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Objectives:

- 1. Half Adder.

- 2. Full Adder.

- 3. Binary Adder.

- 4. Binary Subtractor.

- 5. Binary Adder-Subtractor.
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1. Half Adder

Half Adder: Is a combinational circuit that performs the
addition of two bit, this circuit needs two binary inputs and
two binary outputs.

Inputs | Outputs | The simplified Boolean function from the truth
X|Y| C | S | table:
0 1000 _ _
0 |1 ] 0|1 {S = &Y + XY 1} (Using sum of product form)
C=XY
1 10|01
I |1 | 1| 0 | WhereS isthesum and C is the carry.
Truth table

S = XY |
e 2} (Using XOR and AND Gates)



The implementation of half adder using exclusive—OR and an AND

gates is used to show that two half adders can be used to construct a full
adder.

The inputs to the XOR gate are also the inputs to the AND gate.
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Implementation of Half Adder using equation (1) | Implementation of Half Adder using equation (2)
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2. Full Adder

Full Adder :Is a combinational circuit that performs
the addition of three bits (two significant bits and
previous carry).

* |t consists of three inputs and two outputs, two
Inputs are the bits to be added, the third input
represents the carry form the previous position.

* The full adder is usually a component in a
cascade of adders, which add 8, 16, etc, binary
numbers.



Out_puts
X Y| Cy A Cour |
0| 0 0 0 0
0| 0 | 1 0
0 | 1 0 1 0
0 | 1 | 0 I
1|0 0 1 0
1|0 | 0 1
1| 1 0 0 I
1| 1 1 1 1
Truth table for the full adder

(§ =XYC,, + XYC, + XY C,, + XY,

| Cour=XY + XCj, + YG,

¢ (Sum of products)




» The logic diagrams for the full adder implemented in sum-of-products
form are the following:

XN XY VG G,

> | =

\/

f};}

) c-auu‘

logic diagram for the full adder

» It can also be mmplemented using fwe half adders and one OR gate
(using XOR gates).

{5 = C;, B(XBY) }
C,ui— Cip, " (XDY) + XY



Cnut= Ein ’ (x‘:‘BY] + XY

X v C First Half Adder Second Half Adder

Implementation of Full Adder with two Half Adders and an OR gate



3. Binary Adder (Asynchronous Ripple-Carry Adder)

« A Dbinary adder is a digital circuit that produces the
arithmetic sum of two binary numbers.

* A Dbinary adder can be constructed with full adders
connected in cascade with the output carry form each
full adder connected to the input carry of the next full
adder in the chain.

« The four-bit adder is a typical example of a standard
component .It can be used in many application
Involving arithmetic operations.



« The input carry to the adder is C, and it ripples through
the full adders to the output carry C,

« n-bit binary adder requires n full adders.

Four-bit Adder (Ripple Carry Adder)



Example:
A+B (A=1011) and (B = 0011)
Subscripti 3 2 1 0
InputCarry 0 1 1 0 .,
A
= 1 0 I 1 A €, =0
B 0 0 I 1 B,
Sum 1 1 1 0 s,
OutputCarry 0 0 I I ¢,
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» using (4-bit Ripple-Carry Adder) Implement the
following:

X+ 2Y ( each one 3-bit)
4X+Y (x 2-bit , y 3-bit)

> Given a=111 , b =101, ¢ =1100

Implement a+b+c using full Adder blocks.



4. Binary Subtractor

* To perform the subtraction — B, we can use the 2's
complements, so the subtraction can be converted to
addition.

« 2's complement can be obtained by talking the 1’s
complement and adding 1 to the LSD bit.
1) 1’s complement can be implemented with inventors.

2) 1 can be added to the sum through the input carry.

» The circuit for subtracting A—B consists of an adder
with inverters placed between each data input B and the
corresponding input of the full adder.

The input carry C, must be equal to 1.



5. Binary Adder=Subtractor

- The addition and subtraction operations can be combined into one
circuit with one common binary adder by including an exclusive-OR
gate with each full-adder.
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Four-bit Binary Adder-Subtractor




The mode input N controls the operation as the following:
o M =0 —adder.
o M =1 — subtractor.
. Each XOR gate receives M signal and B
oWhen M =0 then B@® 0 = Band the carry = 0, then the
circuit performs the operation A+ B .
oWhen M =1then B®1= E and the carry = 1, then the
circuit performs the operation A—B .

« The exclusive-OR with output V is for detecting an overflow.



H.W

» using (4-bit Binary Adder-Subtractor )Implement
the following:

X+ 2Y ( each one 3-bit)
4X-Y (x 2-bit ,y 3-bit)
» using (4-bit Binary Adder-Subtractor ) Find:
« 9-5
- 15-6







