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ABSTRACT
A rapid growth is been observed in the area of Integrated Circuits (IC) technology. All the ICs are to be designed
in an optimized way so that they meet all the requirements of being faster, occupying less area and reduced power
consumption. One of the circuits which occupy most of ICs is ALU which is a combination of arithmetic and logic units.
Of the arithmetic units two are most important which are the adders and multipliers. This paper describes an efficient
method to design full adders which is the basic unit of adders in ALUSs.
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1. INTRODUCTION

Now a days all the systems are built on an upcoming technology called System on Chip (SoC) in which all the
components and peripherals have been built on a single chip which increases the complexity of the system. VLSI plays
an important role in the development of such ideas.

Initially the electronics started their evolution with the invention of vacuum tubes. But with the help of Vacuum
tubes only the movement of electrons were studied. After vacuum tubes transistors and diodes were introduced. But for
larger circuits it was difficult to fabricate them in a board as they occupied larger space and consumed more power. Also
it was difficult for the designers to identify the wiring and routing faults which occurred in such circuits. This led to the
invention of Integrated Circuits by Jack and Kilby in which more number of transistors were integrated on a single chip.
Initially 3 to 30 transistors were fabricated in a single chip which is known as Small Scale Integration (SSI). Then about
30 to 300 transistors were developed in a single chip which is known as Medium Scale Integration. All the above events
happened in 1940S.

During this era, important information was coined by Moore which was later known as Moore’s law and this
law led to the fabrication of more and more transistors on to a single chip. Colloquially Moore’s law stated that the
number of transistors on a single chip doubles each and every eighteen months. Further developments were LSI (300 to
3000 transistors in a single chip), VLSI (3000 to 30000 transistors in a single chip) and now it the upcoming technology
is the ULSI with the fabrication of millions of transistors in a single chip. Also Moore’s law found a drawback that in
even less than eighteen months the number of transistors in a single chip got doubled.

Also circuits were introduced to do the arithmetic and logic operations. Initially logic operations such as AND,
OR, NOT, NAND, NOR, EX-OR were done by LSI ICs. And circuits for doing arithmetic operations such as addition
subtraction and multiplication were developed which made the field of signal processing and communication field
involving arithmetic operations to glow more.

Half adder was designed to add two one bit numbers and when carry arose, that lead to the development of full
adders which added three one bit numbers and produced. Full adder acts as the basic block of all adders which are used
to perform multi bit additions.

Full Adder and its Evolution: The basic full adder circuit is designed from its truth table and its output equations are
given by
S=Xxor Y xor Z - (1)
Cout =(X and Y) or (Y and Z) or (Z and X) =>(2)
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Figure.1l. Schematic Diagram of Full adder using Logic Gates
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Table.1l. Truth Table of Full Adder

Z|S|Cout| X|Y|Z|S]| Cout

0|0 0 1/10(0|1 0

1

1

1 0 1]0(1]0] 1
0 0 111]0(0] 1
10| 1 1(1]1|1] 1
The above truth table shows the truth table of Full adder and the Schematic Logic Diagram of Full Adder which
uses various logic gates. There are also various ways to design the Full Adder circuit in terms of CMOS logic. With
increasing demand in speed and power, our main aim is to design Full adder circuit so that it consumes less power and
faster. Most of the power in any circuit is being consumed by the power given to the datapath of the circuit which consists
of the transistors. Hence by reducing the number of transistors we can reduce the power consumption also by reducing
the datapath ,the circuit can be made faster.
Static CMOS Logic Style of Full Adder: So many logic styles have been preferred to design CMOS logic circuits. The
basic among them is the Static logic which consists of the combination of both NMOS and PMOS. Fig.2, shows the
conventional CMOS logic style of representing Full and Pulling down NMOS transistors. The diagram shows that the
above logic style uses 28 transistors which in turn lead to high area overhead and high power dissipation.
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Figure.2. Static CMOS Logic Structure of a Full Adder

Pass Transistor Logic: It is one of the logic styles which use less number of transistors than the Regular CMOS Logic
style. In PTL, use of either NMOS or PMOS is enough to send the data. The working of NMOS Pass transistor logic is
as follows: Whenever we supply the required gate voltage Vs>0.7 V which is the threshold voltage of the transistor, the
input message in source is passed on to the drain side as the output. Similarly in PMOS pass transistor logic, when the
required gate voltage is Vs <-0.7 V, the input data from source is passed on to the drain side. Hence by the above
discussed logic we can reduce the number of transistors used to design a full adder. The main advantage of this logic is
that it reduces the area and dynamic power dissipation is reduced.

A main disadvantage of PTL is that when the data ‘0’ is passed through the NMOS pass transistor, it is received
accurately at the output and when a voltage of 5V is applied as data input to NMOS pass transistor, the output received
is 5V-Vn Similarly it is vice versa for PMOS pass transistor i.e., it passes logic ‘1’ effectively whereas logic 0 is received
as OV- V. Hence a new technique called Complementary Pass Transistor logic or the Transmission Gate Logic was
introduced. It uses both the NMOS PT and PMOS PT together in order to send both the data ‘0’ and ‘1’ effectively.
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Figure.3a. NMOS Pass Transistor Circuit Figure.3b. PMOS Pass Transistor Circuit
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Figure.4a. Logic Circuit For Finding Sum Using Pass  Figure.4b. Logic Circuit For Finding Carry Out Of A
Transistor Circuit Full Adder Using Pass Transistor Logic
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Transmission Gate Logic: It is another logic style used to design Full adder circuit satisfying requirements such as less
delay, less power consumption and reduced Power Delay Product. From the fig.4, it can be seen that Full adders using
Transmission Gate Logic uses less number of transistors than Conventional Static CMOS logic and Pass Transistor
Logic. The main advantage of using transmission gate design is that it passes both 0s and 1s effectively as follows. When
PMOS is off, NMOS is on and it will pass data of logic ‘1’ effectively and reversely when NMOS is off and PMOS is
on, it will pass data of logic ‘0’ effectively. Hence this transmission gate logic seems to be an effective method than the
previous two methods.
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Figure.5. Full Adder Using Transmission Gate Logic
Full Adder Using 8 Transistors: Further researches have gone by to reduce the number of transistors by reducing the
number of transistors used in the operation of calculating sum and carry which was proposed by was proposed in the
existing system. Wang (1994), proposed a full adder design by using PTL 4 transistors for generating sum and carry.
Further reductions in the number of transistors using different logics were proposed by Bui (2000), and new ideas were
proposed. The structure in fig.6, shows the full adder circuits which use 8 transistors out of which 4 are p-channel
transistors and 4 are n-channel transistors.
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Figure.6. Full Adder Circuit Using 8 Transistors
Full Adder Using 6 Transistors: Another idea has been proposed so that the full adder operation can be done with 6
transistors itself. Here a 2 transistor XNOR gate is the basic component and hence two XNOR gates have been used.
And also a multiplexer has been used. Hence the number of required transistors for full adders has been decreased to six
and its circuit is shown in fig.7, Due to the usage of less humber of transistors it has shown a remarkable improvement
in area and delay. Even though the described circuit provided less power consumption and increased delay, we can see
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Figure.7. Full Adder Circuit Using 6 Transistors Figure.7a. Simulation Result Of 6 Transistor Full
Adder Circuit
Full Adder Circuit Using 6 Transistors in PTL: In our proposed design we use Pass transistor logic and we have also
taken care to reduce the number of transistors. By reducing the number of transistors used, an increase of speed in
dataflow has been achieved. Also the reduction in the transistor usage has lead to reduction in the area and power
consumption. The proposed model is shown in Fig.8.
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Figure.9. Simulation Result of 6TR Full Adder Circuit
Using PTL

Figure.8. 6 TR Full Adder Circuit Using PTL

3. RESULTS AND DISCUSSION
The above discussed circuits were simulated using the Micro wind DSCH software and the results were obtained.
From the simulated results it can be seen that we have less distortion in the proposed 6 TR based full adder using PTL
than the above discussed earlier 6 transistor based Full adder. And also we can observe that it shows a remarkable
reduction in terms of power consumption and delay also. The comparison of FA design using various logic styles and
the measured parameters are shown in Table.2.
Table.2. Comparison of Power, Delay For Full Adder Using Different Logics

Type of Logic No. of transistors used Power Consumption (nW) | Delay (ps)
STATIC 28 62.35 420.3
NORMAL PTL 32 80.25 493.1
TX GATE LOGIC 20 43.56 296.4
8 TRFA 8 12.56 302.5
6 TRFA 6 5.69 186.3
PROPOSED 6 TR FA-PTL 6 5.26 142.6

4. CONCLUSION

This paper has given a brief explanation about the different types of logic styles that are used to design VLSI
circuits and also we have studied about the design of FA using different logic styles, their pros and cons. Our proposed
design has shown a remarkable improvement in delay, area and power whereas less distortion has been observed than
the previously designed adders. Further enhancements can be made to reduce these also.
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