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ABSTARCT: 
This paper presents as low power efficient full adder with minimized number of transistors. All the DSP 
processors consists of adder circuits. The power consumption in a full adder circuit is majorly due to EX-
OR gates. In this paper a novel EX-OR gate is proposed with only two transistors. This full adder utilizes 
only six transistors which consume 33.3% less power when compared to eight transistor full adder which 
was designed earlier. Simulation results were observed using MICROWIND tool.  
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1. INTRODUCTION 

Achieving low power and reduction in area has become a challenging task in the field of VLSI design. Adders 
are not only used for arithmetic operation but also necessary to compute virtual physical address in memory 
fetch operation in all modern computers. Also the adders occupies critical path in key areas of microprocessor, 
fast adders are prime requirement for the design of fast processing digital system. Many fast adders are available 
but the design of high speed with low power and less area adders are still challenging. The performance of an 
arithmetic circuit is found directly subject to all the FAs employed, stimulating the development of a wide 
variety of FAs for various applications, smaller number of transistors are adopted to achieve the aim of chip area 
reduction, but the accompanying disadvantages are threshold voltage loss, a low noise margin and a low-output 
driving capability.  

Adders plays significant role in DSP processors because they are its major functional units and all 
computations of DSP processor are based on full adder. A conventional full adder requires a total of twenty 
eight transistors. Shubhajit Roy proposed a three transistor EX-OR gate with which a full adder can be 
constructed with a total of eight transistors by rearranging the Boolean functions of sum and carry. In this paper 
a novel full adder with six transistors is built using EX-OR gate which requires only two transistors. 

2. PREVIOUS WORK 

Basic full adder logic circuit shown in below Figure 1 consists of two EX-OR gates, three AND gates and one 
OR gate. The Boolean equations for sum and carry are given below for the respective logic circuit. 

According to the Shubhajit Roy’s proposed eight transistor full adder, the Boolean equations are rearranged 
in such a way that the full adder logic circuit was constructed using two EX-OR gates where each consists of 
only three transistors. In this three transistor EX-OR gate which is shown in figure 2 when B input is logic ‘1’ 
the inverter operates like a normal CMOS inverter and when B is at logic ‘0’ , output goes to high impedance 
state but since the transistor M2 turns ON and acts like a pass transistor which gives ‘A’ at its output. Thus the 
EX-OR gate operation is achieved. 

 
Rearranged Boolean equations for eight transistor full adder are given below 

Sum = (aΘb)Θcin 
Carry=cin.(aΘb) + a.b 
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Figure  1. Full adder logic circuit 
 

Table 1. Truth table of full adder logic circuit 
 

A B Cin SUM CARRY 

0 0 0 0 0 

0 0 1 1 0 

0 1 0 1 0 

0 1 1 0 1 

1 0 0 1 0 

1 0 1 0 1 

1 1 0 0 1 

1 1 1 1 1 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                 Figure  2. Three Transistor  EX-OR gate 
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                                                  Figure 3. Eight Transistor Full adder 
 

3. PROPOSED WORK 

 The proposed two transistors EX-OR gate for full adder is constructed by rearranging the Boolean equations     
for Sum and Carry outputs. The Boolean equations are given below: 

 
Sum = (aΘb).c’+ (aΘb)’.c 
Carry= (aΘb)’.a + (aΘb).c 

In this proposed design one 2T EX-OR gate drives two 2T EX-OR gates whose outputs are sum and carry. The 
sum is achieved driving the output of first EX-OR gate module to the gate input of other EX-OR gate module 
which is consisting of two transistors whose drains are driven ‘c’’ and ‘c’ respectively. Similarly Carry is 
obtained by driving the output of first EX-OR gate module to the gate input of other EX-OR gate module which 
is consisting of two transistors whose drains are driven by ‘a’ and ‘c’.  Finally the full adder is being constructed 
using only six transistors which occupies less area and consumes less power. The logic circuit for the two 
transistors EX-OR gate and six transistors full adder are shown in below figures (Figure 3 and Figure 4). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                               Figure  4. Two Transistor EX-OR gate 
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                                                          Figure  5. Six Transistors Full adder 
 

4. SIMULATION RESULTS 

The proposed design is compared with Shubhajit Roy’s full adder circuit and found that the proposed design 
is area and power efficient. The simulation is being performed on 180nm technology using MICROWIND tool 
and results were generated for the two designs and area and power consumed were calculated. The comparison 
results are shown in below table II. 
 
                                          Table II. Comparision results of eight and six transistors full adder 
 

 Previous 

design 

Proposed 

design 

No. of  transistors 8 6 

Power consumption 

(µW) 

16.8 0.17 

Power*delay 

(µW.nS) 

8.9 1.35 
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                                                 Figure 6 . Simulation result of eight transistor Full adder 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                            Figure  7. Simulation result of six transistor Full adder 
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                                   Figure  8. Layout of the eight transistor Full adder 

 

 

 

                                      Figure  9. Layout of the Six transistor Full adder 
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Figure 10.Voltage variation at Sum 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                    Figure 11.Voltage variation at Carry 
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CONCLUSION 

The proposed full adder requires six transistors and consumes 0.17µW power and occupies less area than its 
previous designs. The results were obtained using MICROWIND tool and simulation was done using 180nm 
technology. Hence the proposed full adder works for low power DSP processor applications. 
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