Signetics

Logic Products

FEATURES

® Provides 16 arithmetic
operations: ADD, SUBTRACT,
COMPARE, DOUBLE, plus 12
other arithmetic operations

o Provides all 16 logic operations
of two variables: Exclusive-OR,
Compare, AND, NAND, NOR, OR,
plus 10 other logic operations

e Full lookahead carry for high-
speed arithmetic operation on
long words

DESCRIPTION

The '181 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 arithme-
tic operations on active HIGH or active
LOW operands. The Function Table lists
these operations.

PIN CONFIGURATION

74184, LS181, S181
Arithmetic Logic Units

4-Bit Arithmetic Logic Unit
Product Specification

TYPE TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT
DELAY (TOTAL)
74181 22ns 91mA
7418181 22ns 21mA
745181 11ns 120mA

ORDERING CODE

PACKAGES Voo = 8V 15%; TAZ0°C to +70°C
Piastic DIP N74181N, N74LS181N, N74S181N
NOTE:
For information regarding devices processed to Military Specifications, ses the Signetics Military Products
Data Manual.
INPUT AND OUTPUT LOADING AND FAN-OUT TABLE
PINS DESCRIPTION 74 748 74LS
Mode Input 1ul 1Sut 1LSul
AorB Inputs 3ul 3Sul 3LSul
s Inputs 4ul 4Sul 4LSul
Carry Input Sul 5Sul 5L.Sul
Fo-F3,=B, Ch+4 Outputs 10ul 10Sul 10LSul
G Output 10ul 10Sut 40LSul
P Output 10ul 10Sul 20LSul
NOTE:

Where a 74 unit load (ul) is understood to be 40uA I and —1.6mA |y, a 74S unit load (Sul) is 50uA |4 and

-2.0mA Iy, and 74LS unit load (LSul) is 20pA

LOGIC SYMBOL

Iy and -0.4mA .

LOGIC SYMBOL (IEEE/IEC)

fo KR 23] :’cc 15
Ao [Z] E:‘ 21 2322 2120 198 _‘T:
83 3] [72] 8 444 44 4 1
S5 E @ 2z ’ A0Bo A8y A28 ‘:::1.,. L—!G
sy [5] 0] 8, s —{dm A=gl—14 2
- 2 _Iro 0
6 5] A € so Gp—17
So [€] 5] A3 b by N i K b
¢ O] 5] B « s, - » [ w
™ [E] [77]G 3% F R F3 2 1., —
Fo [5] [16]Cn+4 T I ?‘ I 2L _1p, 1
— 1 ———
Fq [E E]-P 15033708 2 1o
¥ [T] [:]A=8 2 im 1
GND 72 EF: a3
CDO0a2408 18085208
Voo = Pin 24
GND = Pin 12
December 4, 1985 5-350 853-0540 81502




Signetics Logic Products

Product Specification

Arithmetic Logic Units

74181, L5181, S181

When the Mode Control input (M) is HIGH, ail
internal carries 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
performs arithmetic operations on the two 4-
bit words. The device incorporates full inter-
nal carry lookahead and provides for either
ripple carry between devices using the Cp, + 4
output, or for carry lookahead between pack-
ages using the signals P (Carry Propagate)
and G (Carry Generate). P and G are not
affected by carry in. When speed require-
ments are not stringent, it can be used in a
simple ripple carry mode by connecting the
Carry output (Cy, + 4) signal to the Carry input
(Cp) of the next unit. For high-speed opera-
tion the device is used in conjunction with the

LOGIC DIAGRAM

182 carry lookahead circuit. One carry looka-
head package is required for each group of
four '181 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 4 bits
when the unit is in the subtract mode. The
A =8B output is open collector and can be
wired-AND with other A = B outputs to give a
comparison for more than 4 bits. The A=B
signal can also be used with the C, . 4 signal
to indicate A>8 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 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 indicated, 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
pertormed to the operands labeled inside the
logic symbol.

Ch M [ B i B, A2 8 A3 ; 80815253
n® 2 1(\) 3 1(2?) @ 1 20 a9 1 19
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Vog = Pin 24
GND = Pin 12
() =Pin Numbers
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Arithmetic Logic Units

74184, LS1841, S184

MODE SELECT — FUNCTION TABLE

ACTIVE HIGH INPUTS
MODE SELECT INPUTS & OUTPUTS
Logic Arithmetic**
Ss Sz $1 So M=H) M=1) (Ca=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 AeB 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 AeB A plus B
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
ACTIVE LOW INPUTS
MODE SELECT INPUTS & OUTPUTS
Logic Arithmetic**
Sa Sz St So M=H) M=1) € =1)
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 A plus (A +B)
L H L H B AB plus (A +B)
L H H L AeB A minus B minus 1
L H H H A+B A+B
H L L L AB A plus (A +B)
H L L H AeB A plus B
H L H L B AB (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 = LOW voltage
H = HIGH voltage level
*Each bit is shifted to the next more significant position.
**Arithmetic operations expressed in 2s complement notation.
21 2322 2120 1918 21 2322 2120 1918
A1 L1 11 44 48 84 48
AoBg A1By A28 A3B3 AgBg A181 A28; A3B3
7 —0| ¢ Cnea Jo— 16 7 —4¢Ca Cnva 16
8 —gM A=t b4 [ -1} A..+_|‘
L £ G b— 17 6 —4s0 Gp—17
i::; P18 f::; » s
3 —153 Fq £y F2 [ 3 82 ¢, 1 F2 F3
1 1 1 Ty Y 9
® 10 n .3 ® 10 " 17
LS03310S 18033708
Active High Operands Active Low Operands
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Arithmetic Logic Units 74184, L5184, S181

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

PARAMETER 74 74LS 748 UNIT
Vece Supply voltage 7.0 7.0 7.0 \
ViN Input voltage -0.5t0 +55 | -05to +55 | -0.5 to +5.5 \
N Input current -30 to +5 -30 to +1 -30 to +5 mA
Vout Voltage applied to output in HIGH output state -05 to +Vgc [ -0.5 to +Vee | -0.5 to +Vee \
Ta Operating free-air temperature range 0to 70 °C
RECOMMENDED OPERATING CONDITIONS
74 74LS 748
PARAMETER UNIT
Min | Nom | Max | Min | Nom | Max | Min | Nom | Max
Vce Supply voltage 4.75 5.0 525 | 4.75 5.0 525 | 4.75 5.0 5.25 \
ViH HiGH-level input voltage 2.0 2.0 2.0
ViL LOW-level input voltage +0.8 +0.8 +0.8 A
hik Input clamp current -12 -18 -18 mA
lol HiGH-level output current -800 -400 -1000 HA
loL LOW-level output current 16 8 20 mA
Ta Operating free-air temperature 0 70 0 70 0 70 °C
SUM MODE TEST TABLE ! FUNCTION INPUTS: Sp=S3=45V, S;=5,=M=0V
OTHER INPUT, SAME BIT OTHER DATA INPUTS
PARAMETER INPUT UNDER TEST OUTPg;sl-IJ_NDER
Apply 4.5V Apply GND Apply 4.5V Apply GND
tpLH % a Remaining =
tor A B; None A and B Cn Fi
tPLH B % Remaining =
toL B A None 2 and B Cn F
teLH + 5 _Remaiging 5
N Ay Bi None None A and B, C, P
teLH R = Remaining =
N B; A None None R and B, C, P
tpLH T B Remaining Relnaining =
teHL A None Bi B A, Cn G
teLn B None A Remgmlng Remaining A, G
toHL B Cn
tpLH % B Remaining Reinaining
oL A None Bi 5 A C, Ch+a
teLH B % Remaining Relnaining
tor Bi None A 8 A Cn Ch+s
teLH All All Any F
N Cn None None x B or Cus s
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74184, LS184, S181

DIFF MODE TEST TABLE |l

FUNCTION INPUTS: S;=S;=4.5V, S1=s,=M=0V

PARAMETER INPUT UNDER TEST OTHER INPUT, SAME BIT OTHER DATA INPUTS OUTP:.’ZSE:.NDER
Apply 4.5V Apply GND Apply 4.5V Apply GNDg
:Pp:;: A None B Remgining Reg’ia(i;:ng F
::-_‘p: B, A None Remaining Reg’)ag:ng E
:PP:': Ai None B; None KRae::,aiging" P
:z;’: Bi A None None KR:rr‘r;aigingn P
::';E A B None None KR:;Tigngn G
:::T B None A None KHae:;aigingn G
i:;? A None B, Rem%ining Reg,nag:ng A=B
:::: B A None Rem%ining Reg,naj(‘;:ng A=B
:"::': A Bi None None KRae:;aig;ngn Co+a
:‘::: B None A None Kﬁaerr::jaigi;ngn Cn+a
:z:’: Cn None None i aAnI:i B None o?rgn i
LOGIC MODE TEST TABLE IlI
PARAMETER '“"U'T"Eg_l’fDE" OTHER INPUT, SAME BIT OTHER DATA INPUTS (l)jl:"ll':’EU; F?,:‘:J_:_g"
Apply 4.5V | Apply GND | Apply 4.5V | Apply GND TEST
o A B Norio Noro | XemiBien| | sesemov |
Nk 5 A None Nono | orepnd F S
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Arithmetic Logic Units 74184, L5184, S181

DC ELECTRICAL CHARACTERISTICS (Over recommended operating free-air temperature range unless otherwise noted.)

74181 74LS181 745181
PARAMETER TEST CONDITIONS' UNIT
Min | Typ? | Max | Min | Typ? | Max | Min | Typ? | Max
Vce = MIN,
HIGH-level Vin=MIN, |Any output except
VOH output voltage | Vi = MAX, |[A=B 24 | 34 27 | 34 27 | 34 v
loH = MAX
lOL = MAX
Al outputs 0.2 0.4 0.35 0.5 0.5 \'
Vo = MIN, loL = 4mA 025 | 0.4 \
VoL LOW-level Vi =MIN, [~ Tema
output voltage VjL = MAX _GQ output 0.47 07 \
loL = 8mA
B output 035 | 05 v
Input clam
Vik vo‘;tage 4 Voo = MIN, 1= Ii -15 -15 12 Vv
Mode input 1.0 0.1 1.0 mA
Input current at A or B inputs 1.0 0.3 1.0 { mA
I maximum input Vee = MAX——
voltage S inputs 1.0 0.4 1.0 mA
Carry input 1.0 0.5 1.0 mA
Mode input 40 MA
AorB
: 20
V= 2.4V |inputs 1 HA
S inputs 160 HA
iy HiGH-level input |y _ yiay Carry input 200 HA
current o Mode input 20 50 | pA
Aor B
. 0 150
V| =27V |inputs 6 A
S inputs 80 200 HA
Carry input 100 250 pA
Mode input -16 -0.4 mA
AorB
. -4.8 -1.2 mA
V) = 0.4V |inputs
S inputs -6.4 -1.6 mA
| LOW-level input Ve = MAX Carry input -8 _2 A
L current ce Mode input -2 mA
AorB
V, = 0.5V |inputs -6 mA
S inputs -8 mA
Carry input -10 mA
HIGH-level output | Vi = MIN, V,_=MAX, Vou = 5.5V
oM current A=B only 250 100 250 | uA
Short-circuit Vee = MAX Any output except _ .
los  output current®  |A=B -18 =57 | -15 100 | -40 -100| mA
o SUPRlY current* |,/ o= MAX Note 4a 88 | 140 20 | 34 120 | 220 | mA
{total) c Note 4b 94 | 150 21 | a7 120 | 220 | mA
NOTES:

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type.

2. Al typical values are at Voo =5V, Ta = 25°C.

3. lpg is tested with Voyt = + 0.5V and Ve = Vgg MAX + 0.5V. Not more than one output should be shorted at a time and duration of the short circuit should not
exceed one second.

4. Icc is measured with the following conditions: a. So through S3, M, and A inputs are at 4.5V, other inputs grounded, ail outputs open. b. Sg through S3 and M inputs
are at 4.5V, other inputs grounded, all outputs open.
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Arithmetic Logic Units

74181, LS184, 5181

AC ELECTRICAL CHARACTERISTICS T, =25°C, Vcc=5.0V

74 74LS 74S
C. = 15pF CL = 15pF CL = 15pF
PARAMETER TEST CONDITIONS Ry = 40092 AL = 2kQ R =2800 | UNIT
Min Max Min Max Min Max
tpLH Propagation delay M =0V, Sum or Diff Mode 18 27 10.5 ns
trHL Chto Chsyg see Waveform 2 and Tables | & Il 19 20 10.5
trLH Propagation delay M =0V, Sum or Diff Mode 19 26 12 ns
tPHL C, to F outputs see Waveform 2 and Tables | & 18 20 12
. M=8;=S8;=0V, S9=S83=4.5V
tpLH Propagation delay 19 29 12
tpHL A or B inputs to G output Sum Mode, see Waveform 2 and 19 23 12 ns
Table |
. M=87=S83=0V, S;=8;=45V
tPLH Propagation delay . 25 32 15
teHL & or B inputs to G output Diff Mode, see Waveform 3 and 25 a2 15 ns
Table i
. M=S8;=S,=0V, §g=S3 =45V
trLH Propagation delay 19 30 12
tohL X or B inputs to P output Sum Mode, see Waveform 2 and 25 30 12 ns
Table |
. M=87=83=0V, S;=58,=45V
tPLH Propagation delay . 25 30 15
teHL R or B inputs to P output Diff Mode, see Waveform 3 and 25 33 15 ns
Table
. M=S8;=S8,=0V, § =83 =45V
tPLH Propagation delay 42 32 16.5
tPHL A; or B; inputs to F; outputs Sum Mode, see Waveform 2 and 32 20 16.5 ns
Table |
. M=8p=83=0V, S;=8,=4.5V
teLH Propagation delay . 48 32 20
. A or B, inputs to F, outputs | Diff Mode, see Waveform 3 and 34 32 22 | M
Table
teLH Propagation delay M = 4.5V, Logic Mode 48 33 20 ns
tPHL A; or B inputs to F; outputs |see Waveform 2 and Table Iit 34 38 22
Propagation delay M=0V, Sp=83=4.5V, §; =S, =0V
:P'-H A or B inputs to Cn 4 Sum Mode, see Waveform 1 and ::1; gg ::55, ns
PHL output Table | -
toLn Eropaga_non delay M' =0V, Sg=83=0V, S1=5,=45V 50 4 23
4 A or B inputs to Cp 4+ 4 Diff Mode, see Waveform 4 and 50 41 23 ns
PHL outputs Table It
Propagation delay M=Sp=S3=0V, § =8,=4.5V
:P'-” A or B inputs to A=B Diff Mode, see Waveform 3 and ig gg gg ns
PHL output Table I
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AC WAVEFORMS
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Vi = 1.5V for 74 and 74S; Vy = 1.3V for 74LS

Waveform 1
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V= 1.5V for 74 and 74S; Viy = 1.3V for 74LS

Waveform 2
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VM =15V for 74 and 74S; V)y = 1.3V for 74LS
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Vm = 1.5V for 74 and 745; Vy = 1.3V for 74LS
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Waveform 3 Waveform 4
TEST CIRCUITS AND WAVEFORMS
\J
—_———— Py tw W—AMP()
vee vee | " open |
| COLLECTOR | NeGATivE (KM Yu
4 AL | OUTPUT PULSE 10% 10%
ViN vour A =B ONLY ov
PULSE 4 our | L_
GENERATOR - e l Vee THLI) TTLH(tr) —~ ho—
) AL r-—m.nu.) tmum-—l o—
AT CL [} ' AMP (V)
| 90% 0%
L v
t M L]
- . I
= = = = = = = 10' 10%
L Touesos w i o
WF084508
Vi = 1.3V for 74LS; Vi = 1.5V for all other TTL families.
Test Circuit For 74 Totem-Pole Outputs Input Pulse Definition

DEFINITIONS INPUT PULSE REQUIREMENTS

R_ = Load resistor to Vgc; see AC CHARACTERISTICS for value.| FAMILY

C_ = Load capacitance includes jig and probe capacitance; Amplitude | Rep. Rate | Pulse Width | triy | triL

see AC CHARACTERISTICS for value.
Ry = Termination resistance should be equal to Zoyr 74 3.0v 1MHz 500ns 7ns | 7ns
of Pulse Generators.

D = Diodes are 1N916, 1N3064, or equivalent, 74L8 s.ov 1MHz 500ns | 15ns ; 6ns

trus trHL Values should be less than or equal to the table 748 3.0V 1MHz 500ns 25ns | 2.5ns

entries.
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