International Journal of Science and Research (1JSR)
ISSN (Online): 2319-7064
Impact Factor (2012): 3.358

L eakage Power Reduction in 5-Bit Full Adder using
Keeper & Footer Transistor

Narendra Yadav', Vipin Kumar Gupta?

'Department of Electronics and Communication, Gyan Vihar University, Jaipur, Rajasthan, India

?Assistant Professor, Department of Electronics and Communication, Gyan Vihar University, Jaipur, Rajasthan, India

Abstract: In the present scenario Power consumption plays an imperative role specifically in the field of VLSI. Every designer, either
an analog circuit or a digital circuit designer is concerned about the amount of the power a circuit is going to consume in the end. The
main objective of this project is to design and implement of the leakage power reduction in 5-bit Full Adder (Domino Logic and
Transmission Gate) technology using of footer and Keeper transistor. Keeper and Footer transistor using Transmission gate or Domino
Logic are used to cooperate in reduction static power dissipation in 5-Bit Full Adder. There is reduction of 72.18% in power
consumption by 5-bit transmission gate full adder with footer transistor as compared to 5-bit full adder on Tanner Tools.
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1. Introduction

ADDITION is one of the fundamental arithmetic operations.
It is used extensively in many VLSI systems such as
application-specific DSP architectures and microprocessors.
In addition to its main task, which is adding binary numbers,
it is the nucleus of many other useful operations such as
subtraction, Multiplication, division, addresses calculation
etc. The adder is one of the most vital circuitry of a
processor, as it is extensively used in the Arithmetic Logic
Unit (ALU), in the floating-point unit and for address
generation in case of cache or memory. Power efficient
VLSI circuits are increasing day by day as rising demand of
smart phones & Laptops.

Extensive variants of full adders have been investigated by
the academic and industrial research communities. The usual
performance evaluations are speed, power consumption, and
area. The demand of Adder is continuously increasing as the
fields like microprocessors and digital signal processing
chips. This paper deals reduction in power reduction with
various adders implemented using CMOS logic style.

The choice of logic style to design digital circuits strongly
influences the circuit performance. The delay time depends
on the size of transistors, the number of transistors per stack,
the parasitic capacitance including intrinsic capacitance and
capacitance due to intracellular and intercellular routing, and
the logic depth (i.e., number of logic gates in the critical
path). The dynamic power consumption depends on the
switching activity and the number and size of transistors [1].
Among other things, the die area depends on the number and
size of transistors and routing complexity.

Power consumption is an important factor in CMOS circuit.
The advantage of CMOS circuit is that it
dissipates/consumes less power than logic families with
resistive loads. Due to this reason it is widely used in
manufactured integrated circuit. While during designing
chips the power consumption of CMQOS devices are not the
major factor. Speed and area are the design parameters,
which are the factor of designing chips.

To reduce power consumption, various techniques are used
such that domino logic, keeper, footer transistor and
transmission gate that are described in section IlI.

2. Conventional Full Adder

A Full Adder is a combinational circuit that has three single
binary digits inputs A, B and Cin and has two outputs
sum(S) and carry out (Cout) that are obtained by the addition
of three single-bit input signals A, B and Cin. A and B are
the operands, and Cin is a bit carried in from the next less
significant stage (LSB).

Boolean Expression: SUM=A x or B x or Cin

CARRY=A.B +B Cin+ A Cin
=A.B +Cin (A +B)
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Figure 1: Gate Schematic for Conventional Full Adder

Table 1: Truth Table of Full Adder
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Figure 2: The Conventional CMOS Full Adder

The CMOS full adder [7] has 28 transistors and is based on
the regular CMOS structure is shown in figure2.

3. Methods for Reduce Power
3.1 Domino Logic

Domino logic is a CMOS-based formation of the dynamic
logic techniques based on either PMOS or NMOS
transistors. It is also known as dynamic logic (digital
electronics).It permits a rail-to-rail logic swing. It was
invented for increase speed up of circuits and power
consumption.

The dynamic logic circuit needs two phases [4]. The first
phase: when CLK is low (0), then evaluate N-FET is OFF
and precharge P-FET is ON, then output node is precharged
to VDD and another nodes precharge to VDD-Vth,n and
depends on the value of inputs. The second phase: when
CLK is high (1), then evaluate N-FET is ON and precharge
P-FET is OFF, then output node is discharged depending on
the value of inputs if configuration of inputs are conducting
path to Ground, otherwise output node keeps high

charged[4].
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Figure 3: Basic structure of Domino-Logic circuit
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Figure 4: Waveform of the clock needed to operate domino

logic
3.2 Employing Keeper

The simplest way to eliminate the power consumption
problem of 5-bit full adder the always-on keeper in the
evaluation phase of domain gates, is to employ a feedback
weak PMOS Keeper [4,5] illustrated in figure 5:
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Figure 5: Weak PMOS Keeper to compensate for the
leakage through pull-down network.

3.3 Employing Footer
Another method to eliminate the power consumption

problem in 5-bit full adder by connecting a NMQOS footer
transistor to ground [2] illustrated in figure 6:
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Figure 6: Basic structure of NMOS Footer Transistor
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3.4 Transmission Gate Logic

The motive behind using Transmission Gate is to minimize
the number of Transistors with degrading signal strength as
Transmission Gate passes all types of signal without
degrading them. The advantage of having Transmission Gate
is that the signal is passed without any gate attenuation
unlike NMOS and PMOS.
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Figure 7: Basic structure of Transmission Gate

4. Proposed Work

The main objective of this project is to design and
implement of the leakage power reduction in 5-bit Full
Adder (Domino Logic and Transmission Gate) technology
using of footer and Keeper transistor. In this technique to
calculate power consumption of Half Adder, Full Adder
using Domino logic, Transmission Gate, Keeper and Footer
Transistor. In this section to design Full Adder circuit
diagram using different techniques. All the circuits design
are worked on Tanner EDA Tools.

Figure 9: Circuit Diagram of 5-Bit Transmission Gate
Based Full Adder with Footer
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Figure 11: Waveform of 5-Bit Transmission Gate Based
Full Adder with Footer

5. Result & Comparison

Leakage power reduction in 5-bit Full Adder using Keeper
and Footer transistor with the help of Domino Logic and
Transmission gate technique using analysis section, “.trans
5ns 500ns; .power VVdd” where Vdd=2.5V has been carried
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out on Tanner EDA Tools. Average power consumption
(mW) of 1-bit Half Adders is shown in Table 1l and Figure
11. Average power consumption (mW) of 1-bit Full Adders

is shown in Table Il and Figure 12.

Average power

consumption (mW) of 5-bit Full Adders is shown in Table

1V and Figure 13.

Table 2: Avg. Power Consumption (mW

in Half Adders:

Table 3: Avg. Power Consumption (mwW

in Full Adders:

S. | Full Adders Average Powers
No. Consumption(mW)
1. |Full Adder 18.4mW

2. |Domino Full Adder 13.0mW

3. |Domino Full Adder With Keeper 14.3mW

4. |Domino Full Adder With Keeper & Footer 11.5mw

S. [ Half Adders Average Powers Table 4: Avg. Power Consumption (mW) in 5-Bit Full
No. Consumption(mw) Adders:
1. |Half Adder 10.7mwW S. 5-Bit Full Adders Average Powers
- No. Consumption(mW)
2.| Domino Half Adder 6.80mW 1. 5-Bit Full Adder 98.8mW
3. |Domino Half Adder With Keeper 9.17mW 2. Domino 5-Bit Full Adder 63.1mW
4. |Domino Half Adder With Keeper & Footer| 4.18mW 3. | Domino 5-Bit Full Adder With Keeper 70.2mW
4. | Domino 5-Bit Full Adder With Keeper 31.5mwW
& Footer
5. 5-Bit Transmission Gate Full Adder 10.4mW
6. 5-Bit Transmission Gate Full Adder 1.35mwW
With Footer
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Figure 12: Avg. Power Consumption (mW) vs. Half Adders.
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Figure 13: Avg. Power Consumption (mW) vs. Full Adders.
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6. Conclusion

In the VLSI design, half adder, full adder and 5-bit full adder
with different techniques design circuit diagrams give
average power consumption in mW unit, is calculated by
Tanner EDA tools. Keeper and Footer transistor using
Transmission gate or Domino Logic are used to cooperate in
reduction static power dissipation in 5-Bit Full Adder.
Power reduction of 5-Bit Full Adder is 98.8mW; with the
help of Transmission Gate with Footer transistor in 5-Bit
Full Adder has power reduction is 1.35mW using Tanner
Tools. So there is reduction of 72.18% in power
consumption by 5-bit transmission gate full adder with
footer transistor as compared to 5-bit full adder on Tanner
Tools.
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