Ny 5
( S

0 00 SN54AS181AITO O [

SN54AS18TA/ SNGAASRBAA/ ISNTAAS181A, SN74AS881A

ARITHMETIC L N GENERATORS

D2661, DECEMBER 1982—REVISED MAY 1986

® Package Options Include the "AS181A in SN54AS181A . . . JT OR JW PACKAGE
Compact 300-mil or Standard 600-mil SN54AS881A . . . JT PACKAGE
Packages. The ‘AS881A is Offered in 300-mil SN74AS181A . . . DW, NT OR NW PACKAGE
Packages. Both Devices are Available in SN74AS881A . . . DW OR NT PACKAGE
Both Plastic and Ceramic Chip Carriers. (TOP VIEW}
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'AS881A Provides Status Register Checks
Plus Ten Other Logic Operations SN54AS181A, SN54AS8B1A . . . FK PACKAGE
® Dependable Texas Instruments Quality and SN74AS181A, SN74AS881A . . . FN PACKAGE
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TThis symbol is in accordance with ANSV/IEEE Std 91-1984 and
IEC Publication 617-12.
Pin numbers shown are for DW, JT, JW, NT, and NW packages.

TYPICAL ADDITION TIMES (C| = 15 pF, R| =280 Q, T4 =25°C)
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NUMBER ADDITION TIMES PACKAGE COUNT CARRY METHOD
OF USING ‘AS881A | USING ‘AS181A | USING ‘S181 | ARITHMETIC LOOK-AHEAD BETWEEN
BITS AND’AS882 AND 'AS882 | AND 'S182 | LOGIC UNITS | CARRY GENERATORS ALUs
1t04 5 ns 5 ns 11 ns 1 NONE
5108 10 ns 10 ns 18 ns 2 RIPPLE
1. 9ta16 14 ns 14 ns 19 ns 3ord 1 FULL LOOK-AHEAD
/ {17 1064 19 ns 19 ns 28 ns 51016 2105 FULL LOOK-AHEAD
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SN54AS181A, SN54AS881A, SN74AS181A, SN74AS881A
ARITHMETIC LOGIC UNITS/FUNCTION GENERATORS

description

sunou) Sy pue STy I

The ‘AS181A and "AS881A are arithmetic logic units (ALU)/function generators that have a complexity
of 75 and 77 equivalent gates, respectively, on a monolithic chip. These circuits perform 16 binary arithmetic
operations on two 4-bit words as shown in Tables 1 and 2. These operations are selected by the four
function-select lines (SO, S1, §2, §3) and include addition, subtraction, decrement, and straight transfer.
When performing arithmetic manipulations, the internal carries 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 these devices
for fast, simultaneous carry generation by means of two cascade-outputs (pins 15 and 17) for the four
bits in the package. When used in conjunction with the SN54AS882 or SN74AS882 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 full carry look-ahead is
employed. The method of cascading 'AS882 circuits with these ALUs to provide multilevel full carry look-
ahead is illustrated under signal designations.

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

The ‘AS181A and 'AS881A will accommodate active-high or active-low data if the pin designations are
interpreted as follows:

PIN NUMBER 2 |1 [23]22[|21|2019{18| 9 |10[11[13][ 7 16 (156 | 17
Active-low data (Table 1) Ao |BO | A1 [B1 [A2 |B2 [A3|B3 [ Fo|F1|F2 |F3 | cn Chta| P G
Active-high data (Table 2) AO 1BO | A1 |B1|A2 B2 [A3[B3|FO|F1|F2]F3|&,[Chsa|X Y

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-around or forced carry to
provide A—B.

The ‘AS181A and 'AS881A 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 Cn =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 $3, S2, S1, SO at L, H, H, L, respectively.

ACTIVE-LOW DATA | ACTIVE-HIGH DATA
INPUT C,|OUTPUT Cp4q
(FIGURE 1) (FIGURE 2)
H H A>B A<B
H L A<B A>B
L H A>B A<B
L L A<B A>B

These circuits 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 (SO, S1, S2, S3)
with the mode-control input (M) at a high level to disable the internal carry. The 16 logic functions are
detailed in Tables 1 and 2 and include exclusive-OR, NAND, AND, NOR, and OR functions.
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SN54AS181A, SN54AS881A, SN74AS181A, SN74AS881A
ARITHMETIC LOGIC UNITS/FUNCTION GENERATORS

description {continued)

The 'AS881A has the same pinout and same functionality as the 'AS181A except for the P, G, and Cn + 4
outputs when the device is in the logic mode (M =H).

In the logic mode the "AS881A provides the us_er_with a status check on the input words A and B, and
the ouput word F. While in the logic mode the P, G, and Cp, + 4 outputs supply status information based
upon the following logical combinations:

P=FO+F1+F2+F3

G=H
Ch+4=PCn
FUNCTION TABLE FOR INPUT BITS EQUAL/NOT EQUAL FUNCTION TABLE FOR INPUT PAIRS HIGH/NOT HIGH
S0=S3=H, $1=52=L, and M=H S0=51=83=L, 5§2=H, and M=H
OUTPUTS OUTPUTS
Cn DATA INPUTS _OUTPY [ DATA INPUTS e
G PCnyg G P Cpsa
H [A0-BO At1=B1 A2=82 A3=B3[H L H H|ROorBO =L AlorBl =L A20rB2 =L A30rB3=L|H L H
L |Ao=8B0o A1=B1 A2-B2 A3=B3 |H L L L|BoorBo =L AlorB1 =L A20rB2=L A30rB3 =L{H L L
X | A0=B0 X X X H H L X | R0=BO=H X X X H H L
X X A1+B1 X X H H L X X A1=B1=H X X H H L
X X X A2%82 X H H L X X X A2=B2=H X H H L
X X X X A3#B3 [H H L X X X X A3=B3=H |H H L

The combination of signais on the S3 through SO control lines determine the operation performed on the
data words to generate the output bits Fi. By monitoring the P and Cp, + 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 ‘AS881A 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, SO) 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 () BO)+(AT @) B1)+(A2 () B2)+(A3 (3) 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 'AS881s. 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-collector 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 {S3,52,51,80) to L, 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| s1| so|l m| P=Fos+Fr1+F2+F3
L H L L H | AoBO+A1B1 +A282+A3B3
L L H H | (A0 @ BOI+(A1 @ B1)+(A2 @ B2)+(A3 6 B3)

signal designations

In both Figures 1 and 2, the polarity indicators (B ) 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. The ‘AS181A and ‘AS881A together with 'AS882 and 'S182 can be used
with the signal designation of either Figure 1 or Figure 2.
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SN54AS181A, SN54AS881A, SN74AS181A, SN74AS881A
ARITHMETIC LOGIC UNITS/FUNCTION GENERATORS

‘AS181A ‘AS181A
‘AS881A ‘AS881A
ALU ALU
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FIGURE 1 FIGURE 2
{USE WITH TABLE 1) (USE WITH TABLE 2)
TABLE 1 TABLE 2
ACTIVE-LOW DATA ACTIVE-HIGH DAT.
SELECTION SELECTION C ATA
M= H M= L; ARITHMETIC OPERATIONS M=H M = L; ARITHMETIC OPERATIONS
152 st so|  “O8C Cn=L Ca=H 53 52 81 LoGIC Th-H Th=tL
FUNCTIONS (no carry} (with carry) 0| eUNCTIONS (no carry) {with carry)
L Lt L[F=R& F = AMINUS 1 F:A Lt L L|F-=R FrA F=APLUS 1
L L L H|F=AR F = AB MINUS 1 F=AB L L L H{F=A+B |F:aA+B F={A+BIPLUS1
L L H LIF-A+B F = ABMINUS 1 F=-AB L L H L|F-=AB F=A+B F=(A+B)PLUS
L L H HIE=1 F = MINUS 1 (2's COMP) | F = ZERO L L H H|F=0 F = MINUS 1(2's COMPL) | F ~ ZERO
L H L L|F=A78H F = APLUS (A +B) F = APLUS (A - B)PLUS 1 L H L L|F=3AB F = APLUS AB F=APLUS AB PLUS 1
L H L H[F=B £ = ABPLUSIA +B! F=ABPLUS (A +B}PLUS | L H L H|F:=B F={A+8)PLUS AB F=(A+B)PLUS AB PLUS 1
L H H LIF-A®B |F-AMINUSBMINUS] |F=-AMINUSB L H HL[IF-A®B |F: AMINUSBMINUS [F=-AMINUSB
L H H H|F-A+F |F-A+8 F-(A+B)PLUS T L H H H|F=AB F = ABMINUS 1 F=AB
H L b L|F=AB F-APLUS(A+B) F=APLUS (A +B)PLUS | HoL L LiF-A+B |F-APLUSAB F=APLUSABPLUS}
H L L H|F=A®B|F-APLUSB F= APLUSBPLUS 1 H L L HIF-A@B [F:APLUSB F=APLUSBPLUST
H L M L|F=B F=ABPLUS (A +8) F = ABPLUS (A +B) PLUS 1 H L H LifF-8 F={A+BIPLUSAB F=(A+B)PLUS ABPLUS 1
H L H H|F=A+8 F={A+B} F=(A+B)PLUS1 H L H HF=AB F = ABMINUS 1 F=aB
HH L LlF-0 F-APLUSAT F = APLUS APLUS 1 H H L L|F=1 F:APLUSAT F = APLUS APLUS 1
H H L H|F-AF F-ABPLUS A £ - ABPLUS APLUS 1 H H L H[F=A+B [F={A+B)PLUSA F={A+BIPLUSAPLUS I
H H H L|F=AB F=ABPLUS A F=ABPLUS A PLUS 1 H H H L|F-A+8B F={A+B)PLUS A F={A+B)PLUSAPLUS 1
H H H HIF-A F-A F=APLUS1 H H H H(F=A F = AMINUS 1 FeA
TEach bit is shifted to the next more significant position.
P
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SN54AS181A, SN74AS181A
ARITHMETIC LOGIC UNITS/FUNCTION GENERATORS

logic diagram (positive logic)
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Pin numbers shown are for DW, JT, JW, NT, and NW packages.
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SN54AS881A, SN74AS881A
ARITHMETIC LOGIC UNITS/FUNCTION GENERATORS

logic diagram (positive logic)
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Pin numbers shown are for DW, JT, JW, NT, and NW packages.
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SN54AS181A, SN54AS881A, SN74AS181A, SN74AS881A
ARITHMETIC LOGIC UNITS/FUNCTION GENERATORS

absolute maximum ratings over operating free-air temperature range {unless otherwise noted)

SUPPIY VOIAGE, VG -« -« o v o v oo e et e 7V
INPUL VOIBUE -+« o o o vt ot e e e e e 7V
Off-state output voltage (A=B output only) . . ... ... ... 7V
Operating free-air temperature range: SN54AS181A, SN 54AS881A . ... ... .. .. ~5B5°C to 125°C
SN74AS181A, SN74AS881A . ..... ... ..... 0°C to 70°C
Storage temperature FANQE . ... ... ..ot -65°C to 150°C
recommended operating conditions
SNS4AS’ SN74AS’ UNIT
MIN NOM MAX MIN NOM MAX
vee Supply voltage 4.5 5 5.5 4.5 5 5.6 v 2
ViH High-leve! input voltage 2 2 \%
ViL Low-level input voitage 0.8 0.8 v 7))
VOH High-level output voltage A =B output only 5.5 5.5 \" i~
All outputs except _2 _2 mA 3
I0H High-level output current A=Band G o=
G -3 -3 mA (&)
All outputs .
loL Low-level output current except 3 20 20 mA (2
G 48 48 mA -
Ta Operating free-air temperature -56 125 o] 70 °C %
7]
<
'Ji
2-193
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SN54AS181A, SN54AS881A, SN74AS181A, SN74ASBB1A
ARITHMETIC LOGIC UNITS/FUNCTION GENERATORS

electrical characteristics over

recommended operating free-air temperature range (unless otherwise

noted)
SN54AS’ SN74AS’
PARAMETER TEST CONDITIONS UNIT
MIN TYPT MAX | MmN TYPT mMAX
ViK Vee = 4.5V, | = —18 mA 1.2 1.2 v
Any output v 45Vt055V, | 2 mA vee- 2 Ve -2
. 055V, =-2m - -
Vou | except A = B cc OH cc cc v
G Veg = 4.5V, IoH = ~3 mA 24 34 24 34 v
IoH |[A =8 Vee = 45V, VOH = 5.5V 0.1 0.1 | mA
Any output
ny outpu Vee = 4.5V, loL = 20 mA 03 05 03 05| Vv
VoL | except G
2 G Vee = 4.5V, oL = 48 mA | 04 05 04 05 \
M input 0.1 0.1
Any A or B input 0.3 0.3
> Iy - Vee = 5.5V, Vi =7V mA
Any S input 0.4 0.4
e -
m Carry input 0.6 0.6
o M input 20 20
=3 Any A or B input 60 60
| V 55V, V=27V A
o IH Any S input cc I 80 80 #
> Carry input 120 120
m M input -2 -2
Any A Bi t - -
0 | ny 2 or B ey Vee = 5.5V, V| =04V 6 5 | ma
= Any S input -8 -8
2 Carry input -12 -12
= All outputs except -30 -45 -112 | -30 -45 -112
7] Io* |A =BandG Vee = 5.5V, Vg = 2.25V mA
G - 165 -165
‘AS181A 135 200 135 200
| A\ 55V mA
cc cC "ASBB1A 135 210 135 210
TAll typical values are at Vge =5V, Ta = 25°C.
The output conditions have been chosen to produce a current that closely approximates one-half of the true short-circuit current, Igs.
T {l’
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SN54AS181A, SN54ASB81A, SN74AS181A, SN74AS881A
ARITHMETIC LOGIC UNITS/FUNCTION GENERATORS

switching characteristics (see Note 1)

Vec=5V.
Cy =15 pf, Vge=45V1055V,
R, =500 Q C_=50pF (15 pF for A=B),
FROM | TO TEST 1280 @ for A=8), R = 500 @ (280 Q for A=B),
PARAMETER UNIT
(INPUT)|{OUTPUT) CONDITIONS Ta=25°C TA =MIN to MAX
"AS181A SNS4AS1B1A | SN74AS181A
‘AS881A SN54AS881A | SN74AS881A
MIN TYP! MAX | MIN TYP! MAX | MIN TYPT MAX
tod Cn Ch+d 5 2 7 " 2 7 9 ns
Any M=0V.51=52=-0V,
Yol e 6 2 8 14| 2 8 12
'pd AorB| "% | 50=53=4.5V (SUM mode) ns
Any M=0V, S0=53=0V.
Rl Y 7 2 8 20| 2 8 16
‘pd AorB| "% | s1=52=4.5V (OIFF mode) ns
tpd Cn Any F M =0V {SUM or DIFF mode} 5 3 6 1M 3 6 9 ns
Any _ M=-0V,S1=62=0V.
1 Ay G — 4 2 5 9| 2 s 7
pd AorB S0=53=4.5 V (SUM mode) e
Any = M=0V, S0=S3=0V,
¢ Y G — 5 2 6 12| 2 8 9
pd AorB §1=52=4.5 V (DIFF mode} ns
A — M=0V,$1=52=0V,
- Ay 7 - 5 2 6 11| 2 & 81 ns
AorB $0=53=4.5 V ([SUM mode}
Any — M=0V, $0=S3=0V,
Y F 5 2 6 13| 2 6 10
‘pd AorB $1=52=4.5 V (DIFF mode) ns
Ai or - M=0V,S1=52=0V,
~ Fi — 5 2 s 1 2 5 8
‘pd Bi ' $0-53=4.5 V (SUM mode} ns
A - M=0V, 50=81=0V,
tpd Lor Fi ki 5 2 6 12| 2 6 10| ns
Bi $1=52-4.5 V (DIFF mode}
Rl or N
tpd B Fi M=4.5 V {LOGIC mode) 6 2 6 16 2 6 1 ns
v AnyR| g | M=0V.80-S3=0V. 12 4 14 26| 4 14 2
— = ———— n
pd or B $1=52=4.5 V IDIFF mode) ©
additional ‘AS881A switching characteristics involving status checks (see Note 1)
vee=56V. Vee=45Vte55V,
CL=15 pF. C_ =50 pF.
FROM T0 TEST R =500 Q, RL=6009Q,
PARAMETER UNIT
(INPUT) [{OUTPUT) CONDITIONS Ta=256°C TA=MIN to MAX
‘AS8B1A SN54AS881A | SN74ASB81A
MIN TYPT MAX | MIN TYPT MaXx |MIN TYPT MAX
An Ch=4.5V, M=4.5V,
tpd A YE P S0=53=45V,51=52=0V, 8 2 10 19| 2 10 15 ns
or - = -
Equality (Ai=Bi or Ai#B)
A Ch=45V,M=4.5V,
n
tpd KO"’E Cnvs |SO=S3=4.5V.51=52-0V, 10 2 12 24| 2 12 18 ns
Equality (Ai=Bi or AizBi}
An Ch=45V,M=45V,
tog A B $2=4.5V,50=51=83=0V, 8 2 10 19| 2 10 15 ns
P AorB - = — =
(Ai=Bi=H or Aior Bi=L}
A Cn=45V,M=45V,
n
tpd Kmya' Ch+4 |52-4.5V,50=51=53=0V, 11 2 13 25{ 2 13 19 ns
(Ai=Bi=H or Ai or Bi=LI

tod = tPHL OF tPLH

All typical values are at V¢ =

5V, T = 25°C.

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

ts [
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SN54AS181A, SN54ASB81A, SN74AS181A, SN74AS881A

ARITHMETIC LOGIC UNITS/FUNCTION GENERATORS

PARAMETER MEASUREMENT INFORMATION

SUM MODE TEST TABLE
FUNCTION INPUTS: S0=S3=4.5V, $1=82=M=0V
OTHER INPUT
INPUT SAME BIT OTHER DATA INPUTS OUTPUT OuUTPUT
PARAMETER | UNDER N
APPLY | APPLY APPLY APPLY UNDER WAVEFORM
TEST 45V GND 45V GND TEST (SEE NOTE 1)
t - = Remainin. =
‘:ll:iHL Ai Bi None X and ég Cp Fi In-Phase
1 = - R -
‘PLH Bi A None ;ma‘;'gg Can Fi In-Phase
PHL an
t] - = R -
2 PLH Ai Bi None None _emaining P In-Phase
tPHL A and B, Cpy
1 - - R -
PLH Bi Al None None _temaining P In-Phase
> tPHL A and B, Cp
1 - = Remain R inin: =
5 "’:’EHL Ai None Bi EI "9 eg\a(lzl 9 G In-Phase
’ n
o {PLH Bi None Ai Remimmg Remaining G In-Phase
= TPHL B A Cn
T =
o PLH cn Nome | None Al Al Any F i phase
> tPHL A B orCntg
m PLH - = Remaining Remaining
Ai None Bi - - C Out-of-Ph.
ey g A Ch n+d ut-of-Phase
c ) PLH = - Remaining Remaining
g' L Bi None Al 5 EC Ch+a Out-of-Phase
- tn
c
-
~* —_—
7] DIFF MODE TEST TABLE
FUNCTION INPUTS: S1=82=4.5V, S0=83=M=0 V
OTHER INPUT
INPUT SAME BIT OTHER DATA INPUTS OUTPUT QUTPUT
PARAMETER | UNDER R
APPLY | APPLY APPLY APPLY UNOE WAVEFORM
TEST a5V GND 45V GND TEST {SEE NOTE 1)
t - = Remain Remainin. -
PLH Ai None Bi 2ining emaining Fi In-Phase
tPHL A 8. Cp
1 - - Remainin: Remainin: -
PLH Bi Ai None aning 9 Fi Out-of-Phase
tPHL A B, Cn
1 - = Remaini —
PLH Ai None Bi None _remaining P In-Phase
tPHL A and B, Cpy
tPLH = = Remaining —
B A None None — - P Out-of-Ph.
1PHL ' ' A and B, Cp ute ase
t - - Remainin =
PLH Ai Bi None None - \ning G In-Phase
tPHL Aand B, Cpy
PLH = - Remaining -
Bi None Al None - = G -of-Ph
L i & and B. Cp Out-o ase
t - = Remainin emainin:
PLH Ai None B8i an 9 remaining A =B In-Phase
tPHL A B, Cqn
k¢ = - R R
PLH Bi Ai None emaining eTalnmg A =B Out-of-Phase
tPHL A B, Cn
t All Chas
PLH Cn None None — = None n+4_ In-Phase
tPHL A and B or any F
t - = Remainin
tz;’: Ai Bi None None 6 ¢ 9 Ch+a Out-of-Phase
» 0. L
1PLH = - Remaining
8 None Al None - = C In-Ph
-~ i % B C, n+4 n-Phase

NOTE 1: Load circuit and voltage waveforms are shown in Section 1.
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SN54AS181B, SN74AS181B
ARITHMETIC LOGIC UNITS/FUNCTION GENERATORS

D2661, DECEMBER 1985—REVISED MAY 1986

Package Options Include Compact 300-mil
or Standard 600-mil DIPs and Both Plastic

Full Look-Ahead for High-Speed Operations

Plus Twelve Other Arithmetic Operations

PRODUCT
PREVIEW
°
and Ceramic Chip Carriers
°
on Long Words
® Arithmetic Operating Modes:
Addition
Subtraction
Shift Operand A One Position
Magnitude Comparison
® Logic Function Modes
Exclusive-OR
Comparator
AND, NAND, OR, NOR
°

Reliability

logic symbolt

Dependable Texas Instruments Quality and

SN54AS181B . . . JT OR JW PACKAGE
SN74AS181B . . . N OR NT PACKAGE

(TOP VIEW)
BO [ vee
A0 [] A1
s3 81
s2 [1 A2
S1 182
S0 A3
Cn [] 83
M [1G
Fo ] Cn+a
1 i -
F2 []A=B
GND [ 73 Y
SN54AS181B . . . FK PACKAGE C
SN74AS181B . . . FN PACKAGE R
{TOP VIEW) C
O v
2R2E S <
s e o o e g e <
4 32 1282726 c
1B 25[] Az d
1 24(] B2 7
N7 23] A3 -
[ 8 22[] NC <
1E] 21 B3
)10 201G
11 8 Ch+a
12131415 16 17 18
jmimimiaimisisl

O mmia
Z
<

— N QO
w e z
o

NC—No internal connection

ALU
sot8 |, s2
(5) o
s ... 15 cpp=12LF S1
524 wd  0..1s1c0 s (17) = so
533 stp=0) OF—19 a-8 l\(l:C
8) (16)
m- 4 ©...15) CO Cnea n
ea? e M
" Fo
|
Aot b o
i ~—~—Fo0
EoﬂLﬁ.Q
. (231
Al P 121 b (10} —
220l F1
A2 (21) o P an -
B2 20 ek fal ——)
- (19)=
A3 P 13) =
T 8 P13 2y

T This symbol is in accordance with ANSV/IEEE Std 91-1984 and

IEC Publication 617-12.

Pin numbers shown are for J, JT, N, and NT packages.

TYPICAL ADDITION TIMES (C_ = 15 pF, R = 280 2, Tp = 25°C)

NUMBER ADDITION TIMES PACKAGE COUNT CARRY METHOD
OF USING "'AS181B | USING ‘AS881B | USING 'S181 | ARITHMETIC LOOK-AHEAD BETWEEN
BITS AND’'AS882 AND 'AS882 AND 'S$182 LOGIC UNITS | CARRY GENERATORS ALUs
1104 5 ns 5 ns 11 ns 1 NONE
5t0 8 10 ns 10 ns 18 ns 2 RIPPLE
9 to 16 14 ns 14 ns 19 ns 3or4 1 FULL LOOK-AHEAD
17 to 64 19 ns 19 ns 28 ns 5to0 16 2105 FULL LOOK-AHEAD

PRODUCT PREVIEW documents contain information
on products in the formative or design phase of

development.

Characteristic data and other

TeEXAS ‘Q’

Copyright © 1985, Texas

Instruments Incorporated
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SN54AS181B, SN74AS181B
ARITHMETIC LOGIC UNITS/FUNCTION GENERATORS

description

suN211) Sy pue sy Y

The ‘AS181B arithmetic logic units (ALU)/function generators have a complexity of 75 equivalent gates
on a monolithic chip. These circuits perform 16 binary arithmetic operations on two 4-bit words as shown
in Tables 1 and 2. These operations are selected by the four function-select lines (SO, S1, S2, S3) and
include addition, subtraction, decrement, and straight transfer. When performing arithmetic manipulations,
the internal carries must be enabled by applying a low-leve! voltage 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 SN54AS882 or SN74AS882 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 Iongér words when full carry look-ahead is employed. The method of cascading 'AS882 circuits with
these ALUs to provide multilevel full carry look-ahead is illustrated under signal designations.

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

The ‘AS181B will accommodate active-high or active-low data if the pin designations are interpreted as
follows:

PIN NUMBER 2| 1}{23|22]21|20]19{18] 9 [10[11]13] 7 16 |15 |17
Active-low data (Table 1) A0 | Bo|A1|B1|A2|B2|A3|B3|Fo|F1|F2|F3|c,lcChsa| P | T
Active-high data (Table 2} AO [ BO| A1 {B1| A2 B2|A3|B3|(FO|F1|F2[{F3|Ch|Chsal|lX]|Y

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-around or forced carry to
provide A—B.

The ‘AS181B 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 Cp =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 §3, S2, 81, SO at L, H, H, L, respectively.

INPUT C,, OUTPUT Gy 44 ACTIVE-LOW DATA ACTIVE-HIGH DATA
(FIGURE 1) (FIGURE 2)
H H A=B A<B
H L A<B A>B
L H A>B A<B
L L A<B Az=B

These circuits 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 (SO, S1, $2, S3)
with the mode-control input (M) at a high level to disable the internal carry. The 16 logic functions are
detailed in Tables 1 and 2 and include exclusive-OR, NAND, AND, NOR, and OR functions.
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SN54AS181B, SN74AS181B

ARITHMETIC LOGIC UNITS/FUNCTION GENERATORS

signal designations

In both Figures 1 and 2, the polarity indicators {t~ ) 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. The ‘AS181B together with 'AS882 and 'S182 can be used with the signal

designation of either Figure 1 or Figure 2.

‘AS181B

'AS181B
©0® | ALU
s1 8 ©...15 cpp>1150 P
s2 14 m2 0. 1scept? &
s3 8 6(P=q) O} 114 A-p
L Y ©...15co}—18 ¢4
Ch (7)
c1
(2) N !
AO 4 - - (9) Fo
Bo Lo
—. (23)
A1 _B(zz) 3 2 . 10}
81 =< I~a
oy (21
A2 201 P (a1 k. (1) =
B2 o
xo (19)

A3 —ZIfp (13) =
5z 8]0 8] ~—— F3
'AS882

| ¢
PO_(3) cPO
Go_(2) cGo
71 8 ~Jcpy
G1 RN cG1
o {8) (6)
P ———Bm cP1 co1 Cnig
G2 N ca2
<. (10) (1)
e el
5, 14 (17)
RTET b Cne24
P58~ cps cor 2L iz
G5 :—:%:—B CG5
P6 cP6
_5 ﬂs_)b cG6
P7 %:)—:B cpP7
67 —Jca7

FIGURE 1

(USE WITH TABLE 1)

ALY

0...15) CP
M2 1s0ce
31
6(P=0) Q
...15)CcO

5

-

{15) X

17) Y

(14)
(16)

A=B

En +4

1]

I~ 9) (o

(2]

I, (10 F1

(4]

N (1) F2

o
(=]
o wlo =|o »fo =}l a »

(81

. (13) Fa

HYpa Y

AILC ~amd AC O

c, (1)

X0 (3)

Y0 (2)

x1 8L
Y1 ﬂb
x2 38) 1~

7 )
NI

va (9}
X4 04)
va a3~

(16}~

Y6 (18}~
X7 (21
v7? (20

cP1 co1

cP3 COo3

CcPa CO5

| CP5 co7
UGN
NN

FIGURE 2

6) =
Cn+8

(11} =~
Cn+16

17)  —
Cn+24

(22) —
Cn+32

(USE WITH TABLE 11}
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SN54AS181B, SN74AS181B
ARITHMETIC LOGIC UNITS/FUNCTION GENERATORS
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TABLE |
ACTIVE-LOW DATA
SELECTION M=H M = L; ARITHMETIC OPERATIONS
s3 2 §1 SO LOGIC Ch=L Cp=H
FUNCTIONS {no carry) {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 HIF=1 F = MINUS 1 {2's COMP) F = ZERO
L H L L |[F=A+B F = A PLUS (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 HH L |F=AGSB F = A MINUS B MINUS 1 F = AMINUS B
L H H H|F=A+B F=A+8B F=1(A+ B PLUS 1
H L L L |F=A2B F = APLUS (A + B) F = APLUS (A + B) PLUS 1
H L L HIF=A®SB F = APLUS B F = A PLUS B PLUS 1
H L H L |F=8 F = AB PLUS (A + B} F = ABPLUS (A + B} PLUS 1
H L H H|F=A+B F=(A+8B) F = (A + B) PLUS 1
H H L L |F=0 F = APLUS A* F = A PLUS A PLUS 1
H H L H |F=AB F = ABPLUS A F = AB PLUS A PLUS 1
H H H L |F=AB F = AB PLUS A F = AB PLUS A PLUS 1
H H H H|F=aA F=A F = APLUS 1
TABLE i
ACTIVE-HIGH DATA
SELECTION M =H M = L; ARITHMETIC OPERATIONS
LOGIC Ch=H Ch=1L
83 sz s1 S0 FUNCTIONS (no carry) {with carry)
L L L L |F=A& F=A F = APLUS 1
L L L H|F=A+B F=A+8B F=(A+ B)PLUS 1
L L H L }|F=AB F=A+B F = (A + B) PLUS 1
L L H HIF=0 F = MINUS 1 (2's COMP) F = ZERO
L H L L }|F=AB F = A PLUS AB F = A PLUS AB PLUS 1
L H L HI|F=8 F = (A + B) PLUS AB F = (A + B) PLUS AB PLUS 1
L HH L|F=A®SB F = A MINUS B MINUS 1 F = A MINUS B
L H H H|F=aAB F = AB MINUS 1 F = AB
H L L L |F=A+B8B F = A PLUS AB F = A PLUS AB PLUS 1
H L L H|F=ABOEB F=APLUSB F = APLUS B PLUS 1
H L H L |F=8 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 A* F = APLUS A PLUS 1
H H L H|FfF=A+8B F = (A + B)PLUS A A = (A + B) PLUS A PLUS 1
H H H L |F=A+8B F = (A + B PLUS A F = (A + B) PLUS A PLUS 1
H H H HJ|F=A F = AMINUS 1 F=A

*Each bit is shifted to the next more

significant position.
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SN54AS181B, SN74AS181B

ARITHMETIC LOGIC UNITS/FUNCTION GENERATORS

logic diagram (positive logic)

(3)
Ss3
s24dl
S1-%
so 8! p ] . a7 5
9 1
“frgjz} %
B3 {18) 4> ] : (16) ¢ .a
=1 ) (15) P
) —
A3 (19} E
DS A (13} Fa ﬁ
=
'i!:}L S = Q
.
= [ 5
B2 —r—4> : 12
=Dl <
T
)| c
A2 {21) ©
N
—d
1) > AT {(11) 2 <
1 )
\ 4]"_\
B {22) +
|
!
1 {23)
lL/\ AT (10} E1
|
]
—
80
1 J‘_/s {9) Fo
20 {2)
" (8} [ .
(7)
cn
Pin numbers shown are for J, JT, N, and NT packages.
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SN54AS181B, SN74AS181B
ARITHMETIC LOGIC UNITS/FUNCTION GENERATORS

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, VCC - - - -« o oo 7V
Input voltage . . . .. .. o 7V
Off-state output voltage (A=Boutputonly) . . .. ... ... ... .. ... .. .. .. ... 7V
Operating free-air temperature range: SN54AS181B . ... ... ... ... ... ..... -55°C to 125°C
SN74AS181B . ... ... ... .. 0°C to 70°C
Storage temperature range . . .. .. oottt -65°C to 150°C
recommended operating conditions
SN54AS181B SN74AS181B UNIT
MIN NOM MAX | MIN NOM MAX
vee Supply voitage 4.5 5 5.5 4.5 5 5.5 Vv
ViH High-level input voltage 2 2 \%
ViL Low-level input voltage 0.8 0.8 \
VOH High-level output voltage A =B output only 5.5 5.5 A
All outputs except
. = -2 -2 mA
loH High-level output current A=Band G
G -3 -3 [ mA
All outputs
= 20 20 mA
loL Low-level output current except G
G 48 48 | maA
Ta Operating free-air temperature -55 125 0 70 °Cc

o oro  TeEXAS {9



SN54AS181B, SN74AS181B
ARITHMETIC LOGIC UNITS/FUNCTION GENERATORS

electrical characteristics over recommended operating free-air temperature range {uniess otherwise

noted)
SN54AS181B SN74AS181B
TEST CONDITIONS UNIT
PARAMETER s MIN TYPT MAX | MIN TYPT maAX
ViK Vee = 45V, | = —18 mA ~1.2 —1.2 v
Any output
Vee = 45V10556V, lgy = ~2mA Vee-2 Ve -2 v
Vou | except A = B cc OH [ofo cc
G Vee = 4.5V, IoH = —3 mA 24 34 24 34 v
IoH | A =8 Vce = 4.5V, VoH = 55 V 0.1 0.1 mA
A tput
ny outpu Vee = 4.5V, loL = 20 mA 03 05 03 05| Vv
VoL | except G
G Vee = 4.5V, oL = 48 mA 0.4 0.5 04 0.5 v )
™M input 0.1 0.1
Any A or B input 0.3 0.3
I v 2 or Py Vee = 55V V=7V mA v
Any S input 0.4 04 '
Carry input 0.6 0.6 'E
M input 20 20 E
Any A or B input 60 60 P
| Veg = 5.5V V)= 2.7V A
M TAny S input cc : 80 80 | " C
Carry nput 120 120 v.
M input -0.5 -0.5 <
Any A or B input ~15 ~15 T
n oy 2 of ¥ Py vee = 5.5V, V)= 04V mA c
Any S input -2 -2 «
Carry input -3 -3
pu m
All outputs except 30 45 112 30 45 112 -
Io* | A=BandG Vee = 55V, Vg = 2.25 V mA -
G - 30 -125 | -30 ~125
Icc Vee = 5.5V 74 117 74 117 | mA

T Al typical values are at Vee = BV, Ta = 256°C.
¥ The output conditions have been chosen to produce a current that closely approximates one-half of the true short-circuit current, Ipg.
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SN54AS181B, SN74AS181B

ARITHMETIC LOGIC UNITS/FUNCTION GENERATORS

switching characteristics (see Note 1)

Vee = 45Vto55YV,
CL = 50 pF,
FROM T0 AL = 500 0. UNIT
PARAMETER TEST CONDITIONS Ta = MIN to MAX
(INPUT) | (OUTPUT)
SN54AS1818 SN74AST818
MIN MAX | MIN MAX
tpLH 3 9 3 8.5
tPHL Cn Cn+4 2 7 2 65|
tPLH Any c M=0V, 81 =82=0V, 3.5 13 5 12
oL EorB n+d SO = S3 = 4.5V [SUM mode} | 3.6 2.5 5 ] ™
Ll Any - M-0V,50 =53 =0V, 5 145 5 13
2 tPHL AorB n+4 S1 = S2 = 4.5 V (DIFF mode) 5 135 5 25| ™
IPLH Cn Any F M = 0 V (SUM or DIFF mode) 3 10.5 3 %1 ns
> tPHL 3 8 3 7.5
- L “Any_ = M-0V, 5 =52-0V, 3 85 3 8]
(7] TPHL BorB SO = 83 = 4.5 V (SUM model 2 7 2 3
o T Any - M=-0V, 50 =S3 -0V, 3 05 3 55|
= TPHL AorB S1 = $2 = 4.5 V (DIFF mode} 2 9 2 7
~ LA Any 5 M=0V,51 =52 =0V, 3 35 3 75
> tPHL AorB SO = S3 = 4.5 V {SUM mode) 2 7.5 2 3
w e Any - M-0V,50-S3=-0V, 3 10.5 3 3
o) TPHL ZorB F §1 = S2 = 4.5 V {DIFF mode] 3 85 3 g |
g' LN A or a M=-0V.81=52=0V, 3 1 3 o5 |
e PR Bi SO = 83 = 4.5 V (SUM mode) 3 9 3 75
= LY Ri or - M-0V,.50 =830V, 3 12 3 05 |
» Ty Bi §1 = $2 = 4.5 V (DIFF mode} 3 K 3 95
PLA Any Ay F M=-0V,51=-52=0V, 3 135 3 (23
PHL RorB $0 = 53 = 4.5 V (SUM mode] 3 13 3 5
tPLA Ay _ M-0V,50=-53=-0V, 3 16 3 125
_ = Any F ns
PHL EorB $1 = 52 = 4.5 V (DIFF mode} 3 13 3 126
tPLH Fi or Bi Fi M = 4.5 V (LOGIC model 3 125 3 LA
L 3 0 3 95
PLH AW | s M-0V, 80 <83 -0V, ) 19 2 AN
PHL RorB S1 = 2 = 4.5 V (DIFF mode) 5 8.5 5 15

NOTE 1: Load circuit and voltage waveforms are shown in Section 1.
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SN54AS1818B, SN74AS181B
ARITHMETIC LOGIC UNITS/FUNCTION GENERATORS

PARAMETER MEASUREMENT INFORMATION

SUM MODE TEST TABLE
FUNCTION INPUTS: S0=83=4.5V, §1=82=M=0V

OTHER INPUT
INPUT SAME BIT OTHER DATA INPUTS OUTPUT OUTPUT
PARAMETER | UNDER UNDER WAVEFORM
TEST APPLY | APPLY APPLY APPLY TEST (SEE NOTE 1)
4.5V GND 45V GND
t — = Remaini -
PLH Ai Bi None Zmaining Cn Fi In-Phase
tPHL A and B
t = - R ini -
PLH Bi Ai None omaining Ch Fi In-Phase
tPHL AandB
t - - R ini -
PLH Ai B | None None _remaming P In-Phase
tPHL A and B, Cp
t = - R ini -
PLH Bi Ai None None - ema[\mg P In-Phase
PHL A and B, Cp,
1 - - R int R ini -_
PLH Ai None Bi emaning emaining G in-Phase
tPHL B A, Cp
1 - - R ini R ini -
PLH Bi None | A emaining eraning e In-Phase
tPHL B A, Cp
2 =
PLH Cn None None ’i” 'ﬂ' Any F In-Phase
tPHL A 8 orCn+q
TPLH - =, Remaining Remaining
Al None B = - C -of-
I i on i B A Cp n+4 Out-of-Phase
tPLH = —. Remaining Remaining
Bi None Ai = - Cn+a Out-of-Phase
tPHL B A Cn

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

AT C mmsd AC s’

2-206



SN54AS181B, SN74AS181B

ARITHMETIC LOGIC UNITS/FUNCTION GENERATORS
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PARAMETER MEASUREMENT INFORMATION

DIFF MODE TEST TABLE
FUNCTION INPUTS: S1=S2=45V, S0=S3=M=0V

OTHER INPUT
INPUT SAME BIT OTHER DATA INPUTS QUTPUT OUTPUT
PARAME N UNDER WAVEFORM
TER UTE[:,R APPLY | APPLY APPLY APPLY TEST (SEE NOTE 1)
45V GND 45V GND
t - = Remainin: R ini =
PLH Ai None Bi maining eLnalnlng Fi In-Phase
tPHL A B, Cn
1 - - Remainin R ini -
PLH Bi Ai None - 9 e_r_namnng Fi Out-of-Phase
tPHL A B, Cn
t - = Remaini -
PLH Ai None | Bi None _veme g P in-Phase
tPHL A and B, Cp,
t - - R ini —
PLH B Ai | None None _emaning P Out-of-Phase
tPHL A and B, Cp
t - - R: ini =
PLH Ai Bi None None _emaining c in-Phase
tPHL A and B, Cp
1 - - R ini -
PLH Bi None Ai None S emaining G Out-of-Phase
tPHL A and B, Cp,
t - = Remaini Remaini
PLH i None Bi emaning emaming | A - B in-Phase
tPHL A B, Cp
t - - Remaini Remaini
PLH Bi Ai None emaining emaining A=8 Out-of-Phase
tPHL A B, Cp
t Al c
PLH Cn None None - = None n+a_ in-Phase
TPHL Aand B or any F
1, - - Remainin;
PLH Ai Bi None None _maining Ch+a Out-of-Phase
tPHL A B Cn
t = - Remainir
PLH Bi None Ai None Bmantg 4 cha In-Phase
tPHL A, B, Cp

NOTE 1: Load circuit and voltage waveforms

are shown in Section 1.
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SN54AS181B, SN74AS181B
ARITHMETIC LOGIC UNITS/FUNCTION GENERATORS

PARAMETER MEASUREMENT INFORMATION

LOGIC MODE TEST TABLE
FUNCTION INPUTS: $1=82=M=45V, S0=83=0V

OTHER INPUT
INPUT SAME BIT OTHER DATA INPUTS OUTPUT OUTPUT
PARAMETER UNDER NDER
TEST APPLY APPLY APPLY APPLY uTEST (:VE‘;V:(F)(T):':‘)
45V GND 4.5V GND
t - - R ini =
PLH Ai T None None L emaning Fi Out-of-Phase
tPHL A and B, Cp
tPLH 5 = Remaining -
Bi Al N N — - _of-
PHL i i one one AandB, C, Fi Out-of-Phase
INPUT BITS EQUAL/NOT EQUAL TEST TABLE
FUNCTION INPUTS: S0=83=M=45V, $§1=82=0V
THER INPUT
INPUT 0 SAME BIT OTHER DATA INPUTS OUTPUT OUTPUT
AMETER UNDER WAVEFORM
PAR TE U;DsiR APPLY APPLY APPLY APPLY TEST (SEE NOTE 1)
45V GND 45V GND
— - R ini —
tPLH Ai Bi None _emaining None P Out-of-Phase
tPHL A and B, Cp
tPLH Bi Ai None Remaining None P Out-of-Phase
tPHL A and B, Cq
- - Remaini —
tPLH Ai None Bi = emaining None P In-Phase
tPHL A and B, Cp
tPLH Bi None Ai _Remammg None P In-Phase
tPHL A and B, C
= Romaim
{PLH Ai Bi None _emaining None Chn+d In-Phase
tPHL A and B, Cpy
1 = - Remaining
‘;:’: Bi Ai None EandB, Cq None Ch+4 In-Phase
1 - = R ini
PLH A None Bi _emaining None Cn+d Out-of-Phase
tPHL A and B, Cpy
= = R in
IPLH Bi None Ai _emaining None Cn+a Out-of-Phase
tPHL A and B, Cp,
INPUT PAIRS HIGH/NOT HIGH TEST TABLE
FUNCTION INPUTS: S2=M=45V, S0=81=83= 0V
OTHER INPUT
INPUT SAME BIT OTHER DATA INPUTS OUTPUT OUTPUT
PARAMETER NDER VEFORM
U:‘E[;in APPLY APPLY APPLY APPLY UTEST (:,EAE NOTE 1)
45V GND 4.5V GND
N _ — — Rormaini
PLH Ai Bi None Reinalmng emaining F in-Phase
tPHL A Cn 8
'PLH Bi Ai None Remaining Remaining P n-Phase
tPHL B, Cn. A
T ~ ~ Remaini Rernaini
PLH Ai Bi None emaining emaining Cht+a Out-of-Phase
tPHL A, Cp B
1 - - R ini R ini .
PLH Bi A None emaining emaining Cn+a Out-of-Phase
tPHL B. Cn A

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