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Abstract  

Analysis of a hybrid single bit full adder is 

discussed here. The adders are implemented and 

analysis to reduce the power dissipation and output 

voltage degradation.  The simulation result of this 

single bit full adder using 16 Transistor was 

performed considering different technology with 

special stress on the design methodology and analysis. 

The Hybrid logic designs the characteristics of altered 

logic or design styles, enhance overall performance. 

The delay introduced due to propagation is further 

minimized by transistor size also discussed in this 

paper. We also discussed about their various 

performance parameter such as delay, power etc. 
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I. INTRODUCTION  

Adder is considered as one of the basic units 

required in the basic VLSI circuit [1]. It mainly has 

three input ports and two output port. That outputs are 

sum and carry-out which are produced simultaneously 

[2]. The first step of addition is adding two binary 

digits. The carry is generated only when the two bits 

are high [3]. A half adder is based on two binary 

inputs and gives two binary output sum and carry[4]. 

Boolean expression of sum and carry can be written as  

 
 

The response speed of adder circuit is responsible on 

the carry signal. The generated carry signal suffer 

formed propagation delay which is typically decrease 

by overall path length reduction [5]. There mainly two 

logic styles are used to design full adder, by using 

linear threshold gate or by using CMOS [6]. The 

design based on both CMOS logic and transmission 

gate logic and Carbon Nano-tube field effect transistor 

(CNTFET) [7]. Performance parameter such as delay, 

power and products power and delay are calculated.  

 

II. DESIGN APPROACH  

Adder circuit have three blocks. The block diagram 

of the tested CMOS based full adder is shown in Fig 1. 

Where both the module 1 & 2 is the Exclusive-NOR 

(XNOR) module which are used to produce the 

resultant sum signal (SUM) and other module i.e. 

module 3 is used to produce the output carry signal 

[8]. The main objectives of three individual modules 

area each module is design in such a way that it 

produces optimum performance parameter [9]. These 

optimized models are discussed here.  

 
Fig 1. Block Diagram of full adder. 

 

A. Modified XNOR Module 

XNOR module presented in this full adder circuit 

is accountable due to the major of the power 

consuming unit of the complete device. It design such 

a way that it could avoid the voltage degradation. 

XNOR circuit power utilization adequately by the 

circuit is minimized by using inverter. Different 

XOR/XNOR design methodology reported in [10]-

[13].  

The detail circuit of the full adder circuit is 

illustrated in Fig 2. By considering the single bit full 

adder’s truth table carry generated as B when, A and B 

has same value otherwise output carry is same as input 

carry. The output carry signal is produced by Q9-Q11. 

The overall time taken for carry propagation path 

reduces considerably.  

The sum output in this circuit is realize by Exclusive 

NOR or XNOR modules.  

The simulation is carried out in different 

technology with importance on the hybrid design 

methodology. To optimize one of the important 

parameter power-delay products (PDP), which is also, 

imply energy consumptions minimization. The Hybrid 

logic design the characteristic of altered logic is 

enhance overall output performance.  
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The XNOR module (module 1& 2) are the power 

consumption mainly reduced properly tries to achieve 

full swing of the desire voltage of output signals. The 

input carry signal (Cin) pass through a particular 

transistor for reducing the propagation path. The delay 

generally predominantly affects the overall 

performance of adder circuit.  

 
Fig 2.  Circuit diagram using 16 transistor full adder. 

A. Average Power and Propagation Delay  
The delay of the hybrid full adder is less in 

compare with CMOS hybrid full adder. The average 

power full adder at 45nm technology is 0.778w 

and0.073w respectively. The delay time estimated here 

at 45nm technology is 40.1ps and 16.83ps. Advantage 

of this circuit less transistor count and small area and 

disadvantage  of  this full-adder  experience driving 

capabilities in fan-out situation and their performances 

degrade intensely when they are cascaded. Output of 

the adder is shown in Fig 3. The simulation results 

prove that the one-bit hybrid full adder works 

efficiently. 

 
Fig 3. Simulation result of 16 transistor full adder. 

 

In the cascaded operations in carry propagation 

mode, the operation speed performance of the circuit 

degraded with increase in stages. The cascaded full 

adders operating in carry propagation mode. 

Considering the source, Vin is step signal, the delay 

τpd(m) time constant, τ considering as first order 

circuit and applying the delay approximation using 

Elmore formulae [3]: 
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It was found extremely low average power 

consumption very low and negligible delay (224 ps) in 

180-nm technology for 1.8V. it resulting power 

consumption of 1.7664   and delay of 91.3 ps In 90-nm 

technology on 1.2 V. When this above explained  

design extended for 32 bit full adder it is found that it 

working efficiently on 180nm technology for 1.8V 

(1.2V) supply voltage and producing Delay of only 

5.578ns (2.45ns)  and power consumption of 

112.79μW (53.36μW). The implemented design shows 

significant improvement on various parameters such as 

power and speed compare to the existing full adder 

designs. 

 

Table 1. Simulation results  

Methods Delay (ps) 

Average 

power 

( 𝜇𝑊) 

PDP (fJ) 

CMOS-logic 

based Full 

Adder 

16.7 0.076 0.00122 

CNTFET 

based Full 

adder 

224 4.1563 0.931  

 

III. CONCLUSION  

 Overall operational speed and output performance 

of the system are dependent on the propagation delay 

and it usually reduced by minimizing the path length. 

The delay is also further minimized by transistor size 

minimization. The estimated Power Delay Product 

improvement is possible was 25% when the same 

design was verified using 90nm technology. The 

presented design verified using 32nm technology. 
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