s o] FAST 74F181

ECN No. . . . .
Daw o issve | Auguar, 989 Arithmetic Logic Unit
Status Product Specification TYPE TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT
FAST Products DELAY (TOTAL)
74F181 70ns 43mA

FEATURES
+ Provides 16 arithmetic operations: ORDERING INFORMATION COMMERCIALRANGE

add, subtract, compare, and PACKAGES Vo = 5V410%: T. 0°C 10 +70°C

double; plus 12 other arithmetic : i cc 'A

operations 24-Pin Plastic Slim DIP (300 mil) N74F181N
« Provides all 16 logic operations of 24-Pin Plastic SOL N74F181D

two variables:Exclusive-OR,
Compare, AND, NAND, NOR, OR

« Full look-ahead carry for high RIPTION 74F(UL) | LOADVALUE
speed arithmetic operation on long PINS DESC HIGHLOW | HIGHLOW

« 40% faster than 'S181 with only BEE . 1.0/3.0 20uA/1.8mA
30% 'S181 power consumption 03 B operand mp.ms —

« Available In 300 mil-wide Slim 24 M Mode control input 10110 20pA/0.6mA
pin Dip package $yS, Function select input 1.0/4.0 20pA/2.4mA

(o] Carry input 1.0/5.0 20puA/3.0mA

DESCRIPTION f

The 74F 181 is a 4-bit high-speed parallel Crus Carry output 50/33 1.0mA/20mA

Arithmetic Logic Unit (ALU). Controlled P Carry Propagate output 50/33 1.0mA/20mA

by the four Function Select inputs (S,_-S,)

and the Mode Control input (M), itoca::w G Carry Generate output 50/33 1.0mA

perform all the 16 possible logic A=B Compare output 0oCc/33 OC/20mA

operations or 16 different arithmetic

operations on active-High or active-Low i50'153 Outputs S0/33 1.0mA/20mA

operands. The Function Table lists these NOTE: One (1.0) FAST Unit Load is defined as: 20pA in the High state and 0.6mA in the Low state.
OC=Open Collector

operations.
PIN CONFIGURATION LOGIC SYMBOL LOGIC SYMBOL(IEEE/NIEC)
Active-High Operands R —
- 2T B AN YY : 0 m
g - i .. ohs
~ [z X 1 e b 3 MT o 7
ss [3] 5 :::, B e . co L—€
o [1] %, o " — :
S, E El 1., tirl'r}ri r
30 E TS cenw 2 t
¢ [ 5 Active-Low Operands N : 2
M E a 2y RNBDWY 2
- IBREREY! 2 I
Fo [7] Caet NEEREEEEE 2N :: >0
i [0 7 b ] 1 N
R a0 Hm St NN 14 P~
GND E F’ :—:: F, F, F, F, 1 r\ P3 ':
LBl B I 1:
TOP VIEW Veg=Pin4 1111 Y _Noa
GND = Pin 12 K]
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LOGIC DIAGRAM
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FAST 74F181

When the Mode Control input (M) is High,
all 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 en-
abled and the device performs arithmetic
operations on the two 4-bit words. The
device incorporates full internal carry
look-ahead and provides for either ripple
carry between device using the C, , out-
put, or for carry look-ahead between
packages using the signals P (Carry
Propagate) and G (Carry Generate). P
and G are not affected by carry in. When
speed requirements are not stringent, it
can be used in a simple ripple carry mode
by connecting the Carry output (C, , )
signal to the Carry input(C,) of the next

MODE-SELECT FUNCTION TABLE

unit. For high-speed operation the device
is used in conjunction with the 'F182 carry
look-ahead circuit. One carry look-ahead
package is required for each group of four
'F181 devices. Carry look-ahead can be
provided at various levels and offers high
speed capability over extremetly 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=B 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 withthe C__, 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
aoneto each operation. Thus select code
LHHL genserates A minus B minus 1 (two's
complement notation) without a carmy in
and generates A minus Bwhen acarry is
applied. Because subtraction is actually
performed by complementary addition
(one's 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 in-
dicated, this device can be used with
either active-Low inputs producing ac-
tive-Low outputs or with active-High in-
puts producing active High outputs. For
either case, the table lists the operations
that are performed to the operands labled
inside the logic symbol.

MODE SELECT INPUTS ACTIVE HIGH INPUTS & OUTPUTS ACTIVE LOW INPUTS & OUTPUTS

S, S, §, §, Logic (M=H) |Arithmetic** (M=L) (C,_=H) Logic (M=H) | Arithmetic** (M=L) (C =L)
L L L L A A A A minus 1
L L L H |AB A+B AB AB minus 1
L L H L AB A+B A+B AB minus 1
L L H H Logical 0 minus 1 Logical 1 minus 1
L H L L AB A plus AB AB A plus (A+B)
L H t H B (A+B) plus AB B AB plus (A+B)
L H H L A3B A minus B minus 1 AcB A minus B minus 1
L H H H AB AB minus 1 A+B A+B
H L L L A+B A plus AB AB A plus (A+B)
H L L H AsB Aplus B AsB Aplus B
H L H L B (A+B) plus AB B AB plus (A+B)
H L H H AB AB minus 1 A+B A+B
H H L L Logical 1 A plus A* Logical 0 A plus A*
H H L H A+B (A+B) plus A AB AB plus A
H H H L A+B (A+B) plus A AB AB plus A
H H H H A A minus 1 A A

H = High voltage level

L = Low voltage level

* = Each bitis shifted to the next more significant position.

“* = Arithmetic operations expressed in two's complement notation.
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SUM MODE TEST TABLE | FUNCTION INPUTS: S =S ,=4.5V, S,=S,=M=0V
OTHER DATA INPUTS
PARAMETER |INPUT UNDER TEST] OTHER INPUT, SAME BIT OUTPUT UNDER TEST
Apply 4.5V | Apply GND Apply 4.5V Apply GND
toun oL A B, None | Remaining Aand B c, F,
torn oL B, A None Remaining A and B c, F
touns oL A B, None None Remaining A, B,C, [
tou Yo B, A None None Remaining A, B, C_ P
[ A None B, Remaining B Remaining A,C_ []
torn Yo B, None A Remaining B Remaining A,C, G
N A None B, Remaining B Remaining A .C_ Cr.e
o oL B, None A Remaining B Remaining A .C_ Crre
i tore c, None None AR AIB AnyForC,
DIFF MODE TEST TABLE il FUNCTION INPUTS: S =S,=4.5V, S =S ,=M=0V
OTHER DATA INPUTS
PARAMETER | INPUT UNDER TEST OTHER INPUT, SAME BIT OUTPUT UNDER TEST
Apply 4.5V | Apply GND Apply 4.5V Apply GND
toun Yol A None B, Remaining A Remaining B .C, F
tor tonL B, A None Remaining A Remaining B ,C, F
tou tort A None B, None Remaining A, B,C, P
toun topr B, A None None Remaining A, B, C, P
tornr oL A B, None None Remaining A, B, C, G
toL tont B None A None Remaining A, B, C, G
S ) A None B, Remaining A Remaining B .C_ A=
tou tont B, A None Remaining A Remaining B ,C_ A=B
touk YonL A B, None None Remaining EE C, Crre
tou tonL B, None A, None Remaining A, B .C, Cra
tou tont c, None None AlAand B None AnyForC, ,
LOGIC MODE TEST TABLE Il FUNCTION INPUTS: S =S,=M=4.5V, S =S =0V
(o) DATA INP!
PARAMETER |INPUT UNDER TEST OTHER INPUT, SAME BIT THER uTs OUTPUT UNDER TEST
Apply 4.5V |Apply GND Apply 4.5V Apply GND

None None
A. None None

oLk oL
Yo torL

wl_>|
o]

Remaining A, B.C,
Remaining A, B ,C,

ABSOLUTE MAXIMUM RATINGS (Operation beyond the limits set forth in this table may impair the useful life of the device.
Unless otherwise noted these limits are over the operating free-air temperature range.)

SYMBOL PARAMETER RATING UNIT
Voc Supply voltage 0510 +7.0 v
Vin Input voltage 0510 +7.0 v
In Input current -30to +5 mA
Vour Voltage applied to output in High output state 05t +Vcc \
lout Current applied to output in Low output state 40 mA
Ta Operating free-air temperature range Oto +70 °C
TSTG Storage temperature -65 to +150 °C
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RECOMMENDED OPERATING CONDITIONS
LIMITS
SYMBOL PARAMETER UNIT
Min Nom Max
Voc Supply voltage 45 50 55 v
Vi High-level input voltage 20 v
Vi Low-level input voltage 08 \'}
I Input clamp current -18 mA
Vou High level output voltage A=B only 45 \
lou High-level output current Any output except A=B -1 mA
loL Low-level output current 20 mA
Ta Operating free-air temperature range (o] 70 °C

DC ELECTRICAL CHARACTERISTICS  (Over recommended operating free-air temperature range unless otherwise noted.)
LIMITS
SYMBOL PARAMETER TEST CONDITIONS' 2 UNIT
Min | Typ® | Max
| igh-| = = = = =
o High-level output cument | A=Bonly | V. =MIN, V, =MAX,V,, = MIN, V, =MAX 250 | pA
Van = MIN, 5 v
. Any output vcc_ MAX L. =MAX iw%Vcc 2
VOH High-level output voltage except A=B L= OH™
Vi =MIN, 5%V 27 | 34 \
cc
V.~ =MIN
cc +10%V o 030 050 | V
VOL Low-level output voltage V|L - MAX 'OL=M AX
Viy =MIN +5%Vec 0.30 | 050 v
Vi Input clamp voltage Ve =MN I =1, 073 1.2 V]
I Input current at maximum input voltage VCC =MAX, V, = 7.0V 100 pA
" High-level input current Voo =MAX, V| =27V 20 HA
M -0.6 mA
A-A,B-B -1.8 | mA
e Low-level input current 2 Ay B8 Voo = MAX, V, = 0.5V
Sp-Ss 24 | mA
C, -3.0 mA
| Short-circuit output Any output V.. = MAX _
os curren except A<B cc . €0 150 mA
S,-S,=M=A -A =45V,
lcc upply current (total) , vcC = MAX s '§a —M=A5V, N
ceL By-By=C, A, A, =GND 43 | 65 |'m
NOTES:

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

2. All typical values are at V.. = 5V, TA =25°C.

3. Not more than one outputcschould be shorted at a time. For testing 'os' the use of high-speed test apparatus and/or sample-and-hold techniques are preferable in
order to minimize intemal heating and more accurately reflect operational values. Otherwise, prolonged shorting of a High output may raise the chip temperature
well above normal and thereby cause invalid readings in other parameter tests. In any sequence of parameter tests, Ios tests should be performed last.
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AC ELECTRICAL CHARACTERISTICS
LIMITS
T, =+25°C TA =0°Cto +70°C
TEST CONDITIONS V..=5V Voo =5V 110%
TSYMBOL PARAMETER C, =50pF C,_ = 50pF UNIT
RL = 500Q RL = 500Q
Mode [Table | Wave Condition Min Typ Max Min Max
form
oy | Propagation delay | Sum | | 1 M=0V 3.0 50 80 30 85 o
t, | Cp ©Cpia Diff | Il 25 50 8.0 25 85
tor 1 Propagation delay Sum | | 2 M=sk=s%=ov, 5.0 9.0 120 5.0 13.0 n
=8 = 1]
o, | Ao En ©0C S,=S,=4.5V 50 80 120 5.0 125
o H Propagation delay Diff | Il 2 M=S%=33=OV. 5.0 95 13.0 50 14.0
-— = -9 ns
o, | AqorB oC 8,=5,=4.5V 5.0 80 12.0 50 125
th | Propagation delay Diff | i 1 M=0V 30 50 80 30 9.0 N
t, | Cp ® Fn Sum | | 30 50 8.0 25 9.0
1) Propagation_delay Sum | | 1 M=s§si=ov, 3.0 5.0 75 25 8.0 ns
tonL Kn or En oG §4=S,=4.5V 30 50 75 25 80
t Propagation delay Diff | I 2 M=S_=S_=0V, 3.0 45 8.0 25 9.0
PLH | ns
ty |A orB G s,8,-3sv' | 30 50 85 25 95
t Propagation delay Sum | | 2 M=S,_=8,=0V, 25 40 70 20 75
PLH ns
tir. | B 0r B 10F so=ba= sV | 30 45 75 25 8.0
t Propagation delay Diff | I 1,2 M=S,=S.=0V, | 25 40 75 20 80
PLH | ns
tn. | A 0 B 0P s,-8,-45v" | 30 50 85 25 9.0
oL K Eropa_gatiol\ delay Sum | 1,2 M=S,§=S =0V, 3.0 45 75 25 85 ne
oy, | A orBoF S,=S5,=4.5V 30 45 75 30 85
toy | Propagation delay Dift | i 1,2 M=S =Ss=0V, 3.0 45 85 25 9.0
tonL Ki orB o Fi s, =°52=4.5v 30 50 85 30 9.0 ns
tPLH Propagation delay Sum 1,2 35 6.0 10.0 3.0 11.0
- ns
gL | Ao §n oF, 35 55 95 30 10.0
oy Propagation delay Dift 1,2 40 6.5 10.5 35 11.0
e =} ns
. | ApOrBloF, 45 7.0 10.5 45 11.0
o H Propagation delay | Logic| il 1,2 M=4.5V 3.5 55 9.0 3.0 9.5 ns
o, | Ao Ei to Fi 35 55 10.0 30 10.5
Propagation delay Dift | 1l 1,2 M=S_=S_=0V, | 10.0 14.0 19.0 9.5 20.5
tt';LH’: A or B to A<B s,-5,45v | 60 8.5 125 | 55 125 ns

NOTE: "A_or B to F " means any A or any B to any F and "A, or B to " means A B oF; A, . B, F,, ( the subscripts must be the

same).
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AC ELECTRICAL CHARACTERISTICS

LIMITS
TA = +25°C 1’A =0°Cto +70°C
TEST CONDITIONS Voo =5V Ve =5V £10%
EYM BOL PARAMETER C,_= 50pF G, = 50pF UNIT
RL = 500Q RL = 500Q
Mode Waveform Min Typ Max Min Max
toLH Propagation delay 1 35 55 8.0 3.0 9.0
o | S0 F (inv) 35 50 8.0 3.0 9.0 ns
toLH Propagation delay 3.0 85 85 3.0 95
L | S;oF, (Non-inv) 2 3.0 55 85 30 95 ns
toLH Propagation delay 1 10.5 16.5 225 10.5 24.0
tog. | S, to A<B (inv) 6.0 8.0 11.0 6.0 115 ns
oL H Propagation delay 2 10.0 15.0 19.0 10.0 21.0
thy | S, to A=B (Non-Inv) 55 85 125 | 50 13,5 ns
torH Propagation delay 1 35 7.0 11.0 3.0 125
. | S0 C, , (Inv) 3.0 55 10.0 25 10.0 ns
toy | Propagation delay 2 25 5.0 75 25 8.0
oL | S; 1 G (Non-inv) 2.5 40 7.5 25 8.0 ns
toH Propagation delay 25 40 6.5 2.5 70
o, | S;to P (Non-Inv) 2 25 45 7.0 25 8.0 ns
oy | Propagation delay 35 6.0 85 35 9.5
oy | Mo F (inv) Sum ! 35 6.0 8.5 35 9.5 ns
t Propagation delay 45 7.0 10.0 45 11.0
PLH
toq | Mo F (Non-lnv) Sum 2 40 6.0 9.5 40 10.0 ns
t Propagation delay 35 6.0 8.5 35 95
PLH
g, |M W F (Inv) Ditt ! 35 6.0 85 35 95 ns
toLH Propagation delay . 4.0 70 10.0 40 11.5
to | Mo F; (Non-inv) Diff 2 40 6.0 9.5 40 10.0 ns
t Propagation delay 12.0 16.0 20.0 11.0 22.0
PLH
oy | Mo A=B (inv) Sum 1 6.5 8.0 110 | 60 11.0 ns
t Propagation delay 13.0 17.0 21.0 12.0 24.0
PLH
ty | M 1o A<B (Non-inv) Sum 2 6.5 80 105 | 60 11.5 ns
t Propagation delay . 11.5 16.0 20.0 10.5 22.0
PLH
toy | Mo A=B (Inv) if ! 6.0 8.0 105 | 6.0 11.0 ns
o H Propagation delay " 13.0 17.0 215 12.5 240
toqr | M to A=B (Non-Inv) Dift 2 6.0 8.0 11.0 6.0 115 ns
A%
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AC WAVEFORMS
le Va Vi le Vu Vu
tpLH tpuL tpHL tpLs
Vour Vu \ Vour Vu Vu

Waveform 1. Propagation Delay for Non-Inverting paths

Waveform 2. Propagation Delay for inverting paths

NOTE: For all waveforms, VM =15V

TEST CIRCUIT AND WAVEFORMS

Vec

I
e

Test Circuit For Open Collector Outputs

PULSE
GENERATOR

SWITCH POSITION
TEST SWITCH
Open Collector | closed
All other open

DEFINITIONS

RL = Load resistor; see AC CHARACTERISTICS for value.

CL = Load capacitance includes jig and probe capacitance;
see AC CHARACTERISTICS for value.

RT = Termination resistance should be equal to ZOUT of

pulse generators.

| t AMP
20% d K s0% "
NEGATIVE v v
PULSE " .
10% 10%

ov
- tra @) Tt )
- r_hu e) Tty @)
proy ox AMP (V)
POSITIVE v v
PULSE " "
10% A | u | K _10% o
VM =15V
Input Pulse Definition
INPUT PULSE REQUIREMENTS
FAMILY
Amplitude | Rep.Rate tw | Y | Y
74F 3.0v 1MHz 500ns| 2.5ns | 2.5ns
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