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Abstract: This paper presents a comparison of different adder circuit based on logic design and Technology used
to fabricate it. The performance there adders are measured in terms of area, delay and power. Adders are the
most critical part of the ALU and used for many arithmetic operations. We have tested the various adders such
as Half Adder, Full Adder, Ripple Carry Adder (RCA) and Full Adder using Mux (2x1) on DSCH2 and
Microwind 3.1. The experiment is performed on 32nm, 45nm, 90nm and 180um Tech with 1.2v supply Voltage.
Adders can also be implemented using MUX, but there is area and delay overhead with minimum power
reduction.
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Introduction

Most of the processor, digital system contains many data path circuits. Adders are one among them and mostly used
one. Adders not only performs arithmetic addition but is also used in other arithmetic operations such as subtraction,
Division and multiplication. Thus researchers have now focused on this circuit so that one can squeeze out the
maximum performance from this adder.

Full Adder is a combinational circuit that performs addition of two bits along with carry Cin produced in the previous
stage. The logical diagram of the Full Adder is as shown in Fig. 1. The truth table for the given combinational circuit is
as given in table.
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Figure 1. Logic Diagram Of Full Adder With Its Truth Table.

Moreover there are varieties of adders such as Ripple Carry Adder, Carry Look Ahead Adder, Carry Select Adder, Carry
Skip Adder, Carry Bypass Adder used according to the requirement.

Comparison between different Adders

A. Half Adder:

Half Adder is a basic combinational circuit that performs addition of two single bit binary digits. After addition
operation, it produces two operation sum and carry. The logic diagram and its Boolean equation are given below:
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Figure 2. Half Adder.

A. Full Adder:

Full Adder is a combinational circuit that performs addition operation on three single bit binary digits. It produces two
operation sum and carry. The Boolean equation is given below:

Sum=AEX-ORBEX-ORC

Cout=(AEX-ORB) Cin+ AAND B

B degid ) ) — UM

Figure 3. Full Adder

Here Cin is a carry in bit. [The carry produced by the addition of previous stage]. Whereas A & B are the two operands
on which addition is performed. Full Adder is a fundamental block for any complex adder. Thus the Full Adder circuit
should be a power efficient, low area and having minimal delay. [2]

Complex Adders

A. Ripple Carry Adders (RCA):

To add ‘n’ bit of binary digit we have to use ‘N’ number of Full Adder circuit. Since the carry generated by I-Stage is
passed on to the I1-Stage, i.e. the carry ripples from I-Stage to the last stage. This circuit is known as “Ripple Carry
Adder”. Even though it is faster in regard with time, it is relatively slower, since each Full Adder stage has to wait for
the carry being calculated by the previous stage. The block diagram of 4-bit RCA is shown below: [3]

A3 B‘% -\‘2 B‘E .-‘\1 B‘I AD To
Cout FA4 = FAS a FA2 & FAl Cin
a3 52 S‘I 50
Figure 4. Block Diagram Of Regular 4-Bit Ripple Carry Adder.
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A. Full Adder Using MUX:

Full Adder can also be implemented by using 2x1 MUX. By using MUX the delay generated by conventional Full
Adder can be reduced, as MUX are faster in operation.
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Figure 5. Full Adder Using 2(2x1) Mux.

The combinational circuit for the Full Adder using MUX is as shown in figure. The select line applied to both the MUX
(2x1) is common i.e. Cin binary bit A & B are two binary single bit operands on which addition operation is performed.
The output of MUX1 provides us with sum and that of MUX2 gives out the carry out bit.

A Carry Select Adder (CSLA):

CSLA is used in many computation circuits to rectify the problem of delay caused due to carry propagation as in RCA
the carry ripples from the I-Stage to the n" stage. The CSLA produces multiple carries and then computes the sum on
the basis of selected carry. [1]
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Figure 6. 4-Bit Carry Select Adder

CSLA is not an area efficient adder but it has minimal delay. Moreover it uses RCA to generate the partial sum with
Cin=0 in 1" STAGE and Cin=1 in 2" STAGE. In the final stage MUX is being used to generate the final sum and carry
bits. [4]
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Experimental Results

Table 1: Comparison of Adders on Basis of Different Technology

Half Adder Full Adder Full Adder using MUX
>
Q
9
O Delay Delay Delay
Power Area Power Area Power Area
T (ps) (ps) (ps)
O
|
|_
32nm 0.105 29 0.0391 | 0.235 29.5 0.118 0.298 27 0.985
45nm 0.135 33 0.0956 | 0.304 46 0.288 0.415 48 2.405
90nm 26.647 9.5 1.53 65.712 11 4.609 39.371 10 38.48
180um 35.033 415 2449 | 85435 | 535 73.75 81.925 56 615.68
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Figure 7. Graphical Analysis of Of Half Adder.
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Figure 8. Graphical Analysis of Parameters Of Full Adder.
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Figure 9. Graphical Analysis of Full Adder Using MUX.
Conclusion

In this proposed paper we have successfully compared various adders on basis of power, delay and area. The Full Adder
using MUX can be used for faster operation and low power consumption with area overhead. The Full Adder Using
MUX shows 40% and 9% reduction in area and delay respectively with respect to Regular Full Adder when Fabricated
using 90nm Technology. Moreover we can conclude that we can use the Full Adder using MUX for the construction of
RCA and CSLA in place of regular Full Adder, so that the Delay and Power gets minimized.
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