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Abstract- with the advancement in semiconductor technology, chip density and power consumption in VLSI circuits has become a 

major problem consideration. More area and power consumption increases the packaging cost and reduces the battery life of the 

devices. Hence it’s necessary to design any VLSI circuits with less chip area and power consumption. In this paper an efficient full 

adder circuit is designed with various pass transistor logic families by using microwind simulating tool with CMOS 0.12μm 

processing technology. Microwind is truly integrated EDA software encompassing IC designs from concept to completion, enabling 

chip designers to design beyond their imagination. Microwind integrates traditionally separated front end and back end chip 

design into an integrated flow, accelerated the design cycle and reduced design complexity.  
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I. INTRODUCTION 

          

Addition is a fundamental arithmetic operation. It is 

used in some of the applications like DSP architecture and 

Microprocessor. Addition is used for computation purpose 

in mobile communication which is a fast growing 

technology [1].  Some of the operations like multiplication, 

subtraction, division, address generation uses addition 

directly or indirectly [2].  

 

 Addition of numbers is performed by an adder or a 

summer which is a digital circuit in electronics. Adders are 

not only used in the Arithmetic Logic Units, but can also be 

used in address calculation, table indices, increment and 

decrement operation and similar operations in many 

computers and other kind of processors. Eventhough many 

numerical representations like Binary Coded Decimal are 

constructed using adders, the most common adder operates 

on binary numbers. It is trivial to modify an adder into an 

adder-subtract or where negative numbers are represented 

using 2‟s complements and 1‟s complements. More 

complex adders are required for representing other signed 

numbers. Implementation of full adder can be done in many 

different ways like with a composed of other gates or a 

custom transistor level circuit.  

 

Binary numbers are added using full adder and it 

also accounts for values carried in as well as out. Three one 

bit numbers are added using a one bit full adder where the 

three one bit numbers are often written as A, B and C; A 

and B are the operands, and C is a bit carried in from the 

previous less significant stage. The full adder which adds 8, 

16, 32 bits, etc.  binary numbers is usually a component 

which is a cascade of adders. 

 
 

Figure 1: Basic Full adder structure 

 

Sum and output carry are the two output bits 

produced by full adder circuit which is shown in figure 1. 

Any integrated system which occupies less silicon chip area 

and dissipates less power is said to be reliable. Today, low 

power design of any integrated system is in huge demand. 

The efficiency of the adder circuit determines the efficiency 

of arithmetic unit [3].  

 

In the majority of the systems the overall 

performance of the system is determined by the adder 

which is the part of the critical path. The different design 



 ISSN (Online) 2394-6849 

 
 

International Journal of Engineering Research in Electronic and Communication 

              Engineering (IJERECE) Vol 3, Issue 6, June 2016            

 
  

   139                     

    

   

 

levels such as circuit, layout, and architectural and process 

technology level are used to address the low power Very 

Large Scale Integration which has great demand. 

Implementing combinational circuit at the circuit design 

level is done by means of correct choice of logic style to 

result in power saving. Transition activities, swing 

capacitance and short circuit currents are some of the 

important parameters governing power dissipation which 

are influenced by the logic style chosen.  

 

This paper reports the design and comparison of 

performance of three full adder cells implemented with an 

alternative logic structures depending upon the 

multiplexing of the Boolean functions like XOR/XNOR 

and AND/OR, to obtain sum and carry outputs. The design 

and simulation has been carried out on Micro-wind (using 

CMOS 0.12μm processing technology). The obtained result 

of this adder cell is compared with other existing structures. 

  

II. LITERATURE SURVEY 

 

Paper: Energy- Efficient, High Performance Circuits For 

Arithmetic Units 

Adder is the core component of any arithmetic unit 

and the major source of power dissipation. Various 

architecture styles can be used to design these adders. Each 

architecture style has its own advantages and 

disadvantages. Due to the need of electronic devices with 

prolonged battery life, low power design is of great 

importance.  

 

In this paper, Complementary pass transistor logic 

(CPL) is used for designing the adder unit. CPL is faster 

and more energy efficient than any other logic styles. In 

order to implement multiplier circuit, decomposition logic 

is used. Decomposition logic improves the speed and 

reduces power consumption by reducing the spurious 

transitions in the nodes. By combining the adder structure 

built using CPL logic and the decomposition logic, the 

performance of the multiplier is improved. In turn it 

supports the design of energy efficient processors.  

 

Along with a new adder circuit design, comparison 

of the adder performance with various other adder 

structures is also done. Hybrid adder, Hybrid Exor adder 

and CMOS Mirror adder is considered for comparison. 

CMOS mirror adder uses „carry‟ signal to generate „sum‟ 

signal. Therefore, the structure is unbalanced and produces 

glitches. But the circuit is stable even at low voltages and 

robust to scaling.  

In the proposed logic, NMOS transistors are used 

along with pull-up PMOS transistors in order to obtain full 

swing output voltage i.e., swing restoration. Since NMOS 

transistors are used and also due to positive feedback the 

circuit operation is very fast. The number of transistors 

used in the proposed adder structure is more when 

compared to other designs due to the requirements of seven 

inverters to generate complement signals. The drivability of 

the circuit is fairly good even without the use of inverters 

due to the use of pull-up PMOS transistors.  

 

TSPICE is the tool used for simulation in the 

TSMC 180nm technology. To evaluate the performance of 

adder structures test benches are used and various 

parameters are compared.  

 

Table I: Simulation results for adder circuits 

 
 

Paper: Performance Evaluation Of 1 Bit Cmos Adder Cell  

 

The main aim of the paper “Performance 

Evaluation of 1 bit CMOS adder cells” by A. Shams and 

M.Bayouni was to evaluate the performance measures of a 

full adder cell. The performance of a full adder cell is 

measured based on the speed, area, power dissipation and 

driving capability, an input test pattern for 1 bit full adder 

cell was proposed. The cell delay, one of the performance 

parameter was calculated by applying all the possible input 

combinations. The one with the highest delay was 

considered to be the overall cell delay. The overall power 

dissipation was reduced by combing all the possible 

combinations of input pattern. The input test pattern 

(proposed test pattern) serves as a fair and correct basis for 

evaluating full adder cells [6].  

 

In this paper the adder cell is divided into three 

sub modules. Each module is separately designed, 

simulated, analyzed and compared. Full adder cell is 

designed in twenty different form by combining these 

modules. The parameters such as power consumption, area, 

delay and driving power of these adders are different and 

decide the performance and adders are ranked. As any 

adder is not perfect which suits for all application, a 

designer can choose any one of these adder which meets the 

requirement in a better way for that application.  

In all the stages of design process reduction of power 

dissipation is a major task. Power dissipation occurs in 

three different form such as Swinging power (power 

consumed during transistor swinging by node capacitance), 
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Short Circuit power (power consumed due to flow of 

current from power supply to ground) and Static power 

(caused due to static and leakage currents).  

Consider three 1-bit inputs A, B, and Cin then the 

output will be sum and Cout. Then the adder is described as 

follows,  

Sum =( A Xor B ) Xor Cin ………..…….. (1)  

 

Cout = (A and B) or Cin and ( A Xor B)… … (2)  

 

Some of the adders are used for the comparison in 

this paper. They are as follows,  

 

1) The transmission-gates CMOS adder (TG-CMOS), uses 

transmission gate and has 20 transistors.  

2) The transmission function full adder (TFA) ,is based on 

transmission function theory and has 16 transistors.  

3) The low power implementation of the full adder cell that 

has only 14 transistors (14T) is based on XOR and 

transmission gate.  

4) The complementary pass-transistor logic (CPL) full 

adder contains 32 transistors.  

5) The CMOS full adder (CMOS) has 28 transistors.  

 

The first module is designed to generate XOR and 

XNOR function. It can be done in two ways, one of them 

are first generate XOR then use an inverter to generate 

XNOR function. Another way is to generate separately and 

simultaneously. 

 

III. DESIGN METHODOLOGY 

 

Complementary Pass Transistor Logic  

CPL uses series of transistors to select between 

possible inverted output values of the logic, by which 

output can be used to drive an inverter to generate the non-

inverted output signal. Inverted and non-inverted inputs are 

required to drive the gates of the pass-transistors. The main 

concept behind CPL is the use of an NMOS pass-transistor 

network for logic organization.  

 

Double Pass Transistor Logic  

Double-pass transistor logic uses both N and P 

channel transistors, with dual logical paths for each 

function. The swinging tree of a DPL gate consists of both 

NMOS and PMOS pass transistors. Full swing operation is 

attained by simply adding PMOS transistors in parallel with 

the NMOS transistors, but it has high-area and high-power 

drawbacks. 

 
Figure 2: Full adder designed using DPL logic style 

Swing Restored Pass Transistor Logic 

 
Figure 3: Full adder designed using SRCPL logic style  

 

The Swing Restored Pass transistor logic (SRCPL) 

style is derived from Complementary Pass transistor logic 

(CPL). It uses the same NMOS pass-transistor in the 

swinging network. Here the output inverters are cross-

coupled to a latch structure which performs swing 

restoration. An advantage of SRCPL is its simple design, 

but a disadvantage is the spikes on power-supply that occur 

during swinging.  

 

Proposed logic: 

 
Figure4: Full-adder designed with the Proposed Logic 

structure and a Pass Transistor Logic Style. 
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IV. RESULTS 

 
Figure5: Layout design of Proposed Logic structure and a 

Pass Transistor Logic Style. 

 
Figure 5: Proposed logic waveforms 

 

 

 

 

 

Table II: Comparison of different logic style 

implementation 

 
 

The total number of transistors that used in the 

proposed logic circuit is 24. When compared to the number 

of transistors used in the SRCPL and DPL logic styles the 

number of MOSFETs that is used has considerably 

reduced. Thus one of our main objectives of area efficient 

full adder is achieved. Since the number of MOSFETs that 

is used is less the total power dissipation has drastically 

reduced. Figure5 gives a clear picture about the total power 

dissipation of the different logic styles and the proposed 

logic style.  
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