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Abstract-Full adders are the basic building blocks of almost all digital VLSI circuits. Adder is one of the most fundamental 
blocks present in ALU (Arithmetic and logical unit). Continuous improvements are being done to improve the performance 
of adders. These improvements are motivated by minimizing transistor count, power consumption and delay in operation. in 
this paper, four cmos adders have been studied and compared in 0.13µm technology. Full adders studied here are 
complementary pass transistor logic (CPL) full adder, conventional CMOS-based full adder, transmission gate adder (TGA) 
and full adder using 16 transistors. These adders have been compared for power consumption and PDP with varying voltages 
from 1.8 to 3.3 V. 
 
Index Terms – full adder, CPL full adder, Conventional full adder, TGA full adder, full adder made of 16 transistors, sum, 
carry, PDP. 
 
I. INTRODUCTION 
 
Full adders are the fundamental circuit elements of  
VLSI systems. Full adders are used in many complex 
arithmetic and logical circuits like division, 
multiplication, addition, etc. Applications of adders 
include compressors, comparators, code convertors, 
phase detectors, parity checkers, error - detecting and 
error-correcting codes[1-3]. Continuous 
improvements are being done to improve the 
performance of adders. These improvements are 
motivated by minimizing transistor count, power 
consumption and delay in operation i.e. to our main 
goal is to maximize the speed of operation[4]. 
There is no ideal full adder circuit which can be 
single handily used in all types of applications. Hence 
novel architectures like complementary pass 
transistor logic (CPL) using 32 transistors, 
conventional CMOS-based full adder using 28 
transistors, transmission gate-based full adder using 
20 transistors and full-adder using 16 transistors have 
been studied in this paper. Each design style has its 
own advantages and disadvantages. 
The basic components of a full adder is XOR/XNOR 
circuit. Full Adder operation can be stated as follows: 
Three 1-bit inputs i.e. A, B and C are taken to 
calculate two 1-bit outputs Sum and Carry[5]. 
Sum = A XOR B XOR C 
Carry = A AND B + C (A XOR B) 
Gate level realization of basic full adder is shown in 
figure 1. 

 
Figure 1: Full adder 

 
II.   ADDER CONFIGURATONS 
 
Various full adders have been represented in 
literature. In this paper four adders have been studied 
namely: 
 
A. Complementary Push-Pull (CPL) full adder 
CPL full adder is mainly used for high speed and low 
power applications. It consists of 32 transistors. It 
takes complementary inputs and gives 
complementary outputs[6].  Advantages of this type 
of full adder include that it is faster than CCMOS full 
adder and disadvantages include wiring complexity, 
high delay and not suitable for low power 
applications. 

 
Figure 2 : (a) Sum (b) Carry of CPL full adder 
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B. Conventional CMOS-based full adder  
Conventional CMOS-based full adder is constructed 
using 28 transistors i.e. 14 PMOS devices and 14 
NMOS devices[7]. 
Advantages include high noise margin and reliable 
operation at low voltages. Disadvantages include 
large power consumption, large chip area and high 
input data i.e. large transistor count. 

 
Figure 3: Conventional CMOS full adder 

 
C. Transmission gate-based full adder (TGA) 
 TGA based full adder comprises of 20 transistors viz. 
10 PMOS devices and 10 NMOS devices. Hence 
transistor count is lower compared to CPL full adder 
or conventional CMOS full adder[8]. 
Advantages of TGA-based full adder are that it is the 
fastest speed adder and it has simple circuitary. 
Disadvantages are high power dissipation compared 
to conventional CMOS full adder. 

 
Fig. 4 : TGA-based full adder 

 
D.  Full adder using 16 Transistors 
This full adder is made up of 16 transistors. In this 
adder, power consumption and delay has reduced 
significantly[9]. The XOR-XNOR module does not 
give full swing outputs. Hence, all the transistors 
connected to this module turn on or off slowly. 
Advantages of this full adder are that it has better 
performance in terms of power and leakage.  

 
Figure 5 : 16 transistor based full adder 

 
III. RESULTS AND DISCUSSION 
 
Circuit implementations of single bit adders have 
been simulated in 0.13 µm MOS technology with the 
test voltage ranging from 1.8 V to 3.3 V. These 
circuits contain the input signal generator, the adder 
cell, and CMOS inverters with transistor sizes Wn = 
0.5 µm, Wp = 1.0 µm, and Ln = Lp =0.13 µm.  
 
Table 1 shows the power consumption and power-
delay-product of CPL full adder. Figure 6 shows the 
input and output waveforms for CPL full adder. 
 
Table  1 : Power Consumption & PDP for CPL full 

adder 

 
 

 
Figure 6 : Input & Output waveforms for CPL full adder 
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Table 2 details the power consumption and power-
delay-product of conventional CMOS-based full 
adder. Figure 6 presents input-output waveforms for 
conventional CMOS-based full adder. 
 

Table  2 : Power Consumption & PDP for 
conventional CMOS-based full adder 

 
 

 
Figure 7 : Input & Output waveforms for conventional CMOS-

based full adder 
 
Table 3 shows power consumption and power-delay-
product of conventional CMOS-based full adder. 
Figure 8 shows the input-output waveforms for 
conventional CMOS-based full adder. 
 

Table  3 : Power Consumption & PDP for TGA-
based full adder 

 

 
Figure 8 : Input & Output waveforms for TGA-based full 

adder 
 
Table  4 shows the power consumption and power-
delay-product of conventional CMOS-based full 
adder. Figure 8 shows the input and output 
waveforms for conventional CMOS-based full adder. 

 
Table  4 : Power Consumption & PDP for 16 

transistor full adder 

 
 

 
Figure 9 : Input & Output waveforms for TGA-based full 

adder 
 
CONCLUSION 
 
In this paper, various types of full adder circuit 
designs have been studied and reviewed from some 
recent published research work. The comparison of 
full adder cells with each other in terms of power, 
power-delay-product(PDP), supply voltage and 
transistors count is done.  
Different logics are used in this paper to design full 
adders to reduce the power, power delay product and 
transistor count. Based on our survey, it is concluded 
that the full adder using 16 transistors consumes least 
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power and transistor count compared to all other 
designs at low supply voltage. While TGA-based full 
adder gives minimum delay as well as power-delay-
product (PDP) compared to all other full adder 

designs.  A comparison has been made among all four 
adders and results have been drawn based on it. 
Figures 10 to 12 show comparisons in graphical form.

  
Table 5 : Comparison of  various full adder 

               

 
Fig. 10 : Power consumption comparison 

 

 
Fig. 11 : PDP_SUM (ps) comparison of    of various adders  

various adders 
 

 
Fig. 11 : PDP_CARRY (ps) comparison of various adders 
 
 

REFERENCES 
 

[1] Manoj Kumar, Sujata Pandey, Sandeep K. Arya, 
“Design of CMOS energy efficient single bit full 
adders”, High performance architecture and grid 
computing communications and information science, 
vol. 169, 2011, pp 159-168.  

[2] Manoj Kumar, Sandeep K. Arya, Sujata Pandey, “ 
Single bit full adder design using 8 transistors with 
novel 3 transistors XNOR gate”, International journal of 
VLSI design and communication systems (VLSICS), 
vol. 2, No. 4, Dec. 2011. 

[3] Manoj Kumar, Sandeep K. Arya, Sujata Pandey, “A 
New Low Power Single Bit Full Adder Design with 14 
Transistors using Novel 3 Transistors XOR Gate”, 
International Journal of Modeling and Optimization, 
Vol. 2, No. 4, August 2012. 

[4] R. Zimmermann and W. Fichtner, "Low-power logic 
styles: CMOS versus pass transistor logic," IEEE J. 
Solid State Circuit, vol. 32, pp.1 079-1 090, July 1997. 

[5] U.Ko,P.T.Balsara, W. Lee, "Low Power Design 
Techniques for High Performance CMOS Adders," 
IEEE transactions on VLSI system, vol. 3, pp. 327-333, 
June 1995. 

[6] Zimmermann, R. and Fichtner, W., Low Power Logic 
Styles: CMOS Versus Pass Transistor Logic, IEEE J. 
Solid state circuits, 1997, vol. 32, no. 7, pp. 1079– 
1090. 

[7] C.H. Chang, J. Gu, M. Zhang, A review of 0.18µm full 
adder performances for tree structure  arithmetic 
circuits, IEEE transactions on very large scale 
integration (VLSI) systems 13 (6), June 2005. 

[8] Rahul J. Gera and David H. K. Hoe,  “An Evaluation of 
CMOS Adders in Deep Submicron Processes” , 44th 
IEEE South-eastern Symposium on System Theory 
University of North Florida, Jacksonville, FL March 11-
13, 2012. 

[9] Partha Bhattacharyy, Bijoy Kundu, Sovan Ghosh, 
Vinay Kumar, and Anup Dandapat, ”Performance 
Analysis of a Low-Power High-Speed Hybrid  1-bit 
Full Adder Circuit”, IEEE transactions on very large 
scale integration (VLSI) systems. 

 


  

 
 


