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Semiconductor

F100181

4-Bit Binary/BCD Arithmetic Logic Unit

General Description

The F100181 performs eight logic operations and eight
arithmetic operations on a pair of 4-bit words. The operating
mode is determined by signals applied to the Seiect (Sp)
inputs, as shown in the Function Select table. In addition to
performing binary arithmetic, the circuit contains the neces-
sary correction logic to perform BCD addition and subtrac-
tion. Output latches are provided to reduce overall package
count and increase system operating speed. When the
latches are not required, leaving the Enable (E) input LOW
makes the latches transparent.

The circuit uses internal lookahead carry to minimize delay
to the F, outputs and to the ripple Carry output, Cp+ 4.
Group Carry Lookahead Propagate (P) and Generate (G)
outputs are also provided, which are independent of the
Carry input Cp. The P output goes LOW when a plus opera-
tion produces fifteen (nine for BCD) or when a minus opera-
tion produces zero. Similarly, G goes LOW when the sum of
A and B is greater than fifteen (nine for BCD) in a plus
mode, or when their difference is greater than zero in a
minus mode. All inputs have 50 k) pull-down resistors.
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Pin Names Description

Ag-Ag Word A Operand Inputs

Bp—Bs Word B Operand Inputs

Cp Carry Input (Active LOW)

Sg-S3 Function Select Inputs

E Latch Enable input (Active LOW)

P Carry Lookahead Propagate Output
{Active LOW)

G Carry Lookahead Generate QOutput
(Active LOW)

Cn+a Carry Output

Fo-Fa Function Outputs

24-Pin Quad Cerpak
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Logic Diagram
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Functional Description

There are two modes of operation: Arithmetic and Logic.
The Sz input controls these two modes:

S5 = LOW for Arithmetic mode

S3 = HIGH for Logic mode

The arithmetic mode includes decimal and binary arithmetic
operations. Sz is the control input: with S35 = LOW,

So = LOW for Decimal Arithmetic (BCD)

S5 = HIGH for Binary Arithmetic

DECIMAL ARITHMETIC OPERATION
Addition

F = A plus B plus C,. Arguments A and B are directly ap-
plied to the inputs. The circuit automatically performs the
“+6" and *“—8" legic correction internally.

Subtraction

F = A minus B pius Cp,. Arguments A and B are directly
applied to the inputs. The circuit automatically takes the
nines complement of B and adds “+6”. A "~6" adjust-
ment is made if the subtraction algorithm calls for it. If there
is a carry oul, the result is a positive number. With no carry
out, the result is a negative number exprassed in its nines
complement form. Therefore, to perform a subtraction with

Function Table

results in the tens complement form, an initial carry should
be forced into the lowest order bit, i.e., set C, = LOW.

{tens complement of B) = (nines complement of B) + 1

F = B minus A plus C,,. Operation is similar to and results
are the same as F = A minus B plus Cj,.

BINARY ARITHMETIC OPERATION
Addition

F = A minus B plus C,. Arguments A and B are directly
applied to the inputs.

Subtraction

F = A minus B plus Cp. Arguments A and B are directly
applied to the inputs. The circuit automatically takes the
ones camplement of B (by inverting B internally). |f thereis a
carry out the result is a positive number. With no carry out,
the result is a negative number expressed in its ones com-
plement form. Therefare, to perform a subtraction with re-
sults in the twos complement form, an initial earry should
forced into the lowest order bit, i.e., set C, = LOW.

(twos complement of B) = (ones complement of B) + 1

F = B minus A plus C,,. Operation is similar and results are
the same as F = A minus B plus Cp,.

Gn Pn

Ss S; 8 S Funion (h=0t03) | tn=0t3 | °”'p“_'s _

Internal Signals Chia G P
L L L L Fn = A plus B plus Cy, (BCD) AnDn An + Dy Ch+a G P
L L L H Fn = A minus B plus Cp, (BCD) AnBn An + By Ch+a G P
L L H L Frn = B minus A plus Cp, (BCD) AnBn An + Bp Chta G P
L L H H Fn = 0 minus B plus C;, (BCD) L By Cria H =]
L H L L Frn = Aplus B plus C, (Binary) AnBn An + Bn Cnia G P
L H L H Frn = A minus B plus Cp, (Binary) ABn A, + Bn Chnaa G P
L H H L | F,= BminusA plus G, (Binary) AnBn An + By Chsa | G | P
L H H H Fr, = O minus B plus Cy, (Binary) L Bn Cr+a H P
H L L L | Fn=AnBn + AsBn AnBn An + By Chva | G | P
H L L H Fn = AnBn + AgBp AnB, An + By Chta G P
H L H L Fn = An + Bp A, B, Cota | G | P
H L H H Fr = An A H Cn+a G L
H H L L Fn = Bn L Bn Cria H | P
H H L H Fn = B L B, Crta H P
H H H L | Fpn=AnBn L An + By Coda | H | P
H H H H Fn = LOW L H Cn H L

H = HIGH Voltage Level
L = LOW Volitage Level

| o

=E0+ﬁ1 +§2+ﬁ3
G = Gg + P3Gz + PaP2Gqy + P3PoP1Gg
Chia=Ge@P +Cp)

Arithmetic Operations
Fo=Gn+P,@®C; i=0to13

Logic Operations
Fn=Gn + Pn

Internal Equations for Carry Lookahead
(i=0,1,2,3)

Co = Cp + S5

Gy =Gg + PgCp + Sa

Co = Gq1 + PyGg + P1PoCh + S3

Cz = Gz + PGy + PoP1Gg + PaP1PoCr + Sg

Internal Equations for +86 Logic

Do = Bp

Dy =By

Dy = BBz + §1§2

03 = B1 + 82 + BQ

Gx = GgP3 + P3Gs + P3PaGy + P3PoP4Gg
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Absolute Maximum Ratings
Above which the useful life may be impaired. (Note 1)

if Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales

Case Temperature under Bias (Tg)

0°Cto +85°C

wOth . Vgge Pin Potential to Ground Pin —7.0Vto +0.5V
Office/Distributors for avallability and spe::il‘icatlons.u Input Voltage (DC) Veg 10 +0.5V
Stor?ge Temperature —65C1o + 150nC Cutput Current (DC Output HIGH) —50 mA
Maximum Junction Temperature (T ) +150°C Operating Range (Note 2) —E7Vito —4.2V
DC Electrical Characteristics
VEg = —4.5V, Voo = Veoa = GND, Tg = 0°C to +85°C (Note 3)
Symbol Parameter Min Typ Max Units Cenditions (Note 4}
Vo Output HIGH Voltage —1025 —955 -880 mv VIN = VIH (Max) Loading with
VoL Output LOW Voltage —1810 | —-1705 | —1620 Or VIL (Min) 50 to —2.0v
Vore Output HIGH Voltage —1035 mv VIN = VIH (Min) Loading with
Voie Output LOW Voltage —1610 or ViL (Max) 501 to —2.0¥
Vin Input HIGH Voltage ~1165 880 mv Guaranteed HIGH Signal
for All Inputs
ViL Input LOW Voltage — 1810 1475 mv Guaranteed LOW Signal
for All Inputs

L Input LOW Current 0.50 pA VIN = ViL (Min)
DC Electrical Characteristics
VEg = —4.2V, Voo = Vgoa = GND, Tg = 0°C to +85°C (Note 3)
Symbol Parameter Min Typ Max Units Conditions (Note 4)
VoK Output HIGH Voltage —1020 —-870 my VIN = VIH (Max) Loading with
VoL Output LOW Voltage —1810 — 1605 or ViL (Min) S0 to 2.0V
Voue Qutput HIGH Voltage —1030 mv VIN = VIH (Min) Loading with
VoLc Output LOW Voltage — 1595 or ViL (Max) 50210 —2.0V
VIH Input HIGH Voltage 1150 _870 mv Guaranteed HIGH Signal

for All Inputs
Vi input LOW Voltage _1810 _ 1475 mv Guaranteed LOW Signal

for All Inputs
L Input LOW Current 0.50 A ViN = VIL (Min)
DC Electrical Characteristics
VeEg = —4.8Y, Voo = Veoca = GND, Tg = 0°C to +85°C (Note 3)
Symbol Parameter Min Typ Max Units Conditions (Note 4)
VoH Output HIGH Voltage —1035 —880 mv VIN = VIH {Max) Loading with
VoL Output LOW Voltage —1830 —1620 or ViL (in) 500 to —2.0V
VOHC Output HIGH Voltage ~1045 mv ViN = VIH (Min) Loading with
VoLc Output LOW Voltage —1610 Or VIL (Max) 500 to —2.0V
VIH Input HIGH Voltage 1165 _as0 mv Guaranteed HIGH Signal

for All Inputs
ViL Input LOW Voltage 1830 — 1490 mv Guaranteed LOW Signal

for All Inputs
h Input LOW Current 0.50 HA ViN = VIL (Min)

Note 1: Absolute maximum ratings are those values bayond which the device may be damaged or hava its useful life impaired. Functional operation under these
conditions is not implied.

Note 2: Parametric valuas specified at —4.2V te —4.8V.

Note 3: The specified limits represent the “"worst case” value for the parameter. Since these “worst case" values normally occur at the temperature extrames,
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges.

Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under “worst case” conditions.
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DC Electrical Characteristics
VEE = —4.2V to —4.BV unless otherwise specified, Voc = Voca = GND, Tg = 0°C to +85°C

Symbol Parameter Min Typ Max Units Conditions
| Input HIGH Current
IH =
S, E 350 _
All Others 250 pA VIN = ViH (Max)
leg Power Supply Current —300 -210 —-130 mA Inputs Open
Ceramic Dual-In-Line Package AC Electrical Characteristics
VEg = —4.2Vto —4.8V, Voo = Voga = GND
— f® — 0 = + o
Symbol Parameter Tc -~ 0°C Tc = +25°C Tc 8s°c Units Conditions
Min Max Min Max Min Max
tPLH Propagation Delay 200 690 | 210 680 | 230  7.40 ns
tpHL An. Bnto Fp
tPLH Propagation Delay .

e ) . . . : 470 Fi tand 2
tor A, B, toP,G 1.40 4,70 1.40 4.40 1.40 ns igures 1 an
thLH Propagation Delay 200 650 | 200 650 | 210  6.80 ns
tpHL An:Bn1oCnyag
teLH Propagation Delay 160 510 | 160 520 | 160 550 ns
tPHL CntoFa Figures 1 and 2
teLH Propagation Delay 130 300 | 140 300 | 140  3.10 ns
tpHL CrtoCntg
toLH Propagation Delay 140 880 | 150 860 | 150  9.00 ns
Nl S toFs . ) ) : . )
toLH Propagation Delay 170 740 | 200 590 | 200 650 | ns | Figures 7and 2
tpHL SptoP, G
tPLH Propagation Delay 270 1010 | 280 850 | 290 870 ns
tPHL SntoCn+ta
tPLH Propagation Delay 100 340 | 090 360 | 110 380 ns | Figures 7and 2
tPHL EtoFp
TLH Transition Time )

. . 4 2.60 4 2.70 F 7and 2
tTHL 20% t0 80%, 80% t0 20% 0.45 2.70 0.45 0.45 ns jgures 1 and
1s Setup Time

An, Bn 7.60 7.60 8.10

Sy 8.70 8.50 9.60 ns

Cn 4.80 5.00 5.30 Fipure 3
th Hold Time

An Bn 0.10 0.10 0.10

Sy 0.60 0.60 0.60 ns

o 0.60 0.60 0.60
towll) ;“'Se Width LOW 2.00 2.00 2.00 ns | Figure 2
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Cerpak AC Electrical Characteristics vee = —4.2vito —4.8v, veo = Veoa = GND

= 0O° = 0 = +85§°
Symbol Parameter Tc =0°C Tc= +28°C Tc 8sc Units Conditions
Min Max Min Max Min Max
tPLH Prapagation Delay 200 670 | 210 660 | 230  7.20 ns
tPHL An BntoFp
tpLH Propagation Delay )
on - . . : . 140 450 £ fand 2
tPHL An, Bnt0F, G 1.40 4,50 1.40 4.20 ns fgures 1 and
tPLH Propagation Delay- 200 630 | 200 630 | 210 680 ns
teHL An BntoCnt g
:PL” g"’t’gaga“"" Delay 160 490 | 160 500 | 160 530 ns
PHL n_—_n Figures 1 and 2
teLH Propagatian Delay 130 280 | 140 280 | 140 290 ns
tPHL CntoCntq
teLH Propagation Delay 140 860 | 150 B840 | 150 880 ns
tPHL Sp to Fn
p i .
teLk ropagatian Delay 170 720 | 200 570 | 200 630 ns | Figures 1and2
teHL SnptoP. G
tLH Propagation Delay 270 990 | 28 830 | 200 850 ns
tpHL Snt0Cnig
teLH Propagation Delay 100 320 | 090 340 | 110 360 ns | Figures1and2
tpHL EtoF,
'TLH Transition Time 045 260 | 045 250 | 045 260 ns | Figures 1and 2
THL 20% 1o 80%, B0% to 20% . ‘ : : : : 9
is Setup Time
An, Bn 7.50 7.50 8.00
Sh 8.60 8.40 9.50 ns
Ch 470 4.90 5.0 Figure 3
th Hold Time
An. B 0 0 0
Sn 0.50 0.50 0.50 ns
Cn 0.50 0.50 0.50
fpwlL) E“'se Width LOW 2.00 2.00 2.00 ns | Figure?
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A 14 =
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G 3 "VAY
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500 500
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= e AAA—
500 ,~ SCOPE
CHAN B

TL/F/9873-7

Notes:

Ve, Voca = T2V, VEg = —2.5V

L1 and L2 = aqual length 505} impedancs lines

Ry = 501 terminator internal to scope

Decoupling 0.1 xF from GND to Vgg and Ve

All unused outputs are loaded with 5002 to GND

C_ = Fixture and stray capacitance < 3 pF

Pin numbers shown are for flatpak; for DIP see logic symbol

FIGURE 1. AC Test Circuit

DATA, SELECT

p—————— = -

0.7+01ns

+1.05V

\
\
| P ———— | N S ———— < ) BT
Lt tow oy
+1.05V
ENABLE TRANSPARENT LATCHED TRANSPARENT
+0.31 YV
tPHL tPHL |‘_|PHL -
tpLn tPLH pLH
-y J—— -
80%
OUTPUT 50%
20%
e i e e e e e o | R —
LT
TL/F/9873-8
FIGURE 2. Enable Timing
+1.05V
DATA, SELECT 50%
+031V
R e e
—] i |-
+105V
ENABLE 50%
+031V
TL/F/9873-9
FIGURE 3. Setup and Hold Times
Notes:

t, is the minimum time before the transition of the enable that information must be present at the data input.
ty, i the minimum time after the transition of the enable that information must remain unchanged at the data input.
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