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ARITHMETIC LOGIC UNITS/FUNCTION GENERATORS

D3480, MARCH 1990
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54ACT11881, 74ACT11881
ARITHMETIC LOGIC UNITS/FUNCTION GENERATORS

D3480, MARCH 1990

signal designations

In both Figures 1 and 2, the polarity indicators ( I ) indicate that the associated input or output is active-low
with respect to the function shown inside the symbol and the symbols are the same in both figures. The signal
designations in Figure 1 agree with the indicated internal functions based on active-low data, and are for use
with the logic functions and arithmetic operations shown in Table 1. The signal designations have been changed
in Figure 2 to accommodate the logic functions and arithmetic operations for the active-high data given in

Table 2.
"ACT11881 'ACT11881
so18 0 ALU B o8 o ALU
17 12 P 17 L 12 X
s1 (0...15) CP — s1 (0...15) CP
528 w2 ©.15C6 13 G S22 w2 ©.15c6 B Y
15 31 3 15 31 3
s3 6(P=Q) [~ A<B s3 6(P=Q) A-8
M 4 (0...15) CO Cn+a M 4 (0...15) CO Ch+a
Cn 1 c Cn 1 c
28 L 28 -
ro—D>p 4 Ao—I=p 4
eS| Fo wilg m  pP—te
SERS T S| I -~ gy
50 20 I ; 141 [~ 10 ¢, :: 20 : 141 ~ 10,
25 25 |
;: 19 : 18] ~ 1 g :: 19 : 181 I~ 1,
"ACT11882 "ACT11882
c CPG Th CPG
- a - c
— cPo cPo
e [ Yo cGo
11— cp1 x1—L> cpy
1— ca1 v1 —> ca1
P2 — > cp2 x2—D> cp2
G2 —I>ca2 cotf——— Cn.s v2— > ca2 CcOlf——— Cnss
Fs —>{crs cos}l—— Cnsis x3—D>cpa cos—— GTn,16
& —cas3 COs|———— Cny2a vs—jcas COSF——— Tpaza
Pa — > cpa CO7T—— Cna32 xa—T>]cpa cor—— Ep.32
6a—™caa va—>caa
Fs —I>{cps x5 — > cps
G5 — > cas vs—L>{cas
e —cps x6 —L>{ cpe
&6 —"> cas ve—">{cas
pr —>cp7 x7 — > cp7
a7—>car v7—>car
FIGURE 1 FIGURE 2
(USE WITH TABLE 1) (USE WITH TABLE 2)
Pin numbers shown are for DW, JT, and NT packages.
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description

The 'ACT11881 arithmetic logic units (ALU)/function generators have a complexity of 77 equivalent gates on
amonolithic chip. These circuits perform 16 binary arithmetic operations on two 4-bit words as shownin Tables 1
and 2. These operations are selected by the four function-select lines (S0, S1, §2, S3) and include addition,
subtraction, decrement, and straight transfer. When performing arithmetic manipulations, the internat carries
must be enabled by applying a low-level voitage to the mode control input (M). A full carry look-ahead scheme
is made available in these devices for fast, simultaneous carry generation by means of two cascade-outputs,
G and P, for the four bits in the package. When used in conjunction with the 54ACT 11882 or 74ACT 11882 full
carry look-ahead circuits, high-speed arithmetic operations can be performed. The typical addition times shown
previously illustrate the little additional time required for addition of longer words when fult carry look-ahead is
employed. The method of cascading 'ACT11882 circuits with these ALUs to provide multilevel full carry
look-ahead is illustrated under signat designations.

If high speed is not of importance, a ripple-carry input (C,) and a ripple-carry output (C,,4) are available.
However, the ripple-carry delay has also been minimized so that arithmetic manipulations for small word lengths
can be performed without enternal circuitry.

The 'ACT11881 will accommodate active-high or active-low data if the pin designations are interpreted as
follows:

PIN NUMBER 28 |24 [27 |23 |26 |20 (25 [19 | 4 |5 {10 [ 11 | 1 14 12
Active-low data (Table 1) | A0 { BO [ At [ B1 [A2 [ B2 [A3 [B3 [Fo |F1 [F2 [F3 | Ch [ Chsa | P
Active-high data (Table2) | A0 { Bo | A1 | B1 |A2 | B2 | A3 | B3 [FO [F1 [F2 [ F3 {Ch | Chya | X

<|ola

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

The 'ACT11881 can also be.utilized as a comparator. The A=B output is internally decoded from the function
outputs (FO, F1, F2,F3) so that when two words of equal magnitude are applied at the A and B inputs, it will
assume a high level to indicate equality (A=B). The ALU must be in the subtract mode with C,=H when
performing this comparison. The A=B output is open-collector so that it can be wire-AND connected to give a
comparison for more than four bits. The carry output (Cp,4) can also be used to supply relative magnitude
information. Again, the ALU must be placed in the subtract mode by placing the function select input S3, S2,
S1, S0 at L, H, H, L, respectively.

ACTIVE-LOW DATA | ACTIVE-HIGH DATA
INPUT Cn OUTPUT Cn+4 (FIGURE 1) (FIGURE 2)
H H AzB AsB
O H L A<B A>B
8 L H A>B A<B
L L AsB A=8B
O
Cc These circuits have been designed to not only incorporate all of the designer’s requirements for arithmetic
@] operations, butalso to provide 16 possible functions of two Boolean variables without the use of externai circuitry.
- These logic functions are selected by use of the four function-selectinputs (S0, S1, S2, $3) with the mode-control
g y
O input (M) at a high level to disable the internal carry. The 16 logic functions are detailed in Tables 1 and 2 and
0 include exclusive-OR, NAND, AND, NOR, and OR functions.
r<|'II The 'ACT11881 has the same pinout and same functionality as the 'ACT11181 except for the P, G, and
— Cp, + 4 outputs when the device is in the logic mode (M = H).
m
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54ACT11881, 74ACT11881
ARITHMETIC LOGIC UNITS/FUNCTION GENERATORS
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description (continued)

Inthe logic mode, the 'ACT11881 provides the user with a status check on the input words A and B and the output
word F. While in the logic mode, the P, G, and C, ;. 4 outputs supply status information based upon the following
logical combinations:

P=F0+F1+F2+F3

G=H
Ch+4=PCp.
Function Tables for Input Bits Equal/Not Equal
S0=S3=H,51=5S2=L,ANDM=H
c DATA INPUTS OUTPUTS
n G P Cn+a
H A0 = BO At =Bt A2 = B2 A3=83 H L H
L A0 = BO A1 =B1 A2=B2 A3 =B3 H L L
X AO = BO X X X H H L
X X A1« B1 X X H H L
X X X A2 » B2 X H H L
X X X X A3 = B3 H H L
S0=S1=83=L,S2=H,ANDM=H

c DATA INPUTS ouTPUTS

n G P Cn+4
H AOorBO=L | AlorBl=L | A20rB2=L | A30orB3=L H L H
L AOorBO=L | AlorBi=L | A20rB2=L | A3orB3=L H L L
X A0=B0=H X X X H H L
X X A1=B1=H X X H H t
X X X A2=B2=H X H H L
X X X X A3=B3=H H H L

The combination of signals on the S3 through S0 control lines determine the operation performed on the data
words to generate the output bits Fi. By monitoring the P and C, , 4 outputs, the user can determine if all pairs
of input bits are equal (see table above) or if any pair of inputs are both high (see table above). The 'ACT11881
has the unique feature of providing an A = B status while the exclusive-OR (@) function is being utilized. When
the control inputs (S3, S2, S1, S0) equal H, L, L, H; a status check is generated to determine whether all pairs
(Ai, Bi) are equal in the following manner: P = (A0 ® B0) + (A1 ® B1) + (A2 ® B2) + (A3 @ B3). This unique
bit-by-bit comparison of the data words, which is available on the totem-pole P output, is particularly useful when
cascading 'ACT11881s. As the A = B condition is sensed in the first stage, the signal is propagated through the
same ports used for carry generation in the arithmetic mode (P and G). Thus, the A = B status is transmitted
to the second stage more quickly without the need for external multiplexing logic. The A = B open-drain output
allows the user to check the validity of the bit-by-bit result by comparing the two signals for parity.

If the user wishes to check for any pair of data inputs (Ai, Bi) being high, it is necessary to set the control lines
(S8, 82,81,80) oL, H, L, L. The data pairs will then be ANDed together and the results ORed in the following
manner: P = AOBO +A1B1 + A2B2 +A3B3.

S3 S2 St S0 M P=F0+F1+F2+F3
L H L L H AOBO + A1B1 + A2B2 + A3B3
H L L H H (A0 ® BO) + (A1 @ B1) + (A2 ® B2) + (A3 ® B3)
Texas “9
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Table 1
SELECTION ACTIVE-LOW DATA
M=H M = L; ARITHMETIC OPERATIONS

S3 Ss2 S1 SO

LOGIC FUNCTIONS Cp, = L (no carry) Cp = H (with carry)
L L L L F=A F = AMINUS 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 =1 F = MINUS 1 (2's COMP) F = ZERO
L H L L F=A+B F=APLUS (A+B) F=APLUS (A + B) PLUS 1
L H L H F=8 F=ABPLUS (A +B) F = AB PLUS (A + B) PLUS 1
L H H L F-A®B F = A MINUS B MINUS 1 F = AMINUS B
L H H H F=A+B F=A+B F=(A+B)PLUS1
H L L L F=AB F=APLUS (A +B) F = APLUS (A + B) PLUS 1
H L L H F=A®B F=APLUSB F=APLUSBPLUS 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=APLUS At F = APLUS APLUS 1
H H L H F=AB F =ABPLUS A F = ABPLUS A PLUS 1
H H H L F=AB F = AB PLUS A F=ABPLUSAPLUS 1
H H H H F=A F=A F=APLUS 1

Table 2
SELECTION ACTIVE-HIGH DATA
M=H M = L; ARITHMETIC OPERATIONS

83 S22 S1 S0 LOGIC FUNCTIONS T = H (no carry) Tn = 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)PLUS1
L L H H F=0 F = MINUS 1 (2's COMP) F = ZERO
L H L L F=AB F = APLUS AB F = APLUS AB PLUS 1
L H L H F=B F = (A + B) PLUS AB F = APLUS AB PLUS 1
L H H L F=A®B F = AMINUS B MINUS 1 F = AMINUS B
L H H H F = AB F = AB MINUS 1 F = AB
H L L L F=A+B F = APLUS AB F=APLUS ABPLUS 1
H L L H F-A®B F=APLUSB F=APLUSBPLUS 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=APLUS AT F=APLUSAPLUS 1
H H L H F=A+B F=(A+B)PLUS A F=(A+B)PLUSAPLUS 1
H H H L F=A+B F=(A+B)PLUS A F=(A+B)PLUSAPLUS 1
H H H H F=A F = A MINUS 1 F=A

M3IATHd 1ONA0dd

1 Each bit is shifted to the next more significant position.
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54ACT11881, 74ACT11881
ARITHMETIC LOGIC UNITS/FUNCTION GENERATORS
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logic diagram (positive logic)

‘o 24

B0 — E

Ac28

14
Cn+s

10 -

F2

n

Pin numbers shown are for DW, JT, and NT packages.
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply VORAGE FaNGE, VO G - -t vttt it e et ~-05Vto7V
Input voltage range, Vi (seeNote 1) ....... ...t -05VtoVgc+05V
Output voltage range, Vg (seeNote 1) ............ ... it -05VtoVgg +0.5V
Input clamp current, ik (Vi <0 Or V> VEE) t vt e ettt +20 mA
Output clamp current, Iok (Vo <00rVo>Vee) i i =50 mA
Continuous output current, Ig (VO =010 VEG) v vt i e e =50 mA
Continuous current through Voo or GND PINS . ...t e = 200mA
Storage temperature range  ......... .o e —65°C to 150°C

t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 1: The input and output voltage ratings may be exceeded if the input and output current ratings are observed.

recommended operating conditions

54ACT11881 74ACT11881 UNIT
MIN MAX MIN MAX
Veo Supply voltage 4.5 55 4.5 5.5 A\
VIH High-level input voltage 2 2 \
ViL Low-level input voitage 0.8 0.8 \'4
] Input voltage 0 Vce 0 Vce \4
Vo Output voltage <] \e'e] 0 Voo \
I0H High-level output current -24 —-24] mA
loL Low-level output current 24 24 mA
At/Av tnput transition rise or falt rate (o} 10 0 10| nsV
TA Operating free-air temperature — 55 125 —40 85 °C

-
o
(@)
O
c
@)
-
o)
s ]
m
<
m
s
TeEXAS *9
INSTRUMENTS
2-112 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

Powered by | Cniner.comEl ectronic-Library Service CopyRi ght 2003



54ACT11881, 74ACT11881
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electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)

TA =25°C 54ACT11881 | 74ACT11881
PARAMETER TEST CONDITIONS vee MIN VP MAX MIN _ MAX MIN _ MAX UNIT
loH | A=B |Vo=Vce 55V 0.5 10 5 uA
45V 4.4 44 44
10H =~ 50kA 55V 54 54 54
4.5V 3.94 3.7 3.8
VoH lop =-24mA 55V | 494 I%; ) v
IoH = — 50 mAT 55V 3.85
loH =— 75 mAT 55V 3.85
45V 0.1 0.1 0.1
loL =50 kA 55V 0.1 X 04
45V 0.36 0.5 0.44
VoL loL =24 mA 55V 0.36 05 04a| VY
oL = 50 mAT 55V 1.65
loL = 75 mAT 55V 1.65
[] V| = Vg or GND 55V =0.1 =1 =1 A
Icc Vi=VggorGND, In=0 55V 4 80 40 pA
Alcet V| = Vog or GND 5.5V 0.9 1 1| mA
Ci V) = Voo or GND 5V 4.5 pF
Co [ A=B [Vo=VccorGND 5V 11 pF
1 Not more than one output should be tested at a time, and the duration of the test should not exceed 10 ms.
% This is the increase in supply current for each input that is at one of the specified TTL voitage levels rather than 0 V to V.
operating characteristics, Vog =5V, Ta = 25°C
PARAMETER TEST CONDITIONS TYP UNIT
Cpd Power dissipation capacitance C=50pF f=1MHz 170 pF
TExas
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PARAMETER MEASUREMENT INFORMATION

SUM Mode Test Table
FUNCTION INPUTS: S0=53=45V,51=52=M=0V

INPUT OTHER INPUT SAME BIT OTHER DATA INPUTS OouUTPUT OUTPUT
PARAMETER UNDER APPLY APPLY APPLY APPLY UNDER WAVEFORM
TEST 45V GND 45V GND TEST (SEE NOTE 2)
tpLH A Bi None Remaining A Cn Fi in-Phase
and B
— = R ining A =
tPHL Ai Bi None emaining Cn Fi In-Phase
and B
— _ Remaining A _
tPLH Bi Ai None andB Cn Fi In-Phase
— _ Remaining A _
tPHL Bi Ai None and B Cn Fi in-Phase
_ . Remaining A .
tPLH Al Bi None None and B, Cp P In-Phase
N = Remaining A _
tPHL Ai Bi None None and B, Cp P In-Phase
4 Bi Ai N N Remaining A P In-Ph
PLH i i one one and B, C, n-Phase
_ _ Remaining A _ \
tPHL Bi Ai None None and B, Cp P n-Phase
- _ _ | Remaining A, _
tPLH Ai None Bi Remaining B c G In-Phase
n
_ . . — | RemainingA, —
tPHL Ai None Bi Remaining B c G In-Phase
n
_ _ _ | Remaining A, _
tPLH Bi None At Remaining B c G in-Phase
n
_ . . | RemainingA, —
tPHL Bi None Al Remaining B c G In-Phase
n
Y c N N AllA AIB Any in-Ph
PLH n one one of Crag n-Phase
_ _ Any F
tPHL Cn None None AllA AllB or Cnas In-Phase
_ _ . — | RemainingA,
9 tPLH Ai None Bi Remaining B c Cn+4 Out-of-Phase
n
X - - _ | Remaining A,
o tPHL Al None Bi Remaining 8 c Cn+a Out-of-Phase
n
O — . . — | RemainingA,
CcC tPLH Bi None Ai Remaining B c Cnsd Out-of-Phase
n
0 _ - — | Remaining A,
w—f tPHL Bi None Ai Remaining B (_I; "9 Cn+4 Out-of-Phase
n
-U NOTE 2: Load circuit and voltage waveforms are shown in Section 1.
m
=
g
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PARAMETER MEASUREMENT INFORMATION

DIFF Mode Test Table
FUNCTION INPUTS: S1=52=4.5V,50=S3=M=0V

INPUT OTHER INPUT SAME BIT OTHER DATA INPUTS OUTPUT QUTPUT
PARAMETER UNDER APPLY APPLY APPLY APPLY UNDER WAVEFORM
TEST 45V GND a5V GND TEST (SEE NOTE 2)
- - - Remaining B, _
tPLH Ai None Bi Remaining A c Fi In-Phase
n
- - — Remaining B, _
tPHL Ai None Bi Remaining A c Fi In-Phase
n
— - _ Remaining B, =
tPLH Bi Ai None Remaining A é g Fi Out-of-Phase
n
= — — | Remaining B, =
tPHL Bi Ai None Remaining A ema::n'"g Fi Out-of-Phase
n
A Bi Remaining A 5 .
PLH i None i None and B, Cp n-Phase
- = Remaining A =
t Ai None Bi None = P in-Phase
PHL and B, Cp
= = Remaining A _
tPLH Bi Ai None None = P Out-of-Phase
and B, Cpy
t Bi Ai N N Remaining A 3 Out-of-Ph
PHL i i one one and B, Cy ut-of-Phase
—. = Remaining A —
i Bi - X
tPLH Ai None None and B, Cp G In-Phase
- = Rermaining A —
i Bi — G in-Ph;
tPHL Ai None None andB, Cp n-Phase
— N - Remaining A el Out-of-Ph
tPLH Bi one Ai None and B, Cn ut-of-Phase
B - Remaining A —
i None Al N = -of-Phase
tPHL Bi i one and B, Cp G Out-o
= = I Remaining B,
tPLH Ai None Bi Remaining A c A=B In-Phase
n
— — L e Remaining B,
tPHL Ai None Bi Remaining A c A=8B In-Phase
n
- - L= Remaining B,
tPLH Bi Ai None Remaining A c A=B Out-of-Phase
n
. . __ — | RemainingB,
tPHL Bi Ai None Remaining A c A=B Out-of-Phase
n
— - C
tPLH Cn None None AllA and B None or :;;E In-Phase
— — Cn+s
t of Non None AllAand B None N In-Phase
PHL n one on or Any F
— - Remaining A,
tPLH Ai Bi None None B.C Cn+4 Out-of-Phase
»n
- — Remaining A,
tPHL Ai Bi None None B.Cn Cn+4 Out-of-Phase
— - Remaining A,
] i = -Ph
tPLH Bi None Ai None B.Cn Cn+4 In-Phase
- - Remaining A,
tPHL Bi None Ai None B, Ch Cn+a In-Phase
NOTE 2: Load circuit and voltage waveforms are shown in Section 1.
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PARAMETER MEASUREMENT INFORMATION

Logic Mode Test Table
FUNCTION INPUTS: $1=52=M=45V,50=S3=M=0V

INPUT OTHER INPUT SAME BIT OTHER DATA INPUTS OUTPUT OUTPUT
PARAMETER UNDER APPLY APPLY APPLY APPLY UNDER WAVEFORM
TEST 45V GND 45V GND TEST (SEE NOTE 2)
— — Remaining A —
tPLH Ai Bi None None and B, C Fi Out-of-Phase
. Cn
_ _ Remaining A, _
tPHL Ai Bi None None andB. G Fi Out-of-Phase
»Cn
” ” Remaining A, -
tPLH Bi Ai None None and B, Cp Fi Out-of-Phase
tPHL Bi Ai None None Remaining A, Fi Out-of-Phase
and B, Cp

NOTE 2: Load circuit and voltage waveforms are shown in Section 1.

o
X
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