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Abstract— In this paper 4-bit comparators are designed with 

six different logic of full-adder design styles at 90nm VLSI 

technology and all designs operated at 3.3 MHz frequency 

1.2V that simulates all circuits. The circuits are designed 

and simulated using Tanner EDA software tools. It is 

concluded from number of transistors comparison that 

Transmission Gate technique requires less number of 

transistor to design a system than other two design styles. So 

electronics circuits designed using Transmission Gate logic 

style will occupy less space on the chip than GDI. It is also 

concluded that Transmission Gate style has the lowest figure 

of merit than other two design styles at 90nm. Thus 

Transmission Gate has the best performance in terms of 

speed and power dissipation at lower supply voltages. It is a 

also concluded that as technology is scaling down, it is 

becoming more  advantageous in terms of  less supply 

voltages, less power dissipation and having less delay. Main 

aim to optimize both power and area of 4-bit magnitude 

comparator Power Delay Product which is less in 

Transmission gate logic style of adders. 
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I. INTRODUCTION 

Comparator  is a combinational circuit  that compares two 

binary numbers  and determine  their relative magnitude and 

decides  which  number is  greater , smaller or both are 

equal. Comparison between two binary numbers is widely 

used in computer systems, operational amplifiers and zero 

Crossing detector devices. Digital comparators are made up 

from standard AND, NOR and NOT gates that compare the 

digital signals present at their input terminals and produce 

an output depending upon the condition of inputs. Current 

comparator is fundamental component of analog system 

because of better accuracy, low noise and low power 

consumption.  It can be used in A/D converters, oscillators, 

current to frequency converters, VLSI neural network, 

sensor circuit and portable wireless communication. 

Consider the simple 1-bit comparator below. In this, there 

are two inputs (A&B), and three outputs (C,D & E). A very 

good example of this is the 4-bit Magnitude Comparator. 

 
Fig. 1:  Basic block diagram of 4-bit comparator 

 

Here, two 4-bit words (“nibbles”) are compared to 

each other to produce the relevant output with one word 

connected to inputs A and the other to be compared against 

connected to input B as shown below: 

A. 4-Bit Comparator using Full-Adders 

The main building blocks of digital comparators are full 

adder, AND gate and NOR gate. To add multiple operands 

is a common operation in digital signal processing 

applications. Addition affects the speed and performance of 

several digital systems. Adders can be designed having 

different bit- widths and process technologies. 

B. 4-Bit Magnitude Comparator   

The main building blocks of digital comparators are 1-bit (3 

Ripple carry adders) full adder, AND gate and NOR gate as 

shown in figure below. 

 
Fig. 2: Block Diagram of proposed circuit of 4-bit magnitude comparator. 
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C. Transmission Gate Logic (TG) 

 
Fig. 3: A Transmission Gate Symbol 

TG exhibits better speed and less power dissipation than the 

conventional CMOS due to the small transistor stack 

height.TG circuits have least number of transistors and no 

complementary input signals are required.   

 
Fig. 4: Schematic diagram of TG 4-bit magnitude 

comparator 

D. Gate Diffusion Input Logic (GDI) 

GDI requires least number of transistors to implement a 

circuits and acquired small area as compared to other design 

styles.GDI  has least static power dissipation as compared to 

CMOS and other logic styles.It reduced dynamic component 

of power consumption as source of p-MOS is not tied to 

Vdd permanently. 

 
Fig. 5: Schematic diagram of TG 4bit magnitude comparator 

E. CMOS Design Goals 

Here two parameters affect the CMOS design: 

 Power dissipation   

 Delay in CMOS Circuits 

F. Power Dissipation in CMOS Circuits 

The average power dissipation in CMOS circuits can be 

expressed as the sum of three main components, namely, (1) 

the static power dissipation, (2) the dynamic (switching) 

power dissipation, and (3) the short circuit power dissipation 

[1].  

1) Static Power Dissipation  

Static Power Dissipation within CMOS circuit is due to 

leakage current between gate and substrate and current 

between drain and source. The reverse diode leakage occurs 

when the p-n junction between the drain and the bulk of the 

transistor is reversely biased. The reverse-biased drain 

junction then conducts a reverse saturation current which is 

eventually drawn from the power supply. A similar situation 

can be observed when the input voltage is equal to zero, and 

the output voltage is charged up to VDD through the pMOS 

transistor. Then, the reverse potential difference between the 

nMOS drain region and the p-type substrate causes a reverse 

leakage current which is also drawn from the power supply 

(through the pMOS transistor). The magnitude of the reverse 

leakage current of a p-n junction is given by the following 

expression: 

 bqV / kT

rev sI A.J e 1         (1.1) 

where „Vb‟ is the magnitude of the reverse bias 

voltage across the junction, „JS‟ is the reverse saturation 

current density, „A‟ is the junction area, „k‟ is the 

Boltzmann‟s constant and „T‟ is the temperature in Kelvin. 

Static power dissipation is given by: 

s revP I .SupplyVoltage.n
 (1.2) 

where „n‟ is the no. of devices. As MOSFET 

technology advances, the need for smaller MOSFET 

requires components such as a gate width or insulator width 

to be correspondingly reduced.  

2) Dynamic Power Dissipation  

In CMOS circuits, dynamic power is dissipated when energy 

is drawn from the power supply to charge up the output 

node capacitance. The dynamic power of a CMOS circuit is 

calculated using the equation:  
2

dyn L DDP C .V .a .f     (1.3) 

Where „f‟ is the operating frequency of the CMOS 

circuit, „VDD‟ is the supply voltage of the circuit, „a‟ is the 

switching activity of the CMOS gate and „CL‟ is the average 

gate load capacitance.  

3) Short Circuit Power Dissipation 

The final and smallest component of CMOS power is the 

short circuit dissipation seen during CMOS transition.  

sc mean DDP I .V
   (1.4) 

G. Delay in CMOS Circuits 

Logic delay through a gate is called propagation delay time. 

It is the average time needed for the output to respond to a 

change in the input logic state[2]. The „tPLH‟ defines the 

response time of the gate for a low to high (or positive) 

output transition, while „tPHL‟ refers to a high to low (or 

negative) transition. 
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Fig. 6: Definition of propagation delay, rise and fall times 

[RCN03] 

The propagation delay „ p‟ is defined as follows:  

PLH PHL
p

t t

2


           (1.5) 

The propagation delay is not only a function of the 

circuit technology and topology 

H. Performance Analysis of Different Design Style 

Design 

Style 

Power 

Dissipati

on (µW) 

Propagati

on Delay 

(nsec) 

Power 

Delay 

Produ

ct 

(PDP) 

(µ-nJ) 

No. Of 

Transisto

rs 

Technolo

gy Used 
AT 90nm AT 90nm 

AT 

90nm 

AT  

90nm 

GDI 7.30 0.34 2.5 150 

TG 2.02 0.26 0.53 138 

Table 1: Performance Parameters of different design styles 

of Comparators 

As shown in table 1.4 TG technology at 180nm 

ouputs less PDP as compared to other design styles pf 4-bit 

magnitude comparator. future work on higher bit 

comparator design using TG to optimize three parameters 

power  dissipation , propagation delay and area of circuits, 

which is main concern of VLSI.  
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