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ABSTRACT  

 Adder is an arithmetic element of Arithmetic Logic Unit (ALU), which performs not 

only addition arithmetic operations, but also performs subtraction, multiplication, and 

division.  ALU is a fundamental device of digital systems such as Digital Signal Processor 

(DSP), Multipliers, and Microprocessors to perform the arithmetic and logical operations. In 

this review papers one bit full adder performance is studied for different design techniques of 

static full adders  such as Conventional CMOS (CCMOS), Pass Transistor Logic (PTL), 

Complementary Pass Transistor Logic (CPL), Double Pass Transistor Logic (DPL), 

Transmission Gate (TGA), Transmission Function (TFA), Hybrid CMOS, and dynamic 

adders such as CCMOS, Pseudo NMOS, NP-NMOS, PN-CMOS, NP-Domino. Comparison is 

also carried out for each designed adder by considering different parameters such as Power 

Delay Product (PWD), delay, power consumption, and area.      

   
Key words: Full Adder, Low Power, Delay, Power Dissipation.   

 

 

1. INTRODUCTION 

 

Adders are the fundamental element of digital systems such as ALUs, Digital Signal Processor 

(DSP), Microprocessor, Multiplexers, and Comparator to perform arithmetic operations like 

addition, subtraction, multiplication, and division.  In today’s electronic devices most needed 

feature is low power energy efficient elements, which make the device battery to operate for long 

time [1].  

 Embedded devices are designed by using many advanced electronics devices and 

processing units such as Microcontrollers, DSP processors to perform specific task. In these 

processing unit adder is a basic element to perform arithmetic operation. Design of high 

performance adders in terms of power, speed, and area has been difficult task from long time and 

it is also goal of today CMOS design. High speed of operation and low power consuming 

elements are the most needed features of today’s portable electronic devices. This can be 

achieved through designing an element of devices with reduced number transistor, this may leads 

more delay in their operation, but always there is a trade of between speed and power 

consumption of the device [2].   

 The single one bit full adder is not enough to use for all kind of application, therefore 

different design style is employed in full adder design to cover all type application. Normally full 

adders are designed by using two logic styles,   i) Static style, ii) Dynamic style. Design of static 

full adders are simpler, low power consuming, and more reliable than dynamic full adder. Static 
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full adder design can be divided into in two classes based on its output. Full swing output and 

without full swing outputs, examples for full swing output adders are CCMOS, PTL, TGA, CPL,  

TFA, Hybrid, and 14T design. Without full swing output adder designs are 10T, 9T, and 8T.  

Dynamic style is an another approach to design any digital functions and full adder cells, this 

design approach has  some advantages over static adder design such as faster switching speed, no 

static power consumption, full swing voltage level, minimum number of transistors, and more 

compact than static full adder [3].   

 Performance of the each designed adders are analyzed by considering different 

parameters such as power consumption, speed, number of transistors, and power delay product of 

the circuit. In adder design it is optimised that design adder cell must operate with high speed, 

consuming low power, operate with low supply voltage, and no degradation in output voltage.  It 

is also important to maintain good drivability under different load condition and avoiding 

glitches at the output. So for many designs are proposed using different logic style and each 

design have its own advantages and disadvantages. The power dissipation of designed circuit 

mainly depends on number of transistors, wiring complexity, switching activity, and node 

capacitance. Speed of design circuit depends on parasitic capacitance, logic depth, and number of 

inversion levels. Power delay product is used to measure efficiency of adder circuit and it is 

given by, PDP= Power * Delay                           

 In this paper performance of one bit static and dynamic full adders are compared at 

transistor level using 180nm and 90nm in terms of Average power, delay, and power delay 

product. The organization of this paper as follows: Section 2 review of static full adder design, 

Section 3 review of dynamic full adder design, Section 4 comparison of full adder designs 

performance, Section 5 conclusion. 

 

2. REVIEW OF STATIC FULL ADDER DESIGN 

 

2.1 Conventional CMOS Full Adder  

The regular CMOS pull up and pull down networks are used to design Conventional CMOS Full 

Adder (CCMOS) as shown in Fig. 1. This design takes 28 transistors to obtain sum and carry out 

respectively, layout of this style is straight forward and carry is generated through single static 

gate. The advantages of this design style are maintaining good stability at low voltage, layout 

regularity, high noise margins, smaller interconnection, and robustness against voltage scaling. 

The disadvantages are additional delay in result due to use of carry signal to generate sum, 

consumes more power, and large silicon area to design [1] [2]. 

 

 
Fig.1: Conventional CMOS Full Adder 
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2.2 Pass Transistor Logic 

The Pass Transistor logic is another approach to design static full adder cell as shown in Fig. 2. 

The objective of this design is to reduce the number of transistors, and hence power consumption 

is reduced. Power consumption is more in the case of CCMOS design due to large number of 

transistor, and this has been reduced in PTL design. The disadvantage of this design is threshold 

voltage drop while driving the signal from one transistor to another [4]. 

 

 
Fig. 2: Pass Transistor Logic 

2.3 Complementary Pass Transistor Logic 

Complementary Pass Transistor (CPL) is one of the important design styles of VLSI circuits at 

transistor level. CPL adder design takes 32 transistors, it uses many nodes between and their 

complements to obtain outputs sum and carry out as shown in Fig.3. The difference between the 

CCMOS and CPL design is that, source of each transistor is connected as input of another 

transistor instead of supply lines such as Vcc and Gnd. In CPL design any logic function can be 

implemented in one pass transistor network, therefore smaller number transistor and smaller 

input loads are used to generate the results. Transistor gates over sized causes overloading the 

inputs and creates high capacitance values in design. The main drawback of the CPL design is 

reduction of threshold voltage, and it needs inverters at the output to drive the signal. CPL is not 

recommended for low power application because of its intermediate switching between 

transistors and large number of transistor in the design, but it offers better performance for 

studied circuit condition rather CCMOS [4].       

  

Fig.3: Complementary Pass Transistor Full Adder 
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2.4 Double Pass Transistor Full Adder 

Full adder cell using pass transistors can also been design in another approach called Double 

Pass Transistor Logic (DPL) as shown in Fig. 4. The main objective of this design is reducing 

threshold voltage drop by using combination of pmos and nmos transistors. The outputs sum and 

carry out are obtained by using 28 transistors as shown in Fig. 4. DPL also minimizes the 

drawback of CPL such as threshold voltage drop, speed degradation at low power, noise margin, 

and balanced the input capacitance [4]. 

 
Fig.4: Double Pass Transistor Full Adder 

2.4 Transmission Function Full Adder (TFA) 

The design of full adder by using concept of transmission function theory is called Transmission 

Function Full Adder (TFA). TFA design takes 16 transistors to obtain sum and carry, and 

threshold voltage drop of pass transistor are reduced by using combination of both pmos and 

nmos transistors as shown in Fig. 5. It consumes less area compare to CPL and DPL deign style 

[5]. 

 
 

Fig.5: Transmission Function Full Adder 

2.5 Transmission Gate (TG) Based Adder 

The combination of pmos and nmos transistors design called Transmission Gate is commonly 

used design style in VLSI to implement logic functions. A Fig. 6 shows the design of TG based 

full adder using transmission gate with 20 transistors, and this design style is similar to CPL 

logic style, difference is that CPL based adder cell is designed by using only one type of 
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transistor, where as TG based adder cell is designed by using combination of both nmos and 

pmos transistors. This designed method completely reduces the threshold voltage drop, but it 

requires double the number of transistor to design any function [6] [7].  

 

 

Fig.6: Transmission Gate (TG) Based Adder 

2.6 14T Full Adder  

14 Transistor full adders is designed by using combination above discussed two logic styles, 

transmission gate and pass transistor logic is shown in Fig. 7. Combination of two logic style 

reduces number of transistor in their design. The pass transistor network is used generate sum 

and transmission gate network is used to obtain carry out is shown in Fig. 7. This design reduces 

the power consumption, but week in driving capability [8].   

 
Fig.7: 14T Full Adder 

2.7 HPSC Full Adder  

A design of hybrid pass-logic with static CMOS output drive full adder (HPSC) is shown in Fig. 

8. HPSC based full adder is designed by using static adder design techniques. This adder cell 

architecture is designed by using three modules XOR/XNOR module, sum module, and carry 

generation module. XOR/XNOR module is designed by using pass transistor logic design style, 

which receives input A and B simultaneously and produce two complementary output signals. 

The output of XOR/XNOR module is drive to sum and carry generation module, to obtain sum 

and carry. The HPSC carry module is designed by using static CMOS circuit design to reduce 

delay, power consumption, and increases the driving capability [9]. 
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Fig.8: HPSC Full Adder 

2.8 Hybrid Full Adder 

Full Adder cell is design by using combination of two logic style is known as hybrid full adder. 

This design style is commonly used to design high performance full adder for VLSI systems. A 

Hybrid full adder shown in Fig. 9 is designed by combination of three logic modules, 

XOR/XNOR module, carry and sum generation modules. The XOR/XNOR module is designed 

by using pass transistor logic, which performs XOR/XNOR operation on inputs A and B. The 

output of XOR/XNOR module is driven to carry and sum module to obtain carry out and sum 

respectively as shown in Fig.9. This design offers better performance than conventional adder 

design style in terms power, delay, and area [10] [11]. 

 

Fig.9: Hybrid Full Adder 

 

3. REVIEW OF DYNAMIC FULL ADDER DESIGN 

3.1 Dynamic Conventional CMOS Full Adder 

The dynamic full adder design using conventional CMOS technique is shown in Fig.10. 

Dynamic adder design uses clock signal as one of the input for their operation, along with the 

inputs A, B, and Cin. The design circuit operates in two different phases i.e. pre-charge and 

evaluation using clock input as shown in Fig. 10.  To perform the buffering, logic inversion, and 

pipelining functions it requires additional dynamic latches at the output [12] [13]. 
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Fig10. Dynamic Conventional CMOS Full Adder 

 

3.2 Pseudo NMOS Pipelined Full Adder      

The dynamic full adder design using Pseudo NMOS Pipelined technique is shown in Fig.11. In 

this design latches are used at the output to performing the buffering, logic inversion,  and 

pipelining functions and P-tree logic structure of conventional CMOS full adder have been 

replaced by PMOSFET pull up network [12][13]. 

 
Fig11. Pseudo-NMOS Pipelined Full Adder Cell 

 

3.3 NP-CMOS Full Adder 

The NP dynamic full adder is design based on the Zipper (NP) method is shown in Fig. 12. In 

this design clock and clockbar both the signals are used, and these signals makes the two stages 

of the cell to enter evaluation phase simultaneously [12][13]. 

 
Fig12. NP-CMOS Full Adder 
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3.4 PN Complementary Dynamic CMOS Full Adder 

The dynamic full adder is also designed by using PN complementary dynamic CMOS technique 

is shown in Fig. 13. This adder is implemented using PN technique with two level dynamic 

CMOS logic style and it offers more advantage than above discussed dynamic adders in terms 

power & delay [12][13]. 

 
Fig13. PN Complementary Dynamic CMOS Full Adder 

3.5 N-P domino FA cell 

The dynamic full adder can also be design using domino logic. The Fig.14 shows the NP domino 

based full adder, which is a variations of NORA-CMOS serial adder [12] [13]. 

 

 
Fig14. N-P Domino Full Adder Cell 

3.6 Quasi N-P domino FA cell 

The design of dynamic full adder cell using quasi N-P domino logic is shown in Fig.15. This 

design offers higher speed than above discussed dynamic full adders, but it requires more 

number of latches to speed up the operation [12] [13].    
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Fig15. Quasi N-P Domino Full Adder Cell 

4. RESULTS COMPARISION  

Table1. Simulation Results for Static Full Adders in 180 nm Technology with 1.8 V Supply 

Design 
Average Power 

(µw) 

Delay 

(ps) 

PDP 

(fJ) 

Transistor 

Count 

C-CMOS 6.2199 292.1 1.81683 28 

PTL 5.8475 230.278 1.3465 16 

CPL 7.71985 183.97 1.42022 32 

DPL 6.7218 178.27 1.1982 28 

TFA 8.2491 287.1 2.3683 16 

TGA 8.4719 293.9 2.8989 20 

14T 12.7217 381.7 4.85587 14 

HPSC 6.3798 273.7 1.74615 22 

Hybrid 4.1563 224 0.931 16 

 

Table2. Simulation Results for Dynamic Full Adders in 180 nm Technology with 1.8 V Supply                                                              

Design 
Average Power 

(nw) 

Delay 

(ps) 

PDP 

(fJ) 

Transistor 

Count 

C- CMOS 19.91 193.60 0.00385 32 

PSEUDO-NMOS 17.36 303.48 0.00526 22 

NP-CMOS 6.27 209.20 0.00131 17 

PN-CMOS 5.85 260.50 0.00152 16 

NP-DOMINO 6.05 254.16 0.00153 22 

QUASI –NP 350.815 126.53 0.0443 23 
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5. CONCLUSION  
 In this paper performance of different 1-bit full adder cell design have been discussed with the 

help of recent journal papers. This paper gives basic idea about different logic styles used in 

static, dynamic full adder design and performance of each designed adder in terms power, delay, 

transistors count, PDP. Comparison results shows that no single adder is superior then other in 

terms of power, delay, and PDP, always there is a trade off between these parameters. This result 

helps us to use specific adder design style for desired application and to design new high 

performance efficient adder for VLSI systems. 
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