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Abstract- Comparator is an important part of Analog to
Digital Converter (ADC), used to find out whether input
signal is high or low at each clock signal. The need for ultra
low-power, area efficient, and high speed analog-to-digital
converters is pushing toward the use of dynamic
regenerative comparators to maximize speed and power
efficiency. A conventional comparator consisting of two
cross-coupled inverters is modified for fast operation and
low power by adding few transistors with multi threshold
voltage technology. Analysis of power and delay of dynamic
comparator are presented. The advantage of this
comparator is rail to rail output swing, no static power
consumption and robustness against influence of mismatch.
Simulation result in 0.18um confirms reduction in power in
proposed double tail comparator.
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I. INTRODUCTION

Circuit design in ultra deep sub-micrometer
(UDSM) CMOS technology affected from low supply
voltages especially

in comparison with threshold voltage of devices and
leakage current of circuit. Hence design of high speed
comparator is quite difficult for smaller supply
voltage, to compensate this larger transistors are
needed in given technology. Common mode input
range is important for high speed comparator which

is also affected by smaller supply voltage because it
limits common mode input range. There are so many
techniques for low voltage design such as supply
boosting methods, body-driven transistors current
mode design and techniques using dual-oxide
processes.

To eradicate input-range and switching
problems there are two methods namely boosting
and bootstrapping based on augmenting the supply,
reference or clock voltage. Body- driven technique in
which body driven MOSFET operates as depletion
type device but body driven transistor affected by
smaller trans-conductance in comparison with gate
driven fabrication technology. New circuit structure
helps to eradicate stacking of lots of transistors
without increasing complexity, between both rails
namely supply rail and ground rail for low supply
voltage operation. But there is need of additional
circuit for to increase comparator speed for low
voltage operation technique. Double tail structure
based on separate cross coupled stage and input
stage and these separations of cross coupled stage
and input stage results in fast operation over supply
voltage range and common mode range.

In this paper, analysis made about
conventional comparator and proposed double tail
comparator. Whereas double tail comparator does
not require supply voltage boosted technique or
stacking of too many transistors. Latch delay time
reduced by adding few transistors to the
conventional double tail comparator. Now this
reduced delay time also results in power saving.
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I.CONVENTIONAL DYNAMIC COMPARATOR

Clocked regenerative comparator provides
fast decision by means of using strong positive
feedback in latch therefore it is most widely used in
high speed ADC. The performance of comparator
compared on the basis of parameters such as noise,
kick back noise, random decision errors and offset,
Schematic diagram shown in fig. 1 is of conventional
comparator and its operation consisting of two parts
namely reset phase and comparison phase. Reset
phase defined as start condition in this condition if
CLK = 0 then Mtail is OFF and M7, M8 pulls both
output nodes outp and outn to VDD. Whereas in
comparison phase if CLK = VDD then both transistors
M7 and M8 are OFF and Mtail ON.

During comparison phase both output nodes
outp and outn which pre-charge to VDD, start to
discharge at different discharging rate depending on
level of both input voltage(TNP and INN).
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Fig. 1. Schematic of Conventional Dynamic
Comparator

Consider, if voltage at INP greater than voltage at INN
then firstly M4 ON and hence outp discharge faster
than outn. It will initialize latch regeneration which
caused by back to back inverter formed with
transistors M3-M5 and M4-Mé6. For voltage at INN
greater than INP the circuit works so on.

The delay of conventional comparator
consisting of two time delay, first one is delay due to

capacitive discharging of load capacitance and second
one is due to regeneration of latch. Discharge delay of
load capacitance mainly depends on Vth and load
capacitance. Whereas regeneration delay of
comparator depends on VDD and load capacitance.

Fig. 2. Simulation of Conventional Dynamic
Comparator

The advantage of this structure is rail to rail
output swing, no static power consumption, high
input impedance and less affected by noise. Whereas
disadvantage are several stacked of transistors and
high supply voltage that needed to overcome proper
delay time. Another most important drawback of this
conventional comparator is there is that onlyone
current path that defines current for both the cross
coupled latch and differential amplifier which is via
Mtaill. Mtaill operates mostly in triode region depend
on common mode voltage which is not favorable for
regeneration.

III. CONVENTIONAL DOUBLE TAIL COMPARATOR

The schematic diagram of the conventional
double tail comparator is as shown in fig. 3. It can
operate in low voltage applications compared to the
conventional dynamic comparator.
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Fig. 3. Schematic of Conventional Double tail
comparator
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Fig. 4. Simulation of Conventional Double tail
comparator

The operation of the conventional double tail
comparator is During reset phase that means if CLK
=0 then Mtaill and Mtail2 are OFF and M3, M4 pulls fp
and fu nodes to VDD resulting both control transistor
MCI and MC2 are ON and hence both transistor MRI
and MR2, reset both output nodes outp and outn to
ground

While in decision phase if CLK = VDD, Mtaill
and Mtail2 are ON then M3 and M4 turns off and the
both voltage nodes that is fp and fu start to drop at
the different drop rate, where drop rate of both
nodes depends on drain current of transistor Mtaill.
Both intermediate transistors namely MRI and MR2

provides shielding between output and input which
also results in reduction of kickback noise. Both
intermediate transistors are leads to more power
consumption therefore to reduce power consumption
of comparator there is need to control both
intermediate transistors which are MR1 and MR2
based on input at both input INN and INP. These
drawbacks of double tail comparator improved in
proposed comparator.

IV. DOUBLE TAIL COMPARATOR FOR HIGH SPEED

Double tail comparator, where its design
based on conventional comparator, but this
comparator is useful to increase voltage difference
between both voltage nodes fn and fp based on
respective input at INN and TNP. As shown is
schematic diagram both transistors namely MCI and
MC2 connected in cross coupled manner are used to
increase voltage difference between fu and fP nodes
results in increased latch regeneration speed.

Mtaill

Fig. 5. Schematic diagram of Double tail Comparator
for high speed
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Fig. 6. Simulation of double tail comparator for high
speed

The operation of this comparator as, during
reset phase that means if CLK =0 then Mtaill and
Mtail2 are OFF and M3, M4 pulls tp and fn nodes to
VDD resulting both control transistor MC1 and Mc2
are OFF and hence both transistor MR1 and MR2,
reset both output nodes outp and outn to ground.
While in decision phase if CLK = VDD, Mtaill and
Mtail2 are ON. At beginning control transistor are
OFF hence tp and fn start to drop at different drop
rates depending on voltage at corresponding input
INP and INN. If voltage at INP greater than voltage at
INN then fu drops faster than fP. Here control
transistor used to increase voltage difference by
detecting corresponding discharge at node fu or fP. If
fu discharge firstly then MCI detects change in input
at gate and fP node pre-charge to VDD. For this
condition we get high output at node outp and vice
versa for voltage at INN greater than voltage at INP.
But if any of the control transistor is ON then it gives
path to flow of current from VDD to ground this fact
resulting static power consumption. This static
power consumption is the main drawback of this
comparator. Now by adding single transistor below
Mtaill then by adjusting threshold of that transistor
we can improve power consumption of comparator.

V. PROPOSED DOUBLE TAIL COMPARATOR FOR
LOW POWER
Proposed double tail comparator. It gives
better performance for low voltage applications, and
its design based on the double tail structure. In this
circuit two transistors added which results in

increasing regeneration speed. These transistors
termed as control transistors namely MCI and MC2
which are connected in cross coupled manner.

The operation of the proposed comparator is
as shown in figure. During reset phase that means if
CLK =0 then Mtaill and Mtail2 are OFF and M3, M4 tp
and fn nodes to VDD resulting both control transistor
MC1 and Mc2 are OFF and hence both transistor MR1
and MR2, reset both output nodes outp and outn to
ground. While in decision phase if CLK = VDD, Mtaill
and Mtail2 are ON. At beginning control transistor
are OFF hence fp and fn start to drop at different
drop rates depending on voltage at corresponding
input INP and INN. If voltage at INP greater than
voltage at INN then fu drops faster than fp. Here
control transistor used to increase voltage difference
by detecting corresponding discharge at node fu or
fp. If fu discharge firstly then MC1 detects change in
input at gate and fp node pre-charge to VDD. For this
condition we get high output at node outp and vice
versa for voltage at INN greater than voltage at INP.

Fig. 7. Schematic diagram of proposed comparator
for Low power
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To overcome static power consumption due
to any of the control transistor two transistors are
added namely Mswl and Msw2, as shown in
schematic of this comparator. These two switching
transistors are used in comparator to avoid flow of
current from VDD to ground due to fact that if any
control transistor are ON to avoid static power
consumption of the comparator. Now by adding
single transistor below Mtaill then by adjusting
threshold of that transistor we can improve power
consumption of proposed comparator.

e o e
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Fig. 8. Simulation of proposed comparator for low
power

VI. SIMULATION RESULT

To compare proposed comparator with
conventional comparator all circuits are simulated in
0.1811 m CMOS technology at VDD = 1.8 V. With this
we get average power consumption for conventional
comparator is  68.58x10"(-6) Whereas for
conventional double tail comparator it is about
1.021x107(-9) but for proposed comparator the
average power is about 0.92x10"(-9). In this way
average power reduced in proposed double tail
comparator. Without complicating the circuit just by
adding single transistor near ground line by adjusting
its threshold voltage power consumption can be
improved.

CONCLUSION
Analysis of comparator is presented in which
dynamic comparator proposed with high speed in

comparator in terms of power. In this paper the
common structure of conventional and double tail
comparator are explained and compared the

delay and power of those comparators. Pre layout
simulation results in 0.181lm CMOS technology
confirmed that the average power of modified
comparator is reduced.
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