Title:- 4 BIT ARITHMETIC AND LOGICAL UNIT
Theory :-

Arithmetic Logic Unitis acommon operational unit with number of storage
registers connected to it, using which it performs micro operations. To perform
amicrooperation, the contents of specified registers are placedintheinputs
ofthecommon ALU. The ALU performs an operation and the result of the
operation is then transferred to a destination register. The ALU is a
combinational circuit so thatthe entire registers transfer operation fromthe
source register through the ALU and the destination register can be performed
during one clock pulse period.
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Arithmetic Unit :-

Thearithmeticoperationsinthetable canbeimplementedinone composite
arithmetic circuit. The basiccomponentofan arithmetic circuitisafulladder.
By controllingthe datainputtothe adderitis possible to obtain different types
ofarithmetic operations. The diagramofthe 4-bitarithmetic circuitisshownin
figure 1. It has four full adder circuits that constitute the 4 bit adder and 4
multiplexersforchoosing multiple operations. Therearetwo4bitinputs Aand
B and 4 bit output D.
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Figure 1 : Schematic of 4-bit Arithmetic Unit

Logic Unit:-

Logic micro operations specify binary operations for strings of bits stored in
registers. These operations consider each bit of registers separately and treat
themasbinaryvariables. Figure 2showsonestage ofacircuitthatgenerates
the four basiclogic micro operations. Itconsists of 4 gates and a multiplexer
eachofthefourlogicoperationsisgeneratedthroughagatethatperformsthe
requiredlogic. The outputs of the gates are applied to the data inputs of the
multiplexer. Thetwoselectioninputs S1and S2choose one ofthe datainputs
ofthe multiplexersanddirectitvaluestothe output. Figure shows onetypical
stage of logicalunit.
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Figure 7: Schematic of 1-bit Logic Unit
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A and B are the 4 bit word inputs ALU

A3,A2,A1,A0 and B3,B2,B1,BO are the bits. A3 and B3 are the MSBs.

S2,51,S0 are the selectioninputs . S2 selects the arithmetic operation for ‘0’
andlogicoperationfor‘1’. S1,S0are usedto selectvarious operationsin
arithmetic and logic blocks. Cinis the input carry to arithmetic circuit.

3,f2,f1,f0 are the output bits . Cout is the output carry.
Schematic Diagram of 4 bit ALU:-
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Subcircuit schematic for 74153 dual 4:1 mux:
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Subcircuit Schematic for 74157 quad 2:1 mux:

L i
e

o | e

i

.. TR

- fa
3.3
)
-
5.,

B

R
T iz

'ZZZZ ZZZZZZZZZ'ZZZZZZ“'.__.11111111111114’1111ZZ’.'W,%U1'3"'""'Yt""'-'_m"ﬁ
e AL N e

ww

~d-inverter -

o E
-d-inverter

ﬁ.w.....j.t}.cz.




Subcircuit Schematic for 4 bit FA :-
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Subcircuit Schematic for1l bit LogicUnit:
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Simulation Results:-

Input:-
A[3:0]-1001 B[3:0]-1010
A Value | Voltage | Value B Value| Voltage | Value
Source | (V) Source| (V)
3 1 V4 5 3 1 V8 5
2 0 V3 0 2 0 V7 0
1 0 V2 0 1 1 V6 5
0 1 V1 5 0 0 V5 0
Input Voltage
source
S2 V9
S1 V10
SO V11
Cin V12

Output when S2="0"‘--v9 = Qv

S1=0°--v10=0v operation performed

is ADD with carry
F=A+B+1

SO0=1‘--vll=5v
Cin='1‘--vl2=5v
F[3:0]-0100 Cout="1"
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Output when S2=°0"--v9 = 0v
S1="1"'--vl10=5v
S0='0"--v11=0v
Cin='1"--vl12=5v

F[3:0]-1111 Cout=‘0"

operation performed
iIs SUB
F=A-B
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PYTHON PLOTS:-
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Output when S2="1"‘--v9 =0v

S1="1"--v10=5v operation performed
S0="0°--vl11=0v iIs XOR
Cin="X" F= AXORB

F[3:0]-
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Voltage(V)-->
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RESULTS:-
S2 S1 SO Cin Cout FI3:0] Operatiion
f3 f2 f1 fO

0 0 0 0 0 1001 F=A

0 0 0 1 0 1010 F=A+1

0 0 1 0 1 0011 F=A+B

0 0 1 1 1 0100 |F=A+B+1

0 1 0 0 0 1110 |[F=A-B-1

0 1 0 1 0 1111 F=A-B

0 1 1 0 1 1000 F=A-1

0 1 1 1 1 1001 F=A

1 0 0 X X 1000 F=AANDB

1 0 1 X X 1011 F=AORB

1 1 0 X X 0011 F=AXORB

1 1 1 X X 0110 F=NOTA
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