Signetics 54S181
Arithmetic Logic Unit

4-Bit Arithmetic Logic Unit

Military Logic Products Product Specification
FEATURES DESCRIPTION ORDERING INFORMATION
* Provides 16 arithmetic operations: =~ The 545181 is a 4-bit high-speed parallel DESCRIPTION ORDER CODE
ADD, SUBTRACT, COMPARE, Arithmetic Logic Unit (ALU). Controlled by - -
DOUBLE, plus 12 other arithmetic the four Function Selectinputs (So-Sz)and | 24-Pin Ceramic DIP 54S181/BJA
operations the Mode Control Input (M), itcanperform | 24-Pin Ceramic FlatPack | 54S181/BKA
* Provides all 16 logic operations of all the 16 possible logic operations or 16 [5oT "= mt oo 545181/B3A
two variables: Exclusive-OR, different arithmetic operations on active
Compare, AND, NAND, NOR, OR High or active Low operands. The Func-
plus 10 other lo’glc ope'ratlor;s ’ tion Table list these operations.
¢ Full lookahead carry for high-speed
arithmetic operation on long words
INPUT AND OUTPUT LOADING AND FAN-OUT TABLE
PINS DESCRIPTION 54S
Mode Input 1SUL
AorB Inputs 3SUL
S Inputs 4SUL
Carry Input 5SUL
Fo-F3=B,Cp .4 Outputs 10SUL
G Output 10SUL
P Output 10SUL
NOTE: Where a 54S Unit Load (SUL) IS 50pA Iy and -2.0mA 1.
PIN CONFIGURATION LOGIC SYMBOL
B [7] Vee
% [ LY
S3 E B, 21 2322 2120 1918
= . TR
AoBg A1By AzB; A8y
s [ B2 7 —{ Cn Cnea 1
So [€] X3 8 — M A=B |14
s — S G p—17
cn [7] B3 s — s, P b—1s
u 3] G 4« —S2
Fo Cnes 3% R R R
F 4 T T 7 7
F2 AzB 9 10 " 13
GND F3
For LLCC Pin Assignments, see JEDEC Standard No. 2 For LLCC Pin A see JEDEC No.2
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When the Mode Control Input (M) is High, all in-
ternal carries are inhibited and the device per-
forms logic operations on the individual bits as
listed. When the Mode Controt inputis Low, the
carries are enabled and the device performs
arithmetic operations on the two 4-bit words.
The device incorporates full internal carry look-
ahead and provides for either ripple carry be-
tween devices using the C;, , 4 output, or for
carry lookahead between packages using the
signals P (Carry Propagate) and G (Carry Gen-
erate). P and G are not affected by carry in.
When speed requirements are not stringent, it
can be used in a simple ripple carmy mode by
connecting the Carry output(Cn, 4) signaltothe
Carry input (C,,) of the next unit. For high-speed
operation the device is usedin conjunction with

the 182 carry lookahead circuit. One carry look-
ahead package is required for each group of
four*181 devices. Carry lookahead can be pro-
vided at various levels and offers high-speed
capability over extremely long word lengths.

The A = B output from the device goes High
when all four F outputs are High and can be
used to indicate logic equivalence over 4 bits
when the unitis in the subtractmode. TheA=B
output is open collector and can be wired-AND
with other A = B outputs to give acomparison for
more than 4 bits. The A = B signal can also be
used with the C,, , 4 signal to indicate A > B and
A<B.

The Function Table lists the arithmetic opera-
tions that are performed without a carry in. An

incoming carry adds a one to each operation.
Thus, select code LHHL generates A minus B
minus 1 (2s complement notation) without a
carry in and generates A minus B when a carry
is applied.

Because subtraction is actually performed by
complementary addition (1s compiement), a
carry out means borrow; thus, a carry is gener-
ated when there is notunderflow and no carry is
generated when there is underfiow.

Asindicated, this device can be used with either
active Low inputs producing active Low outputs
or with active High inputs producing active High
outputs. For either case the table lists the oper-
ations that are performed to the operands la-
beled inside the logic symbol.

LOGIC DIAGRAM
Ch M X Bo LY B X B, X B
o ® @ (L) {23) (22) (21 (20) (19) (18)
6]
Y -
g“)
&)
1
T | ﬁ t
v Q@S; JUu Y| UU C
®) (10) (14) () 13 (15) (16) “an
¥o Fy A=B F3 P Cn.a G
VCC = Pin24
GND= Pin 12
( ) « Pinnumbers
Pin 14is 0.C. For LLCC pin see SEDEC No. 2
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MODE SELECT — FUNCTION TABLE

MODE SELECT INPUTS

ACTIVE HIGH INPUTS & OUTPUTS

Logic Arithmetic **
S; S; S, So (M=H) (M=1)(Ch=H)
L L L L A A
L L L H A+B A+B
L L H L AB A+B
L L H H Logical 0 minus 1
L H L L AB A plus AB
L H L H B (A + B) plus AB
L H H L A®B A minus B minus 1
L H H H AB AB minus 1
H L L L A+B A plus AB
H L L H AS®B AplusB
H L H L B (A + B) plus AB
H L H H AB AB minus 1
H H L L Logical 1 A plus A*
H H L H A+B (A + B) plus A
H H H L A+B (A + B) plus A
H H H H A A minus 1
MODE SELECT — FUNCTION TABLE
MODE SELECT INPUTS ACTIVE LOW INPUTS & OUTPUTS
Logic Arlthmetic **
Ss Sz S So M =H) (M=L)(Cp=H)
L L L L A A minus 1
L L L H AB AB minus 1
L L H L A+B AB minus 1
L L H H Logical 1 minus 1
L H L L A+B Aplus (A + B)
L H L H B AB plus (A + B)
L H H L ADEB A minus B minus 1
L H H H A+B A+B
H L L L AB Aplus (A + B)
H L L H A®B Aplus B
H L H L B AB plus (A + B)
H L H H A+B A+B
H H L L Logical 0 A plus A*
H H L H AB AB plus A
H H H L AB AB plus A
H H H H A A
L = Lowvoltage
H = High voltage level
* = Eachbitis shifted to the next more significant position.
** = Arithmetic operations expressed in 2s complement notation.
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2 1 2322 2120 1918 21 232 2120 1918
L4t d LA Ly AL L)
AoBg A1By A2By A3B3 AoBo A1By A2B2 A3B3
7 —q Cn Cn.4 p— 16 7 —©%n Chnsa F— 16
8 — M A=B |— 14 8 —| ™ AzB [— 14
6 —] so G }—17 6 —{So G p—17
5§ —1 S Pl—1s s —{$1 P b—1s
4 —18; 4 —{ 82
3SR Fq F2 F3 i el Fy F2 F3

0T T 17 1 T

9 10 n 13 ° 10 1 13

Active High Operands Active Low Operands

ABSOLUTE MAXIMUM RATINGS (Over operating free-air temperature range unless otherwise noted.)

SYMBOL PARAMETER RATING UNIT
Vee Supply voltage 7.0 \%
\ Input voltage range -0.5t0 +5.5 \

I Input current range -30to +5 mA
Vo Voltage applied to output in High output state range -0.5t0 +Vce \
Tsta Storage temperature range -65 to +150 °C

RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER LMITS UNIT
Min Nom Max
Vee Supply voltage 4.5 5.0 55 \
VK High-level input voltage 2.0 \
Vi Low-level input voltage +0.8 v
[ +125° +0.7 v
lik Input clamp current -18 mA
loH High-level output current except A = B -1000 A
loL Low-level output current 20 mA
Ta Operating free-air temperature range -55 +125 °C
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SUM MODE TEST TABLE | FUNCTION INPUTS:S5=S3=1,S1=S,=M=0V
PARAMETER INPUT UNDER TEST OTHER INPUT, SAME BIT OTHER DATA INPUTS OUTPUT UNDER
Apply 1 Apply GND Appiy 1 Apply GND TEST

trLH : - Remaining .

teHL A B None AandB Cn Fi

teLH : Remaining :

tore B A None KandB Ch Fi

teLH Remaining

torL A B None None AandB, C, P

trLH Remaining

toL B A None None AandB. C, P

oLy Remaining Remaining

torL A None B; B &, C, G

teLn Remaining Remaining

tort B None A B . C, G

tpLH ) Remaining Remaining

toriL A None B B x C, CN 4

tpLH ’ Remaining Remaining

torL B None A B A Cp Cnwa

teLH All All Any F

tonL Cn None None X B or Cp o
NOTE:
1. 27V <sHI< Vee
DIFF MODE TEST TABLE Ii FUNCTION INPUTS: Sg=S3=1,S; =S;=M=0V

PARAMETER INPUT UNDER TEST OTHER INPUT, SAME BIT OTHER DATA INPUTS OUTPUT UNDER

Apply 1 Apply GND Apply 1 Apply GND TEST

tpLH 3 Remaining Remaining

teHL A None B A B,C, Fi

tory B x N Remaining Remaining F

tonL ! ! one A B,C, i

tpLH Remaining

toe A None B; None AandB, C, P

tPLH Remainin

tonL B A None None ZandB, an P

teLH Remainin

toHL A B None None EandB, cg" G

{LH ] . Remaining

torL B; None A None AandB, C, G

teLm Remaining Remaining

oL A None B A B C, A=B

trLH Remaining Remaining

topL B A None x B C, A=B

4 —

tg':: A B None None ;:;Tdag,‘ra Cn .4

1 Romaini

t:t': B None A None b g:dag‘"rgn Cnea

tPHL All Any F

iy Cn None None AandB None orCpaa
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LOGIC MODE TEST TABLE lll

PARAMETER INPUT UNDER TEST | OTHER INPUT, SAME BIT | OTHER DATA INPUTS OUTPUT FUNCTION
Apply 1 Apply GND | Apply 1 | Apply GND | UNDER TEST INPUTS
:'p’h‘: A B None None ?:;&a'g'gn Fi Sy ==st: =M°;1
:s;’: B A None None ; :r':‘dag“a ¥ SIQ: h S: =M°= 1
DC ELECTRICAL CHARACTERISTICS (Over recommended operating free-air temperature range unless otherwise noted.)
SYMBOL PARAMETER TEST CONDITIONS! LIMITS UNIT
Min Typ? Max
Vou High-level output voltage Vee = Min, Any output 25 3.4 A
Vi = Min, exceptA =B
Vi = Max,
lon = Max
voL Low-level output voltage Vee = Min, Vi = Min, V| = Max, 0.5 Vv
fon = Max | +125° 0.45 v
Vik Input clamp voltage Vee = Min, | = Ik -1.2 \
Mode input 1.0 mA
2 Input current at maximum input voltage Vee = Max, A or Binputs 1.0 mA
V=55V S inputs 10 mA
Carry input 1.0 mA
Mode input 50 HA
I High-level input current Vce = Max, AorBinputs 150 pA
V=27V Sinputs 200 HA
Carry input 250 HA
Mode input -2 mA
I Low-level input current Vee = Max, A or Binputs -6 mA
V=05V S inputs -8 mA
Carry input -10 mA
lon High-level output current Vi = Min, V= Max, Vo =5.5V A=Bonly 250 pA
los Short-circuti output current? Ve = Max Any output except A = B -40 -100 mA
lce Supply current (total) Vee = Max Note 5a 120 220 mA
Note Sb 120 220 mA
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AC ELECTRICAL CHARACTERISTICS T, = 25°C, Vcc = 5.0V
SYMBOL PARAMETER TEST CONDITIONS uMITS UNIT

Cy = 15pF
Min Max

tpLH Propagation delay M = 0V, Sum or Diff Mode 10.5 ns
tPHL ChtoCh.a see Waveform 2 and Tables | & II 10.5 ns
teLk Propa}gatlon delay M = 0V, Sum or Diff Mode 12 ns
tPHL outputs see Waveform 2 and Tables | & Il 12 ns
tpLH Propagation dela M=8;=8,=0V,Sy=S;3=4.5V 12 ns
teHL A or Binputs to G output Sum Mode, see Waveform 2 and Table | 12 ns
toLH Propaganon delay M=S;=S3-0V,S; =S;=4.5V 15 ns
tPHL A or Binputs to G output Diff Mode, see Waveform 3 and Table Il 15 ns
tpLH Propagation delay M=8;=5,=0V,Sy=S3=4.5V 12 ns
tPHL A or Binputs to P output Sum Mode, see Waveform 2 and Table | 12 ns
tpLH Propagation delay M=Sp=8;=0V,S,=S,=4.5V 15 ns
tPHL Aor Binputs to P output Diff Mode, see Waveform 3 and Table I 15 ns
toLH Propagation dela; M=S;=58,=0V,S5=S3=45V 165 ns
tPHL A or Bjinputs to F; outputs Sum Mode, see Waveform 2 and Table | 16.5 ns
tPLH Propagation delay M=S;=5S;=0V,S;=S,=4.5V 20 ns
temL A or Bjinputs to F; outputs Diff Mode, see Waveform 3 and Table II 22 ns
tPLH Propagation dela; M = 4.5V, Logic Mode 20 ns
tHL A or Byinputs to F; outputs see Waveform 2 and Table i 22 ns
toLH Propagation delay M=0V,S0=83=45V,8,=5,=0V 18.5 ns
tonL AorBinputs to C,,, 4 output Sum Mode, see Waveform 1 and Table | 18.5 ns
teLy Propagation delay M=0V,S;=8;=0V,S8;=5,=45V 23 ns
tPHL AorBinputs to Cy, , 4 outputs Diff Mode, see Waveform 4 and Table 1i 23 ns
toLH Propagation delay M=S;=83=0V,S,=5,=45V 23 ns
tPHL AorBinputs to A = B output Diff Mode, see Waveform 3 and Table Il 30 ns
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AC ELECTRICAL CHARACTERISTICS T, = 25°C, Vo = 5.0V8
SYMBOL PARAMETER TEST CONDITIONS LIMITS UNIT
C =50pF
Min Max
teLH Propagation delay M = 0V, Sum or Diff Mode 13.0 ns
toHL CotoChaia see Waveform 2 and Tables | & 11 13.0 ns
toLH Propagation delay M = 0V, Sum or Diff Mode 14.0 ns
tPHL Cn to F outputs see Waveform 2 and Tables | & Il 14.0 ns
toLH Propagation delay M=S;=S,=0V,Sp=S3=45V 140 ns
teHL A or Binputs to G output Sum Mode, see Waveform 2 and Table | 14.0 ns
toLH Propagation delay M=S;=S3-0V,S,=8,=4.5V 18.0 ns
teHL A or Binputs to G output Diff Mode, see Waveform 3 and Table || 18.0 ns
toLH Propagation delay M=S;=S,=0V,Sp=S3=4.5V 140 ns
tPHL A or Binputs to P output Sum Mode, see Waveform 2 and Table | 140 ns
trLH Propagation delay M=Sg=S3=0V,S;=S,=45V 18.0 ns
thHL A or Binputs to P output Diff Mode, see Waveform 3 and Table il 18.0 ns
tpLH Propagation delay M=S;=S;=0V,Sy=S3=45V 200 ns
tpHL A or B; inputs to F; outputs Sum Mode, see Waveform 2 and Table | 200 ns
teLy Propagation delay M=Sp=S3=0V,S;=S;=45V 23.0 ns
tPHL A or Bjinputs to F; outputs Diff Mode, see Waveform 3 and Table 1I 25.0 ns
toun Propagation delay M = 4.5V, Logic Mode 240 ns
[ A, or B inputs to F; outputs see Waveform 2 and Table {ll 26.0 ns
tLH Propagation delay M=0V,S;=S;=45V,8,=8,=0V 230 ns
tpHL AorBinputs to Cy , 4 output Sum Mode, see Waveform 1 and Table | 23.0 ns
teLH Propagation delay M=0V,Sp=S3=0V,8,=S,=4.5V 27.0 ns
tPHL A or Binputs to Cp, , 4 outputs Diff Mode, see Waveform 4 and Table 11 26.0 ns
thLH Propagation delay M=Sp=S3=0V,S;=S5,=4.5V 27.0 ns
teHL AorBinputs to A = B output Diff Mode, see Waveform 3 and Table H 33 ns
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AC ELECTRICAL CHARACTERISTICS T, = -55°C and +125°C, Vg = 5.0V6
SYMBOL PARAMETER TEST CONDITIONS LIMITS UNIT

C_ =50pF
Min Max

teLH Propagation delay M = 0V, Sum or Diff Mode 145 ns
tPHL CotoChia see Waveform 2 and Tables | & Il 14.5 ns
teLH Propagation delay M = 0V, Sum or Diff Mode 16.0 ns
tpHL Cn to F outputs see Waveform 2 and Tables | & I! 16.0 ns
tpLn Propagation dela M=S,=8,=0V,S5;=S3=4.5V 16.0 ns
tPHL A or Binputs to G output Sum Mode, see Waveform 2 and Table | 16.0 ns
tpLH Propagation delay M=S8p=S;3-0V, 8, =S, =45V 20.0 ns
toHL A or Binputs to G output Diff Mode, see Waveform 3 and Table 1| 20.0 ns
teLn Propagation dela; M=8;=8;,=0V,Sy=S3=4.5V 16.0 ns
tPHL A or Binputs to P output Sum Mode, see Waveform 2 and Table | 16.0 ns
tpLH Propagation dela M=S8;=S;=0V,S;=S,=4.5V 20.0 ns
tpHL A or Binputs to P output Diff Mode, see Waveform 3 and Table Il 20.0 ns
tpLH Propagation delay M=8;=S;,=0V,Sy=S3=4.5V 23.0 ns
thHL A or Bjinputs to F; outputs Sum Mode, see Waveform 2 and Table | 23.0 ns
tpLH Propagation dela M=S;=S3=0V,5,=S;=45V 26.0 ns
tPHL &; or B;inputs to F; outputs Diff Mode, see Waveform 3 and Table Il 28.0 ns
thLH Propagation delay M = 4.5V, Logic Mode 26.0 ns
tonL A or By inputs to F, outputs see Waveform 2 and Table Iil 28.0 ns
tpLH Propagation delay M=0V,Sp=S83=45V,S,=S,=0V 25.0 ns
teHL KorBinputs to C,, 4 output Sum Mode, see Waveform 1 and Table | 250 ns
teLH Propagation delay M=0V,8,=S,;=0V,8; =S, =4.5V 290.0 ns
tPHL AorBinputs to C,, , ¢ outputs Diff Mode, see Waveform 4 and Table I 29.0 ns
tpLH Propagation delay M=S;=8;=0V,S,=S,=45V 29.0 ns
tPHL AorBinputs to A = B output Diff Mode, see Waveform 3 and Table || 36.0 ns

NOTES:

2. For conditions shown as Min or Max, use the appropriate value specified under recommended operating conditions for the applicable type

and function table operating mode.

. Al typical values are at Vg = 5V, T = 25°C.

3
4. Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second.
5

. Icc is measured with the following conditions:

a. Sp through S3, M, and A inputs are > 4.0V, other inputs grounded, all outputs open.
b. Sp through S3 and M inputs are > 4.0V, other inputs grounded, all outputs open.

6. These parameters are guaranteed, but not tested.

March 17, 1987

574

Powered by | Cnminer.comEl ectronic-Library Service CopyRi ght 2003



Signetics Military Logic Products Product Specification
Arithmetic Logic Units 54S181
AC WAVEFORMS
v vu Ve Vi VM M
tPHL PLH PHL PLH v
VoH v va OH
™
Yo v VM vou Vo Vou
Waveform 1 Waveform 2
va Va "
Ve vs M
tPHL PLH
VoH
VouT A\ \{']
Vout VoL
Waveform 3 Waveform 4
NOTE: V= 1.5V
TEST CIRCUIT AND WAVEFORM
} w | 30v
Vx Ve s0v 27V 2
i e vu vu
A 0.3V 0.3V ov
L
Vi 7
— IN our YT }4_ L trLen _.| e
GENERATOR
I‘_ HTLH) tTHU "l il sov
RT cL o 2 27
POSITIVE
PULSE A M
= T = = = = = I w 1 e ov
Test Clrcuit for 54 Totem-Pole Outputs Input Puise Definition
INPUT PULSE CHARACTERISTICS
FAMILY
Ry Vu Rep. Rate Tw Trn T
54SXXX 280kQ 1.5V 1MHz 500ns <2.5ns <2.5ns
DEFINITIONS:
C_ = Load capacitance includes jig and probe capacitance; see AC Characteristics for value.
Ry = Termination resistance should be equal to Zgyt of Pulse Generators.
D = Diodes are 1N916, 1N3064, or equivalent.
Vx = Unclocked pins must be held at <0.8V, >2.7V or open per FunctionTable.
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