Am54S/74S181

Four-Bit Arithmetic Logic Unit/Function Generator

Distinctive Characteristics

® Advanced Schottky technology

® Typical 4-bit add time is 11ns and carry time is 6ns
® Performs 16 arithmetic operations including add, sub-

® Full look-ahead capability for high-speed arithmetic

tract, double and compare.

variables in typically 11ns.

® Performs all 16 possible logic operations of two

operation on long words.

® 100% reliability assurance testing in compliance with

MIL-STD-883.

FUNCTIONAL DESCRIPTION

The Amb545/745181 is a 4-bit, high-speed parallel Arithmetic
Logic Unit (ALU)/Digital Function Generator. When the
mode control {M) is LOW the 16 arithmetic operations are
performed under the control of the four select inputs.
When the mode control is HIGH the sixteen logic opera-
tions are performed on an individual bit basis between the

two 4-bit parallel words under the control of the four:

select inputs.

An internal full look-ahead carry scheme is used for high-
speed arithmetic operations and provision is made for
further look-ahead by including both carry propagate P)
and carry generate (G) outputs.

An open collector output A = B is used to signal the
equivalence of the two parailel words. The open collector
feature allows for the equivalence function to be expanded
as a wired-AND connection for larger word lengths.

In many systems, the carry output Ch+4 is connected to
the next higher C,, to provide ripple block arithmetic. The
ALU can be used with either active HIGH or active LOW
inputs and can be ripple expanded or full look-ahead ex-
panded in either mode. The connection pattern is identical
for either togic representation.
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Note: Pin 1 is marked for arientation.
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MAXIMUM RATINGS (Above which the useful life may be impaired)

Am54S/745181

Storage Temperature

—65°C to +150°C

Temperature {Ambient) Under Bias

—55°C to +126°C

Supply Voltage to Ground Potential (Pin 24 to Pin 12) Continuous —0.5V to+7V
Iii Voltage Applied to Qutputs for HIGH Output State —0.5V to +V¢c max.
DC Input Voltage S 7 h —0.5V to +5.5V

30mA

DC Output Current, Intoc Outputs

DC Input Current

—30mA to +5.0mA

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless otherwise noted)

AM745181 Ta=0°Cto+70°C Ve = 5.0V 15% (COM'L) MIN, = 4.75V MAX. = 5.25V
AmM545181 Ta=-55"Cto+125°C Vee = 5.0V 210% (MiL) MIN. = 4.5V MAX. = 5.5V
Typ.
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units
Output HIGH Voltage Vee = MIN., Igy = —1mA 54S 2.5 34
VoH {Except A=B Output) Vin = Vg or VL s . 2 Volts
A =MIN,, | =20mA
VoL Output LOW Voltage vﬁ\?: Vip or 8:1 0.5 Volts
Vin Input HIGH Level fGo”raa'ﬁ"i:‘e::t;"pm togical HIGH voltage 2 Volts
VL Input LOW Level fG(:.Inra;Ialnitne::‘:'lt1snput logical LOW voltage 0.8 Volts
Vv tnput Clamp Voltage Vee = MIN, |y = —18mA —-1.2 Volts
10H Output HIGH Current for A=8 Qutput VCC,: MIN., VoH = 8.5V 250 A
ViN=ViHor Vi
M -2
[T A or Bi —6
(Note 3) Input LOW Current s Vee = MAX, VN = 0.5V s mA
Cn —-10
‘ M 50
WK Ajor B 150
(Note 3} Input HIGH Current 5 Vee = MAX,, VN = 2.7V 200 KA
Cn 250
h Input HIGH Current Vee = MAX., Vn = 5.5V 1 mA
oo | s
Vee = MAX. 120 180 mA
Ice Power Supply Current (Note 5) Vee =MAX, Tp = 125°C 159 ’ mA
AmB5A4S Flat Package (W} Only

Notes: 1
2. Typical limits are at Voo = 5.0V, 25°C ambient and maximum loading.

3. Actual input currents = Unit Load Current x Input Load Factor {See Loading Rules).
4,

5

. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second.

. lgg is measured under two conditions — typ. and max. appiy to both.
A. Si, M, Aj at 4,6V; all other inputs graunded; outputs open.
B. Sj, Mat 4.5V; all other inputs grounded; outputs open.
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Amb4S/745181

SWITCHING CHARACTERISTICS (Vo =5V, Ta = 25°C, G = 15 pF, Ry = 280Q2)

Parameter From {Input} To (Output)} Test Conditions Min Typ. Max. Units
tRrLH 5 10.5
= Cn Cn+a ns
i fF’HL 7 10.5
t —_ -
Pll}-i__ Cn = M =0V 7 12 ns
PHL (SUM or DIFF mode) 6 12
1 _ — — M =0V, Sg=S3=45V,
R»PLH & or B; G 0 3 8 12 ns
=TT $1 =52 = 0V (SUM mode) 7 12
t — — — M =GV, Sg=S3 =0V,
PLH | R or B s 0= 53 10 15 o
tPHL S1 =82 = 4.5V {DIFF mode) 10 15
1] . — — M =0V, Sg = S3 = 4.5V,
_iiLH Ao P 0 3 7.5 12 ns
tPHL $9 = Sp =0V (SUM mode} 7.5 12
t T _ M =0V, Sg=S3 =0V,
L._PLH A or B P 0= >3 10 15 ns
tPHL $1 =82 =45V (DIFF mode) 10.5 15
t — M =0V, Sg=S3=45V,
PLH | A or Bj Fili=it 073 10 16.5 ns
tPHL $1 = Sp =0V (SUM mode} 7 16.5
1 — = M =0V, Sg = S3 = 0V,
PLH AjarB; Fili=i 073 12 20 ns
PHL $1 =S89 = 4.5V {DIFF mode) 9 29
Tt _ — M=0V, Sg=S3=45V,
PLH & or B; Fisn 053 11 16.5 s
tPHL S1 =82 = 0V (SUM mode) 1 16.5
Py — _ M =0V, Sg=S3 =0V,
PLH Aj or B; Fisq 0°°3 14 20 ns
tPHL Sq =89 = 4.5V (DIFF made) 14 22
1 _ —
PLH B or B F M = 4.5V {LOGIC mode) 12 20 ns
tPHL 9 22
PLH - = M =0V, Sg=83 =45V, 12.5 18.5
Aj or Bj Cn+4 ns
tPHL Sq =89 = 0V (SUM mode} 125 18.5
1 — —_ = = =
LY | A o B Cora M =0V, Sq=S3 = OV, 14 23 o
tPHL S1 =89 = 4.5V (DIFF mode) 15 23
- M =0V, Sg=83 =0V,
Aior A=B 0~ >3 5 2 ns
L L 51 =57 = 4.5V (DIFF mode) 19 30

OPERATION TABLE

CONTROL INPUTS ACTIVE LOW INPUTS AND OUTPUTS ACTIVE HIGH INPUTS AND OUTPUTS

Sp| S| S0 83 Arithmetic (M = L, C,, = L) Lagic (M = H) Arithmetic (M= L, C, =H) | Logic (M= H)
Lle Lot A minus 1 A A A
HooL L L AB minus 1 AB A+B T avs
L AH;L‘ L | AB minus 1 A+B A+B A
H H L ‘L minus 1{2's comp.} Logic "1” minus 1 (2's comp.) Logic ‘0

C oL T L] Aplus [A + BJ A+B " Aplus AB AB

H L H L ~ ABplus [A+B] B AB plus [A + B] ‘ B

L H H L A minus B minus 1 AGB A mihwus B minus 1 T TAme
H OH H L A+B | A+E AB minus 1 I
L L L H[ Aplus {A +B] AB Aplus AB A+B

H L L H CAplusB AGR A plus B T AoB

L H L H ABplus [A+B] B AB plus [A +B] i B

H OH L H| A+B A+B AB minus 1 AB

L L H . H]| AplusA(2xA) T Logic 0 Aplus A (2 x A) Logic ‘1"
H L H | H Aplus AB AB A plus [A + B] A+B
LH HI|H] A plus AB AB ) Aplus [A+B] TA+B
H ! HOH | H A T A A minus 1 A

L = LOW Voltage Leve!

H = HIGH Voltage Level
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Amb4S/745181

DEFINITION OF FUNCTIONAL TERMS LOADING RULES (In Unit Loads)
Aq, A1, A2, A3 The A data inputs. Output Drive
T Input Output Qutput
Bg, B1, B2, B3 The B data inputs, Input/Output  Pin No.'s  Unit Load HIGH Low
So. S1,'Sz, S3 The control inputs used to determine the Bo ] 3 _ _
arithmetic or logic function performed. —
- = = = A 2 3 - -
Fg, Fq1, F2, F3 The data outputs of the ALU. 0
S 3 4 — —
M The mode control inputs used to select either the arith- 3
metic or logic operations. S2 4 4 - -
Cpp The carry-in input of the ALU. $1 5 4 - -
Ch+4 The carry-look-ahead output of the four-bit input field. Sg 6 4 — _
G The carry-generate output for use in multi-tevel look- ch 7 5 _ _
ahead schemes. " s p
P The carry-propagate output for use in multi-level fook- — - —
ahead schemes. L] 9 - 20 10
A =B The open collector comparator output that can be used F1 10 - 20 10
to determine equivalence. This output is HIGH whenever the F 1 _ 20 10
four F outputs are HIGH. GND PPy — — —
[ 13 - 20 10
A=8B 14 — 0/C 10
P 15 - 20 10
USER NOTES [ 16 - 20 10
1. Throughout this data sheet, the active LOW input and G 17 - 20 10
output terminology has been used. For the active HIGH §3 18 3 — —
definition, the nomenclautre shown under the active A 19 3 — —
HIGH logic symbo! should be substituted. _3
2. Arithmetic operations are performed on a word basis. B 20 3 - -
3. Logic operations are performed on a bit basis. Ao 21 3 — —
4. Arithmetic in 1’s complement notation requires an end By 22 3 _ —
around carry. X P 3
5. Subtraction in 2's complement notation requi_res a carry 1 _ B
in (Cn = HIGH) for the active LOW case and (Cp = LOW} Vce 24 - - -
for the active HIGH case.
6. The A =B output enly indicates that the four F outputs Q/C = Open Collector
are all HIGH A Schattky unit load is defined as 50uA measured at 2.7V HIGH
' and —2.0 mA measured at 0.5V LOW.

SCHOTTKY INPUT/OUTPUT
CURRENT INTERFACE CONDITIONS

DRIVING QUTPUT

A=BOUTPUT (Except A = B} DRIVEN INPUT
vee
< UNIT LOAD
O 28Kk NOM
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Note: Actual current flow direction shown.
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Amb548/745181

SUM MODE TEST TABLE
FUNCTION INPUTS: Sp=S3=4.5V,S;=S5=M =0V
Ots::: e‘;‘;:" Other Data Inputs
Input Output Output
Parameter Under Test | Apply 4.5V | Apply OV Apply 4.5V Apply OV Under Test Waveform
tPLH A B; N Remaining A and B F; "
L i i one emaining A and B Cp Fili>y) Phase
1 — _ _ —
PLH B; A None Remaining A& and B Ca Filimi) In-
tPHL Phase
k¢ _ — — — —
PLH A B; None Cn Remaining A and B Fist In-
PHL Phase
tPLH - . - — — -
‘P:L B; A None Cn Remaining A and B Fist P::m
1 - — — =
PLH Ai B; None None Remaining A and B, C, P In-
tPHL Phase
t _ _ _ = -
PLH B Ay None None Remaining A and B, Cn [3 In
tPHL Phase
1 - = - - - -
L LI A None B; Remaining B Remaining A, Cpy g In

tPHL Phase
e | B; None A Remaining B Remaining A, Cp, G in-

tPHL Phase
tern A None E Remaining B Aemaining A, Cp, Cn+a Out-of-

tPHL Phase
SPLH B; None A Remaining B Aemaining A, Cpy Ca+a Out-of-

tPHL Phase

PLH Cn None None AR A Any F In-

PHL or Cn+g Phase

DIFF MODE TEST TABLE
FUNCTION INPUTS: $q =32=4.5V,80=S3=M =0v
0;'::9';?‘“‘ Other Data Inputs
Output Output

Parameter Under Test | Apply 4.5V | Apply OV Apply 4.5V Apply OV Under Test Waveform

PLH = = P P = tn-
W‘- Aj None B F A F B, Cp Fili=i} Phase

1 _ _ _ _ -

PLH B e Nona Remaining A Remaining B, Cp Fili>i) Out-of-
tPHL Phase
1 - - - — —

PLH A None B B, Cp Remaining A Fist in-
PHL Phase
tPLH B; A; None Remaining B, Cp, Remaining A Fis1 Out-of-
thHL Phase
1 — - — — — -

PLH Aj None E; None Remaining A and B, Cp P In
tPHL Phase
{PLH B A; None None Remaining A and B, Cp B Out-of-
PPHL Phase
1 — = — _ —

PLH A B None None Remaining A and B, Cp [ In-
tPHL Phase
[ _ = - =

PLH B; None A None Remaining A and B, C,, G Out-of-
tPHL Phase
tPLH A Nane B Remaining A Remaining B, Cp, A=B In-
tPHL Phase
tPLH B A None Remaining A Remaining B, C,, A=B Out-of-
tPHL Phase
[ _ _ - -of-
t:;': A B None None Remaining A and B, Cr, Cnta c;:;;'
PLH B; None A; None Remaining A and B, Gy, Cn+d In-
tPHL Phase
tPLH Cq None None ANl A and B None Any F In-
PHL or Cn+s Phase

LOGIC MODE TEST TABLE
FUNCTION INPUTS: S =52 =M =4.5V,SO=S3= ov
o‘s::::'gi""‘ Other Data inputs
Input Output Qutput
Parameter | Under Test | Apply 4.5V | Apply OV Apply 4.5V Apply OV Under Test Waveform

tPLH — = B - Out-of-
vy Aj B None None Remaining A and B, Cp, Fi Phase
PLH B A None None Remaining A and B, C F Out-of-
tPHL Phase
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Amb545/745181

APPLICATIONS

12-Bit Adder /Subtractor
{2's Complement)

H=ADD o
—do 2 o
L = SUBTRACT ]
CLOCK —f CPFE a
i Ag By Aq By Ay By Ay 83 Ag By Ag Bg Ag Bg Ay By Ag Bg Ag By AqgBig Ajy By
1T L || LI
Ag Bp A; By Az By A3 By Ag Bp Aq By Ap By A3 By Ag Bp Ay By Ay By Az 83
Sy M —1 So M So M
Sy = — S -—-__L —1 51 1—
—1 SZ AmS545/745181 +—9 52 Ambas/745181 +— 51 Am545/745181
s, Ls, L s;
=01 % A=B Fy Fy Fy F Covd n A=8 Fq Fy Fy Fg Cnsd Cn A=8 Fg Fy Fy Fg Cnea
1 1 ]
Vee A ]
B Yo Y1 Y2 Y3 ¥Ya Y5 Y Y7 Yg Yo Y Y1
Function Table
A = Active HIGH B = Active LOW
S, S, S, S, |Arithmetic (M =L, C, =H)|Logic (M =H)
L L L L A A
If one input is defined active—HIGH and the second input H L L L A+B AB -
is defined active—LOW, the sixteen arithmetic and logic L HL L A4+B AB
functl.ons of the ALU are reordered as shown in the HHLL minus 1 (2's comp.) - ,Logic Y
function table. -
L L H L A plus AB AB
l l l l l HLHL AB plus [A + B] B
Ao Bp Ay B; Ay By Ay By L HHL A plus B A®B
o . HHHL AB minus 1 AB
Y AmbaS/ 45181 L L LH A plus AB A+B
—— S, - —
s e HLLH A minus B minus 1 A@B
‘;" ‘;’ ‘f ‘f L HLH AB plus [A + B] B
HHLH AB minus 1 AB
L L HH Aplus A(2xA) Logic ‘1"
H L HH Aplus [A + B] A+B
L HHH Aplus [A + B) A+B
H H H H A minus 1 A

L = Low Voltage Level
H = High Voltage Level

Metallization and Pad Layout

By Ve
_ 124 _
Rg 2 23 Ay
S3 3 2 8
a - -
L 21 Ay
s. =
52 4 —— 20 8
15 7
—— 19 A
) s A3
c, 7 83
[ _
— 17 G
16 Cpnisg
Fo e ‘ —— 15 P
Fi 10 ‘ ‘ { L4 a8
112 13
F, GND F3
DIE S1ZE: =0.083" X 0.091”
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