4-BIT ARITHMETIC LOGIC UNIT

DESCRIPTION

The T54LS181/T74L.5181 is a 4-bit Arithmetic Lo-
gic Unit (ALU) which can perform ali possible 16
logic, operations on two variables and a variety of
arithmetic operations. !
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Plastic Package
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Ceramic Package

ORDERING NUMBERS:
T54L.5181 D2
T74LS181 D1
T74LS181 B1
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PIN NAMES o0
Ap-A3.Bg-Bz | Operand (Active LOW) Inputs
Sg-S3 Function-Select Inputs LOGIC SYMBOL
M Mode Control Input 2123222112019 18
G| camy o LU
Fo-Fa Function (Active LOW) Outputs 7 —J M B AB A B A By
A=B Comparator Output :: :o ey :2
G Carry Generate (Active LOW) 515 G 7
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Cn+a Carry Output GND =Pin 12
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LOGIC DIAGRAM
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ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vee Supply Voltage -05t07 \'
V) Input Voltage, Applied to Input -05t0 15 \
Vo Output Voltage, Applied to Output -0.5t0 10 \
I Input Current, Into Inputs -30to5 mA
lo Output Current, Into Outputs 50 mA

Stresses in excess of those listed under *‘Absolute Maximum Ratings’” may cause permanent damage to the device.
This is a stress rating only and functional operation of the device at these or any other conditions in excess of those
indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions
for extended periods may affect device reliability.

GUARANTEED OPERATING RANGES

Supply Voltage
Part Numbers Temperature
Min Typ Max
T54LS181D2 45 V 50V 55 V —-55°C to +125°C
T74LS181XX 475V 50V 5.25 V 0°C to +70°C

XX = package type.
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TRUTH TABLE

ACTIVE HIGH MODE ACTIVE LOW INPUTS ACTIVE HIGH INPUTS
2183221201918 SELECT & OUTPUTS & OUTPUTS
INPUTS LOGIC  ARITHMETIC** LOGIC  ARITHMETIC**
7—qc b B A B “1“’":’ » $38281Sp (M=H) M=L) (C,=L) M=H) M=L) (Ch=H)
8—IM
s—1 meb—w [LLLL|A A minus 1 A A
po ) S[C7 |LLLHAB AB minus 1 A+B A+B
e T LLHL|A+B AB minus 1 AB A+B
T l ! “**IL L H H| Logical 1 minus 1 _ Logical 0 minus 1 _
LHLL A+B A plus (A+B) AB A plus AB
5oonvom o3 LHLHIB AB plus (A + B) B (A+B) plus AB
LHHL[A Zj B Aminus Bminus1|A ® B A minus B minus 1
ACTIVE LOW LHHH[A+B A+B AB AB minus 1
HLLL|AB A plus (A+B) A+B A plus AB
R HLLH/A@®B AplusB A@® B AplusB
LALLLLLL HLHL|B AB plus (A +B) B (A+B) plus AB
R L LT Y HLHH|A+B A+B AB AB minus 1
8 —n oif—1 |H H L L|Logical 0 A plus A* Logical 1 A plus A*
6—1% ABF—t% IH H L H|AB AB plus A A+B (A+B) plus A
2:; b7 [HHH L AB AB plus A A+B (A+B) plus A
e _ HHHH|A A A A minus 1
if T w-0s3 L=LOW Voltage Level, H=HIGH Voltage Level.
9 0 0N B “Each bit is shifted to the next more significant position.
**Arithmetic operations expressed in 2s complement notation.

FUNCTIONAL DESCRIPTION

The T54LS181/T74LS181 is a 4-bit high speed
Arithmetical Logic Unit (ALU). Controlled by the four
Function Select Inputs (Sp...S3) and the Mode
Control Input (M), it can perform all the possible
16 possible logic operations or 16 different arith-
metic operations on active HIGH or active LOW
operands. The Function Table lists these ope-
rations.

When the Mode Control Input (M) is HIGH, all in-
ternal carriers are inhibited and the device performs
logic operations on the individual bits as listed.
When the Mode Control Input is LOW, the carriers
are enabled and the device performs arithmetic
operations on the two 4-bit words. The device in-
corporates full internal carry lookahead and provi-
des for either ripple carry between devices using
the Cp, , 4 output, or for carry lookahead between
packages using the singal P (carry Proptage) and
G (Carry Generate). P and G are not affected by
carry in. When speed requirements are not strin-
gent, the LS181 can be used in a simple ripple carry
mode by connecting the Carry Output (Cp, ; 4) si-
gnal to the Carry Input (Cp,) of the next unit. For
high speed operation the LS181 is used in conjunc-
tion with other carry lookahead circuits. One carry
lookahead package is required for each group of
four LS181 devices. Carry lookahead can be pro-

vided at various levels and offers high speed ca-
pability over extremely long word lengths.

The A =B output from the LS181 goes HIGH when
all four F outputs are HIGH and can be used to in-
dicate logic equivalence 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
Cn + 4 signal to indicate A>B and A<B.

The Function Table lists the arithmetic operations
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 com-
plement notation) without a carry in and genera-
tes A and B when a carry is applied. Because
subtraction is actually performed by complemen-
tary 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, the LS181 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 opera-
tions that are performed to the operands labeled
inside the logic symbol.
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DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE

Limits i
Symbol Parameter Test Conditions Units
Min. | Typ. | Max. (Note 1)
Vi Input HIGH Voltage 2.0 Guaranteed input HIGH Voltage \
for all Inputs
Vi Input LOW Voltage 54 0.7 | Guaranteed input LOW Voltage
74 0.8 | forall Inputs v
Veo Input Clamp Diode Voltage —0.65| —-1.5 | Vog=MIN,|jy= —18mA \
VoH OQutput HIGH Voitage | 54 25 3.4 Vec=MIN,lgH = —400A,V|y =V} or
gr]:yBOUtpm except 74 27 3.4 ViL per Truth Table v
loH Output HIGH Current 100 | Voo=MIN, Vo =5.5V
A =B Output Only
VoL Output LOW Voltage | 54,74 0.25 04 | IoL=4.0mA \
Except G and P 74 035 | 05 | Ig.=8.0mA
Output LOW Voltage 0.47 [ 0.7 | loL=16mA | V|_per Truth Table \"
Output G
Output LOW Voltage |54 035 | 0.6 | lp.=8.0mA \"
Output P 74 0.35 0.7
liH Input HIGH Current
Mode Input 20
A and B Inputs 60 | Voc=MAX\Vy=2.7V A
S Input 80
Carry Inputs 100
Mode Input 0.1
A and B Inputs 0.3 | Vog=MAX,V)y=7.0V mA
S Input 0.4
Carry Inputs 0.5
hie Input LOW Current
Mode Input ~0.36
A and B Inputs —1.08| Voo =MAX,Vin=0.4V mA
S Input —1.44
Carry Inputs -2.0
los Output Short Circuit Current -20 =100 | Voc=MAX, Voyt=0V mA
(Note 2) :
Icc Power Supply Current 54 20 32
Condition A (Note 3) 74 20 34 Vg = MAX mA
Power Supply Current 54 21 35
Condition B (Note 3) 74 21 37
Notes:

1) Conditions for testing, not shown in the Table, are chosen to guarantee operation under “‘worst case” conditions.
2) Not more than one output should be shorted at a time.

3) With output open, Igc is measured for the following conditions:

A. Sq through S3, M and A inputs are at 4.5V, all other inputs are grounded.
B. S through S3 and M are at 4.5V, all other inputs are grounded.
4) Typical values are at Voo =5.0V, Ty =25°C
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AC CHARACTERISTICS: T4=25°C

Limits
Symbol Parameter Test Conditions Units
Typ. | Max.
tpLH Propagation Delay, 18 27 M =0V, (Sum or Diff Mode) ns
tpHL (Chto Chia) 13 20 See Fig. 1 and Tables | and Il
tpLH (Cn to F outputs) 17 26 | M=0V, (Sum Mode) ns
tpPHL 13 20 | See Fig. 1 and Table |
tpLy (A or B Inputs to G Outputs) | 19 29 | M=S;=8;=0V, Sg=S3=4.5V ns
tpHL 15 23 | (Sum Mode) See Fig. 1 and Table |
tpLH (A or B Inputs to G Outputs) | 21 32 | M=Sp=S3=0V, Sy=Sp=4.5V ns
tpHL 21 32 | (Diff Mode) See Fig. 2 and Table Il
tpLH (A or B Inputs to P Outputs) | 20 30 |M=S;=5,=0V, Sg=S3=4.5V ns
tPHL 20 30 | (Sum Mode) See Fig. 1 and Table |
tpLH (A or B Inputs to P Outputs) 20 30 [M=Sp=S3=0V, Sy=S,=4.5V ns
tPHL 22 33 (Diff Mode) See Fig. 2 and Table I
tpLH (A or B Inputs to any F Outputs) | 21 32 | M=S{=S,=0V, Sg=S3=4.5V ns
tPHL 13 20 | (Sum Mode) See Fig. 1 and Table |
tpLH (Aor B Inputs to any F Outputs) | 21 32 | M=Sg=S3=0V, S4=S5=4.5V ns
tpHL 21 32 | (Diff Mode) See Fig. 2 and Table Il
tpLH (A or B Inputs to any F Outputs) | 22 32 | M=4.5V (Logic Mode) ns
tpHL 26 38 See Fig. 1 and Table llI
tpLH (AorBinputsto Cp, 4 Output) | 25 38 | M=0V, Sg=S3=4.5V, Sy=S,=0V ns
tpHL 25 38 | (Sum Mode) See Fig. 3 and Table |
tpLH (AorBinputsto C,, 4 Output) | 27 41 | M=0V, Sg=S3=0V, S4=5,=4.5V ns
tpHL 27 41 | (Diff Mode)
tpLH (AorBInputsto A=B Output) | 33 50 | M=Sp=S3=0V, $;=S,=4.5V ns
tpHL 41 62 R =2k (Diff Mode) See Fig. 2 and Table I

AC WAVEFORMS
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SUM MODE TEST TABLE |

FUNCTION INPUTS: Sp=S3=4.5V, $;=8,=M=0V

OTHER INPUT
input SAME BIT OTHER DATA INPUTS Output
Parameter Under Under
Test APPLY APPLY APPLY APPLY Test
4.5V GND 4.5V GND
tpLH % = Remaining =
tpHL A B None Aand B Cn Fi
tPLH = T Remaining =
tPHL Bi A None A and B Cn Fi
tpLH N 5 Remaining =
tPHL A B None Cn A and B Flat
tPLH B x Remaining =
tPHL B A None Cn Aand B Flet
tPLH X 5 _Remaining =
tPHL A B None None A and B, C, P
tpLH =1 x _Remaining =
tpHL B A None None Aand B, C, P
tpLH A None B Remaining Remaining I
tPHL A Cn
tpLH B None A Remaining Remaining G
tPHL B A C,
tpLH X = Remaining Remaining
torL A None B B A C, Cnsis
tpLH B None A Remaining Remaining Chea
tPHL A C,
tpLH All Al Any F
oL Ch None None A B or Caa
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DIFF MODE TEST TABLE li

FUNCTION INPUTS: 5;=5,=4.5V, Sg=S3=M=0V

OTHER INPUT
Input SAME BIT OTHER DATA INPUTS Output
Parameter Under Under
Test APPLY APPLY APPLY APPLY Test
4.5V GND 4.5V GND
tPLH A 5 Remaining Remaining =
tonL A None B A B, C, F|
tPLH 8 ™ Remaining Remaining =
tPHL 8 A None A B, Cp Fi
tpLH Y = Remaining Remaining =
tPHL A None B B, Cn A Flat
tPLH B = Remaining Remaining =
tPHL B A None B, Cy Frat
tpLH % = _Remaining =
tpL A None B None A and B, C, P
teLH 8 % _Remaining =
tPHL 8 A None None A and B, C, P
tPLH % 5 _Remaining =
tPHL A B None None A and B, C, G
tpLH B T _Remaining =
tPHL B None A None A and B, C,, G
tpLH x = Remaining Remaining _
tPHL A None B A B, Cn A=B
teLH B i Remaining Remaining _
tonL B A None A B C, A=8B
tpLH = " _Remaining
tPrL A B None None A and B, Cp Chs+s
tpLH B = _Remaining
toHL B None A None A and B, C, Cnea
tpLH c None None LAl None C
tPHL " Aand B n+4
LOGIC TEST TABLE Il
OTHER INPUT
Input SAME BIT OTHER DATA INPUTS Output
Parameter Under Under Function Inputs
Test APPLY APPLY APPLY APPLY Test
4.5V GND 4.5V GND
tpLH A g _Remaining = S1=Sy=M=4.5V
tpHL A None B None A and B, C, Any F So=S3=0V
teLH B x _Remaining = S1=Sy=M=45V
torL B None A None A and B, C, Any F So=S3=0V
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