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. Not Intended For New Designs
ZANational

100181
4-Bit Binary/BCD Arithmetic Logic Unit

General Description

The 100181 performs eight logic operations and eight arith-  The circuit uses internal iool b e delay
metic operations on a pair of 4-bit words. The operating  to the F, outputs and to,gg?ipple Carry output, Cp 4 4.
mode is determined by signals applied to the Select (Sp,) Group Carry Lookahead}?l‘épagate (P) and Generate @)
inputs, as shown in the Function Select table. in additonto  outputs are aiso proviﬁ% wihiich, are independent of the
performing binary arithmetic, the circuit contains the neces-  Carry input C,. The P ?Sii‘fput go‘ésj‘w‘ when a plus opera-
sary correction logic to perform BCD addition and subtrac-  tion produces fifteen (nine for BCD) ‘@; Fen a minus opera-
tion. Qutput latches are provided to reduce overall package tion produces zero. Similarly, G goes LOW when the sum of
count and increase system operating speed. When the A and B is grealer than fiftsen (nine for BCD) in a plus
latches are not required, leaving the Enable (E) input LOW mode, or whgﬁgi‘l’f\ei( difference is greater than zero in a
makes the latches transparent. minus mod%‘ ANl in gihave 50 k2 pull-down resistors.
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i

Ordering Code: see Section s
Logic Symbol

Description

Word A Operand Inputs

Word B Operand Inputs

Carry Input (Active LOW)

. Sp-Sa Function Select Inputs

2 E Latch Enable Input (Active LOW)

N
¢
5

P Carry Lookahead Propagate Output
(Active LOW)

G Carry Lookahead Generate Output
{Active LOW)

Cn+4a Carry Output

Function Outputs
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100181

Logic Diagram
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Functional Description

There are two modes of operation: Arithmetic and Logic.
The S3 input controls these two modes:

S3 = LOW for Arithmetic mode

S3 = HIGH for Logic mode

The arithmetic mode includes decimal and binary arithmetic
operations. S is the control input: with S3 = LOW,

Sz = LOW for Decimal Arithmetic (BCD)

S» = HIGH for Binary Arithmetic

DECIMAL ARITHMETIC OPERATION

Addition

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

Subtraction

F = A minus B plus C,. 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 out, the result is a positive number. With no carry
out, the result is a negative number expressed 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 lowsst order bit, i.e., set Ch = LOW.

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

F = B minus A plus C,,. Operation is sigar to and resuits
are the same as F = A minus B plus G

BINARY ARITHMETIC OPERATION
Addition

F = A minus B plus Cp.
applied to the inputs.
Subtraction

F = A minus B plus
applied to the inputs;
ones complement ofﬁfﬁ)y in nternally). If there is a
carry out the result is a positive or. With no carry out,
the result is a negative number expressed in its ones com-
plement form..Therefore, to perform a subtraction with re-
sults in theﬂfﬁs complement form, an initial carry should
forced in;@‘i?% low@st order bit, i.e., set T, = LOW.

gﬁ@ﬁf B)/a-"*ﬁf@nes complement of B) + 1

S
is Cyi:@peration is similar and results are

Wg%;%;gms B plus Cp,.
i

b

iguments A and B are directly
automatically takes the

L

P
Fn _n Outputs

Sa Sz S1 So Function (h=0to3) — - _
Signals Ch+g G P

L L L L Fn = Aplus B plus C,, (BCD) D An + Dn [ [] P
L L L H Fn = Aminus B plus GadBCD) AnBn Ap + B, n+4 G P
L L H L Fn = B minus A plus AnBn An + Bp, Cn+a G P
L L H H Fn=0 minu%BC o L B, Cnas H P
L H L L Fn = Aplus B plgs G, (Binary) AnBn An + By Cha G P
L H L H Fn = Aminus B plus: i AnBn An + By [N G P
L H H L Fn = B minus A plus Gy '(Binary AnBn An + By n+4 G P
L H H H Fn = 0 minus B plus C,, (Binary) L Bn N4 H P
H L L L AnB, AnBp An + Bp [ G P
H L L H AnBn An + By Cntsa G P
H L H L An B Cn+a G [
H L H H Aq H Cnta G L
H H L L L Bn [ H P
H H L H L _ Bn_ Tn+a H P
H H H L L An + Bp -+ 4 H P
H H H e L H n H L

H = HIGH Voltage Level ,’ : &
L = LOW Voitage Leveis: e
= ﬁgﬁﬁ?;

Internal Equations for Carry Lookahead
(i=0,1273)

Co=Cn+S;

Cy=Gg + PoCph + S3

Co =G + P1Gp + P1PoCp + S

Cz = Gz + PaGy + PoP1Gp + P2P4PoCp + S3

Internal Equations for +6 Logic

Do = Bg

Dy = By

Dy = B4By + 5152

D3 =By + B + Bs

gx = GgPg + P3Go + P3PoGy + P3P2m3
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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
Office/Distributors for availability and specifications.

Storage Temperature —65°C to +150°C
Maximum Junction Temperature (T;) +150°C

0°Cto +85°C
—7.0Vto + 0.5V
» Vg to +0.5V

Case Temperature under Bias (T¢)
Veg Pin Potential to Ground Pin
Input Voitage (DC)

Output Current (DC Output HIGH)
Operating Range (Note 2)

DC Electrical Characteristics
Veg = —4.5V,Vgc = Veca = GND, Tg = 0°C to +85°C (Note 3)

Symbol Typ
VoH —965
VoL —1705
VoHC Qutput HIGH Voitage —1035
VoLc Output LOW Voltage
VIH Input HIGH Voltage

" Conditions (Note 4)

VIH (Max) Loading with
500 to —2.0V

Max
—880
-1620 ‘ -

ViN = ViK (il
or ViL (Max)

Parameter Min
Qutput HIGH Voltage —1025
Output LOW Voltage -1810

Loading with
506 to —2.0V

—1610

Guaranteed HIGH Signal
for All Inputs

nteed LOW Signal
All Inputs

—1165 —880

ViL Input LOW Voltage

—1810 —1475"

e Input LOW Current 0.50 IN = VIL (Min)

DC Electrical Characteristics
Vge = —4.2V, Voo = Veea = GND, Tg = 0°Cto +85°C (

Symbol Parameter Min Typ
Vou Output HIGH Voltage —1020
VoL Qutput LOW Voltage —1810
VoHC Output HIGH Voltage —1030
VoLc Output LOW Voltage i
ViH Input HIGH Voltage

Conditions (Note 4)

Loading with
500 to —2.0V

VIN = ViH (Max)
or Vi (Min)

Loading with
500 to —2.0V

VIN = VIH (Min)
or Vi (Max)

Guaranteed HIGH Signal
for All Inputs

Guaranteed LOW Signal
for All Inputs

Vin = ViL (Min)

—11504

Vi Input LOW Voltage —1810

e Input LOW Current

DC Electrical Charaé

Vgg = —4.8V, Vcc = Vooa = GN
Symbol

+85°C (Note 3)
Typ

Parameter Max Conditions (Note 4)

VoH

—880

VoL
Vone
Voic

Output H E ge
Outpu V ;'
Ouy

Output L

—1620

mvV

ViN = VIH (Max)
or VL (Min)

Loading with
500 to —2.0V

—1610

mv

VIN = ViH (Min)
or VL (Max)

Loading with
509 to —2.0V

Input HIGH Vo 3 Guaranteed HIGH Signal

for All Inputs

Guaranteed LOW Signal
for All Inputs

—-1165 —880 mvV

OW Voltage

—1830 —1490 my

Current 0.50 pA Vin = ViL (Min)

ngs are those values beyond which the device may be damaged or have its useful iife impaired. Functional operation under these

Note 2: Parame ues specified at —4.2V to —4.8V.

Note 3: The specified imits represent the "worst case"” value for the parameter. Since these “worst case” values normally occur at the temperature extremes,
additional noise immunity and guard banding can be actweved by ing the system op: ranges.

Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under “worst case” condiions.
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—
o
DC Electrical Characteristics =
VEE = —4.2V to —4.8V unless otherwise specified, Vo = Veea = GND, Tc = 0°C to +85°C ®
Symbol Parameter Min Typ Max Units Conditions
b Input HIGH Current
H © ke
Sn.E 350 B
All Others 250 HA VNS Vi ey
133 Power Supply Current —300 —210 -130 mA
Ceramic Dual-In-Line Package AC Electrical Characterlstlcs o
VEE = —4.2V10 —4.8V, V¢ = Vcea = GND *
— 0 = 4 25 =
Symbol Parameter Te = 0°C Te 25°C Te ’%“sﬂsﬁ Conditions
Min Max Min Max Min ' Max
tpLH Propagation Delay 2.00 690 | 210 6.80 2.30 7.40
tPHL An, Bp to Fn : . : ’ :
tPLH Propagation Delay g )

o . . . 40 1 1. . 7and 2
tohL An, Bnto P, G 1.40 4.70 1.40 4 40 ) 1\451& . 470 ns Figures 1 and
tPLH Propagation Delay 200 650 | 200 650 4. 340 . 880 ns
tPHL An BntoCp+ g et e
tpLH Propagation Delay 160 510 | 160 520 5.50 ns
tPHL CntoFy Figures 1 and 2
toL Propagation Delay 130 300 | 440 300 | 140 310 ns
tPHL CntoCrsg S :
tpLH Propagation Delay 140 880 | 150 860 | 150 900 ns
tPHL ShtoFp ) A
tPLH Propagation Delay 170 7407} 200 590 | 200 650 | ns | Figures7and2
tPHL ShtoP, G X s R
teLH Propagation Delay 270 *. 1010 | 280  ss0 | 200 870 ns
tpHL SntoCn+4 S K
tpLH Propagation Delay 100 340 §.0890 360 | 110  3.80 ns | Figures 7and 2
teHL EtoF,
tTLH Transition Time ?fj?i/ ; )

4 ) . 60 0.45 2.70 s A 7and 2

- m%mw%w%mmﬁ 045 270 | 045 2 n gures 1 and
ts Setup Time v, i ¥ "

An, B F 760 7.60 8.10

S 870 - 8.50 9.60 ns

[ 4.86 5.00 5.30 Figure 3
th Hold Time . " 4,

AnBy 2| o0 0.10 0.10

Sn & *t " 4| o0.60 0.60 0.60 ns

[N e 541 0.60 0.60 0.80
fowll) g”'se Width LOW.. 2.00 2.00 2.00 ns | Figurez

3-79

Power ed by | Cnminer.com El ectronic-Library Service CopyRi ght 2003



NATIONAL SEMICOND (LOGIC) &WLE D) BN bL5011l22 0075995 368 EENSCD

-
[
§ Cerpak AC Electrical CharacteristiCs vee = —4.2vto ~48V, Vec = Voca = GND
~— = b = °
Symbol Parameter Tc=0°C Tg = +25°C Tc= +85C | ynits | Conditions
Min Max Min Max Min Max
teLH Propagation Delay
2.00 6.70 2.10 6.60 2.30 7.20
tPHL An, Bnto Fp
tpLH Propagation Delay 140 450 | 140 420 | 140 450 nd 2
tpHL An Bnto P, G ’ ’ ) ) )
tPLH Propagation Delay
2.00 6.30 2.00 6.30
tpHL An, BntoCn+4a
:PL" g’?s‘ga"m Delay 160 490 | 160  5.00
PHL n 10 Fn Figures 1 and 2
tPLH Propagation Delay 1.30 2.80 1.40
tPHL CntoChrsa
teL Propagation Delay 1.40 8.60 1.50
tPHL SntoFp
tPLH Propagation Delay 170 720 | 2.00 Figures 1and 2
tPHL ShtoP, G ! ) ’
tpLH Propagation Delay 270 9.90 2.80
tPHL SntoCn+4
tPLH Propagation Delay 100 320 | 090 Figures 1and 2
tPHL EtoFy, r
tTLH Transition Time S i?*w ko ;
. ! 2% +,2.504 . 1and 2
trHL 20% to 80%, 80% to 20% | 04 280 [ © «@ﬁ@%ﬁ%ﬁ%’; 260 ns | Figures 1and
ts Setup Time T
An, Bn 8.00
Sn 9.50 ns
Cn 5.20 Figure 3
th Hold Time
An, Bn 0
Sh 0.50 ns
[l 0.50
towl() g”'se Width LOW 2.00 2,00 ns | Figue2
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s
(=
Vee 3
(-3
- - -
, 1F ) PULSE
e L QENERATOR Notes:
+1.05V = l Vee, Voca = +2V, Vg = —25V
+1.05V +105V = L1 and L2 = equal length 500 impedance Iine
T - E At = 500 terminator internal to scope
i 20719 " ) i g:AOD:EA Decoupling 0.1 kF from GND to Ve and V. ,
—f2 17 All unused outputs are loaded with 500 to
~13 18/ Ry C = Fixture and stray capacitance < 3 pF
—ds 15 -
—] s 14 =
A—]e 13—
7 10 11 12
— U ol
= WA
Soo ~ L2 SCOPE
\ 7 CHAN B
innl L em
25,FI Io.1 uF ICL
Yee
TL/F/9878-7
FIGURE 1. AC Test Circuit
0.7+0.1ns
+1.05V
DATA, SELECT
‘\--------—-- ? A T Ty PRV
tow f
| +105V
ENABLE TRANSPARENT TRANSPARENT
+031V
tpHL teHL
trLw teLn
————— ———
ouTPUT

trHL e

TL/F/9873-8
FIGURE 2. Enable Timing
+1.05V
50%
+0.31V
‘ 'h
—| 4,
+1.05V
50%
+031V

TL/F/9873-9
FIGURE 3. Setup and Hold Times
Notes:
15 18 the mimmum time before the transttion of the enable that information must be present at the data nput.
th 1s the minimum time after the transition of the enable that information must remain unchanged at the data input.
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