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Abstract- Power dissipation is one of the momentous criteria for all the circuits implemented today in addition to area and time constraints. Area, power
dissipation and delays are always a concern for researchers working in VLSI domain. Researchers are contagiously working on efficient and high
performance adders as adders are basic building block of many systems. The paper presents analysis of different adders based on Xilinx tools. The
comparison is based on area, power and delay. The four adders implemented for comparison are half adder, full adder, ripple carry adder and carry
select adder.

Index Terms- Adders, Power dissipation, Area, Delay, Xilinx, various adders, adders analysis.

demonstrate top level symbol whereas figure 2 is a top level

_ schematic. Figure 3 manifest the simulation waveform.
1. Introduction

Addition is the most widely used methodologies in the
digital domain. Its range of application includes arithmetic

and logical units of processors, laptops, mobile phones, in A | B | Sum | Cout
DSP for implementing algorithms of IIR, FIR filters. Thus 8 2 2 8
affecting the performance of major VLSI systems. As the 1 0 1 0
demand by consumers from the industry is of low power, 1 1 0 1

faster operation and smaller area electronic gadgets has
risen so researchers are often involved in optimizing theses
parameters. For trimming these three factors adders are Tablel. Half adder truth table
trivial circuits as they are utilized in almost all the digital
systems in today’s generation. Although optimizing these

parameters is an arduous task. Power dissipation increases

with number of components and wires. The design of all

the adders has been done using verilog HDL in Xilinx and A Cout
verification is done in Modelsim.
The paper is sectioned as follows. Section 2 elaborate on B Sum

four different types of adders. Section 3 explains memory

usage. Section 4 spark light on delay, while level of logic
has been introduced in section 5. Section 6 defines number Figure 1.Half adder Top level symbol
of slices. Result is provided in the section 7. Section 8

concludes the paper.

2. Types of Adders

2.1 Half adder SR o

Half adder is a digital circuit that add two binary inputs

and produce a sum and carry output. The two binary :' ’ =
inputs are A and B while outputs are generally referred as

Sum and Cout. The design of half adder is based on a truth

table. The truth table is labeled as table 1. Figure 1 Figure 2.Top level schematic
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Figure 3.Half adder simulation

2.3 Full Adder

Full adder adds three binary input bits generally named as
A, B, Cin and produces Sum and Carry output. Here
A and B are the operands, and Cin is a bit carried from the
next less significant stage. The logic of full adder is derived
from truth table give in the table 2. Figure 4 represent top
level symbol of full adder. Top level schematic has been
shown in figure 5. Figure 6 depicts simulation waveform of
the adder.

A | B | Cin | Sum | Cout
01010 0 0
01011 1 0
01110 1 0
0|11 0 1
1 (0|0 1 0
1 (0|1 0 1
1 (110 0 1
1 (1|1 1 1
Table 2. Full adder truth table
A Cout
B
Cin Sum

Figure 4.Full adder Top level symbol

Figure 5. Full adder Top level schematic

Figure 6. Full adder simulation waveform

2.3 Ripple carry adder

Ripple carry adder is a type of a logical circuit that uses
multiple numbers of full adders to add N-bit numbers. As
each carry bit “ripples” through the next full adder it is
referred as ripple carry adder. It is implemented with full
adders connected in cascade with the carry output from
each full adder connected to the carry input of the next full
adder. Figure 7 depicts the top level symbol of ripple carry
adder. Top level schematic has been shown in figure 8
while figure 9 shows the final simulation waveform of

ripple carry adder.
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Figure 7 Ripple carry adder Top level symbol
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Figure 8.Ripple carry adder top level schematic
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Figure 9. Ripple Carry adder simulation waveform

2.4 Carry select adder

Carry-select adder computes alternative results in parallel
and in subsequent mode by choosing the correct result. Its
area requirement is increased for enhancing the
performance. Both the sum and carry bits are computed for
the two alternatives: input carries ‘0" and ‘1’. Once the
carry-in is delivered, the correct computation is chosen to
yield the desired output. This carry select adder is of 4 bits.
Simulation waveform has been shown in figure 10 whereas
topic level block and top level schematic has been shown in

Figure 10. Carry select adder waveform
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Figure 11. Carry select adder top level symbol
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Figure 12.Top level schematic
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3. Memory Usage

Carry select adder uses 81404 kilo bytes of memory the
highest among all four while the least memory is being
used by ripple carry adder. The graph in the figure 14
manifests the amount of memory utilized by the different
adders. The more the memory the larger area is required.
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Figure 13.Memory usage by adders

4. Delay

Delay indicates the time circuit takes to perform the
operation. The larger the delay the slower is the circuit
whereas the smaller is the delay the faster is the device.
Thus on observing delay of half and full adders as 8.234
nanoseconds it is stated that they are faster than ripple
carry adder and carry select adder. The graph of figure 15
shows the concept of delay.
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Figure 14.Delay in adders

5. Level of logic
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The level of logic means the levels of combinational logic
between two timing end points. If level of logic is more
than devices works slower while with less level of logic
device is speedy. Ripple carry adder and carry select adder
both share 6 logic level, on the other hand half adder and
full adder share 3 level of logic. Thus ripple carry adder
and carry select adder are slower. This is shown in figure
15.

Level of logic

H Level of logic

o N B O
I

Half  Full Ripple Carry
adder adder carry select
adder adder

Figure 15.Graph showing Level of logic in various adders

6. Number of slices

Slices are basic buildings blocks in FPGA. Each slice
contains LUT’S, flip flops and carry logic components that
make up logic of a design before mapping. After mapping
is performed all LUT’s, flip flops are packed into the slices.
Number of slices is used in large numbers by carry select
adder, thus result in occupying larger area, more power
dissipation and slower performance. This is shown in

figure 16.
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Figure 16.Figure showing number of slices used
by the adders

7. Result

Result has been tabled below. A comparison has been made
between the four adders using four different factors namely
memory usage, delay, level of logic and number of slices.
Table 3 shows the various parameters.

Type | Memory | Delay | Level | Number
of usage (ns) of of slices
adder | (kilobytes) logic

Half 79356 8234 |3 1

adder

Full 79420 8234 |3 1

adder

Ripple | 79228 13.409 | 6 6

carry

adder

Carry | 81404 13.562 | 6 7

select

adder

Table 3.Comparison between adders

8. Conclusion
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The four adders namely half adder, full adder, ripple carry
adder and carry select adder has been design and four
major factors contributing in the area, power dissipation
and performance has been compared. The compared
parameters are memory, delay, level of logic and number of
slices. The result suggests that among the two adders
compared half adder and full adder consumes equal
amount of power, equal lesser area. Among ripple carry
adder and carry select adder, ripple carry adder is slightly
better in area, performance and power dissipation. Overall
carry select adder is worst in case of delay, power

consumption and area.
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