General Description

and a variety of arithmetic operations.

DM54LS181/DM74LS 181
4-Bit Arithmetic Logic Unit

The 'LS181 is a 4-bit Arithmetic Logic Unit (ALU) which can
perform all the possible 16 logic operations on two variables

Features

B Provides 16 arithmetic operations: add, subtract, com-
pare, doubie, plus twelve other arithmetic operations

B Provides all 16 logic operations of two variables: exclu-
sive-OR, compare, AND, NAND, OR, NOR, plus ten
other logic operations

B Full lookahead for high speed arithmetic operation on
long words
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Connection Diagram

Dual-In-Line Package
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Order Number DM541L.S181J, DM54LS181W or DM74LS 181N
See NS Package Number J24A, N24A or W24C
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Pin Names

Description

AD-A3
B0-B3
S0-S3
M

Cn
Fo-F3
=B

ool >

Operand Inputs (Active LOW)
Operand Inputs (Active LOW)
Function Select Inputs

Mode Control Input

Carry Input
Function Outputs (Active LOW)
Comparator Output

Canry Generate QOutput {(Active LOW)
Carry Propagate Output (Active LOW)
Carry Output
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Absolute Maximum Ratings (vote)

Supply Voltage v
Input Voltage v
Operating Free Air Temperature Range

DM74LS 0°Cto +70°C

Storage Temperature Range —65°Cto +150°C

Recommended Operating Conditions

Note: The “Absolute Maximum Ratings” are those values
beyond which the safely of the device cannot be guaran-
teed. The device should not be operated at these limits. The
paramelric values defined in the “Electrical Characteristics”
table are not guaranteed at the absolute maximum ratings.
The “Aecommended Operating Conditions” table will define
the conditions for actual device operation.

Symbol Parameter DM54LS5181 DM74LS181 Units
Min Max Min Nom Max

Voo Supply Voltage 45 5.5 4.75 5 5.25 \
VIH High Level Input Voltage 2 2 A
ViL Low Level Input Voltage 0.7 08 \
lon High Level Output Current -04 -04 mA
loy Low Level Output Cumrent 4 8 mA
Ta Free Air Operating Temperature —-55 125 0 70 °C

Electrical Characteristics over recommended operating free air temperature range (unless otherwise noted)

Symbol Parameter Conditions Min Typ Max Units
(Note 1)
Vi Input Clamp Voltage Vcc = Min, [} = —18 mA -1.5 v
VoH High Level Output Voo = Min, lgy = Max, DM54 2.5 v
Voltage VL = Max DM74 2.7
VoL Low Level Output Ve = Min, IgL, = Max, DM54 0.4
Voltage Vin = Min DM74 0.35 05 v
loL = 4 mA, Voc = Min DM74 0.25 0.4
I Input Current @ Max Voo = Max, V| = 7V M input 0.1
Input Voltage Vi = 10V (DM54) AnBn 0.3
mA
Sn 0.4
Cn 0.5
I High Level Input Current Voo = Max, V) = 2.7V M input 20
An. Bn 60
Sy 80 KA
Cn 100
L Low Level Input Current Vec = Max, V| = 0.4V M input -04
An. B -12
Sy -16 mA
(o -20
los Short Circuit Vee = Max _ _
Output Current (Note 2) 20 100 mA
o Supply Current Vec = Max, By, Cp = GND DM54 35 mA
Sn, M, A, = 4.5V DM74 37

Note 1: All typicals ars at Vo = 5V, Ty = 25°C.

Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second,
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Switching Characteristics:

DOM54/DM74LS

Symbol Parameter Conditions CL=15pF Units
Min Max
tPLH Propagation Delay M = GND 27 ns
tPHL CntoCnyg 20
tPLH Propagation Delay M = GND 26 ns
tPHL ChtoF 20
tpLH Propagation Delay M, S, 82 = GND; 28 ns
tPHL AorBtoG (Sum) Sq, 83 = 4.5V 23
trLH Propagation Delay M, Sg, S3 = GND; 32 ns
toHL AorBtoG (Ditf) S4,Sp = 4.5V 26
teLH Propagation Delay M, 8¢, Sz = GND; 30 ns
PHL AorBtoP (Sum) S, S3 = 4.5V 30
tPLH Propagation Delay M, Sp. S3 = GND; 30 ns
tPHL Aor B to P (Diff) Sq, Sp = 4.5V 33
tPLH Propagation Delay M, 84, Sz = GND; 32 ns
tPHL A or Bjto F; (Sum) Sq, Sg = 4.5V 25
tPLH Propagation Delay M, Sp, S3 = GND; 32 ns
tPHL A or B; to F; (Diff) S1,82 = 4.5V 33
teLH Propagation Delay M = 45V 33 ns
tPuL AorBtoF (Logic) 29
oL Propagation Delay M, S4, S5 = GND; 38 ns
tPHL AorBtoCpy 4 (Sum) Sp, S3 = 4.5V 38
tPLH Propagation Delay M, Sy, 83 = GND; 41 ns
tPHL AorBtoCp+4 (Diff) 84,82 = 4.5V 3]
tPLH Propagation Delay M, Sp, S3 = GND; 50 ns
tpHL AorBtoA=18 $y,82 = 45V; 62
RL = 2kN2 to 5.0V
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Sum Mode Test Table | Function Inputs so = s3 = 45v,s1=s2=m=ov

Input o;:::::::“ Other Data inputs Output
Symbol Under Under

Test Apply Apply Apply Apply Test

4.5V GND 4.5V GND
:::': A B None R;n;:i:igg Cn Fi
o B | R | e | e |
::':: A B None None KH ::;ag.‘, irégn P
I:':: B A None None ; ::;aiﬁn, Ir::gn P
:z:): % None B Flemgining Re%nlaé:ing s
:::t:: 5 None X Hemgining Re;aér:‘lng &
:::: A None B Remgi ning Re;’ a(i:rrl‘ing Cn+a
:::': B None A Rem%ining Re;: aér:‘ing Cn+4a
:E:’: Cn None None %" %" o:\g: f4
Diff Mode Test Table Il Function Inputs s1 =s2-45v,s0 =s3 =M =ov

Input o;::e":::'t Other Data Inputs Output
Symbol Under Under

Test Apply Apply Apply Apply Test

4.5V GND 4.5V GND

::-_: x None B Rem;ining Ragag:ng E
:::}: 8 X None Rem%ining Reg:a(i:r:‘ing 3
::: A None B None ; ::;aign’i 'E:gn P
:z’:: B A None None ; :::ja; ira P
:::’: A B None None .; z:::g i::gn G
:::: B None A None KR :::’a; irégn G
:zt:: x None 8 Hem;ining Rerg'aci;r:‘ing A=B
::t: B Yy None Rem;ining Hergn.a(ijr:\ing A=B
:i:t A ] None None KH :nmda;irégn Cn+a
:::’: B None A None KR z::jag,hg, Cn+4
:::;t Cn None None Y :nI; B None Cn+4
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Logic Mode Test Table Il

Function Inputs s1 =s2 =M =45v,s0 =s3=ov

Input o;:::e"g::" Other Data Inputs Output
Symbol Under Under
Test Apply Apply Apply Apply Test
4.5V GND 4.5V GND
tpLH = & Remaining =
L A B None None AandB,C, AnyF
tprH = - Remaining
o B A None None AandB, G, AnyF

Functional Description

The °LS181 is a 4-bit high speed parallel Arithmetic Logic
Unit (ALU). Controlled by the four Function Select inputs
(S0-S83) 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 camies are enabled and the device performs
arithmetic operations on the two 4-bit words. The device
incorporates full internal canry lookahead and provides for
either ripple carry between devices using the C,4+ 4 output,
or for carry lookahead between packages using the signals
P (Carry Propagate) and G (Carry Generate). 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 camy in. When speed
requirements are not stringent, it can be used in a simple
fipple carry mode by connecting the Camry output (G, + 4)
signal to the Carry input (C) of the next unit. For high speed
operation the device is used in conjunction with the 9342 or
93842 carry lookahead circuit. One carry iookahead pack-

age is required for each group of four ’LS181 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 equiv-
alence 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
Cp+ 4 signal to indicate A > B and A < B.

The Function Table lists the arithmetic operations that are
performed without a carmy 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. Be-
cause subtraction is actually performed by complementary
addition (1s complement), a carry out means borrow; thus a
carry is generated when there is no underfiow and no carry
is generated when there is undertiow. As indicated, this de-
vice 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 labeled inside the
logic symbot.

Function Table

Mode Select Active LOW Operands Active HIGH Operands
Inputs & Fp Outputs & Fp, Outputs
Loglc Arithmetic** Logic Arithmetic**
S3 S2 S1 so (M =H) M=L)({Ch=1L) (M = H) M=L)({Ch=H)
L L L L A A minus 1 A A
L L L H AB AB minus 1 A+B A+B
L L H L A+B AB minus 1 AB A+B
L L H H Logic 1 minus 1 Logic 0 minus 1
L H L L A+B Aplus (A + B) AB Aplus AB
L H L H B AB plus (A + B) B (A + B) plus AB
L H H L AeB A minus B minus 1 AoB A minus B minus 1
L H H H A+B A+B AB AB minus 1
H L L L AB Aplus (A + B) A+B Aplus AB
H L L H AeB AplusB AoB Aplus B
H L H L B ABplus (A + B) B (A + B) plus AB
H L H H A+B A+B AB AB minus 1
H H L L Logic 0 A plus A* Logic 1 Aplus A*
H H L H AB AB plus A A+B (A + B)plus A
H H H L AB AB minus A A+B (A + B)plus A
H H H H A A A A minus 1
*Each bit is shifted to the next most significant position.
**Arithmetic operations exp: d in 2s cor 1t notation.
5
B L501l22 008L4L3 039 WA




Logic Symbols

Active High Operands
1 23 22 21 20 19 18

2

7—0lc, A0 B0 AT BT AZ B2 A3 B3
8 =t GreafO— 16
6 so Ls181 A=Bp— 14
4-BIT ARITHMETIC
5 —1s1 LOGIC UNIT ob—17
—Is2
4 Pl— 15
3=—S3 o F1 F2 F3
s 10 " 3 TL/F/9821-3
Active Low Operands
2 1 2322212019 18
] A0 B0 Af BI Az B2 A3 B3
7 —c,

8 —qM Groaf—18
. so Ls181 A=Bl— 14
4-BIT ARITHMETIC
5 —{s1 LOGIC UNIT slo—17

—Is2
4 PIO—15
3=S3 f0 P F2 F3
§ 10 " 13 TU/F/9821-4
Voo = Pin24
GND = Pin 12
6
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Logic Diagram
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PhVSical Dimensions inches (millimeters)
1290 0.600
{32.766) —_—
MAX _ {15.240)
MAX
7] 73] [ Pl ) [ss] ) (7] [) [ [ [ Ky
0.025
{0.635)
RAD\\> 0.514-0.526
(13.08-13.36)
nuau_,msﬁ_luuuuuuuuuww
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RAD TYP
LS
I 0.500-0.620 0.005 GLASS 0.055 10.005 {4.572)
— |-
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05 40025 (0.203-0.305)
85
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1524 max 12590 10.2540) TYP MIN MIN
J2AREY
Package (J)
Order Number DM54LS181J
NS Package Number J24A
| 12631270
| ms-n25
0.540 <0.005
mnemm
DOTTED QUTLINES
REFLEGT ALTERNATE
0.580 MOLDED BODY COMFIBURATION
(e
N (.l:::) 0.075
0.600-0.528 MAX Ty 080 Db 0168005
{1524-16.749) i § I .;""I l'_ “-T“:,‘P’ ["‘ {aea 0.12) i
i Il i A 0.170-0.210
r } —F , s
| A soese 0.008-0.015 |
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T 0.075 :0.015 0018 2000 e
YT {1906 20,3807 | l"' Y5 mﬂM“’m)
(mem 23380 ) 10020010 =0 s MW
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N24A (REV E)
24-Lead Molded Dual-In-Line Package (N)
Order Number DM74LS181N
NS Package Number N24A
9

BB L501122 008b4L7 7864 W




DM54LS181/DM74LS181 4-Bit Arithmetic Logic Uni

Physical Dimensions inches (milimeters) Continued)
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0.040
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-] j—

0.006
0.004

LIFE SUPPORT POLICY

0.420 MAX

0.825
0.590
0.050 £ 0.005 —»| [«— 0.005 MIN TYP
24 13
0.370
0. 250
0.015
0.008
D 0.019
TYP
0.015 0.015
1 M 0.008
T
)
- I
I 0.370
0.250
SEE
DETAIL A
1
=1 ke 0.045 MAX w24C (REVE)
Package (W)
Order Number DM54LS181W
NS Package Number W24C

NATIONAL'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 NATIONAL
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 whose
failure to perform, when properly used in accordance
with instructions for use provided in the labeling, can
be reasonably expected to result in a significant injury

to the user.

2. A critical component is any component of a life

support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or

effectiveness.

Natlonal Semiconductor
Corporation

1111 Wast Bardin Road
Arlington, TX 76017

Tel: 1(800) 272-9959
Fax: 1(800) 737-7018

National Semiconductor

Europe
Fax:
Email:
Deutsch Tel:
English Tel:
Frangais Tel:
ltaliano  Tel:

{+49) 0-180-530 85 88
cnjwge@tevm2.nsc.com
(+49) 0-180-530 85 B5
(+49) 0-180-532 78 32
(+49) 0-180-532 93 58
(+49) 0-180-534 16 BO

National Semicanductor
Hong Kong Ltd.
13th Floor, Straight Block,

Ocean Centre, 5 Canton Rd.

Tsimshatsui, Kowloon
Hong Kong

Tel: {852) 2737-1600
Fax: (852) 2736-9960

National Semiconductor
Japan Ltd.

Tel: 81-043-299-2309
Fax: 81-043-299-2408

National does not assume any responsibility for use of any circuitry described, o circuit patent ticenses are implied and National resenves the right at any time without nolice to changa said circuitry and specifications.
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