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Abstract 

Nowadays the comparators are most widely used in high speed applications such as analog–to-digital converters which require 

high speed and low power. Hence the demand of high speed comparators with less delay and power is increasing. This paper 

presents the use of the double tail comparator for the faster operation with low power even at small supply voltage. A new 

modified double tail comparator circuit is designed by applying adiabatic logic circuit and also by adding few switching 

transistors to dynamic double tail comparator circuit. It is shown that in the modified circuit both the power and delay is reduced 

significantly even in small supply voltage. The design of proposed comparator has preamplifier stage and latching stage which 

increases the speed of the device. The design is simulated in 0.18um CMOS technology using tanner EDA tools which confirm 

the analysis results. The major objective of this paper is to reduce the power of modified double tail comparator for high speed 

application. 
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

Today the need for ultra-low-power, area efficient and the high speed devices like ADC’s pushing toward the use of fast decision 

making comparators. The Analog-to-digital converters (ADC’s) translate analog quantities to digital language, used in the 

information processing, computing, data transmission and control systems. So the digitized signals are used in almost all fields. 

For this operation the basic principle is to use comparator to determine whether or not to turn on a particular bit of the binary 

number output. The performance of high speed analog to digital converters (ADCs) basically depends on the comparator. 

Comparators are known as 1-bit analog to digital converter and for that reason they are mostly used in A/D converter. 

Comparator compares two currents or voltages and produces the digital output based on the comparison. The basic function of a 

CMOS comparator is to find out whether a signal is greater or smaller than zero or to compare an input signal with a reference 

signal and outputs a binary signal based on comparison. Comparator is one of the building blocks in most of the analog-to-digital 

converters without which conversion of data conversion cannot take place. High speed comparators in ultra-deep submicrometer 

CMOS technology suffer from low supply voltages. Hence, this is most challenging to design high-speed comparator when the 

supply voltage is very small. In many applications comparator speed, power dissipation and number of transistors are more 

important. A clocked regenerative comparator uses strong positive feedback mechanism with one pair of back-to- back cross 

coupled inverters (latch) in order to convert a small input-voltage difference to a full-scale digital level in a short time. The delay 

time of two common structures, i.e., conventional dynamic comparator and conventional dynamic double-tail comparator are 

analysed [1], based on it developing a new circuit structures which avoid stacking too many transistors between the supply rails 

for low voltage operation with low power consumption and high speed application. 

The rest of this paper is organized as follows.  

Section 1 shows the literature review. Section2 investigate the operation of the conventional comparator. The double tail 

comparator is presented in Section 3. Section 4 presents the operation of dynamic double tail comparator. Based on it, the 

modified dynamic double tail comparator with adiabatic logic circuit is presented along with its working in section5 and in 

section 6 simulation results are addressed, followed by conclusion. 

II. LITERATURE REVIEW 

Samaneh Babayan-Mashhadi[1] proposed the delay analysis and analytical expressions for dynamic double tail comparator. The 

structure of the conventional dynamic comparator and double-tail dynamic comparators are presented. In this paper, a new 

design of dynamic double tail comparator with low-power, low-voltage capability is presented which is used to improve the 

performance of the ADC’s. The design of this proposed comparator is simulated using 0.18um CMOS technology and results in 

reduced delay to a great extent as compared with the conventional dynamic comparator and double tail comparator. 

S.Sivasathya, T.Manikandan[2], the designing of SAR using double tail comparator is presented in the paper. This circuit can 

be used for all types of ADC’s for high speed applications. The proposed comparator operated with small supply voltage for high 



Design and Analysis of Double Tail Comparator using Adiabatic Logic  
(IJSTE/ Volume 2 / Issue 12 / 105) 

 

 All rights reserved by www.ijste.org 
 

587 

speed application. The layout simulation results are performed in micro-wind software 3.1 that confirms analysis of different 

parameters of double tail comparator. 

N.Bhuvaneswari, V.Gowrishankar, Dr. K. Venkatachalam[3] Proposed the comparison of existing clocked dynamic 

comparators in different scaling technologies. As high speed and minimum energy dissipation are the main criteria in day to day 

portable applications, this paper presents an extensive delay analysis of the comparator. Experimental evaluation of the proposed 

comparator designs shows that the HSDC design has better delay reduction as compared to conventional dynamic comparator 

design. 

Monica Rose Joy[5] the schematic for the conventional comparator and dynamic double tail comparator is presented. In this 

paper the dynamic double tail comparator design is modified by adding few numbers of transistors which results in strong 

positive feedback improves the speed of the device. It results in reduced delay and power at very small supply voltage. 

MadhumathiS, Ramesh Kumar [7]  various circuit of the comparator are presented. The comparator has low offset voltage, delay, 

power and provides high speed. A double tail comparator with cascade and parallel connection is proposed. By replacing some 

transistors in parallel, the offset voltage is reduced. In parallel connection delay is reduced significantly as compare with cascade 

connection. Hence the proposed comparator can be used for high speed ADCs. The CMOS 0.25μm technology confirmed the 

analysis result, the frequency used is 41MHz and given supply voltage is 0.8v 

III. CONVENTIONAL COMPARATOR 

Clocked regenerative comparators have found many applications in many high-speed ADC’s due to their fast decisions making 

capability. The single tail comparator is also known as the conventional comparator.  

The schematic diagram of the conventional dynamic comparator is shown in fig3.1. The conventional comparator operates in 

two modes. The modes of operation depend on the CLK input given to node. 

1) Reset phase (when CLK = 0) 

2) Comparison phase (when CLK = Vdd).  

When CLK = 0, the pMOS transistor is in on and nMOS transistor is in off. When CLK = Vdd, nMOS is in on and pMOS 

transistor is in off.  

1) Reset phase: When CLK = 0, the circuit goes into the reset phase. The reset transistors M7 and M8 gets turn on while Mtail 

turn off. These reset transistors (M7 and M8) pulls both output nodes Outn and Outp to Vdd.  

2) Comparison phase: When CLK = vdd, the reset transistors M7 and M8 now become turn off and Mtail is on. The nodes 

Outn and Outp, which had been pre-charged to Vdd, start to discharge with different rate. The Discharging rates are 

depends on the corresponding input voltage applied at the nodes INN and INP. Assuming the case when VINP > VINN, Outp 

discharges faster than Outn (due to current provided by transistor M2), hence Outp falls down to Vdd–|Vthp| before Outn 

(discharged by current of transistor M1),the corresponding pMOS transistor(here M5) will become turn on initiating the 

latch regeneration. Thus, Outn is at Vdd and Outp discharges to ground through Mtail transistor. If V INP < VINN, Outn 

discharges faster than Outp and the circuit works vice versa. 

 
Fig. 2:  Conventional dynamic comparator 

The delay of this comparator is consists of two types i.e. t0 and tlatch. The delay t0 represents the capacitive discharge of the 

load capacitance CL until the first p-channel transistor (M5/M6) turns on. The second term, tlatch, is the latching delay of two 
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cross coupled inverters. It is assumed that a voltage swing of _Vout= VDD/2 has to be obtained from an initial output voltage 

difference _V0 at the falling output (e.g., Outp).The total delay is given by 

tdelay= t0+tlatch 

The structure of Conventional comparator has the advantages of high input impedance, no static power consumption, rail to 

rail output swing and good robustness against noise and mismatch [1]. As the parasitic capacitance of the input transistors do not 

directly affect the switching speed of the output nodes i.e. outp and outn, it is possible to design large input transistors to reduce 

the offset. It also has disadvantage of the several stacked transistors at the supply, the delay time of the latch consumes high 

supply voltage.  

Another disadvantage of this structure is that there is only one path for the passage of current through tail transistor Mtail, 

which defines the current path for both the latch (the cross-coupled inverters) and the differential amplifier. Due to this there is 

some delay in the passage current from one node to ground or from one latch to another latch. 

IV. DOUBLE TAIL COMPARATOR 

Double tail comparator is a clocked regenerative comparator mostly used due to the ability of fast decisions making because of 

its strong positive feedback used in the regenerative latch. For the better performance of double tail architecture in low voltage 

applications the various comparator can be designed based on the double-tail structure. 

The structure of double tail comparator has dual input, dual output inverter stage suitable for high speed devices. Fig.4.2 

demonstrates the schematic diagram of the double tail comparator. Double tail architecture has two tail transistors as shown in 

fig4.2 gives the name double tail comparator.This topology has less stacking of transistor and therefore can operate at small 

supply voltages as compared to the conventional comparator. The double tail enables both a large current in the latching stage 

(wider Mtail2) and a small current in the input stage (small Mtail1), for low offset. The operation of the comparator is as follows   

During reset phase (CLK =0) both Mtail1 and Mtail2 are off. The transistors M3 and M4 are on which pre-charge fn and fp 

nodes to VDD, causes transistors MR1 and MR2 to discharge the output nodes to ground. 

During decision-making phase (CLK =VDD) both Mtail1 and Mtail2 turn on, M3-M4 turn off and voltages at nodes fn and fp 

start to drop with different rate depending on the inputs and an input-dependent differential voltage ∆Vfn/fp builds up. The 

intermediate transistors MR1 and MR2 passes ∆Vfn/fp  to the cross coupled inverters and also provides a good shielding between 

input and output, results in reduced value of kickback noise. 

Similar to the conventional comparator, the delay of this comparator consists of two main parts, t0 and tlatch. The delay t0 

shows the capacitive charging of the load capacitance CLout until the first n-channel transistor (M9/M10) turns on which starts the 

latch regeneration. The voltage difference at the first stage outputs (∆vfn/fp) at time t0 has a considerable effect on latch initial 

differential output voltage (∆vfn/fp) and similarly on the latch delay. Therefore, by increasing it the delay of the comparator will 

be reduced. In this comparator, both intermediate stage transistors MR1 and MR2 will be finally cut-off, (since both fn and fp 

nodes discharge to the ground), hence they do not play any role in improving the effective trans_conductance of the latch. 

Besides this during reset phase, these nodes fn and fp have to be charged from ground to VDD, which means increase in the 

power consumption [1]. 

 
Fig. 3: Schematic of double tail comparator 
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V. DYNAMIC DOUBLE-TAIL COMPARATOR 

Due to better performance of double-tail structure in low-voltage applications, the dynamic double tail comparator is designed 

based on the double-tail structure. The main idea of the double tail comparator is to increase ∆Vfn/fp in order to maintain high 

regeneration speed. For this purpose two control transistors MC1 and MC2 are added to the first stage in parallel to M3 and M4 

transistors in a cross-coupled manner. Double tail comparator has two modes of operation i.e. the reset phase and the decision 

making phase. The operation of the dynamic double tail comparator is given below. When CLK = 0, the reset phase, both the tail 

transistors Mtail1 and Mtail2 are off to avoid static power. The transistor M3 and M4 are on, pulls both fn and fp nodes to Vdd, 

so both the transistor MC1 and MC2 are cut off. The circuit has two intermediate stage transistors MR1 and MR2 used to reset 

both latch outputs to ground.  

 
Fig. 4: Schematic of Dynamic double tail comparator 

During decision-making phase, CLK = Vdd, both the tail transistors Mtail1 and Mtail2 are turns on, M3 and M4 off. At first, 

the control transistors MC1 and MC2 are still off (as fn and fp are at Vdd). When input is applied fn and fp start to drop with 

different rates depending on input voltages. Suppose VINP > VINN, fn discharges faster than fp, (since M2 provides more current). 

As long as fn continues falling, the corresponding pMOS control transistor (MC1 here) becomes turn on, pulls fp node back to 

the Vdd, thus another control transistor remains turn off, so that fn discharges completely.  

As one of the control transistors turns on (MC1), a current from Vdd is drawn to the ground through transistor MC1, M1, and 

Mtail1 that result in static power consumption. To overcome this disadvantage, two nMOS switches are added below the input 

transistors such as Msw1 and Msw2. At the beginning of the decision making phase, due to the fact that both fn and fp nodes are 

pre-charged to Vdd (during the reset phase), both switches are closed and nodes fn and fp start to drop with different discharging 

rates depending on corresponding inputs. As soon as the comparator detects that one of the nodes fn or fp is discharging faster, 

control transistors will act in such a manner to increase the voltage difference (∆Vfn/fp). Consider that fp is pulling up to the Vdd 

and so fn should be discharged completely, hence the switch in the charging path of fp(Msw1) will be opened, the complete 

discharge of fn node is due to the other switch(Msw2) which is connected to fn is closed. In other words, the complete operation 

of the latch is due to the operation of the control transistors with the switches.  

VI. MODIFIED DYNAMIC DOUBLE TAIL COMPARATOR 

Fig 5 shows the schematic diagram of modified dynamic double tail comparator. It is designed based on the dynamic double tail 

comparator. As Compared with dynamic double tail comparator, it provides better performance in low voltage applications with 

low power consumption. Drawback of the dynamic double tail comparator is when the nodes fn and fp starts to drop with 

different rates according to the input voltages applied. If Vinp>Vinn the continues falling of fn is responsible for the corresponding 

transistor MC1 starts to turn on and fp node backs to VDD. Node fn to be discharged completely (MC2 off). When one of the 

control transistors (MC1) turns ON, a current from VDD is drawn to the ground through input and tail transistor resulting in the 

static power consumption. For this purpose in modified comparator two switching transistors (Msw3 and Msw4) have been 
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added to Msw1 and Msw2 in series manner and an extra additional circuitry of adiabatic logic which is a low power circuit is 

applied at the supply. The Modified comparator has reduced delay and power consumption. 

 Adiabatic Logic Circuit:  

Adiabatic logic circuit is a low power circuit which use “reversible logic” to conserve the energy. Adiabatic logic works with the 

concept of switching activities which results in reduction of the power by giving stored energy back to the supply. There are two 

key rules associated with it:  

1) Never turn on a transistor when there is a voltage potential between the source and drain.  

2) Never turn off a transistor when current is flowing through it. 

 Working of the Modified Circuit with Adiabatic Logic: 

In the principle of operation of adiabatic logic circuit, the power CLK plays an important role in the main design. Whens 

CLK=1, (Charge) 

When CLK=0, (Discharge) 

In this condition the power get reduce in great extent and also improves the speed of the circuit operates on high-speed. It is very 

important to use adiabatic logic circuit as an extra circuitry for the optimization of power in double-tail comparator circuit. It is 

an essential factor for power consumption performance. At the starting condition adiabatic logic is applied to power supply. At 

the time one transistor is “on” another one is “off” and vice-versa. It provides the continuous supply to the circuit. This means 

that at working period it goes into charging condition and at off stage the circuit discharges according to the supply.  

 
Fig. 6: Modified Dynamic Double Tail Comparator 

Working of modified dynamic double tail comparator in both reset and comparison phase is similar as the double tail 

comparator. At the beginning of the decision making phase, both fn and fp nodes are precharged to VDD. In the reset phase 

switches are closed, fn and fp starts to drop with different discharging rates depends on the input voltages. As soon as 

comparator detects that one of the fn/fp nodes is discharging faster, one of the control transistor will act in a way to increase their 

voltage difference (∆Vfn/fp). If fp is at VDD then fn should be discharged completely, hence switch in the charging path of fp will 

be opened but the other switch connected to fn will be closed which allow the complete discharge of fn node. The operation of 

the control transistors with the switches emulates the operation of the latch. 
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VII. SIMULATION RESULTS AND PERFORMANCE COMPARISON 

Tanner Software is used for simulation of the design. In order to compare the modified comparator with the dynamic double tail 

comparator both the circuits have been simulated in a 0.18μm CMOS technology with VDD = 1.2V.The power of modified 

comparator is significantly reduced in low voltage supply.  

 
Fig. 7.1: Schematic layout of Modified Dynamic Double Tail Comparator 

 
Fig. 7.2: Output Waveform of Modified Dynamic Double Tail Comparator 
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Finally table 1 compares the performance of modified dynamic double tail comparator with dynamic double tail comparator. 

Table2 shows the performance comparison of the Modified double tail comparator at different frequency. 
Table – 1 

Performance comparison of the comparator 

Parameters Dynamic Double Tail Comparator Modified Dynamic Double Tail Comparator 

Technology CMOS 180um 180um 

Supply voltage(v) 1.2v 1.2v 

Maximum sampling frequency 500MHz 500MHz 

Delay 550ps 410ps 

Power Dissipation(uw) 320uw 152uw 

Table – 2 

Parameter Analysis of Modified Double Tail Comparator at Different Frequency 

Supply Voltage(v) Frequency(Hz) Delay(ns) Power (uw) 

0.8 
2GHz 

 
0.505ns 58.72uw 

0.8 
1.5GHz 

 
0.690ns 57.18uw 

0.8 
1GHz 

 
0.94ns 53uw 

0.8 
500MHz 

 
1.72ns 46uw 

VIII. CONCLUSION 

A new modified dynamic double tail comparator with less power and delay is presented in this paper. Table 1 shows the 

parameter analysis for dynamic double tail comparator and modified dynamic double tail comparator .It shows that with the use 

of adiabatic logic circuit at the supply the power consumption is reduced to a great extent. The dynamic double tail comparator at 

500 MHz with supply of 1.2v consumes 320uw while the modified double tail comparator consumes 152uw.Also the delay of 

the proposed circuit is reduced just by adding few transistors which in turns gives high speed. With the use of adiabatic logic the 

power dissipation is reduced to a great extent. Due to the better performance of newly designed comparator with less power and 

delay, it can be used in high speed applications like flash ADC’s, memory sense amplifier and data receivers. A Post layout 

simulation results in 0.18 um CMOS technology confirms that the delay and power is reduced as compared to the dynamic 

double tail comparator for small supply voltage of 0.8v. 
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