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Abstract- In this paper an area and power efficient hybrid 

comparator is proposed by hybridizing PTL and Pseudo logic 

design. This hybrid comparator is proposed to improve area and 

power in 120 nm technology and compared with the previous 

work. To improve area and power minimum number of transistor 

logic is used in the proposed hybrid comparator. The proposed 

comparator has been designed and simulated using DSCH 3.1 

and Microwind 3.1 on 120nm. Also the simulation of layout and 

parametric analysis has been done for the proposed comparator 

design. Power and current variation with respect to the supply 

voltage and temperature has been performed on BSIM-4 and 

LEVEL-3 on 120nm. Results show that area consumed by the 

proposed hybrid comparator is 40.99% on 120nm technology. At 

1.2V input supply voltage the proposed adder has shown an 

improvement of 42.69% in power on BSIM-4 120nm technology   
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I. INTRODUCTION 

In digital system the comparator is a very useful and basic 

arithmetic component of digital system. there are several 

approaches to designing CMOS comparator by flattering the 

logic function directly[1].This approach is only suitable for 

comparator with short input .For the comparator with longer 

inputs, circuit complexity increases drastically, and the 

operating speed is degraded accordingly. In the last few 

years, the design of high-speed, low power, and area-

efficient binary comparators has received a great deal of 

attention, since, as is well known, comparison is a 

fundamental operation in almost all digital processors. 

Examples of efficient architectures of binary comparators 

are demonstrated in [2]–[6]. A magnitude comparator is a 

hardware electronic device that takes two number as input in 

binary form and determines whether one number is greater, 

less than or equal to the other number .An n bit magnitude 

comparator block is shown in fig.1. and compares two n bit 

binary numbers A and B and produces three outputs: GT 

(A>B), EQ (A=B) and LT (A<B). 

 
Fig.1 .A magnitude comparator 
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2-Bit Magnitude Comparator Compares two numbers each 

having two bits (A1, A0 & B1, and B0). For this 

arrangement truth table [7] has 4 inputs & 16 entries as in 

Table 1. 

Table.1. Truth Table of 2-Bit Magnitude Comparator 

 

II. COMPARATOR LOGIC STYLES 

 a.   CMOS Logic Style                  b. Pseudo NMOS Logic                         

c.  PTL Logic 

A. CMOS logic style 

Fig.2 (a) represents symbol of CMOS Inverter. It consists of 

one NMOS & one PMOS transistor. If input A=0 (logic 

low) then both gates are at zero potential & PMOS is ON & 

provide low impedance path from VDD to output (Y). 

Therefore output (Y) approaches to high level of VDD. If 

input A=1 (logic high) then both gates are at higher potential 

but NMOS is ON & provide low impedance path between 

ground & output (Y). Therefore, output (Y) approaches to 

low level of 0V. The substrate for the NMOS is always 

connected to ground, while the substrate for the PMOS is 

always connected to VDD, so it is ignored in the diagrams 

for simplicity 

 

Fig.2. (a) Symbol of CMOS Inverter (b) Logic Network 

of CMOS Style 
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CMOS logic style is really extension of CMOS inverters to 

multiple inputs [8]. Logic network of CMOS style is shown 

in Fig.2 (b). The principle of CMOS logic design says that 

Pull up network has only PMOS circuitry & Pull down 

network has only NMOS circuitry. The function of PUN is 

to provide connection between output & VDD, similarly of 

PDN is to provide connection between output & GND. PUN 

and PDN networks are constructed in a fashion such that 

one & only one network is conducting at a time [9]. Number 

of transistors for N-input logic gate is 2N. Any logic 

function can be realized by NMOS pull-down and PMOS 

pull-up networks connected between the gate output and the 

power lines. Schematic of 2-bit magnitude comparator using 

CMOS logic style is given in Fig.4.  

Design provides full output voltage swing between 0 and 

VDD.  It provides high noise immunity because it has low 

sensitivity to noise. Provides high noise margin because 

VOH & VOL are nearly at VDD & GND, respectively.  It is 

called Ratio less logic due to balanced device [10].  Design 

produces Large Power dissipation in comparison to 

remaining three logic styles.  Design requires large number 

of transistors because for every input both (NMOS & 

PMOS) are used.  

 

                                 
 

Fig.3.Schematic of 2-Bit Magnitude Comparator using 

CMOS Logic Style 

 

In fig 4 the layout designs of the 2-bit comparator using 

CMOS logic style. layout is the general concept that 

describes the geo metric representation of the circuits by the 

means of layers and polygons. Different logical layers are 

used by the designer to generate the layout. 

 
 

Fig.4. layout design of 2-bit Comparator using CMOS 

logic style 

B. Pseudo NMOS logic style 

In Pseudo NMOS logic style, single PMOS transistor is used 

in place of Pull-up network as a load with its gate terminal 

always connected to ground as in Fig.5. In this logic entire 

PUN is replaced with single load device that pulls up the 

output. Number of transistors for N-input logic gate is N+1. 

Pseudo NMOS logic style is used where majority of outputs 

are high, such as address decoder in memory & where speed 

is more important. Schematic of 2-bit magnitude comparator 

using pseudo NMOS logic style is given in Fig.7.  

 
Fig.5. Logic Network of pseudo NMOS Style 

 

 Design requires less number of transistors than CMOS and 

TG styles.  Speed is more because less number of transistors 

is used in design. Logic style reduces dynamic power by 

reducing capacitive loading.  

 
 

Fig.6. Schematic of 2-Bit Magnitude Comparator using 

Pseudo NMOS logic style 

 

It does not provide full output voltage swing because PMOS 

is always ON by which output resistance is increased then 

always degraded output is obtained. Low noise margin. It 

produces non-zero static power dissipation due to always 

ON PMOS load device.  

 

 
Fig.7. Layout Design of 2-Bit Magnitude Comparator 

using Pseudo NMOS logic style 
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C. PTL logic 

Main idea behind PTL is to use purely NMOS Pass 

Transistors network for logic operation. The basic difference 

of pass-transistor logic style compared to the CMOS logic 

style is that the source side of the logic transistor networks is 

connected to some input signals instead of the power lines 

as in Fig.8. In this design style, transistor acts as switch to 

pass logic levels from input to output [11]. Schematic of 2-

bit magnitude comparator using pass transistor logic style is 

given in Fig 9 

 
 

Fig.8. Symbol for AND Gate using Pass Transistor Logic 

 

Design requires less number of transistors because one pass-

transistor network (either NMOS or PMOS) is sufficient to 

perform the logic operation.  Speed is increased because less 

number of transistors is used for design.  

Less area is required for design because PMOS is not used.  

 

 
 

Fig.9. Schematic of 2-Bit Magnitude Comparator using 

Pass Transistor Logic Style 

 

It does not provide full output voltage swing because PMOS 

is not used.  Design produces threshold loss because it uses 

only NMOS transistors to pass both Low & High (0 & 1) 

inputs.  

 

 
 

Figure.10. Layout Design of 2-bit magnitude 

Comparator using Pass Transistor Logic 

III. HYBRID COMPARATOR SCHEMATIC  

PTL has some advantage over static CMOS that it has the 

capability to implement a logic function with smaller 

number of transistor, smaller area and less power 

consumption. For full swing output level-restoring logics 

will slow down the PTL circuits and increase the power 

dissipation as well. Pseudo NMOS logic style is used where 

majority of output are high, such as where speed is more 

important. Schematic of 2-bit magnitude comparator using 

hybrid logic style is given in Fig.11. 

 
Fig.11. Schematic of proposed 2-Bit Magnitude 

Comparator using Hybrid logic style 

         

It requires less number of transistors than other logic style. 

Speed is more because less number of transistor are used in 

this design. Less area is required for this design. Less power 

is consumed It does not provide full output voltage swing. 

Design produces threshold loss. 

 

 
Fig.12.Layout Design of proposed hybrid comparator 

 

In fig.14. The simulation waveform for the proposed circuit 

is shown. The waveform is produced voltage versus 

time.The voltage amplitude taken in this work is 1.2V.the 

simulated waveform of the proposed hybrid comparator is 

shown below. 

 

 
Fig.13. Simulation Waveform of Proposed Hybrid 

Comparator 
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IV. ANALYSIS AND ANALYSIS 

In this section, simulations of the proposed methods 

Comparisons between hybrid and other logic circuit are 

shown in tabular form. Simulations are obtained in 

Microwind Tool. First step in obtaining the simulations is to 

compile the Verilog file in Microwind 3.1. Verilog file is 

created from the circuit diagram, which is designed in the 

schematic. The Verilog file is now compiled in Microwind 

3.1. After the compilation of Verilog file, the layout for the 

circuit diagram drawn in schematic will be generated in 

Microwind. After that simulations are performed on the 

layout generated using Verilog files. The results are 

simulated at room temperature. Simulation and 

Measurement Results of hybrid comparator with different 

logic style is shown in Table 2.             

 

Table 2 Simulation and Measurement Results of hybrid 

comparator with different logic style 

 

V. CONCLUSION 

After simulation of all four designs final results are obtained 

for Power Consumption & Area. PTL Logic Style provides 

low power design as compared to other Logic Style. Pseudo 

NMOS logic style provides less delay as compared to other 

logic style. PTL Logic Style provides less PDP as compared 

to other logic style. It has been found that transistor count is 

less in PTL style design than that of other logic style design. 

An important factor, output voltage swing is better in 

CMOS logic style design & Transmission Gate design. But 

Transmission Gate logic style requires transistor count more 

than CMOS design style. Pseudo NMOS logic style and 

PTL style do not provide full output voltage swing. A hybrid 

comparator has been presented in this brief. By using the 

proposed architecture the power is reduced up to 0.439mw 

and area is reduced up to 602.6 µm² than the other logic 

styles. 
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