H D 74LS 1 8 1 @Arithmetic Logic Units/Function Generators

The HD74LS181 is arithmetic logic unit (ALU)/function
generator that have a complexity of 75 equivalent gates. This
circuit performs 16 binary arithmetic operations on two 4-
bit words as shown in Function Table (Table 1 and 2).

These operations are selected by the four function-select lines
(S0, S1, S2, $3) and include addition, subtraction, decrement,
and straight transfer.

When performing arithmetic manipulations, the internal car-
ries must be enabled by applying a low-level voltage to the
mode control input (M),

A full carry look-ahead scheme is made available in this
device for fast, simultaneous carry generation by means of two
cascade-outputs (pin 15 and 17} for the four bits in the pack-
age. When used in conjunction with the HD74182 or HD-
745182, full carry look-ahead circuits, high-speed arithmetic
operations can be performed, The typical addition times
shown above illustrate the little additional time required for
addition of longer words when full carry look-ahead is em-
ployed. If high speed is not of importance, a ripple<carry
input (C,) and a ripple-carry output (C,.e) are available.
However, the ripple-carry delay has aiso been minimized so
that arithmaetic manipulations for smalf word lengths can be per-
formed without external circuitry.

The HD74LS181 will accommodate active-high or active-low
data if the pin designations are interpreted as follows.

Pin No. 2123 221 2]19]18
nDnnnne
sy | %8888 s8]

Pin No. 9 Jw|u 13| 7|16 15|17
e | Fo | Fi| Fo | Fs | € |Cod] X | ¥
sy [ro ] el n]elad s

Subtraction is accomplished by 1's complement addition
where the 1's complement of the subtrahend is generated
internally. The resultant output is A-B-1, which requires an
end-arround or forced carry to provide A-B.

The HD74LS181 can also be utilized as a comparator. The A=
8 output is internally decoded from the function outputs (FO,
F1, F2,'F3) so that when two words of equal magnitude are
spplied at the A and B inputs, it will assume a high level to
indicate equality (A=B). The ALU should be in the subtract
mode with Cn=H when performing this comparison. The A=B
output is open-collector so that is can be wire-AND connected
to give a comparison for more than four bits. The carry out-
put {Cn+4) can also be used to supply relative magnitude
information, Again, the ALU should be placed in the sub-
tract mode by placing the function select inputs S3, S2, S1,
SO at L, H, H, L, respectively.
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Input Cn | Qutput Ca+s | Activehigh data(Table 1) | Active-low data(Table 2)
H H ASB AzB
H L A>B A<B
L H A<B A>B
L L AzB AsB

This circuit have been designed to not only incorporate all
of the designer’s requirements for arithmetic operations, but
also to provide 16 possible functions of two Boolean variables
without the use of external circuitry. These logic functions are
selected by use of the four function-select inputs (S0, S1, 52,
§3) with the mode-control input (M) at a high level to dis-
able the internal carry. The 16 logic functions are detailed in
Table 1 and 2 and include exclusive-OR, NAND, AND NOR,
and OR functions.

® Signal Designations

The HD74LS181 together with the HD74182 and HD74-
§182 can be used with the signal designations of either
Figure 1 or Figure 2, The inversion indicators and the bars
over the terminal letter symbols (e.g. T) each indicate that
the associated input or output is active with respect to the
selected function of the device when that input or output is
low. That is, a low at T means “do carry’’ while a high means
““to not carry’’. The logic functions and arithmetic operations
of Figure 2 are given in Table 2.
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EFUNCTION TABLE

® Table 1
Active-high data
S Inputs P N
M="H" M="L" . Arithmetic Operations
Ss S2 S So Logic Functions Co="H" (no carry) Ca="L" (with carry)
L L L L F=A F=A F=Aplus 1
L L L H F=A+B F=A+B F=(A+B) plus 1
L L H L F=AB F=A+B F=(A+B) plus 1
L L H H F=0 F=minus 1 (2’s compl) F=2Zero
L H L L F=AB F=A plus AB F=A plus AB plus 1
L H L H F=B F=(A+B) plus AB F=(A+B) plus AB plus 1
L H H L F=A®B F=A minus B minus ] F=A minus B
L H H H F=AB F=AB minus 1 F=AB
H L L L F=A+B F=A plus AB F=A plus AB plus 1
H L L H F=A®B F=A plus B F=A plus B plus 1
H L H L F=B F=(A+B) plus AB F=(A+B) plus AB plus 1
H L H H F=AB F=AB minus 1 F=AB
H H L L F=1 F=A plus A" F=A plus A plus 1
H H L H F=A+B F=(A+B) plus A F=(A+B) plus A plus 1
H H H L F=A+B F=(A+B) plus A F=(A+B) plus A plus 1
H H H H F=A F =A minus 1 F=A

Notes) H; high level, L; low level

* Each bit is shifted to the next more significant position.

@®Tabie 2
Active-low data
S Inputs — -
M="H" M="L": Arithmetic Operations
Ss S2 Sy So Logic Functions Co="L" (no carry) Cn="H" (with carry)
L L L L F=A F=A minus 1 F=A
L L L H F=AB F=AB minus 1 F=AB
L L H L F=A+B F=AB minus 1 F=AB
L L H H F=1 F=minus 1 (2's compl) F=0
L H L L - | F=A¥B F=A plus (A+B) F=A plus (A+B) plus 1
L H L H F=B F=AB plus (A+B) F=AB plus (A+B) plus 1
L H H L F=A®B F=A minus B minus 1 F=A minus B
L H H H F=A+B F=A+B F=(A+B) plus 1
H L L L F=AB F=A plus (A+B) F=A plus (A+B) plus 1
H L L H F=A®B F=A plus B F=A plus B plus 1
H L H L F=B F=AB plus (A+B) F=AB plus (A+B) plus 1
H L H H F=A+B F=A+B F=(A+B) plus 1
H H L L F=0 F=A plus A* F=A plus A plus 1
H H L H F=AB F=AB plus A F=AB plus A plus 1
H H H L F=AB F=AB plus A F=AB plus A pius 1
H H H H F=A F=A .F=Aplus 1
* Each bit is shifted to the next more significant position.
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HBPIN ARRANGEMENT BABSOLUTE MAXIMUM RATINGS
_ Item Symbol Ratings
E.E — HIL — a i“ Supply voltage Vee 7.0
4% oA >-——= x
N 5 6 Input voltage Vin 5.5 \4
\ sfil—s: @ |, , Operating temperature range Torr —20~+75 '
nputs { 5 At Y inpucs
* siE—{s: Beip—20)8: Storage temperature range Tis —65~ +150 c
sof6]—se Tob—is} 4
c.fF—c. B:p—Tis]5:
u(a—m Tp—e
oy I S ) WPIN DESIGNATIONS
Outputs § F 10} i Fp—E]® Ouprs Item Functions
Rl—qF: _F,_ -8 Efa A3, A2, AL A Word A Inputs
ool e B B3,B2, B, Bo Word B Inputs
o View
$3,52,81,50 Function-Select Inputs
.BLOCK DIAGRAM Ca Ripple-Carry Input
M Mode Control Input
E= B Fa, F2, F1, Fo Function Qutputs
I ' Gory A=B Comparator Output
Bior B> —+Cu-vor Tt P Carry Propagate Output
or X
Tsor A y ; Covs Ripple-Carry Output
| r—Fior Fs G Carry Generate Output
r
Bs or Bro1->-
D F1or Fr
Bior B3> I ‘13.1
I DA =R
Torks B |
LHD- Frae ¥y
Boor Bt o4t % i
 —
1D L——<Foor Fs
Ko or Avo——- .:D————j
PP s
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HELECTRICAL CHARACTERISTICS (Ta=—20~+75C)
Item Symbol Test Conditions min typ max Unit
Input volt Vin 2.0 - - A
nput veTage Vie - = 08| V
Output current & fon Vec=4.75V, Vig=2V, Vi.=0.8V, Vou=5.5V - - 100 uA
Output voltage 22 Vou Vee=4.75V, Viu=2V, V1. =0.8V Jon= —400uA 2.7 - - A
All output loL=4mA = - 0.4
u
Output voltage puts Voi Vec=4.75V, Viu=2V, ViL=0.8V | lor=8mA - - 0.5 \%
output G IoL=16mA ~ - 0.7
Mode - - 20
A B - - 60
=5.25V, V;=2.
3 Iru Vec=5.25V, Vi=2.7V — — 0 uA
Carry - - 100
Mode - - —0.4
Input current 2' B In Vec=5.25V, Vi=0.4V : : :11: mA
Carry - - -2
Mode - - 0.1
A B - - .
3 I Vec=5.25V, Vi=5.5V - — gi mA
Carry - - 0.5
Short-circuit output current Ios Vee=5.25V —20 - - 100 mA
Condition A — 20 34
- c=5.25V
Supply current Iec Vec=5.25 Condition B — 2 37 mA
Input clamp voltage Vix Vee=4.75V, IIv=—18mA - - -1.5 v

* Vee=5V, Ta=25°C

ESWITCHING CHARACTERISTICS (Vec=5V, Ta=25°C, CL=15pF, RL = 2kQ)

a A=B output only.
84 any output except A=B.

** With outputs open, I is measured for the following conditions:

A. S, through S,, M, and X inputs

are at 4.5V, all other inputs are grounded.

B. S, throughS, and M are at 4.5V, all other inputs are grounded.

Item Symbol Inputs | Outputs Test Conditions min typ max Unit
teLH C Cors — 18 27 s
tPHL = 13 20
tPLH Kior Bi | Cove M=0V, So=83=4.5V - 25 38 ns
tPHL Si1=52=0V (SUM mode) - 25 38
7] Kior Bi | Covs M=0V, So=S3=0V - 27 41 ns
tPHL S1=82=4.5V (DIFF mode) - 27 41
tPLH C. AnF M=0V - 17 26 s
el (SUM or DIFF mode) - 13 20
tPLH AiorBilC M=0V, S¢=83=4.5V - 19 29 s
AL S1=8:=0V (SUM mode) - 15 23
LK AiorBilG M=0V, So=83=0V = 21 32 ns

Propagation delay time [ S1=82=4.5V (DIFF mode) = 21 32
IPLH Aior Bi | P M=0V, So=S31=4.5V - 20 30 ns
tPHL S1=S2=0V (SUM mode) - 20 30
tPLH Kior Bi | P M=0V, So=S3=0V - 20 30 ns
[ S1=8:=4.5V (DIFF mode) - 22 33
oL Aior Bi | Fi M=0V, So=S3=4.5V - 21 32 ns
tpHL S1=S2=0V (SUM mode) - 13 20
[ Aior Bi | Fi M=0V, So=S3=0V = 21 32 ns
[ S1=82=4.5V (DIFF.mode) = 21 32
tPLH . . . M=4,5V (logic mode) - 22 33
p— Aior Bi | Fi — % M ns
trLn ; oo M=0V, So=8S1=0V - 33 50
i MBI [A=B | oy 5V (DIFF mode) — T a e | ™
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BTESTING METHOD

vee Waveform
45V - Load circuu_l_} irin ’Lrll..i
e g i e LN w
— L s, F +i¢ | 1.3V L3V
| 15, A ] Input 1% 10% ov
Ingut -
4 dA.
olin T
Zout =500 = n
¥ 9% _ In-phase Output . .
e
B: truL trLK
M Out-of-phase OQutput
1. c...-{ Same as Load Cireuit 1. l (Output waveform 2) L3V L3V
J' Vor
Notes) 1. Cg includes probe and jig capacitance.
2. All diodes are 152074 (H).
SUM Mode Test Table (So=S3;=4.5V, S1=S,=M=0V)
Other input Other data input
Item Test inputs 5V oL npy (s;ND' 5V cr cate Inpd SGND Test outputs | Qutput waveform
trin .
A B; - Remaining A, B Ca F; 1
trHL
tei.
oLA B, A - Remaining A, B Cn F, 1
tenL
trL,
Ll Ai B; - - Remaining A, B, C. P 1
tPHL
trL
=2 B, A - - Remaining &, B, C,| P 1
[
tee
bl A - B, Remaining B Remaining &, Cn G 1
LPHI
tPLH .. P
B, - A, Remaining B Remaining A, C, G 1
tenl,
trL
s C - - ANA AN B F. Cous 1
teL
tPiH - .
A, — B; Remaining B Remaining &, Cn Cavs 2
tPHL
2
bLb B, - A, Remaining B Remaining A, C. Covs 2
[
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IFF Mode Test Table (S1=S:=4.5V, So=S3:=M=0V)

Other i Other data i
Item Test inputs st! r mput(s;ND 45V ther data lnp\ltsGND Test outputs | Output waveform
teLn . .
A, — B, Remaining A Remaining B, C. F, 1
trHL
L B, A, - Remaining A Remaining B, C. F, 2
tPHL
thik A, - B, - Remaining &, B, C. P 1
teL
ru B, A, - Remaining A, B, C.| P 2
teRL
L A, B, — - Remaining A, B, C. G 1
[
toih B, - A, - Remaining &, B, C. G 2
tenL,
teLn - .
A - B, Remaining A Remaining B, C. A=B 1
tPHL
tpra L o
; B, A - Remaining A Remaining B, C. A=B 2
PHI
o - - AlLA B - Cor.F 1
1PHL
thin A, Bi — - Remaining A, B, C. (ol 2
teu.
trih B, - A, - Remaining A, B, C. Coes 1
tPHL
Logic Mode Test Table (S1=S:=M=4.5V, So=S3=0V)
- her data
Item Test inputs "53&" mp“tZND 4,5V0t er data mputsGND Test outputs | Output waveform
L NN B, - - Remaining A, B, Co| F, 2
teaL,
1o, A - - Remaining A, B, C.| F, 2
tPHIL
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M 4495203 0014913 C

PACKAGING INFORMATIONS 7-90-20

Factory orders for circuits described in this databook should HD 74LS00 P

L— Package ; Plastic DIP ; letters P

include a three-part type number as explained in the follow-
ing example.

BPlastic DIP

Cerdip ; non-letters
Circuit description
Prefix : HD : Hitachi Digital IC

@14 Pin @16 Pin
oP-14 DP-16
: Ama 5.06max 2.54min TAmix_ 5.06max 2.54min
M Stminl0.7
F—s.a—-| o XL 61 oSimnl.
~ _ﬂ Is e
[Tl = 2] © 15
2 13 - = "
\2 ] iy 1 uf | 9
: 28 | I g ! g, & o i
N T £ 5 e s | -—13
H
H o 9 5 1 ' — -
§ q ? 1 T
4 3 ®
! U 3 9y | 3
~1.62 [-;.sz—]
225t J, E i
o'~1s 0150 w25t ls
920 Pin @24 Pin
DP-20 DP-24
b 14,6:ma x—o] 5.7max .
5 2.54min
Pldmixs T r—-—-l.‘l.l—-ﬁ .
PR3 J‘: ) .3 Tmin
3 i 2
1 ) =
:4® w | E z »
1 ] 1 21 5
1 W $ 20
s 5 2 g s 2 g < ~
5 5 G : B Ts w9
7 | L 9 16 S
H
8 1] 5 10 15 =
a 12 _:r 1 n ]
Ia it 12 5]
o
025"
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PACKAGING INFORMATIONS

T-90-20

RCerdip
@14 Pin @16 Pin
DG-14 " . 0G-16
'—G.J—“ ma X WMk X
7 b 3
24 m}‘ 2
34] R °
14 b~ 3 g
54 10 L]
64 +1] 2
14 [#8
7.62
02053 0I5 0'~15"  0.20~0.38
@20 Pin @24 Pin
DG-20 . DG-24 b 132-—e
Sl it 2ten 13.2—
- a A W
1 BT 5 1]
2 ] 5] %4
; q
1 :%T 4q
1 17 @ 5¢
5 6= ‘—:- 1
o 5 g ;E
| 33
R’ 3
1 b i
(1] Bl _ L] =
=762 b p—15.20—]
[
—
020~n3 0-15 0'~15¢ m_;\.ﬁ"
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