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4-Bit Arithmetic Logic Unit

General Description

The 74F181 is a 4-bit Arithmetic logic Unit (ALU) which can
perform all the possible 16 logic operations on two vari-
ables and a variety of arithmetic operations. It is 40% faster
than the Schottky ALU and only consumes 30% as much
power.

April 1988
Revised July 1999

Features

m Full lookahead for high-speed arithmetic operation on
long words

Ordering Code:

Order Number | Package Number Package Description
74F181SC M24B 24-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-013, 0.300 Wide
74F181PC N24A 24-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-010, 0.600 Wide
74F181SPC N24C 24-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-100, 0.300 Wide

Devices also available in Tape and Reel. Specify by appending the suffix letter “X” to the ordering code.
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74F181

Unit Loading/Fan Out
, o U.L. Input I/l
Pin Names Description

HIGH/LOW Output lop/lo
Ag-As A Operand Inputs (Active LOW) 1.0/3.0 20 pA/-1.8 mA
§0—Es B Operand Inputs (Active LOW) 1.0/3.0 20 pA/-1.8 mA
So-S3 Function Select Inputs 1.0/4.0 20 pA/-2.4 mA
M Mode Control Input 1.0/1.0 20 pA/-0.6 mA
Cn Carry Input 1.0/5.0 20 pA/-3.0 mA
Fo-F3 Function Outputs (Active LOW) 50/33.3 -1 mA/20 mA
A=B Comparator Output OC (Note 1)/33.3 | (Note 1)/20 mA
G Carry Generate Output (Active LOW) 50/33.3 -1 mA/20 mA
P Carry Propagate Output (Active LOW) 50/33.3 -1 mA/20 mA
Ch+a Carry Output 50/33.3 -1 mA/20 mA

Note 1: OC-Open Collector

Functional Description

The 74F181 is a 4-bit high-speed parallel Arithmetic Logic
Unit (ALU). Controlled by the four Function Select inputs
(So—S3) and the Mode Control input (M), it can perform all
the 16 possible logic operations or 16 different arithmetic
operations on Active HIGH or Active LOW operands. The
Function Table lists these operations.

When the Mode Control input (M) is HIGH, all internal car-
ries are inhibited and the device performs logic operations
on the individual bits as listed. When the Mode Control
input is LOW, the carries are enabled and the device per-
forms arithmetic operations on the two 4-bit words. The
device incorporates full internal carry lookahead and pro-
vides for either ripple carry between devices using the
Cp, +4 output, or for carry lookahead between packages
using the signals P (Carry Propagate) and G (Carry Gener-
ate). In the Add mode, P indicates that F is 15 or more,
while G indicates that F is 16 or more. In the Subtract mode
P indicates that F is zero or less, while G indicates that F is
less than zero. P and G are not affected by carry in. When
speed requirements are not stringent, the 74F181 can be
used in a simple Ripple Carry mode by connecting the
Carry output (C,+4) signal to the Carry input (C,)) of the
next unit. For high speed operation the device is used in
conjunction with a carry lookahead circuit. One carry looka-
head package is required for each group of four 74F181

devices. Carry lookahead can be provided 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 four bits when the unit is in the Subtract
mode. The A =B output is open collector and can be wired
AND with other A = B outputs to give a comparison for
more than four bits. The A = B signal can also be used with
the Cp44 signal to indicate A > B and A <B.

The Function Table lists the arithmetic operations 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 complemen-
tary addition (1s complement), a carry out means borrow;
thus a carry is generated when there is no underflow and
no carry is generated when there is underflow. As indi-
cated, 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 operations that are performed to the oper-
ands labeled inside the logic symbol.
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Operation Table

Logic Arithmetic Arithmetic
Sp Si S, S3| (M=H) |(M=L, Cy=Inactive)| (M=L, Cy=Active)
LA458444 L L L L A A minus 1 A
B e H L L L| AB A+ B minus 1 A+B
- A;_ L H L L|A+B | A+Bminusl A-B
_S? 74F181 clo— H H L L |Logic“l"| minus 1 (2s comp.) Zero
1 L L H L +B A plus (A +B) A plus (A +B) plus 1
ik $ $ $ $ H L H L B A+Bplus (A+B) |A+Bplus (A+B)plus 1
L H H L| ADOB |AminusBminus1 A minus B
a. All Input Data Inverted H H H L A+B A+B A+B plus 1
L L L H| A-B Aplus (A +B) Aplus (A + B plus 1
H L L H AOB A plus B A plus B plus 1
L H L H B A+Bplus (A+B) |A«Bplus (A+B)plus 1
H H L H A+B A+B A +Bplus 1
L L H H|Logic“0"| AplusA((2xA) Aplus A (2 x A) plus 1
H L H H| AB Aplus A+B Aplus A« B plus 1
L H H H| A-B Aplus A+B Aplus A B plus 1
H H H H A A Aplus 1
LU L L L L A A Aplus 1
Y T R H L L L §1§ A+E A+Ep|us 1
e L esl— L H L L A+B A+B A +Bplus 1
: 2? 74F181 o H H L L |Logic“0"|minus 1 (2s comp.) Zero
e i L L H L A+B A plus (A *B) Aplus A«Bplus 1
= T ]‘ T T H L H L B A+Bplus (A+B) |A+Bplus (A+B) plus 1
L H H L | AOB |AminusB minus1 A minus B
b. All Input Data True H H H L A+B A« B minus 1 AB
L L L H| A+B AplusA«B Aplus A B plus 1
H L L H| AOB Aplus B Aplus B plus 1
L H L H B A+Bplus (A+B) |A+Bplus (A+B)plus 1
H H L H A*B A+ B minus 1 A*B
L L H H |Logic“l Aplus A (2 xA) Aplus A (2 x A) plus 1
H L H H A+B A plus (A +B) A plus (A+B) plus 1
L H H H| A+B Aplus (A +B) A plus (A+B) plus 1
H H H H A A minus 1 A
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74F181

Logic Arithmetic Arithmetic
Sy S1 S, S3| (M=H) [(M=L, Cy=Inactive)| (M=L, Cy=Active)
S1d1a141 L L L L A A minus 1 A
U H L L L §+_B A+ B minus 1 A+B
e L esl— L H L L AB A+ Bminus 1 A+B
: 2? 74F181 oo H H L L |Logic“l”| minus 1 (2s comp.) Zero
::z olo— L L H L A+B A_plus (A+B) Ai)lus (A +B) plus 1
: $ ‘Fi; ;; $ H L H L B A+Bplus (A+B) |A+Bplus (A+B)plus 1
L H H L| AOB A plus B A plus B plus 1
c. A All Input Data Inverted; B InputData True | 4y H A+B A+B A+Bplus 1
L L L H| A+*B Aplus (A +B) Aplus (A +B) plus 1
H L L H| AOB |AminusB minus1 A minus B
L H L H B A+Bplus (A+B) |A+Bplus (A +B)plus 1
H H L H| A+B A+B A+Bplus 1
L L H H|[Logic“0"| AplusA(2xA) Aplus A (2 x A) plus 1
H L H H| A«B AplusA+B Aplus A« B plus 1
L H H H| A*B AplusA+B Aplus A« B plus 1
H H H H A A Aplus 1
18141614 L L L L A A Aplus 1
—olc, R0 Bo Av By Az By by B edo- H L L L 5-5 A+B A+§p|us 1
b b L H L L A+B A+B A+Bplus 1
: 2? 74F181 o H H L L |Logic“0"|minus 1 (2s comp.) Zero
e i L L H L A+B AplusA+B Aplus A«Bplus1
= T FI‘ Flz ’I’ H L H L| B |ABplus(A+B) |A+Bplus(A+B)plus1
L H H L| ADOB Aplus B A plus B plus 1
d. A Input Data True; B Input Date Inverted H H H L AB A« B minus 1 AB
L L L H| A-B AplusA+B Aplus A« B plus 1
H L L H AOB | A minus B minus 1 A minus B
L H L H B A+Bplus (A+B) |A+Bplus (A +B) plus 1
H H L H| A*B A+ B minus 1 A+B
L L H H|Logic“l"| AplusA(2xA) A plus A (2 x A) plus 1
H L H H| A+B Aplus (A +B) A plus (A+B) plus 1
L H H H| A+B Aplus (A +B) A plus (A+B) plus 1
H H H H A A minus 1 A
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Logic Diagram
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Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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74F181

Absolute Maximum Ratingsote 2)

-65°C to +150°C
-55°C to +125°C
-55°C to +150°C
-0.5V to +7.0V
-0.5V to +7.0V
-30 mA to +5.0 mA

Storage Temperature
Ambient Temperature under Bias
Junction Temperature under Bias
V¢ Pin Potential to Ground Pin
Input Voltage (Note 3)
Input Current (Note 3)
Voltage Applied to Output
in HIGH State (with V¢ = 0V)
Standard Output
3-STATE Output
Current Applied to Output
in LOW State (Max)

-0.5V t0 Ve
-0.5V to +5.5V

twice the rated Ig; (MA)

Recommended Operating
Conditions

0°C to +70°C
+4.5V to +5.5V

Free Air Ambient Temperature
Supply Voltage

Note 2: Absolute maximum ratings are values beyond which the device
may be damaged or have its useful life impaired. Functional operation
under these conditions is not implied.

Note 3: Either voltage limit or current limit is sufficient to protect inputs.

ESD Last Passing Voltage (Min) 4000V
DC Electrical Characteristics
Symbol Parameter Min Typ Max Units Vee Conditions
ViH Input HIGH Voltage 2.0 \ Recognized as a HIGH Signal
Vi Input LOW Voltage 0.8 \% Recognized as a LOW Signal
Vep Input Clamp Diode Voltage -1.2 \Y Min Iy =-18 mA
Vou Output HIGH 10% Vee 25 v i lon = -1 mA
in
Voltage 5% Ve 2.7 lon =-1mA
Vi Output LOW 10% V,
ot P v Yee 05 v Min  |lg, =20 mA
Voltage
[ Input HIGH
5.0 17 Max |Viy=2.7V
Current
Igvi Input HIGH Current
7.0 WA Max |V =7.0V
Breakdown Test
lcex Output HIGH e —
50 HA Max Vout = Vee (Fn, G, P, Cpig)
Leakage Current
V, Input Leakage lp=1.9 pA
D p it} 475 v 0.0 D K ‘
Test All Other Pins Grounded
| Output Leakage V,op =150 mV
oD ! P. g 3.75 uA 0.0 10D .
Circuit Current All Other Pins Grounded
I Input LOW Current -0.6 Viy = 0.5V (M)
-1.8 Vin = 0.5V (Ag, A, Ag, Bo, By, B)
mA Max —
24 Vin =0.5V (Sp, Az, Bp)
-3.0 Vin = 0.5V (C)
los Output Short-Circuit Current -60 -150 mA Max  [Vour =0V (Fp, G, P, Cpia)
| Open Collector, Output
OHC P P 250 pA Min  |Vo=Vee (A=B)
OFF Leakage Test
lecH Power Supply Current 43 65.0 mA Max |Vg=HIGH
lecL Power Supply Current 43 65.0 mA Max |Vg=LOW

www.fairchildsemi.com 6




AC Electrical Characteristics

Tp =+25°C Tp =-55°Cto +125°C| Tp =0°Cto +70°C
Symbol Parameter Ve = +5.0V Vce = +5.0V Vce = +5.0V Units
C_ =50 pF C_ =50pF C_ =50 pF

Path Mode Min Typ Max Min Max Min Max
tpLH Propagation Delay 3.0 6.4 85 3.0 10.0 3.0 9.5 ns
tpL ChtoCpyia 3.0 6.1 8.0 3.0 9.5 3.0 9.0
toLH Eropigation Delay 5.0 10.0 13.0 5.0 155 5.0 14.0 ns
tpHL AOrBtoCpyig Sum| 4.0 9.4 12.0 35 16.5 4.0 13.0
tpLy Eropigation Delay 5.0 10.8 14.0 5.0 17.0 5.0 15.0 ns
tpL AorBtoCpyg Dif 5.0 10.0 13.0 4.0 15.0 5.0 14.0
toLH Propa_gation Delay 3.0 6.7 85 25 16.0 3.0 9.5 ns
tpHL ChtoF Any 3.0 6.5 85 25 12.0 3.0 9.5
tpLy Eropigatign Delay 3.0 5.7 75 25 9.0 3.0 8.5 ns
teHL AorBorG Sum 3.0 5.8 7.5 25 9.5 3.0 8.5
toLH Eropigatign Delay 3.0 6.5 85 25 1.5 3.0 9.5 ns
tpHL AorBto G Dif 3.0 7.3 9.5 25 11.0 3.0 10.5
tpLy Eropigatign Delay 3.0 5.0 7.0 25 8.5 3.0 8.0 ns
teHL AorBtoP Sum 3.0 55 7.5 3.0 9.5 3.0 8.5
toLH Eropigatign Delay 3.0 5.8 75 25 1.0 3.0 8.5 ns
tpHL AorBtoP Dif 4.0 6.5 8.5 3.0 11.0 4.0 9.5
tpLH Eropa_gatiT Delay 3.0 7.0 9.0 3.0 145 3.0 10.0 ns
tpL A or BitoF; Sum 3.0 7.2 10.0 3.0 145 3.0 10.0
toLH Eropa_gaticT Delay 3.0 8.2 11.0 3.0 175 3.0 12.0 ns
tpHL AjorBitoF; Dif 3.0 5.0 11.0 3.0 145 3.0 12.0
tpLy Propfgati_on Delay_ 4.0 8.0 10.5 35 16.5 4.0 115 ns
tpHL Any A or B to Any F Sum 4.0 7.8 10.0 4.0 13.5 4.0 11.0
toLH Propigatii)n Delay_ 4.5 9.4 12.0 35 175 45 13.0 ns
tpHL Any A or B to Any F Dif 35 9.4 12.0 3.0 14.0 35 13.0
tpLy Eropigati_on Delay 4.0 6.0 9.0 35 145 4.0 10.0 ns
teHL AorBtoF Logic 4.0 6.0 10.0 3.0 15.5 4.0 11.0
toLH Eropigation Delay 11.0 18.5 27.0 8.0 35.0 11.0 29.0 ns
tpHL AorBtoA=B Dif 6.0 9.8 125 55 21.0 6.0 135
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74F181

Physical Dimensions inches (millimeters) unless otherwise noted
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PLANE } T } 0004 89 MAX TYP7
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0.014
0.35 ALL LEAD TIPS TYP ALL LEADS

M24B (REV F)

24-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-013, 0.300 Wide
Package Number M24B

| 1.243-1.270
‘ {31.57-32.26)

[ P [z [o7] [ao] [is] [18] [7] [ve] [1s] [1e] [13]

0.062

i
1
1
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{1.575)
RAD 1| b5 00
: {13.716 =0.127)
PIN NO. 1 IDENT
\ !
|
1

|~’

uuuuuuuuu

DOTTED OUTLINES

REFLECT ALTERNATE
0580 MOLDED BODY CONFIGURATION
11373) 0.030
MiN ——
0.762) 0.075
‘ 0.600-0.620 MAX 905 0.060 (;'-%) 0.160 +0.005
{15.24-15.128) } i {1.528) e |‘ {4.064 :0.127) +
L —
1 l 0.170-0.219
T i(4.31s-5.334)
- 0.009-0.015
+0.025 {0.229-0.381) ' odis

‘ 0625 g 11 | 0.075 +0.015 0.018 :0.003 e
\ 0635 | {1oos=038n) | | s ao7g 112800 (00
9 905 0. 0.100 :0.010 {3.175-3.556)

15.875
( 0381 {2.540 0.254)

N24A (REV By

24-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-010, 0.600 Wide
Package Number N24A
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

1.243-1.270
0.092 (31.57-32.26)
{2337) MAX
(2 PLS) [2a] [723] [72] [21] [70] [39] [18] [i7] [16] (i8] 2] [33] _
-
D082 iy o |
PIN NO. 1 > 0.813) @ 0.260 +0.005
IDENT j‘—! RAD (6.604£0.127)
I
/MI_IILIILI5ILHLJEMIEIILIHZ_I
OFTION 2 0.062 EJECTOR PINS
0.300—0.320 (1.575) OPTIONAL
{7.62-8.128) RAD 0010
(1.016) ‘"5) 0,130 0.005
TYP {3.3020.127) l
| { gggg 0.145-0.200
l— { ’(3 683—5.080)
0.009-0.015 i L -
(0.229-0.381) 0.085
‘ (1.851) [ 0.125-0.145
+0.040 72— 0.07540.015 0.018+0.003 @ 175-3.56)
0.325 07540, T * MIN
0015 1 MIN T E038T) (0.457%0.075) 0075) o
(8.255 13&?) u1uo+u 010 90°+4° TYP
- (2.54 £0.254)

N24C (REV F)

24-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-100, 0.300 Wide

Package Number N24C

Fairchild does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and
Fairchild reserves the right at any time without notice to change said circuitry and specifications.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or systems
which, (a) are intended for surgical implant into the
body, or (b) support or sustain life, and (c) whose failure
to perform when properly used in accordance with

sonably expected to cause the

instructions for use provided in the labeling, can be rea-

sonably expected to result in a significant injury to the

user.

2. A critical component in any component of a life support
device or system whose failure to perform can be rea-

failure of the life support

device or system, or to affect its safety or effectiveness.
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