit Load is defined as 20uA measured
at 2.7V HIGH and —0.36mA measured at 0.4V LOW.

A Schottky TTL Unit Load is defined as 50uA measured at 2.7V
HIGH and —2.0mA measured at 0.5V LOW.
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Am25LS14

ORDERING INFORMATION

Package Temperature Order

Type Range Number
Molded DIP 0°C to +70°C AM25LS14PC
Hermetic DIP 0°C to +70°C AM25LS14DC
Dice 0°C to +70°C AM25LS14XC
Hermetic DIP —55°C to +125°C  AM25LS14DM
Hermetic Flat Pak ~ —55°C to +125°C  AM25LS14FM
Dice —55°C t0 +125°C  AM25LS14XM

APPLICATIONS

See also Digital Signal Processing Applications Section for more information.

24-BIT MULTIPLICAND

A23A22A21A20A19 A18 A7 At A15A14 A3 A12 A1 Ajg Ag Ag A7 Ag A5 Agq Az Ay Ay Ag
' |
Y X7 Xg Xg Xq X3 Xp X; Xg Y X7 Xg Xg Xg X3 X3 Xq Xg Y X; Xg X5 Xq X3 Xp X3 Xg
L —t M H——AM H— M
e LY S K S K
Am25L514 Am25LS14 Am25LS14
———©O]| CLR —O| CLR —O] CLR
— cp — cp cp
s
CLEAR
CLOCK
PRODUCT
SERIAL
ouTPUT

Basic 24-Bit Serial/Parallel Connection

SERIAL/PARALLEL

CLOCK ENABLE 1
o RE SER/PAR
A
H Dg
L MUX
H ———o0| CLEAR Am251522 a
SIGN EXTEND ———————————Of SE 8-BIT SHIFT REGISTER 0

CLOCK cp

OUTPUT CONTROL ————————————0) OF
DY7DYgDY5DY4DY3DY,DY1DYg

87

Bs
8,

MULTIPLIER INPUT

82
By

8o

X7 Xg Xg Xq X3 Xp X1 Xg

CLOCK cpP
Y Am25L514
L K SERIAL/PARALLEL
L M MULTIPLIER

CLEAR

O] CLR

S

. |

8-Bit by 8-Bit Multiplier, Bus Organized,
with 8-Bit Truncated Product

2-14



A HIGH-SPEED SERIAL/PARALLEL MULTIPLIER
THE Am25LS14"

By John Mick, John Springer and Clive Ghest

INTRODUCTION

The Am25LS14 is a complete 8-bit Serial/Parallel Multiplier
fabricated as a single 16-pin LS| chip. The device accepts a
paralle! two's complement or unsigned multiplicand and mul-
tiplies it by any arbitrary length serial two’s complement or
unsigned multiplier. The resulting product is a correct and
complete serial two’s complement or unsigned product. The
complete product of an 8 x 8 multiplication can be performed
in 16 clock cycles. Any number of Am25LS14 devices can be
cascaded with no additional logic, so that the parallel multipli-
cand can be easily expanded to any number of bits. Mixed
signed (two’s complement) and unsigned multiplication is
possible, generating a product in signed two’s-complement
form.

MULTIPLIER CHARACTERISTICS

The requirements for a good general purpose |C multiplier for
use in a wide range of commercial applications are as follows:

® |tshould be inexpensive

® |tshould be fast

® |t should be easy to use

® |tshould be adaptable to any word length
°

It should handle signed numbers in two’s complement nota-
tion without correction.

The first two of these requirements tend to be incompatible
and in the past have required two types of circuits: one which
was designed to be as fast as possible and another which
compromised speed for cost. The last two requirements limit
the method used to perform the multiplication to an algorithm
which works in two’s complement notation and is the same
for all bits, so that the “’sign bit" is treated identically with the
other bits.

1112 13 14 2 3 4 5

EEEEEEN

X7 Xg X5 Xg X3 Xp Xp X
1 —ocLr X7 X6 X5 Xa X3 X2 X3 Xg
15 —Y
10 —K Am25LS14
9 —m
7 —cp

s

6

Vee =PIN 16

GND =PIN8

Figure 2. Logic Symbol for the Am25LS14 (16-Pin Device)

The Am25LS14 offers an optimum solution to these
requirements. It operates by taking the whole multiplicand in
parallel and utilizing a single bit at a time of the multiplier word
to form partial products in an internal register. The output is a
serial bit stream representing the product of the parallel
multiplicand word and the serial multiplier word.

THE LOGIC FUNCTION

A simplified logic diagram of the Am25LS14 Serial/Parallel
multiplier is shown in Figure 1 and the 16-pin logic symbol for
the device is shown in Figure 2. The multiplier consists of four
basic parts; a storage register used to hold the multiplicand
word during the multiplication, the adder/subtractor logic
containing both a partial product register and a carry/borrow
register, a flip-flop and exclusive-NOR gate operating on the
serial multiplier string presented at the Y input to provide a

X7 Xs Xa X3 X2 Xy X0
D ) ) ) D ) ) >
E Q E Q E Q E Q E Q E Q E Q E Q
cusan | l | l |
(CTR)
Y_q
Y —‘s—Do___— b a
—cp
CLR
| A7 Ao As A4 A3 A2 Aq Ag
CLEAR
ADDER/SUBTRACTOR AND REGISTERS
7 cp [ K SUM

CLOCK

]

(CP)

™M

L

cP
CLR

>
bc
—

K

Figure 1. Functional Logic Diagram for the Am25LS14
*The Am25LS14 is manufactured under U. S. Patent No. 3,878,985 issued April 22, 1975.
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THE Am25LS14

control signal to .the adder/subtractor logic, and a logic mode
circuit to alter the multiplicand from two’s complement to
unsigned notation as controlled by the M input. The adder/
subtractor logic and product and carry/borrow register is
iterative; that is, it consists of eight identical cells with a
small change in the eighth cell to efficiently incorporate the
multiplicand word sign logic. For a detailed description of the
logic design of the Serial/Parallel multiplier, refer to the
application note “Mechanization of the Serial/Parallel Multi-
plier’”” by John R. Mick.

Prior to a multiplication, the internal multiplier sum and carry
registers are reset by applying a LOW to the clear input. The
8-bit multiplicand data is applied to the X inputs and is
latched into the multiplicand register as the clear input goes
HIGH. This internal multiplicand storage is useful because the
multiplicand need not be held constant during the multiplica-
tion allowing these inputs to be bus organized. The Serial/
Parallel multiplier is now ready to receive the first least
significant multiplier bit. The least significant bit of the multi-
plier word is presented at the Y serial input and when the
clock changes from LOW to HIGH, the multiplier produces the
first least significant product bit at the serial data output, S. In
each succeeding clock period, the next more significant mul-
tiplier bit is presented at the Y input and the next more
significant product bit is present at the S output. After 8 clock
periods, the multiplier serial input string has been exhausted
but the most significant half .of the product is still in the
internal registers of the Am25LS14 Serial/Parallel multiplier
and must be clocked out. If the multiplier is an unsigned word,
then during the extraction of the most significant half of the
product, the multiplier Y input must be held at logic zero. If,
however, the multiplier is a two’s-complement signed word,
then the most significant bit (sign bit) of the multiplier word
must be repeated at the Y input until the complete product
has been obtained. The multiplicand can be ejther an unsigned
number or a two's-complement number depending upon the
logic polarity of the mode input, M. This mode input should
be held at a LOW logic level (ground) if the multiplicand is in
two’s-complement notation and the X7 input is a two's
complement sign bit, and it should be held at a HIGH logic
level (pulled up through a register to V¢c) if the 8-bit multi-
plicand is unsigned (magnitude only number).

The K input is used for expansion purposes. To increase the
length of the multiplicand word by using multiple devices, the
S output of a higher order device is connected to the K input
of the next lower order devices. The clear lines are connected
together and the clock lines are connected together. All the
mode inputs except the one on the most significant device are
held at a HIGH logic level. Whether the multiplicand is signed
or unsigned is determined only by the M input of the most
significant device. A 24-bit by n-bit multiplier is shown in
Figure 3. The K input is held LOW at the most significant
device indicating a two’s complement multiplicand. The multi-
plier input can be any length, with n+ 24 clock periods
required for the multiplication. The resulting product is n + 24
bits long.

If the multiplicand is not an even multiple of 8 bits, then for
an unsigned multiplicand the remaining most significant mul-
tiplicand inputs are held LOW at logic zero, while for a
two’s-complement multiplicand, the remaining multiplicand
inputs must be connected to the multiplicand sign bit so that
the sign is extended and can be interpreted correctly. Figure 4
shows a 12 x n Serial/Parallel multiplier connection for a
two’s-complement signed multiplicand. The resulting product
is n + 12 bits long and only n + 12 clock periods are required
to generate the correct product.

The Function Table for the Am25LS14 multiplier operation is
given in Figure 5. As shown, the K input is the sum expansion
input and allows for the cascading of devices. The mode input,
M, is used in conjuction with cascading to determine the most
significant bit of the multiplicand and controls the multipli-
cand sign definition.

TIMING

Although the Serial/Parallel multiplier requires only m+n
clock periods to produce a full length product, (where m is the
multiplicand word length and n is the multiplier word length)
a practical system may use two additional clock periods. The
first additional clock period is used to reset the multiplier at
is shown in the timing diagram of Figure 6. This clears the
partial product register, the carry/borrow register and the

24-BIT MULTIPLICAND

A23A22A21A20A19 A1 A17 Ate

A15A14 A13 A12A11A10 Ag Ag

A7 Ag As Ag Az Ay Ay Ag

|

|

Y X; Xg Xg Xq X3 Xp Xq Xg Y Xy Xg Xg Xg X3 Xp Xq Xg Y X7 Xg X5 X4 X3 X X7 Xg
L L H——M H—M
L K s K s K
Am25L814 Am25LS14 Am25L514
—O] cLRr —O] CLR —O] CLR
—cp —cp cp
s
CLEAR
cLock
PRODUCT
SERIAL
ouTPUT

Figure 3. Three Am25LS14’s Cascaded to Make a 1-Bit by 24-Bit Serial-Parallel Multiplier
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X11%10 X9 Xg

[TTT]

X7 Xg Xg Xg X3 X3 X; Xq

X7 Xg X5 Xy X3 Xp X4 Xg

X7 Xg X5 Xq X3 Xo Xq Xg

cp

CLEAR

L1y v

L K S K N

L ——m™m Am25L814 H—M Am24LS14 S f—— OuTPUT
———Oj| cLR ————O| CLR

CLOCK

Figure 4. A 12-Bit by N-Bit Two’s Complement Multiplier Using Two Am25LS14’s

INPUTS INTERNAL | OUTPUT
J— FUNCTION
CLR|CP | K | M| X | ¥ Y_q s
- -fc]cl=1]= _ _ Most Significant Multiplier Device
- | = |CS|{ H| - - - - Devices. Cascaded in Multiplier String
L] - - - |OP| — L L Load New Mu(tiplicand and Clear Internal Sum and Carry Registers
H =HIGH
H - - - - - — - Device Enabled L =LOW
— X N T = LOW-to-HIGH transition
H t L L AR Shift Sum Register CS = Connected 10 S output
H{t]|-]-]-]L H AR Add Muitiplicand to Sum Register and Shift of higher order device
— - - OP = X; latches open for new
H + - e H L AR Subtract Multiplicand from Sum Register and Shift data (i = 0, 7)
Hit|-|-[-[H H AR | Shift Sum Register AR= Output as required per
Booth’s algorithm

Figure 5. Function Table Showing the Operation of the Am25LS14

control flip flop, and loads the new multiplicand into the X
holding latch. At this same time, the multiplier word can be
loaded into a Parallel-to-Serial converter (such as the
Am25LS22) ready for presenting to the Serial/Parallel multi-
plier Y input. During the first time period after the clear

signal, the least significant bit of the multiplier is presented to
the Y input of the Am25LS14 and in the next clock period
the first bit of the product, Sp, is available at the S output of
the device. For the next n—1clock periods, the multiplier bits
are presented one at a time to the multiplier Y input and the

To T T2 T3 Ta Ts Te T Tg To Tio T Tiz Tiz Tie Tis Tie Ty To T T2
TIME
PARALLEL
MULTIPLICAND
wo
CLEAR
—
o Ummum—ljlmmum—Ulmmﬂ_mmum
DATA ON
Y INPUT X Yo | V1 Yo | Ya | Ya | Ys | Y6 | Ys | Ys | Ys | ¥Ys | Ys | Ys | Ys | Ys | s X X Yo |
DATA ON
S OUTPUT L t So Sy S2 S3 Sq S5 Se 7 Sg Sg | S10 | S| S12 | S13 | S | S L L So

Figure 6. Timing Diagram Showing 18 Clock Cycle Operation of 8 x 8 Multiplication
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THE Am25LS14

product bits are available one at a time from the S output. For
the remaining m clock periods, the Serial/Parallel multiplier
requires that either the most significant bit of the multiplier
word, Y, be repeated (two's complement operation) or a string
of zeroes be applied (if the multiplier is to be treated as an
unsigned number) to the Y input.

It is possible to perform an m + n multiplication using only
one additional clock cycle. This requires that the clear pulse is
presented at the same time as Yq, the least significant Y
multiplier bit. Since the minimum clear pulse width is 20ns
and the clear recovery time is 18ns, the time duration must be
at least 38ns minimum for this clock period. A timing diagram
for this mode of operation is shown in Figure 7.

Many applications, especially when using two’s complement
operands, do not required a full n + m bit product but only an
m + n-1 bit product. For example, if fractional operands in

the number range of -1 to 1-2-(-Nand -1 1o 1-2-(M-Vare
assumed, only the case of -1 times -1 requires m + n bits to
represent the product. All other combinations can be repre-
sented correctly in two’s complement notation by m + n —1
bits. That is, when dealing with fractions, only one bit to the
left of the binary point carrying a weight of —1 is required ex-
cept for the one special case. This can be used to remove one ad-
ditional clock cycle from the multiplication process as shown in
Figure 8. The same reasoning applies to integer representations
where the largest negative numbers are —2(m-1) and —2(n=1),
Only m +n bits are required to handle the case of (~2(m=1))
(-2{n=1))  All other products require only m + n-1 bits for a
correct two’s complement product. Let’s take an example. If
m=4 and n = 3, then seven bits are required to represent (—8)s
(-4) = (+32) in two’s complement. All other products for a
3-bit and 4-bit multiplicand and multiplier can be represented
correctly in two's complement form with a 6-bit representa-
tion.

To T T2 T3 T4 T T Ty T8 To Tio ™1 Tiz Tz Tig Tis Tie To T T2
TIME
PARALLEL
MULTIPLICAND
wo
CLEAR I
— |- t, CLEAR MIN PULSE WIDTH
pw ‘ |
——-sl |~— tg CLEAR RECOVERY
—
cLock
D\’ATGPBKIV Yo Yy Yy Y3 | Ya Ys | Y Yg Ys Y Y Yg Y Y Ys Ys X Yo Yy Y,
I
Ayt L So | S S2 | S3 | Sa | S5 | S | S7 | Sg So | S0 | St | Si2 | S13 | Sia | Sis L So | S
|
|
i
Figure 7. Timing Diagram Showing 17 Clock Cycle Operation of 8 x 8 Multiplication
Tis  To T T2 T3 Tq Vs T Tz Tg Tg Ty Ty Tz Tz T Tis To T
TIME
ARALL
MULTIPLICAND
)
CLEAR
DATA ON
ATAON Yg Yo Yy Yo | va Y4 Y5 | Y Yg Yg | Ys Yg Ys Yg Yg Ys X Yo Yy
DATA ON ; . . <
S OUTPUT S1a L So S S S3 S S5 S S7 Sg Sg S10 | S11 S12 | S13 | Sa L So

Figure 8. Timing Diagram Showing 16 Clock Cycle Operation for an 8 x 8 Multiplication
(Assumes a 15-Bit Product Representation)
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ROUNDING AND TRUNCATION

Truncation is performed in the Am25LS14 by ignoring the
appropriate number of least significant bits (LSB's). Unfor-
tunately, no clock cycles can be saved when truncating
because the product is being developed LSB first. Therefore,
the truncated bits are the first bits out of the Am25LS14
multiplier. The subsystem must be clocked the total number
of times (m + n) to develop the two’s complement product.
This does have the advantage of saving register bits to hold the
product from the device.

To date, the recommended method of rounding is to use one-
fourth of an Am25LS15 to perform rounding. This technique
involves adding a one at the bit prior to the LSB of the final
product using one input of the Am25LS15. The product from
the multiplier is connected to the other input. This does re-
quire one extra clock cycle to implement rounding. This
technique works for any combination of muitiplicand bits,
multiplier bits and desired product bits.

APPLICATIONS
Eight-Bit by Eight-Bit Multiplier

A circuit which generates a 16-bit product from an 8-bit by
8-bit multiplication is depicted in Figure 9. This sub-system
consists of one Am25LS14 serial/parallel multiplier and two
Am25L.S22 8-bit registers. This configuration accepts an 8-bit
multiplicand and an 8-bit multiplier from an 8-bit data bus. It
will return a 16-bit product (8-bit upper byte and 8:bit lower
byte) using the same 8-bit bus.

The Am25LS22 is an 8-bit register designed for performing
various functions with the Am25LS14. It can be used to hold
the multiplier word initially, perform the sign-extend function
and then hold part of the product. It has separate serial
input/output capability as well as shared parallel input/outputs.

THE Am25LS14

The timing sequence for controlling this circuit is shown in
Figure 10. Twenty-two clock cycles are used in this example
to fully load, multiply and unload the multiplier subsystem.
Thus, such an arrangement can be used with any of the popular
8-bit MOS microprocessors such as the 8080, 6800, 2650, F8
and others. This allows the multiplication to be performed
outside of the MOS microprocessor with about two to three
orders of magnitude improvement in speed.

Referring to the timing sequence of Figure 10, the multiplier
word is loaded into the Am25LS22 register at time T1 and
the multiplicand word is loaded in the Am25LS14 latches
during time Tq. The multiplicand and multiplier words must
be loaded in this order since there is no hold function on the
Am25LS14 multiplier.

During time T through Tqg, the least significant product bits
are generated and clocked into holding register B. Meanwhile
the multiplier sign bit is being extended in Register A. The
sign extend is performed only for the eight clock cycles Ty
through Tg. During time Tq¢ through Tyg, the most significant
8-bits of the product are developed in the Am25LS14 multi-
plier. Tg is used to load the product sign bit from the mul-
tiplier into the Am25LS22 B register. During the time Tq
through Tg, the least significant half of the product is trans-
ferred from register B to register A. The remaining two clock
cycles, T19 and Tgq are used to unload the product upper and
lower byte back onto the 8-bit data bus.

The control signals required for this multiplier are shown in
Figures 9 and 10. Notice that the clear input to the Am25LS14
and the Serial/Parallel (S/P) input to the Am25LS22 can be
connected together with the appropriate don’t cares elim-
inated. Other control signals to the Am25LS22 include the
register enable (RE), sign extend (SE), and the three-state
control (OE). These signals can be generated using a counter
and combinatorial logic gates or a counter and small PROM.

SERIAL/
PARALLEL T
CLOCK
ENABLE 1 [
RE SER/PAR RE SER/PAR
L_{oa Da
w—]0g w—]og
L —— Mux L —f mux
H — CLEAR A H —] CLEAR e
Am25L522 Am251522
SIGN EXTEND —————— SE 8.BIT SHIFT REGISTER H—sE 8BIT SHIFT REGISTER
Qg Qo
s cLock —] cp
ouTPUT
OUTPUT
—oj oF
CONTRCE oE DY; DYg DY DY, DY3 DY, DY; DYq comno; DY; DYg DYg DY4 DY3 DY, DYy DYq
] 5
1 o
B5
B4 | MULTIPLIER
INPUT/QUTPUT
83 [8Us
B2
By
Bo
X X, X X, X X. X X
CLOCK cp 7 6 5 4 3 2 1 0
Y
Am25LS14
L K SERIAL/PARALLEL
MULTIPLIER
L [
CLEAR —————————O] CLR
s

Figure 9. An 8-Bit by 8-Bit Multiplier with a Full 16-Bit Product Store.
The Inputs and Outputs are Bus Organized on an 8-Bit Bus
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THE Am25LS14

Am25LS14 Am25LS22’s
TIME 1/0 BUS Y CLR S S/P RE SE AOEB FUNCTION
To Multiplier X X X L L X H H L oad Multiplier (Y)
T Multiplicand X L X X H X H H Load Multiplicand (X)
T X Yo H H L L H H
T3 X Y1q H So H L L H H
T4 X Yo H 8 H L L H H
Ts X Y3 H So H L L H H Present Y; to multiplier. Read S; into Register B.
Te X Yaq H S3 H L L H H Extend Y sign.
T7 X Y5 H S4 H L L H H
Tg X Ye H Sg H L L H H
Tg X Ys H Sg H L L H H
T10 X Ys H Sy H L H H H
T11 X Ys H Sg H L H H H
Ti2 X Ys H  Sg H L H H H
T13 X Ys H S10 H L H H H Continue Multiplication using Yg in register. Load
T14 X Ys H S11 H L H H H least significant part of product into Register A
T1s X Ys H S12 H L H H H and most significant in Register B.
Ti6 X Ys H S$13 H L H H H
T17 X Ys H S14 H L H H H
Tig X X H S5 H L H H H Load MSB into Register.
Product
T19 Lower X X X X H X L H Unload product Lower byte onto bus.
Byte
Product
T20 Upper X X X X H X H L Unload product Upper byte onto bus.
Byte
H = HIGH L = LOW X = Don't Care

Figure 10. Timing Sequence for an 8 x 8 Multiplier with Full 16-Bit Product Register

1/4L515
ARB
Am25L522 Am25LS14 RER Am25L522 )
REGISTER 00 Y muLTIPLiER S A (aB) F A ReGister Vi [
DY; Xi 8 Qo
8
,}'a BR ———f—9 PR
A
R X; Dp
Am25LS14 AiBR Am25L522 )
Y MULTIPLIER S Atasrea Mk 78’
Pc
Am25LS22  q vy Ammsisie | AB Am25L522 DY, |fem
REGISTER o y MULTIPLIER REGISTER T
oY, X; DA
8
4{8 B 1 o
A
! X; 8 Qq
vy Am25Lsia s2B8 .\ e r Dp Am25LS22  py | /o
MULTIPLIER REGISTER s
1/4LS15

Figure 11. Complex Arithmetic Multiply Pc = (AgBgr - A;B,) + j(AgBj + A|BR)
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COMPLEX ARITHMETIC MULTIPLIER

The Am25LS14 serial/parallel multiplier, the Am25LS15
adder/subtractor, and the Am25LS22 eight-bit register can be
used to perform rapid multiplication in complex arithmetic
processors. In complex arithmetic notation, each variable is
assumed to have a real part and an imaginary part. Thus,
complex variables Ac and B¢ may be represented as:

Ac = AR +ijA

Bc = Br +jB;

The product of Ag and Bg is, of course, complex product Pg
where:

PC=PR +]P| =AcBC

Pc = (Ag + jA) (Br + jBy)

Pc = (AgBg - A|B)) + (AR B| + A|BR)

From this discussion, the real and imaginary values of the
product Pc are readily identified. These are:

Pr = ARBr - A|B)

Pl = AgB| + A|BR

The circuitry required to implement this complex multiplier
is shown in Figure 11. In this example, the real and imaginary
values of the Ag variable are loaded into the two Am25L522
registers. The real and imaginary values of the B¢ variable are

THE Am25LS14

loaded into the latches of the Am25LS14. This loading of the
data could be performed simultaneously using all four inputs
AR, Aj, BR and Bj or it could be performed sequentially
using a pair of inputs or a single input at a time.

Once the incoming Ac and B¢ data have been loaded, the
devices are clocked such that the four intermediate products
are formed as shown in Figure 11. Then, two of the four
adder/subtractors in the Am25LS15 are used to complete
the generation of real product term Pgr and the imaginary
product term Py.

These product terms Pg and P; can be loaded into four addi-
tional Am25LS22 registers to hold the double length product
terms Pg and Py (assume least significant bit truncation).
After the complex multiplication has been completed, the
Pr and P variables can be returned to the processor, memory
or other destination by using the parallel bus outputs of the
Am25LS22.

OTHER APPLICATIONS

Other examples of applications using the Am25LS14 as well
as the Am25LS15 and Am25LS22 are shown in Figures 12
through 15. Each of these applications is intended to give the
design engineer a new approach to solving numerical problems
involving digital multiplication.

Xp (8-BITS)

EEEENEE

Xg (8-BITS)

NN

additional clock cycles.

x\
Y
MULTIPLIER —] Y Am25LS14 s Y Am25L514 s —‘
(8-8ITS)
X (8-BITS) Xp (8-BITS)
P —————————— —
X; X
Y Am25LS14 s 2 Am25L$14 s |—=PrODUCT

PRODUCT =Y Xp Xg X¢ Xp

Four Am25LS14’s can be used to implement the product of five variables Y, Xa, Xg, X¢
and Xp. If each input variable is eight bits, a 40-bit product results and the multiplier array
must be clocked 40 times. This requires the 8-bit Y variable to be sign extended for 32

40-BITS

Figure 12. Multiple Operand Multiplications
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Y
e

EENEEEE

X

——— e e

L

Fl—-~r

DY;
Am25L522 Q M Am25L514 s
FLIP A
FLOP
D a 8
Am25LS15
s
ADD/SUBTRACT
FUNCTION NOTES
1 P=X-Y+Y =Y (X+1) ‘LS15 in add mode
2 P=X-Y-Y =Y (X -1) ‘LS15 in subtract mode
3 P=X-Y+Y+1 =Y (X+1)+1 ‘LS15 is subtract mode for
clear and add mode for multiply
4 P=Y-X-Y =Y (1 =X) ‘LS15 A & B inputs reversed

One Am25LS14, Am25LS15 and Am25LS22 can be used to perform several arithmetic
functions. Four such functions are shown above. All use a product equal to the multiplicand
times the multiplier in combination with a function of the multiplier. Additional combina-
tions are possible, especially if more flip-flops are used to change the relative weight of the
multiplier or product function.

CLOCK

Figure 13.
MULTIPLIER INPUT
Y7 Yg Y5 Yqa Yz Y, Y Yq
DY7 DY5 DVS DY, DYS DVZ DV1 DYO
-
L Am25L522 Qg |—
H —Of SE
RE OF sp
MULTIPLICAND INPUT MULTIPLICAND INPUT
—— D S —
X11X10 X9 Xg X7 Xg Xg X4 X3 Xg X3 Xg
X7 Xg Xg Xz X3 X9 Xq X, X9 Xg Xg Xg X3 Xo Xq X
v (7 %6 Xs Xa X3 X2 Xq Xg v X7 %6 Xs Xa X3 X2 X4 Xo
L—]xk s K
H—AM Am25LS14 —_—|M Am25LS14 S p—— OUTPUT
$———Of CLR O CLR
—1¢cf —icp
CLEAR
(LOAD)

A 12-bit by 8-bit unsigned multiplication is performed by tying the four most significant
multiplicand bits LOW to logic zero. The Am25LS22 is loaded with the 8-bit unsigned
multiplier. As the multiplier is shifted, a ““zero-fill"" is accomplished using the Dp input on
the Am25LS22. Note the MSB M-input is HIGH on the most significant Am25LS14.

Figure 14.
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|
[ [ 1]

DY; DYg DYs DY, DYz DY, DY; DYq X7 Xg X5 X4 X3 X3 X3 Xg

(A)
SERIAL —f DA

INPUT
s AM25L522 Qq Y Am25L514 s b— outeut

SIGN
extenp O 5 K
RE s/ cp CLR P

g
—C
|
i
.

LOAD

MULTIPLICAND . DC

CLOCK

One Am25LS14 and Am25LS22 can be used to perform the function A2 on an input vari-
able A. The 8-bit value for A is loaded into the Am25LS22 register in serial form using the
Da input. Once loaded, the A value can be transferred to the Am25LS14 multiplicand
latches via the DY; outputs. Then the product of A-A is formed resulting in A2 at the
Am25LS14 output.

Figure 15.
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Am25LS15

Quad Serial Adder/Subtractor

DISTINCTIVE CHARACTERISTICS FUNCTIONAL DESCRIPTION

® Four independent adder/subtractors The Am25LS15 is a serial two's complement adder/subtractor
® Use with two's complement arithmetic designed for use in association with the Am25LS14 serial/
® Magnitude only addition/subtraction parallel two’s complement multiplier. This device can also be
® Second sourced by T.l. as Amb54LS/741.S385 used for magnitude only or one’s complement addition or
® 100% product assurance screening to MIL-STD-883 subtraction.

requirements Four independent adder/subtractors are provided with com-

mon clock and clear inputs. The add function is A plus B and

. the subtract function is A minus B. The clear function sets the
internal carry function to logic zero in the add mode and to
logic one in subtract mode. This least significant carry is self
propagating in the subtract mode as long as zeroes are applied
to the A and B inputs at the LSB’s. All internal flip-flops
change state on the LOW-to-HIGH clock transition.

The Am25LS15 is particularly useful for recursive or non-
recursive digital filtering or butterfly networks in Fast Fourier
Transforms.

LOGIC DIAGRAM
(One of Four Similar Functions)

cpP TO 30THER
CLOCK ADDER/SUBTRACTORS

A1

=)D
_M

SET

C1

CARRY =

S1
ADD/
SUBTRACT

CLR

TO 3 OTHER

CLR l % ADDER/SUBTRACTORS
aubin — MPR-330

CONNECTION DIAGRAM LOGIC SYMBOL
Top View

5 4 3 6 7 8 1514 13 16 17 18
LT T

AO000O0000000

20 19 18 17 16 15 14 13 12 11 A1 By Sy ApByS; A3B3S3 AgBy Sy
1 —— cLOCK
Am25LS15

QUAD ADDER/SUBTRACTOR
Am25LS15 11 —Of CLEAR

Fy Fy Fa Fy

o
1 3 4 5 6 7 8 9 10 l l I I

O~

ooy T

cpP 1 S1 By Ay Ay B, S Fp GND

n

Vee = Pin 20

Note: Pin 1 is marked for orientation. = Pi
MPR-331 GND = Pin 10 MPR-332
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Am25LS15

LECTRICAL CHARACTERISTICS
1e Following Conditions Apply Unless Otherwise Specified:

JM'L  Ta=0°Cto+70°C Vee =5.0V £ 5% (MIN. =4.75V MAX.=5.256V)
IL Ta=-—55°C to +125°C Ve = 5.0V + 10% (MIN. =450V MAX. =5.50V)
C CHARACTERISTICS OVER OPERATING RANGE Typ
irameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units
Vcee = MIN,, 1 = —440uA MIL 25
VoH Output HIGH Voltage cc OH s Volts
VIN = ViHOor VL COM'L 2.7
Vee = MIN. loL =4.0mA 0.4 Volt
olts
VoL Output LOW Voltage ViN=ViHor VL loL =8.0mA 045
Guaranteed input logical HIGH
ViH Input HIGH Level voltage for all inputs 2.0 Volits
oW Guaranteed input logical LOW MIL 0.7
ViL Input LOW Level voltage for all inputs COM'L 08 Voits
\"A Input Clamp Voltage Vee = MIN,, |y = —18mA -1.5 Volts
TR Input LOW Current Ve = MAX,, VN =04V —0.36 mA
I Input HIGH Current Vee = MAX,, VN =27V 20 RA
] Input HIGH Current Ve = MAX,, VN = 7.0V 0.1 mA
Output Short Circuit Current =
| Ve = MAX. —-15 -85 mA
sc (Note 3) cc
Icc Power Supply Current Vce = MAX. 48 75 mA
(Note 4)
otes: 1. For conditions shown as Min. or Max., use the appropriate value specified under Electrical Characteristics for the applicable device type.
2. Typical limits are at Vgc = 5.0V, 25°C ambient and maximum loading.
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second.
4. All inputs HIGH, measured after a LOW-to-HIGH clock transition.
AAXIMUM RATINGS (Above which the useful life may be impaired)
jtorage Temperature —65°C to +150°C
‘emperature {Ambient) Under Bias —55°C to +125°C
upply Voltage to Ground Potential Continuous —0.5V to +7.0V
)C Voltage Applied to Outputs for HIGH Output State —0.5V to +Vc max
)C Input Voltage —0.5V to +7.0V
)C Output Current, Into Outputs 30mA
)C Input Current —30mA to +5.0mA

WITCHING CHARACTERISTICS
TaA =+25°C, Vec = 5.0V)

arameters Description Min. Typ. Max. Units Test Conditions
SPLH | Clock to Output 14 22 ns
tPHL . 14 22
tPHL Clear to Output 20 30 ns
tg 10
——F  A,B,S ns
th 0 CL = 15pF
ts Clear Recovery 25 ns R =2.0kQ
th Clear Hold Time 0 ns
t Clock HIGH L ns
P Low 17
tow Clear LOW 20 ns
fmax(Note 1)/ Maximum Clock Frequency 30 40 MHz

lote 1. Per industry convention, fmax is the worst case value of the maximum device operating frequency with no constraints on the t, tg,
pulse width or duty cycle.
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SWITCHING CHARACTERISTICS Amz5ts CowL | Amzsls ML
Tp = 0°C to +70°C Ta = —55°C to +125°C
Vce = 5.0V £5% Vce = 5.0V £10%
Parameters Description Min. Max. Min. Max. Units Test Conditions
tPLH Clock to Output 33 38 ns
tpHL 33 38
tpHL Clear to Output 43 50 ns
ts A B,S v 2 ns
th 4 5 C_ = 50pF
ts Clear Recovery 37 42 ns RL = 2.0kQ
th Clear Hold Time 4 5 ns
tow Clock E‘)?I:; zg 22 ns
tow Clear LOW 30 35 ns
fmax(Note 1) | Maximum Clock Frequency 23 20 MHz

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9.

A1, Az A3z, Agq
B4, B2, B3, By
S1, 82,83, 84

Fq,F2,F3,Fq

DEFINITION OF FUNCTIONAL TERMS

The A’ input into each adder/subtractor
The “’B’" input into each adder/subtractor

The add subtract control for each adder/
subtractor. When S is LOW, the F function
is A+B. When S is HIGH, the F function
is A—B.

The four independent serial outputs of the
adder/subtractor.

CP Clock

CLR Clear

The clock input for the device. All internal
flip-flops change state on the LOW-to-HIGH
transition.

When the clear input is LOW, the four
independent adder/subtractors are asynchro-
nously reset. The sum flip-flop is always set
to logic “’0”'. The carry flip-flop is set to
logic ““0" in the add mode and logic ‘1" in
the subtract mode.

FUNCTION TABLE

-
[}

Internal
External Inputs Point Output
CP|{CLR|S|A|B]| C Cq F Function
X L L | X|X L L L
Clear
X L H X | X H H L
L H X | X| X | NC NC NC
H H X | X | X | NC NC NC
1 H L L|L L L L
t H L L] L H L H
t H L|L|H L L H
1 H L L|H H H L
t H L H| L L L H Add
t H L H| L H H L
t H L|H|H L H L
t H L H| H H H H
t H H|L|L L L H
t H H L| L H H L
1 H H L|H L L L
t H H L|H H L H
Subtract
1 H H|H|L L H L
t H H|H|[L| H H H
1 H H H|H L L H
t H H|H[{H| H H L
C = Data In the Carry Flip-Flop Before the Clock Transition
Ciq = Data In the Carry Flip-Flop After the Clock
X = Don’t Care
NC = No Change
H = HIGH
L LOW

LOW-to-HIGH Transition

Am25LS ® Am54LS/74LS

LOW-POWER SCHOTTKY INPUT/OUTPUT
CURRENT INTERFACE CONDITIONS

DRIVING OUTPUT

DRIVEN INPUT

VWA

VWA

H—K_ﬁ

Note: Actual current flow direction shown.
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APPLICATIONS

The normal butterfly network associated with the Cooley-
Tukey Fast Fourier Transform (FFT) algorithm is shown
below. Here we assume A, B, C, D and W are all complex
numbers such that:

A= AR+A,
B = BR+jB;
W= WgR+jW,

The outputs C and D are also complex numbers and are
evaluated as:

C=Cgr+iC/=(AR+BRWR —BjW,)+j(A|+Bg W, +B,WR)
D =Cgr+jD|=(Ag—BRrWR+B W)+](A|—BRW|—B WR)

The four multiplications can be implemented using four
Am251.514 serial-parallel multipliers (the appropriate number
of bits must, of course, be used). The additions and the
subtractions are implemented using the Am25L.S15 quad serial
adder/subtractors. This diagram depicts only the basic data
flow; binary weighting of the numbers, rounding, truncation,
etc. must be handled as required by the individual design
parameters.

FAST FOURIER TRANSFORM (FFT) BUTTERFLY

BRWg
Am25L522 1/4 Am25LS15 1/4 Am25LS15 c
BR —754— IN eBTReG Q0 Y Am25L514 A8 F B (A+B) Fl—eCr
X B A
Wg _7L_4 —___j
8
X A
BWR 1/4 Am25LS15 D
AR —4e{IN  Am25LS22 Qg —=1Y Am25L514 L—=i8 o) Fp— Pr
8
B W,
] 1/4 Am25LS15
Bl —<Le{iN  Am25LS22 Qg 1y Am2sLs1a — —={8 (A+B) Fl—=C
8 X A
W, —~—4
8
X 8 A
BRW,
R 1/4 Am25L815
Al —4e{IN  Am2sLS22 Qg Y  Am25LS14 A 1/463233_515 F 8 Pl [ S——1
8

An FFT butterfly connection for complex arithmetic inputs and outputs.

Functional Diagram
for FFT Butterfly Connection

Metallization and Pad Layout

DIE SI1ZE 0.095" X 0.095""
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Am25L.S22

8-Bit Serial/Parallel Register With Sign Extend

DISTINCTIVE CHARACTERISTICS FUNCTIONAL DESCRIPTION
® Three-state outputs with multiplexed input The Am25LS22 is an eight-bit serial/parallel register built using ad-
® Multiplexed serial data input V§nced Low-F‘owgr Schotfky processing. The device _featt_ires an eighf-
oS d f . bit parallel multiplexed input/output port to provide improved bit
ign extend function density in a 20-pin package. Data may also be loaded into the device in
® Second sourced by T.l. as Am541L.5/741.S322 a serial manner from either input Da or Dg. A serial output, Qq, is
® 100% product assurance screening to MIL-STD-883 also provided.
requirements The Am25LS22 is specifically designed for operation with the

Am25LS14 serial/parallel two’s complement multiplier and provides
the sign extend function required for this device.

When the Register Enablé (RE) input is HIGH, the register will retain
its current contents. Synchronous parallel loading is accomplished by
applying a LOW to RE and applying a LOW to the Serial/Parallel (S/P)
input. This places_the three-state outputs in the high-impedance state
independent of OE and allows data that is applied on the input/output
lines (DY) to be clocked into the register. When the S/P input is HIGH,
the device will shift right. The Sign Extend (SE) input is used to repeat
the sign in the Q7 flip-flop. This occurs whenever SE is LOW when the
SHIFT mode is selected. When SE is high, the serial two-input multi-
plexer is enabled. Thus, either Dp or D can be selected to load data
serially. The register changes state on the LOW-to-HIGH transition of
the clock. A clear input (CLR) is used to asynchronously reset all flip-
flops when a LOW is applied.

LOGIC DIAGRAM

REGISTER z= .1
enasLe 1t o—oDe

SERIAL/ B
PARALLEL S/P °7 l_‘D‘ I

SIGN = 18
exTeND SE oo

s ng PO QUIDTO0 10 el (ﬂ@%ﬁﬂd sjislfei]

ba D Q b Q] ba ba b a = Qg
cPQ CcPQ CcPQ (o Fo! cPQ CP Q]
. CLR CLR CLR CLR CLR CLR
CLEAR o>—>o
cLock ot pyo
THREE ¢
STATE o—*_DC +
CONTROL |
OE
4 16 5 15 6l 14 7
DY7 DYg DYs DY4 DY3 DY2 DY1
MPR-333
CONNECTION DIAGRAM LOGIC SYMBOL
Top View
1 2 18
Vcc S SE Dg DY DY4 DY2 DYp Qo CP $ I CL
OO Mnmn RE s/p SE
20 19 18 17 16 15 14 13 12 1 17 — Dg CLEAR Jo— 9
3 —]0a Am25L522 cLock | 44
) Am25L522 8-BIT SERIAL PARALLEL REGISTER cp
19 —s OE fo— 8
o DY, DYg DYg DY, DYz DY, DY; DYy Qg
1 2 3 4 5 6 7 8 9 10 | l I ’ l I I | ‘
RE S/P Dp DY7 DY5 DY3 DYi OE CLR GND 4 18 5 1 6 14 7 1B 12
Vg = Pin 20
Note: Pin 1 is marked for orientation. GND =Pin 10
MPR-334 MPR-335
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Am25L.522

ELECTRICAL CHARACTERISTICS
The Following Conditions Apply Unless Otherwise Specified:

COM'L Ta=0°Cto+70°C Vee = 5.0V £ 5% (MIN. =4.75V  MAX. = 5.25V)
viIL Ta=-55°C to +125°C Vce = 5.0V + 10% (MIN. =450V MAX. = 5.50V)
DC CHARACTERISTICS OVER OPERATING RANGE
Typ.
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units
a 4404A MiL 25
,lOH = —440u
Ve = MIN. 0 'OH com'L 2.7
VoH Output HIGH Voltage Volts
VIN=ViHorV|L | DYj, lgH=-1.0mA| MIL 24
DY;, loH = —2.6mA | COM'L 24
v Output LOW Vol Vee = MIN. loL =4.0mA 04 Vol
utpu
oL P oltage V|N=V1H°rVIL ‘OL=8-0mA 0.45 olts
Vin Input HIGH Level Guaranteed anPut logical HIGH 20 Volts
voltage for all inputs
i i MIL 7
viL Input LOW Level Guaranteed |nF)ut logical LOW 0 Volts
voltage for all inputs cCOM’L 08
V) Input Clamp Voltage Vee = MIN, Iy = —18mA —-1.5 Volts
SE —1.08
L Input LOW Current Vee = MAX,, VN =04V S —0.72 mA
Others —0.36
SE 60
™ Input HIGH Current Vee = MAX., Vi =27V s 40 uA
(Except DY)
Others 20
Vin=7.0V | OE,S/P,RE,CP,CLR 0.1
Vce = MAX., SE
1 Input HIGH Current cc DY 03 mA
(Except DYi) | v\=55v | s 0.2
Others 0.1
£f High d Vo =24V 40
loz Off State (Hig Impe. ance) Vee = MAX. (o] WA
Output Current (DY) Vo =04V —100
Output Short Circuit Current
| \Y = X. -1 —85 mA
sc (Note 3] ccMA 8
Icc Power Supply Current Vce = MAX. . 40 65 mA

lotes: 1. For conditions shown as MIN. or MAX_, use the appropriate value specified under Electrical Characteristics for the applicable device type.
2. Typical limits are at Voo = 5.0V, 25°C ambient and maximum loading.
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second.

AAXIMUM RATINGS (Above which the useful life may be impaired)

itorage Temperature —65°C to +150°C
‘emperature (Ambient) Under Bias —55°C to +125°C
yupply Voltage to Ground Potential Continuous —0.5V to +7.0V
)C Voltage Applied to Outputs for HIGH Output State —0.5V to +V¢gc max.
)C Input Voltage (OE, S/P, RE, CP, CLR) —0.5V to +7.0V
)C Input Voltage (Others) —0.5V to +5.5V
)C Output Current, Into Outputs 30mA
)C Input Current —30mA to +5.0mA
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Am25L 522
SWITCHING CHARACTERISTICS (Tp = +25°C, Vog = 5.0V)

Parameters Description Min. Typ. Max. Units Test Conditions
tPLH Clock to DY 165 24 ns
tPHL 18 26
tPHL Clear to DY; 23 30 ns
tPLH Clock to Qg 195 2 ns RL = 2.0k,
tonL 18 26 Cy = 15pF
tPHL Clear to Qqp 23 30 ns
tzH 13 21
tzL OE to DY; 18 26 ns
tha 13 21 R = 2.0k,
t z 18 26 C = 5pF
tzH 18 26 R = 2.0k,
tz ) 23 32 CL = 15pF

SER/PAR to DY; ns -

tHZz 18 26 R = 2.0k,
tLz 23 32 CL =5pF
tg RE to Clock 20
ts SE to Clock 10
tg S to Clock 15

Tt Da and Dg to Clock 15 ns
tg DY; (Load) to Clock 15

ﬁs Clear Recovery to Clock 8.0 R =2.0k2,
ts S/P to Clock 15 o CL = 15pF
th Any Input 0
th Clear Hold 0 ns

HIGH 8.0

thw Clock Low 80 ns
tow Clear 20 ns
fmnax(Note 1) Maximum Clock Frequency 35 50 MHz

Note 1. Per industry convention, fy 3y is the worst case value of the maximum device operating frequency with no constraints on t;, tf,
pulse width or duty cycle.

FUNCTION TABLE

INPUTS OUTPUTS
Register | Serial/ | Sign Mux | —,
Mode Clear Enable |Parallel | Extend | Select OE Clock DY7 DYG DY5 DY4 DY3 DY2 DY1 DYO Qo
L H X X X L X L L L L L L L L L
Clear L L H X X L X L L L L L L L L L
L L L X X L X z V4 z z z z z z L
L X X X X H X z 4 z z z z z z L
Parallel Load | H L L X X X T D; | Dg | D5 | Dg | D3 | Do | Dy Do | Do
Shift Right H L H H L L 1 Da Y7n | Yen | Ysn | Yan Yan | Yon | Yin | Yin
H L H H H L 1 Dg | Y7n | Yen | Ysn | Yan | Yan | Yon | Yin | Yin
Sign Extend H L H L X L 1 Y70 | Y7n | Yen | Ysn | Yan | Yan | Yon | Yin | Y1in
Hold H H X X X L 1 NC | NC | NC | NC | NC | NC | NC | NC | NC
L = LOW H = HIGH
t = Clock LOW-to-HIGH Transition NC = No Change
X = Don’'t Care z = High-Impedance Output State

*When the OE input is HIGH, all input/output terminals are at the high-impedance state; sequential operation or clearing of the register is not
affected.

D7, Dg. . . Dp = the level of the steady-state input at the respective DY, terminal is loaded into the flip-flop while the flip-flop outputs (except
Qg) are isolated from the DY, terminal.

Da. Dg = the level of the steady-state inputs to the serial multiplexer input.

Y7n. Yén- - - Y0n = the level of the respective Q,, flip-flop prior to the last Clock LOW-to-HIGH transition.
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SWITCHING CHARACTERISTICS
OVER OPERATING RANGE*

Am25LS COM’L

Am25LS MIL

Ta = 0°C to +70°C
Vce = 5.0V 5%

Ta = —55°C to +125°C
Nce = 5.0V £10%

Am251.822

Parameters Description Min. Max. Min. Max. Units Test Conditions

tPLH Clock to DY; % 4 ns
tpHL 38 44
tpHL Clear to DY; 43 50 ns
tpLH Clock to Qg 35 4 ns C_ = 50pF
tPHL 38 44 R_ = 2.0kQ
tpHL Clear to Qg 43 50 ns
tzH 32 36
fzL OE to DY; 38 4 ns
thz 28 31 C_ = 5.0pF
tz 34 39 RL = 2.0kQ
tzh 38 44 C, = 50pF
fzL SERIPAR to DY; 46 %3 ns AL = 2,060
thz 34 39 C_ = 5.0pF
tz 42 48 R = 2.0k}
ts RE to Clock 30 35
ts SE to Clock 17 20
ts S to Clock 24 27 ns
ts Da and Dg to Clock 24 27
ts DY; (Load) to Clock 24 27
tg Clear Recovery to Clock 15 17 CL = 50pF
ts SIP to Clock 24 27 ns RL = 2.0k
th Any Input 4 5
th Clear Hold 4 5 ns

HIGH 15 17
tow Clock oW - 3 ns
tow Clear 30 35 ns
fnax(Note1) | Maximum Clock Frequency 26 23 MHz

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9.
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Am25L.522

DYj

s/p

DEFINITION OF FUNCTIONAL TERMS

The multiplexed parallel input/output port to the
device. Data may be parallel loaded into the
register or data can be read in parallel from the
register on these pins. These outputs can be forced
to the high-impedance state, i = 0 through 7.

The continuous output from the Qg flip-flop of
the register. This output is used for serial shifting.

Register Enable. When RE is LOW, the register
functions are enabled. When RE is HIGH, the
register functions (parallel load, shift right and sign
extend) are inhibited.

Serial/Parallel. When S/P is LOW, the register can
be synchronously parallel loaded. This input forces
the register output buffers to the high-impedance
state independent of the OE input. When S/P is
HIGH, the register contents are shifted right on
the clock LOW-to-HIGH transition.

Sign Extend. When the SE input is LOW, the
contents of the Q7 flip-flop will be repeated in
the Q7 flip-flop as the register is shifted right.
When SE is HIGH, the two-input multiplexer
(DA and DB) is enabled to enter data during the
serial shift right. The Q7 flip-flop (DY7) is nor-
mally considered the MSB of the register for
arithmetic definitions.

DA, DB The serial inputs to the device.

S

CLR

cp

Multiplexer Select. When S is LOW, the DA serial
input is selected. When S is HIGH, the Dp serial
input is selected.

Clear. The asynchronous clear to the register.
When the clear is LOW, the outputs of the flip-
flops are set LOW independent of all other inputs.
When the clear is HIGH, the register will perform
the selected function.

Clock. The clock pulse for the register. Register
operations occur on the LOW-to-HIGH transition
of the clock pulse.

Output Control. When the OE input is HIGH, the
eight DY; outputs are in the high-impedance state.
When OE is LOW, data in the eight flip-flops will
be present at the register parallel outputs unless
S/P is LOW.

INPUT/OUTPUT

CURRENT INTERFACE CONDITIONS

DYi Only

Other Pins

DRIVING OUTPUT

DRIVEN INPUT

AAA
VWA—

i

|
|
|
|
|
{ »
|
|
|
|
|

— R
Tﬁg

Note: Actual current flow direction shown.
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Am251.822

APPLICATION
CONTROL
INPUTS
L H
) S S
SE S/P RE SE S/P RE
L—S L—S
— 04 Qg Da
-Of CLR Am25L522 ————Oj] CLR Am251.822
cP cp
Of OE —O] OE
DY, Dvg DY5 DY, DY3 DY, DY, DVO DY; DYg DY5 DYy DYz DY, DY1 DYq
CLEAR
CLOCK
OF
Yis Yia Y13 Y12 Y11 Y0 Y9 Yg Y7 Ye Ys Ya Yz Yy Yi Yg
MsB LS8 MsB LsB
UPPER BYTE LOWER BYTE
16-BIT DATA BUS
Am25L822 Am251.822
SYSTEM UPPER BYTE LOWER BYTE FUNCTION
OPERATION — —
SE | S/P | RE E SE | S/P | RE | OE Description
Load lower byte and H H L X X L L X Load from Bus
extend lower byte sign 7 clock |
to upper byte clock cycles to
pper by L H L H X X H H extend sign
X L L X X X X X Load from Bus
Load upper byte and
exhtendhui)per byte sign 8 clock cycles to extend
while shifting value to upper byte sign and shift
lower byte position H H L H H H L H upper byte into lower byte
position
Read 16-bit word to Bus X X X L X X X L Unload

Two Am25LS22 8-bit registers can be used to perform the sign extend associated with two’s complement 8-bit bytes
for arithmetic operations in a 16-bit machine. If the upper byte value is to be used, it is shifted to the lower bit posi-
tions and its sign is extended. If the lower byte value is to be used, it is held in place while the sign is extended down-

ward from the MSB position of the upper byte.

Metallization and Pad Layout

RE 1 20 Vee
sp 2 ———— ———— "9 s
Po— PRTT)

o] o 18 SE
oy 3 PR ot 17 Dg
DY, 4 16 DYg
DYg 5 15 DY,
DYz 6 14 DY,
oy, 7 13 DYg
oE 8 12 Qq
CLR 9 — 1 [___ 1m o cP

10 GND

DIE SIZE 0.096" X 0.112"
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Am25LS23

8-Bit Shift/Storage Register with Synchronous Clear

DISTINCTIVE CHARACTERISTICS FUNCTIONAL DESCRIPTION

® Synchronous clear The Am25LS23 is an 8-bit universal shift/storage register with
® Three-state outputs 3-state outputs. The function is similar to the Am25L.5299
® Common input/output pins with the exception of a synchronous clear function. Parallel
® Cascadable shifting load -inputs and register outputs are multiplexed to allow the
® Second sourced by T.l. as 541L.S/741.5323 use of a 20-pin package. Separate continuous outputs are also
® 100% product assurance screenmg to MIL-STD-883 provided for flip-flops Qg and Q7.

requirements Four modes of operation are possible — Hold (store), Shift-

left, Shift-right and Load Data. The Am25LS23 has a typical
shift frequency of 50MHz. The Am25LS23 is packaged in a
standard 20-pin package.

LOGIC DIAGRAM

S1 So
19 1

SL
shish , T ) ! 10 T ) T | LI
Lregiomcwl|[icinl|ji= il M e e e s Ly s
R cesslees) [eeesl[evsefeese sves]veve]
CLR
CLOCK 12 N ‘ ‘
cP s [1)2 él [l)é [I)l II)& [I).L r])! ']),L
) e oo g o) o) o ),
3 REJ’ rJ7 / [ FJ7 I_J7
D e B mEE
3 7 13 6 14 5 15 4 16
DVO DV1 DY2 DY3 DY4 DYS DY6 DY7
CONNECTION DIAGRAM LOGIC SYMBOL
Top View 2 s , 0
Vee 1 S_ Q; DYy DYg DY3 DYy CP S . ) I ‘L | l J’ l
mininininisinfisinls il P o
20 19 18 17 16 15 14 13 12 11 ] SL

Am25LS23
8-BIT SHIFT REGISTER

Am25L523 97 v

DYy DY; DY, DY DY, DY DYg DYy

o
|
&

12 3 4 5 6 7 8 8 10 ! l I | I | I I
Jrrr oL LU L 7w e 1w s 15 4
Sg Gj Gy DYg DY4 DY, DYy Qg CLR GND -
Vce = Pin 20
Note: Pin 1 is marked for orientation. GND = Pin 10
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Am25LS823
.LECTRICAL CHARACTERISTICS The following conditions apply unless otherwise specified:

OoM’L Ta =0°C to +70°C Ve =5.0V £ 5% (MIN. =4.75V  MAX. =5.25V)
1IN Ta=-55°C to +125°C Vee = 5.0V £ 10% (MIN. =450V MAX. = 5.50V)
)C CHARACTERISTICS OVER OPERATING RANGE Typ.
arameters . Description Test Conditions (Note 1) Min. (Note 2) Max. Units
Qp, Q | 440uA ML 25 v
\% = MIN. 0. 47 OH = — M
ce” comL| 27
VOH Output HIGH Voltage VIN = V|H or Volts
v MIL, IgH = —=1.0mA 24
OL  |DYp-DY7——— "
COM'L, IgH = —2.6mA 24
Vee = MIN. loL = 4.0mA 0.25 04 Vot
\" Output LOW Volt olts
oL P age VIN = ViR or Vi loL =8.0mA 035 0.45
Guaranteed input logical HIGH
ViH Input HIGH Level voltage for all inputs 20 Volts
: i MiL 0.7
VL Input LOW Level Guaranteed input logical LOW Volts
voltage for all inputs COM'L 08
Vi Input Clamp Voltage Vee = MIN,, Iy = —=18mA —-1.5 Volts
So. S1 —-0.8
ho Input LOW Current Ve = MAX., VN =04V mA
. All others -04
Vee = MAX., VN =27V Sp, § 40
HH Input HIGH Current cc IN 0 21 rA
(Except DY;) All others 20
So. S1 0.2
Vee = MAX., VIN =7V =
h Input HIGH Current (ECC oY) G1,G2, CLR, CP 0.1 mA
xeept DY VIN=55V | Others 0.1
£ ; Vo =04V —10
1oz Off-State (High Impedance) Vee = MAX. o 0 A
Output Current Vo =24V 40
Is¢ Output Short Circuit Current Vce = MAX. : -15 —85 mA
(Note 3)
Icc Power Supply Current Vee = MAX. (Note 4) 38 60 mA

lotes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type.
2. Typical limits are at Voo = 5.0V, 25°C ambient and maximum toading.
3. Not more than one output should be shorted at a time.
4. lcc — measured with clock input HIGH and output controls HIGH.

IAXIMUM RATINGS (Above which the useful life may be impaired)

torage Temperature —65°C to +150°C
emperature (Ambient) Under Bias —55°C to +125°C
Jpply Voltage to Ground Potential Continuous ) ' —0.5V to +7.0V
C Voltage Applied to Outputs for HIGH Output State —0.5V to +V¢¢ max.
C Input Voltage (Sg, S1, G1, G2, CLR, CP) : —0.5V to +7.0V
IC Input Voltage (Others) —0.5V to +5.5V
C Output Current, into Outputs k 30mA
C Input Current i —30mA to +5.0mA

\WITCHING CHARACTERISTICS (Ta =+25°C, Vcc =5.0V)

‘arameters Description Min. Typ. Max. Units Test Conditions
tPLH Clock to Qg or Q7 - - '8 26 ns
tPHL 23 28
t
—PLH I ciock to DY 18 26 ns
tPHL 21 28
ts S1, Sp Set-up Prior to Clock 12 ns CL =15pF
tg DYj or SR, S|_ Set-up Prior to Clock 12 ns R =2.0kQ
tpw Pulse Width (Clock) 15 ns
ts Clear to Clock 15 ns
_tZH— S1. So. 61,62 to DY; 18 30 ns
tzL : 20 30
t —_- = =
L2 | 's4,50,Gy,Go toDY; 22 33 ns CL =5.0pF
tHz 16 23 RL =2.0kQ
fmax Maximum Clock Frequency (Note 1) 35 50 MHz

lote 1. Per industry convention, fmax is the worst case value of the maximum device operating frequency with no constraints on tr, tf,
pulse width or duty cycle.
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Am251823

SWITCHING CHARACTERISTICS
Am25LS COM’L Am25LS MIL
OVER OPERATING RANGE*
Tp = 0°Cto +70°C Tp = —-55°C to +125°C
Vce = 5.0V 5% Vce = 5.0V £10%
Parameters Description Min. Max. Min. Max. Units Test Conditions
t
PLH Clock to Qg or Q7 38 a4 ns
tPHL 40 47
1 }
PLH Clock to DY; 38 4 ns
tpHL 40 47
tg S1, Sg Set-up Prior to Clock 20 23 ns C_ = 50pF
tg DY; or Sg, S| Set-up Prior to Clock 20 23 ns RL = 2.0k
tow Pulse Width (Clock) 24 27 ns
ts Clear to Clock 24 27 ns
tzH - 43 50
S1, So. G4, G2 to DY; ns
e 1,90, 91, B2 i 43 50
t R C_ = 5.0pF
Lz S1, So Gy, Ga to DY; 43 50 ns L= 5%
thz 30 35 RL = 2.0kQ
fmax Maximum Clock Frequency (Note 1) 26 23 MHz

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9.

DEFINITION OF FUNCTIONAL TERMS

SR Shift right data input to Q7 S0, S1
it lef . - -
SL Shift left data input to Qg G1, G2
Clear Active LOW synchronous input forcing the Qg
through Q7 register to see LOW conditions, Qo, Q7
visable only if outputs are enabled
DYg-DY7

Clock A LOW-to-HIGH transition will result in the
register changing state to next state as described
by mode and input data condition

Mode selection control lines used to control
input (output during load) conditions

Active LOW input to control three-state output
in active LOQW AND configuration

The only two direct outputs; used to cascade
shift operations

Input/Output line dependent on mode and out-
put control. Input only with mode select
LOAD. Output in all other modes but subject
to output select (61 , 52).

TRUTH TABLE

INPUTS OUTPUTS INPUTS/OUTPUTS
FUNCTION p—
SR | SL | CLEAR|CLOCK|Sp S1|Gq G2 Qy Q7 DYg DYq DY, DYz DYgq DY DYg DYy
Clear X | X L 1 |Noten)| L L L L L L L L L L L L
X | X X X X X|H L NC NC z z z
Output
Control X | X X X NC NC 4 z
X | X X X H H NC NC z z z
Hold X | X H X L L|L L NC NC NC NC NC NC NC NC NC NC
M |Load(Note2)| X | X H T B HlL L A H B c D E F G H
O | Shift Right L[ X H t H L|iL L DYg L DYg DY, DYy DYz DYgq DY Dvg
D | Shift Right H | X H t H L|L L H DYg H DYg DYy DY, DY3 DYy4q DYg DyYg
E | Shift Left X | L H t L H|L L Dyq¢ L DYq{ DY, DY3 DYgq DYs DYg DYy L
Shift Left X | H H t L H{|{L L DYq{ H DYy, DY, DYz DY4g DY DYg DYy H
L =LOW Z = High Impedance 1 = Transition LOW-to-HIGH Notes: 1. Either LOW to observe outputs.
H=HIGH X = Don’t Care NC = No Change 2. In this mode DY are inputs.
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Am25LS823

'INPUT/OUTPUT

CURRENT INTERFACE CONDITIONS

Other Pins
DRIVING OUTPUT I DRIVEN INPUT
T
| he
|
p—
| 1 =
l H
i
Note: Actual current flow direction shown.
INPUT/OUTPUT DATA
Do Dy Dy D3 Dy D5 Dg Dy Dg Dg Djp Dyy Dy Dy3 Dyg Dyg
SHIFT DYy DY; DY, DYz DY, DYs DYg DY, DY, DY, DY, DY; DY, DYy DYg DY, SHIET
RIGHT SR S Sg SL LEFT
Dg INPUT
———O] CLEAR CLK O| CLEAR CLK
AM25L523 Am25L523
So G1 jo— So G1jo—
— S1 G2 jo—4 —] S1 G2 Jo—
Qo Q, Qq, Q,
SERIAL ] L SERIAL
OuTPUT OUTPUT
LEFT RIGHT
CLEAR
cLock
OUTPUT
CONTROL
MODE
CONTROL

16-Bit Cascaded Parallel Load/Unload Shift Right/Left Register.

Metallization and Pad Layout

DIE SIZE
0.096” X 0.112"




Am25L.S240- Amb54LS/74L.S240

Octal Three-State Inverting Drivers

DISTINCTIVE CHARACTERISTICS

Three-state outputs drive bus lines directly
Hysteresis at inputs improve noise margin
PNP inputs reduce D.C. loading on bus lines

Enable-to-output — 30ns MAX.

Am25LS240 specified at 48mA output current
20 pin hermetic and molded DIP packages
100% product assurance testing to MIL-STD-883
requirements

Data-to-output propagation delay times — 18ns MAX.

FUNCTIONAL DESCRIPTION

The ‘LS240 is an octal inverting line driver fabricated using
advanced low-power Schottky technology. The 20-pin
package provides improved printed circuit board density for
use in memory address and clock driver applications.

Three-state outputs are provided to drive bus lines directly.
The Am25LS240 is specified at 48mA and 24mA output sink
current, while the Am54/74LS240 is guaranteed at 12mA over
the military range and 24mA over the commercial range.
Four buffers are enabled from one common line and the
other four from a second enable line.

Improved noise rejection and high fan-out are provided by
input hysteresis and low current PNP inputs.

LOGIC DIAGRAM

1A1 Y1 2A1— 2v1

Y
Y

1A2 — 1Y2 2A2 — — 2Y2

1A3 —1Y3 2A3 — — 2Y3

1A4 — 1Y4 — 2Y4

g
|

YIYTY

ol

VYV

v

INPUTS | OUTPUT
G|A Y
H X z
L H L
L L H

Note: All devices have input hysteresis.

LIC-331
CONNECTION DIAGRAM LOGIC SYMBOL
Top View
A\
6 : 1@ 20 : Vee
— 2 4 1013

w2 v m 6 8 1 15 17
2va[]3 B[] M

1A1 1A2 1A3 1A4  2A1 2A2 2A3 2A4
m2[]a 17[ ] 2a

1 ——O0| 16 ‘LS240 26 Jo— 19

2va[]s 6] ]1v2

'LS240 Y1 1Y2 1Y3 1Y4  2Y1 2Y2 2Y3 2Y4

= M = TTTT 7777
2v2[ |7 [ ]1v3

- ] 18 16 14 12 9 7 5 3
a8 13| ] 22
2vi[]e 12[ J1va
GND [} 10 1 2A1

Vg = Pin 20
LiC-332 Note: Pin 1 is marked for orientation. GND = Pin 10 LiC-333
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Am25LS/54LS/74LS240

Am25LS240

ELECTRICAL CHARACTERISTICS

The Following Conditions Apply Unless Otherwise Specified:

coMm'L Ta = 0°C to +70°C Vee = 5.0V = 5% (MIN. = 475V MAX. = 5.25V)
MIL Ta = —55°Cto +125°C Vgc = 5.0V = 10%  (MIN. = 450V MAX. = 5.50V)

DC CHARACTERISTICS OVER OPERATING RANGE

Typ.
Parameters Description Test Conditions (Note 1) Min. (Note2) Max. Units
. H = =9 y VIL = VL .
VoH High-Level Output Volitage Voo = MIN,, WL, Iop; = —12mA 50 Volts
ViL = 0.5V COM'L, Igy= —15mA 2.0
All lg. = 12mA 0.25 0.4
Vou Low-Level Output Voltage Ve = MIN. Alllg; = 24mA 0.35 05 Volts
COM'L Ig. = 48mA 0.55
. Guaranteed input logical HIGH
Vin High-Level Input Voltage voltage for all inputs 20 Volts
COM'L 0.8
V - V
L Low-Level Input Voltage Wil 07 olts
Vik Input Clamp Voltage Vee = MIN,, || = —18mA -1.6 Volts
Hysteresis (Vy — Vy_) Vce = MIN. 0.2 04 Volts
Off-State Output Current, — =
lozn High Level Voltage Applied xcc_— ZN(')CX' Vo =27V 2 A
Off-State Output Current, = _ _
lozL Low-Level Voltage Applied ViL = ViLMAX. | Vo = 0.4V 20
Input Current at Maximum _ _
h Input Voltage Vee = MAX,, V| = 7.0V 0.1 mA
'] High-Level Input Current, Any Input Vee MAX, Viy = 2.7V 20 pA
he Low-Level Input Current Ve = MAX,, V) = 0.4V —-200 nA
Isc Short Circuit Output Current (Note 3) | Vg = MAX. -40 -225 mA
All Outputs HIGH 13 23
Ve = MAX. P
Icc Supply Current Outputs open All Outputs LOW 26 44 mA
P pe Outputs at Hi-Z 29 50
Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under recommended operating conditions.
2. All typical values are Vo = 5.0V, Ta = 25°C.
3. Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second.
MAXIMUM RATINGS above which the useful life may be impaired
Storage Temperature -65°C to +150°C
Temperature (Ambient) Under Bias -55°C to +125°C
Supply Voltage to Ground Potential -0.5V to +7.0V
DC Voltage Applied to Outputs for HIGH Output State -0.5V to +V g max.
DC Input Voltage -0.5V to +7.0V
DC Output Current 150mA
DC Input Current -30mA to +5.0mA
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Am25LS/54L.S/74L.S240

Amb4LS/74LS240

ELECTRICAL CHARACTERISTICS

The Following Conditions Apply Unless Otherwise Specified:

CoM’L Ta = 0°C to +70°C Vee = 5.0V = 5% (MIN. = 475V MAX. = 5.25V)
MIL Ta = —556°C to +125°C Vg = 5.0V = 10% - (MIN. = 450V MAX. = 5.50V)

DC CHARACTERISTICS OVER OPERATING RANGE :
Typ

Parameters Description Test Conditions (Note 1) Min. (Note '2) Max. Units
Vee = MIN, Vyy = 2.0V
24 34
. lOH = —3.0mA, V”_ = V||_MAX.
\'/ High-Level Output Volt:
OH igh-Level Output Voltage Vee = MIN, | MIL lop = —12mA 2.0 Volts
VL = 0.5V COM'L, Ion= —15mA 2.0
- All, lg. = 12mA 0.25 0.4
V, - | Output V. Vee = . Volt:
oL Low-Level Output Voltage cc = MIN COML, gy = 24mA 035 05 olts
. Guaranteed input logical HIGH
ViH High-Level Input Voltage voltage for all inputs 2.0 Volts
com'L 0.8
V| - Volt:
L Low-Level Input Volitage MIL 07 olts
Vik Input Clamp Voltage Vce = MIN,, |} = —18mA -1.5 Volts
Hysteresis (V14 — Vr_) Vece = MIN. 0.2 04 Volts
Off-State Output Current, _ i
lozu High Level Voltage Applied zcc:zhgcx' Vo =27V 20 A
Off-State Output Current, H= _
lozL Low-Level Voltage Applied ViL = ViLMAX. | Vo = 0.4V -20
Input Current at Maximum _ _
|| Input Voltage Vcc = MAX., V| = 7.0V 0.1 mA
hu High-Level Input Current, Any Input Vee MAX, Vi = 2.7V 20 rA
T Low-Level Input Current Vce = MAX,, V) = 04V —200 RA
Isc Short Circuit Output Current (Note 3) | Ve = MAX. —-40 -225 mA
All Outputs HIGH . 13 23
Vee = MAX. P
Icc Supply Current Outout All Outputs LOW 26 44 mA
utputs n
puts ope Outputs at HiZ 29 50

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under recommended operating conditions.
2. All typical values are Ve = 5.0V, Tp = 25°C.
3. Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second.

Metallization and Pad Layout

Vee
16 2G
1Al w1
2va 2A4
1A2 1v2
2v3 2n3
1A3 1v3
2v2 282
1A4
2v1 1va
GND 10 1 21

DIE SIZE .056"" X .089""
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Am25LS/54LS/74LS240

SWITCHING CHARACTERISTICS
(Ta = +26°C, Vge = 5.0V) . °

Am25LS240 Amb54LS/74L.S240
. : Test Conditions
Parameters Description Min. Typ. Max. | Min. Typ. Max. | Units (Notes 1-5)
Propagation Delay Time,
tPLH Low-to-High-Level Output 8.0 12 8.0 4 ns
Propagation Delay Time, C_ = 45pF
tPHL High-to-Low-Level Output 12 16 12 18 ns R_ = 667
tpz1 Output Enable Time to Low Level 19 27 20 30 ns
tpzH Output Enable Time to High Level 14 20 15 23 ns
tpLz Output Disable Time from Low Level 14 23 15 25 ns C_ = 5.0pF
tpuz Output Disable Time from High Level 10 18 10 18 ns R = 667Q
Am25LS ONLY o
Am25LS COM'L Am25LS MIL
SWITCHING CHARACTERIS*TICS
OVER OPERATING RANGE Ta =0°C to +70°C | Tp = —55°C to +125°C
Vce = 5.0V 5% Vce = 5.0V £10%
Parameters Description Min. Max. Min. Max. Units Test Conditions
Propagation Delay Time,
tPLH Low-to-High-Level Output 16 19 ns
Propagation Delay Time, C_ = 45pF
tPHL High-to-Low-Level Output 22 %5 ns RL = 6670
tpzL Output Enable Time to Low Level 37 42 ns
tpzH Output Enable Time to High Level 27 31 ns
tpLz Output Disable Time from Low Level 31 36 ns C_ = 5.0pF
tpHz Output Disable Time from High Level 25 28 ns Ry = 667Q2

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9.

LIC-334

Notes: 1.

LOAD CIRCUIT FOR
THREE-STATE OUTPUTS

VOLTAGE WAVEFORMS

ENABLE AND DISABLE TIMES, THREE-STATE OUTPUTS

TEST v OUTPUT v
POINT cc CONTROL
? (LOW-LEVEL 1.3V B 13v
ENABLING) ov
R - — -
2—=f Lz
WAVEFORM 1 — ! sV s as,
§1 SSLsED 13V LOSEL;(_— ~15v
VoL
FROM OUTPUT . é—‘ . —
UNDER TEST ZHA,‘ 2 A
OH
| NO1E o oven ?___.__\— :‘_1_.._
. < . Y
CLAR 35k OR SIoPEN o 13V 5185, 15V
< IN3064 WAVEFORM 2 ~0V CLOSED

—;{sz

LIC-335

Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.

. Waveform 2 is for an output with internal conditions such that the output is high except when disabied by the output control.
. Inthe examples above, the phase relationships between inputs and outputs have been chosen arbitrarily. PRR < 1.0MHz, ZgyT =~ 50

and t; < 2.5ns, t¢ < 2.5ns.

2-41




Am25LS241- Amb54LS/74L.S241

Am25L5244 -Am54LS/741.5244

Octal Three State Buffers

DISTINCTIVE CHARACTERISTICS

requirements

Three-state outputs drive bus lines directly
Hysteresis at inputs improve noise margin
PNP inputs reduce D.C. loading on bus lines
Data-to-output propagation delay times — 18ns MAX.
Enable-to-output — 30ns MAX.
Am25LS241 and 244 specified at 48mA output current
20 pin hermetic and molded DIP packages
100% product assurance testing to MIL-STD-883

FUNCTIONAL DESCRIPTION

The 'LS241 and ‘LS244 are octal buffers fabricated using
advanced low-power Schottky technology: The 20-pin pack-
age provides improved printed circuit board density for use
in memory address and clock driver applications.

Three-state outputs are provided to drive bus lines directly.
The Am25LS241 and Am25LS244 are specified at 48mA and
24mA output sink current, while the Am54LS/74L.S241 and
Amb54LS/74L.S244 are guaranteed at 12mA over the military
range and 24mA over the commercial range. Four buffers are
enabled from one common line and the other four from a
second enable line.

The ‘LS241 has enable inputs of opposite polarity to allow
use as a transceiver without overlap. The 'LS244 enables are
of similar polarity for use as a unidirectional buffer in whlch
both halves are enabled simultaneously.

Improved noise rejection and high fan-out are provided by
input hysteresis and low current PNP inputs.

LOGIC DIAGRAMS

‘'LS244

2v1

‘LS241 ‘'LS244
1A2 —1v2  2a2 — t— 2v2 1A2 —1v2  2A2— — 2v2
| | INPUTS OUTPUTS | INPUTS | OUTPUT
G |26 | A Y G|A
1A3 —1v3  2a3— —2v3 [ L | x Z 1A3 —1Y3  2A3— —2v3 [ [ x Z
b b ! L H | H H 4 4 L |H H
L |H L L Ju|L L
1A4 —1v4  2A4— — 2v4 A4 —1Y4  2A4—] — 2va
ﬁ@% zc—-—> -OD— E—o>—
LIC-336 Note: All devices have input hysteresis. LIC-337
CONNECTION DIAGRAMS LOGIC SYMBOLS
Top Views
2 4 6 8 o3 s 17
o P Y _ o l |
G 1 20 Vee G 1 20 Vee
- ] 4 ] 1A1 TA2 1A3 1A4  2A1 2A2 2A3 2A4
w2 w[ ]2 w2 v[]% 11— 16 ‘Ls241 26 1
2va[]3 18]Vt 2va []3 B[ ] 11 1v2 1¥3 1v4  2Y1 2v2 2Y3 2v4
me[ e 17[]2n4 2] 17 [ ] 248 l
2va[]s 16 vz 2v3a[]s 16 ]1v2 LIC-340 18 16 14 12 9 7 5 3
‘Ls241 ‘Ls244
13 ]e 15| ] 2A3 1a3[]s 15 [ ] 2A3
2v2 []7 14 [Jvs 2v2[]7 1w[Jvs 2 4 6 8 11 138 1 17
1 []s 13[ J2a2 1|8 13[] 2a2 [
w1[]e 12[Jva w[]oe 12[Jva 1A1 1A2 1A3 1A4  2A1 2A2 2A3 2A4
aNp []10 1 [Jean anp [ 10 1] 21 ! q-e ‘Ls244 il ®
1Y1 1Y2 1Y3 1¥4  2Y1 2Y2 2v3 2v4
Vce = Pin 20
LIC-338 Note: Pin 1 is marked for orientation. LIC-339 LIC-341 8 16 18 12 9 7 5 3 GND = Pin 10
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Am25LS/54LS/74L.S241/244

Am25LS241+-Am25LS244

ELECTRICAL CHARACTERISTICS

The Following Conditions Apply Unless Otherwise Specified:

CcoM’L Ta = 0°C to +70°C Voo = 5.0V = 5% (MIN. = 475V MAX. = 5.25V)
MiIL Ta = —55°C to +125°C Vg = 5.0V += 10% (MIN. = 450V MAX. = 5.50V)

DC CHARACTERISTICS OVER OPERATING RANGE

Typ.
Parameters Description Test Conditions (Note 1) Min.© (Note2) Max. Units
Vce = MIN,, Vi = 2.0V
24 34
. IOH = —-3.0mA, VIL = V"_MAX.
Vv High-Level Vol Volt
OH igh-Level Output Voltage Vee = MIN., | MIL lop = —12mA 20 olts
ViL = 0.5V COM'L, Igy = —15mA 2.0
All lg. = 12mA 0.25 0.4
Vor Low-Level Output Voltage Vee = MIN. All lgp = 24mA 0.35 0.5 Volts
COM'L, Ig, = 48mA 0.55
. Guaranteed input logical HIGH
ViH High-Level Input Voltage voltage for all inputs 2.0 ) Volts
CcoM'L 0.8
\" Low-Level | |
L ow-Level Input Voltage il 07 Volts
Vik Input Clamp Voltage Vce = MIN,, |} = —18mA -1.5 Volts
Hysteresis (V14 — Vy_) Vce = MIN. 0.2 0.4 Volts
Off-State Output Current, _ _
lozn High Level Voltage Applied Vee = MAX. Vo =27V 20
Off-State Output Current Viw = 20V rA
lozu Low-Level Voltage Applied ViL = VilMAX. | Vo = 0.4V -20
Input Current at Maximum _ _
|| Input Voltage Vcc = MAX., V| = 7.0V 0.1 mA
hn High-Level Input Current, Any Input Vee = MAX,, Viy = 27V 20 nA
he Low-Level Input Current Vee = MAX,, V= 04V —200 rA
Isc Short Circuit Output Current (Note 3) | Vcc = MAX. —-40 -225 mA
All Outputs HIGH 13 23
Vee = MAX.
Icc Supply Current Outouts open All Outputs LOW 27 46 mA
P pe Outputs at Hi-Z 32 54
Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under recommended operating conditions.
2. All typical values are Voo =5.0V, Ta = 25°C.
3. Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second.
MAXIMUM RATINGS above which the useful life may be impaired
Storage Temperature -65°C to +150°C
Temperature (Ambient) Under Bias -55°C to +125°C
Supply Voltage to Ground Potential ‘ ‘ -0.5V to +7.0V
DC Voltage Applied to Outputs for HIGH Output State -0.5V to +V g max.
DC Input Voltage ’ -0.5V to +7.0V
DC Output Current g 150mA
DC Input Current -30mA to +5.0mA
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Am25LS/54LS/74LS241/244

Amb54LS/74LS241+Am54LS/74L.S244

ELECTRICAL CHARACTERISTICS

The Following Conditions Apply Unless Otherwise Specified: -
COM'L Ta = 0°C to +70°C Vee = 5.0V = 5% (MIN. = 475V MAX. = 5.25V)
MiL Ta = —55°C to +125°C Vgg = 5.0V = 10%  (MIN. = 450V MAX. = 5.50V)

DC CHARACTERISTICS OVER OPERATING RANGE

Typ.
Parameters Description ‘ Test Conditions (Note 1) Min. (Note2) Max. Units
oo T e
High-Level Output Vol it | Sl e Volt:
Vo igh-Level Output Voltage Veo = MIN, | MIL, lop = —12mA 20 s
Vi = 0.5V COM'L, Igp= —15mA 2.0
,» All, lo, = 12mA 0.25 0.4
\Y Low-Level Output Vol Vee = MIN. Volt:
oL ow-Level Output Voltage cc COML, g, = 24mA 035 o5 olts
. Guaranteed input logical HIGH
Viu High-Level Input Voltage voltage for all inputs 2.0 Volts
COM'L 0.8
ViL Low-Level Input Voltage ML o7 Volts
Vik Input Clamp Voltage Vee = MIN,, |; = —18mA -1.5 Volts
Hysteresis (V1 — V1_) Vce = MIN. 0.2 04 Volts
Off-State Output Current, _ o
lozn High Level Voltage Applied Vee = MAX. | Vo =27V 20
Vi = 2.0V uA
I Off-State Output Current, Vi = Vi MAX Ve = 0.4V _20
ozL Low-Level Voltage Applied L= : o=
Input Current at Maximum _ _
I Input Voltage Vce = MAX,, V| = 7.0V 01 mA
hu High-Level Input Current, Any Input Vee = MAX,, Viy = 2.7V 20 nA
h Low-Level Input Current Vee = MAX, V| = 04V -200 nA
Isc Short Circuit Output Current (Note 3) | Vgc = MAX. -40 -225 mA
Vec = MAX. All Outputs HIGH 13 23
Icc Supply Current Outout All Qutputs LOW 27 46 mA
uts open
puts ope Outputs at Hi-Z 32 54

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under recommended operating conditions.
2. All typical values are Vo =5.0V, Tp = 25°C.
3. Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second.

Metallization and Pad Layouts
‘L8241 ‘LS244
Vee
G 1 2G G
112 w1 1A1
2va 3 284 2v4
1A2 4 1v2 1A2
2¥3 5 2A3 2v3
1A3 6 w3 1A3
2v2 7 242 2v2
1n4 8 1A4
1va
2v1 9 2A1 2v1
GND 10 GND 10 —I
DIE SIZE .056" X .089" DIE SIZE .056" X .089"
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Am25LS/54L.S/74LS241/244

SWITCHING CHARACTERISTICS
(Tp = +25°C, Vg = 5.0V)

Am25LS241 Amb54L.S/74L.S241
Am25LS244 - - Amb54LS/74LS244
» Test Conditions
Parameters Description Min. Typ. Max. | Min. Typ. Max. | Units (Notes 1-5)
Propagation Delay Time,
teLH Low-to-High-Level Output 10 5 12 8 ne
Propagation Delay Time, C_ = 456pF
tPHL High-to-Low-Level Output 12 18 12 8 ns R_ = 6670
tpzL Output Enable Time to Low Level 20 30 20 30 ns
tpzH Output Enable Time to High Level 15 23 15 23 ns :
tpz Output Disable Time from Low Level 15 25 15 25 ns C_ = 5.0pF
tpHz Output Disable Time from High Level 10 18 10 18 ns R_ = 667Q
Am25LS ONLY
Am25LS COM’L Am25LS MIL
SWITCHING CHARACTERIS*TICS
OVER OPERATING RANGE Tp = 0°Cto +70°C | Tp = —55°C to +125°C
Vce = 5.0V £5% Vce = 5.0V £10%
Parameters Description Min. Max. Min. Max. Units Test Conditions
Propagation Delay Time,
teLH Low-to-High-Level Output 2 2 ns
Propagation Delay Time, CL = 45pF
t
PHL High-to-Low-Level Output % 2 ns R, = 6670
tpzL Output Enable Time to Low Level a1 47 ns
tpzH Output Enable Time to High Level 31 47 ns
tpz Output Disable Time from Low Level 34 36 ns C_ = 5.0pF
tpHz Output Disable Time from High Level 25 28 ns R = 667Q
*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9.
LOAD CiRCUIT FOR VOLTAGE WAVEFORMS
THREE-STATE OUTPUTS ENABLE AND DISABLE TIMES, THREE-STATE OUTPUTS

TEST v OUTPUT v
POINT cc CONTROL
? (LOW-LEVEL 1.3V 13V
ENABLING) ov
R
L t t
2— Lz

WAVEFORM 1 S1OLOSE v =45V S1 & 32
s1 S2oven " 13v ) cwssy—-‘ ~15V
( Vou
FROM OUTPUT 0sv |
)
(

~

UNDER TEST ‘zH W2 "§ osv
L ! \.—_ Ton
e S1 OPEN 13v 185y L ~15v

<
>
S 5kQ

c =

A
A

OR 52 CLOSED
IN3064 WAVEFORM 2 ~0V CLOSED

isz

LIC-342 LIC-343

||'r

Notes: 1. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
2. Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.
3. In the examples above, the phase relationships between inputs and outputs have been chosen arbitrarily.

4. Pulse generator characteristics: PRR < 1.0MHz, Zgyt = 50Q, t, < 15ns, t; < 6ns.

5

. When measuring tp 4 and tpy, switches Sy and S; are closed.
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Am251L.S242 - Amb4LS/741L.S242
Am25LS243 - Amb54LS/741L.S243

Quad Bus Transceivers with Three-State Outputs

DISTINCTIVE CHARACTERISTICS

Three-state outputs drive bus lines directly

Hysteresis at inputs improve noise margin

PNP inputs reduce D.C. loading on bus lines

Data to output propagation delay times — 18ns MAX.
Enable to output — 30ns MAX.

Am25L.S242 and Am25LS243 are specified at 48mA output
current

100% product assurance testing to MIL-STD-883
requirements

FUNCTIONAL DESCRIPTION

The 'LS242 and 'LS243 are quad bus transceivers designed
for asynchronous two-way communications between data
buses.

The ‘'LS242 and ‘'LS243 have the two 4-line data paths con-
nected input-to-output on both sides to form an asynchron-
ous transceiver/buffer with complementing enable inputs.
The ‘LS242 is inverting, while the ‘LS243 presents non-
inverting data at the outputs.

Three-state outputs are provided to drive bus lines directly.
The Am25LS242 and Am25LS243 are specified at 48mA and
24mA output sink current, while the Am54/74LS242 and 243
are guaranteed at 12mA over the military range and 24mA
over the commercial range.

Improved noise rejection and high fan-out are provided by
input hysteresis and low current PNP inputs.

LOGIC DIAGRAMS

Amb54LS/74L5242

GAB -—Do

1A

2A 2B

3A 38

4A

AV

Note: All devices have input hysteresis.

Amb541L8/741L.5243

2A

28

3A 3B

4A 4B

GBA

LIC-344 LIC-345
CONNECTION DIAGRAMS LOGIC SYMBOLS
Top Views
° °
Gas[]1 14 [ ]vee Gas[]1 14 [ ] vee 3 4 5 6 3 a4 5 6
ne[]2 13 [:] GBA ne [} 2 13 ] GBA l
&[] 12 :| NC n[]s 12 []nc 1A 24 3A 4A 1A 2a  3A 4A
w[]a w22 n[]® a[]e wsus 1 [Je 9 cas ‘Ls242 Gea [— 0| cae ‘Ls243 ceA [—
ﬁ[: 5 10 jﬁ 3AE 5 1 jZB 1B 2B 3B 4B 1B 2B 3B 4B
A&[]e 9] an]s 9| Jss T T T T
GND E 7 8 j‘-—B GND E 7 8 :] “® 1 10 9 8 n 10 9 8
Ve = Pin 1
LiC-346 LIC-347 LIC-348 cc=rn 4 LIC-349
Note: Pin 1 is marked for orientation GND = Pin 7
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Am25LS/54LS/74LS242/243

\m25LS242 ¢ Am25LS243

ILECTRICAL CHARACTERISTICS

‘he Following Conditions Apply unless Otherwise Specified:

'OM'L Ta = 0°C to +70°C Vee = 5.0V = 5% (MIN. = 475V MAX. = 5.25V)
fliL Ta = —55°C to +125°C Vg = 5.0V £ 10%  (MIN. = 450V MAX. = 5.50V)

)C CHARACTERISTICS OVER OPERATING RANGE

Typ.
'‘arameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units
= L ViH = 2.
Vv High-Level Output Volta l\g:'::: _Nsu'gmA'"‘\‘/"' i(:y"‘MAx' 2 > Volts
oH 9 put Voltage Veo = MIN, | MIL lop = —12mA 20
VL = 0.5V COM'L, lgy= —15mA 2.0
Alllg = 12mA 0.25 0.4
Voo Low-Level Output Voltage Vee = MIN. Alllg. = 24mA 0.35 0.5 Volts
COM'L, oL = 48mA » 0.55
. ; Guaranteed input logical HIGH
ViH High-Level input Voitage voltage for all inputs 2.0 Voits
COM'L 0.8
- Vol
ViL Low-Level Input Voltage ML 07 olts
Vik Input Clamp Voltage Vce = MIN,, ||} = —18mA -1.5 Volts
Hysteresis (Vy, — Vy_) Vece = MIN. 0.2 0.4 Volts
Off-State Output Current, _ =
lozn High Level Voltage Applied zcc: ZN(IJCX Vo =27V 40 uA
Off-State Output Current, H v = -
lozL Low-Level Voltage Applied ViL= ViMAX. | Vo = 04V 200
I Input Current at Maximum Vee = MAX. V| = 7.0V, GAB or GBA 0.1 mA
Input Voltage V| =55V,AorB 0.1 mA
hH High-Level Input Current, Any Input Voo = MAX,, Vi = 2.7V : 20 uA
h Low-Level Input Current Vee = MAX,, V) = 04V —200 nA
Isc Short Circuit Output Current (Note 3) | Vgc = MAX. -40 -225 mA
oo tputs 'LS242, L5243 22 38
Vee = MAX. All Output )
Icc Supply Current Outputs open LOW puts ‘LS242, 'LS243 29 50 mA
(Note 4) Outputs at "[5242 29 50
Hi-Z ‘LS243 32 54
Jotes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under recommended operating conditions.
5.0V, Tp =25°C.
3. Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second.
4. For ‘LS242 and 'LS243 I is measured with transceivers enabled in one direction only, or with all transceivers disabled.
VAXIMUM RATINGS above which the useful life may be impaired
storage Temperature -65°C to +150°C
Femperature (Ambient) Under Bias -55°C to +125°C
supply Voltage to Ground Potential -0.5V to +7.0V
JC Voltage Applied to Outputs for HIGH Output State -0.6V to +V ¢ max.
JC Input Voltage -0.5V to +7.0V
JC Output Current 150mA
JC Input Current -30mA to +5.0mA
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Am25LS/54L.S/74L.S242/243

Am54LS/74LS242 ¢« Am54LS/74LS5243
ELECTRICAL CHARACTERISTICS
The Following Conditions Apply unless Otherwise Specified:
COM'L Tp=0Cto +70°C  Vgc = 5.0V = 5%
MIL Tp = —55°C to +125°C Vg = 5.0V = 10%

DC CHARACTERISTICS OVER OPERATING RANGE

(MIN. = 475V MAX. = 5.25V)
(MIN. = 450V MAX. = 5.50V)

Typ.
Parameters Description Test Conditions (Note 1) Min. (Note2) Max. Units
Vee = MIN,, Vyy = 2.0V
v High-Level Output Volt lon = ~3.0mA, Vi = ViLMAX. 24 > Volts
OH fan-tevel butp g8 Voo = MIN, | MIL, loy = —12mA 2.0
ViL = 0.5V COM'L, loy= —15mA 2.0
All, lo. = 12mA 0.25 0.4
V, Low-Level Output Volt Vee = MIN. Volts
oL ow-Level Output Voltage cc COM'L, Ig, = 2amA 035 05
. Guaranteed input logical HIGH
ViH High-Level Input Voltage voltage for all inputs 2.0 Volts
v Low-Level Input Volt comL 08 Volts
I ow-Level npg oltage |~ - 07
Vik Input Clamp Voltage Vcc = MIN,, || = —18mA -15 Volts
Hysteresis (V1 — Vy_) Vce = MIN. 0.2 04 Volts
Off-State Output Current, _ _ .
lozn High Level Voltage Applied zcc_— zhgcx Vo =27V 40 WA
IH = 2
Off-State Output Current, _ _ B
lozL Low-Level Voltage Applied ViL= VilMAX. | Vo = 0.4V 200
N Input Current at Maximum Vee = MAX. V) = 7.0V, GAB or GBA 0.1 mA
Input Voltage V|, =55V, AorB 0.1 mA
Y] High-Level Input Current, Any Input Vee MAX., Vi = 2.7V 20 nA
LTS Low-Level Input Current Vee = MAX,, V) = 04V —-200 nA
Isc Short Circuit Output Current (Note 3) | Vcc = MAX. —-40 —225 mA
All Outputs L5242, 15243 22 38
HIGH
. Veg = MAX. All Outputs
Icc Supply Current Outputs open LOW P 'LS242, 'LS243 29 50 mA
(Note 4) Outputs at "LS242 29 50
Hi-Z ‘'LS243 32 54

Notes: 1. -For conditions shown as MIN’ or MAX_., use the appropriate value specified under recommended operating conditions.

2. All typical values are Vo = 5.0V, Tp = 25°C.

3. Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second.
4. For ‘L.S242 and 'LS243 I is measured with transceivers enabled in one direction only, or with all transceivers disabled.

Metallization

Vee
GBA

DIE SIZE .056" X .089"

and Pad Layouts

2A 4

3A 5

4A 6

DIE SIZE .056" X .089""

Vee
GBA

2B

38

4B
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Am25L5242+ Am54LS/74LS242

Am25LS/54LS/74L.S242/243

(STW1TCH!NG CHARACTERISTICS Am25LS242 AmB54LS/74LS242
A = +25°C, Vec = 5.0V) Test Conditions
Parameters Description Min. Typ. Max. | Min. Typ. Max. | Units (Notes 1-5)
Propagation Delay Time,
trLH Low-to-High-Level Output 8.0 12 8.0 14 ns
Propagation Delay Time, C_ = 45pF
'PHL | High-to-Low-Level Output 12 16 12 8 ns RL = 6670
tpzL Output Enable Time to Low Level 20 30 20 30 ns
tpzH Output Enable Time to High Level 15 23 15 23 ns
tpLz Output Disable Time from Low Level 15 25 15 25 ns C_ = 5.0pF
tpHz Output Disable Time from High Level 10 18 10 18 ns R = 667
Am25LS242 ONLY
Am25LS COM’'L Am25LS MIL
SWITCHING CHARACTERISTICS
OVER OPERATION RANGE* Ta = 0°Cto +70°C | Tp = —55°C to +125°C
Vce = 5.0V £5% Vce = 5.0V £10%
Parameters Description Min. Max. Min. Max. Units Test Conditions
Propagation Delay Time,
teLu Low-to-High-Level Output 16 19 ns
Propagation Delay Time, C = 45pF
teHL High-to-Low-Level Output 22 25 ns R, = 6670
tpz Output Enable Time to Low Level 37 a2 ns
tpzy Output Enable Time to High Level 29 33 ns
tpLz Output Disable Time from Low Level 33 38 ns C_ = 5.0pF
tpHz Output Disable Time from High Level 25 28. ns R_ = 667Q
Am25LS243 - Am54LS/74LS243
W
$|' ETCH!,NG CH_ARACTERISTK:S Am25LS243 Amb54LS/74LS243
(Tao = +25°C, V¢ = 5.0V) Test Conditions
Parameters Description Min. Typ. Max. | Min. Typ. Max. | Units (Notes 1-5)
Propagation Delay Time,
teLH Low-to-High-Level Output 10 15 12 8 ns
Propagation Delay Time, C_ = 45pF
tPHL High-to-Low-Level Output 12 18 12 8 ns R = 667Q
tpzL Output Enable Time to Low Level 20 30 20 30 ns
tpzH Output Enable Time to High Level 15 23 15 23 ns
tpz Output Disable Time from Low Level 15 25 15 25 ns C_ = 5.0pF
tpHz Output Disable Time from High Level 10 18 10 18 ns R = 6670
Am25LS243 ONLY .
Am25LS COM'L Am25LS MIL
SWITCHING CHARACTERISTICS
OVER OPERATION RANGE” Tp =0°Cto +70°C | Tp = —55°C to +125°C
Ve = 5.0V 5% Vce = 5.0V £10%
Parameters Description Min. Max. Min. Max. Units Test Conditions
Propagation Delay Time,
trLH Low-to-High-Level Output 2 24 ns
Propagation Delay Time, C_ = 45pF
tPHL High-to-Low-Level Output 25 28 ns R_ = 6670
tpzL Output Enable Time to Low Level 41 47 ns
tpzH Output Enable Time to High Level 33 49 ns
tpLz Output Disable Time from Low Level 36 38 ns C_ = 5.0pF
tphz Output Disable Time from High Level 25 28 ns R = 6670
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Am25LS/54LS/74L.S242/243

LIC-350

SWITCHING CHARACTERISTICS TEST CONDITIONS

LOAD CIRCUIT FOR
THREE-STATE OUTPUTS

TEST

POINT Vee
o
R
s1
FROM QUTPUT
UNDER TEST
< 1N916
CLR 35k OR
1N3064
.
Notes:

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES, THREE-STATE OUTPUTS

OUTPUT
CONTROL
(LOW-LEVEL 1.3V
ENABLING)

1.3v

I
|

Lz
S &S,

WAVEFORM 1 T T ~4.5V
S2 OPEN 1.3v CLOSED! ./_—’
e 0.5v
L zH thz
) l § osv
age, #v o s
WAVEFORM 2 ~0v CLOSED

3v

ov

15V
VoL
Vou
~15V

LIC-351

. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.

. Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

. Pulse generator characteristics: PRR < 1MHz, ZoyT =~ 5092, t; < 15ns, tf < 6ns.
. When measuring tp|_H and tpy |, switches Sq and S are closed.

1
2
3. In the examples above, the phase relationships between inputs and outputs have been chosen arbitrarily.
4
5

FUNCTION TABLES

Amb54LS/741L.5242 Amb54LS/74LS243
CONTROL DATA CONTROL DATA
INPUTS OUTPUTS INPUTS OUTPUTS
GAB GBA A B GAB GBA A B
H H [} | H H ) 1
L H . * L H . -
H L ISOLATED H L ISOLATED
L L I ° L L 1 o)
| = Input H=HIGH
O = Output L=LOW

O = Inverting Output

*Possible destructive oscillation may occur if the transceivers are enable in both directions at once.
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Am25LS273 « Am25LS273B
Amd4LS/74LS273

8-Bit Register with Clear
8-Bit Register with Clear and Buffered Outputs

DISTINCTIVE CHARACTERISTICS

e Eight-bit, high-speed parallel registers

® Clock to output delay — 15ns (typ) on Am25LS273
e Buffered outputs to eliminate output commutation on
Am25L.5273B

Positive edge-triggered D-type flip-flops

Common clock and common clear

AmM25LS devices offer the following improvements over
Amb54/74LS

— 50mV lower Vg, at Ig. = 8mA

— Twice the fan-out over military range

— 440uA source current at HIGH output

100% product assurance screening to MIL-STD-883
requirements

FUNCTIONAL DESCRIPTION

The Am25LS273, Am25LS273B and the Am54LS/74LS273 are
eight-bit registers built using Advanced Low-Power Schottky
Technology. These registers consist of D-type flip-flops with a
buffer common clock and an asynchronous active LOW buffered
common clear.

When the clear input is LOW, the Q outputs are LOW, independ-
ent of the other inputs. Information meeting the set-up and hold
time requirements of the D inputs is transferred to the Q outputs
on the LOW-to-HIGH transition of the clock input. These devices
are supplied in the 20-pin space saving package featuring 0.3-
inch centers between rows of leads.

The Am25LS273 and Am54LS/74LS273 are designed for
maximum speed. The Am25LS273B has an additional output
buffer to eliminate output commutation.

LOGIC DIAGRAM

Do Dy D2

D3

A Dg Dg D,

LDC
cLock

cP
CLR

cC

CLEAR »

Am25LS273B
ONLY

CONNECTION DIAGRAM
Top View

Vec Q7 Dy Dg Qg Qg Dg Dy Q4 CP

OO0 nnmnnn

20 19 18 17 16 15 14 13 12 N

9

LI

Q3 GND

10

o]

2 4 7 8
LI LU uu
Q D D, D3

1

OcEm
o«
Ko

Note: Pin 1 is marked for orientation.

LOGIC SYMBOL

3 4 7 8 13 14 17

HEEEEEE

Do Dy Dz D3 Dy D5 Dg Dy

cp

1—0f CL

Q O

[

2 5

Q; Q3 Q4 05 Q5 Q;

HEERE

6 9 12 15

Vce = Pin 20
GND = Pin 10

Sopyright © 1979 by Advanced Micro Devices, Inc.




Am25LS/54L.S/74LS273/273B

Am25LS273 - Am25LS273B

ELECTRICAL CHARACTERISTICS
The Following Conditions Apply Unless Otherwise Specified:
COM'L  Tp =0°Cto+70°C Vece =5.0V 5%  MIN.=4.75V  MAX. =525V

MiL Ta=-55°Cto+125°C  Vgc =5.0V $10% MIN. =450V MAX.=6.50V
DC CHARACTERISTICS OVER OPERATING RANGE Typ.
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units
Vee =MIN,, | = —440uA MiL . K
VOH Output HIGH Voltage cc OH # 25 34 Volts
VIN=ViHor ViL COM'L 2.7 3.4
VCC=MIN' |0|_=4.0mA 04
VoL Output LOW Voltage VIN = ViH or Vi Volts
loL =8.0mA 0.45
‘ Guaranteed input logical HIGH
VIH Input HIGH Level voltage for all inputs 2.0 Volts
Guaranteed input logical LOW MiL 0.7
ViL Input LOW Level voltage for all inputs COM'L 0.8 Volts
Vi Input Clamp Voltage Vee =MIN,, Iy = —18mA -15 Valts
he Input LOW Current Vee = MAX,, ViN = 0.4V —0.36 mA
WH Input HIGH Current Vee = MAX, VN =27V 20 MA
Iy Input HIGH Current Vee = MAX, VN =7.0V 0.1 mA
Isc Output Short Circuit Current Vee = MAX. 20 _85 mA
(Note 3)
Power Supply Current _
] = .
cc (Note 4) Ve = MAX 17 27 mA

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified.under Electrical Characteristics for the applicable device type.

. Typical limits are at Vg = 5.0V, 25°C ambient and maximum loading.

~WON

. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second.
. (a) All outputs open and 4.5 V applied to the data and clear input. Measured after a momentary ground, then 4.5V applied to the clock input.

(b) Alloutputsopen, 4.5V applied to the clear input, all D; inputs = GND. Measure after amomentary ground, then 4.5V applied to the clock input.

Am25LS ¢ Am54LS/74LS
MAXIMUM RATINGS (Above which the useful life may be impaired)

Storage Temperature —65°C to +150°C
Temperature (Ambient) Under Bias —55°C to +125°C
Supply Voltage to Ground Potential Continuous —0.5V to +7.0V

DC Voltage Applied to Qutputs for High Output State

—-0.5V to +Vgc max.

DC Input Voltage

—0.5V to +7.0V

DC Output Current, Into Outputs

30mA

DC Input Current

—~30mA to +5.0mA
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Am54LS/74LS273
ELECTRICAL CHARACTERISTICS
The Following Conditions Apply Unless Otherwise Specified:
SOM'L Ta =0°Cto+70°C

Vee = 5.0V 5%

Am25LS/54LS/741.5273/273B

MIN. =475V MAX. =525V

ML Ta=-55"Cto+125°C Vgg =5.0V £10% MIN.=4.50V MAX. = 5.50V
JC CHARACTERISTICS OVER OPERATING RANGE Typ.
’arameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units
V, =MIN.,, | = —400uA MiL 25 3.4
VOH Output HIGH Voltage cc OH K Volts
VIN = ViH or Vi com'L 2.7 34
Ve = MIN. All, g =4.0mA 04
VoL Output LOW Voltage VIN = ViH or V) Volts
74LS only, Ig = 8.0mA 0.5
Guaranteed input logical HIGH
ViH Input HIGH Level voltage for all inputs 2.0 Volts
Guaranteed input iogicai LOW MiL 0.7
ViL Input LOW Level voltage for all inputs Volts
o com'L 0.8
\7 Input Clamp Voltage Vee =MIN, i)y = —18mA -1.5 Volts
e Input LOW Current Vee = MAX., VN =04V —0.4 mA
WH Input HIGH Current Vee = MAX., VN = 2.7V 20 uA
I Input HIGH Current Vee = MAX., VN = 7.0V 0.1 mA
Isc Output Short Circuit Current Vee = MAX. -20 ~100 mA
(Note 3)
Power Supply Current _
I = MAX.
cc (Note 4) Vee 17 z mA

lotes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type.
2. Typical limits are at Vg = 5.0V, 25°C ambient and maximum loading.
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second.
4. (a) All outputs open and 4.5 V applied to the data and clear input. Measured after a momentary ground, then 4.5V applied to the clock input.
(b) Alloutputsopen, 4.5V applied to the clear input, all D; inputs = GND. Measure after amomentary ground, then 4.5V applied to the clock input.

DEFINITION OF FUNCTIONAL TERMS

D_i The D flip-flop data inputs. INPUTS OUTPUT
CL Clear. When the clear is LOW, the Q; outputs a_re LOW, Clear Clock D Q;
. regardless of the other inputs. When the clear is HIGH, 0 X X L

data can be entered in the register.

H L X NC
CP  Clock pulse for the register. Enters data on the positive H H X NC
transition. # H t L L
Q; The TRUE register outputs. H t H H
H=HIGH X = Don’t Care
L =LOW NC = No Change

FUNCTION TABLE

-

LOW-to-HIGH Transition
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Am25LS/541L.5/741L.S273/273B
Am25LS273 ¢ Am54LS/74LS273

SWITCHING CHARACTERISTICS
(TA = +250C, VCC =5.0V) Am25LS Amb4LS/74LS
Parameters Description Min. Typ. Max. Min. Typ. Max. Units Test Conditions
t 15 23 17 27
PLH Clock to Output ns
tPHL 15 23 18 27
tPHL Clear to Output 18 27 18 27 ns
X HIGH 15 20
tow Clock Pulse Width —-— 15 20 ns CL = 15pF
tow Clear Pulse Width 15 20 ns R = 2.0kQ
tg Data Set-up 20 20 ns
th Data Hold 5 5 ns
Set-up, Clear Recovery
s (In-Active) to Clock 2 % ns
fmax(Note1) | Maximum Clock Frequency 30 40 30 40 MHz

Note 1. Per industry convention, fyax is the worst case value of the maximum device

pulse width or duty cycle.

operating frequency with no constaints on t;, tf,

Am251L8273 ONLY
A ’ Am25LS MIL
SWITCHING CHARACTERISTICS m25LS COM'L m25
OVER OPERATING RANGE* Ta =0°C to +70°C Tao=-55"Cto+125°C
Vce = 5.0V 5% Vcee =5.0V £10%
Parameters Description Min. Max. Min. Max. Units Test Conditions
tPLH Clock to Output 28 30 ns
tPHL 31 37
tPHL Clear to Output 37 45 ns
tow Clock Pulse Width HiGH 17 20 ns
LOW 20 27
- CL =50pF
tow Clear Pulse Width 17 20 ns RL = 2.0kQ
ts Data Set-up 22 25 ns
th Data Hold 0 0 ns
Set-up, Clear Recovery
ts (In-Active) to Clock 30 33 ns
fmax(Note 1) Maximum Clock Frequency 25 20 MHz
*AC performance over the operating temperature ra‘nge is guaranteed by testing defined in Group A, Subgroup 9.
Am25LS ¢ Am54LS/74LS Metallization and Pad Layout
LOW-POWER SCHOTTKY INPUT/OUTPUT Am25LS/54LS/74LS273
CURRENT INTERFACE CONDITIONS
cr 1 20 Vee
DRIVING OUTPUT l DRIVEN INPUT ﬂ
| 20k$2 Q 2 — J__ 19 Q;
| . ° =an e
: I Dy 3 —1 2 : 3 |__ 18 D;
(S
| D; 4 —1 DN Sl h | 17 Dg
: J Q; 5—1 27 h-,‘-:,]-/r | J_ | 16 Qg
FIE
l o
| Q 6— r-b-‘ e ]’ L 15 Q5
: . D 7 —| ) el | 14 pg
Gl
| D; 8 — Iy N — 13 Dy
l o =
| Q 9 — — 12 Qq
= o i
GND 10 11 CP
Note: Actual current flow direction shown. DIE SIZE .072" X .083"
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Am25LS/54LS/741L.S273/273B

Am25LS273B

SWITCHING CHARACTERISTICS
(Ta = +25°C, Vg = 5.0V)

Am25LS273B
Parameters Description Min. Typ. Max. Units Test Conditions
t 21 32
PLH Clock to Output ns
tpHL 26 38
tPHL Clear to Output 28 39 ns
HIGH 20
tow Clock Pulse Width ) ns
LowW 25 CL = 15pF
tow Clear Pulse Width 25 ns RL = 2.0k0
ts Data Set-up 20 ns
th Data Hold 10 ns
Set-up, Ciear Recovery
s (In-Active) to Clock % ns
fmax (Note 1) Maximum Clock Frequency 30 40 MHz
Note: 1.Per industry convention, fnax is the worst case value of the maximum device operating frequency with no constraints on t,, t;, pulse width or duty
cycle.
Am25LS273B

SWITCHING CHARACTERISTICS
OVER OPERATING RANGE*

Am25LS COM'L Am25LS MIL
Ta =0°Cto +70°C | T, = —55°Cto +125°C
Vce = 5.0V £5% Vee = 5.0V £10%
Parameters Description Min. Max. Min. Max. Units Test Conditions
t 36 40
PLH Clock to Output ns
tPHL 49 60
tPHL Clear to Output 50 60 ns
HIGH 25 30
tow Clock Pulse Width ns
Low 30 35 C_ = 50pF
tow Clear Pulse Width 25 25 ns R = 2.0kQ
ts Data Set-up 20 20 ns
th Data Hold 12 15 ns
Set-up, Clear Recovery
s (In-Active) to Clock 25 25 ns
fmax (Note 1) Maximum Clock Frequency 25 20 MHz

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9.
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Am25LS/54L.S/741.S273/273B

Do

D1

Q1

Q2

D2

D3

Q3

GND

Metallization and Pad Layout

Am25LS273B

Dg

20 Vee

cP 11 12 Q4
DIE SIZE 0.080” X 0.111”
ORDERING INFORMATION
Am54LS/
Package Temperature Am25LS273 Am25LS273B 74LS273
Type Range Order Number Order Number  Order Number
Molded DIP 0°C to +70°C AM251L.S273PC AM25LS273BPC SN74LS273N
Hermetic DIP 0°C to +70°C AM25LS273DC  AM25LS273BDC  SN74LS273J
Dice 0°C to +70°C AM25LS273XC  AM25LS273BXC  SN74LS273X
Hermetic DIP —-55°C to +125°C  AM25LS273DM  AM25LS273BDM  SN54LS273J
Hermetic Flat Pak —55°C to +125°C  AM25LS273FM AM25LS273BFM SN54LS273W
Dice —55°C to +125°C  AM25LS273XM AM25LS273BXM SN54LS273X
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Am25LS/541L.5/741.5273/273B

APPLICATION

CLOCK

ENABLE
OUTPUT
CONTROL

I EN OF
i Do Yo
t Dy Yq
} 0 o Y2
88! ] 03 & va
COMMON | a DEVICE 1
DATA BUS g 8§ Y4 DATA
| E
T s < Y5
o v
1 o, Y,
I cpr TL
] L DEVICE 1 CLEAR
DEVICE 1 CLOCK
} Do Qo
[ Dy 9,
| D Q
1 Dz 2 02
T 3 8 73 DEVICE 2
! 0, & 0 DATA
E
4 by < Qg
[ Dg Qg
% by Q7
cp TL
I ?———- DEVICE 2 CLEAR
DEVICE 2 CLOCK
i Do ['N
I 0, Q,
D. Q
+ 2 o, %
] D 8 a
[ 3 2 3 DEVICE 3
o & o DATA
{ D5 < 0
I Dg Qg
T 07 9
l cp CL
L DEVICE 3 CLEAR
DEVICE 3 CLOCK

Am251.S273 8-bit registers are shown used as device data input registers on a common 8-bit data bus.
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Am25LS299 « Am54LS/74LS299

8-Bit Universal Shift/Storage Register

DISTINCTIVE CHARACTERISTICS

® Four operational modes: shift left, shift right, parallel load,

hold

Common input/output pins

Three-state outputs

Buffered asynchronous master clear

Separate shift right serial input and shift left serial input

for easy cascadability

Am25LS devices offer the following improvements over

Amb4/74LS

— Higher speed

—50mV lower Vo at IgL = 8mA

— Twice the fan-out over military range

— 440uA source current at HIGH output

® 100% product assurance screening to MIL-STD-883
requirements

FUNCTIONAL DESCRIPTION

The Am25LS5299 and Am54LS/74LS299 are eight-bit universal
shift/storage registers with three-state outputs. Four modes of
operation are possible: hold (store), shift left, shift right, and
load data.

Parallel load inputs and register outputs are multiplexed to
reduce the total number of package pins. Separate continuous
outputs are also provided for flip-flop A and H. These de-
vices can be cascaded to N-bit words easily.

A separate active low asynchronous clear input is used to
reset the register. Whenever the clear input is LOW, all internal
flip-flops are set LOW independent of all other inputs. See the
Am25LS23 for the identical logic function to the Am25LS299
and Am54LS/741L.5299, but with synchronous clear capability.

Note: The Advanced Micro Devices’ LS299 products were designed
prior to publication of data sheets by T.l. Review specifications for
possible differences.

LOGIC DIAGRAM

5 So
19 1
sL
SHIFT
SR 18 LEFT
SHIFT - Il " T— I SERIAL
SEIFS:[T_——‘I i’ I_F"‘l l "‘“} IntIP! | Fbl:lh_l [ F'l_l | r’rﬁ“—] [ r’m—‘l [ [- INPUT
INPUT ( | : | ] ( | ; | JIIT | E | )
cLock 2 o
RO oo =] oo oo P e i
O [ x| i .
CLgﬁEQ o L 1 1 1 1 |
/ 4 4 4
N — CY Y oY |y 1oy Yy [.°y [nm
CONTROLS‘G;
3
7 13 6 14 5 15 4 16
DYq oy, DY, DY oY, DYg DYg oY,
CONNECTION DIAGRAM LOGIC SYMBOL
Top View
12 9 1 19 2 3
Vee S1 SU 0 DYy DYg DY DYy CP S I é I 1 ‘L L
OO0 Maan pra—- Py o1 o2
20 19 18 17 16 15 14 13 12 11 o>
11— Sr
18 — SL
) 8 — Qg Q7 b— 17
DYy DY, DY, DY3 DY, DYg DYg DYy
.

1 2 3 4 5 6 7 8 9 10
oo oooOoogd
Sg Gy Gp DYg DY4 DY, DYy Qp CLR GND

Note: Pin 1 is marked for orientation.

HEEREER

7 13 6 14 5 15 4 16

Vce = Pin 20
GND =Pin 10

2-58




Am25LS299

ZLECTRICAL CHARACTERISTICS
I'he Following Conditions Apply Unless Otherwise Specified:
oML Tp =0°Cto+70°C Vee = 5.0V 5% MIN. =4.76V  MAX.=5.25V

Am25L.S/54L.S/741.5299

viL Ta=-55"Ct0+125°C  Vgg =5.0V £10% MIN.=4.50V MAX. =550V
JC CHARACTERISTICS OVER OPERATING RANGE Typ
>arameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units
IoH = MIL 25
Vce = MIN. . Q7
cc Qo —440uA com'L 2.7
VOH Output HIGH Voltage ViN = Viy or Volts
MIL, IgH = —1.0mA 2.4
ViL DYo-DY7
COM'L, IgH = —2.6mA 24
Vce = MIN. loL =4.0mA 0.25 0.4
VoL Output LOW Voltage VIN = ViH or Vi Voits
loL = 8.0mA 0.35 0.45
Guaranteed input logical HIGH
HIGH |
ViH Input HIGH Leve voltage for all inputs 20 Voits
i i MiL 0.7
viL Input LOW Level Guaranteed |nF>ut logical LOW Volts
voltage for all inputs COM'L 08
V) Input Clamp Voltage Vee = MIN,, Iy = —18mA -1.5 Volts
| Input LOW Current Vee = MAX., VN =04V So. 51 —08 A
nput urren = . = 0. m
it cc IN All Others 04
. Input HIGH Current v MAX.. Ving 52,7V So.$1 40 A
= . =92, u
" (Except DY) ce N All Others 20
So. S1 0.2
Input HIGH Current VIN=7.0V [=—=
Jl (Except DY;) Vce = MAX., G1, Gp, CLR, CP 0.1 mA
VIN =5.5V [All Others 0.1
igh-| Vo =04V -100
1oz Off-State (High-Impedance) Vee = MAX. o LA
Output Current at DY Vo =24V 40
Isc Output Short Circuit Current Vee = MAX. 15 _85 mA
(Note 3)
Power Supply Current _
‘ce (Note 4) Vee = MAX. 38 60 mA

Jotes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type.

. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading.

A WN

. lcc measured with clock input HIGH and output controls HIGH.

A\m25LS ¢ Am54LS/74LS
AAXIMUM RATINGS (Above which the useful life may be impaired)

. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second.

jtorage Temperature —65°C to +150°C
“emperature (Ambient) Under Bias —55°C to +125°C
wupply Voltage to Ground Potential Continuous —0.5Vto+7.0V

)C Voltage Applied to Outputs for High Output State

—0.5V to +V ¢ max.

)C Input Voltage (G1, G2, CLR, CP, Sg, S1) —0.5V to +7.0V
)C Input Voltage (Others) —0.5V to +5.5V
)C Output Current, Into Outputs 30mA
)C Input Current —30mA to +5.0mA
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Am25LS/54L.8/74L.5299

Amb4LS/74L.5299

ELECTRICAL CHARACTERISTICS
The Following Conditions Apply Unless Otherwise Specified:

COM’'L Tp =0°Cto+70°C Vee = 5.0V 5% MIN. =4.75V  MAX. =625V
MiL Ta=-55°Cto+125°C Vg =5.0V $10% MIN.=4.50V MAX.=5.50V
DC CHARACTERISTICS OVER OPERATING RANGE Typ
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units
IOH = MIL 25
Vee =MIN. | Qo @
cc =7 | 200ua | comL 2.7
VoH Output HIGH Voltage VIN = V| or Volts
MIL, IoH = —1.0mA 2.4
ViL DYp—-DY7
COM'L, IgH = —2.6mA 2.4
Vee = MIN. loL =4.0mA 0.25 0.4
Output LOW Volt Volts
VoL utey otage VIN = Vi or Vi ToL = 8.0mA
oL 0.35 0.5
74LS only - y
Vil Input HIGH Level Guaranteed mput logical HIGH 20 Volts
voltage for all inputs
- ) MIL 0.7
viL Input LOW Level Guaranteed |n;?ut logical LOW Volts
voltage for all inputs com’L 0.8
Vy Input Clamp Voltage Vee = MIN,, Iy = —18mA —1.5 Volts
1 Input LOW Current Vee = MAX., VN = 0.4V 5051 08 mA
npu urren = o =0.
L ce IN All Others —0.4
So. S 40
Input HIGH Current 0. 91
I . V =MAX., V|N =2.7V KA
H (Except DY) cc IN All Others 20
Input HIGH Current So. $1 0.2
Iy ) Vee = MAX., VN =55V mA
(Except DY) All Others 0.1
Off-State (High-Impedance) - Vo =04V —100
loz Output Current at DY; Vee = MAX. Vo - 24V 20 LA
Output Short Circuit Current -
] Vee = MAX. —-15 — mA
sc (Note 3) ¢ 100
Power Supply Current _
} = .
cC (Note 4) Vce = MAX 35 60 mA

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type.

. Typical limits are at Voo = 5.0V, 25°C ambient and maximum loading.

& WN

. lcc measured with clock input HIGH and output controls HIGH.

. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second.

DEFINITION OF FUNCTIONAL TERMS

SR Shift right data input to Qg
SL Shift left data input to Q7
Clear Active LOW synchronous input forcing the Qg

through Q7 register to see LOW conditions,
visable only if outputs are enabled

Clock A LOW-to-HIGH transition will result in the
register changing state to next state as described
by mode and input data condition

So. $1 Mode selection control lines used to control
input (output during load) conditions

G1, Go Active LOW input to control three-state output
in active LOW AND configuration

Qg, Q7 The only two di'rect outputs; used to cascade

shift operations

DYg—DY7 Input/Output line dependent on mode and out-
put control. Input only with mode select
LOAD. Output in all other modes but subject
to output select (G1, Go).

Metallization and Pad Layout

CLR
GND

DIE SIZE 0.096" X 0.112"

Vee
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Am25LS/54L.S/741.8299

WITCHING CHARACTERISTICS Am25LS AmS4LS/74LS
TA =+25°C, Vg = 5.0V) m
arameters Description Min. Typ. Max. Min. Typ. Max. Units Test Conditions
t, 18 26 30
_PLH Clock to Q; ns
tPHL 22 28 34
1 18 26 30
_PLH | Clock to DY; ns
tPHL 22 28 34
tPHL Clear to DY - DY 25 35 35 ns
tPHL Clear to Qg or Q7 25 35 35 ns
Y Pulse Width (Clock) 15 20 ns CL = 1%pF
pw ulse Widt oc RL = 2.0kQ
ts S1, Sg Set-up Time 12 15 ns
DY; or SR, S|_ Data
s Set-up Time 12 15 ns
th Hold Time 3.0 3.0 ns
tzH — — 20 30 40
ZL S1, S0, G1, G2 to DY; 20 30 20 ns
Lz —- = 22 33 40 CL =5.0pF
———— 81, Sg, G1, Go to DY;
v 1,50, G1, G2 i 15 23 30 ns RL = 2.0kQ
fmax Maximum Clock Frequency (Note 1) 30 45 25 MHz

ote 1. Per industry convention, fiax is the worst case value of the maximum device operating frequency with no constraints on ty, tf,
pulse width or duty cycle.

Am25LS ONLY

. Am25LS COM'L Am25LS MIL
WITCHING CHARACTERISTICS
JVER OPERATING RANGE* TA =0°C to +70°C Ta = -55°C to +125°C
Vecc =5.0V £5% Vce =5.0V £ 10%
arameters Description Min. Max. Min. Max. Units Test Conditions
t
PLH Clock to Q; 38 a4 ns
tPHL 41 47
1 3 44
PLH Clock to DYj 8 ns
tPHL 41 47
tPHL Clear to DYg - DYy 50 57 ns
tPHL Clear to Qg - Q7 50 57 ns
tow Pulse Width (Clock) 24 27 ns :L_:;gi';
ts S1. S Set-up Time 20 23 ns L=
DY or SR, S|_ Data
ts Set-up Time 20 23 ns
th Hold Time 8 9 ns:
t - =
ZH $1,S0. G1, G to DY; 43 50 ns
tzL 43 50
tLz — - 43 50 CL =5.0pF
v S1, S0, G1, Go to DY; 2 39 ns RL =2.0kQ
fmax Maximum Clock Frequency (Note 1) 23 20 MHz

AC performance over the operating temperature range is guaranteed by testing

2-61

defined in Group A, Subgroup 9.



Am25LS/54LS/74L.S299

TRUTH TABLE

INPUTS OUTPUTS INPUTS/OUTPUTS
FUNCTION p—
SR| SL | CLEAR|CLOCK| Sg S1|Gq G2 QO 07 DYg DY, DY, DYz DY4q DYs DYg DYy
Clear X | X L X |(Note1)] L L L L L L L L L L L L
XX X X X X|H L NC NC Z z z z z 4 z
Output x | x X X X HlNn N | 2 2z 2z 2z oz oz oz
Control
X | X X X X X|H H NC NC z z z z z z 4
Hold X | X H X L LjL L NC NC NC NC NC NC NC NC NC NC
M | Load(Note2)| x | X H T lH H|{x X H A B c D E F G H
o |shiftRight | L | X H ! |H L|{L L | L DYg| L DYy DY; DY, DYz DY4 DYs DYg
D | Shift Right H | X H t H L|L L DYg H DYg DY; DY, DYz DYgq DYg DyYg
E [ Shift Left XL H t L H|L L DYy L DY, DY, DYz DY4 DYg DYg DYy L
Shift Left X | H H t L H|L L DY, H DY, DY, DYz DY4 DYs DYg DYy H
L=LOW Z = High Impedance t = Transition LOW-to-HIGH Notes: 1. Either LOW to observe outputs.
H = HIGH X = Don’t Care NC = No Change 2. In this mode DY/ are inputs.

When one or both output controls are high the eight input/output terminals are disabled to the high-impedance state; however, sequential operation or
clearing of the register is not affected.

Am25LS ® Am54LS/74LS
LOW-POWER SCHOTTKY INPUT/OUTPUT
CURRENT INTERFACE CONDITIONS

DY; ONLY OTHER PINS

DRIVING OUTPUT DRIVEN INPUT

W

Note: Actual current flow direction shown,
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Am25LS/54L.S/741L.S299

ORDERING INFORMATION

Amb54LS/
Am25LS299 7415299
Package Temperature Order Order
Type Range Number Number
Molded DIP 0°Cto +75°C AM25LS299PC SN74LS299N
Hermetic DIP 0°C to +75°C AM251L5299DC SN74LS299J
Dice 0°C to +75°C AM25L5299XC SN74LS299X
Hermetic DIP -55°C to +125°C AM25LS299DM SN541L.S299J
Hermetic Flat Pak -55°C to +125°C AM25LS299FM SN541L.S299W
Dice -55°C to +125°C AM25LS299XM SN54LS299X
APPLICATION
INPUT/QUTPUT DATA
Dp Dy D D3 Dy Dg Dg D Dg Dg Dyp Dyy Dy Dy3 Dy Dys
SHIET DYy DY; DY, DY DY, DYs DYg DYy DYq DY; DY, DYz DY, DYy DYg DYy SHIFT
RIGHT SR Sy SR Sp LEFT
Do —Oj] CLEAR CLK -Of CLEAR CLK INPUT
s Amb54LS/741.5299 G s Am541L5/74L5299 6
0 110/ 0 10—
S G — s G
SERIAL I = r = SERIAL
OuTPUT OUTPUT
LEFT RIGHT
CLEAR
CLOCK
OQUTPUT
CONTROL
MODE
CONTROL

16-Bit Cascaded Parallel Load/Unload Shift Right/Left Register.
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Am25LS373 « Am54LS/74LS373
Am25LS533 « Am54LS/74LS533

Octal Latches with Three-State Outputs

DISTINCTIVE CHARACTERISTICS

8 latches in a single package

Non-inverting 'LS373, inverting 'LS533

Three-state outputs interface directly with bus organized
systems

Hysteresis on latch enable input for improved noise margin
Am25LS devices offer the following improvements over
Am54LS/74LS

— Higher speed

— Twice the fan-out over military range

100% product assurance screening to MIL-STD-883
requirements

FUNCTIONAL DESCRIPTION

The Am25LS/54LS/74LS373 and Am25LS/54LS/74LS533 are
octal latches with three-state outputs for bus organized system
applications. The latches appear to be transparent to the data
(data changes asynchronously) when latch enable, G, is HIGH.
When G is LOW, the data that meets the set-up tim(ﬁis latched.
Data appears on the bus when the output enable, OE, is LOW.
When OE is HIGH the bus output is in the high-impedance state.

The 'LS373 presents non-inverted data at the outputs while the
'LS533 is inverting.

LOGIC DIAGRAM
Am25LS/54LS/74LS373

Dy Dg

Dy

li
D

|i
D

:

—O| o

LATCH

—O| ©

Lolo

ENABLE

G——DC
>

G Y7

inputs Dy through D7 are inverted on the Am25LS/54LS/74L.5533 BLI-041
CONNECTION DIAGRAMS LOGIC SYMBOL
Top Views
Vec Y7 Dy Dg Ye Ys Dg Dg Ya G
20 19 18 17 16 15 14 13 12 11 3 4 7 8 13 14 17 18
Am25LS373 i I | I | l | l
Amb54L5/74L8373 Dg Dy Dy D3 Dy Dg Dg Dy
[ ] 11 —G
1 2 3 4 5 6 7 8 9 10 Am25LS373
— Am541.S/74L.8373
ooy 1 —]cE
OE Yo Dy Dy Y1 Y2 D, D3 Y3 GND Yo Y1 Yz Y3 Ya Y5 Ye Y7
o 1 TT T v v % 07 v HEREEEE
[—lﬂ[—ll"]ﬂﬂﬂﬂnﬂ 2 5 6 9 12 15 16 19 BLI-043
20 19 18 17 16 15 14 13 12 1
Am25LS533
AmM54L.8/741.5533
[ ] VCC = Pin 20
1 2 3 4 5 6 7 8 9 10 "
TUogooogog GND = Pin 10
OE Yo Dy Dy Y1 Y2 D, D3 Y3 GND
Note: Pin 1 is marked for orientation. BLI-042 Inputs Dy through D5 are inverted on the Am25LS/54LS/74L.S533.

2-64




Am25LS/54LS/74L.5373/533
Am25LS8373, Am25LS533

:LECTRICAL CHARACTERISTICS
"he Following Conditions Apply Unless Otherwise Specified:

SOM'L Tp =0°Cto +70°C Vee = 5.0V 5% MIN. =475V  MAX.=5.25V
aiL Ta=-55"Cto+125°C Vg =5.0V £10% MIN. =450V  MAX.=5.50V
JC CHARACTERISTICS OVER OPERATING RANGE Typ
arameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units
Vce = MIN, | =—-1.0mA MIL 24 34
VoH Qutput HIGH Voltage VCC_ v v OH Volts
IN=VIHO'VIL| 1oy =—26mA | COM'L 2.4 34
Ve = MIN. loL =12mA 0.4
VoL Output LOW Voltage VIN = VIH or Vi Volts
loL = 24mA 05
Guaranteed input logical HIGH
ViH Input HIGH Level voltage for all inputs 2.0 Volts
Guaranteed input logical LOW MIL 0.7
ViL Input LOW Level voltage for all inputs coM'L 08 Volis
\7 Input Clamp Voltage Vee =MIN, Iy = —18mA —-15 Volts
e Input LOW Current Vee = MAX., VN =04V —0.4 mA
WH Input HIGH Current Vee = MAX., Vi = 2.7V 20 HA
Iy Input HIGH Current Vee = MAX, ViN=7.0V 0.1 mA
i Vo =04V -20
102 Off-State (High-lmpedance) Vee = MAX. (0] uA
Output Current Vp =24V 20
Isc Output Short Circuit Current Vce = MAX. —30 _85 mA
(Note 3)
Power Supply Current = MAX
Icc (Note 4) Vee . 24 40 mA

lotes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type.
. Typical limits are at Vo = 5.0V, 256°C ambient and maximum loading.

. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second.

. Inputs grounded; outputs open.

hbWN

Am25LS ¢ Amb4LS/74LS
MAXIMUM RATINGS (Above which the useful life may be impaired)

Storage Temperature —65°C to +150°C
Temperature (Ambient) Under Bias —55°C to +125°C
Supply Voltage to Ground Potential Continuous —0.5Vto+7.0V
DC Voltage Applied to Outputs for High Output State —0.5V to +V¢¢ max.
DC Input Voltage —0.5Vto+7.0V
DC Output Current, Into Qutputs 30mA
DC Input Current —30mA to +5.0mA
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Am25LS/54L.8/741L8373/533
Amb4L.5/74LS373, Am54L.S/74LS533

ELECTRICAL CHARACTERISTICS
The Following Conditions Apply Unless Otherwise Specified:

COM’L T =0°Cto+70°C

Vee = 5.0V £5%

MIN. =475V

MAX. =5.25V

MIL Ta =—55°C to +125°C Vce = 5.0V $10%  MIN. =450V  MAX. =550V
DC CHARACTERISTICS OVER OPERATING RANGE Typ ’
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units
Vee = MIN. log =—=1.0mA MiL 2.4 34
VOH Output HIGH Voltage _ Volts
VIN=ViHOor ViL | Igy = —2.6mA coMm'L 24 34
Ve = MIN. All, g = 12mA 0.25 0.4
Output LOW Volt:
Vou utpu olage VIN = ViH or Vi _ Volts
74LS only, g = 24mA 0.35 0.5
Guaranteed input logical HIGH
ViH Input HIGH. Level voltage for all inputs 2.0 Volts
B . MIL 0.7
ViL Input LOW Level Guaranteed input logical LOW Volts
voltage for all inputs com’L 0.8
\2 Input Clamp Voltage Vee =MIN,, Iy = —18mA -1.5 Volts
L Input LOW Current Vce = MAX,, VN =04V —04 mA
hH Input HIGH Current Vee = MAX., VN =2.7V 20 MA
1 Input HIGH Current Vee =MAX, VN =7.0V 0.1 mA
Off-State (High-I d Vo =04V _20
‘o Out ua: glﬁrr:zgm meedance) Vee = MAX. KA
P Vo =24V 20
Output Short Circuit C t
Isc utpu rt Circuit Curren Vee = MAX. _30 130 mA
(Note 3)
Power Supply Current _
| = .
cc (Note 4) Vee = MAX 24 40 mA

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type.
2. Typical limits are at Vgg = 5.0V, 25°C ambient and maximum loading.
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second.
4. Inputs grounded; outputs open.
FUNCTION TABLES DEFINITION OF FUNCTIONAL TERMS
Am25LS/54L.8/74LS373 Am25LS/54LS/74L.S373
Inputs Internal Outputs Function D; The latch data inputs.
OE | G | D Qj Yi G Thelatch enable input. The latches are transparent when G
a | x| x X 7 Hi-z is HIGH. Input data is latched on the HIGH-to-LOW transi-
tion.
L H|L H L
T
L H | H L H ransparent Y; The three-state latch outputs.
L L |X NC NC Latched OE The output enable control. When OE is LOW, the outputs
Y; are enabled. When OE is HIGH, the outputs Y; are in
Am25LS/541L.8/741L.S533 the high-impedance (off) state.
Inputs Internal Outputs Function _ Am25LS/54L8/74L.S533
OE [ G | Dj Q; Y; D; The latch inverting data inputs.
| H X | X X z Hi-Z G The latch enable input. The latches are transparent when G
L H|L H is HIGH. Input data is latched on the HIGH-to-LOW transi-
Transparent .
L H | H L L tion.
L L X NC NC Latched Y; The three-state latch outputs.
H = HIGH NC = Nb Charigs ‘OE The output enable control. Wheﬂ is LOW, the inverted
L=LOW Z = High Impedance outputs Y; are enabled. When OE is HIGH, the outputs Y;
X = Don’t Care are in the high-impedance (off) state.
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Am251.5/541L.5/741.8373/533

Am25LS/541.5/74L8373
SWITCHING CHARACTERISTICS

Ta=+25°C, Vg = 5.0V)
Am25LS Am54LS/74LS
‘arameters Description Min. Typ. Max. Min. Typ. Max. Units Test Conditions
_ﬂ’_l-"'_. Enable to Output 20 30 20 30 ns
tPHL 18 30 18 30
j—'i— Data Input to Output 10 18 12 18 ns
tPHL 12 18 12 18
t5(H) HIGH Data to Enable o 0 ns
(L) LOW Data to Enable 0 0 Cp = 45pF
RL = 6670
th(H) HIGH Data to Enable 10 10 .
n
th(L) LOW Data to Enable 10 10
tow Enable Pulse Width 15 15 ns
—L OE to Y; 28 28 ns
1ZL 36 36
tHZ == . 20 20 CL =5pF
] EtoY; ™ 25 ns RL = 6670
§m25 LS373 ONLY Am25LS COM'L Am25LS MIL
SWITCHING CHARACTERISTICS
DVER OPERATING RANGE TA=0°Ct0+70°C | TA=-55°C.to+125°C
Vce =5.0V 5% Vece =5.0V £10%
Yarameters Description Min. Max. Min. Max. Units Test Conditions
t 35 40
—ﬂ—-—— Enable to OQutput ns
tPHL 35 40
t|
——’L Data Input to Output 19 20 ns
tPHL 20 25
ts(H) HIGH Data to Enable 0 0
(L) LOW Data to Enable 0 0 ns Cy = 45pF
R = 667Q
th(H) HIGH Data to Enable 11 12
th(L) LOW Data to Enable 15 17 ns
tow Enable Pulse Width 17 20 ns
t J—
S OEto Y; 28 28 ns
tZL 36 36
tHz SE. o\ 33 36 CL = 5pF
T EtoY; ) % ns R = 667Q
Am25LS « Am54LS/74LS
LOW-POWER SCHOTTKY INPUT/OUTPUT
CURRENT INTERFACE CONDITIONS
PNP _
DRIVING OUTPUT I DRIVEN INPUTS D; l DRIVEN INPUTS G, OE
Vee I
:& % :& | % 1.6k
S b3 NOM.
) loH | i '
| |
| he
l
| ‘}__IN— | o—
— | R | I
:: loL i | o i
$ | |
* :
|
= ‘ = i = =
Note: Actual current flow direction shown. BLI-044
L
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Am25L8/541LS/741.8373/533

Am25L.S/54LS/74LS533
SWITCHING CHARACTERISTICS

(Ta = +25°C, Ve = 5.0V) Am25LS/54LS/74LS
Parameters Description Min Typ Max Units Test Conditions
t 20 30
PLH Enable to Output ns
tpHL 18 30
t 1
PLH Data Input to Output 8 20 ns
tPHL 15 23
ts(H) HIGH Data to Enable 3
ns
ts(L) LOW Data to Enable [) C_ = 45pF
R_ = 667Q
th(H) HIGH Data to Enable 13 ns
th(L) LOW Data to Enable 7
tow Enable Pulse Width 15 ns
t J— 28
ZH EtoY; ns
tzL 36
thz J— 20 C_ = 5pF
. OEto Y; 25 ns R = 6670

Am25LS533 ONLY Am25LS COM'L Am25LS MIL
SWITCHING CHARACTERISTICS - S " S
OVER OPERATING RANGE TA=0Cto+70° C TA=-55Cto+125 C
Vce =5.0V £5% Vce =5.0V £10%
Parameters Description Min. Max. Min. Max. Units Test Conditions
tPLH Enable to Output 35 40 ns
tPHL 35 40
tPLH Data Input to Output 20 21 ns
tPHL 25 30
tg(H) HIGH Data to Enable 5 5
tg(L) LOW Data to Enable 0 0 ns ::—:2657;’;
th(H) HIGH Data to Enable 14 15
th(L) LOW Data to Enable 9 10 ne
tow Enable Pulse Width 17 20 ns
tzH OE to Yi 28 28 ns
tzL 36 36
tHZ == 33 36 CL = 5pF
Ty OE to Y; 33 % ns RL = 6670
ORDERING INFORMATION
Am25LS373 Am54LS/74LS373 Am25LS533 Am54LS/74LS533
Package Temperature Order Order Order Order
Type Range Number Number Number Number
Molded DIP 0°C to +70°C AM25LS373PC SN74LS373N AM25LS533PC SN74LS533N
Hermetic DIP 0°C to +70°C AM25LS373DC SN74LS373J AM25LS533DC SN74LS533J
Dice 0°C to +70°C AM25LS373XC SN74LS373X AM25L.S533XC SN74LS533X
Hermetic DIP —55°C to +125°C AM25LS373DM SN54L.5373J AM25LS533DM SN54LS533J
Hermetic Flat Pak | —55°C to +125°C AM25LS373FM SN54LS373W AM25LS533FM SN54LS533W
Dice -55°C to +125°C AM25LS373XM SN54LS373X AM25LS533XM SN54LS533X
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Am25LS/54L.5/74LS373/533

Metallization and Pad Layouts
y
Am25LS/54LS/74LS373 Am25LS/54LS/74L.S533
OE 20 Ve OE 1 Vee
Yo —— 19 Yy Yo 2 Y7
Do ———— 18 Dy Dp 3 — Dy
Dy L 17 Dg D; 4 — Dg
Yy —— 16 Y Yy 5 —— Yo
Yy L 15 Y Y, 6 Ys
D, l— 14 Dj D 77— Ds
D3 l————— 13 Dy Dy 8 — Ds
Y3 L 12 v, Y; 9 ——— Y,
GND 10 1 I 1 G GND 10 G
DIE SIZE 0.073" X 0.089"
APPLICATION
T R
AmZ8107
8L
[
"6 WA 2 o
2
@ @
(3
Ao, ot S Am25LS373 Bor g g
= a
<
Am8085 ALE J
Ag.15 Amz8144
BLI-056
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Am25LS374A « Am54LS/74LS374A
Am25LS534 « Am54LS/74L.S534

8-Bit Registers with Three-State Outputs

DISTINCTIVE CHARACTERISTICS

® 8-bit, high-speed parallel registers

e Positive, edge-triggered, D-type flip-flops

e Buffered common clock and buffered common three-state
control

® Am25LS/54LS have IgL = 24mA over full military temperature
range
® Am25LS devices offer the following improvements over

Amb54/74LS

— Twice the fan-out over military range

100% product assurance screening to MIL-STD-883
requirements

FUNCTIONAL DESCRIPTION

The Am25LS374A and Am54LS/74LS374A are 8-bit registers
built using advanced Low-Power Schottky technology. These
registers consist of eight D-type flip-flops with a buffered common
clock and a buffered three-state output control. When the output
enable (OE) input is LOW, the eight.outputs are enabled. When
the OE input is HIGH, the outputs are in the three-state condition.
The Am25L.S/54LS/74L.S534 provide the inverting version of the
same function.

Input data meeting the set-up and hold time requirements of the D
inputs is transferred to the Y ouputs on the LOW-to-HIGH transi-
tion of the clock input.

The device is packaged in a space-saving (0.3-inch row spacing)
20-pin package.

LOGIC DIAGRAM

Am25LS/54L.S/74LS374A
Do D, D, D3 D4 Dg Dg 0y
cp °
CLOCK
> 4 X 4 4 5 L X
CcP D CcP D cp D cpP D cP D cP D cP D cP D
o a a o a a a a
o PBE —Dc
UTPUT
ENABLE I
Yo Yq Yz Y3 Yq Y5 YS Y7
Ouputs Yg through Y7 are inverted on the Am25L.5/54L.S/74L.S534
CONNECTION DIAGRAM LOGIC SYMBOL
Top View
VCC v, D7 DG Ye Vs 05 D, vy cp 3 4 7 8 13 14 17 18
OOn0n0o0onnn L Ll
20 19 18 17 16 15 14 13 12 11 Dg Dy Dy D3 Dy Dg Dg Dy
11 —— CP
) Am25LS374A Am25LS374A
Amb54LS/74LS374A 1 oF Am54LS/74LS374A
® . s 4 s s 7 8 9 w0 o Y2 Y3 Ya s Vs V7
EgEEEEuEpERERNgERERN BEEEEEER
OF Yp Do Dy Yy Y, Dy D3 Yz GND 2 5 6 9 12 15 16 19
VCC = Pin 20
Note: Pin 1 is marked for orientation. GND = Pin 10
Ouputs Yg through Y7 are inverted on the Am25LS/54L.S/74L.S534 Outputs Yq through Y7 are inverted on the Am25LS/54LS/74L.S534
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Am25LS/54LS/741L.S374A/534
Am25LS374A/534

ZLECTRICAL CHARACTERISTICS
I'he Following Conditions Apply Unless Otherwise Specified:

COM'L  Tp =0°Cto+70°C Vce = 5.0V 5% MIN.=4.76V  MAX.=5.25V

MiIL Ta =-55°C to +125°C Vee = 5.0V £10%  MIN. =450V  MAX. =550V
DC CHARACTERISTICS OVER OPERATING RANGE Typ
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units
v G HIGH'V Vee = MIN. IoH = —1.0mA, MIL 24 34 Vol
tput It olts
OH e oltege VIN =ViHor ViL  |IgH = —2.6mA, COM’L 24 34
Vee = MIN, oL =12mA 0.4
VoL QOutput LOW Voltage Vin = V Vv Volts
INZVIHOOVIL 15 = 2amA 0.5
Guaranteed input logical HIGH
ViH Input HIGH Level voltage for all inputs 2.0 Volts
i i MiL 0.7
viL Input LOW Level Guaranteed mput logical LOW Volts
voltage for all inputs COML 0.8
\2 Input Clamp Voltage Vee =MIN,, Iy = —18mA -15 Volts
TR Input LOW Cufrent Vce = MAX, VN =04V —.4 mA
WH Input HIGH Current Vee = MAX., VN = 2.7V 20 KA
h Input HIGH Current Vee = MAX, VN = 7.0V 0.1 mA
loz Off-State (High-Impedance) Vee = MAX. Vo =04V —20 LA
Output Current Vo =27V 20
Isc Output Short Circuit Current Vee = MAX. _30 _85 mA
(Note 3)
Power Supply Current _
| Vce = MAX.
ce (Note 4) ce 7 40 mA

Notes: 1. For conditions shown as MIN. or MAX,, use the appropriate value specified under Electrical Characteristics for the applicable device type.
2. Typical limits are at VCC =5.0V, 25°C ambient and maximum loading.
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second.
4. All outputs open; all D; inputs and OE = 4.5V. Apply momentary ground, then 4.5V to clock input.

Am25LS ¢ Am54LS/74LS

MAXIMUM RATINGS (Above which the useful life may be impaired)
Storage Temperature

Temperature (Ambient) Under Bias

—65°C to +150°C
—55°C to +125°C

Supply Voltage to Ground Potential Continuous —0.5V to +7.0V
DC Voltage Applied to Outputs for High Output State —0.5V to +V¢¢ max.
DC input Voltage —0.5Vto+7.0V
DC Output Current, Into Outputs 30mA

DC Input Current —30mA to +5.0mA

Am25LS e Am54LS/74LS
LOW-POWER SCHOTTKY INPUT/OUTPUT CURRENT INTERFACE CONDITIONS

DRIVING OUTPUT | DRIVENINRUT
Vee !
|
lou| i
|
E i ! |
- |
- | </
[ I‘q
|
— V1T
‘oL | hin
|
|
|
I

Note: Actual current flow direction shown.
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Am251.S/541.S/741.S374A/534

Am54LS/74LS374A/LS534

ELECTRICAL CHARACTERISTICS
The Following Conditions Apply Unless Otherwise Specified:
MIN. =4.75V  MAX. = 5.25V

COM’L  Tp =0°Cto+70°C Vee = 5.0V 5%

MiL Ta=-55°Cto+125°C  Voc =5.0V £10% MIN. =450V MAX. =550V
DC CHARACTERISTICS OVER OPERATING RANGE Typ.
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units
o HIGH Vo Vee = MIN. loH =—1.0mA | ‘MIL 24 34 Vot
V utput oltage olts
oM P o VIN=VIHOTVIL gy = —26mA| COML 24 34
Ve = MIN. All, gL = 12mA 0.4
VoL Output LOW Voltage VIN = ViH or VL Voits
74LS only, lgL = 24mA 0.5
Guaranteed input logical HIGH
ViH Input HIGH Level voltage for all inputs 2.0 Volts
. logi MIL 0.7
ViL Input LOW Level Guaranteed mput ogical LOW Volts
voltage for all inputs coM'L 0.8
2 Input Clamp Voltage Vee =MIN,, Iy = =18 mA —-1.5 Volts
he Input LOW Current Vee = MAX., ViN =04V -04 mA
HWH Input HIGH Current Vee = MAX, VN =27V 20 nA
1 Input HIGH Current Vee = MAX, VN =7.0V 0.1 mA
loz Off-State (High-Impedance) Vee = MAX. Vo = 0.5V —?0 A
Output Current Vo =24V 20
Isc Output Short Circuit Current Vee = MAX. _30 130 mA
(Note 3)
Power Supply Current _ .
| Ve = MAX. A
ce (Note 4) cc 27 40 m
Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type.

2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading.

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second.
4. All outputs open; all D; inputs and OE = 4.5V. Apply momentary ground, then 4.5V to clock input.

DEFINITION OF FUNCTIONAL TERMS

FUNCTION TABLE

X = Don’t Care

1 = LOW-to-HIGH transition

Di  The D flip-flop data inputs. INPUTS | INTERNAL | OUTPUTS
CP  Clock Pulse for the register. Enters data on the LOW-to- FUNCTION OE | Clock | D; Q; Y;
HIGH transition. ' " i X NC Z
Y;  The register three-state outputs. Hi-Z H H | x NC z
OE Output Control. An active-LOW three-state control used L 1 L L L
to enable the outputs. A HIGH level input forces the
outputs to the high impedance (off) state LOAD L ' H H H
) REGISTER H t L L r4
H t H H z
H=HIGH NC = No Change
L=LOW Z = High Impedance
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SWITCHING CHARACTERISTICS
(T = +25°C, Vg = 5.0V)

Am25LS/54LS/74L.S374A/534

Am25LS Am54LS/74LS Test

Parameters Description Min Typ Max Min Typ Max Units Conditions
4 2 ' 28
PLH Clock to Yj 8 ns
tPHL . 28

LOW 15
tbw Clock Puise Width ns

HIGH 15 C_ = 45pF
t Data 20 ff ns RL = 667Q
1 Data 3 0 ns
t — 20 20
n OEtoY; ns
tz1 20 20
4 o 20 20 =
Hz OE to Y; (Note 2) ns CL = 5.0pF
Wz 25 25 Ry = 667Q
fmax Maximum Clock Frequenc 35 50 35 50 MHz

Notes: 1. Per industry convention, fayx is the worst case value of the maximum device operating frequency with no constraints on t,, t;, pulse width or duty

cycle.

2. Because of interlead capacitance the rising edge of OEis coupled Y, thereby, increasing the apparent tyz for Yg by 5ns for plastic package device
and 10ns for Cerdip. The die geometry for Y, is the same as other outputs and no spec difference is required for users of dice.

Am25LS ONLY Am25LS COM’L Am25LS MIL

SWITCHING CHARACTERISTICS Ta = 0to +70°C Tc = —55 to +125°C

OVER OPERATING RANGE Vee = 5.0V £5% c = 5.0V £10% Test

es
Parameters Description Min Max Max Units | Conditions
t
PLH Clock to Y, %8 ns
tPHL 38
t Clock Pulse Width 10
OCI uise I ns

P 28 C_ = 45pF
ts Data 20 ns RL = 6670
th Data 0 ns
t S
2 OEto Y, - ns
tzL 30
t I 30 =
Hz OE to Y (Note 2) ns CL = 5.0pF
tz 25 28 R_ = 667Q
fmax Maximum Clock Frequency (Note 1) 35 30 MHz

*AC performance over the operating temperatuare range is guaranteed by testing defined in Group A, Subgroup 9.
Note 2. Because of interlead capacitance the rising edge of OEis coupled into Y, thereby, increasing the apparent tyz for Y, by 5ns for plastic package
device and 10ns for cerdip. The die geometry for Y, is the same as other outputs and no spec difference is required for users of dice.

ORDERING INFORMATION

Am54LS/ Am54LS/
Am25LS374A 74LS374A Am25LS534 7418534
Package Temperature Order Order Order Order
Type Range Number Number Number Number
Molded DIP 0to +70°C AM25LS374APC ~ SN74LS374AN AM25LS534PC SN74LS534N
Hermetic DIP 0to +70°C AM25L.S374ADC SN74LS374AJ AM25LS534DC SN74LS534J
Dice 0to +70°C AM25L.S374AXC  SN74LS374AX AM25L.S534XC SN74LS534X
Hermetic DIP —-55°C to +125°C  AM25LS374ADM SN54LS374AJ AM25LS534DM SN54LS534J
Hermetic Flat Pak —55°C to +125°C  AM25LS374AFM  SN54LS374AW AM25LS534FM SN54L.S534W
Dice -55°C to +125°C  AM25LS374AXM SN54LS374AX AM25LS534XM SN54LS534X
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Am25LS/54LS/74L.S374A/534

METALLIZATION AND PAD LAYOUTS

Am25LS/54LS/74LS374A Am25LS/54LS/74LS534
OE 1 20 VCC OE
Yo 2 —— 7ﬁ 19 Yy Yo
Dp 3 — 18 Dy Do
D, 4 — —— 17 Dg D,
Y, 5 —— —— 16 Yg Y,
Y, 6 —— . — 15 vy v,
D, 77— 14 Dy D,
D; 8 — < - 13 D, D3
Y3 9 —— - T 12 Vs Y3

GND 10 J I n cp GND

DIE SIZE 0.077” X 0.047" DIE SIZE 0.077” X 0.047”
cLOCK 1
B!
0E cP
Yo Do
Y Dy
Y2 D2
$
Y g Dy
g o
Y,
4 ? 4
<
s Ds
Y6 Dg
Y7 07
Ao Do Yo Bo
Ay D, Y, B,
A2 D Y2 B2
<
A3 D3 5 v B3
A-BUS 9 B8-BUS
A4 Dq ﬁE Ya By
<
Ag Dg Yg B
Ag Dg Yo Bg
Ay 0, Y; 8,
[e]3 cP
ota—1
CLOCK 2

Two Am25LS374s can be used as a bidirectional bus driver/register. The above connetion shows separate clocks and
three-state controls.
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Am25L.S377 « Am25L.S377B
Amb54LS/74L.S377

8-Bit Register with Register Enable
8-Bit Register with Register Enable and Buffered Outputs

DISTINCTIVE CHARACTERISTICS FUNCTIONAL DESCRIPTION

® Eight-bit, high speed parallel registers The Am25LS377, Am25LS377B and the Am54LS/74LS377 are

® Clock to output delay ~ 14ns (typ) on Am25LS377 eight-bit registers built using advanced Low-Power Schottky

o Buffered outputs to eliminate output commutation on technology. These registers consist of eight D-type flip-flops with
Am25L.S377B a buffered common clock and a buffered common clock enable.

® Positive, edge-triggered, D-type flip-flops
® Buffered common clock and buffered common clock enable
® Am25LS devices offer the following improvements over

When the clock enable (E) inputis LOW, new data is entered into
the flip-flop register on the LOW-to-HIGH transition of the clock
input. When the (E) input is HIGH, the register will retain the

Am54/74LS present data independent of the clock inputs.
— 50mV lower Vg at I, = 8mA L . . . .
— Twice the fan-out over military range The device is packaged in a space-saving (0.3-inch row spacing)
— 440uA source current at HIGH output 20-pin package.

® 100% product assurance screening to MIL-STD-883 The Am25LS377and Am54LS/74LS377 are designed for maxi-
requirements mum speed.

The Am25LS377B has an additional output buffer to eliminate
output commutation.

LOGIC DIAGRAM

Do D, D, D3 D4 Dg Dg D,

gI

cP
CLOCK

3 lo—e
o Jo—+—0o(

<

2

cP D cp

cp cP D

Q Q Q

2 N 2

AmM25L53778
ONLY

A

<t
#{}l
1<

CONNECTION DIAGRAM LOGIC SYMBOL
Top View 3 4 7 8 13 14 17 18
Vee Q; Dy Dg Q5 Q5 D Dy Qp CP I l 1 I I j l l
nnonnoononnn

20 19 18 17 16 15 14 13 12 n

1—ofE
Q 05 0y Q3 Q4 Qg Qg Q

m]-® ~

2 3 4 5 6 7 8 9 10 [I[‘Illj
dguadiuouoaud 2 5 6 9 12 15 1 19
Q Do Dy Q@ 0 D D3 Q3 GND
Vee = Pin 20
Note: Pin 1 is marked for orientation. GND = Pin 10

Copyright © 1978 by Advanced Micro Devices, Inc. 075



Am25LS/54L.5/741.8377/377B

Am25L8377 ¢ Am25LS377B
ELECTRICAL CHARACTERISTICS

The Following Conditions Apply Unless Otherwise Specified:

COM'L Tp =0°Cto+70°C Vee =5.0V 5% - MIN.=4.75V  MAX.=5.25V
MiL Ta=-55°Cto+125°C  Vgg =5.0V $10% MIN. =450V MAX. = 5.50V
DC CHARACTERISTICS OVER OPERATING RANGE Typ
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units
Vee = MIN,, IgH = —440uA MiL 25
V, Output HIGH Voltage _ Volts
OH e ¢ VIN = ViH o ViL comL 27
Vee = MIN. loL =4.0mA 0.4 v
VoL Output LOW Voltage VIN = ViH or V)i 048 olts
oL =8.0mA B
VIH Input HIGH Level VG;?;::tfeoerdaI‘T?:’;Jggucal HIGH 2.0 Volts
Guaranteed input logical LOW MiL 0.7
ViL Input LOW Level voltage for all inp\fts ComL 08 Volts
\7 Input Clamp Voltage Vee =MIN,, Iy = =18 mA -1.5 Volts
e Input LOW Current Vce = MAX,, Viy = 0.4V -0.36 mA
HH Input HIGH Current Vee = MAX, VIN =27V 20 uA
1y Input HIGH Current Vee = MAX,, VN =7.0V 0.1 mA
Isc Output Short Circuit Current Vee = MAX. —20 _85 mA
(Note 3)
Power Supply Current Ve = MAX 17 28 mA
fec (Note 4) cc ’

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type.

2. Typical limits are at Voo = 5.0V, 25°C ambient and maximum loading.

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second.

4. All outputs open, E = GND, all Di inputs = GND. Apply momentary ground, then 4.5V to clock input.

Am25LS ¢ Am54LS/74LS
MAXIMUM RATINGS (Above which the useful life may be impaired)

Storage Temperature —65°C to +150°C
Temperature (Ambient) Under Bias —55°C to +125°C
Supply Voltage to Ground Potential Continuous —0.5V to+7.0V
DC Voltage Applied to Outputs for High Output State —0.5V to +V¢c max.
DC Input Voltage —-0.5Vto+7.0V
DC Output Current, Into Outputs 30mA
DC Input Current —30mA to +5.0mA
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Amb54LS/74LS377
ELECTRICAL CHARACTERISTICS

The Following Conditions Apply Unless Otherwise Specified:
COM’L Tp =0°Cto+70°C

Vee = 5.0V 5%

Am25LS/541L.S/741L8377/377B

MIN. =475V MAX.=5.25V

MiL TA=-55°Ct0+125°C Ve =5.0V +10% MIN. =450V MAX. =550V
DC CHARACTERISTICS OVER OPERATING RANGE Typ
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units
V = MIN., | = —400uA MiL 25
VOoH Output HIGH Voltage VCC= v \?H Volts
IN IHor Vi cCOM’L 27
Ve = MIN, All, IgL = 4mA 0.4
VoL Output LOW Voltage VIN = Vin or Vi Volts
74LS only, gL = 8mA 0.5
Guaranteed input logical HIGH
ViH Input HIGH. Level voltage for all inputs 2.0 Volts
; ical MIL 0.7
ViL Input LOW Level Gl.:aramfeed ;TPUI Itognca Low Voits
voltage for all inputs COM'L 08
Vi Input Clamp Voltage Vee =MIN, )y = —18mA -1.5 Volts
L Input LOW Current Ve = MAX., Viy =04V —04 mA
[ Input HIGH Current Vee = MAX., VN = 2.7V 20 kA
N Input HIGH Current Ve = MAX., VN =7.0V 0.1 mA
Isc Output Short Circuit Current Ve = MAX. _20 —100 mA
(Note 3)
Power Supply Current _
| Vee = MAX. 17 28 mA
ce (Note 4) cc

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type.
2. Typical limits are at Vo = 5.0V, 25°C ambient and maximum loading.
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second.
4. All outputs open, E = GND, all Di inputs = GND. Apply momentary ground, then 4.5V to clock input.

FUNCTION TABLE

OW-to-HIGH Transition

INPUTS OUTPUTS
E D; cp Q;
H X X NC
L X H NC
L X L NC
L L 1 L
L H t H
H = HIGH NC = No Change
L =LOW X = Don’t Care
t =L

DEFINITION OF FUNCTIONAL TERMS

The D flip-flop data inputs.

Enable. When the enable is LOW, data on the D; inputs
is transferred to the Q; outputs on the LOW-to-HIGH
clock transition. When the enable is HIGH, the Q; out-
puts do not change regardless of the data or clock input
transitions.

CP Clock Pulse for the register. Enters data on the LOW-to-

HIGH transition.
Q; The TRUE register outputs.

D:
E

2-77



Am25LS/54L.S/741.8377/377B
Am25L.S377 ¢ Am54LS/74L.S377

SWITCHING CHARACTERISTICS
(Ta =+25°C, Ve = 5.0V) Am25LS Amb4LS/74LS
Parameters Description Min Typ. Max. Min. Typ. Max. Units Test Conditions
tPLH Clock to Output 13 20 7 z7 ns
tPHL 14 21 18 27
tow Clock Pulse Width HIGH 15 2 ns
LOW 15 20
tg Data 20 20 ns Cp = 15pF
th Data 0 5 ns RL =2.0k2
Active State 15 25
ts Clock Enable - ns
Inactive State 10 10
th Clock Enable 5 5 ns
fmax Maximum Clock Frequency (Note 1) 30 40 30 40 MHz

Note 1. Per industry convention, fm, is the worst case value of the maximum device operating frequency with no constraints on t,, t;, pulse width or duty

cycle.

Am25LS377 ONLY "
Am25LS COM'L Am25LS MIL
SWITCHING CHARACTERISTICS
OVER OPERATING RANGE* TA =0°C to +70°C TA = —55°C to +125°C
Vce =5.0V 5% Vce =5.0V £10%
Parameters Description Min. Max. Min. Max. Units Test Conditions
tPLH Clock to Output o z ns
tPHL 29 34
tow Clock Pulse Width HIGH 5 15 ns
Low 15 15
tg Data 24 26 ns Cy = 50pF
th Data 0 0 ns Ry =2.0kQ
tg Clock Enable Active '8 20 ns
Inactive 13 15
th Clock Enable 5 5 ns
fmax Maximum Clock Frequency (Note 1) 25 20 MHz

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9.

Am25LS ® Am54LS/74LS
LOW-POWER SCHOTTKY INPUT/OUTPUT
CURRENT INTERFACE CONDITIONS

DRIVING OUTPUT I DRIVEN INPUT
|
3 |
loH [
\ |
Ff I
-0 |
) - | </
} —
| 4t
loL |
|
I
|

Note: Actual current flow direction shown.

Metallization and Pad Layout
Am25L.S/54LS/74LS377

DIE SIZE..072” X .083”
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Am251S/54LS/741L.5377/3778B

Am25LS377B
SWITCHING CHARACTERISTICS
(Ta = +25°C, Ve = 5.0V) Am25LS
Parameters Description Min. Typ. Max. Units Test Conditions
t 18 27
PLH Clock to Output ns
tpHL 23 35
) HIGH 20
tow Clock Pluse Width ns
LOW 25
ts Data 20 ns CL = 15pF
th Data 10 ns RL = 2.0k
Active Stat 2
tg Clock Enable ad |v.e tate 5 ns
Inactive State 20
th Clock Enable 5 ns
fmax Maximum Clock Frequency (Note 1) 30 40 MHz

Note 1. Per industry convention, fr,ax is the worst case value of the maximum device operating frequency with no constraints on t,, t¢, pulse width or duty

cycle.
gg'vﬁéﬁ?ri?cmmcmmsncs Am25.S CoM™ Amem o XL
OVER OPERATING RANGE* Tp =0°C to +70°C | T = —55°C to +125°C
VCC = 5.0V +5% VCC = 5.0V =10%
Parameters Description Min. Max. Min. Max. Units Test Conditions
! 32 37
PLH Clock to Output ns
tpHL 45 54
HIGH 25
tow Clock Pulse Width G 25 ns
LOW 25 30
ts Data 20 20 ns CL = 50pF
th Data 12 15 ns R = 2.0k
Active 27 30
ts Clock Enable - ns
Inactive 22 25
th Clock Enable 5 5 ns
fmax Maximum Clock Frequency (Note 1) 25 20 MHz

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9.

m

Qo

Do
Dy
Q

Q2
Dy

D3

Q3

GND

Metallization and Pad Layout
Am25LS377B

5

a

sl
LSRG

20 Vg

19 Qy
18 Dy

17 Dg
16 Qg

15 Qg
14 Dg

=]
: 13 D,
I

m—

o1

J
L Q4

1 CP

DIE SIZE 0.080” X 0.111”
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Am25LS/54LS/741L.8377/377B

ORDERING INFORMATION
Am54LS/
Package Temperature Am25LS377 Am25LS377B 74LS377
Type Range Order Number Order Number Order Number
Molded DIP 0°C to 70°C Am25LS377PC Am25LS377BPC SN74LS377N
Hermetic DIP 0°C to 70°C Am25LS377DC Am25LS377BDC SN74LS377J
Dice 0°C to 70°C Am25LS377XC Am25LS377BXC SN74LS377X
Hermetic DIP —-55°C to +125°C Am25LS377DM Am25LS377BDM SN54LS377J
Hermetic Flat Pak —-55°C to +125°C Am25L.S377FM Am25LS377BFM SN54LS377W
Dice —55°C to +125°C Am25LS377XM Am25LS377BXM SN54LS377X
APPLICATION
CLEAR
OUTPUT ENABLE ——1
OE CLR
Do Yob——
Dy (2} —
Dy ] Yo b—
INPUT b3 a3 vaf—
DATA BUS D4 § val— won?1
Dg < Ysb——
Dg Yo b——
Dy 7 b—
P E
— |
Dy Qo b——
D, Q b
D, - Q b——
Dy % Qg b—
o4 K'é Yy WORD 2
og ¢ 05—
Dg Qg f—o
A A Yojo——— D, Q; b—
cpP E
SELECT T
B B Y1 [o-
Am25LS139 oo Qo b——
Dy Q —
Yo lo—
0, . Ob—
p; & o3 fb—o
D4 § ™ WORD 3
ENABLE —O| G Y3 0— Dg < Q5 b——
Dg Qg b—
Dy Q; b—
cPE
Do Qo b—o
Dq Q b—
0, . O }—
Dy _53 o b—
o0 & of WORD 4
Dg < o5 b—
Dg ag b—
D, Q; b—
CP E
CLOCK J j
Selective Register Loading of Data on Synchronous Clock.
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Am25L.S381°-Am54LS/741L.S381
Am25L.S2517

Arithmetic Logic Unit/Function Generator

DISTINCTIVE CHARACTERISTICS

Three arithmetic functions
Three logic functions
Preset and clear functions
Space-saving 20-pin package
Carry output (Cptq) and overflow (OVR) outputs on
Am25LS2517
Generate and propagate outputs for full lookahead carry
on Am25L.5381
® Am25LS devices offer the following improvements over
Amb54/74LS
— Higher speed
— 50mV lower Vo[ at IgL = 8mA
— Twice the fan-out over military range
— 440uA source current at HIGH output
® 100% product assurance testing to MIL-STD-883
requirements

LOGIC DIAGRAM

. }jDi Fo

RSB

D
Al Lt
82718 Lo
SR = =
Kiiz i 1
L H D—F2
Ay 19 L
[+ 12
1 "—’D_ F3
H rmm |
= 1
. HIE I o
A Bamxz:
3 U 381
5 ONLY

T
1
]
|

G
S0 5 p> L a== c
LD_]I:DF ——DJ i O ‘:'4 2517
s8¢ = tl-_-}lep ONLY
' OVR

FUNCTIONAL DESCRIPTION

The Am25LS381 and Amb54LS/741L.S381 are arithmetic logic
units (ALU)/function generators that perform three arithmetic
operations and three logic operations ontwo 4-bit words. The
device can also output forced 0000 (clear) or 1111 (preset).
These eight operations are selected using three function select
inputs Sg, Sq and Sy as shown in the function table. Fuli
carry look ahead is used over the four-bit field within the
device. When devices are cascaded, muiti-ievel full carry iook-
ahead is implemented using a ‘182 carry look ahead generator
and the G and P outputs on the Am25LS381 or Am54LS/
741.S381. The device is packaged in a space-saving (0.3-inch
row spacing) 20-pin package. If the Cph4+4 carry output func-
tion is required, the Am25LS2517 should be used.

The Am25LS381 is a high-performance version of the
AmbB4LS/74L.S381. Improvements include faster a. c. specifi-
cations, higher noise margin and twice the fan-out over the
military temperature range.

The Am25LS2517 is an arithmetic logic unit (ALU)/function
generator that performs three arithmetic operations and
three logic operations on two 4-bit words. The device can
also force output 0000 (clear) or 1111 (preset). These eight
operations are selected using three function select inputs Sg,
S1 and Sy as shown in the function table. Full carry look-
ahead is used over the four-bit field within the device. When
devices are cascaded, the carry output (C,44) is connected to
the carry input (C,) of the next device. The Am25LS2517
can also detect two’s complement overflow. The overflow
output (OVR) is defined logically as Cj; 13 ® Cp44-

LOGIC SYMBOLS
Am25LS82517 Am25LS381
Amb54LS/74L.S381
34 1 2 1918 17 16 3 4 1 2 1918 17 16
LIl L L1
B lc,h0 80 A1 B Az By A3 By | 15 1c A0 Bo Ay By Ay By Ag B3 1
Covaf— G
A % Lls,
& ls ovrp2 e P
o Fi Fa F3 e ) Fi Fa F3
1T T 1 1T 1 1
8 9 1" 12 8 9 1 12

Veg = Pin 20
GND =Pin 10

Note: The Advanced Micro Devices’ LS381 products were designed
prior to publication of data sheets by T.l. Review specifications for
possible differences. Am25LS2517 has been second sourced as the
54/741.S382.

CONNECTION DIAGRAMS
Top Views

Am25LS82517 Am25L.8381
Am54L8/74L5381

Vec Az By A3 B3 C, P G F3 Fp

oonononnnonann

20 19 18 17 16 15 14 13 12 1

Ve Az By Az By C, CniaOVRF3 Fp
0000 nnann

20 19 18 17 16 15 14 13 12 N

" 2 3 4 5 6 7 8 9 10 "2 3 4 5 6 7 8 9 10
Ooougunoogogy | EEREEENEREREYE|
Ay By Ap By Sg S, Sp Fo Fy GRD A, By Ag By So S S Fo Fp GND

Note: Pin 1 is marked for orientation.




Am25LS/541.5/741.8381 ¢« Am25LS2517
Am25L8381¢«Am25L52517

ELECTRICAL CHARACTERISTICS

The Following Conditions Apply Unless Otherwise Specified:

COM’L Tp =0°Cto+70°C
MiL Ta = —55°Cto +125°C

Vce = 5.0V #5%
Vee = 5.0V £10%

MIN. =475V MAX. =525V
MIN. =4.50V

MAX. =550V

DC CHARACTERISTICS OVER OPERATING RANGE Typ.
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units
Vee = MIN,, igy = —440uA MIL 25 3.4
\"J Output HIGH Voltage Volts
OoH VIN =ViHor Vip com'L 2.7 3.4
| =4, K
Vee = MIN. oL =4.0mA 0.4
VoL Output LOW Voltage VIN = ViH or Vi loL =8.0mA 0.45 Volts
G, gL =16mA 0.55
Guaranteed input logical HIGH
VIH Input HIGH Level voltage for all inputs 2.0 Volts
Guaranteed input logical LOW MIL 0.7
ViL Input LOW Level voltage for all inputs COoM'L 08 Volts
V) Input Clamp Voltage Vee =MIN,, |y = =18 mA -15 Volts
Any S —0.36
Any A or B —1.44
1 Input LOW Current Ve = MAX., Vi = 0.4V mA
I ney ce IN ‘Ls381, Cp, 108
‘LS2517,Cy, —1.44
Any S 20
| HIGH C Any Aor8 80
] nput urrent Vv =MAX., VN =27V HA
IH cc IN ‘Ls381, Cp 60
‘LS2517, Cpy 80
Any S 0.1
Any A or B 04
| Input HIGH Current Vee = MAX, VIN=7.0V mA
! P ce IN "Ls381, Cp 0.3
Vee = MAX., VN = 5.5V ‘LS2517,Cp 0.4
" S
Isc Output Short Circuit Current Vee = MAX. 15 _85 mA
(Note 3)
Am25L5381 40
MIL
lee fNowerfupply Current Vo = MAX Am25L82517 43 mA
ote 4) Am2505381 25 43
com’'L
Am25182517 27 47

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type.

A WWN

Am25LS « Am54LS/74LS

. Typical limits are at Vg = 5.0V, 25°C ambient and maximum loading.
. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second.
. Test conditions: LS381: Sg =Sq =S = GND, all other inputs open.

LS2517: Sg = Cp, = open, all other inputs = GND.

MAXIMUM RATINGS (Above which the useful life may be impaired)

Storage Temperature

—65°C to +150°C

Temperature (Ambient) Under Bias

—55°C to +125°C

Supply Voltage to Ground Potential Continuous —-0.5V to+7.0V
DC Voltage Applied to Outputs for High Output State —0.5V to +V¢c max.
DC Input Voltage (Except Am25LS2517, Cp, input = 5.5V) —-0.5V to+7.0V
DC Output Current, Into Qutputs 30mA

DC Input Current

—30mA to +5.0mA
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Am25LS/54LS/74LS381 ¢ Am25LS2517

.mb4L.S/741.S381
LECTRICAL CHARACTERISTICS
he Following Conditions Apply Unless Otherwise Specified:

OM’L Tp =0°Cto+70°C Ve = 5.0V £5% MIN.=4.75V  MAX. =525V
ne Ta=-55"Cto+125°C Vee =5.0V £10%  MIN. =450V  MAX. =550V
)IC CHARACTERISTICS OVER OPERATING RANGE Typ.
arameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units
Vee = MIN., IoH = —400uA [ MiL 25 34
VOH Output HIGH Voltage _ Volts
ViN = ViH or Vi | comL 2.7 34
oL = 4mA 0.4
VoL Output LOW Voltage Vee = MIN. 74LS only, lg =8mA 0.5 Volts
VIN = ViH or ViL P, 1oL =8.0mA 05
G,loL = 16mA 0.65
Guaranteed input logical HIGH
VIH Input HIGH Level voltage for all inputs 2.0 Volts
i i MiL 0.7
viL Input LOW Level Gularamfeed :Irl\put logical LOW Volts
voltage for all inputs coM'L 08
Vi Input Clamp Voltage Vee =MIN, Iy = —18mA —-15 Volts
Any S —0.4
UTH Input LOW Current (Note 5) Vee = MAX, VN = 0.4V mA
Others —1.6
Any S 20
hH Input HIGH Current (Note 5) Voo = MAX,, VN = 2.7V uA
Others 80
Any S 0.1
W Input HIGH Current (Note 5) Vce = MAX., Vin = 7.0V mA
. Others 0.4
Isc Output Short Circuit Current Vee = MAX. _15 ~100 mA
(Note 3)
Icc Power Supply Current VCC = MAX. 25 43 mA
(Note 4)
lotes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type.
2. Typical limits are at Vgg = 5.0V, 25°C ambient and maximum loading.
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second.
4. Test conditions: LS381: Sg = Sq =Sp = GND, all other inputs open.
LS2517: Sg = Cp, = open, all other inputs = GND.
5. Limits chosen by AMD based on SN54S/74S381, T.I. LS data unavailable,
DEFINITION OF FUNCTIONAL TERMS FUNCTION TABLE
Ag. A1, Ag, A3 The A data inputs.
Bg, B4, Bg, B3  The B data inputs.
Sp. S1. 82, S3 The control inputs used to determine the
arithmetic or logic function performed. Selection Arithmetic/Logic
Fo. F1. Fg, F3  The data outputs of the ALU. S, $ So . Operation
Ch The carry-in input of the ALU.
Ch+a The carry-look-ahead output of the four-bit L L L Clear
input field. L L H B Minus A
G The carry-generate output for use in multi- L H L A Minus B
level look-ahead schemes. L H H A Plus B
P The carry-propagate output for use in multi- H L L AeB
level look-ahead schemes. H L H A+B
OVR Overflow. This pin is logically the Exclusive- H H L AB
OR of the carry-in and carry-out of the MSB H H H Preset
of the ALU. At the most significant end of ]
the word, this pin indicates that the result H = High Level, L = Low Level
of an arithmetic two’s complement operation See Truth Table for full description.

has overflowed into the sign-bit.
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SWITCHING CHARACTERISTICS

(Ta = +25°C, Vce = 5.0V)

Am25LS Amb54LS/74LS
Parameters Description Min. Typ. Max. Min. Typ. Max. Units Test Conditions
t 14 19 26
PLH ChtoFj ns
tPHL 16 23 30
t 16 24 30
PLH AjorBjtoFj ns
tPHL 23 35 40
t 20 30 35
—P—I:t{-—— Sjto F; ns
tPHL 25 37 40
tPLH AjorBjto G 20 27 35 ns
tPHL {'LS381 Only) 15 22 30
tPLH AjorBjtoP 17 24 34 n
tPHL (L8381 Only) 15 23 30
tPLH SitoGorP 32 48 55 s CL = 15pF
tPHL ('LS381 Only) 23 35 42 RL = 2.0kQ
tpLH Aj or Bj to OVR 23 34 —
tPHL ('LS2517 Only) 24 36 _ ns
tPLH Aj or Bj to Cn+q 21 32 -
tPHL (‘'LS2517 Only) 24 36 _ ns
tPLH Sjto OVR or Cn+4 27 41 —
tPHL ('LS2517 Only) 37 55 - "
tPLH Cn to Cntq 14 21 Z N
tPHL (‘LS2517 Only) 15 22 —
tpLH Cp to OVR 15 22 _
PHL ('LS2517 Only) 15 22 - "
Am25LS ONLY Am25LS COM'L Am25LS MIL
SWITCHING CHARACTERISTICS
o
OVER OPERATING RANGE* Ta =0°Cto +70°C TaA = —55°C to +125°C
V=05 N\ +E0/ VA~ =E N\ +100/7
Vec =58V 5% Vee =5.0V £10%
Parameters Description Min. Max. Min. Max. Units Test Conditions
t 27 30
PLH Ch to Fj ns
tPHL 35 42
t 32 36
PLH AjorBjtoFj ns
tPHL 44 50
t 38 42
PLH Sj to Fj ns
tPHL 48 55
tPLH AjorBjto G 37 40 N
tPHL ('LS381 Only) 31 36
tPLH AjorBjtoP 34 39 .
tPHL ('LS381 Only) 34 42
tPLH SitoGorP 57 63 ns CL = 50pF
tPHL ('LS381 Only) 47 55 Ry = 2.0k
tPLH Aj or B; to OVR 41 45 n
tPHL ('LS2517 Only) 47 55
tPLH Ajor Bjto Ch+g 38 40 ns
tPHL ('LS2517 Only) 46 52
tPLH Sj to OVR or Cp4 52 60 ns
tPHL ('LS2517 Only) 66 75
tpLH Ch to Cn+4 28 32 e
tPHL ('LS2517 Only) 28 30
tPLH Cn to OVR 30 35 ns
tPHL ('LS2517 Only) 28 30

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9.
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Am25LS/54L.S/74L.S381 ¢ Am25LS2517

Am25LS/54L.S/741L.8381
TEST TABLE
Path Same Bit Other Data Bits Output
In | Out |Sg S1 S2 | Ch |45V| GND 45V GND | Waveform
Ch |Any F| 1 0 0 - - - AllA's & B's — out-of-phase
Cn| Fi 10 0 - B; Ai | AllA's&B’s — in-phase
A; G 11 0 X B; - AllB’s All A’s | out-of-phase
B; G 110 X Aj - AllB’'s All A’s | out-of-phase
Aj P X X 1 X Bi - All A's & B's - out-of-phase
B;j P 1 1 0 X A; - All B's All A's out-of-phase
Ai Fi o 1 o0 0 - B; - A’s & B's | out-of-phase
Aj Fj o 1 0 1 - B; — A’'s & B's in-phase
Bj Fj 0 1 0 0 - A - A's & B’s | out-of-phase
Bj Fi o 1 0 1 - Aj - A’s & B's { in-phase
Ai | Fin | O 1 0 1 Bj - A’s & B's — out-of-phase
Bi | Fitg7 |17 0 O 1 A - A's & B's — out-of-phase
So Fi - 0 O 1 Bj Aj All B's All A's in-phase
So| G - 1 0 X - - A's & B's - out-of-phase
So P -1 0 X - - All B's All A’s out-of-phase
S1 | Fi 0 0 1 A B; All A’s All B's in-phase
S1 G 1 - 0 X - - A’s & B's - out-of-phase
S1 P 1 - 0 X - - All A's All B’s out-of-phase
So Fi o 1 - 1 Aj Bj All A’s All B’s in-phase
Sy G 1 1 - X - - A's & B’s - in-phase
S P 1 1 X - — All A's All B's out-of-phase
X = Don't care
TRUTH TABLE
INPUTS OUTPUTS
FUNCTION Sy S; S, C, A, B, | Fp F, Fp, F3 | G P
CLEAR 0 0 0 X X X 0 0 0 0 0 0
0 0 0 1 1 1 1 1 0
0 0 1 0 1 1 1 0 0
0 1 0 0 0 0 0 1 1
B MINUS A 1 0 0 0 1 1 1 1 1 1 1 0
i o [} o o o o 1 o
1 0 1 1 1 1 1 0 0
1 1 0 1 0 0 0 1 1
1 1 1 0 0 0 0 1 0
0 0 0 1 1 1 1 1 0
0 0 1 0 0 0 0 1 1
0 1 0 0 1 1 1 0 0
A MINUS B 0 1 0 0 1 1 1 1 1 1 1 0
1 0 0 0 0 0 0 1 0
1 0 1 1 0 0 0 1 1
1 1 0 1 1 1 1 0 0
1 1 1 0 0 0 0 1 0
0 0 0 0 0 0 0 1 1
0 0 1 1 1 1 1 1 0
0 1 0 1 1 1 1 1 0
APLUS B 1 1 0 0 1 1 0 1 1 1 0 0
1 0 0 1 0 0 0 1 1
1 0 1 0 ] 0 0 1 0
1 1 0 0 0 0 0 1 0
1 1 1 1 1 1 1 0 0
X 0 0 0 0 ) 0 0 [
X 0 1 1 1 1 1 1 1
AGB 0 ° ! X 1 0 1 1 1 1 1 0
X 1 1 0 0 0 0 0 0
X 0 0 0 0 0 0 0 0
X 0 1 1 1 1 1 1 1
A+B ! ° ! X 1 0 1 1 1 1 1 1
X 1 1 1 1 1 1 1 0
X 0 0 0 0 0 0 0 0
X 0 1 0 0 0 0 1 1
AB o v 1 X 1 olo o o o | o0 0
) X 1 1 1 1 1 1 1 0
X 0 0 1 1 1 1 1 1
X 0 1 1 1 1 1 1 1
PRESET 1 1 1 X 1 o 1 1 1 T 1 X
X 1 1 1 1 1 1 1 0
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Am25LS82517
TEST TABLE

Path Same Bit Other Data Bits Output
In| Out [Sg S1 S2 | Ch [45V| GND 45V GND Waveform
Ch|AnyF| 1 0 O - — — A’'s & B's None out-of-phase
Cn Fi 1 0 0 - Bj Aj A’s & B's None in-phase
Aj Fi o 1 0 0 - Bj None A’s & B's | out-of-phase
Aj Fi o 1 0 1 - Bj None A's & B's in-phase
Aj |OVRF|[ 0O 1 1 1 B; — A’s & B's None in-phase
Ai | Ch+a | O 1 1 1 Bj — A's & B's None in-phase
Bj F; o 1 0 0 - A; None A’s & B's | out-of-phase
Bj Fi 0 1 0 1 - Aj — A’s & B's in-phase
Bj |OVRF| 0O 1 1 0 Aj - A’'s & B's None out-of-phase
Bi | Ch+ga | O 1 1 0 Aj - A’'s & B's None out-of-phase
Ai | Fi+1 0 1 0 1 B;j — A’'s & B's None out-of-phase
Bj Fi+1 1 0o o0 1 A — A’s & B's None out-of-phase
So Fi - 0 O 1 B; A All B's All A’s in-phase
Sgp | OVRF| — 1 1 0 - - A’s & B's None out-of-phase
SO | Chta | — 1 1 0 - - None A’s & B's | out-of-phase
S1 Fi o - 0 1 A; Bj All A's All B's in-phase
S1 |[OVRF|O0O - 1 X - - None A's & B's in-phase
S1 Ch+4 | O - 1 X — — None A's & B's in-phase
So2 Fi o 1 - 1 Aj Bj All A's All B's in-phase
S2 |OVRF | 0 1 - 0 - - None A’s & B's in-phase
S2 | Ch+4 | O 1 - 0 - — None A's & B's in-phase

X = Don't care
TRUTH TABLE
[ INPUTS OUTPUTS

FUNCTION So 51 52 | Cn| An Bn| Fo F1_F2 F3 | OVR| Cnig
cLean o o o T X X1o 5 o ol
N o | o [ 1 1 7 1 0 0
0 0 1 0 1 1 1 0 1
0 1 oo o o of o 0
B MINUS A 10 o 0 L T R R B | 0 0
| | 1 o o| o0 o 0 0 0 1
| i 1 0 1 1 1 1 1 0 1
il 1 1 lo o o ofo] 1

0 0 0 1 1 1 1 0 Ll
o [ 1 o 0 0 ] 0 o
o 1 0 0 1 1 1 0 1
A MINUS B 0 1 o 0 1 1 1 1 1 1 0 o
1 o 0 0 0 [ o 0o 1
1 0 1 1 0 0 o [ 0
1 1 0 1 1 1 1 ] 1
1 1 1 0 0 0 0 0 1

1 0 o o] o o o o 0 o |
0 o 1 1 1 1 1 0 o
0 1 o 1 1 1 1 0 ]
A PLUS B 1 1 0 [ 1 1 0 1 1 1 0 1
1 o o |1 o o o0 [ [
1 o 1|0 o o of o0 1
1 1 o 0 0 0 ] o 1
| 1 1 1 1 7 1 1 1 0 1
T o | 0o 0 ‘D»‘ib ) 0 0 0 [ o
0 0 1 1 1 1 0 0
0 1 o | 1 1 1 1 0 0
Aos o o 1| Tl o slo o o ofol o
1 ] 1 1 1 1 1 0 0
1 1 o 1 1 1 1 1 1
1 1 1 0 0 0 0 1 1
o6 o [0 o o 0 0 [
] o 1 1 1 1 1 0 0
0 1 o 1 1 1 1 ] o
A-8 AR NN B P IR B
1 0 1 1 1 1 1 0 0
{ 1 1 0 1 1 1 1 0 | 0
1 1 1 1 1 1 1 1 1
[ 0 6 00 o o o T
0 o 1 {0 0o o of o0 o0
0 1 0 o o ] 0 1 1
. RN A R
1 o 1 o o ] ] 0 0
1 1 0 ] 0 0o ] 1 1
1 1 1 1 1 1 1 1 1
0 0 0 1 1 1 1 o 0
o o 1 1 1 1 1 o 0
0 1 0 1 1 1 1 o [
SREEE N A R R
[ 0 1 1 1 1 1 0 0
[ 1 0 1 1 1 1 0 ]
|1 1 1 1 1 1 1 1 1
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APPLICATIONS

Ag Ay Az Az Bg By By B3 Ag A Ag A7 By Bg Bg By Ag AgAjgA17  Bg BgBigByy A12A13A12A15 B128138148B15
CARRY IN ¢ PoATAzA3  Bg By B, By Ag A1Ap A3 Bg By By By Ag At Ay A3 Bg By By By " AgATA2A3 B0 818 B3 | Cour
n Cn+a Cn Cnsa Cn Cnsa Cn Crea
So Am25L52517 So Am25L52617 So Am2552517 So Am25152517
—s, —s, —s sy
ova |QVERFLOW
1 Fo  Fq Fy F3 152 r, F F,  F3 OVR 152 /7y Fy F3 S2 gy Fq Fo F3
So
St
S2
Fo F1 Fp Fy Fa F5 Fg Fy BYTE Fg  Fo Fio Fn Fi2 Fiz Fua Fys

OVERFLOW

TYPICAL SPEED CALCULATIONS

QOutput
Path F Cn+4, OVR
Aj or Bj to Ch+4 24 ns 24 ns
Chto Cpn+g 15 ns 15 ns
ChtoCn+4 15 ns 15 ns
Ch to Fj 16 ns -
Cp to Cpig4, OVR — 15 ns
16-Bit Speed 70 ns 69 ns

The Am25LS2517 in a 16-Bit Ripple Carry ALU Connection.

Ag A1 AzA3  BoBy By B3 Aq A5 Ag A7 By BgBg By As'“i“xlo"ln Bg BsBmBln A‘TAFAIMTB 812813814 Byg
CARRY IN ¢ A0A1A2A3 By BBy By ¢ AoATA2A3 B0 B8 By o A0AIA2 A3 80 818 B3 ¢ A0ATAzA3 B0 By 8283 | Cour
n n n n C,
s, s, n+4
?_0 Am2515381 20 Am25L5381 5_0 Am25L5381 -0 Am251§2517
1 Z‘ 51 Z‘ OVERFLOW
— s - — - — s: s 7 OVR —
2Fp Fy Fp F3 G P 2F) Fy Fp F3 G P 2Fy Fy Fp F3 G F 2 Fg Fi Fy F3
So
$1
S2
Fo F1 Fp F3 Fqg Fs Fg F7 Fg Fg Fio Fiy Fiz Fi3 Fig Fis
Gy Po Cnix Gy Py Chay Gy Py Cpey
Cn Am2902

TYPICAL SPEED CALCULATIONS

Output
Path F Cn+4, OVR

AjorBjtoGorP 20 ns* 20 ns*
Gj or Pj to Ci+ 8ns 8ns
(Am 2902)

ChtoF 16 ns -

Cn to Ch+4, OVR — 15 ns
16-Bit Speed 44 ns 43 ns

* Note that Sj to G or P may be longer path.

The Am25L.S2517 and Am25LS381 in a 16-Bit Carry Lookahead ALU Connection.
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UNDERSTANDING
THE Am25LS2517 AND THE Am25LS381

By John R. Mick

INTRODUCTION

The heart of most digital arighmetic processors is the arithme-
tic logic unit (ALU). The ALU can be thought of as a digital
subsystem that performs various arithmetic and logic oper-
ations on two digital input variables. The Am25LS2517 and
the Am25LS381 are Schottky TTL arithmetic logic units/
function generators that perform eight arithmetic/logic opera-
tions on two four-bit input variables. In most ALU’s, speed is
generally a key ingredient. Therefore, as much parallelism in
the operation of the arithmetic logic unit as possible is desired.

The Am25LS381 ALU is designed to operate with a ‘182 carry
lookahead generator to perform multi-level full carry lookahead
over any number of bits. Therefore, the Am25LS381 has both
the carry generate and carry propagate outputs required by the
‘182 carry lookahead generator. The Am25LS2517, on the
other hand, does not have the carry generate and carry propa-
gate functions, but rather has the carry output (Ch+4) and a
two’s complement overflow detection signal (OVR) available
at the output. The net result is that a very high-speed 16-bit
arithmetic logic unit/function generator can be designed and
assembled using three Am25LS381’s, one Am25LS2517, and
one Am2902 (the Am2902 is a high-speed version of the 182
carry lookahead generator).

UNDERSTANDING THE FULL ADDER

The results of an arithmetic operation in any position in a
word depends not only on the two-input operand bits at that
position, but also on all the lesser significant operand bits of
the two input variables. The final result for any bit, therefore,
is not available until the carries of all the previous bits have
rippled through the logic array starting from the least signifi-
cant bit and propagating through to the most significant bit. A
full adder is a device that accepts two individual operand bits
at the same binary weight, and also accepts a carry input bit
from the next lesser significant weight full adder. The full
adder then produces the sum bit for this bit position and also
produces a carry bit to be used in the next more significant
weight full adder carry input. The truth table for a full adder is

shown in Figure 1. From this truth table, the equations for the
full adder:
S=Ae®Be&C
Co=AB +BC +AC,
where A and B are the input operands to the full adder and
C is the carry input into the adder.

The sum output, S, represents the sum of the A and B operand
inputs and the carry input. The carry output, Cg, represents
the carry out of this cell and can be used in the next more sig-
nificant cell of the adder. Full adder cells can be cascaded as
depicted in Figure 2 to form a four-bit ripple carry parallel
adder.

Inputs Outputs
A B C S Co
0 0 O 0 o0
0 0 1 1 0
0o 1 O 1 0
o 1 1 0o 1
1 0 O 1 0
1 0 1 0o 1
1 1 0 0o 1
1 1 1 1 1

Figure 1. Full Adder Truth Table.

Note that once we have cascaded devices as shown in Figure 2,
we may wish to discuss the equations for the i-th bit of the
adder. In so doing, we might describe the equations of the full
adder as follows:
Sj=Aj®BjeCj
Ci+1 = AiBj + BiCj + AiG;
where the Aj and Bj are the input operands at the i-th bit,
and the Cj is the carry input to the i-th bit. (Note that the
equations for this adder are iterative in nature and each
depends on the result of the previous lesser significant bits
of the adder array.)

Y, X Y X Y. X

o 0 0 1 1 2 2 V|3 X3
c B A c B A c B A c B A
s Co s Co s Co s Co
So $1 S2 s3 Cour

Figure 2. Cascaded Full Adder Cells Connected as a Four-Bit Ripple-Carry Full Adder.
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The connection scheme shown in Figure 2 requires a ripple
propagation time through each full adder cell. If a 16-bit adder
is to be assembled, the carry will have to propagate through all
16 full adder cells. What is desired is some technique for antici-

" pating the carry such that we will not have to wait for a ripple
carry to progagate through the entire network. By using some
additional logic, such an adder array can be constructed. This
type of adder is usually called a carry lookahead adder.

A FOUR-BIT CARRY LOOKAHEAD ADDER

Looking back to the equations developed for i-th bit of an
adder, let us now rewrite the carry equation in a slightly dif-
ferent form. When we factor the Cj in this equation, the new
equation becomes:

Ci+1 = AjBj + Cj (Aj + B;j)
From the above equation, let us now define two additional
equations. These are:

Gi = AjB;

P;j = Aj + Bj
With these two new auxiliary equations, we can now rewrite
the carry equation for the i-th bit as follows:

Ci+1 = Gj + PiCj
Note that we have now developed two terms: the Pj term is
known as carry propagate and the Gj term is known as carry
generate. An anticipated carry ean be generated at any stage of
the adder by implementing the above equations and using the
auxiliary functions P; and Gj as required.

It is interesting to note that the sum equation can also be
written in terms of these two auxiliary equations, P; and G;.
For this case, the equation is:

Si = (Aj + Bj) (AjBj) @ Cj
The auxiliary function G;j is called carry generate, because if it
is true, then a carry is immediately produced for the next adder
stage. The function P; is called carry propagate because it
implies there will be a carry into the next stage of the adder if
there is a carry into this stage of the adder. That is, Gj causes a
carry signal at the i-th stage of the adder to be generated and
presented to the next stage of the adder while Pj causes an
existing carry at the input to the i-th stage of the adder to
propagate to the next stage of the adder.

Let us now write all of the sum and carry equations required
for a full four-bit lookahead carry adder.

So=Ag ®Bp®Cq

S1=A1 @B 9 [Gg + PgCol

S2=A2® B2 ®[Gq +P1Gp + P1PgCql

S3=A3® B2 ® [G2 + P2G1 + P2P1Gq + PoP1PoCol
Ci+4=G3 + P3G2 + P3P2G1 + P3P2P1Gg + P3PoP1PoCqo

An important point to note is that all of the sum equations and
the final carry output equation, Cj+4, can be written in terms
of the Aj, Bj, and Cg inputs to the four-bit adder. The confi-
guration as described above is shown in Figure 3. This figure is
divided into two parts — the upper blocks show the auxiliary
function generator circuitry required to implement the P; and
G;j equations while the lower block implements the logic re-
quired to generate the sum output at each bit position.

A serious drawback to the lookahead carry adder is that as the
word length is increased, the carry functions become more and
more complex, eventually becoming impractical due to the
large number of interconnections and heavy loading of the G;
and Pj functions. The auxiliary function concept can be ex-
tended, however, by dividing the word length into fairly small
increments and defining blocks of auxiliary functions G and P.

Understanding the Am25LS2517 and the Am25L.S381

s N
|

=2 g

A,B" D_s|

=B o

o

Figure 3. Full Four-Bit Carry-Lookahead Adder.
It is possible for a given block, to define a function G as the
carry out generated with the block; and P can be defined as
the carry propagate over the block. If the block size is set at
four bits, then the functions for G and P for this block can be
defined as follows:

G = G3 + P3G + P3P2G1 + P3P2P1Go

P =P3P2P1Po
It is important to note that neither of these terms involves a
carry-in (Cg) to the block, so no matter how many blocks are

tied in an adder, all the blocks have stable G and P functions
available in a minimum number of gate delays.

The G and P functions can be gated to produce a carry-in to
each four-bit block, as a function of the lesser significant
blocks. The carry-in to a block in is therefore:

Ch=Gn-1+*+Pn—1Gpn—2 +Pn_1Pn_2Gp_3+_ .
+Pn—1Ph—2Pn—3...P2P1PoCo

Finally, the carry-in to each of the bits in a four-bit block must
include a term for the actual least significant carry-in; note,
therefore, that the equations for the four-bit full adder pre-
sented above include a term for carry-in at each bit position.
Figure 4 shows the logic diagram for the Am25LS381 arith-
metic logic unit/function generator while Figure 5 shows the
logic diagram for the Am25LS2517 arithmetic logic unit/
function generator. Note the generate and propagate outputs
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Figure 4. Logic Diagram of The Am25L8381.

on the Am25LS381, and the carry output and overflow output
on the Am25L52517. Figure 6 gives the function table for both
the Am25L.52517 and Am25LS381. Figure 7 shows the tech-
nique for cascading three Am25LS381's, one Am25LS2517,
and one Am2902 in a full 16-bit high-speed carry lookahead
connection. Figure 8 shows a connection scheme using only
four Am25LS2517's in a 16-bit arithmetic logic unit con-
nection where the carries are rippled between the devices.
Each Am25LS2517 does use internal carry lookahead over the
four-bit block.

In summary, the ripple carry method can be used in conjunction

with the lookahead technique in several ways.

1. Lookahead carry over sections of the adder and ripple
carry between these sections of the adder can be used. This
method is often the most efficient in terms of hardware for

Figure 5. Logic Diagram of the Am25L82517.

Selection
$1

Arithmetic/Logic
Operation

d
N

w
o

Clear

B Minus A
A Minus B
A Plus B
AoB
A+B

AB

Preset

I rrrrrrr
I rTrr-r ITITrr-r
IrITrIrITr

H = High Level, L = Low Level

Figure 6. Function Table for the Am25L82517
and Am25L.S381.

Ao ‘\|| A2A3 BBy By B3 AgAsAg A7 Bg B5 86 By Ag Aa‘ia“n Bg BgBioByy A12A13A14415 B12B13814 815
CARRY IN Ag A1 AyAg  Bg By BBy Ag A1 AgA3  Bg By By B3 Ag A1 Az A3 Bg By By By ¢ Ap A1 A2 A3 Bg By B2 B3 Cout
Cn Cn Cn n A
B ’ N n+
0 Am2515381 %o Am2515381 o Am25L5381 0 Am25152517
— s —s; —1 5 S
N N OVERFLOW
M52f ¢ r 73 G F M5 F F 3 G F 152 F F, F3 & F 2 Fy Fy Fp  Fg OVRITT
So
5 : .
Sy
Fo F1 Fy F3 Fa Fs Fg F7 Fg_Fg Fio Fi Fi2 Fiz Fia Fis
Gy Po  Cnex Ty P1 Cosy G, Py Couy
Cn

Am2902

Figure 7. Full Lookahead Carry 16-Bit Adder.
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Ao Ay Az Az Bp By By By Ag A5 Ag A7 Bq B Bg By AgAgAigA1r  Bg BgBioByy A12A13A14A15 B12813814815
CARRY IN ¢ ApAj Az A3 Bg By B) By Ap AyA2 A3 Bg By B B3 . Ag A1A2 A3 Bg By B B3 ¢ AgAjA2 A3 Bg By By B3 Cout
n Crva Cn Cnia n Cn+a n Cnva
So Am25L52517 So Am25L§2517 So Am25(52517 So Am2552517
—s — —s s
! 51 1 ! OVERFLOW
12 ¢ r [ 152 r r F 13 m F F F S2 F OvR
[ 1 2 3 0 1 2 3 0 1 2 3 Fo 1. Fy F3
So
S1
S2
Fo Fi F2 F3 Fa Fs Fg Fy Fg Fg Fio Fny Fi2 Fi3 Fia Fis

Figure 8. Connection of 16-Bit ALU Using Ripple Carry.

a given speed requirement. It does not require the use of a
lookahead carry generator such as the Am2902.

2. Lookahead carry across 16-bit blocks with a ripple carry
between 16-bit blocks can be used. This technique is
usually called two-level carry lookahead addition. This tech-
nique results in very high-speed arithmetic function gener-
ation and makes a reasonable tradeoff between the speed
and hardware for word lengths greater than 16 bits.

3. Full lookahead carry across all levels and all block sizes can
be used. This is the highest speed arithmetic logic unit con-
nection scheme. For word sizes up to 64 bits, it is referred
to as three-level lookahead carry addition. Such a 64-bit
ALU requires the use of five Am2902 carry lookahead gen-
erator units in addition to the 15 Am25LS381 devices and
one Am25LS2517 as shown in Figure 9.

OVERFLOW

When two’s complement numbers are added or subtracted, the
result must lie within the range of the numbers that can be
handled by the operand word length. Numbers are normally
represented either as fractions with a binary point between the
sign bit and the rest of the word, or as integers where the binary

‘point is after the least significant bit. The actual choice for the

location of the binary point is really up to the design engineer,
as the hardware configuration required for either technique is
identical. It is also possible to use number notations that in-
clude both integer and fractional representations in the same
numbering scheme. Overflow is defined as the situation where
the result of an arithmetic operation lies outside of the num-
ber range that can be represented by the number of bits in the
word. For example, if two eight-bit numbers are added and the
result does not lie within the number range that can be re-
presented by an eight-bit word, we say that an overflow has
occured. This can happen at either the positive end of the
number range or at the negative end of the number range. The
logic function that indicates that the result of an operation is
outside of the representable number range is:

OVR = Cg ® Cg41

where Cg is the carry-in to the sign bit and Cg+1 is the
carry-out of the sign bit.

Thus, for a four-bit ALU with the sign bit in the most signifi-
cant bit position, the overflow can be defined as the Cph+4
term exclusive OR’ed with the Cph+3 term.

Am25L8381's

Am25L82617

CARRY-OUT
Ceo
G P}~ OVERFLOW
O

G2 P2 Gy Py G2 P Go Po G1 Py Gz P2 G3P3
—1c, Am2902 —c, Am2902 —{c, Am2902 —{c, Am2902
o—

Crix Cnty Cn+z Crx Cnty Cniz Crix Cn+y Cn+z Cnex Cnsy Cn+z
ToCq ToCg  ToCyp ToCyg  ToCpq  ToCpg ToCzg  ToCgg  ToCqq ToCsz  ToCgg  ToCgp

Go Pg Gy Py G2 P2

Cn Am2902

Cn+x  Cnty  Cniz
ToC1g ToCag
ToC3

Figure 9. 64-Bit ALU with Full Carry Lookahead Using 5 Am2902’s, 15 Am25LS381's and 1 Am25LS2517.
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Understanding the Am25LS2517 and the Am25LS381

SPEED OR DELAY

Usually, the most important parameter in the design of any
arithmetic logic unit is speed. How fast can two numbers be
added? Is ripple carry sufficient or should carry lookahead
over the entire adder array be used? In order to answer these
questions, the design engineer must first evaluate the speed of
the ALU required in his system. Then he can evaluate the var-
ious alternatives based on the number of bits in the word
being used in the design.

The calculation of the speed (add or subtract time) of a 16-bit
adder is straightforward and will be discussed in detail. It
should be mentioned that the speed of the adder while in the
logic mode is simply the propagation delay from the Aj or
Bj inputs to the Fj outputs (35ns maximum at 25°C and 5V
for the Am25L52517).

LOOKAHEAD CARRY

The typical method for building 16-bit ALU’s is to employ a
carry lookahead generator such as the Am2902. Such a 16-bit
design would incorporate three Am25LS381’s, one Am25LS
2517, and one Am2902. For the 16-bit full carry lookahead
adder in the add or subtract mode as shown in Figure 7, the
maximum propagation delay for data-in to data-out is cal-
culated as follows:

DATA PATH DELAY

16-BIT LOOKAHEAD ADDER/SUBTRACTOR
(+5V and 25°C Maximum Delays)

Output .
Path Units
Fj Ch+4 | OVR

AjorBjtoGorP 27 27 27 ns

G;j or Pj to Cj4+j (Am2902) 10 10 10 ns

‘Cph to Fj 23 - - ns

Cp to Cp44 or OVR - 22 22 ns
TOTAL

16-bit delay 60 59 59 ns

The data path for this computation begins at the least signi
cant 4-bit device, propagates through the Am2902, an
ends at the most significant 4-bit device. Actually, the delay
to the outputs of the most significant device (MSD), then
second MSD, or third MSD is identical.

Thus, the above speed is identical if a 12-bit ALU is fabricated.
This results because the same types of combinatorial propaga-
tion delays are involved.

Q
-
=y
@
=]

Let us examine the speed of a 64-bit arithmetic logic unit
fabricated as shown in Figure 9. The worst case path for this
design is as follows:

DATA PATH DELAY
64-BIT LOOKAHEAD ADDER/SUBTRACTOR
(+5V and 25°C Maximum Delays)

Path OQutput Units
Fi | Ch+4 | OVR

AjorBjto GorP 27 27 27 ns
Gj or P;j to Gj or P; (Am2902) 14 14 14 ns
G;j or Pj to Cj+j (Am2902) 10 10 10 ns
Cn to Cj4j (Am2902) 14 14 14 ns
Ch to Fj 23 - - ns
Cp to Ch4q or OVR - 22 22 ns
TOTAL

16-bit delay 88 87 87 ns

The above example demonstrates the speed improvement
when using carry lookahead over the entire array. When this
64-bit example is compared with the previous 16-bit example,
it will be found that the only difference is the addition of two
Am2902 delays.

RIPPLE CARRY

The slowest speed ALU design employs the ripple carry tech-

nigue. When four-bit devices such as the Am25LS2517 are

employed in such an ALU, the speed is usually computed
using the combinatorial delay terms in the following manner.

1. Select the longest combinatorial delay in the least signifi-
cant device from any input to the carry output, Ch+4. This
is usually from the A or B inputs'to the carry output.

2. Add the carry input to carry output propagation delay as
many times as required to represent each of the interme-
diate four-bit ALU's.

3. Finally, take the propagation delay from the carry input to
the ALU adder outputs.

When the above rules are followed, the total worst case propa-
gation delay over the entire ALU bit width is derived.

If we consider the ripple carry adder/subtractor configuration
as shown in Figure 8, the propagation delay for the data input
to data output path is computed as follows:
DATA PATH DELAY
16-BIT RIPPLE CARRY ADDER/SUBTRACTOR
(+5V and +25°C Maximum Delays)

We should also investigate the delay of this adder with regard Output
to the select inputs as shown in Figure 7. Again, we may cal- Path e C OVR Units
culate the 16-bit full carry lookahead add/subtract delay as ! n+4
follows: Ajor Bjto Chig 36 36 36 ns
Cn to Cn+4 22 22 22 ns
16-BIT LOOKAHEAD ADDER DELAY Cr 10 Corg 2 | 2 2 ns
FOR SELECT INPUTS C“ o 2 ne
(+5V and 25°C Maximum Delays) ntoFi - -
Cpy to Ch4gq or OVR - 22 22 ns
Output
Path i Units TOTAL
Fi | Ch+4 | OVR 16-bit delay 103 | 102 102 ns
SitoGorP 48 48 48 ns In this connection, the maximum delay begins at the least sig-
Gj or Pj to Cj+j (Am2902) 10 10 10 ns nificant device and propagates through the most significant
ChtoF; 23 - - ns device via the ripple carry path.
Cn to Cn+q or OVR - 22 22 ns The select to output delay is computed in a similar manner
TOTAL using Sj to Cp+4 as the first term and is found to be:
16-bit delay 81| 8 | 8 ns Si to Fj = 122ns; Sj to Cn+4 = 12ns; Sj to OVR = 121ns
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The ripple carry computational examples show the speed
of a 16-bit ALU function/generator built using four Am25LS
2517’s.

COMPARING THE '2517/'381 WITH THE "181

To compare the performance of the Am25LS2517 and
LS381, we should evaluate the various ‘181 ALU’s connected
‘in a 16-bit configuration with the Am2902 carry lookahead
generator used in all configurations as shown in Figure 7. The
comparison for the Aj or Bj to Fj add/subtract time is as
follows:

Understanding the Am25LS2517 and the Am25LS381

Even more important is the comparison of ‘‘System Speed’’
normally associated with the ALU function. If we assume the
system configuration as shown in Figure 10, then a reasonable
comparison of speed for Aj or Bj to OVERFLOW can be made
as follows:

SPEED AND POWER
FOR ALU SYSTEMS OF FIGURE 10

All
COMPARISON OF 16-BIT ADDER/SUBTRACTOR All | All | All Gold ’'LS381
DATA DELAY USING 4 ALU’s AND 1 Am2902 Path “S” | 25LS|74LS| Doped | ’LS2517 Units
Maximum 2; orBito G |5| 26 | 33| 25 27 ns
Add/Subtract Maximum
, Delay Power* GorP0Cij| 461 10 | 10 | 10 10 ns
ALU Device +5V and 25°C | Vg = +5.25V (Am2902)
745181 Ch to OVR - - - - 22 ns
2’"74181 Z”S 914mA CntoFs 12| 19 | 26 19 - ns
m
ns 694mA CottoOVR |21 | — | 60 | 60 - ns
Am74L5181 69ns 242mA
Am25L.5181 55ns 242mA TOTAL 58 | 55 | 129 114 59 ns
Am25L.8381/Am25L.52517 60ns 266mA POWER  |998 253 748 266 mA
*Note: Of this power, 94mA is the Am2902 *no 25LS
T T T T T T ]
A B A B A B A B A B I ADD/suB |
)
4 a 4 4 4 4 3|, 3 i ; )
A 4 -—‘-—)
+ + ‘ ) > OVERFLOW
c, 181 c, 181 c, 181 Cn 181 Cour \
G P G 3 G P G P F3 I ) [
I N |
[
G P Cnix G 3 Cnty G 3 Cntz G P D D
CAR Rlx Cn STATUS REG
Am2902 Q a
a) The 181 Connection
A B A B A B A B
4’ 4 a4 4/‘ 4], 4], 4 4
c, 381 c, 381 c, '381 c, ‘2517 4
G P G P G P G P OVR
G P Chix G P Cnty G P Chiz G P D D
CARRIx Cn STATUS REG
Am2902 a a
b) The "381/°2517 Connection
Figure 10. The Normal ALU System.
SUMMARY pated power. The Am25LS381 and Am25LS2517 combina-

The Am25LS381 and Am25LS2517 offer superior perfor-
mance utilizing the space saving 20-pin package. The data add/
subtract time compares very favorably with the 74181 and
745181 with a considerable reduction (1/3 to 1/4) in dissi-

tion provide the OVR function not currently available or
easily to implement on any ‘181 configuration. The 20-pin
package configuration offers at least a 2:1 saving in PC board
area compared to the 181 24-pin package approach.

2-93




Am25LS2513

Three-State Priority Encoder

DISTINCTIVE CHARACTERISTICS

® Encodes eight lines to three-line binary
® Expandable

® Cascadable
°

Three State inverted output version of Amb54LS/74LS/

2515148
Gated three-state output
Advanced Low-Power Schottky processing

® 100% product assurance screening to MIL-STD-883

requirements

FUNCTIONAL DESCRIPTION

The Am25LS2513 Low-Power Schottky Priority Encoder
performs priority encoding of 8 inputs to provide a binary-
weighted code of the priority order of the 3 tri-state active
HIGH outputs Ag, A1, A2. Three active LOW and two active
HIGH inputs in AND-OR configuration allow control of the
tri-state outputs. The use of the input enable (El) combined
with the enable output (EO) permits cascading without addi-
tional circuitry. Enable input (ET) HIGH will force all outputs
LOW subject to the tri-state control. The enable output is
LOW when all inputs Io through I7 are HIGH and the enable
input is LOW.

LOGIC DIAGRAM

63
. |
sz Ag Ay Ay
CONNECTION DIAGRAM LOGIC SYMBOL
Top View
18 15 16 17 1 2
Vec B0 To T3 T, T, G5 Gy Gy G (L(LJ)J’$$$J’$
O M[nn
20 19 18 17 16 15 14 13 12 11 o 11 12 13 1a 15 16 17 G‘___,z
Gy b—13
) Am25152513 G3 jo— 11
Gyjo—>9
® 2 3 4 5 6 7 8 9 10 E0 Ay A Asto—“‘
oy
T4 U5 Tg T, El Ay Ay Ag G4 GND T l ] l
19 8 7 6

Note: Pin 1 is marked for orientation.
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Am25L82513
Am25LS2513

ELECTRICAL CHARACTERISTICS
The Following Conditions Apply Unless Otherwise Specified:

COM'L Tp=0°Cto+70°C Ve =5.0V 5% MIN. = 4.75V MAX. = 5.25 V
MIL Ta=-55"Cto+125°C  Vgg =5.0V £10%  MIN. = 4.50V MAX. = 550V
JC CHARACTERISTICS OVER OPERATING RANGE T
YP.
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units
A MIL, Ioy = —=1.0mA 24 34
i
Ve = MIN. COM'L, Iy = —2.6mA 24 3.2
VoH Output HIGH Voltage cc 0 Volts
VIN=ViHqor VL 5.1 440uA MiL 25 34
POHTTRATCOM L 27 34
loL =4.0mA .
Vee = MIN. oL~ *om 04
VoL Output LOW Voitage VIN=Vjqor V) |'oL=80mA 0.45 Volts
loL = 12mA(A, Outputs) 05
Guaranteed input logical HIGH
VIH Input HIGH Level voltage for all inputs 2.0 Volts
Guaranteed input logical LOW MiL 0.7
Vi input LOW Level voltage for all inputs coM'L 08 Volts
\ Input Clamp Voltage Vce =MIN, Iy = —-18mA -15 Volts
Vee = MAX. E1,G1.G2,G3,G4.Gs, I —04
TR Input LOW Current CC_ 1.52.73.54,9%- 0 mA
VN =04V All others —0.8
Ve = MAX. E1,G1,G2,G3.,G4.G5.Tg 20
[} Input HIGH Current _ KA
H VIN=27V All others 40
Vee = MAX. E1,G1,G2.G3,G4.Gs, 0.1
I Input HIGH Current ce 192,93, %4.796-°0 mA
VIN =7.0V All others 0.2
o Off-State (High-lmpedance) Vee = MAX. Vo =04V —20 A
Output Current Vg =2.4V 20
Isc Qutput Short Circuit Current Vee = MAX. _15 _85 mA
(Note 3) '
Power Supply Current _
} =MAX.
cC {Note 4) Vece AX 15 24 mA

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type.

2. Typical limits are at Vgg = 5.0V, 25°C ambient and maximum loading.

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second.

4. All inputs and outputs open.
Am25LS
VIAXIMUM RATINGS (Above which the useful life may be impaired)
Storage Temperature —65°C to +150°C
Temperature (Ambient) Under Bias —55°C to +125°C
Supply Voltage to Ground Potential Continuous —0.5V to+7.0V
JC Voltage Applied to Outputs for High Output State —0.5V to +V¢c max.
JC Input Voltage —0.5Vto+7.0V
JC Output Current, Into Outputs 30mA
JC Input Current —30mA to +5.0mA
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Am25LS2513

SWITCHING CHARACTERISTICS
(Ta =+25°C, Ve = 5.0V)

Parameters Description Min. Typ. Max. Units Test Conditions
t — 17 25

PLH I; to A (In-phase) ns
tPHL 17 25
t — 11 17

PLH I; to Ap (Out-phase) ns
tPHL 12 18
t [ — 7.0 11

PLH lj to EO ns
tPHL 24 36
1 —_ J— 1 17 -

PLH El to EO ns CL = 15pF
tPHL 23 34 RL = 2.0k
t — 12 18

PLH | to Ap ns
tPHL 14 21
t 23

ZH Gqor Gy to Ap 40 ns
tzL 20 37
t - = = 20 30

ZH G3, G4,Gg to A ns
tzL 18 27
tHZz 17 27

GporGpato A ns
tLz 1075279 An 19 28 CL = 5.0pF
t - = = 16 24 R = 2.0kQ
s G3, G4, Gg to Ap ns -
t Lz 18 27

SWITCHING CHARACTERlS;I'ICS Am25LS COM'L Am25LS MIL
OVER OPERATING RANGE
Ta =0°C to +70°C Ta=-55"Cto+125°C
Vce =5.0V 15% Vce =5.0V £10%
Parameters Description Min. Max. Min. Max. Units Test Conditions
t — 3 37
APLH Ij to Ap, (In-phase) == P ns
tPHL 30 34
t - 22 27
PLH Ij to A, (Out-phase) ns
tPHL 22 25
tPLH T t0 EO 15 18 ns
tPHL 48 60
tPLH Ei 10 EG 19 21 ns C =50pF
TPHL *46 57 R = 2.0k
tPLH El to An 22 25 ns
tPHL 27 32
fzH GqorGyto Ay 42 49 ns
tzL 43 49
tzH ~ - - 36 43
G3,G4,G A
L 3:54,55 19 An 35 23 ne
t
Hz GqorGyto Ap 34 40 ns
tLz 34 40 CL = 5.0pF
tHZ - = = 30 35 R =2.0kQ
G3z, Gy, G A
tLz 3. G4, G 10 Ap Y = ns

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9.

Note: i =0to 7
n=0to2

2-96



Am251.S2513

DEFINITIONS OF FUNCTIONAL TERMS Metallization and Pad Layout

A0, A1,A2 Three-state, active high encoder outputs

El Enable input provided to allow cascaded oper-
ation

EO Enable output provided to enable the next lower
order priority chip

G1, G2 Active high three-state output controls

G3,Gg, G Active low three-state output controls T 2 Vee

To.7 Active low encoder inputs Ts

TRUTH TABLE 1

Inputs Outputs

|

&
o
!
>
o
>
>
3

T3

&l
-l
&

x

A

X X X X X X X I X
mX XX X X X I X
Ir X X X X XTI X
I T XXXXTI

IITIIFXXIX

rrreccc-ereoz|m

zrxrxzzxzzr x|

rrxTTrxxxzIx|g
ITTITITIITICXTX
ITIITIITIITICIX
FIrfrIrCrICICC
FFIICf-rITIICC
rrCrrIIIrrxIrcr

,_
T
T
T
T

H = HIGH Voltage Level

L = LOW Voltage Level

X = Don’t Care
ForGy=H,Gp=H,G3=L,Gg=L,Gg=L

Ao

Ao A A
Enabled
r4 z

xxzxxr|Q

xxxxxr|Q
I X XXX gl

X X X X r T
X X X r X T

z
r4
z
z

NNNNN

z
z
z
Z

Z = HIGH Impedance DIE SIZE 0.082 X 0.085

Am25LS
LOW-POWER SCHOTTKY INPUT/OUTPUT

CLIRRENT INTERFEACE CONDITIONC
VTN G IV I LT UL UVINLS IO

EO DRIVING OUTPUT

A; DRIVING OUTPUT

DRIVEN INPUT

.

i

Note: Actual current flow direction shown.
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Am25L52513

APPLICATION

A2
A
Ao

Am251L52513

—o| 3

P63 —f 17 Az
P62 —Qf Ig A1
Pe1 ——Qf 15 Ao
760 —Qll4 wmzsiszs13
59 —Qf I3 }
Psg —f 1, Gy |
P57 —Of Iy Gy 1
Psg —f 1o G3 l
Ga
B g Os
= Q = 1A1 Dc 1v1
Pss —f 17 Az
Pss —qf Ig Ay
Ps3 —f I Ay
P52 —Of 1,
Pat 13 Am25L2513
P50 —Of 1, Gy
Pag —Of 1y Gz
Pag —0 1, g:
4
4 o <3
= Q = 1A2 Dc 1v2
P47 —f 17 Az
Pag —Of Ig Ay
Pas —0f Ig Ay
Pag —f 1,
4
Pas 13 Am25LS2513
Pa2 —Qf 1, G4
P —f 1} G2
Pao —0 1y ga
4
N G Gs
= ? = 143 Dc 1v3
P39 —f 17 A2
P3g —Of Ig At
:37 — 5 Ao
36 —Of I3 v
Pas 13 Am25L52513 T cc
P3s —al 1, Gy
P33 ——Qf I} Gy
P32 — 1, g:
4
ro B g O
= ? = 184 >° 1v4
P31 —f 17 Ay
P30 —Ql Ig Aq
P29 —Q) 15 Ag e :;
Pg —Of Iy 9
S )
Pay of 13 Am25LS2513 's
P2 —Of I, Gy Am25LS240A —9 |4
—_—
P25 —f 1; G2 R S— e
P24 —0f 1y (G;;; 2
—————Of 1
4
© e Ss q_ %
= ? = 281 [ 2v1 9
P23 —f 17 Az
P22 —f 1 Ay
P21 —f 15 Ag
P20 —Of 14 v,
Pro 13 Am25L52513 j’ cc
P1g —Of I, Gy
P17 — 1y Gy
P1s —f 1y G3
Gg
Ny EE:) Gs
= ? 282 Dc 2v2
P15 —Of Iy A2
P14 —Of 15 A
P13 —Of 15 Ag
P12 —f |
4 V,
Pry of i3 Amsiszsia T cc
P10 —O I, 6y
Py —Qf 1} G
Pg —0 |, G3
Gq
N G Gs —1
= q = 243 Dc 2v3
P7— 17 A2
Pg —Of I Ay
Ps —f Ig Ag
Pa —0f Iy
P3 " Am25182513 Vee
P —Of I, Gy
Pr—a 1y Gy
Po—0 Ig 23
4
o G

64 Input Priority Encoder Connected for Parallel Enable

V3 | vector
vz [ outeuT

REQUEST
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Am25LS2513

ORDERING INFORMATION

Am25L52513
Package Temperature Order
Type Range Number
Molded DIP 0°Cto +70°C  AM25LS2513PC
Hermetic DIP 0°Cto +70°C  AM25LS2513DC
Dice 0°Cto +70°C  AM25LS2513XC

Hermetic DIP  —55°Cto +125°C  AM251L52513DM
Hermetic Flat Pak —55°C to +125°C AM25LS2513FM
Dice —55°C to +125°C  AM25LS2513XM

PRIORITY ENCODED RST INTERRUPT
INSTRUCTION FOR THE Am9080A

S

DB:
Amgogoa DATA Am8228 3 DATA
DBy 8US

o o o

© ® @

J oo oo
1|

+5.0V —-———T—‘

Gy Gy  El Gg Gg
To Ag
R A

A2

=
5

ACTIVE

o'

Low Am25LS2513
INTERRUPTS

g —
\:‘m‘m‘a

TO 9080A INT

+5.0V
INTA FROM 8228

6.8K
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Am25LS2516

Eight-Bit by Eight-Bit Serial/Parallel Multiplier with Accumulator

DISTINCTIVE CHARACTERISTICS

Two’s complement, two-bit lookahead carry-save arithmetic
Microprogrammable — four-bit instruction code for load,
multiply, and read operations
Cascadable, two devices perform full 16-bit multiplication
without additional hardware
Eight-bit byte parallel, bidirectional, bussed /O
On-chip registers and double length accumulator

Overflow indicator

Three-state shared bus input/output lines
High-speed architecture provides clock rates of 20MHz (Typ)
100% product assurance screening to MIL-STD-883

requirements

LOGIC SYMBOL
36— BUS O lo p—33
3—{ BUS1 lhp—32
37— BUS 2 =3
2—{BUS 3 I3 =27
38— BUS 4 ot |—28
1—{BUss msB f—15
39— Bus6 LsB }—23
40—4 BUS 7 Yy 17
11— X7 Yo }—18
1:: :zg Am25L52516 2’;; E_;z
26— cLk ovFL f—34
19— SUM IN ODD SUM OUT ODD f—21
18— SUM IN EVEN SUM OUT EVEN }—20
5—] ACC UH IN ODD ACC UH OUT 0DD |—4
6 — ACC UH IN EVEN ACC UH OUT EVEN p—235
7= ACC LH IN ODD ACC ADD OUT ODD = 25
8 —] ACC LH IN EVEN ACC ADD OUT EVEN p=—24
13— YR IN EVEN YROUT ODD |—9
14— YR IN 0DD YROUT EVEN }— 20

MPR-336

FUNCTIONAL DESCRIPTION

The Am25LS2516 is an eight-bit by eight-bit multiplier and
accumulator employing serial/parallel, two’s complement,
carry-save arithmetic to deliver a 16-bit product in eight clock
cycles. The device is fully cascadable for use in high-speed,
real-time, digital signal processing applications.

The device includes an eight-bit X Register prior to the X latch
providing X hold for chain or overlapping calculations. The X
and Y registers are loaded by clocking prior to the beginning
of a multiply cycle, the data supplied by the bidirectional bus
or the accumulator register. The double length, 16-bit output
is multiplexed onto the eight-bit bus; either the upper or lower
halves of the result can be read at any one time.

The accumulator and the Y register are both organized as dual-
rank shift registers, allowing them to shift two bits at a time.
The serial inputs and outputs of the Y register, the low and
high order halves of the accumulator and the two-bit serial
accumulator adder output, both serially and in parallel, are all
available at external pins to provide cascadability.

CONNECTION DIAGRAM

BUS§ g
BUS3
BUS 1
ACC UH OUT ODD S
ACC UH IN 0DD
ACC UH IN EVEN E
ACC LH INODD []
ACC LH IN EVEN []
YrOUTODD [}
Vee
X7 O
GND [

YR INEVEN []
YR INODD [}
mss [

Yo [

Y1 [

SUM IN EVEN [}
SUM INODD [
SUM OUT EVEN []

© @ N ;s W N =

A\

Am25LS2516

[ Bus?

[ ] BuUs6

[] BUs4

|1 BUS2

] BUSO

] AcC UH OUT EVEN
[ ovrL

1 1o

[

[ 12

[ anoD

[—] YROUTEVEN

[ o

[ 13

[ cLk

[] Acc Abp out oDD
[~ Acc ADD OUT EVEN
[ Lss

[ X

[ sumouT opp

MPR-337

LOGIC DIAGRAM

1/0 BUS Q

I 8-BIT X REGISTER I
As
8-BIT X LATCHES
22
X7 X_1
17
4
Y{ 16 28IT
O—] CELLS MULTIPLIER
19 21
SUM IN{ 18 2 lsum out
8y
1
25
13 ACC ADD
o 2 t‘m &OIOUTPUT
YRIN { “14 | 8BITYREG |o9 _ | YROUT CELLSUM
—O 23
Ls8
15!
MSB
34 OVFL
OVFL 0—] oA |-
5 4 7
accun [O—] saIT —0| accuH 8-8IT 0| acc L
INPUT | 8] REGACC |35 (ouTPUT REG ACC 8 of NpuT
| 8, 1 D2
4 INST O 28 0
104 itooe : CONTROL MUX —o ot
|
D A

26
cp O—D————

MPR-338

Copyright © 1979 by Advanced Micro Devices, Inc.
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ELECTRICAL CHARACTERISTICS
The Following Conditions Apply Unless Otherwise Specified:

comML Ta = 0°C to +70°C Vee = 5.0V £5% MIN. = 475V MAX. = 5.25V
MIL Ta = —-55°Cto +125°C Vg = 5.0V £10%  MIN. = 450V MAX. = 5.50V

DC CHARACTERISTICS OVER OPERATING RANGE
(Bus Inputs/Outputs)

Am25L52516

Typ.
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units
Vee = MIN.
v Output HIGH Voltage cc lon = —1.0mA 2.4 Volts
OH P! g Vin = Vig or Vi, OH
Vou Output LOW Voltage Vee = MIN. loL = 4.0mA 0.4 Volts
ViN = Vigor Vi,

Vin Input HIGH Level Guaranteed input logical HIGH 2.0 Volts
voltage for all inputs
Guaranteed input logical LOW MIL 0.7

\"

I Input LOW Level voltage for all inputs COM'L 0.8 Volts
V) Input Clamp Voltage Vee = MIN, Ijy = —18mA -1.5 Volts
T8 Input LOW Current Voo = MAX,, Viy = 0.4V -0.8 mA
1 Input HIGH Current Vee = MAX,, Viy = 2.7V 60 A
I Input HIGH Current Vee = MAX,, Viy = 5.5V 0.2 mA

Output Short Circuit Current _ _
Isc (Note 3) Vee = MAX. 30 100 mA
Off-State (HIGH Impedance) B Vo = 24V 60
loz Output Current Vee = MAX. Vo = 0.4V 800 KA
Non-Bus Inputs/Outputs
\Y; = MIN. MiL 2.5
Y Output HIGH Voltage cc loH = —440pA Volts
oH P 9 Vin = Vigor vy | O H COM'L 27
= YR OUT, Ig. = 15mA 0.5
VoL Output LOW Voltage Vee = MIN. R oL Volts
Vin = Vi orVy Others lg; = 4.0mA 0.4
Guaranteed input logical HIGH
Vin Input HIGH Level voltage for all inputs 2.0 Volts
. 5 oical YY1 0.8
uaranteed input logica
ViL Input LOW Level LOW voltage for all inputs Others, MIL 0.7 Volts
Others, COM'L 0.8
" Input Clamp Voltage Vee = MIN, iy = —18mA -1.5 Volts
e Input LOW Current Voo = MAX, VN = 0.4V See Table 1 mA
H Input HIGH Current Vee = MAX,, Viy = 2.7V See Table 1 kA
Iy Input HIGH Current Vee = MAX,, V| = 5.5V See Table 1 mA
Output Short Circuit Current _ _ _
Isc (Note 3) Vee = MAX. 15 85 mA
Power Supply Current _
Icc (Note 4) Vee = MAX. 285 390 mA

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type.

2. Typical limits are at Vo = 5.0V, 25°C ambient and maximum loading.

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second.

4. Pins 28 and 31 HIGH, all other inputs at GND. Test after one full clock cycle of LOW-HIGH-LOW.

MAXIMUM RATINGS (Above which the useful life may be impaired)

Storage Temperature

—65°C to +150°C

Temperature (Case) Under Bias

—55°C to +125°C

Supply Voltage to Ground Potential Continuous —0.5V to +6.3V
DC Voltage Applied to Outputs for High Output State —0.5V to + V¢ max.
DC Input Voltage (Pins 5, 6, 7, 8, 18, 19, 26) —-0.5V to +5.5V
DC Input Voltage (Other pins) -0.5V to +7.0V
DC Output Current, Into Outputs 30mA

DC Input Current

—30mA to +5.0mA
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TABLE I. ORDERING INFORMATION
Terminals I hH I
Y IN —.3mA 20uA AmA Package Temperature Order
Io. l4. I3, OE —45mA | 20pA 1mA Type Range Number
. 0°Cto +70°C AM25L.52516DC
Bus 0-7 —-6mA 90pA 3mA Hermetic DIP ™ C 6 +125°C | AM25LS2516DM (Note 1)
cp —-8mA 80pA 4mA Note 1. Military temperature range product in development.
la, X4 -.9mA 40uA AmA
SUM IN —1.4mA 80uA .5mA
LSB —1.6mA 80uA 4mA
ACC IN all —2mA 50uA 1mA
MSsB —-3mA 150uA 1.5mA
Yo Y1 —7.5mA 200pA 2mA

SWITCHING CHARACTERISTICS
(Ta = +25°C, Ve = 5.0V)

Parameters Description Min. Typ. Max. Units Test Conditions
t 12 18
PLH YR Register OUT ns
tpHL 15 23
t 13 20
PLH SUM OuT ns
tPHL 15 23
t 27 41
PLH ACC ADDER OUT ns
tPHL 27 41
t 11 17
PLH ACC UH OUT ns
tPHL 13 20 C_ = 15pF
! 23 34 RL = 2.0kQ
PLH ACC Bus ns
tpHL 17 26
t —_— 12 18
PLH OVFL ns
tPHL 15 23
t 13 20
PLH X, ns
“tpHL 17 26
t 12 18
tZH 9 14 ns
ZL OE to Bus
thz 24 36 ns C = 5.0pF
t 2 12 18 RL = 2.0k
tg X Register (Bus) 20 ns
ts Y Register (Bus) 15 ns
ts X_q 35 ns
ts SUM IN 37 ns
ts Y Register (Serial) 20 ns
CL= 15pF
ts ACC LH or UH IN 8 ns RL = 2.0kQ
ts Muiltiplier Yq and Y4 33 ns
ts Instruction 25 ns
th SUM IN, X_4, Multiplier Yo and Y 0 ns
th lp-3 Hold Time 10 ns
th Hold Time on All Other Inputs 5 ns
fmax (Note 1) Maximum Clock Frequency 17 MHz

Note 1. Per industry convention, fayx is the worst case value of the maximum device operating frequency with no constraints on t;, t¢, pulse width or
duty cycle.
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SWITCHING CHARACTERISTICS
OVER OPERATING RANGE*

Am25LS COM’L Am25LS MIL
Ta = 0°C to +70°C Tp = —55°C to +125°C
Vee = 5.0V £5% Vee = 5.0V =10%
Parameters Description Min. Max. Min. Max. Units Test Conditions

t 24 26

PLH YR Register OUT ns

tpHL 33 37

t 27 27

PLH SUM OUT ns
tpHL 34 34

t 50 52

PLH ACC ADDER OUT ns

tPHL 57 60

t 23 23 =

PLH ACC UH OUT ns Cy = S0pF
tpHL 30 30 RL = 2.0kQ
t 42 45

PLH ACC Bus ns

tpHL 38 39

t — 26 26

PLH OVFL ns

tprL 33 33

tPLH 30 33

X7 ns

tzH 30 33 ns C_ = 50pF
k OE 21 23 ns R = 2.0k
zL OE to Bus

thz 45 55 ns CL = 5.0pF
tLz 21 30 ns R = 2.0k
ts X Register (Bus) 20 22 ns

tg Y Register (Bus) 15 17 ns

ts X_q 45 51 ns

ts SUM IN 52 62 ns

tg Y Register (Serial) 20 20 ns

C, = 50pF

1 ACC LH or UH IN 10 14 ns R = 2.0kQ
ts Multiplier Yq and Y- 44 51 ns

tg Instruction 27 30 ns

ty SUM IN, X_4, Multiplier and Y, 0 0 ns

ty lo-3 Hold Time 10 10 ns

ty All Other Inputs 5 5 ns

fmax (Note 1) Maximum Clock Frequency 15.5 10 MHz

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9.

The following table provides a guide to the improvement in performance which may be
obtained by control of the V¢ power supply.

Voc =5.0V | Vg =5.0V 5% | Ve = 5.0V £10%
Ta =25°C 17MHz 16MHz 15MHz
Ta = 0°Cto +70°C 16MHz 15.5MHz -
Tc = —55°C to +125°C 12MHz - 10MHz
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DEFINITION OF FUNCTIONAL TERMS

Bus 0-Bus 7
X7

X_4

Accum Upper
Half out, even

Accum Upper
Half out, odd

Accum Upper

Half input even

Accum Upper
Half input odd

Accum Lower

Half input even

Accum Lower
Half input odd

YR out even
YR out odd
YR in even

YR in odd

Yq
Yo

Bi-directional 8-bit data bus.

Interconnection link to more significant
byte if cascading (output).

Interconnecting link between devices to
least significant byte if cascading (input)
link X7 to X1 to cascade — must be ground
if not used.

Accumulator output upper byte, even bit.
Accumulator output upper byte, odd bit.
Accumulator input, upper byte, even bit.
Accumulator input, upper byte, odd bit.
Accumulator input, lower byte, even bit.
Accumulator input, lower byte, odd bit.

“Y” register output, even (link to “Y0").
“Y” register output, odd (link to “Y1").

“Y” register input, even (link for cascading)
ground when not used.

“Y” register input, odd (link for cascading)
ground when not used.

Multiplier odd input (link to Y register odd).
Muitiplier even input (link to Y register even).

Sum in even

Sum in odd

Sum out even
Sum out odd

Acc Add out,
even

Acc Add out,
odd

LSB

lo-l3

OVFL

MSB

cP
OE

Multiplier input even for cascading link to
more significant byte, for standalone,
ground.

Multiplier input odd for cascading link to
more significant byte, for standalone,
ground.

Multiplier output even (link to sum in even
for cascading) can be used directly.

Multiplier output odd (link to sum output
odd for cascading) can be used directly.

Adder output even, for LSB (Hi) output
equal sum of Accum and multiplier, for
LSB (low) output equal sum of accumula-
tor and zero.

Same as above except odd bit instead of
even.

Control for summing adder — See Accumu-
lator Add outputs for definition.

4-bit instruction field — provide cycle for
cycle control of device function.

Stored overflow indicator used only on
least significant byte. Requires proper exe-
cution of instruction to operate.

Control for “Y” reg. and multiplier to indi-
cate Most Significant Byte — Activates sign
extension and negative waiting for 2’'s com-
pliment — Low for lesser significant bytes
and High for Most Significant Byte only.
Clock Pulse.

3 state enable for Bus 0-Bus 7 outputs.
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THE Am25LS2516 LSI
MULTIPLIER ACCUMULATOR

By Roy Levy

The Am25LS2516 is an 8-bit Multiplier/Accumulator designed for
medium performance, minimum power, real time signal proces-
sing applications such as digital filtering, Fast Fourier Trans-
forms, and statistical correlation. Using two’s complement carry-
save arithmetic, this 40-pin LS| device delivers a 16-bit productin
eight clock cycles. This will permit two devices to be cascaded to
achieve a 16-bit by 16-bit multiplication in 940ns when used over
the full military operating range.

A functional block diagram of the Am25L.S2516 is shown in Figure
1. The key elements are an 8-bit X input register followed by an
8-bit X latch, an 8-bit Y register, four 2-bit multipliers, a 2-bit
adder, two 8-bit accumulators (high order and low order), a byte
selecting multiplexer and instruction decode logic. These com-
ponents, equivalent to approximately 625 gate elements, are
integrated onto a single chip fabricated using Advanced Micro
Devices’ high-performance, Low-Power Schottky technology.
The on-chip accumulator is provided to minimize component
count and power dissipation in a high density system. It also
allows completion of a multiply and accumulate operation in the
same time normally required for a multiply only. Other LSI muiti-
pliers currently available require the accumulator function to be
provided externally.

Q 1/0BUS
8

—
8-BIT X1 REGISTER

4 2BIT
CELLS
MULTIPLIER

5V | & o OVFL

= SUM IN ot
o OUT
%

4 — Ls8
| 0% INST CONTROL = OVFL
~ 2BIT
CELL
o D o SUM
o ADD
out
8-8IT UH ACC
REG ACC OUTPUT
UH ACC
INPUT LH ACC 8-BIT
INPUT REG ACC
8 8

Figure 1. 8-Bit by 8-Bit Multiplier Block Diagram with
External Connections Required to Accumulate
A 16-Bit Product.

MULTIPLIER OPERATION

The Am25LS2516 is configured around an eight-line common
input/output bidirectional bus. X and Y input and accumulator
output data are routed via these bus lines. A two-rank register/
latch combination is used for the X input to allow chaining of
successive multiplies without losing a clock pulse; i.e., multiply
and load vs. multiply. The latch holds the “X” data for the multi-
plier, allowing the X register to be loaded during any remaining
multiply cycles. The “Y” Register can be parallel loaded, by
command, from the 8-bit, on-chip bus from either the incoming 8
bits, or the Accumulator High or Accumulator Low Register (sepa-
rate commands). The “Y” Register provides the 2-bit-at-a-time
shift and the sign extend which allows the four 2-bit cells to
operate in a serial by parallel mode. The multiplier produces a
2-bit product for each clock, LSB's first. Its output is accepted by
the 2-bit adder as well as presented to external pins for expan-
sion. A control gating array is provided to test for overflow during
the last add cycle of the operation; i.e., cycle 8 for 8-bit multiply
and cycle 16 for 16-bit multiply. The timing and control of this
specific cycle is accomplished by the microcode chosen. The
“HLDA” and “LYSA” instructions are provided for this purpose.
The first cycle of a HOLD A following a multiply will cause the
results of the overflow test to be stored. Two 8-bit accumulators
are provided which must be externally connected in either an
8-bit, 16-bit, or greater configuration.

These accumulators as well as the Y Register, are both organized
as dual-rank shift registers, which allow them to shift two bits at a
time. The serial inputs and outputs of the Y Register and the low
and high order halves of the accumulator are all brought out to
external pins for cascading the device.

The accumulator output is available both serially and in parallel.
The accumulator results are available one bit later than the multi-
ply cycle and the accumulator stops shifting during read cycles. If
the device is used to compute X ¢ Y products without accumula-
tion, a minimum of two overhead cycles must accompany each
multiply — one for reading the upper (lower) half of the ac-
cumulator and one for clearing of the accumulator during the
loading of the X or Y Registers. An output multiplexer selects the
high or low order accumulator contents for presentation to the bus
in parallel 8 bits at a time.

The heart of this device is an 8-bit multiplier (Figure 2) made up of
four 2-bit cells. Each cell has three inputs (2 bits wide), two dual
carry-save full adders, with four flip-flops for temporary storage
(two for carry-save and two for partial product). The multiplier is
actually subdivided into two separate adders with appropriate
carry-save. The firstadder forms a partial sum representing 0, 1X,
2X, or 3X by using combinations of X and 2X. The control of this
combination of Yq and Y4, respectively, to form YpX,, + Y¢X, + 1.
This sum (nX) is the input for the second adder. The second adder
combines the first adder (nX) sum with the stored partial product
shifted two places plus carry to form a new partial product.

Pomss + nXg + C = Py s
Pimsg + nX1 + C = Py g8
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The two partial product bits of the least significant cell are made
available to the SUMmer and the SUM out terminals. The LSB
input controls the SUM out providing a pass through or add
dependent on polarity.

PROGRAMMING THE MULTIPLIER

The Am25LS2516 is an externally programmed device controlled
by four instruction lines. This programmability provides a key to its
flexibility. Sixteen microinstructions (see Table 1) are provided,
which can be grouped into three major functions: Data Move,
Read, and Multiply.

Instruction 0-3: The first instructions (“0”, “1”, 27, “3”) load
the “Y” Register from the Accumulator (high or low) and load
the “X" Register while either clearing or not clearing, respec-
tively, the Accumulator.

The next four instructions (“4”, “5”, “6”, “7”) load the “Y” Reg-
ister from external “bus” and Holds on the accumulators and
multiplier.

Instruction “7” is unique and is used to execute a chain multiply. It
provides the last multiply operation while loading the “Y” Regis-
ter, transferring the “X”, and clearing the multiplier.

Instrucitons “8” and “9” provide the read-out (upper and lower
halves) of the Accumulator.

Instructions “A” and “B” internally transfer the respective halves
of the Accumulator to the “X” Register — another method of chain
calculating.

Instruction “C” is used as an idling instruction after multiplication
in order to hold the product in the accumulator until a read instruc-
tion can be performed. NOTE: The operations of the instruction
are in some cases stored by clocking the instructions into an
instruction register, accounting for a clocked delay in operations.
Specifically, the shifting of the Accumulator is an internally stored
command and as such is started and stopped one clock cycle
late, allowing the Accumulator to complete its data shifting during
the first HOLD A cycle following a multiply and starting it one clock
cycle after the multiplying cycle is started.

The Am25LS2516

Instruction “D” is a single iteration of the multiply and must be
used for each bit in the multiplier minus one. The last bit of the
multiplier will be handled by a HOLD A (“C”) or a load Y and

B

multiply (7). 4
Instruction “E” provides a load “X”“Register and Hold.

Instruction “F” provides an intermediate instruction which can be
executed during a multiply. It allows the “X” Register to load

without disturbing the “X” Latch, while continuing the iteration of
the multiply.

Instructions “C” and “7” also provide sampling and storage of the
overflow condition.

INSTRUCTION
I3l211p
MNEMONIC IN HEX FUNCTION REMARKS
THASY, XFER X, CLR A
YLHC 0 CLR M, READ OVFL
UHASY, XFER X, CLR A
Yute ! CLR M, READ OVFL
LHASY, XFER X
YLHA 2 CLR M, READ OVFL
UHA Y, XFER X
YUHA 3 CLRM,READOVFL
LOAD Y, XFER X, CLR A Same function
LYCA 4 CLRM as5
ClRA Same function
LYCA 5 LOAD Y, XFER X, CLR M as4
LOAD Y, XFER X, HOLD A
LYHA 6 e
LYSA 7 LOAD Y, XFER X, SHIFT A Enables overflow
CLR M, MULTIPLY store in next state
READ LHA
REHA 8 READ OVFL
READ UHA
RUHA 9 READ OVFL
[HASX
XLHA A READ OVFL
UHA—Y
XUHA 8 READ OVFL
HLDA c HOLD A Enable overflow
store
MULTIPLY
MULT o prm-lit .
A e LOAD X, HOLD A
LOAD X, SHIFT A
LXSA F MULTIPLY .

*Continue multiplying instructions.

Xn+2 Xn+1

FROM X LATCH

X

L GATE

-

2t

co| B ADDER

!

) GAITE I

1

co| Bo Ag cl
ADDER
Eo

B1 ADDER A1 cl co By ADDER Ag cl
ol <
3 Eo
I CARRY I
l STORE I
PARTIAL PARTIAL
PROD REG PROD REG
P\ L _
ms8 NEXT LSB
Py oo Py

Figure 2. Am25LS2516 Multiplier Cell.

2-107




The Am251.52516

APPLICATION OF THE MULTIPLIER

The flow diagram for an 8-bit two's complement multiply is shown
in Figure 3, together with the required program micro-steps.
Figure 4 extends this to include accumulate, intermediate load of
X and chain calculations. Figures 5a and b show the external
connection of two Am25LS2516 devices to execute a 16-bit by
16-bit multiplication. A 32-bit product is completed in 16 clock
cycles. This same technique may be extended in a similar fashion
to longer word lengths. The flowchart of Figure 6 demonstrates a
16-bit two’s complement multiply without accumulate, modified to
a 12-bit by 12-bit function.

The Am25LS2516 Multiplier/Accumulator is the most complex
LSI product manufactured to date with Low-Power Schottky
technology. It will be extremely useful in high-density applications
where minimum package count is a primary consideration. The
device itself performs an 8 x 8 or 16 x 16 multiplication in approxi-
mately twice the time of parallel multipliers currently available, but
using only one quarter the power in the multiplier portion of the
function. In a fully configured system using both techniques, the
Am25L.S2516 performance begins to approach that of the parallel
multiplier plus supporting devices.

MULT #1

EXT COUNTER TEST
VALUE CTR-8

HOLD A

MULTIPLY
SHIFT A

LOOPING OF MULTIPLY
USING EXTERNAL CONTROL

PROGRAM MICRO STEPS

# INST IN HEX
1 E
2 4
3 D
4 D
5 D
6 D
7 D
8 D
9 D
10 D
11 C
IDLE

Figure 3. 8-Bit Two’s Complement Multiply without Accumulate or Chain.
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PROGRAM MICRO STEPS

# INST IN HEX
1 E
2 s o
3 D £
4 D l Y1X; + YpX, = Final Value.
5 D
6 F LOADY,
7 D TRANSFERX .
P
9 D VALUE
10 7 w LOAD Y )
COUNTER .
1" D ¢ o i
12 D MULTIPLY c
13 D 1
14 D
b D S "
1 6 D SHiFTA F pECCTR COUNTER LOOPING OF MULTIPLY
17 D ° / "8 USES EXTERNAL CONTROL
18 D [ J
19 C
20 C IDLE @ wuney,
102le ¢ °

Figure 4. 8-Bit Two’s Complement Multiply with Accumulate, Intermediate Load and Chain Calculations.

MSB BYTE Lserer

8 8

8 BIT X REG 8 BIT X REG
vee

i 1 X7 X1
22
i 17,
4-2 BIT
[ UL T

INDICATES 15t AND 2nd DEVICE

P
FLOW PATH DURING MULTIPLY

Figure 5a. Interconnection of Two Am25LS2516 (8 x 8 Multiplier) Devices to Execute a 16 x 16 Multiply.
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LSB BUS 4 INSTRUCTION
MSE BUS —Z. o— Buso lo —| suso lo
BUS 1 I — BUS 1 14
BUS2 12 —— BUS2 12
BUS 3 I3 —] BUs3 13
BUS4 oF — $—1 BUS 4 oF |
BUS5 msB p— BUSS msB |—4
BUS6 LsB —y — BUSE Lsg ——
BUS7 Y4 L sus7 Yq
X7 X_1 X7 Yo
Vee Vee VisP Yo Vee . x_1 |4
GND GND GND GND |—4 ovERFLOW
— cLk OVFL cLk OVFL
SUM IN ODD SUM OUT ODD SUM IN ODD SUM OUT ODD
SUM IN EVEN SUM OUT EVEN SUM IN EVEN SUM OUT EVEN
ACC UH IN ODD ACC UH OUT 0DD ACC UH IN ODD ACC UH OUT 0DD
ACC UH IN EVEN ACC UH OUT EVEN ACC UH IN EVEN ACC UH OUT EVEN
ACC LH IN ODD ACC ADD OUT ODD ACC LH IN ODD ACC ADD OUT ODD
ACCUH INEVEN  ACC ADD OUT EVEN ACC UH IN EVEN ACC ADD OUT EVEN
Y oUT 0DD Y IN ODD Y OUT 0DD
Y OUT EVEN Y IN EVEN Y OUT EVEN
GND
cLock

Figure 5b. Two Devices Cascaded in 16-Bit by 16-Bit Multiplier Application with 32-Bit Accumulated Product.

MULT #3
LOAD X4
REG. &
CTR
a) WIRE X LOAD BITS 0 -+ 12 NORMAL
WIRE 13, 14, 15 TO BIT 12 (SIGN EXTEND) LOOPING OF MULTIPLY
b) WIRE Y LOAD SAME AS X USING EXTERNAL CONTROL
LOAD Y
CLEAR A& M
TRANSFER X
Y
CURRENT | coUNTER HOLD A
VALUE
N

FINAL RESULTS LEFT HAND OR
MULTIPLY MOST SIGNIFICANT JUSTIFIED

ANSDHII)FETC ’ETR i.e. FOR 12 x 12, 223 APPEARS
AT THE MOST SIGNIFICANT

BIT POSITION OF MOST SIGNIFICANT
BYTE.

PROGRAM MICRO STEPS AS IN FIGURE 3
ALLOWING 12 “D" CODES AND 1 C" CODE.

Figure 6. 16 Bit Two's Complement Multiply without Accumulate Modified
to 12 x 12 (Using Two Am25LS2516 Devices Interconnected).
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Quad D Register With Standard And Three-State Outputs

DISTINCTIVE CHARACTERISTICS

® Low-power Schottky version of the popular Am2918 and
Am25S18

Four standard totem-pole outputs

Four three-state outputs

Four D-type flip-flops

Second sourced by T. I. as the SN54/741.S388

100% product assurance screening to MIL-STD-883
requirements

FUNCTIONAL DESCRIPTION

The Am25LS2518 consists of four D-type flip-flops with a
buffered common clock. Information meeting the set-up and
hold requirements on the D inputs is transferred to the Q
outputs on the LOW-to-HIGH transition of the clock.

The same data as on the Q outputs is enabled at the three-
state Y outputs when the “‘output control” (OE) input is
LOW. When the OE input is HIGH, the Y outputs are in the
high-impedance state.

The Am25LS2518 is a 4-bit, high-speed register intended for
use in real-time signal processing systems where the standard
outputs are used in a recursive algorithm and the three-state
outputs provide access to a data bus to dump the results after
a number of iterations.

The device can also be used as an address register or status
register in computers or computer peripherals.

Likewise, the Am25LS2518 is also useful in certain display
applications where the standard outputs can be decoded to
drive LED’s (or equivalent) and the three-state outputs are bus
organized for occasional interrogation of the data as displayed.

LOGIC DIAGRAM

Do D o} Qg
' | stanpaRD
—olcp a OUTPUTS
g
Dy B} Q
¢—ofcp al—
f Yo
Dz D Q
Y4
—OfCP ab— THREE-STATE
OUTPUTS
Y2
03 D a

cLocK cp —«Do—«—o cp a Y3

OUTPUT
CONTROL

3

LOGIC SYMBOL

1 4 12 15

Dp Dy Dz D3

7 —Ol OE
Qo @y Q2 Q3 Yp Yy Y2 Y3

HERRREN

2 5 1114 3 6 10 13

Vee = Pin 16
GND = Pin 8

CONNECTION DIAGRAM
Top View

Vec D3 Q3 Y3 D QO Yy cp
1M

16 15 14 13 12 1 10 9

12 3 4 5 6 7 8
g du
Do Og Yo Dy QO Y; BE GND

Note: Pin 1 is marked for orientation.
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Am25L52518

ELECTRICAL CHARACTERISTICS
The Following Conditions Apply Unless Otherwise Specified:

COM'L Tp =0°Cto+70°C Vce = 5.0V 5% MIN. =475V  MAX.=5.25V

MiL Ta=-55°Cto+125°C Ve =5.0V $10% MIN. =450V MAX. =550V
DC CHARACTERISTICS OVER OPERATING RANGE Typ
Parameters Description Test Conditions (Note 1) Min (Note 2) Max. Units
MiL 2.5 3.4
Q,l = —660uA
Ve = MIN. OH com’L 2.7 34
VOH Output HIGH Voltage _ Volts
VIN = VIH or ViL v MIL, IoH = —1.0mA 24 3.4
COM'L, IgH = —2.6mA 24 3.4
| =4.0mA 0.4
Vee = MIN. oL =4 m
VoL Output LOW Voltage ViN=Vigor Vi | 'OL =8.0mA 0.45 Volts
loL = 12mA 0.5
Guaranteed input logical HIGH
ViH Input HIGH Level voltage for all inputs 2.0 Volts
R ) MIL 0.7
viL Input LOW Level Guaranteed input logical LOW Volts
voltage for all inputs COM'L 08
A Input Clamp Voltage Vee =MIN,, Iy = =18 mA -1.5 Volts
he Input LOW Current Vce = MAX, VN =04V —0.36 mA
1IH input HIGH Current Vee = MAX., VN =27V 20 uA
1 Input HIGH Current Vee =MAX., ViN=7.0V 0.1 mA
ff-State (High- d Vo =04V —20
P Vo =24V 20
Isc Output Short Circuit Current Vee = MAX. _15 _85 mA
(Note 3)
Power Supply Current _
1 = .
cc (Note 4) Vee = MAX 17 28 mA

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type.

- Typical limits are at Vo = 5.0V, 25°C ambient and maximum loading.

B WN

. lcc is measured with all inputs at 4.5V and all outputs open.

Am25LS
MAXIMUM RATINGS (Above which the useful life may be impaired)

. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second.

Storage Temperature

—65°C to +150°C

Temperature (Ambient) Under Bias

—55°C to +125°C

Supply Voltage to Ground Potential Continuous —0.5Vto+7.0V
DC Voltage Applied to Outputs for High Qutput State —0.5V to +V¢c max.
DC Input Voltage —0.5V to+7.0V
DC Output Current, Into Outputs 30mA

DC Input Current

—30mA to +5.0mA
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Am25LS2518

SWITCHING CHARACTERISTICS
(Ta =+25°C, Ve =5.0V)

Parameters Description Min. Typ. Max. Units Test Conditions

t 18 27

PLH Clock to Q; ns

tPHL 18 27

1] . 18 27

PLH Clock to Y (OE LOW) ns

tPHL 18 27

Low 18 CL = 15pF

1, Clock P idth

ow ock Pulse Wid HIGH 15 ns R = 2.0k
tg Data 15 ns

th Data 5.0 ns

t R 7.0 1

ZH EtoY; ns

tzL 8 12

thz __ 14 21 CL =5.0pF
Y OEtoY; 2 8 ns RL = 2.0kQ
fmax Maximum Clock Frequency (Note 1) 35 50 MHz

Note 1. Per industry convention, fmax is the worst case value of the maximum device operating frequency with no constraints on t, ts,
puise width or duty cycle.

SWITCHING CHARACTERISTICS ,
OVER OPERATING RANGE* Am25LS COM’L Am25LS MIL
TA =0°Cto +70°C Ta = —55°C to +125°C
Vce = 5.0V 5% Vee =5.0V £ 10%
Parameters Description Min. Max. Min. Max. Units Test Conditions
'PLH Clock to Q; :E% 4{’ ns
tPHL ! 38 45
tPLH A 35 40
WPHL Clock to Y; (OE LOW) % 20 ns
. Clock Pulse Width LOW 20 20 | C| = 50pF
pwW ock Pulse Widtl HIGH 20 20 s R = 2.0k2
tg Data 15 15 ns
th Data 5.0 5.0 ns
‘ZH OE to Y; 15 17 ns
ZL 16 17
tHZ — . 27 30 CL = 5.0pF
. OEtoY; 2 30 ns RL = 2.0kQ
fmax Maximum Clock Frequency (Note 1) 30 25 MHz

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9.
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Am251.82518

DEFINITION OF FUNCTIONAL TERMS

Dj The four data inputs to the register.

Qj The four data outputs of the register with standard
totem-pole active pull-up outputs. Data is passed non-

TRUTH TABLE

inverted. INPUTS OUTPUTS
Y;i The four three-state data outputs of the register. When CLOCK NOTES
the three-state outputs are enabled, data is passed non- OE cpP D Q Y
inverted. A HIGH on the “output control” input forces the
Y outputs to the high-impedance state. : :_', i NC z -
NC z -
CP Clock. The buffered common clock for the register. H * L L z -
Enters data on the LOW-to-HIGH transition. 'L' 1 ’: H z -
OE Output Control. When the OE input is HIGH, the Yi L " H |I:| 'l__‘ _
outputs are in the high-impedance state. When the OE input L - - L L 1
is LOW, the TRUE register data is presentat the Yj outputs. L - - H H 1
L=LOW NC = No change
H = HIGH 1t = LOW to HIGH transition
X = Don’t care Z = High impedance

Note: 1. When OE is LOW, the Y output will be in the same logic
state as the Q output.

Metallization and Pad Layout

13 Y3

12 D,

1 Q

DIE SIZE 0.083" X 0.099"

Am25LS
LOW-POWER SCHOTTKY INPUT/OUTPUT
CURRENT INTERFACE CONDITIONS

Y DRIVING OUTPUT | QDRIVING OUTPUT | DRIVEN INPUT
Vee * T I
| 3 3
| on | e
| S
| I _J
! | Oo—4 ;
| | TN
| ou |
| |
| |
| :
I I

Note: Actual current flow direction shown.
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Am25L.52518

ORDERING INFORMATION

Package Temperature Order

Type Range Number
Molded DIP 0°Cto +70°C  AM25LS2518PC
Hermetic DIP 0°Cto +70°C  AM25LS2518DC
Dice 0°Cto+70°C  AM25LS2518XC
Hermetic DIP -55°Cto +125°C  AM25L52518DM
Hermetic Flat Pak  -55°Cto +125°C  AM25LS2518FM
Dice -55°C to +125°C  AM25LS2518XM

APPLICATIONS

~

H E H =]

DECGDER DECODER! DECODER DECODER
DRIVER DRIVER orivEn DRIVER

i

INPUT
DATA
L{o, = Lo, o Oy Go - I
oy o o f— Lo , o}— s ] o
0 & G f—— b0 5 %QpF—— —— 0 5 2 Dy
o § o o § o B o 5
& Yo & Yo g Y
£ ol E v z
—ce vob— — Y e — ¢ Yo — — e
of 3 OF Y3 ST S
8 T
N e |
B V1o~
—s &
8 5'20
INTERROGATE —6 < v;fo-
—
— v
—] v

DATA DATA
BUS BUS

The Am25LS2518 used as display register with bus interrogate capability.

CLOCK
Wo ————————1 0y cp Qg Dy cp Qq 0y cp Q 0y cp Qp Xo
Wi Dy Q D4 Q; D, Q; D4 Q, X4
W2 Dy @ 0 D 2 @ D @ Q D @ Q X2
o o o o
W3 ————— 03 § D3 & Q3 D3 & Q3 O3 & Q3 X3
2 2 v 7 oY
& 0 & 0 g 0 g 0
& Yq E W g v E Yq
Yo l—— Yo — Yo — Yol
0e V3| OE "3 oE Y3[ oE Y3
2
A O,
LencTH |4 50
CONTROL 2 Y1lo
s——8 &
£ V2fo-
ENABLE —OJG « Y3|O-
DATA
| BUS

The Am25L.S2518 as a variable length (1, 2, 3 or 4 word)shift register.
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Am25LS2519

Quad Register With Two Independently Controlled Three-State Outputs

DISTINCTIVE CHARACTERISTICS

Two sets of fully-buffered three-state outputs

Four D-type flip-flops

Polarity control on W outputs

Buffered common clock enable

Buffered common asynchronous clear

Separate buffered common output enable for each set of
outputs

100% product assurance screening to MIL-STD-883
requirements

FUNCTIONAL DESCRIPTION

The Am25LS2519 consists of four D-type flip-flops with a
buffered common clock enable. Information meeting the
set-up and hold time requirements of the D inputs is trans-
ferred to the flip-flop outputs on the LOW-to-HIGH transition
of the clock. Data on the Q outputs of the flip-flops is enabled
at the three-state outputs when the output control (OE) input
is LOW. When the appropriate OE input is HIGH, the outputs
are in the high impedance state. Two independent sets of
outputs —W and Y — are provided such that the register can
simultaneously and independently drive two buses. One set of
outputs contains a polarity control such that the outputs can
either be inverting or non-inverting.

The device also features an active LOW asynchronous clear.
When the clear input is LOW, the Q output of the internal
flip-flops are forced LOW independent of the other inputs.
The Am25LS2519 is packaged in a space saving (0.3-inch row
spacing) 20-pin package.

LOGIC DIAGRAM

Wo
L>—
b Q
Dy .
—] B 0
1 e @ ¢
CLR 3
Wy
—o| D 5
40 a
D4
Y1
4 2* (<]
CLR 6
W2
D~
40 a
D2
1 % Y2
13 pojcP Q@
CLR "
Wa
15
+— D Q
D3
Y3
18 pojce T
CLR 14
17 ;9 #19 éw 8 7
E CLR

POL OE-Y OE-W

ENABLE cLocK CLEAR POLARITY

LOGIC SsYMBOL

1 4 13 16
I
17 —O|E o P1 Pz Da
9 —cp
19 —Of CLR
8 —Of OE-Y
7 —Of 0E-W
® 9 F‘C)L*‘\':’vo Wy Wy Wy Yo Y1 Y2 V3
TTTT TTTI
2 5 12 15 3 6 11 14

Ve = Pin 20
GND = Pin 10

CONNECTION DIAGRAM
Top View

Vec CLRPOL E Dy W3 Yz Dy Wy Y,

OO0 nmMnn

2 19 18 17 16 15 14 13 12 N

3

7 8
Egug

OE-W OE-Y

-
-
e
[~]
4
o

Note: Pin 1 is marked for orientation.

2-116




Am25LS82519
.m25LS2519

LECTRICAL CHARACTERISTICS
1e Following Conditions Apply Unless Otherwise Specified:

DML Tp =0°Cto+70°C Vee = 5.0V 5% MIN. =4.75V  MAX. = 5.25V
I Ta=-55°Cto+125°C  Vgc =5.0V £10% MIN.=4.50V MAX. =550V
C CHARACTERISTICS OVER OPERATING RANGE Typ
rrameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units
Vce = MIN. MIL, IoH = —1.0mA 24 34
VOoH Output HIGH Voltage v v Volts
VIN = ViHor Vi COM'L, IgH = —2.6mA 24 34
| =4.0mA 0.4
Vee = MIN. oL -+m
VoL Output LOW Voltage VIN = ViH or V)L loL =8.0mA 0.45 Volts
loL = 12mA 05
Guaranteed input logical HIGH
ViH Input HIGH Level voltage for all inputs 2.0 Volts
Guaranteed input logical LOW MiL 0.7
Vi Input LOW Level voltage for all inputs COM'L 0.8 Volts
\ Input Clamp Voltage Vee =MIN,, Iy = —18mA -1.5 Volts
e Input LOW Current Vee = MAX, VN = 0.4V —0.36 mA
m Input HIGH Current Vee = MAX., Vg = 2.7V 20 uA
I Input HIGH Current Vee = MAX, VN =7.0V 0.1 mA
X iah- Vo =04V -20
Ioz Off-State (High-lmpedance) Ve = MAX. 0o uA
Output Current Vo =24V 20
Isc Output Short Circuit Current Ve = MAX. _15 _85 mA
(Note 3)
Icc Power Supply Current Ve = MAX. MIL 24 36 mA
(Note 4) com'L 24 39

ites: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type.
2. Typical limits are at Vgc = 5.0V, 25°C ambient and maximum loading.
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second.
4. Inputs grounded; outputs open.

m25LS

AXIMUM RATINGS (Above which the useful life may be impaired)

orage Temperature —65°C to +150°C
:mperature (Ambient) Under Bias —55°C to +125°C
ipply Voltage to Ground Potential Continuous —-0.5Vto+7.0V
2 Voltage Applied to Outputs for High Output State —0.5V to +V¢c max.
= Input Voltage —0.5Vto+7.0V
> Output Current, Into Outputs 30mA
2 Input Current —30mA to +5.0mA
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Am25L52519

SWITCHING CHARACTERISTICS
(Ta=+25°C, Vcc = 5.0V)

Parameters Description Min. Typ. Max. Units Test Conditions
t 22 33
PHL Clock to Y; ns
tpHL 20 30
tpLH Clock to W; 24 36 ns
tpHL (Either Polarity) 24 36
tPHL Clear to Y; 29 43 ns
25 37
tPLH Clear to W; ns
tpHL 30 45
tPLH . 23 34
Pol to W;
Ty arity to Wi 25 37 ns C_ = 15pF
tow Clear 18 ns R = 2.0kQ2
LOW 15
t ClockPul idth
pw ockPulse Widt HIGH 18 ns
tg Data 15 ns
th Data 5 ns
tg Data Enable 20 ns
ty Data Enable 0 ns
Set-up Time, Clear
ts Recovery (Inactive) to Clock 20 15 ns
1 17
o4l Output Enable to W or Y ns
7, 13 20
tyz 13 20 C_ = 5.0pF
Output Enable to W
tz utput Enable to W or ¥ 1 17 ns RL = 2.0kQ
. C_ = 15pF
fmax Maximum Clock Frequency (Note 1) 35 45 MHz RL = 2.0k

Note 1. Per industry convention, fmax is the worst case value of the maximum device operating frequency with no constraints on t, tg,

pulse width or duty cycle.

SWITCHING CHARACTERISTICS
OVER OPERATING RANGE*

Am25LS COM'L

Am25LS MIL

Tp = 0°C to +70°C
Vce = 5.0V £5%

Tp = —55°C to +125°C
Vce = 5.0V £10%

Parameters Description Min. Max. Min. Max. Units Test Conditions

tpLH 38 4z

Clock to Y; ns
e ockto i 39 45
tpLH Clock to W; 41 43 ns
tpHL (Either Polarity) 44 48
tpHL Clear to Yi 52 58 ns

4

tPLH Clear to W; 42 3 ns
tPHL 51 53
tpLH . 41 45

Pol to W;
. olarity to Wi a2 24 ns C_ = 50pF
tow Clear 20 20 ns RL = 2.0kQ

LOW 20 20
|

tow Clock HIGH 20 20 ns
ts Data 15 15 ns
th Data 10 10 ns
tg Data Enable 25 25 ns
ty Data Enable 0 0 ns

Set-up Time, Clear
ts Recovery (Inactive) to Clock z 24 ns
tzn ) 24 27
L Output Enable to W; or Y; 79 % ns
tyz 33 45 C_ =.5.0pF

Out, E | i fi
o utput Enable to W; or Y; 22 %% ns RL = 2.0k

= 50pF

fmax Maximum Clock Frequency (Note 1) 30 25 MHz :LL _ 2'020

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9.
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Am25LS2519

FUNCTION TABLE

INPUTS INTERNAL OUTPUTS
FUNCTION — — — T
CcP D; E CLR POL | OE-W | OE-Y Q W; Y;
X X X X X H L NC 4 Enabled
X X X X X L H NC Enabled 4
Output Three-State Control % % X % X H H NC z z
X X X X X L L NC Enabled Enabled
X . X X X X L L L NC Non-Inverting Non-Inverting
Wi Polarity X X X X H L L NC Inverting Non-inverting
X X X L L L L L L L
Asynchronous Ciear % % X L H L L L H L
t X H H X X X NC NC NC
t L L H L L L L L L
Clock Enabled 1 L L H H L L L H L
1 H L H L L L H H H
1 H L H H L L H L H
L=LOW X = Don’t Care
H=HIGH NC = No Change
Z = High Impedance 1 = LOW to HIGH Transition
{
DEFINITION OF FUNCTIONAL TERMS Am25LS

D;

E

Any of the four D flip-flop data lines.

Clock Enable. When LOW, the data is entered
into the register on the next clock LOW-to-
HIGH transition. When HIGH, the data in the
register remains unchanged, regardless of the
datain.

CP Clock Pulse. Data is entered into the register on

the LOW-to-HIGH transition.

Output Enable. When OE is LOW, the register
is enable to the output. When HIGH, the out-
put is in the high-impedance state. The OE-W
controls the W set of outputs, and OE-Y
controls the Y set.

OE-W, OE-Y

Any of the four non-inverting three-state out-
put lines.

Any of the four three-state outputs with polarity
control.

POL Polarity Control. The Wj outputs will be non-
inverting when POL is LOW, and when it is

HIGH, the outputs are inverting.

Asynchronous Clear. When CLR is LOW, the
internal Q flip-flops are reset to LOW.

o
o]

LOW-POWER SCHOTTKY INPUT/OUTPUT
CURRENT INTERFACE CONDITIONS

DRIVING OUTPUT

DRIVEN INPUT

|
l
|

lon | i

o—

oL

liH

AAA
VWA~

!
|
|
|
l
|
|
I
|
!
I

Note: Actual current flow direction shown.
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Am25LS2519

Am25L.8251

DATA
INPUTS

CONTROL
INPUTS

D3
D2
Dy
Do

cP

cL
OE-W
OE-Y
pPOL

W3
Wa
Wy
Wo

Am25L$2519

Y3
Y2
Yi
Yo

U]

APPLICATION
DATA BUS
—_—
Vee
i 3302
= AR
A A A A HP5082-4650
LEDS
OTHER DISPLAY
INPUTS

Convenient Register Content Monitor or Test Point

Metallization and Pad Layout

DIE SIZE 0.083" X 0.099"
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Am25L.S2520

Octal D-Type Flip-Flop With Clear, Clock Enable And Three-State Control

DISTINCTIVE CHARACTERISTICS FUNCTIONAL DESCRIPTION
® Buffered common clock enable input The Am25LS2520 is an 8-bit register built using advanced
® Buffered common asynchronous clear input Low-Power Schottky technology. The register consists of
® Three-state outputs eight D-type flip-flops with a buffered common clock, a
® 8-bit, high-speed parallel register with positive edge-triggered, buffered common clock enable, a buffered asynchronous clear
D-type flip-flops input, and three-state outputs.
® Am25LS Farn.lly offgrs improved sink current, source When the clear input is LOW, the internal flip-flops of the
curroent and n:)lse margin . register are reset to logic 0 (LOW), independent of all other
b 1004’ product assurance screening to MIL-STD-883 inputs. When the clear input is HIGH, the register operates in
requirements the normal fashion.
When the three-state output enable (OE) input is LOW, the
CONNECTION_ DIAGRAM Y outputs are enabled and appear as normal TTL outputs.
Top View When the output enable (OE) input is HIGH, the Y outputs
Vec E CE Y; D, Dg Yg Ys Ds Dy Ya are in the high impedance (three-state) condition. This does
D ﬂ ﬂ ﬂ r‘l ﬂ ﬂ ﬂ I—I ﬂﬂ r] not affect the internal state of the flip-flop Q output.
24 23 22 21 20 19 18 17 16 15 14 13 The clock enable input (E)_is used to selectively load data
into the register. When the E input is HIGH, the register will
P 24-PIN FLATPACK retain its current data. When the E is LOW, new data is entered
into the register on the LOW-to-HIGH transition of the clock
®c 2 3 4 s 6 7 8 9 0 1 1 input.
U D UU UU L UUU g This device is packaged in a space-saving (0.4-inch row spacing)
CLR Yo Dy Dy Yy Yp D; D3 Y3 % CP GND 22-pin package and in a 24-pin flatpack.
Note: Pin 1 is marked for orientation. *Reserved — do not use.
CONNECTION DIAGRAM LOGIC SYMBOL
Top View 3 4 7 8 13 14 17 18
Vec E OE Y; D; Dg Yg Yg D5 Df Ygq | l I I 1 | I I
ooononoonnn U P
2 21 20 19 18 17 16 15 14 13 12
1 —Oj CLR
) 22.PIN 0.4" SPACING 10 —c*
DUAL IN-LINE PACKAGE 20 —Of OE
Yo Yy Yz Yz Yq Yg Yg Yq
[ ]
1 2 3 4 5 6 7 8 9 10 1
| EEEREEERERERERERERE lllTLIJT
CR Yg Dg Dy Y; Y, Dy D3 Y3 CP GND
Ve = Pin 22
Note: Pin 1 is marked for orientation. GND =Pin 11
LOGIC DIAGRAM
Dy D, Dy D3 Dy Dg Dg Dy
C o | x |
CLOCK
ENABLE
oD —— <+
cLock & 1 3 | | 5] | S ] N
cP D cP D cP D cp D cp o) cP D cpP D cP D
CLR CLR CLR CLR CLR CLR CLR CLR
[} Q a Q a Q a Q Q Q a Q Q Q a Q
mcbcrl‘—rl'——,l'——-flg,lL—, L—ri'—f —
IV Y Y rYoYoYory
3
guTeLT l l I | I | |
YO Y1 Yz V3 Y4 Y5 VG Y7




Am251.82520

ELECTRICAL CHARACTERISTICS
The Following Conditions Apply Unless Otherwise Specified:

COM’L  Tp =0°Cto+70°C Vee = 5.0V 5% MIN.=4.75V MAX. =5.25V
MiL Ta=-55°Cto+125°C  Vgg =5.0V$10% MIN. =450V  MAX. =550V
DC CHARACTERISTICS OVER OPERATING RANGE Typ
. Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units
Ve = MIN. MIL, oy = —1.0mA 54 3.4
VOH Output HIGH Voltage Vi = Volts
IN=ViHor ViL COM'L, IgH = —2.6mA 24 3.4
Vee = MIN. loL =4.0mA 04
VoL Output LOW Voltage VN = Vg or V)L | - Volts
oL =8.0mA 0.45
Guaranteed input logical HIGH
VIH Input HIGH Level voltage for all inputs 2.0 Volts
i i MiIL 0.7
viL Input LOW Level Guaranteed nnput logical LOW Volts
voltage for all inputs COM'L 08
\ Input Clamp Voltage Vee =MIN,, Iy = —18mA -1.5 Volts
L Input LOW Current Vce = MAX., Vin = 0.4V —0.36 mA
lIH Input HIGH Current Vee = MAX, VN = 2.7V 20 A
I Input HIGH Current Vee = MAX, VIN=7.0V 0.1 mA
1o Off-State (High-Impedance) Vee = MAX. Vo =04V —20 A
Output Current Vo =24V 20
Isc Output Short Circuit Current Ve = MAX. _1s _g5 mA
(Note 3)
Power Supply Current _
| =MAX.
ce (Note 4) Vee 24 37 4| ma

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type.

. Typical limits areat Vo = 5.0V, 25°C ambient and maximum loading.

»ON

Am25LS
MAXIMUM RATINGS (Above which the useful life may be impaired)

. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second.
. All outputs open, E= GND, Diinputs=CLR = OE =4.5V. Apply momentary ground, then 4.5V to clock input.

Storage Temperature

—65°C to +150°(

Temperature (Ambient) Under Bias

—55°C to +125°(

Supply Voltage to Ground Potential Continuous —0.5V to +7.0"
DC Voltage Applied to Outputs for High Output State —0.5V to +V¢gc ma>
DC Input Voltage —0.5V to +7.0"
DC Output Current, Into Outputs 30my

DC Input Current

—30mA to +5.0m;
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SWITCHING CHARACTERISTICS
TA =+25°C, Ve =5.0V)

Am25L52520

Parameters Description Min. Typ. Max. Units Test Conditions
tPLH Clock to Y; (OE LOW) 18 27 ns
tPHL 24 36
tPHL Clearto Y 22 35 ns
tg Data (D) 10 3 ns
th Data (Dj) 10 3 ns
_ Active 15 10
ts Enable (E) Inactive 20 12 ns CL = 15pF
- R =2.0kQ
th Enable (E) 0 0 ns
ts Clear Recovery (In-Active) to Clock 1 7 ns
o Clock HIGH 20 14 N
LOW 25 13
tow Clear 20 13 ns
tzH . 9 13
7L OEtoY; 12 7 ns
ty — 20 30 C =5.0pF
tL; OE to Y; 24 36 ns Rt = 2.029
fmax Maximum Clock Frequency (Note 1) 40 MHz

Note 1. Per industry convention, f5x is the worst case value of the maximum device operating frequency with no constraints on ty, t¢, pulse

width or duty cycle.

SWITCHING CHARACTERISTICS Am75LS COML AmZ5LS MIL
DVER OPERATING RANGE
(e}
Ta =0°C to +70°C Ta =-55C to +125°C
Vee =5.0V £5% Vce =5.0V £ 10%
‘arameters Description Min. Max. Min. Max. Units Test Conditions
iPLH S 33 33
—_— lock to Y; (OE LOW
ey Clock to Yj ( ) e 0 ns
tPHL Clearto Y 43 51 ns
tg Data (Dj) 12 15 ns
th Data (Dj) 12 15 ns
— Active 17 20
tg Enable (E) ns
Inactive 20 23 C| = 50pF
th Enable (E) 0 0 ns R = 2.0k
ts Clear Recovery (In-Active) to Clock 13 15 ns
HIGH 25 30
t |
pw Clock Low 30 35 ns
tow Clear 22 25 ns
1] — 19 25
ZH OE to Yj ns
tzL 30 39
tHZ — 35 40 CL =5.0pF
tz OF to¥i 39 42 " RL = 2.0k
fmax Maximum Clock Frequency (Note 1) 25 20 MHz

AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9.

2-128



Am25182520

DEFINITION OF FUNCTIONAL TERMS FUNCTION TABLE
. . Inputs Internal | Outputs
D;: The D flip-flop dat uts. e
o p-iiop data inp Function | OE |CLR| E | D; [CP | Q Yi
. i i i
CLR When the clear input is LOW, the Q; outputs are iz o
LOW, regardless of the other inputs. When the - X XX X X z
clear input is HIGH, data can be entered into the Clear H L X | X | X z
register. L L X [ X | X L L
cP Clock Pulse for the Register; enters data into the Hold H H H| X | X NC z
register on the LOW-to-HIGH transition. L H H (X | X NC NC
Y; The register three-state outputs. Load H H L Lt L z
E Clock Enable, When the clock enable is LOW, H H L Hyt H z
data on the Dj input is transferred to the Qj L H L Lt L L
output on the LOW-to-HIGH clock transition. L H = B H H
When the clock enable is HIGH, the Q; outputs H = HIGH NC = No Change
do not change state, regardless of the data or clock L = LOW t = LOW-to-HIGH Transition
input transitions. X = Don’t Care Z = High Impedance
OE Output Control. When the OE input is HIGH,
the Y; outputs are in the high impedance state.
When the OE input is LOW, the TRUE register
data is present at the Yi outputs.
Am25LS Metallization and Pad Layout
LOW-POWER SCHOTTKY INPUT/OUTPUT
CURRENT INTERFACE CONDITIONS
TR 1 22 Vee
DRIVING OUTPUT I DRIVEN INPUT
| ) Yo 2 21 E
: i
| 20 OF
| Do 3 19 Yy
| Dy 4 18 Dy
| Y18 —— 17 Dg
| Y2 6 16 Yg
! o—1 D2 7 = 15 Vg
| - D3 8 14 Dg
oL | 1
I i Y8 e 13 D4
o
|
i 4 cP 10 12 Yq
- GND 11
Note: Actual current flow direction shown. DIE SIZE 0.080” x 0.111"
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ORDERING INFORMATION

Package Temperature Order

Type Range Number
Molded DIP 0°C to +70°C AM25.S2520PC
Hermetic DIP 0°C to +70°C AM251.52520DC
Dice 0°C to +70°C AM251.82520XC
Hermetic DIP ~-55°Cto +125°C  AM25LS2520DM
Hermetic Flat Pak  -55°C to +125°C  AM25LS2520FM
Dice -56°Cto +125°C  AM25LS2520XM

INSTRUCTION REGISTER ‘

Am25L52520

APPLICATIONS

16-BIT DATA BUS

8

Am25152520

OTHER

MAPPING PROM {

8
Am27LS11
4

8

Am27LS11

4

8
Am27LS11
4

MICROPROCESSOR
SEQUENCER

|

% 4
Am2909
4

4

| Am2909

4

% 4
Am2909
4

12

PROM ARRAY

MICROPROGRAM
MEMORY
8

Am25152520

PIPELINE
REGISTER

8

Am25L52520

8

Am25L52520

8

Am25L52520

8

Am25LS2529

8
| Am25L52520 I

8
l Am25L52520 I

56-BIT PIPELINE REGISTER

A typical Computer Control Unit for a microprogrammed machine.

—

ADDRESS

Am9080A

DATA

t

Am8228

T

8

Am25L5240
8

8

Am2515240
8

*\6

DATA BUS

1

|

ADDRESS BUS

P

8

| | Am25L52520 l

I AmM25L.52520 I | Am25052520
16
2 J2

J2

1e

r Am25L52520 I

Am251.52520 l | Am25LS2520 |

186

?

! !

1/Q DEVICE #1

1/0 DEVICE #2

]

The Am25L.82520 is a useful device in interfacing with the Am9080A system buses.
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Am25LS2521

Eight-Bit Equal-To Comparator

DISTINCTIVE CHARACTERISTICS

8-bit byte orienteg equal comparator
Cascadable using E|N

High-speed, Low-Power Schottky technology
tpd Ae B to EquT in 9ns

Standard 20-pin package

100% product assurance screening to MIL-STD-883
requirements

FUNCTIONAL DESCRIPTION

The Am25LS2521 is an 8-bit “‘equal to’’ comparator capable
of comparing two 8-bit words for ‘‘equal to’’ with provision
for expansion or external enabling. The matching of the two
8-bit inputs plus a logic LOW on the Ej produces an active
LOW on the output EQuT.

The logic_expression for the device can be expressed as:
EouT = (Ap® Bp) (A1®B1) (A2®B2) (A3®B3) (A4®B3)
(A5 ® Bg) (A7® B7) E|N. It is obvious that the expression is
valid where Ag — A7 and Bg — By are expressed as either
assertions or negations. This is also true for pair of terms i.e.
Aq can be compared with Bg at the same time A1 is compared
with Bq. It is only essential that the polarity of the paired
terms be maintained.

LOGIC DIAGRAM

CONNECTION DIAGRAM

vec Bout B7 A7 Bg Ag Bs As By Ag

oo nonnnn

20 19 18 17 16 15 14 13 12 N1

L J
1

3 4 5 6 7 8 9 10

gouoouggouuy

En Ao Bop A1 By A Bz Az B3 GND

Note: Pin 1 is marked for orientation

LOGIC SYMBOL

12 1 2

B7 A7 Bg Ag Bs As By Ag B3 A3 Bz Az By A1 Bg Ag

18 17 16 15 14 13 9 8 7 6

1—O|Ein
Eout
19
Vce = Pin 20
GND = Pin 10
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Am25L82521

:LECTRICAL CHARACTERISTICS
"he Following Conditions Apply Unless Otherwise Specified:

SOM'L Ta =0°Cto+70°C Vee = 5.0V £5% MIN. =475V MAX.=5.25V
viL Ta=-55°Cto+125°C Ve =5.0V +10% MIN. =450V MAX. =550V
JC CHARACTERISTICS OVER OPERATING RANGE Typ
>arameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units
Vge = MIN. MiL 25
\Y Output HIGH Voltage 10H = —440uA Volts
OH P 9 VIN = ViH or VL com'L 2.7
| =4.0mA
Vee = MIN. oL 0.4
VoL Output LOW Voltage VIN = Vi or VL loL =8.0mA 0.45 Volts
loL = 12mA 0.5
Guaranteed input logical HIGH
ViH tnput HIGH Level voltage for all inputs 20 Volts
Guaranteed input logical LOW MiL 0.7
ViL Input LOW Level voltage for all inputs COM'L 08 Volts
Vi Input Clamp Voltage Vee =MIN, |y = —18mA -1.5 Volts
Aj, Bj —-0.36
hL Input LOW Current Vee = MAX., VN =04V 3 072 mA
A, Bj 20
H Input HIGH Current Vece = MAX, VN =27V E 20 KA
Aj, Bj 0.1
1y Input HIGH Current Ve = MAX, VN =7.0V z o2 mA
Isc Output Short Circuit Current Ve = MAX. _15 85 mA
(Note 3)
Power Supply Current =
I = MAX.
cc {Note 4) Vee z 40 mA
Jotes: 1. For conditions shown as MIN. or MAX_., use the appropriate value specified under Electrical Characteristics for the applicable device type.
2. Typical limits are at Vgc = 5.0V, 25°C ambient and maximum loading.
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second.
4. E = GND, all other inputs and outputs open.
AAXIMUM RATINGS (Above which the useful life may be impaired)
jtorage Temperature —65°C to +150°C
"emperature (Ambient) Under Bias —55°C to +125°C
supply Voltage to Ground Potential Continuous —0.5V to +7.0V
)C Voltage Applied to Outputs for High Output State —0.5V to +V ¢ max.
)C Input Voltage —0.5V to +7.0V
)C Output Current, Into Outputs 30mA
)C Input Current —30mA to +5.0mA
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SWITCHING CHARACTERISTICS
(Ta=+25°C, Vce = 5.0V)

Parameters Description Typ. Max. Units Test Conditions
tpLH . . —_— 9 15
torL A; or B; to Equal 3 15 ns CL = 15pF
tpLH = m— 5 7 RL = 2.0kQ)
torL E to Equal 5 3 ns

Am25LS COM'L Am25LS MIL
ITCH
SWITCHING CHARACTERISTICS Ta = 0Cto UG | T 55C 10 +125°C
Vce = 5.0V £5% Vce = 5.0V £10%

Parameters Description Min. Max. Min. Max. Units Test Conditions
tpLH Aj or Bj to 20 22 ns '
tpHL Equal Output 19 21 C_ = 50pF
tpLH = ———— 10.5 12 RL = 2.0kQ
torL E to Equal Output 125 15 ns

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9.

Ao—A7
BB,

Eout

DEFINITION OF FUNCTIONAL TERMS

A input to comparator

B input to comparator

Ein Enable active LOW

E EQUAL output active LOW

Metallization and Pad Layout

Am25LS
LOW-POWER SCHOTTKY INPUT/OUTPUT
CURRENT INTERFACE CONDITIONS

DRIVING OUTPUT

DRIVEN INPUT

Ein
Ao

Bo

A
By
Az
By

A3

B3

DIE SIZE 0.063" x 0.074"

loH

1
|
I
\
|
|
|
|
|
— |
|
{
1
|

i

Note: Actual current flow direction shown.

2-128




Am251L.52521

APPLICATION

S Ag Ao Bo|l—o
ol Aq By
) A2 B2f——0o0
A3 A3 83
A4 Aa 7} —y
i) As Bst——0
" fe_a 8 MAX. ENABLE (HIGH-to-LOW) DELAY
§ & A7 8 OVER 16-BITS
g En_ EouT L (Commercial Range)
£ =
< A or B;
5 prems gLy e | mEeol | tens
g oL Ento 12.5ns
§ Ag Ao Eout Bo EOUT
%’ Ag Ay 8 Total 31.5ns
A0 A2 B2t —0o
il A3 B3
A12 As B l— 3o
A13 As Bs
A4 g Bg
ME A7 B7}—o0
| .} Ein
WRITE ENABLE,
READ ENABLE
OR BOTH
MICROPROCESSOR ENABLE CONTROLLED,
SELECTABLE, ADDRESS DECODER
ORDERING INFORMATION
Package Temperature Order
Type Range Number
Molded DIP 0°C to +70°C AM25LS2521PC
Hermetic DIP 0°Cto +70°C  AM25LS2521DC
Dice 0°Cto +70°C  AM25LS2521XC
Hermetic DIP —55°Cto +125°C AM25LS2521DM
Hermetic Flat Pak —55°C to +125°C AM25LS2521FM
Dice —55°Cto +125°C AM25LS2521XM
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Am25L.S2535

Eight Input Multiplexer With Control Register

DISTINCTIVE CHARACTERISTICS

® High speed eight-input multiplexer

® On-chip Multiplexer Select and Polarity Control Register

® Qutput polarity control for inverting or non-inverting
output

LOGIC DIAGRAM

® Common register enable %
® Asynchronous register clear —
® Three-state output for expansion o,
® Am25LS features improved noise margin, higher drive, and
faster operation 0,
® 100% product assurance screening to MIL-STD-883
requirements Ds ’_D—I
o |
FUNCTIONAL DESCRIPTION 4
The Am25L.52535 is an eight-input Multiplexer with Control | _ b_
Register. The device features high speed from clock to output s
and is intended for use in high speed computer control units ’_D___
or structured state machine designs. Os 1
The Am25LS2535 contains an internal register which holds o,

the A, B and C multiplexer select lines as well as the POL
(polarity) control bit. When the Register Enable input (RE) is
LOW, new data is entered into the register on the LOW-to-
HIGH, transition of the clock. When RE is HIGH, the register
retains its current data. An asynchronous clear input (CLR) is
used to reset the register to a logic LOW level.

The A, B and C register outputs select one of eight multiplexer
data inputs. A HIGH on the Polarity Control flip-flop output
causes a true (non-inverting) multiplexer output, and a LOW
causes the output to be inverted. In a computer control unit,
this allows testing of either true or complemented flag data at
the microprogram sequencer test input.

An active LOW Multiplexer Enable input (ME) allows the se-
lected multiplexer input to be passed to the output. When ME
is HIGH, the output is determined only by the Polarity Control
bit.

The Am25LS2535 also features a three-state Output Enable
control (OE) for expansion. When OE is LOW, the output is
enabled. When OE is HIGH, the output is in the high imped-
ance state.

]

I

Q

CLR

cP

—T ; e _I
a a
1 CLR

CLR

Q
D
I

!

a
0

gg cLocK | TR
CLEAR

»

POL

CONNECTION DIAGRAM
Top View

Ve¢ Dy D, D3 OE Y Dy Dg Dg Dy

OO0 0nMa

20 19 18 17 16 15 14 13 12 1N

.1 2 3 4 5 6 7 8 9 10
ooy
Dg ME RE A C B CP CLR POL GND

Note: Pin 1 is marked for orientation.

LOGIC SYMBOL

119 18 17 14 13 12 11

M
A
B
c

POL

Dy Dy D, D3 Dy Dg Dg Dy
E

CLR
RE
cP

OE

lo— 8
lo— 3

—7

lo— 16

Vce = Pin 20
GND= Pin 10
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ILECTRICAL CHARACTERISTICS
"he Following Conditions Apply Unless Otherwise Specified:

OM’L  Tp =0°Cto+70°C
ML Ta =—-55°C to +125°C

Ve = 5.0V 6%
Vee = 5.0V £10%

MIN. =475V MAX.=5.25V
MIN. =450V MAX.=5.50V

)JC CHARACTERISTICS OVER OPERATING RANGE

Am25LS2535

Typ.
'arameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units
Vee = MIN. MIL, IgH = —2.0mA 24 34
VOoH Output HIGH Voltage VN = ViH or V) o — Volts
L, IoH = —6.5mA 24 3.2
=4, 4
Ve = MIN., loL =4.0mA 0
VoL Output LOW Voltage VIN = Vii or V) loL =8.0mA 0.45 Volts
loL =20mA 05
ViH Input HIGH Level S;:;!tft:'da“\?:;‘:gglcal . 2.0 Volts
Guaranteed input logical LOW MIL 0.7
Vi Input LOW Level voltage for all inputs COM'L 0.8 Valts
Vi Input Clamp Voltage Vee =MIN, Ijy = —18mA -1.5 Volts
Vee = MAX., WE, OF, RE -0.72
he Input LOW Current ViN = 0.4V 5 — mA
3 N. A, B,C,POL, CP,CLR —2.0
\ | HIGH C Vce = MAX., ME, OF, RE 40 A
nput urrent — m
H P ViN =27V Dn. A, B, C, POL, CP, CLR 50
Ve = MAX., ME, OF, RE 0.1
h Input HIGH Current cc — mA
VIN =55V Dn. A, B,C,POL,CP,CLR 1.0
| Off-State (High-Impedance) Vee = MAX. Vo =04V —50 uA
0z Output Current Vo =24V 50
Isc Output Short Circuit Current Ve = MAX. —40 —100 mA
(Note 3)
Power Supply Current _
| V =MAX. 7 148
cc (Note 4) cc ° mA

lotes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type.

. Typical limits are at Vcg = 5.0V, 26°C ambient and maximum loading.

B WN

.D1—D7,A,B,C,POL, ME, CLR at GND. All other inputs and outputs open.
Measured after a momentary ground then 4.5V applied to clock input.

AAXIMUM RATINGS (Above which the useful life may be impaired)

. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second.

torage Temperature

—65°C to +150°C

‘emperature (Ambient) Under Bias

—55°C to +125°C

upply Voltage to Ground Potential Continuous —0.5V to +7.0V
)C Voltage Applied to Outputs for High Output State —0.5V to +V ¢ max.
)C Input Voltage —0.5V to +5.5V
)C Output Current, Into Outputs 30mA

)C Input Current

—30mA to +5.0mA
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SWITCHING CHARACTERISTICS
(Ta =+25°C, Vgc = 5.0V)

Max.

Parameters Description Min. Typ. Units Test Conditions
tpLH _ 21 32
oL Clock to Y POL — LOW 19 79 ns
tpLH 16 24
] —
- Clock to Y POL — HIGH 19 29 ns
tpLH 10 16
— DhtoY 3 5 ns
teLH —_— 22 33 C_ = 15pF
R
torL CLRto Y 22 3 ns R = 2.0kQ
tpLH —_— 12 18
"y MEto Y 12 18 ns
tzL 8 14
ns
tzH — 8 14
OEtoY
tz ° 10 17 " CL = 5.0pF
thz 10 17 RL = 2.0kQ
t A, B, C, POL 10 ns
s RE 15
tg CLR Recovery 5 ns C_ = 15pF
¢ Clock 10 n R = 2.0kQ
pw Clear (LOW) 10 s
th A, B, C, POL, RE 0 ns
SWITCHING CHARACTERISTICS
Am25LS COM’L Am25LS MIL
OVER OPERATING RANGE*
Ta = 0°C to +70°C Ta = —55°C to +125°C
Vce = 5.0V £5% Vce = 5.0V £10%
Parameters Description Min. Max. Min. Max. Units Test Conditions
tpLH 40 47
| , -
oL Clock to Y, POL-L ey 3 ns
tpLH 29 33
| , -
o Clock to Y, POL-H 35 7T ns
tpLH 19 21
Dp t
r—y NtoY 2 24 ns C, = 50pF
tpLH —_— 39 45 Ry = 2.0kQ
- CLRtoY 39 3 ns
tpLH —_ 22 26
ME to Y
.y ° 19 20 ne
tzL 19 24
o OEtoY 3 29 ns
tz 24 30 C_ = 5.0pF
OE t
thz oY % 30 ns R, = 2.0k
¢ A, B, CPOL 1 12 ns
s RE 18 20
ts CLR Recovery 6 7 ns C_ = 50pF
Clock 1 12 RL = 2.0kQ
tow = ns
Clear (LOW) n 12
tH A, B, C, POL, RE 3 3 ns

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9.
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FUNCTION TABLE

MODE INPUTS INTERNAL INPUTS | OUTPUT
C B A POL RE CLR CP|Qc Qg QA OQpoL | ME OE Y
Clear X X X X X L X L L L L H L H
l l L L L 50
| bl o] %
Reg. Disable | X X X X H H x | Nc NC NC NC L L D;/D;
(Note 1)
Select L L L LH L H t L L L L/H L L Do/Dg
(Multiplex) L L H L L H B1/D4
L H L L H L Dy/Dy
L H H L H H D3/D3
H L L H L L D4/Dg
H L H H L H Ds/Ds
H H L H H L Dg/Dg
H H H H H H D7/Dy
Multiplexer X X X X X H X X X X L H L H
Disable L1 X X X H H L L
Tri-state
Output l l \ X X X X X H z
Disable

NC = No Change
X = Don’t Care

Note 1: The output will follow the selected input, Dj, or its complement depending on the state of the POL flip-flop.

DEFINITION OF FUNCTIONAL TERMS

A,B,C

POL

Multiplexer Select Lines. One of eight multiplexer
data inputs is selected by the A, B and C register
outputs.

Polarity Control Bit. A HIGH register output causes
a true (non-inverted) output and a LOW causes the
output to be inverted.

Multiplexer Enable. When LOW, it enabled the
8-input multiplexer. When HIGH, the Y output is
determined by only the Polarity Control bit.
Register Enable. When LOW, the Multiplexer Select
and Polarity Control Register is enabled for loading.
When HIGH, the register holds its current data.

Clear. A LOW asynchronously resets the Multiplexer
Select and Polarity Control Register.

Data Inputs to the 8-input multiplexer.

Clock Pulse. When RE is LOW, the Multiplexer
Select and Polarity Control Register changes state
on the LOW-to-HIGH transition of CP.

Output Enable. When LOW, the output is enabled.
When HIGH, the output is in the high impedance
state.

The chip output.
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A versatile one-of-sixteen Test Select with Polarity Control and Test Select Hold.

Am25LS Metallization and Pad Layout
LOW-POWER SCHOTTKY INPUT/OUTPUT
CURRENT INTERFACE CONDITIONS
B 6 5 ¢
DRIVING OUTPUT | DRIVEN OUTPUT e 7 4 A
Vee - ’ - — i — —**—i
loH | i |
‘ TR 8 — i I
‘ POL 9 —— |
———— | j
‘ GND 10 — ! 3 RE
} o—9 0 - 2 W™E
0
| 5 3SR 1 Do
7 M/ o
b 20 v,
:: or | 'm Dg 12 1 cc
‘ 1 | —w o,
t i 1‘
| D5 13 N I D,
— | — D, 14 17 Dy
= = Y 15 16 OF
Note: Actual current flow direction shown. DIE SIZE 0.080"" X 0.099"
— So
INSTRUCTION 2 s
INPUTS —] > 1
FROM PIPELINE E PUP
REGISTER 3 -
] FE
Am29811 Am2911 R O M
i ” i
TEST ouTPUTS
L I
[ E— S WE
2 —] 0, Do Dq
3—={D;, o Am25LS175
| R— PIPELINE REGISTER
4 ———=1D. & RE
3 2 Q Q.
s—|os & P Qo 1 1
6 —————1 D5 < c
7 ————={ g B
g ———1D;, _ A
7 o
TEST
INPUTS
oF UNCONDITIONAL
9 ————={ Dy ME
10 —————=1 D,
1 ———=]o, g
12 ———D; & RE
4
13 ~————1Dy gE P
14 ——1p; < c
15 ————=1Dg B
16 ———=] 0. A
7y
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Am25LS2536

Eight-Bit Decoder With Control Storage

DISTINCTIVE CHARACTERISTICS

8-bit decoder/demultiplexer with control storage
3-state outputs

Common clock enable

Common clear

Polarity control

Advanced Low Power Schottky Process

100% product assurance screening to MIL-STD-883
requirements

FUNCTIONAL DESCRIPTION

The Am25LS2536 is an eight-bit decoder with control stor-
age. It provides a conventional 8-bit decoder function with
two enable inputs which may also be used for data input.
This can be used to implement a demultiplexer function. In
>ddition, the exclusive “OR" gate allows for polarity control
of the selected output. The 3-state outputs are enabled by a
LOW on the (OE) output enable.

The three control bits representing the output selection and
the single bit polarity control are stored in “D” type flip-flops.
These flip-flops have both Clear, Clock, and Clock Enable
functions provided. The G4 and G, input provide either polar-
ity for input control or data.

LOGIC DIAGRAM
8-Bit Decoder/Demultiplexer with Control Storage

G [}
b a
c — ojce @
CLR
%h S
8 —— pojce @
CLR
g— e
L L L H..L --% ..% J.% L ]l
A —o — volce @ '“H I Jl % ' I I I
CLR U U g?J Y
9
40 a
POL =t o cp
CLR
é (ﬁ-——|>‘\ o ¢ o _ _ _ _
é CLOCK
cLock cP
ENABLE CLEAR Y7 Yo Y5 Ya Y3 Y2 Yi Yo
CE CLR
CONNECTION DIAGRAM LOGIC SYMBOL
8
Vec G1 Gz Y7 Y Y5 Ya Y3z Y2 Yq 6
mininlininininininlsl LN S
20 19 18 17 16 15 14 13 12 1N 19 —0| 61 vilb—n
18 —] G, Yo b—12
) Am25L52536 3 —O| ce Y3 }—13
Yo b—1a
® 2 3 4 5 6 7 8 9 1 2 —QjCLR Ysb— 15
|EjEpEEEEERERENEEE| 1—cp Yo f— 16
cP CLR CE A B C POL OE Ygp GND v lb— 1
A B C POL Vee =20
LI =
Note: Pin 1 is marked for orientation. 4 5 6 7 GND =10
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Am25L52536

ELECTRICAL CHARACTERISTICS
The Following Conditions Apply Unless Otherwise Specified:

COM’L Tp =0°Cto+70°C Vce = 5.0V 5% MIN. =4.75V  MAX. =525V
MiL Ta =—55°C to +125°C Vce =5.0V£10%  MIN. =450V  MAX.=5.50V
DC CHARACTERISTICS OVER OPERATING RANGE Typ
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units
Vce = MIN. | = —2.6mA, COM’L 24 3.2
VOH Output HIGH Voltage VCC_ v v OH Volts
IN = ViH or Vi loH = —1.0mA, MIL 24 3.4
Vee = MIN. loL =24mA, COM'L 0.4 0.5
VoL Output LOW Voltage VIN = ViH or Vi Voits
loL = 12mA, MIL 0.35 0.4
Guaranteed input logical HIGH
ViH Input HIGH Level voltage for all inputs 2.0 Volts
Guaranteed input logical LOW MIL 0.7
ViL Input LOW Level voltage for all inputs coM'L 0.8 Valts
\7 Input Clamp Voltage Vee =MIN,, |y = —18mA -1.5 Volts
he Input LOW Current Vee =MAX, ViN =04V —0.4 mA
IH Input HIGH Current Vee =MAX, VIN =27V 20 MA
I Input HIGH Current Vee = MAX, VN =7.0V 0.1 mA
o Off-State (High-lmpedance) Vee = MAX. Vo =04V —20 A
Output Current Vo =24V 20
Isc Output Short Circuit Current Vee = MAX. _1s _85 mA
(Note 3)
Power Supply Current _
Icc (Note 4) Vce = MAX. 37 56 mA

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type.

Typical limits are at Vgc = 5.0V, 25°C ambient and maximum loading.

2.
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second.
4.

Test Conditions: A =B =C =Gy = Gp =0E = CE = GND; CLK = CLR = POL =4.5V.

MAXIMUM RATINGS (Above which the useful life may be impaired)

Storage Temperature

—65°C to +150°C

Temperature (Ambient) Under Bias

—55°C to +125°C

Supply Voltage to Ground Potential Continuous —0.5V to +7.0V
DC Voltage Applied to Outputs for High Output State —0.5V to +V ¢ max.
DC Input Voltage —0.5V to +7.0V
DC Output Current, Into Outputs 30mA

DC Input Current

—30mA to +5.0mA
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SWITCHING CHARACTERISTICS
(Ta = +25°C, Vg = 5.0V)

Parameters Description Min. Typ. Max. Units Test Conditions
toLH ~ 17 25 [
o Gyto Yy - Yy 23 34 ns
tpLH _ 20 30
ey Gy to Yo - Y7 26 39 ns
tpLH - 24 36
Tor. CPtoYy - Y7 30 5 ns CL = 45pF
R = 667Q
tpLH _ 24 36
TPrL CLRto Yo — Y7 3 46 ns
s Clock Enable to CP 25 ns
th 0
ts A, B, C, POL to CP 15 ns
th 0
thz _ 9 14 CL = 5pF
2 OEtoYo - Y7 K 17 ns RL = 6670
tzu _ 15 22
oL OEto Yo - Y7 16 24 ns
N CL = 45pF
ts Set-up Time, Clear Recovery to CP 20 ns R, = 667Q
Clock 15
t Pulse Width ns
pw Clear 15
SWITCHING CHARACTERISTICS
OVER OPERATING RANGE*
Am25LS COM’L Am25LS MIL
Ta = 0°C to +70°C Ta = —55°C to +125°C
) Vce = 5.0V £5% Vee = 5.0V £10%
Parameters Description =~ Min. Max. Min. Max. Units Test Conditions
t ) : 29 31
PLH Gito Yo - Yy ~ ns
tpHL i 39 42
tpLH 34 i 37
G Yo - Y -
tPHL 2t° 0 7 44 48 ns
t . 40 42
PLH CPtoYg - Yy ns
tPHL 51 55 C_ = 45pF
R = 66742
t 47 54 L
PLH CLRto Yo = Y5 ns
tPHL 58 . 66
ts 27 30
Clock Enable to CP ns
th 0 0
t. 17 20
2 A, B, C, POL to CP ns
th 0 0
thz 17 18 C_ = 5.0pF
OEtoYy - Y ns L
tz o- 27 34 RL = 667Q
t 25 27
ZH OEto Yy - Y7 ns
tz 28 30
C_ = 5.0pF
ts Set-up Time, Clear Recovery to CP 23 25 ns Ht _ 667")()
Clock 17 20 '
tow Pulse Width 22 ns
Clear 15 15

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9.
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FUNCTION TABLE

Inputs

Internal
Registers

Three-State Outputs

Mode

POL

7]

*
(2]
h

Qc

Qp QA QpoL

Yo Y1 Y2 Y3 Y4 Y5 Yg Y7

Clear

x
-

L

Ir
-
-

L
L

L
L

H H H H H H H H
L H H H H H H H

Hold

2
(3]
z
(¢}
2
(2]

Z
(3]

2
(3]

NC NC NC NC NC NC NC NC

Select

r

XX IIIIrrr-crIIIIrCrCerCOfX[xx|(o
XX IIrrIIrr-cFIIrCrrIICr|X|Xx|w
XX IrIrIrIr-rIrcrIcrIrcrIrcixXixx|»
FrIrCfrCrCrFPCFCCIIIIIIIIX|X
n-r—r‘rr-rrl-rrr-ri-r'rrra-:l:xxronl
FHFrIIIIIIIIIIIIIIII
rr—rr-v-v-r-rr-u—r—r—r-rrr-l—r'r-r;—g[
D > B o o > o o oo | X X
XX IIIXIrrrrIIIICCCC

XX IIrrIIrFr-cFIIFCC-CIIC

XX IrIrIrIr-rIr-rIrC-crIr-Ir-

rrrrcrC-rCrCC-IIXIIDIXIIII

,_
-
-
-
-
-
-

ol
(2]
N

IrrIrrrrxrrxrxrrrrr-rr-recer-ex
IrrIrIrrrIxxIrIxr-rr-rr-r-rrrx
IrXIXIITIrIXIrITxITIr-recerecCcrrITe
IrIIrIrrIrIrIrxIIIr-rr-rr-rr-fITreore
IrrrrIrr-rrIrIrIrIxxrr-r-rx>eceere
IrrIrIrrrxIXITIITITrCrr-rITr-rrrere
IrrIrxrXrIxIrrrxIrIr-rxxr-reeer-r
IrrIIIIXIIrIIIIIrCrcCcrcecrer

Output
Disable

(2]
xIIIIIIIIIIIIIIIIIIIT‘r—;l

x
x
x
x
x
x
I
x
z
(3]
z
(2]

4
(3]

2
3]

N
N
N
N
N
IIrr
IrITr
rrIr|®

N
N

NC = No Change

X = Don’t Care Z = High-Impedance

% = Low-to-High Transition

CLR

G;
Yn

DEFINITION OF TERMS

CLEAR — When the CLEAR inputis LOW, the control
register outputs (Qa, Qg, Qc, Qpo) are set LOW
regardless of any other inputs.

CLOCK - Enters data into the control register on the
LOW-to-HIGH transition.

CLOCK ENABLE — Allows data to enter t the control
register when CE is LOW. When CE is HIGH, the Q;
outputs do not change state, regardless of data or

clock input transitions.

Inputs to the control register which are entered on
the LOW-to-HIGH clock transition if CE is LOW.

Input to the control register bit used for determin-
ing the polarity of the selected output.

Active LOW part of the expression G = GG, [or G =
(Gy) Gz] where G is either data input for the selected
Yn, or is used as an input enable.

Active HIGH part of the expression G = G4G,.

The three-state outputs. When active (OE = LOW),
one of eight outputs is selected by the code stored in
the control register, with the polarity of all eight
determined by the bit stored in the POL flip-flop of
the control register. The selected output can further
be controlled by G according to the expression
YseLectep = G @ Qpoy-

OUTPUT ENABLE. When OE is HIGH the Y, outputs
are in the high impedance state; when OE is LOW
the Y, 's arein their active state as determined by the
other control logic. The OE input affects the Y, out-
put buffers only and has no effect on the control
register or any other logic.

Metallization and Pad Layout

Y7
Ye

0o w

Ys

Y
POL 4

Y3

Yo Y2

GND

Y1

DIE SIZE 0.084" X 0.099"
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Am25LS2537

One-Of-Ten Decoder With Three-State Outputs And Polarity Control

DISTINCTIVE CHARACTERISTICS

Three-state outputs
Separate output polarity control

Inverting and non-inverting enable inputs

Does not respond to codes above nine

A.C. parameters specified over operating temperature and

power supply ranges

100% product assurance screening to MIL-STD-883

requirements

LOGIC DIAGRAM

”_>°]>°

FUNCTIONAL DESCRIPTION

The Am25LS2537 is a demultiplexer/one-of-ten decoder that
accepts four active high BCD inputs and selects one-of-ten
mutually exclusive outputs. The device features three-state
outputs as well as a buffered common polarity control such
that the outputs are mutually exclusive active-low or mutually
exclusive active-high. The logic design of the Am25LS2537
ensures that all outputs are unselected when the binary codes
greater than nine are applied to the inputs. The inputs A, B,
C, and D of the Am25LS2537 correspond to the respective
binary weight of 1, 2, 4, and 8.

The output enable (OE) input controls the three-state outputs.
When the OE input is HIGH, the outputs are in the high im-
pedance state. When the OE input is LOW, the outputs are
enabled. The polarity (POL) input is used to drive the Y out-
puts to either the active-HIGH state or the active-LOW state.
When the POL input is LOW, the outputs are active-HIGH.
When the POL input is HIGH, the Y outputs are active-LOW.
The device features one active-HIGH and one active-LOW
enable input which can be used for gating the decoder or can
be used with incoming data for demultiplexing applications.

The Am25LS2537 is packaged in a space saving (0.3-inch row
spacing) 20-pin package. The device also features Am25LS
family faster switching specifications, higher noise margin,

and twice the fan-out over the military temperature range
when compared with Am54LS/74LS devices.

LOGIC SYMBOL

4 6 7 16 17
POL A B C D
15 —Of E1
14 — E2
5 —O} OE

Yo Y1 Y2 Y3 Y4 Y5 Yg Y7 Yg Yo

TTTTTT]

1 19 18 8 9 11 12 13
Vce = Pin 20
GND =Pin 10

CONNECTION DIAGRAM
Top View

Vee Y3 Y4 D C El E2 Yy Y8 Yy

A00000M00mMn

20 19 18 17 16 15 14 13 12 1N

D)

1 2 3 4 5 6 7 8 9 10
uuuuuuy
Y, Yy Yo POL OE A B Yg Yg GND

Note: Pin 1 is marked for orientation.
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Am25L82537
ELECTRICAL CHARACTERISTICS
The Following Conditions Apply Unless Otherwise Specified:

Vee = 5.0V 5% MIN. =475V MAX.=5.25V
Vee = 5.0V £10% MIN. =450V MAX.=5.50V

COM’L =Tp =0°Cto +70°C
MIL  =Tp =—55°Cto +125°C

DC CHARACTERISTICS OVER OPERATING RANGE

Typ.
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units
Vee = MIN. MiL, | =—1.0mA 24 34
VOH Output HIGH Voltage VCC_ v v oH Volts
IN = VIHor ViL COM'L, IgH = —2.6mA 24 3.4
_ loL =4.0mA 04
v Output LOW Voltage Vee = MIN. 1oL = 8.0mA Volts
oL {Note 5) VIN = ViH or Vi oL ~8.0m 045
loL =12mA 05
Guaranteed input logical HIGH
VIH Input HIGH Level voltage for all inputs 2.0 Volts
Guaranteed input logical LOW MIL 0.7
ViL Input LOW Level voltage for all inputs oML 08 Volts
Vi Input Clamp Voltage Vee = MIN,, )y = —18mA —-1.5 Volts
he Input LOW Current Vee = MAX., ViN = 0.4V —-0.36 mA
HH Input HIGH Current Vee = MAX., VN =2.7V 20 KA
1y Input HIGH Current Vee = MAX., VN =7.0V 0.1 mA
R i Vo =04V —
oz g:ftState (High-lmpedance) Vee = MAX. 0=04 20 A
put Current Vo =24V 20
Output Short Circuit Current =
| Vee = MAX. - —
s¢ (Note 3) ce 15 8 mA
Power Supply Current -
| = MAX.
cc (Note 4) Vee A 25 40 mA
Notes: 1. For conditions shown as MIN. or MAX,, use the appropriate value specified under Electrical Characteristics for the applicable device type.
2. Typical limits are at Voo = 5.0V, 25°C ambient and maximum loading.
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second.
4. Testconditions: A=B=C=D=E1=GND;E2=POL=0E=45V.
5. Vo is specified with total device Ig|_ = 60mA (max.).

MAXIMUM RATINGS (Above which the useful life may be impaired)

Storage Temperature

—65°C to +150°C

Temperature (Ambient) Under Bias —55°C to +125°C
Supply Voltage to Ground Potential Continuous —0.5Vto +7.0V
DC Voltage Applied to Outputs for High Output State —0.5V to +V¢c max.
DC Input Voltage —-0.5Vto+7.0V
DC Output Current, Into Outputs 30mA
DC Input Current —30mA to +5.0mA
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SWITCHING CHARACTERISTICS
(Ta =+25°C, Vcc = 5.0V)

Am25LS82537

Parameters Description Min. Typ. Max. Units Test Conditions
t 22 33
PLH A,B,C,DtoVY; ns
tPHL 17 25
tPLH Eqtov; 19 28 ns
tPHL ! 21 31
t — 21 31 CL =15pF
PLH Egto; ns L P
tPHL 23 34 R =2.0kQ
t 18 27
PLH POL to ns
tPHL 21 31
t, — 22 33
ZH E Control to Y;j ns
tzL 14 21
thz — 19 28 CL = 5.0pF
. E Control to Yj 23 32 ns RL = 2.0kQ
SWITCHING CHARACTERISTICS Am25LS COML Am25LS MIL

OVER OPERATING RANGE*

TA =0°C to +70°C
Vee =5.0V £5%

Ta = —55°C to +125°C
Vce = 5.0V £ 10%

Parameters Description Min. Max. Min. Max. Units Test Conditions

t 4

PLH A.B,C.,DtoY; 41 8 ns
PHL 32 39
t 40

PLH Eqto Y, 34 ns
tPHL 38 45
1 —_— 38 45 CL = 50pF
PLH Epto Y;j ns L,_ "
PHL 42 49 R = 2.0kQ
1] 37

PLH POL to ; 32 ns
tPHL 42 52
tzH — 44 55
= OE Control to Y; >3 P ns
tHZ p— 33 37 CL =5.0pF
Lz OE Control to Y 38 22 ns RL =2.0kQ

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9.
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FUNCTION TABLE

INPUTS OUTPUTS
FUNCTION
Ep | POL Yo|Y1|Y2|Y3|Ys|Ys5|Ye|Yz]| Yg| Yo
3-State X
Disable

Active-HIGH Output

Active-LOW Output

|t e i e Y N N i Yt e Yt N e o I_I'_I_I_Ironl
rreCfCCCCCCCFCCCFCCFCCECCC|CFCFFCECFCFCFCECECECECFErCEr | XXIIEX _rl“l

IIIIIIIIIIIIIIII|IIIIIIIIIIIIIIIIIFRrrXX|X

IIIIIIIIrrrrrrrr| I I I I IIIFFRRCCRCCC|IXXXX|IX|0O

IIrIrIrIrIrIIIIXIIXIIIIITI|rrroCCcCcCCrCcrrrCrr (T Te

IIIXIrrrrIIIIrCrrrr| I I I IrfrrFrFIIIIFCFRARIXXXX]IX]IO

IIrrIIrrIIrr I I XTI IrCIICFCFIICC|IXXX XX
IrIrIrIrIrIrI-rI-|IrIrIrIrIrICrICPICIXXX XX D

IIIIIIIIIIXIIITITIrC~|rrrrrrrrrrrrrrrrrr I ICICN

IIIIIIIIIIIIIIC~I|rrrrccCErEEEFEFRFIC|ICFIC|IN
IIIIIIIIIIIIICFII|rrrerrccrrcrrrICcC|(I-CFIC(N
IIIIIXIIIrIXIIIIrrIII|rcercrrrrrrrrrrIrrr|(ICFIC|N
IIIIIIIIXIIICrIITITIITIirrrrrCccrrrrr - |IrIC|N
IIIIIIIIIICFrIIIII|rrrrrCcrrCcrICcrrrC|ICFIC|N
IIIIIIIII~rIIIIII(rrrrccrrrICCFRFrFC|ICRIC|N
IIIIIFIIIrIIIITZTII|(rrrrrrrrICcrcrrrrCr|ICFIC(N
IIIIIIIrIIIIIXIIIrrrerrrrIrrrrrrrCr|TIrICN
IIIIIIrIIIIIIIII|rrrrrcIrrrrcrrrrr | IrIC|N

H=HIGH X = Don’t Care
L=LOW Z = High Impedance

A, B, C,D To select inputs to the decoder.

any other inputs.

DEFINITION OF FUNCTIONAL TERMS

E1 The active-LOW enable input. A HIGH on the E1
input inhibits the decoder function regardless of

POL

E2 The active-HIGH enable input. A LOW on the E2
input forces all the decoder functions to the
inactive state regardless of any other inputs.

The polarity control for the output function.
When the polarity control is HIGH, the outputs
are active-LOW. When the POL input is LOW,
the outputs are active-HIGH.

Output Enable. An active-LOW three-state control
used to enable the outputs. A HIGH level input
forces the output to the high impedance (off)
state.

Decoder outputs. The ten outputs of the decoder.
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GUARANTEED LOADING RULES
OVER OPERATING RANGE (In Unit Loads)

A Low-Power Schottky TTL Unit Load is defined as 20uA measured at
2.7V HIGH and —0.36mA measured at 0.4V LOW.

Am25LS
Output Output
Input HIGH Low
Pin No.’s Input/Output| Load MIL COM’L MIL COM’L
Yo - 50 130 33 33
2 Y1 - 50 130 33 33
3 Yo - 50 130 33 33
4 POL 1.0 - - - -
5 OE 1.0 - - - -
6 A 1.0 -_ - — -
7 B 1.0 - - - -
8 Ys - 50 130 33 33
9 Ye - 50 130 33 33
10 GND - - — — -
1 'z - 50 130 33 33
12 Yg - 50 130 33 33
13 Yo - 50 130 33 33
14 E2 1.0 - = — -
15 E1 1.0 - - - -
16 C 1.0 - - - -
17 D 1.0 - - - -
18 Ya - 50 130 33 33
19 Y3 - 50 130 33 33
20 Vee - - - - -
Am25LS Metaiiization and Pad Layout
LOW-POWER SCHOTTKY INPUT/OUTPUT
CURRENT INTERFACE CONDITIONS
DRIVING OUTPUT l DRIVEN INPUT Yo 1 VCC
l Y, 2 Y3
: | : o ¢
foH | i
|
I
——— L | POL 4 D
| </ oF s c
| o__,__ﬁ_ A 6 =
| B 7
_ — | £2
EE EE loL ; I
l
l
I Ys 8 Yo
= = v 9 Yg
GND 10 1 Yz
Note: Actual current flow direction shown. DIE SIZE 0.081"" X 0.096"
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.

APPLICATIONS
A B C D E
Q
A B C D E1 A B c D E2 E1
€2 H
POL Am25L52537 POL Am25L52537 OE
OE
Yo Y1 Y2 Y3 Y4 Y5 Yg Y7 Yg Vg 1 Yo Y1 Y2 Y3 Yq Y5 Ve Y7 Y8 Yo

T

4 5 6 7

POLARITY

'”"T

BERRRERRN

11 12 13 14 15 16 17 18 19 20

One-of-Twenty Decoder with Active-High or Active-Low Output Polarity.
Could be used for 1/0 Decoding in an Am9080A system.

THUMB-WHEEL
SWITCH

_g—o

> ® o O

Yo

® ©

Yg
Y7
Ye

o o o~

Ys
Ya

IS

Am25L52537

N oW

Y2

POL Yip———o-—1

Yoo

OE

POLARITY
CONTROL

i

BCD to Decimal (One-of-Ten) Decoder.
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Am25L.S2538

One-of-Eight Decoder
With Three-State Outputs And Polarity Control

DISTINCTIVE CHARACTERISTICS

Three-state decoder outputs

Buffered common output polarity control

Inverting and non-inverting enable inputs

A. C. parameters specified over operating temperature and
power supply ranges

100% product assurance screening to MIL-STD-883
requirements

FUNCTIONAL DESCRIPTION

The Am25LS2538 is a three-line to eight-line decoder/
demultiplexer fabricated using advanced Low-Power Schottky
technology. The decoder has three buffered select inputs—
A, B, and C—that are decoded to one-of-eight Y outputs. Two
active-HIGH and two active-LOW enables can be used for
gating the decoder or can be used with incoming data for
demultiplexing applications.

A separate polarity (POL) input can be used to force the
function active-HIGH or active-LOW at the output. Two
separate a_ctive-LOW output enables (OE) inputs are provided.
If either OE inputis HIGH, the output is in the high impedance
(off) state. When the POL input is LOW, the Y outputs are
active-HIGH and when the POL input is HIGH, the Y outputs
are active-LOW.

The device is packaged in a space saving (0.3-inch row
spacing) 20-pin package. It also features Am25LS family
improved switching specifications, higher noise margin, and
twice the fan-out over the military temperature range when
compared with Am54LS/74LS devices.

LOGIC DIAGRAM
One-of-Eight Decoder

5 ) .
Eg - t‘
s

ENABLE {

POL
POLARITY

outpur | OF1
conTROL | 3E,

l
U; #
Yzl Vw’%

1"5 |V4

|V7 ‘Ye I
CONNECTION DIAGRAM LOGIC SYMBOL
Top View 12 6 7 17
Vec Y3 Y4 C Ep E3 E4 POL Yy l I l I
sfalafslalalaRalubs o d
20 19 18 17 16 15 14 13 12 11 15 —d e,
18— €5
) 13— €,
4 —0] ok,
® 2 a2 4 s s 7 8 9 1 5O 0 vi v, v, vs Y4 Vs Y6 V7
EEERNEEEEEEEERERERE FTTTTTT
Y, Yi Yo OFy OF, A B Y5 Yg GND

Note: Pin 1 is marked for orientation.

119 18 8
VCC—Pm 20
GND = Pin 10

9 1
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ELECTRICAL CHARACTERISTICS
The Following Conditions Apply Unless Otherwise Specified:

COM’L Tp =0°Cto+70°C
MIL TaA = —55°C to +125°C

Vee = 5.0V 5%
Ve = 5.0V £10%

MIN. =475V MAX.=5.25V
MIN. =450V MAX.=550V

DC CHARACTERISTICS OVER OPERATING RANGE

Typ.
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units
Ve = MIN. IoH = —1.0mA (MIL) 24 34
VOH Output HIGH Voltage Vin = V v Volts
IN=ViHor ViL I0H = —2.6mA (COM'L) 2.4 3.4
loL =4.0mA 0.4
Ve = MIN
Output LOW Voltage cc : P 0.45 Volts
VoL | (Notes) VIN=ViHorvy | 'OLZ80mA
loL =12mA 05
Guaranteed input logical HIGH
VIH Input HIGH Level voltage for all inputs 2.0 Volts
. . MIL 0.7
ViL Input LOW Level Guaranteed input logical LOW Volts
voltage for all inputs COM'L 08
7 Input Clamp Voltage Vee = MIN,, Iy = —18mA -1.5 Volts
he Input LOW Current Vee = MAX, VN =04V —0.36 mA
LWH Input HIGH Current Voo = MAX, ViN =27V 20 rA
I Input HIGH Current Vce = MAX,, VN =7.0V 0.1 mA
2 igh- Vo =04V -20
loz gff State (High-lmpedance) Vee = MAX. o LA
utput Current Vo =24V 20
Isc Output Short Circuit Current Vee = MAX. _1s _85 mA
(Note 3)
Power Supply Current _
| =MAX.
cc {Note 4) Vee AX 21 34 mA
Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type.

. Typical limits are at Vcc =5.0V, 25°C ambient and maximum loading.

. Test conditions: A=B =C=Eq=Ey)=GND:Eg=E4=POL=0Eq=0Ep=45V.
. VoL isspecified with total device || = 60mA (max.).

2
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second.
a
5

MAXIMUM RATINGS (Above which the useful life may be impaired)

Storage Temperature —65°C to +150°C
Temperature (Ambient) Under Bias —55°C to +125°C
Supply Voltage to Ground Potential Continuous —0.5V to+7.0V

DC Voltage Applied to Outputs for High Output State

—0.5V to +Vc max.

DC Input Voltage

—0.5V to +7.0V

DC Output Current, Into Outputs

30mA

DC Input Current

—30mA to +5.0mA
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WITCHING CHARACTERISTICS
Fa =+25°C, Vce = 5.0V)

Am25L52538

'arameters Description Min. Typ. Max. Units Test Conditions
t 30
PL—H— A,B,CtoY; 20 ns
tPHL 15 22
t _— 19 28
—PLH Eq,E2t0Y; ns
tPHL 20 30
tPLH ) 21 31 CL = 15pF
e ] E3, Egto Y; 23 32 ns R =2.0kQ
t 16 24
—PLH POL to Y; ns
tPHL 20 30
t PO 1 25
—ZH E1,OExto Y; U ns
zL 14 21
tHZ R ) 17 25 Ci =5.0pF
Ly Eq,OEZ to Y; 20 30 ns R =2.0kQ
WITCHING CHARACTERISTICS i
JVER OPERATING RANGE* Am25LS COM'L Am25LS MIL
Ta =0°C to +70°C Ta=-55°C to +125°C
Vece =5.0V £ 5% Vee =5.0V £ 10%
arameters Description Min. Max. Min. Max. Units Test Conditions
t
& A,B,CtoY; 36 42 ns
tPHL 29 37
t — e 34 39
T s
tPHL 38 45
tPLH 38 45 C =50pF
——t E3,EqtoY;
tPHL 3 =4 10T 43 52 " RL =20ke
Y 4
—PLH | POL to Y; 2 3 ns
tPHL 39 49
t R —— 38 45
_ZH | Eq,OEs to v ns
tZzL 23 25
tHZ — ) 29 33 Cp =5.0pF
o Eq,O0Ez 10 Y; 33 36 ns RL = 2.0k
AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9.
Am25LS Metallization and Pad Layout
LOW-POWER SCHOTTKY INPUT/OUTPUT
CURRENT INTERFACE CONDITIONS
Y, 1 20 Ve
Yy 2 19 Y3
DRIVING OUTPUT | DRIVEN INPUT
Vee | Yo 3 —| r——— 18 vg
< <>
3 | <
‘oH | i
I .
| Of 4 — — 17 C
—_—— | OE, 5 —— —— 16 Eq
- | </ AE R ——— 15 Ep
| g e s -
R -
— | V1T
b3 ‘oL | '
< | R
| Ys 8 ] 13 gy
‘ Yo 9 12 POL
l GND 10 11 Y7

Note: Actual current flow direction shown.

DIE SIZE 0.081"" X 0.096"
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DEFINITION OF FUNCTIONAL TERMS
A,B,CD The three select inputs to the decoder/de-

multiplexer.
Eq, E2 The active LOW enable inputs. A HIGH on

either the Eq or E2 input forces all decoded

functions to be disabled. 0-—51, 6'E-2
E3, Ea The active HIGH enable inputs. A LOW on

either E3 or E4 inputs forces all the decoded
functions to be inhibited.

POL Polarity Control. A LOW on the polarity con- Y;

trol input forces the output to the active-HIGH
state while a HIGH on the polarity control
input forces the Y outputs to the active-LOW
state.

Output Enable. When both the (ﬁ-, and 6@2
inputs are LOW, the Y outputs are enabled. If
either OEq or OE5 input is HIGH, the Y out-
puts are in the high impedance state.

The eight outputs for the decoder/demultiplexer.

FUNCTION TABLE

OUTPUTS

FUNCTION

-
N
m|
-
mi
N
m
w
m
S
o
r

<
o
<
-
<
N

Y3 | Yq

<
)
<
o
<
~

High Impedance

Disable

Active-HIGH Output

Active-LOW Output

. O
rreeeFrCrrlrrrrrrrr|rrrrrcrC | XI m

: (o]
rrrrcrorClrrcrCrrrCjrrrrrrrC | IXm

IIITITrrrr|TIIIIrrrrr | XXXXXXXXIXXI0

IIrrIIrr|IIrmrIIrr]XXXXXXXX|IXX| o

rrrrrrrrr|rerr e r XX XXX XTI I|XX
rerrrrrrC|lrrrrrrr XXX XIIX XXX
IIIIIIII|(IIIIIIII(XXrCrrXXXX|[XX
IIIIIIII|IIIIIIII N FFEFXXXXXX|XX
IIIIIIII|rrrrrrrC|IrI-CFIC-CIC|XX|O

FrrIrIrIr{IrIrIrIr|XXXXXXXX|XX|D>

IIIIIIIr|rrrrrrrI|I-rI-CFIC-CIC|NN
IIIIIXTrI|rrerrrr I Ir I ICICINN
IIIIIrFrII|rrrrrI-cF|IFrI-rI-rI-|NN
IIIIrIIIfrrrrIr-r-rr (I I IC-CIC|NN
IIIrIITIIIT|IrrrIrrrr|IrI-cFICrIC|INN
IIrIITIII|rrIcrrrrr|Ir I I-IC|INN
IrITIIIII|rIrrrrrrr | T I T I NN
FIIIIIII|Irrrrrrr|TIrIrI-rIC|NN

H=HIGH L =LOW X = Don’t Care z= High Impedance
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Am251.52538

APPLICATIONS
A B C D E
o0 T IS o
A B C £ E A B C E5 E; A B C E E A B C EgEg
E3 Egf—H Egf— M 3]
Eq H E2 E2 3
Yi M 0_1_ Yi OUT_ Yi =
0-7 8-15 16-23 24-31

One-of-thirty two decoder without additional decoding devices.
Can be used for 1/0 decoding in an Am9080A system.

FROM
MICROPROGRAM MEMORY

POL A B 9 D

I

ENABLES {
A B c E) A B c £y
L e, Eq H e £2 O—_‘
L——o &, Am25152538 L——o &, Am251.52538 =
— PoL OE — PoL OE
Yo Y1 Yo Y3 Y4 Y5 Y5 Yy Yo Y1 Yo Y3 Ya Yg Y5 Yy
‘ | oureur
0 CONTROL
o |1 |2 |3 |4 |5 [& |7 g8 f9 w0 |11 |12 [13 [14a |15
16-BIT DATA BUS >

DATA

l/ INPUT

Am2901
MICROPROCESSOR
ARRAY

Two Am25LS2538s can be used to perform a one-of-sixteen-bit mask function or a one-of-sixteen-bit
select function to perform bit manipulation in a microprocessor system.

Examples:

D C B A POL 0 2345678 9101112131415 Function
0 0 1 1 0 001 00G6O0O0OO0OOOOOOOOGO Bit Select
1 1 0 0 00000O0O0OO0OOOOOT11TO0GO 0O Bit Select
0 1 1 0 1 1111101111 11111 Bit Mask
1 0 1 0 1 111111111101 1111 Bit Mask
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Am25LS2539

Dual One-Of-Four Decoder With Three-State Outputs And Polarity Control

DISTINCTIVE CHARACTERISTICS

FUNCTIONAL DESCRIPTION

6 7 8 9 10

® Two independent decoders/demultiplexers The Am25LS2539 is a dual two-line to four-line decoder/
® Three-state outputs demultiplexer fabricated using advanced Low-Power Schottky
® Buffered common polarity control technology. Each decoder has two buffered select inputs—
® A. C. parameters specified over operating temperature and A and B which are decoded to one-of-four Y outputs. An
power supply ranges enable input (E) is used for gating or can be used as a data
® 100% product assurance screening to MIL-STD-883 input for demultiplexing applications. When the enable input
requirements goes -HIGH, all four decoder functions are inhibited.
An output enable (OE) input is used to control the three-
state outputs of the device. When the OE input is LOW, the
outputs are enabled. When the OE input is HIGH, the outputs
are in the high impedance (off) state. The device also has
separate buffered polarity (POL) inputs to force the outputs
to either an active-HIGH state or an active-LOW state. When
the POL input is LOW, the outputs are active-HIGH and when
the POL input is HIGH, the outputs are active-LOW. The
device is packaged in a space saving (0.3 inch row spacing)
20-pin package. The device features Am25LS family improved
switching specification, higher noise margin, and twice the
fan-out over the military temperature range when compared
with Am54LS/74LS devices.
LOGIC DIAGRAM LOGIC SYMBOLS
TE—DO— 13 6 7 4 17 18
1B 1A
— D - | 1] | 1]
1POL 1A 1B 2POL 2A 2B
__’ 15 —Of 1E 16 ——OJ 2
1Y,
1 i H C— 14 —Qf 10E 5 ——Qf 20E
’_D)_: | 1Yg 1Yq 1Yy 1Y3 2Yg 2Yq 2Y, 2Y3
D} (1T BER
—1 | 2
Y ’_Do_—: 3 12 11 9 8 3 2 1 19
— ] Do—d>—1—
J— \ = Pin 20
1POL—>0— 1OE—>0— Gl\(l:g=Pin10
%
s 24 D" ] CONNECTION DIAGRAM
{7 T O— o Top View
2y
’_DD—_,__‘)DO_(’E'_1 Ve 2Ya 28 2A 2E TE T0E 1POL 1Yp 11
- O0nnnnonon
’_D)—-j 2\’2 20 19 18 17 16 15 14 13 12 "
li~aGH )
°

2 3 4 5
guopogououduu

2Y2 2Yq 2Ygp 2POL 20E 1A 1B 1Yz 1Y2 GND

Note: Pin 1 is marked for orientation.
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ELECTRICAL CHARACTERISTICS
The Following Conditions Apply Unless Otherwise Specified:

COM'L Tp =0°Cto+70°C
MIL Ta =-55"Cto+125°C

MIN. =475V MAX. =525V
MIN. =450V MAX. =550V

Vee = 5.0V 15%
Vee = 5.0V £10%

DC CHARACTERISTICS OVER OPERATING RANGE

Am25L52539

Typ.
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units
HIGH V Ve = MIN. MIL, Igy = —1.0mA 24 34 Vol
\"/ Output oitage olts
OH P 9 VIN = ViH or Vi COM'L, IgH = —2.6mA 24 34
| =4.0mA 04
Output LOW Voltage Vee = MIN. o vV
- ! =8.0mA 45 olts
vVou (Note 5) VIN = ViH or V| oL m 0
loL =12mA 0.5
Guaranteed input logical HIGH
ViH Input HIGH Level voltage for all inputs 20 Volts
Guaranteed input logical LOW MiL 0.7
Viu Input LOW Level voltage for all inputs cOoM'L 0.8 Volts
2 Input Clamp Voltage Vee =MIN,, Iy = —-18mA -1.5 Volts
h Input LOW Current Vee = MAX, VN =04V -0.36 mA
H Input HIGH Current Vee = MAX, VN =27V 20 KA
Il Input HIGH Current Vee = MAX,, VN =7.0V 0.1 mA
_ i Vo =04V -20
loz Off-State (High-m