
HIGH-SPEED ARITHMETIC LOGIC

S54181—N,F,Q •  N74181—N,F

S54181
N74181

DESCRIPTION DIGITAL 54/74 TTL SERIES
The 54181 and 74181 are high-speed arithm etic  logic units (A L U )/ 
fun c tion  generators which have a com p lex ity  o f 75 equivalent gates 
on a m ono lith ic  chip. This c ircu it performs 16 b inary arithm etic 
operations on tw o 4-b it words as shown in the fun c tion  table. These 
operations are selected by the fo u r function-select lines (SO, S1, S2, 
S3) and include addition, subtraction, decrement, and stra ight trans
fer. When perform ing arithm etic  m anipulations, the internal carries 
must be enabled by applying a low-level voltage to  the mode contro l 
inpu t (M). A  fu ll carry look-ahead scheme is made available in the 
54181/74181 fo r fast, simultaneous carry generation w ith  a group 
carry propagate (P) and carry generate (G) fo r the 4 bits in the 
package. When used in con junction  w ith  the 54182 or 74182 fu ll 
carry look-ahead circuits, high-speed arithm etic  operations can be 
performed. For example, the typ ica l add ition  tim e fo r the 
54181/74181 is 24 nanoseconds fo r 4 bits. When expanding to 
16-bit add ition  w ith  the 54182/74182, on ly  13 nanoseconds, 
fu rth e r delay is added so tha t the to ta l add ition  tim e is 35 
nanoseconds, or 2.2 nanoseconds per b it. One 54182/74182 is 
needed fo r every 16 bits (four 54181/74181 c ircu its).

These circuits have been designed to  not on ly  incorporate all o f the 
designer's requirements fo r a rithm etic  operations, bu t also to  pro
vide 16 possible functions o f tw o  Boolean variables w ith o u t the use 
o f external c ircu itry . These logic functions are selected by use o f the 
fo u r function-select inputs (SO, S1, S2, S3) w ith  the mode contro l 
inpu t (M) at a high level to  disable the internal carry. The 16 logic 
functions are detailed in the fu n c tio n  table and include exclusive- 
OR, N A N D , A N D , NOR and OR functions.

The 54181/74181 is designed w ith  a Darlington ou tp u t con figu
ration (54H /74H  type) to  reduce the high-logic-level o u tpu t im 
pedance and thereby improve the tu rn -o ff propagation delay tim e. 
A ll ou tpu ts  are rated at a normalized fan-out o f ten at the low  logic 
level and increased to  a fan-ou t of 20 at the high logic level. The 
increased high-logic-level fan-ou t allows the system designer more 
freedom in ty ing  unused inputs to  driven inputs.

The 54181 is characterized fo r operation over the fu ll m ilita ry  
tem perature range o f -55°C  to  125°C; the 74181 is characterized 
fo r operation from  0°C to  70 °C.

PIN CONFIGURATIONS

N,F,Q PACKAGE

M F0 FI

TRUTH TABLES

TABLE OF ARITHMETIC OPERATIONS TABLE OF LOGIC FUNCTIONS

FUNCTION
SELECT

S3 S2 S1 SO

OUTPUT FUNCTION

LOW LEVELS 
ACTIVE

HIGH LEVELS 
ACTIVE

L L L L F = A  m in u s  1 F = A
L L L H F = A B  m in u s  1 F = A + B
L L H L F = A B  m in u s  1 F = A + B
L L H H F = m in u s  1 (2 's F = m in u s  1 (2 's

c o m p le m e n t) c o m p le m e n t)
L H L L F = A  p lu s  (A + B ) F = A  p lu s  A B
L H L H F = A B  p lu s  (A + B ) F = (A + B )  p lu s  A B
L H H L F = A  m in u s  B m in u s  1 F = A  m in u s  B m in u s  1
L H H H F = A + B F = A B  m in u s  1
H L L L F = A  p lu s  (A + B ) F = A  p lu s  A B
H L L H F = A  p lu s  B F = A  p lu s  B
H L H L F = A B  p lu s  (A + B ) F = (A + B )  p lu s  A B
H L H H F = A + B F = A B  m in u s  1
H H L L F = A  p lu s  A ^ F = A  p lu s  A f
H H L H F = A B  p lu s  A F = (A + B )  p lu s  A
H H H L F = A B  p lu s  A F = (A + B )  p lu s  A
H H H H F = A F = A  m in u s  1

Notes (See Page 158)

FUNCTION
SELECT

S3 S2 S1 SO

OUTPUT FUNCTION

NEGATIVE LOGIC POSITIVE LOGIC

L L L L F = A F = A
L L L H F = A B F = A + B
L L H L F = A + B F = A B
L L H H F = L o g ic a l 1 F = L o g ic a l 0

L H L L F = A + B F = A B
L H L H F = B F = B
L H H L F = A  + B F = A  + B
L H H H F = A + B F = A B
H L L L F = A B F = A + B
H L L H F = A  + B F = A  + B
H L H L F = B F = B
H L H H F = A + B F = A B
H H -L L F= L o g ic a l 0 F = L o g ic a l 1
H H L H F = A B F = A + B
H H H L F = A B F = A + B
H H H H F = A F = A
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N O T E S :
W ith  m o d e  c o n t r o l  (M )  and  C _  lo w  
i" **E ach b i t  is s h i f te d  to  th e  n e x t  m o re  s ig n if ic a n t  p o s i t io n .

W ith  m o d e  c o n t r o l  (M )  h ig h : C n ir re le v a n t  
F o r p o s it iv e  lo g ic :  lo g ic a l 1 = h ig h  v o lta g e

lo g ic a l 0  = lo w  v o lta g e  
F o r n e g a tive  lo g ic :  lo g ic a l 1 = lo w  v o lta g e

lo g ic a l 0  = h ig h  v o lta g e

LOGIC D IA G R A M

cn M AO BO A1 B1 a2 B2 A3 B3 SO SI S2 S3

RECOMMENDED OPERATING CHARACTERISTICS

S54181 N74181
MIN NOM MAX MIN NOM MAX UNIT

Supply Voltage V qq 4.5 5 5.5 4.75 5 5.25 V

Norm alized Fan-Out fro m  each O u tpu t, N: High logic level 20 20

Low logic level 10 10

Operating Free-Air Temperature Range, T A -5 5 25 125 0 25 70 °c
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ELECTRICAL CHARACTERISTICS (over recommended operating free-air temperature range unless otherwise noted)

PARAM ETER TEST C O N D IT IO N S * M IN T Y P ** M A X U N IT

V IH High-level inpu t voltage 2 V

V IL Low-level inpu t voltage 0.8 V

Xo>

High-level ou tp u t voltage
y r r  = M IN , 
v “ =0.8V ,

V m  = 2V ,

Iq h  = - 8 0 0 juA 2.4 V

_lo>

Low-level o u tpu t voltage
V r r  = M IN ,
v ,L >o.sv,

V m  = 2V, 

Iq l  = 16m A
0.4 V

'lH High-level inpu t current (mode inpu t) 40 l i  A

'lH
'lH

High-level inpu t current (any A  or B inpu t) 
High-level inpu t current (any S inpu t) v cc = M A X - V , -  2.4V

120
160

M A 
/iiA

'lH High-level inpu t current (carry inpu t) 200 juA

'lH High-level inpu t current (any inpu t) V q£  = M A X , V , = 5 .5V 1 mA

'IL Low-level inpu t current (mode inpu t) -1 .6 m A

' lL
' lL

Low-level inpu t current (any A  or B inpu t) 
Low-leVel inpu t current (any S inpu t)

v cc  = m a x . V , = 0 .4V
-4 .8
-6 .4

m A
m A

'IL Low-level inpu t current (carry inpu t) -8 m A

'os S hort-c ircu it o u tp u t current V CC = M AX
S54181
N74181

-2 0
-18

-5 5
-5 7

m A

'cc Supply current V CC = M AX
S54181
N74181

88
88

127
140

m A

'cc Supply current V CC = M AX
S54181
N74181

94
94

135
150

m A

SW ITCHING CHARACTERISTICS, V c c  = 5V , T A = 25°C, N = 10 (CL = 15pF, Rj_ = 400J2)

PARAMETER11 FROM (INPUT) TO (OUTPUT) TEST CO N D ITIO NS M IN  TYP M A X U N IT

12 18
l PLH c n Cn+4 13 19

ns

ł PHL
— § u o < 13 19

ł PLH Cn A ny F ns
(SUM or D IFF  mode) 12 18

V h l

xp l h Any A  or B G M = 0V , SO = S3 = 4 .5V , 13 19

XPHL
S1 = S2 = 0V  (SUM mode) 13 19

XPLH A ny A  or B G
M = 0V , SO = S3 = 0V , 17 25

t PHL S1 = S2 = 4 .5V  (D IFF  mode) 17 25

*PLH A ny A  or B P
M = 0V , SO = S3 = 4 .5V , 13 19

ł PHL S1 = S 2  = 0V  (SUM mode) 17 25

*PLH A ny A  or B P
M = 0V , SO = S3 = 0V, 17 25

t PHL S1 = S2 = 4 .5V  (D IF F  mode) 17 25

*PLH A ny A  or B A ny F
M = 0V , SO = S3 = 4 .5V , 28 42

XPHL S1 = S2 = 0V  (SUM mode) 21 32

XPLH A ny A  or B A ny F
M = 0V , SO = S3 = 0V , 32 48

t PHL S1 = S2 = 4 .5V  (D IF F  mode) 23 34

t PLH Any A  or B A ny F
M = 4 .5V  (logic model) 32 48

l PH L 23 34

XPLH M = 0V , SO = S3 = 0V , 35 50t Any A  or B A  = B
’•PHL S1 = S2 = 4 .5V  (D IF F  mode) 32 48

* F o r  c o n d it io n s  s h o w n  as M IN  o r  M A X ,  use th e  a p p ro p r ia te  v a lu e  s p e c if ie d  u n d e r  re c o m m e n d e d  o p e ra t in g  c o n d it io n s  f o r  th e  a p p lic a b le  
d e v ic e  ty p e .

* *  A l l  t y p ic a l va lu e s  a re  a t  V ę ę  = 5 V , = 2 5  C.

H tp L H  = p ro p a g a tio n  d e la y  t im e ,  lo w - to -h ig h - le v e l o u t p u t  
t p H |_ =  p ro p a g a tio n  d e la y  t im e ,  h ig h - to - lo w - le v e l o u t p u t
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TYPICAL APPLICATION DATA


