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Abstract 

A topology of a CMOS comparator circuitry employing three stages is proposed. In the design of Analog-to-Digital Converter 

(ADC), speed limiting element is the comparator. As comparator is one of the blocks that limits the speed of the converter, its 

optimization is crucial and important. This paper describes the schematic design of a three stage CMOS comparator. The main 

objective of the proposed project is to design a three stage CMOS comparator to achieve lower power dissipation and a lower 

offset voltage, with high-speed operation. Test structures of the comparator are designed using GPDK 90nm Technology with 

Cadence environment. Simulation results are obtained and it shows that the proposed design can work under 1.8V supply, with 

an offset voltage of 200mV, and a low power dissipation of 102.3µW. Thus, an innovative circuit technique is implemented to 

overcome these limitations.   
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

The utilization of battery-operated electronic devices, is increasing at a faster rate. Low power and high speed operations are of 

utmost importance in applications requiring higher speed of operation. Choosing a smaller feature size helps in achieving lower 

power dissipation. A lot of problems appear due to the adverse effects of non-ideality and variations in a particular process. The 

device’s performance is changed to a large extent. Analog-to-Digital Converter (ADC) application is one which requires a faster 

speed of operation and a lower power dissipation. They also focus on achieving a smaller offset voltage and a lower noise. Along 

with these factors, achieving a lower hysteresis is also of utmost importance. Analog-to-Digital Converters (ADCs) are widely 

used in applications including the data storage systems, fast serial links and in the instruments involving high-speed 

measurements. The two important device components which play a major role in achieving a higher speed of operation and 

reduced power dissipation are amplifiers and comparators. The fast growing pace of the electronics industry is aimed at 

achieving higher speed of operation in the A/D converter circuits. The circuit of a comparator finds its usage mainly in the A/D 

converter circuitry. It is implemented for its usage in the quantization process, and is the root cause for the generation of 

propagation delay and the power consumed by the converter circuitry. Thus, a comparator achieving a lower power dissipation 

and higher speed is required to satisfy the future demands. 

II. DESIGN OF THREE STAGE CMOS COMPARATOR 

Fig. 1 depicts the proposed comparator’s block diagram. This topology comprises of three blocks in it. The first stage forms the 

input stage. This stage performs amplification of analog input. The next stage is the stage which performs decision making. This 

employs a positive feedback. The last stage forms the output stage. This stage is the buffer stage of the entire design. The 

amplification of the analog input signal is performed by the pre-amplification stage. Thus, an improvement is noted in the 

sensitivity of the comparator. The input is increased to an extent with which the decision making becomes successful. The noise 

occurring during switching is separated from the input. This is performed by the decision block. The input signal which is 

comparatively larger is determined by this implementation. A digital signal is produced at the output side, after performing 

amplification of the information by the output buffer stage. Fig. 2 depicts the schematic of the entire design. 
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Fig. 1: The Proposed Comparator’s Block Diagram 

 
Fig. 2: Schematic Diagram of the Proposed Three Stage CMOS Comparator 

 Pre-Amplification Stage A.

The loads which are active in nature, along with a differential amplifier circuit forms the pre-amplification stage. Initially, the 

transconductance of amplifier which is differential in nature and resistance at the input side is considered for assigning the 

dimensions. Later, the values of NM0 and NM1 are chosen. Gain of this stage is defined by the transconductance of amplifier, 

which is differential in nature. The values of NM0 and NM1 define the value of capacitance at the input side. The length of all 

MOSFETs is chosen to be 100nm, considering speed as the prime factor. Offset voltages which are not necessary, occur due to 

the effect of channel length modulation. The width values of PM0 and PM2 are made higher, considering the width values of 

PM1 and PM3. This is done to improve the gain value of the first stage. 

Using the sizes of the MOSFETs as given in the schematic diagram, the input voltages can be related to the current by 
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 Decision Stage: B.

The stage which is assigned with the duty of decision making is equivalent to the heart found in human beings. It separates the 

signals of millivolt range. It also avoids noise seen on the signals, by allowing a certain amount of hysteresis. A feedback which 

is positive in nature is employed. It appears at the cross connection of the gate of NM4 and NM5 MOSFETs. This enhances the 

gain value of the stage. A condition of i0+ > > i0- is assumed. With this condition, MOSFETs NM0=NM2=ON and MOSFETs 

NM1=NM3= OFF. It is also assumed that βNM3 = βNM6 = βA and βNM4 = βNM5 = βB. Under these conditions, ν0- is approximately 

0V and ν0+ is given by 

    √
    

  
                                                                                           (3) 

The current i0+ is made to decrease, and i0- is made to increase. A condition of VDS(NM5)=VTHN(NM4), initiates the switching 

process.  At this stage, MOSFET NM4 begins to draw current from NM3. This leads to a decrease in the drain-source voltage of 
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MOSFET NM3 and thus begins to turn OFF MOSFET NM5. A condition of ν0+ / ν0- = 2×VTHN, allows the steady state operation 

of NM4 and NM5. With this condition in the cutoff region, βA = β3 = β6, and βB = β4 = β5, this is perfectly achieved. This state of 

operation has the voltage across the MOSFET NM5 reaching a value of VTHN. This causes the MOSFET NM5 to enter the 

saturation region, and the current flowing through it is given by the expression 

    
  

 
(        )

  
  

  
                                                                             (4) 

This is the stage at which switching operation takes place, which means MOSFET NM5 turns OFF and MOSFET NM4 turns 

ON. Switching takes place with the condition of βA = βB. It happens when i0+ = i0-. Hysteresis takes place when the values of βS 

are varied and not equal. 

Considering the above said condition, the switching point is given by 
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The voltages of the switching point is given by the following expression 
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 Output Buffer Stage C.

 The last block of the comparator circuitry is the output block. It is nothing but the post-amplifier circuit. In this block, the 

decision block’s output is converted into a digital signal. The output block receives the input signal which is differential in 

nature. There should be no limitations for slewing. The MOSFET NM10 is connected serially with the decision stage. This 

enhances the average value of the output voltage. The MOSFET’s dimension can be of any arbitrary value. To enhance the 

decision stage’s output up to VTHN, the W/L ratio of NM7 is taken to be 5μm/100nm. The design parameters of the comparator 

topology implemented are shown in Table-1. 
Table – 1 

Transistor Size 

Device W/L(nm) 

PM0 380/100 

PM1,PM3,PM4,PM5,PM6,NM3, 

NM4,NM5,NM6,NM8,NM9, 

NM10,NM11 

150/100 

PM2 360/100 

PM7 120/100 

NM0,NM1 500/100 

NM2,NM7 5000/100 

III. SIMULATION RESULTS 

The output voltage waveforms of the connected circuit are shown in Fig. 3. The input voltage is taken as a reference parameter. 

This parameter is swept from 0 to 1.8V. The reference voltage is taken as 0.5V. Here, the reference voltage is taken as 0.5V. An 

output voltage of logic-1 is obtained, when the value of the input voltage is greater than that of the reference voltage. An output 

voltage of logic-0 is obtained, when the value of the input voltage is lesser than that of the reference voltage. These waveforms 

change at the reference voltage. A 0V of dc supply is given to the circuit for the necessary calculation. The effective measurable 

length between the origin starting point and the output is said to be offset voltage. Thus, the offset circuit gives an offset voltage 

of 200mV. Fig. 4 shows the obtained offset voltage waveforms. For the delay calculation of the comparator, Transient Analysis 

is performed. Input pulse is given to one of the input of the Pre-amplifier block. The other input of the Pre-amplifier block is 

provided with a DC Voltage of 500mV. The waveform of the Transient Analysis performed is shown in Fig. 5. The simulated 

characteristics are shown in Table-2.    
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Fig. 3: Output Waveform of Comparator and Decision Circuit 

 
Fig. 4: Three Stage CMOS Comparator Offset Voltage Waveform 

 
Fig. 5: Three Stage CMOS Comparator Transient Analysis Waveform 
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Table - 2 

Simulated Characteristics 

Parameters Results 

Supply voltage 1.8 V 

Power dissipation 102.3 µW 

Offset Voltage 200 mV 

Rising input propagation delay(tir) 56.417 ps 

Falling input propagation delay(tif) 5.1437 ns 

Rising output propagation delay(tor) 70.883 ps 

Falling output propagation delay(tof) 5.5621 ns 

Propagation delay(td) 0.2164 ns 

 

IV. CONCLUSION 

In this paper, a three stage CMOS comparator topology for low power and high speed applications is presented. A single 

comparator circuit has been built and tested. The circuit is designed and simulated in GPDK 90nm Technology with Cadence 

environment. Test results are obtained from the test structures designed for different parameters. It shows that the proposed 

design can work under 1.8V supply, with an offset voltage of 200mV, and a low power dissipation of 102.3µW is achieved. 
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