NATIONAL SEMICOND (LOGIC)

National
Semconguster -

Bl
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 (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. 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
T-9s-07

The circuit uses internal Ioolgg{ead carry to mi e delay
to the Fp outputs and tozgie*’ ripple Carry output, Cp, 4 4.
Group Carry Lookaheadntgfépagate (P) and Generate (G)
outputs are aiso provigw »“‘w Y, are independent of the
Carry input Cp. The P titput goss EOW when a plus opera-
tion produces fifteen (nine for BCD) ‘ag_% kHen a minus opera-
tion produces zero. Similarly, G goes LOW when the sum of
A and B is grealer than fifteen (nine for BCD) in a plus
mode, or whgﬁgﬂ’heir difference is greater than zero in a
minus mod%‘ Wl inputs have 50 k2 pull-down resistors.

Ordering Code: see section s
Logic Symbol
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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 Output

Function Outputs

24-Pin Quad Cerpak
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Functional Description

There are two modes of operation: Arithmetic and Logic.
The S3 input conflrols t!

hese two S:
Sg = LOW fok Aritrkhdld e &Moo
S3 = HIGH for Logic mode
The arithmetic mode includes decimal and binary arithmetic
operations. Sz is the control input: with S3 = LOW,
Sz = LOW for Decimal Arithmstic (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 T, = LOW.
(tens complement of B) = (nines complement of B) + 1

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

BINARY ARITHMETIC OPERATION
Addition A
F = A minus B plus Cp. Arguments ﬁ“@ﬁﬁ
applied to the inputs. k
Subtraction &
F = A minus B plus Ga
applied to the inputsTHe:
ones complement ofﬁfby iy
carry out the result is a positive . 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 the wds complement form, an initial carry should
forced in%?% low@st order bit, i.e., set T, = LOW.

entbf B)/gﬁ%ﬁ@nes complement of B) + 1

E Cn%;%eration is similar and results are

‘mifus B plus Cp,.

b

uments A and B are directly
it automatically takes the

2k Pn

Sa %2 S S Fun':;ion o3 (n=0t03) | _ outp“_ts _

I Signals Cn+sa G P
L L L L Fn = Aplus B plus C, (BCD) Ay An + Dq [ G P
L L L H Fn = A minus B plus D) AnBn An + B, n+4 G [
L L H L Fn = B minus A ply AnBn An+ B, n+4 G P
L L H H Fn = O minus B L Bn n+ 4 H P
L H L L Fn = Aplus B pliggC,, (Binary) & AnBn An + By Chnia G P
L H L H Fn = Aminus B plus:C,, (Binaryj AnBn An + B, Chta G P
L H H L Fn = B minus A plugC{Binaiy} AnBn An + Bn -4 [] P
L H H H L = -4 H P
H L L L AnBp An + Bp Cn+a G P
H L L H AnBp An + By, Crn+a G P
H L H L An B, Cn+4 [cW P
H L H H An H Chta G L
H H L L L Bn Ch+4a H P
H H L H L Bn [ H P
H H H L L An + Bn Cova | H | P
H H H L H Cn H L

H = HIGH Voltage Level &
L = LOW Voitage Leveki} [
S

P= Po + Py + Pa +~%22§§“ . j‘;}:ﬁ'

S S e

G = Gg T P3Gz + PgPoGy EgP2P1Go

Grva=Balft T
s eahady,,
Arithn;@;! Operavﬁﬁaféf.;

Fn @ [ i 0103
e

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

Co=0Cnr+ 83

Cqy = Gp + PoCp + S3

Co =G + P1Gp + P1PoCp + S3

Cz = Gz + PaGy + PoPyGp + P2P4PoCp + S3

Internal Equations for +6 Logic

Dg = Bg

Dy =By

Dy = B4By + E1§2

D3 =By + By + By

Gy = GaPg + P3Gp + P3P2Gy + P3PaP1Gyp
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S | Absolute Maximum Ratings
e Above which the useful life may be impaired. (Note 1)
I / pmm gvlces are required, Case Temperature under Bias (T¢) 0°Cto +85°C
a miconductor Sales Vg Pin Potential to Ground Pin —7.0Vto +0.5V
Office/Distributors for avallability and spe::itlcailons. Input Voltage (DG) Ve 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 = 4.2V
DC Electrical Characteristics
Vee = —4.5V, Voo = Vooca = GND, Te = 0°C to +85°C (Note 3) ,
Symbol Parameter Min Typ Max Units &47 Conditions (Note 4)
VoH Qutput HIGH Voltage —1025 —965 —880 VIH (Max) Loading with
mv 5002 to —2.0V
VoL Qutput LOW Voltage —-1810 —1705 —1620 1N g
VOHC Output HIGH Voitage —1035 mv Vin = Vi i Loading with
VoLc Output LOW Voltage —1610 .. or ViL (Max) 500 to —2.0V
VIH Input HIGH Voltage ~1165 —880 v Guaranteed HIGH Signal
| for All Inputs
ViL Input LOW Voltage _ _ : nteed LOW Signal
1810 1475 All Inputs
fiL Input LOW Current 0.50 I X o IN = VIL (Min)
=y
DC Electrical Characteristics
Ve = —4.2V, Voc = Voca = GND, Tg = 0°Cto +85°C ( 3) .
Symbol Parameter Min Typ 7 Alnits Conditions (Note 4)
Vou Output HIGH Voltage —1020 - . Vin = ViH (Max) Loading with
VoL Output LOW Voltage —1810 ] — 1605 or ViL (Min) 500 to —2.0V
VoHC Output HIGH Voltage —1030 i VIN = VIH (Min Loading with
mv (Min)
VoLc Output LOW Voltage i 1595 Or VIL (Max) 500 to —2.0V
ViK Input HIGH Voltage 1150 1 870 v Guaranteed HIGH Signal
i for All Inputs
ViL Input LOW Voltage _1810 : —1475 mv Guaranteed LOW Signal
for All Inputs
" Input LOW Current .5 pA VIN = ViL (Min)
F -
DC Electrical Charac tics
Veg = —4.8V, Voo = Voca = GNDFc = 0°@ o +85°C (Note 3)
Symbol Parameter Typ Max Units Conditions (Note 4)
VoH Output HiGH ge —1035 —880 mv ViN = VIH (Max) Loading with
VoL Outpuyi Vi Bai  —1830 —1620 or ViL (Min) 50Q to —2.0V
VoHC Outpii 1 tage’ —1045 mv VIN = VIH (Min) Loading with
Voic Output LOW: ““ —1610 or VL (Max) 500 to —2.0V
ViH Input HIGH Voltags”™ _ _ Guaranteed HIGH Signal
1185 880 mv for All Inputs
ViL OW Voltage _ _ Guaranteed LOW Signal
& 1830 1490 mv for All Inputs
[T 3 Current 0.50 pA VIN = VIL (Min)
Note 1: ngs are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these
conditions

Note 2: Parame ues specified at —4.2V to —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 extremes,
additional noise immuntty and guard banding can be actweved by ing the ble system op ranges.

Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under “‘warst case” conditions.
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DC Electrical Characteristics
VEE = —4.2V to —4.8V unless otherwise specified, Vcc = Veca = GND, Tg = 0°C to +85°C
Symbol, 4 14 nN1Barameter 1 Min Typ Max Units Conditions
| - — - [F S\VAVAS S W gy g oy s gy e gy
- inputHteH-Carrent e
Sn.E 350 .
All Others 250 KA “VINS ViH (Ma)
leg Power Supply Current —300 —210 ~130 mA sits Opéri
:5;5;
Ceramic Dual-In-Line Package AC Electrical Characterlstlcs na
VEe = —4.2V1o —4.8V, Voc = Vooa = GND =
Symbol Parameter Tc=0C Te = +25°C Conditions
Min Max Min Max
tPLH Propagation Delay
2.00 6.9 21 .80
tPHL An, Bpto Fpy o 0 0 8
tPLH Propagation Delay g .
© . 4. 40 4.40 /1.4 47 Fi 1
torL An, BntoP. G 1.40 70 1 4 o & % (] ns Igures 1 and 2
tLH Propagation Delay 200 650 | 200 650 :f 840 . 680 ns
tPHL AnBntoCpiy o |
tpLH Propagation Delay 160 510 | 160 520 ns
tPHL CntoFy Figures 1 and 2
teLH Propagation Delay 130 300 | 440 300 | 140 310 | ns
tpHL ChtoChig -
tpLH Propagation Delay 0N
1.40 8.80 1.50 - 880 1.50 9.00
tPHL SntoFp T 5 "
tPLH Propagation Delay 170 746 °f 200 590 | 200 650 ns | Figures 7and 2
tPHL ShtoP,G : s
tPLH Propagation Delay 270 . 1010 | 286 850 | 200 870 ns
tpHL SntoCn+g S K
toLn Propagation Delay 100 346 f.090 360 | 110  3.80 ns | Figures fand 2
tPHL EtoF,
tTLH Transition Time ‘, i .
. : . X ) . Fi 1
trhL 20% to 80%, BO% to20§g§g 0.45 2,70 0.45 2.60 0.45 2.70 ns igures 1 and 2
tg Setup Time “; : .
An, Bn ; 760 . 7.60 8.10
Sp 870 8.50 9.60 ns
[N 4.80 5.00 5.30 Figure 3
th Hold Time . +%."
AnBn < : 0.10 0.10 0.10
Sn R 0.60 0.60 0.60 ns
[eH 0.60 0.60 0.60
fowlL) g“'se Width LOW: 2.00 2.00 2.00 ns | Fgurez
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©
é Cerpak AC Electrical CharacteristiCs vee = —4.2vto —48V,Voc = Voca = GND
= _ — =
srpver| 100181 0 Dl e | e e | | S
0 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 1.40 4.50 1.40 4.20 1.40 450 nd 2
tpHL An, BntoP, G ’ ” ) ) )
tpLH Propagation Delay
2.00 6.30 2.00 6.30
tPHL An, BntoCn+ya
:PL“ %mfaga"m Delay 160 490 | 160  5.00
PHL URCAR) Figures 1 and 2
tPLH Propagation Delay 130 280 | 140 280 X 5
tPHL CntoCn+s <k,
teLH Propagation Delay 1.40 8.60 1.50 ns
tPHL SntoFn
tPLH Propagation Delay 170 720 | 2.00 ns | Figures 1and2
tpHL ShtoP, G ! )
tpLH Propagation Delay 2.70 9.90 2.80 ns
tPHL SntoCn+4
tPLH Propagation Delay 100 320 | 080 ns | Figures1and2
tPHL EtoFp, y
trLH Transition Time "

. . . 1and 2
tTHL 20% to B0%, B0% 10 20% 0.45 2.60 2.60 ns Figures 1 and
ts Setup Time

An B 8.00

Sh 9.50 ns

Cn 5.20 Figure 3
th Hold Time

An, Bn 0

Sp 0.50 ns

Cn 0.50
towlL) ;”'Se Width LOW 2.00 2,00 ns | Figure2
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. 1uF ™\ PULSE
" .= ENERATOR i
0, 10081 DE Y T T Noter: i
- Vee, Veca = +2V, Vgg = —2.5V
+1.05V +1.05V = L1 and L2 = equal length 509 impedance lines
BT E Rt = 500 termnator internal to scope
18 ‘l ) cs:AOD:EA Decoupling 0.1 kF from GND to Vg and V, .
All unused outputs are loaded with 500 1o’

Ry C = Fixture and stray capacitance < 3 pF
Pin numbers shown are for flatpak; for DIP see logic s
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FIGURE 1. AC Test Circuit
0.7+0.1ns
—— +1.05V
\
\
DATA, SELECT \
\\-------—--- o Y P pp—— | PRV
]
+105V
ENABLE TRANSPARENT TRANSPARENT
+031V
tpHL teuL
teLn teLn
e m———— -
ouTPUT

trHL treH

TL/F/9873-8
FIGURE 2. Enable Timing
+1.05V
50%
+0.31V
),
| iy
+1.05V
50%
+03tv

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