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Abstract— A comparator is very integral and important 

block in analog to digital converter circuits. Its performance 

affects the performance of ADC. Speed, low offset voltage 

and low power consumption are the key parameter in 

designing the comparator. Over the year’s low power and 

low voltage comparator design has become very critical. As 

the power supply decreases the offset voltage increases but 

to reduce the power consumption it is essential to reduce the 

supply voltage. Dynamic comparators can do the needful 

that can reduce the offset voltage by reducing the mismatch 

between the transistors. A dynamic comparator is been 

shown in this paper that has less number of transistors. 

Cross coupled CMOS inverters are used at the decision 

section to provide the positive feedback. Two clock phases 

are used to operate amplifier and decision section. By doing 

so the offset voltage can be minimized. The design is 

simulated at 0.18 µm CMOS technology at 1 V supply 

voltage. 100 MHz clock is used to generate two clock phase, 

it consumes 162.6 µW power at 1 V supply voltage and 1.13 

ns delay. 
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I. INTRODUCTION 

In electronic industries it is very big challenge to make 

compact devices that can operate on battery for longer 

duration. Advancement in CMOS technology has reduced 

the transistor size, power consumption and increased the 

speed. Analog signals are digitally processed by means of 

Analog to digital converters. Comparator is very integral 

part of every ADC topology. Transistor mismatch and 

fabrication process causes offset voltage that affects the 

performance of ADC. 

The performance of any comparator is determined 

by its speed, low power consumption and input referred 

offset voltage. At sub-micron CMOS technology threshold 

voltage of the devices does not scaled at the same rate as the 

transistor size which is a big challenge in the design. Larger 

transistor size is used to overcome such difficulties also 

increase the power consumption with increase in size of the 

transistor. 

The conventional comparator design technique 

does not allow controlling the offset, it consumes larger 

power. Dynamic comparators uses less and small transistor 

that reduced the power consumption such comparators has 

relatively larger offset as compare to conventional 

comparator.[8] The dynamic comparator topologies can be 

divided into three categories:  Resistor divider, Differential 

pair and capacitive differential pair.  

“Lewis Gray” comparator shown in Fig. 1 is widely 

used dynamic comparator in ADCs. It consists of 

preamplifier followed by cross coupled inverter latch it has 

strong positive feedback and can take decision fast. Two 

stages operates alternatively and simultaneously when 

works in evaluation phase. [1] 

Two phase architecture is used in this paper. It has 

less transistors and has small low offset voltage, consumes 

less power and area. 

 
Fig. 1: Conventional fully differential dynamic comparator 

[6] 

II. CIRCUIT ARCHITECTURE 

The comparator is show in Fig. 2. It has two stages amplifier 

and latch stage which operates with two independent clock 

pulses. Using two clock pulses help to reduce the effect of 

transistor mismatch. Transistor M2 and M4 takes the inputs 

through gate terminal, reference voltage is applied to source 

of the M7 and M8 transistor. At first both the phases 
1
 and 

2
 are high during this phase both the cross couples 

inverters are off and transistor M2 and M4 (pre-charge 

transistor) are on that discharges the load capacitor trough 

ground. When 
1
  is low and 

2
 is high the comparator 

works in amplification region. During this phase the ground 

is disconnected to transistor M2 and M4 and reference feeds 

the input branch. The input currents depend on the 

differential input and reference voltage. 
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Fig. 2: Schematic of Comparator 

III. DECISION POINT 

During the amplification phase M7 and M8 transistor act as 

small resistance for the input transistor M2 and M4. [6] 

When the input is applied to the input terminal of the 

comparator it is greater than the zero, that makes drain to 

source voltage   larger than the gate to source voltage of the 

transistor. Therefore the input transistor act in saturation 

region and their respective input currents are given as 
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here 

both the transistors M2 and M4 are PMOS, so their 

threshold voltage remain for the particular technology. (
2th

V

=
4th

V ).[1][2][3] 

IV. DELAY 

The delay is measured between the 50% of the final value of 

the latch output and the start of the amplification phase.[4] 

For the differential input of 
in

V the latch, delay can be 

calculated as [7] 
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CLis the load capacitance at the output terminal and 

PMOSM
G ,

NMOSM
G are the trans-conductance of cross coupled  

inverters. 

V. SIMULATION RESULT 

The comparator design is simulated 180 nm CMOS 

technology at 1 V supplyvoltage. The two non-overlapping 

clock phase has tamp =1.77 ns time difference which is 

shown in Fig. 3 during this time comparator is in 

amplification region. 

 
Fig. 3: Clock phases of comparator 

Fig. 4 shows the transient response of the 

comparator for common mode voltage of 0.5 V and the 

differential input of 50 mV. The circuit has been simulated 

at different common mode voltages and differential input 

voltages to show the delay which is shown in table I and the 

curve has been shown in Fig. 5. 

 
Fig. 4: Transient response of comparator for the 0.5 V 

common mode voltages and 50 mV of differential input 

voltage 

1.77 ns 
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Fig. 5: Delay of comparator at different differential input 

and common mode voltages 

Vdiff 

(mV) 

Vicm delay (ns) f=100 MHz 

Vicm=

0.4 

Vicm=

0.5 

Vicm=

0.6 

Vicm=

0.7 

Vicm=

0.8 

5 
0.7206

1 
1.71 2.05 3.26 3.99 

10 0.899 1.48 1.89 2.96 4.32 

20 
0.6516

5 
1.31 1.82 2.85 4.08 

40 0.884 1.22 1.76 2.67 3.95 

50 
0.9716

8 
1.13 1.73 2.74 4.02 

100 0.9276 1.12 1.63 2.7 3.83 

200 0.7806 1.04 1.6 2.47 3.54 

Table 1: Comparator response at different common mode 

voltage and different differential input voltages 

VI. CONCLUSION 

Less number of transistors are used in the comparator 

design. Cross coupled CMOS inverter is used in the decision 

circuit which provides the positive feedback. Reference 

voltages are connected to the PMOS source terminal of 

amplifier section that gives the  input as the difference of  

input signal and reference voltage, it helps in reduction of 

transistor mismatch that cause the offset voltage.  The 

design is tested at different common mode voltages and 

differential input voltages at 100 MHz clock frequency 

using 0.18 µm CMOS technology. It consumes 162.6 µW 

power at 1 V power supply. 
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