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8-Bit Serial/Parallel Twos Complement Multiplier

General Description

The °F384 is an 8-bit by 1-bit sequential logic element that
multiplies two numbers represented in twos complement
notation. The device implements Booth’s algorithm internal-
ly to produce a twos complement product that needs no
subsequent correction. Paralle! inputs accept and store an
8-bit multiplicand (Xg~X7). The multiplier word is then ap-
plied to the Y input in a serial bit stream, least significant bit
first. The product is clocked out at the SP output, least sig-
nificant bit first.

The K input is used for expansion to longer X words, using
two or more 'F384 devices by connecting the output (SP) of
one device to the K input of the other device. The Mode
Control (M) input is used to establish the most significant

device. An asynchronous Parallel Load (PL) input clears the
internal flip-fiops to the start condition and enables the X
jatches to accept new multiplicand data. The Parallel Load
(PL) also clears the output (SP).

Features

m Twos complement multiplication

m 8-bit by 1-bit sequential logic element

m Parallel inputs accept and store an 8-bit multiplicand
(Xo—X7)

m K input is used for expansion to longer X words

® Functionally and pin compatible to the Am25LS14A

Ordering Code: see section5
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Input Loading/Fan-Out: see Section 2 For U.L. Definitions
Pin 54F/74F (U.L) /I
Names Description High/Low low/loL
CcP Clock Pulse Input (Active Rising Edge) 1.0/1.0 20 uA/—0.6 mA
K Serial Expansion Input 1.0/1.0 20 pA/—0.6 mA
M Mode Control Input 1.0/1.0 20 pA/—0.6 mA
PC Asynchronous Parallel Load Input (Active LOW) 1.0/2.0 20 pA/—1.2mA
Xp-X7 | Multiplicand Data Inputs 1.0/1.0 20 pA/—0.6 mA
Y Serial Multiplier Input 1.0/1.0 20 pA/—0.6 MA
SP Serial XeY Product Output 50/33.3 —1 mA/20 mA
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Functional Description

Referring to the Logic Diagram and Figure A, the multipli-
cand (Xp-X7) latches are enabled to receive new data when
PL is LOW. Data that meet the setup/hold time require-
ments are stored when PL goes HIGH. The LOW signal on
PL clears the output (SP) as well as the internal flip-flops.
New multiplicand data enter the X latches during bit time To.
It is assumed that PL goes LOW shortly after the CP rising
edge that marks the beginning of Tg and goes HIGH again
one recovery time before the beginning of T4. The LSB (Yq)
of the multiplier is applied to the Y input during To and must
be held one hold time after the beginning of T1. One propa-
gation delay after the beginning of Ty, the LSB (Sp) of the
product appears at the output {SP). This multiplication pro-
cess is continued by applying Y1-Yg to the Y input causing
81-Sg of the product to appear at the output (SP).

Logic Diagram

Xz

X,

The MSB Y7 (the sign bit) of the multiplier is first applied to
the Y input during T7 and must be held through T1g causing
S7-S15 of the product to appear at the output (SP). This
extension of the sign bit is a necessary adjunct to the imple-
mentation of Booth’s algorithm. This is a built-in feature of
the 'F322 Shift Register (See Figure 5).

Figure C shows the method of using two F384’s to perform
a 12 x n bit multiplication. Notice that the sign of X is effec-
tively extended by connecting X14 to X4-X7 of the most
significant package. Whereas the 8 x 8 multiplication re-
quired 17 clock periods (m + n to form the product terms
plus Ty to clear the multiplier), the arrangement of Figure C
requires 12 + n + 1 bits to form the product terms.

5 X, X4 Xy Xy X X
| | | ] ] ] ]
ePo]lealleaf e o)l rznﬂlsno“:l’o
1 l l : : |

i 1
¥,
Y ——Do—— o oy’
— cp
G
o A Ag Ay Ay A3 A2 A Ao
CLEAR
|_\D°_ ADDER /SUBTRACTOR AND REGISTERS
Yo ®Yem1
Y ! ] [ v K SUM
cLocKk |
(cP)
D Qf—sP
v—Po
P
Cp
K j'>c

TL/F/10217-4

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.

Function Table
_ Inputs Internal Output Function
PL CP K M X Y Ya—1 SP
X X L L X X X X Most Significant Multiplier Device
X X CSs H X X Devices Cascaded in Multiplier String
L X X X oP X L L Load New Muiltiplicand and Clear
Internal Sum and Carry Registers
H X X X X X X X Device Enabled
H T X X X L L AR Shift Sum Register
H 1T X X X H AR Add Multiplicand to Sum
Register and Shift
H T X X X H L AR Subtract Muitiplicand from Sum
Register and Shift
H ) X X X H H AR Shift Sum Register
HIGH Voltage Level

H=
L = LOW Voltage Level

T = LOW-to-HIGH Transition

CS = Connected 1o SP output of high order device
OP = X; latches open for naw data (i = 0-7}

AR = Output as required per Booth's algorithm

X = Immaterial
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Absolute Maximum Ratings (vote 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Storage Temperature —65°Cto +150°C
Ambient Temperature under Bias —55°Cto +125°C
Junction Temperature under Bias —55°Cto +175°C
V¢ Pin Potential

Current Applied to Output
in LOW State (Max) twice the rated lp. (MA)

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

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

Recommended Operating

to Ground Pin —-0.5Vto +7.0V Conditions
Input Voltage (Note 2) —-0.5Vto +7.0V Free Alr Ambient Temperature
Input Current (Note 2) —30mAto +5.0mA Military —55°C to + 125°C
Voltage Applied to Output Commercial 0°Cto +70°C
in HIGH State (with Vo = 0V) Supply Voltage
Standard Output —0.5Vto Ve Military +4.5Vio +5.5V
TRI-STATE® Output —0.5Vto +5.5V Commercial +45Vio +55V
DC Electrical Characteristics
Symbol Parameter S4F/74F Units | Ve Conditions
Min Max
VIH Input HIGH Voltage 2.0 Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 Vv Recognized as a LOW Signal
Vep Input Clamp Diode Voltage -1.2 A Min In = —18mA
VoH Output HIGH 54F 10% Vo 25 loH = —1mA
Voltage 74F 10% Vg 25 \' Min low = —1mMA
74F 5% Voo 27 lon = —1mA
VoL Output LOW 54F 10% Vco 0.5 v Min loL = 20 mA
Voltage 74F 10% Vee 0.5 loL = 20 mA
[ Output HIGH 54F 20.0 _
Current 74F 5.0 KA Max | Vi =27V
Igvi Input HIGH Current 54F 100 _
Breakdown Test 74F 7.0 HA Max | Vin = 7.0V
lcex Output HIGH 54F 250 _
Leakage Current 74F 50 pA Max | Vour = Vec
Vip Input Leakage hp = 1.9 pA
Test 74F 4.78 v 0.0 All Other Pins Grounded
lop Output Leakage 3.756 Viop = 150 mV
Circuit Current 74F HA 0.0 All Other Pins Grounded
e Input LOW Current —-0.6 mA Max Vin = 0.5V (Except PL)
-1.2 mA | Max | Vi =05V ({PD
los Output Short-Circuit Current —60 -150 mA Max | Vout =0V
lee Power Supply Current 90 mA Max | Vo = HIGH




AC Electrical Characteristics : see Section 2 for waveforms and Load Configurations

54F/74F 54F 74F
Ta = +25°C TaVee = Ta Voo = Fig.
Symbol Parameter Vee = +5.0V mil Com Units No.
CL = 50pF C_ = 50 pF CL = 50 pF
Min Typ Max Min Max Min Max
fmax Maximum Clock Frequency 50 50 MHz 2-1
tpLH Propagation Delay 35 6.5 9.0 3.5 10.0 ns 2.3
tPHL CPto SP 35 6.5 9.0 35 10.0
teuL Propagation Delay g
Pl to5P 6.0 10.0 13.0 6.0 14.0 ns 2-3
AC Operating Requirements : see Section 2 for Waveforms
54F/74F 54F 74F
Ta = +25°C Ta, Vee = Ta:sVee = Fig.
by
Symbol Parameter Vee = +5.0V il Com Units No.
Min Max Min Max Min Max
ts(H) Setup Time, HIGH or LOW 9.0 10.0
ts(L) K to CP 9.0 10.0 ns 2.6
th(H) Hold Time, HIGH or LOW 20 20
thib) KtoCP 2.0 20
tg(H) Setup Time, HIGH or LOW 15.0 15.0
ts(L) YtoCP 15.0 15.0 ns 2.6
th(H) Hold Time, HIGH or LOW 2.0 20
thil) Y to CP 2.0 20
ts(H) Setup Time, HIGH or LOW 3.0 4.0
ts(L) Xnto PL 6.0 7.0 ns 2.6
th(H) Hold Time, HIGH or LOW 2.0 2.0
thiL) Xnto PL 4.0 4.0
tw(H) CP Pulse Width 7.0 7.0 ns 2.4
twib) HIGH or LOW 7.0 7.0
tw(l) PL Pulse Width, LOW 6.5 7.0 ns 2-4
trec Recovery Time
BL to CP 6.0 10.0 ns 2-6
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FIGURE B. 8-Bit by 8-Bit Multiplier, Bus Organized, with 8-Bit Truncated Product
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FIGURE C. 12-Bit by n-Bit Twos Complement Muitiplier
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