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100181

4-Bit Binary/BCD Arithmetic Logic Unit

General Description

The 100181 performs eight logic operations and eight arith-
metic operations on a pair of 4-bit words. The operating
mode is determined by signals applied to the Select Sn)
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. Qutput 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.

Not Intended For New Designs

T9ys-o07

% Lk.ﬁv
The circuit uses internal Iool&g?}:gad carry to mfﬁ%’e ) delay
to the F,, outputs and to,#he" ripple Carry output, Cp 4 4.
Group Carry Lookahead Prgpagate (P) and Generate @)

outputs are aiso proviﬁé@%gre independent of the

Carry input C,. The P bitput goss LW when a plus opera-
tion produces fifteen (nine for BCD) u; Ken a minus opera-
tion produces zero. Similarly, G goes LOW when the sum of
A and B is greatsr than fifteen (nine for BCD) in a plus
mode, or wh )f:l’heirw difference is greater than zero in a
minus modeg. 3

Ordering Code: see sections
Logic Symbol

TL/F/9873-1

Description

Word A Operand Inputs

Word B Operand Inputs

Carry Input (Active LOW)

Function Select Inputs

Latch Enable Input (Active LOW)
Carry Lookahead Propagate Output
(Active LOW)

Carry Lookahead Generate Output
(Active LOW)

Carry Qutput

Function Outputs

24-Pin Quad Cerpak
S3S; Evgs sy
11 1 111
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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 S5 = 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 calis for it. If there
is a carry out, the result is a positive number. With no carry

results in the tens complement form, an initial carry should
be forced into the lowest order bit, ie., setC, = LOW.

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

F = B minus A plus C,. Operation is sj@ar to and resuits
are the same as F = A minus B plus €

BINARY ARITHMETIC OPERATION
Addition
F = A minus B plus G,.
applied to the inputs. .
Subtraction ¥ :
F = A minus B plus G As
applied to the inputs, FHe:cin
ones complement ofﬁfby invi nternally). If there is a
carry out the result is a positive . With no carry out,
the result is a negative number expréssed in its ones com-
plement form..Therefore, to perform a subtraction with re-
sults in theg&”ﬁs complement form, aninitial carry should
forced inte #hie lowst order bit, i.e., set T, = LOW.
inplement ot B) éﬁ_’#nes complement of B) + 1

gl N

out, the result is a negative number expressed in its nines ! })_“Cm;‘%g@&eration is similar and results are
complement form. Therefore, to perform a subtraction with fiminus B plus Cp,
Function Table ’
Ss S S S F n = gt 3) Outputs

3 2 1 Function — — —

Signals Cn+a G P

L L L L | Fn=AplusBplusC,(BCD) D An + Dq Cova | G | P
L L L H Fn = Aminus B plusﬁ 4BCD) AnBn An + B n+4 § P
L L H L Fn = B minus A plys €, BCH): AnBn An+ By Cn+s G P
L L H H Fr, = 0 minus B s C,, (BCDY: L Bn [ H P
L H L L | Fn=AplusBpSC, Binary) %  AnBy An + By Cota | G | P
L H L H Fn = Aminus B plasCy, (Binaryj AnBn An + By Cr+a | G | P
L H H L Fn = B minus A plus Cs'(Binaiy}” AnBn An+ Bp Nt 4 ] P
L H H H Fn = 0 minus B plus C.{Binary) L B 4 H P
Ho L L L AnBy An + Bp Cota | G | P
H L L H AnBn An + By Cots | G | P
H L H L An Bn Coesa | G | P
H L H H An H Ch+4a G L
H H L L L Bn Ch+4a H E
H H L H L _ Bn_ ntse | H | P
H H H L L An + By N+ 4 H P
H H H : L H n H L
H = HIGH Voltage Level ' :
L = LOW Voltage Levekfi*"

+ )
Al
B gl

§ ES
2 . o A

G =Gy F P3Gz + PaPoGy R BgP2P1Go
Ch+a =‘%%«Q ¢4§n)

Avith o

Fn *=0to3

Logic Op

Fn=Gp+

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

Co = Cn + Sg

Cq = Gp + PoCp + S3

Co =Gy + P1Gg + PyPoCph + S3

C3 = Gz + PaGy + PoP1Gp + PoP4PoCp + S3

Internal Equations for +6 Logic

Do = Bg

Dy =By

Do =B4Bs + E1§2

D3 =By + By + B3

Gy = GaP3 + P3Gy + PaP.Gy + P3PaP1Gy
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S | Absolute Maximum Ratings

o Above which the useful life may be impaired. (Note 1)
If Military/Aerospace specified devices are required, Case Temperature under Bias (Tc) 0°Cto +85°C
please contact the National Semiconductor Sales Vg Pin Potential to Ground Pin —7.0Vto +0.5V
Office/Distributors for avallability and specifications. Input Voltage (DC) Vgg to +0.5V
Stor:age Tempen:ature —65°Cto +150°C Output Current (DC Output HIGH) —50 mA
Maximum Junction Temperature (T ;) +150°C Operating Range (Note 2) to =42V

DC Electrical Characteristics
VEe = —4.5V, Voo = Veca = GND, Tec = 0°C to +85°C (Note 3)

Symbol Parameter Min Typ Max Units &7 Conditions (Note 4)
VoH Qutput HIGH Voltage —1025 —955 —880 VIH (Max) Loading with

mv 5002 to —2.0V
Vou Output LOW Voltage -1810 -1705 -1620 - Y, .
VoHG Output HIGH Voitage —1035 mv Vin =V Loading with

Mip a
VoLc Output LOW Voltage —1610 . or ViL (Max) 5092 to —2.0V
ViH Input HIGH Voitage _ _ . Guaranteed HIGH Signal
1185 880 i v for All Inputs

ViL Input LOW Voltage ~1810 —1475" s : i nteed LOW Signal

o “or All Inputs
fiL Input LOW Current 0.50 oA VIN = ViU (Min)

R
C:

DC Electrical Characteristics

Vee = —4.2V, Voo = Vooa = GND, Tg = 0°C to +85°C (Ndle 3) "
Symbol Parameter Min Typ 7 JAAinits Conditions (Note 4)
VoH Output HIGH Voltage —1020 - L .y VIN = ViH (Max) Loading with
VoL Output LOW Voltage ~1810 —1605 or Vi (Min) 500 to —2.0V
VoHe Qutput HIGH Voltage —1030 4 - ‘ mv VIN = VIH (Min) Loading with
VoLc Output LOW Voltage E 1595 or ViL (Max) 500 to —2.0V
Vi Input HIGH Voltage 1150 ik 870 v Guaranteed HIGH Signal
: ; for All Inputs
: Fe - i
ViL Input LOW Voltage _1810 —1475 mw Guaranteed LOW Signal \
for Al Inputs |
[ Input LOW Current 44 .50 pA VIN = ViL (Min)
s - .
DC Electrical Characteristics
Vee = —48V, Vco = Voea = GND; c =08 +85°C (Note 3)
Symbol Parameter Typ Max Units Conditions (Note 4)
VoH Output H i age —1035 —880 mv ViN = ViH (Max) Loading with
VoL Outpu Voltage | —1830 —1620 or VL (i) 500 to —2.0V
VoHe Outpkil 1 tage: —1045 mv VIN = ViH (Min) Loading with
Voic Output LOW? y —1610 or ViL (Max) 500 to —2.0V
ViH Input HIGH Vol —~1165 —880 mv Guaranteed HIGH Signal
for All Inputs
Vi W Voltage 1830 1490 mv Guaranteed LOW Signal
for All Inputs
WL Current 0.50 pA VIN = VIL (Min)

atings are those values beyond which the device may be damaged or have its useful Ite impaired. Functional operation under these
conditions iS'™H
Note 2: Parametric values 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,
additonal noise immuntty and guard banding can be achieved by d ing the ble system op ranges.

Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under “‘warst case” condrhons.
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DC Electrical Characteristics 2
VEE = —4.2V to —4.8V unless otherwise specified, Voo = Vooa = GND, Tg = 0°C to +85°C 3
Symbol Parameter Min Typ Max Units Conditlons
" Input HIGH Current
Sn, E 350 ik,
All Cthers 250 HA FTVINT ViH e
133 Power Supply Current —300 —-210 -130 mA
Ceramic Dual-In-Line Package AC Electrical Characterlstlcs
VEg = —4.2Vio —4.8V, Voo = Vooa = GND >
Symbol Parameter Te = 0°C Te = +25°C Te= )fgsﬂn‘i Conditions
Min Max Min Max Min ' Max
tpLH Propagation Delay 200 680 | 210 680 | 230 740
tPHL An, Bhto Fp : . : ’ .
tPLH Propagation Delay i
0 . : . 4, 4 7 A 1
oL An, By to B, G 1.40 4.70 1.40 40 1\ a 4.70 ns Igures 1 and 2
tPLH Propagation Delay 200 650 | 200 650" . 680 ns
tPHL An BntoCpiyg
tpLy Propagation Delay 160 510 | 160 520 5.50 ns
tPHL CntoFy Figures 1 and 2
teLu Propagation Delay 130 300 | 140 300 | 140 3.0 ns
tpHL CntoCn+y S :
tpLH Propagation Delay 140 880 | 150 8680 | 15 900 ns
tPHL SntoFp ] j i
tPLH Propagation Delay 170 7407} 200 590 | 200 650 | ns | Figues7and2
tPHL ShtoP, G . p
teLH Propagation Delay 270 ".1010 | 280 850 | 200 870 ns
tPHL SntoCnig . "
tpLy Propagation Delay 100 340 }.090 360 | 110 380 ns | Figures 1and2
tPHL EtoF,
tTLm Transition Time ES 2300 )

: 45 : 0.4 70 A tand 2
tTHL 20% to 80%, 80%to20¥g { 270 0.4 2.60 5 2 ns igures 1 and
ts Setup Time * 5 .

760 7.60 8.10
879 8.50 9.60 ns
480 5.00 5.30 Figure 3
th
0.10 0.10 0.10
0.60 0.60 0.60 ns
“1 060 0.60 0.60
pwl) ;”'se Widih LOW. 2.00 2.00 2.00 ns | Figurez
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§ Cerpak AC Electrical CharacteristiCs vee = —4.2vto ~4.8V, Vec = Voca = GND
™ _ - o
Symbol Parameter Te = 0°C Te = +25°C Tc= +85C | ynits | Conditions
Min Max Min Max Min Max
tpLH Propagation Delay
2.00 6.70 210 6.60 2.30 7.20
tPHL An,BntoFq
tPLH Propagation Delay
toHL An, Bnto G 1.40 4.50 1.40 4.20 1.40 4,50
tPLH Propagation Delay
2.00 6.30 2.00 6.30
tpHL An BntoCn+4q
:”L“ gm;aga“m Delay 160 490 | 160 500
PHL n__n Figures 1and 2
tPLH Propagation Delay 130 280 | 140 280
tPHL CntoCni4
teLH Propagation Delay 1.40 8.60 1.50
tPHL SntoFn
teLH Propagation Delay ,
tPHL S, 105, G 1.70 7.20 2.00 Figures 1and 2
tpLH Propagation Delay 270 0.90 2.80
tPHL SntoCn+4
tpLH Propagation Delay 100 320 | 090 340 | 110 360 | ns | Figues7and2
tpHL EtoFy r
tTLH Transition Time ‘ “’“' - 0 )
tTHL 20% to 80%, 80% 10 20% 0.45 2.60 %& it . 5% o 0.45 2.60 ns Figures 1and 2
tg Setup Time ey
An B 8.00
Sp 9.50 ns
C .
n 5.20 Figure 3
th Hold Time
An, Bn 0
Sy 0.50 ns
[o 0.50
tow(L) Eulse Width LOW 2.00 200 ns Figure 2
E . .
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Vee prd
(-
P -t
. "F Y PULSE
I"- u L] GENERATOR Notes:
+1.05V = l Vee, Voca = +2V, Vgg = —2.5v
+1.05V +1.05V = L1 and L2 = equal length 500 impedance Iines
IS E Rt = 504} terminator internal to scope
1 18 " ) g:::i Decoupling 0.1 uF from GND to Vi and V.
— 2 17] All unused outputs are loaded with 500 to
N Y 18 1 Ry Ci = Fixture and stray capacttance < 3 pF
— 4 15|
AA—s 1 =
A —so n
m—' [} 13 VWA
7 8 10 11 12
bt 1 U s | =
Seo ~ 12 SCOPE
\ ! CHAN B
_[-qv—-l- l Ry
25,,FI Im WF Icg
Yee
TL/Fr9873-7
FIGURE 1. AC Test Circuit
0.720.1 ns
—— +1.05V
\
\
DATA, SELECT
\---------- f T TR ¥ YR Y]
tow f
| +105V
ENABLE TRANSPARENT TRANSPARENT
— +031V
tPHL P
teLm teLH
———— ——
ouTPUT
rHL trid
TL/F/9873-8
FIGURE 2. Enable Timing
+1.08V
50%
+031Vv
-,
— 1y
+105V
50%
+031v
TL/F/8873-9
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 input.
th 1s the minimum time after the transition of the snable that information must remain unchanged at the data input.
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