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ABSTRACT

An essential approach to evaluate the performance of a
dynamic comparator is proposed and simulated in different
CMOS processes using the MENTOR GRAPHICS tool. The
performance of the dynamic comparator is measured by using
various parameters. Dynamic comparators with different
configurations are simulated and compared in performance
with power, delay and PDP. The dynamic comparator with
less latency, low power and reduced PDP is identified and
earmarks that particular comparator is best suited for
high-frequency applications above 1 GHz.
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1. INTRODUCTION

Comparators are vital building blocks in A/D converters.
The accuracy and efficiency of the A/D converters depend on
the performance of the comparator. A/D converters operate
for converting an analog input signal to its equivalent
digitized output.

In this process, A/D converters use a bank of comparators
to compare the analog input with the reference signal. The
comparators output are enclosed with an encoder to acquire
the relevant digitized output. Comparators that are used in the
A/D converters are capable to compare either two analog
input signals or one analog input signal and a reference DC
voltage [1], [2].

Many A/D converters are available in the market, of these,
SAR A/D converters are highly accurate than other A/D
converters. SAR A/D converters preferably use dynamic
comparators for their conversion. Dynamic comparators are
classified into various types based on their configuration like
double tail, Elzaker, dynamic bias and calibrated comparator.
Dynamic comparators constitute of two stages as preamplifier
& latch.

5545

In dynamic comparator, the preamplifier is in differential
amplifier configuration to compare two inputs and amplify
the differential output that is generated by comparing the two
inputs [3]. The amplified differential output is stored in the
latch stage. The amplified differential output that is stored in
the latch is the required digital output. The operations like
comparison and latch are controlled by using a clock signal.

The successive sections describe the operation and
performance comparison of different dynamic comparators in
two different modes of operation at a frequency of 1 GHz in
terms of their characteristic parameters like power and PDP.
The last section concludes the best high-performance
dynamic comparator that suits for A/D conversion [3].

2. OPERATIONAL METHODOLOGY

The particular section presents the discussion on different
operational modes of dynamic comparators and the variations
in their characteristic performance parameters. A dynamic
comparator has a preamplifier stage in which two analog
inputs are applied to the two corresponding input terminals
for comparison. The analog input that is supplied to the input
terminals can be performed either by using a single analog
voltage source or by using two analog voltage sources [4],[5].
The number of input sources determines the modes of
operation are prescribed as common mode and differential
mode respectively. Therefore, dynamic comparators perform
their comparison operation in these two different modes.

Dynamic comparators like calibrated, double tail, Elzaker,
and two-stage dynamic, comparator operations are compared
with one another in terms of characteristic parameters like
power, delay & PDP.
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Figure 1: Double Tail Latch Dynamic Comparator

Figurel depicts a double tail latch dynamic comparator that
contains 2 stages, preamplifier and latch as the first stage &
second stages respectively. The preamplifier is designed by
using five MOS transistors with two PMOS and three NMOS
transistors. From figurel M8 and M9 are the PMOS
transistors that are controlled by the clock signal. Likewise,
M10, M11 and M12 are the NMOS transistors in the
preamplifier. The analog inputs are applied across the NMOS
transistors M10 and M11 to perform A/D conversion [3],[6].
The analog inputs across these transistors are applied in both
common and differential mode. M12 is the tail transistor that
is controlled by the clock signal which provides a discharge
path to the ground.

The second stage or latch consists of seven MOS
transistors with three PMOS and four NMOS transistors.
PMOS transistors are M1, M2, & M3, whereas M4, M5, M6
& M7 are the NMOS transistors in the latch. M2, M5 and M3,
M6 constitutes two inverters that are connected to form a
latch with two supporting transistors M4 and M7. *The output
of one inverter is connected as an input of another inverter to
form a bi-stable element’. Latch also contains one tail PMOS
transistor that is controlled by clock bar to produce perfect
logic high level at the output terminals. The perfect digital
outputs are obtained across out+ and out- terminals
respectively [7], [8].

Double tail dynamic comparator operates in both
common and differential mode with a VDD=1.2V at 130nm
process technology. Power and delay are evaluated by using
transient analysis with the ELDO simulator. Power, Delay
and PDP are derived from the simulation results for both
modes of operation.

5546

KV KV L Pavan Kumar et al., International Journal of Emerging Trends in Engineering Research, 8(9), September 2020, 5545 — 5550

Vop Vop
M8 |h ™Mo
—{[Me| M7 |———
OoUT+ OUT-
s M
M12 M10 M11 M13

Figure 2: Elzaker Dynamic Comparator

A double tail latch dynamic comparator suffers from
poor optimization of power, Therefore, to overcome this
problem a modified version of the dynamic comparator is
proposed in figure 2 presents a modified version of figurel to
perform A/D conversion. The preamplifier stage in Elzaker is
identical to the preamplifier stage in the double-tail dynamic
comparator. Elzaker comparator uses six transistors to design
latch for A/D conversion whereas double tail dynamic
comparator uses only five transistors [4],[5],[9]-

The operation to perform A/D conversion in the Elzaker
comparator is identical to the operation in a double tail latch
dynamic comparator. Elzaker dynamic comparator has a tail
transistor in the preamplifier stage only whereas a double tail
dynamic comparator uses tail transistors in both preamplifiers
& latch stages.

The absence of a tail transistor in Eslzaker dynamic
comparator helps to prevent parallel operation of preamplifier
& latch. Elzaker dynamic comparator helps to enhance the
performance of the comparator by providing a delay for the
latch when the preamplifier is in operation. It means that the
preamplifier & latch do not operate at the same time. Delay is
achieved by using separate transistors across the output nodes
[9],[10],[11]. The latch comes into operation only if the two
transistors M6 & M7 has inputs at logic ‘0’. The perfect
digital outputs are obtained across out+ and out- terminals
respectively.

Elzaker dynamic comparator operates in both common
mode and differential mode with VDD=1.2V at 130nm
process technology. Power and delay are evaluated by using



transient analysis with the ELDO simulator. Power, Delay
and PDP are derived from the simulation results for both
modes of operation.
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Figure 3: Two-Stage Dynamic Comparator

An altered version of a double tail dynamic comparator
to overcome the problem of parallel operation for both the
preamplifier stage and the latch stage is in figure3. The
preamplifier stage of the two-stage comparator is identical to
the double-tail comparator but the latch stage is complex
compared with it. The complexity in the latch stage prevents
the simultaneous operation of both the stages that decreases
the power dissipation & increases in the delay to produce the
final digital outputs in a typical A/D conversion [12],[13]

The latch stage contains a tristate buffer to provide a
typical time delay for the operation of the latch stage. Tristate
buffer is operated with a voltage greater than the supply
voltage VDD. It operates with a voltage of 1.5V to provide the
best logic levels across LOW and HIGH states. The delay of
the two-stage dynamic comparator is diminished by
decreasing the transconductance gm of the latch. Therefore,
an optimized value of power, delay and PDP is obtained
[14],[15].

Two-stage dynamic comparator operates in both common
mode and differential mode with VDD=1.2V at 130nm
process technology. Power and delay are assessed by using
transient analysis with the ELDO simulator. Power, Delay
and PDP are evaluated from the simulation results for both
modes of operation.
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A Calibrated dynamic comparator is in figure2 that
contains three stages to perform A/D conversion. It
incorporates an amplification stage, half latch & final latch
for its operation. The major property of this calibrated
comparator is that it can simultaneously reduce noise and
delay. The dynamic comparator with calibration transistors is
called a calibrated comparator. MSP & MSN are the two
additional transistors that were connected to the preamplifier
to attain calibration. In this calibrated comparator two more
transistors are used at the nodes of XP & XN to provide stable
amplification,[16].

The noise is reduced by providing a charge leakage path
using the transistors MSP & MSN. The calibration
performance is directly proportional to the size of the
transistors MSP & MSN. The size of the transistors M1P &
M1N is eight times larger than MSP & MSN to increase the
performance of the comparator.
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Figure 4: Calibrated Comparator

The calibrated comparator is operated in both common
mode and differential mode with a VDD=1.2V at 130nm
process technology. Power and delay are assessed by using
transient analysis with the ELDO simulator. Power, Delay
and PDP are derived from the simulation results for both
modes of operation.

3. RESULTS & DISCUSSION

All the dynamic comparators presented in the earlier sections
are simulated by using the ELDO simulator with transient
analysis in 130nm CMOS by the MENTOR Graphics tool.
From the simulation results, Power & delay are evaluated and
compared with various types of dynamic comparators
[17],[18]. The simulation results for the dynamic comparators
are in figure5.
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input signals and a common input signal across the input
terminals respectively. In differential mode, the two inputs
terminals are applied with two different sinusoidal AC signals
across VINP & VINN with equal magnitude and out of phase
by 180° [19],[20]. The amount of voltage applied to the input
terminals will always be half of the sinusoidal magnitude
value depending on the clock signal.

In common mode, a single sinusoidal AC signal is
applied to both the input pins with the same magnitude and
180° out of phase. Whenever an appropriate clock signal
appears the two input terminals draw a full magnitude of
voltage. Due to this reason, Dynamic Power dissipation
increase compared with the differential mode of operation. As
we know the dynamic power dissipation is

Figure 5: Simulation Result of Dynamic Comparators Povnamic= CL Voo f 1)
All the comparators that were discussed here are
simulated in both differential & common mode with separate
Table 1: Comparative Analysis of Various Dynamic Comparators
Frequency =1 GHz Differential Mode Common Mode
Dynamic
S. No Comparator Power (uW) | Delay (ps) | PDP (fJ) | Power (uwW) | Delay (ps) | PDP (fJ)
1 Double tail 53.65 917.82 49.24 56.87 917.82 52.20
2 Calibrated 49.91 949.37 47.38 54.09 949.37 51.35
3 Two Stage 12.51 966.79 12.09 19.16 966.79 18.52
4 Elzakker 8.17 871.08 7.12 11.75 871.08 10.24

Equation (1) provides a relationship between dynamic
power dissipation with load capacitance, supply voltage and
frequency of operation. Therefore, dynamic power dissipated
by the comparator in differential mode is less compared with
the common mode of operation [21].

A comparative analysis of all various dynamic
comparators is tabulated in the below tablel with different
modes of operation and performance parameters like power,
delay & PDP. The tabulated values are procured at f = 1GHz
using the ELDO simulator with VDD=1.2V. The analog
inputs are applied at VINP & VINN that are sinusoidal with
the same magnitude and 1800 out of phase to one another.

The final digital outputs are obtained at OUT+ & OUT-
nodes in a typical dynamic comparator which performs A/D
conversion [13], [14]. The conversion can be performed in 2
modes as differential mode & common mode. The
characteristic parameters like power, delay & PDP are
tabulated for various dynamic comparators and prove that the
power and PDP are maxima in common mode compared with
the differential mode of operation [18],[22].

5548

The comparison of power with various dynamic
comparators is in figure6. From figure6, dynamic power
dissipation is maximum for double tail dynamic comparator
and minimum is for Elzaker dynamic comparator.

For all the dynamic comparators the dynamic power
dissipation in the differential mode of operation is less
compared with the common mode of operation due to the
utilization of voltage Vpp in both modes of operation while
maintaining load capacitance C,, frequency and temperature
uniform at all intervals of time.[18],[22].

Figure7 describes the delay variations with various
dynamic comparators and presents the delay is maximum for
two-stage dynamic comparator due to utilization of buffer in
the latch & delay is optimum for Elazker dynamic
comparator.
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Figure8 describes the comparison of PDP with various
dynamic comparators where this PDP comparison is identical
to the power comparison in figure6. PDP is maximum for a
double tail dynamic comparator and minimum for an Elzaker
dynamic comparator. The PDP for the common mode of
operation is more compared with the differential mode of
operation for all the dynamic comparators discussed.
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Figure 8: Comparison of PDP with Dynamic Comparators
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4. CONCLUSION

An evident practical approach to identify the best
dynamic comparator in performance is achieved by relating
the performance of different dynamic comparators in terms of
their characteristic parameters like power, delay & PDP. The
best dynamic comparator earmarked is the Elzaker dynamic
comparator with minimum dynamic power dissipation, less
delay & minor PDP. The dynamic power dissipation, delay &
PDP for an Elzaker dynamic comparator is reduced by 84%,
5% & 86% compared with the double tail dynamic
comparator. Dynamic comparators proved that the best
performance is achieved in the differential mode of operation
compared with the common mode of operation with each
characteristic parameter like power, delay & PDP with f =1
GHz, Vpp =1.2V at a uniform temperature of 27°C.

REFERENCES

1. Harijot Singh Bindra, E. Lokin, Daniel Schinkel
Anne-Johan Annema, and Bram Nauta, Fellow, A 1.2-V
Dynamic Bias Latch-Type Comparator in 65-nm
CMOS with 0.4-mV Input Noise. IEEE Journal of
Solid-State Circuits, Vol. 53, No. 7, July 2018.

2. Aditya M., Rao 1.V., Balaji B., John Philip B., Ajay
Nagendra N., Krishna S.V. (2019), ‘A novel low-power
5th order analog to digital converter for biomedical

applications’, International Journal of Innovative
Technology and Exploring Engineering, 8(7),
PP.217-220.

3. Wang, Y., Yao, M., Guo, B., Wu, Z., Fan, W., & Liou, J.
J. (2019). A Low-Power High-Speed Dynamic
Comparator with a Transconductance-Enhanced
Latching Stage. IEEE Access, 7, 93396-93403.
https://doi.org/10.1109/ACCESS.2019.2927514.

4. Siva Kumar M., Inthiyaz S., Aditya M., Rupanjani P.,
Aravind B., Mukesh M., Tulasi S.K. (2019),
‘Implementation of GDI logic for power-efficient SRAM
cell with dynamic threshold voltage levels’, International
Journal of Emerging Trends in Engineering Research,
7(12), PP.902-906.

5. Ramkaj, A., Strackx, M., Steyaert, M., & Tavernier, F.
(2019). An 11 GHz dual-sided self-calibrating
dynamic comparator in 28nm CMOS. Electronics
(Switzerland),8(1).https://doi.org/10.3390/electronics80
10.

6. Bala Dastagiri N., Hari Kishore K., Vinit Kumar G.,
Janga Reddy M., ""Reduction of kickback noise in a
high-speed, low-power domino logic-based clocked
regenerative comparator™, Lecture Notes in Electrical
Engineering, ISSN:18761100, Vol N0:500,2019, pp:439
- 447, DOI: 10.1007/978-981-13-0212-1_46

7. Pavan Kumar, K. V. K. V. L. P., Prabhakar, V. S. V.,
Bhavani, M. D., Geetha, K., Venkatesh, M., & Kishore,
K. H. (2019). Design and analysis of CMOS Schmitt
trigger. International Journal of Innovative Technology
and Exploring Engineering, 8(7S).



KV KV L Pavan Kumar et al., International Journal of Emerging Trends in Engineering Research, 8(9), September 2020, 5545 — 5550

10.

11.

12.

13.

14.

15.

16.

17.

18.

Tang, H., Sun, Z.C., Chew, KW.R.,, et al.: ‘A 1.33 pW
8.02-ENOB 100 kS/s successive approximation ADC
with supply reduction technique for implantable
retinal prosthesis’, Trans. Biomed. Circuits Syst., 2014,
8, (6), pp. 844-856.

Pavan Kumar, K. V. K. V. L., Sravanthi, G. L.,
Prabhakar, V. S. V., Vijaya Lakshmi, P., Bindu Priya, K.,
Sai Akhil, K., Hari Kishore, K. (2019). Performance
comparison of dynamic bias comparators.
International Journal of Innovative Technology and
Exploring Engineering, 8(7S), 110-114.

M.Aditya, P. Bhavitha, Pgopi, P. Kiran Babu, P. Pavan,
B. Teja Sai Varma, ‘PV Variations of Pulsed Latch

Circuits’, International Journal of Innovative
Technology and Exploring Engineering, 8(6),
PP.859-862.

Shim, J., Kim, M.K,, Hong, S.K,, et al.: ‘A low-power
single-ended 11-bit SA-ADC with 1 V supply voltage
and 2 V input voltage range for CMOS image
sensors’ 2016 IEEE Asia Pacific Conf. Circuits and
Systems (APCCAS), Jeju, 2016, pp. 410-413.
Muzammil Parvez, M., Ravindran, R. S. E., Inthiyaz, S.,
Tejkumar, C., Veera Ram Sai, K., & Shiva Reddy, K. A.
(2020). Network security using notable cryptographic
algorithm for 1oT data. International Journal of
Emerging Trends in Engineering Research, 8(5),
2169-2172.
https://doi.org/10.30534/ijeter/2020/111852020
Giannini, V., Nuzzo, P., Chironi, V., etal.: “‘An 820 pW
9b 40 MS/s noise-tolerant dynamic-SAR ADC in 90
nm digital CMOS’. IEEE Int. Solid-State Circuits Conf.
ISSCC 2008 Digest of Technical Papers, San Francisco,
CA, USA, February 2008, pp. 238-610.

Pavan Kumar, K. V., Sravanthi, G. L., Suresh Kumar,
N., & Prabhakar, V. S. V. (2019). Performance analysis
of 6transistor single bit adder element. International
Journal of Innovative Technology and Exploring
Engineering, 8(6), 1677-1681.

Figueiredo, P.M., and Vital, J.C.: *Kickback noise
reduction  techniques for CMOS latched
comparators’, Trans. Circuits Syst. Il, Express Briefs,
2006, 53, (7), pp. 541-545.

Balaji B., Aditya M., Adithya G., Sai Priyanka M.,
Ayyappa Vijay V.V.S.S.K.,, Chandu K. (2019),
‘Implementation of low-power 1-bit hybrid full adder
with reduced area’, International Journal of Innovative
Technology and Exploring Engineering

Khorami, A., Saeidi, R., Sachdev, M., & Sharifkhani, M.
(2019). A low-power dynamic comparator for
low-offset applications. Integration, 69, 23-30.
https://doi.org/10.1016/j.vlsi.2019.07.001.

Pavan Kumar, K. V. K. V. L., Ernest Ravindran, R. S.,
Prabhakar, V. S. V., Vardhan, T. H., Sathwik, P. J., &
Kiran, N. H. (2020). Performance analysis of various
full adders. International Journal of Advanced Science
and Technology, 29(3), 591-598.

5550

19.

20.

21.

22.

Martens, E., Hershberg, B., and Craninckx, J.: “‘A 69 dB
SNDR 300 MS/s two-time interleaved pipelined SAR
ADC in 16 nm CMOS FIinFET with capacitive
reference stabilization’, J. Solid-State Circuits, 2018,
53, (4), pp. 1161-1171.

Suresh Kumar, N., Pavan Kumar, K. V. K. V. L,
Preetham Reddy, C. S., Tirumalasetty, V. R., & Suman,
M. (2017). A novel region wise random valued impulse
noise detection and filtering. Journal of Advanced

Research in Dynamical and Control Systems, 9,
1983-1991.
Chan, C.H., Zhu, Y., Chio, UF., et al: ‘A

reconfigurable low-noise dynamic comparator with
offset calibration in 90 nm CMOS’. IEEE Asian
Solid-State Circuits Conf. Jeju, 2011, pp. 233-236
Vinay Sai, M., Swain, G., & Hari Kishore, K. (2020).
Detecting and analyzing the malicious social bots by
using data mining and naive bayesian classifier.
International Journal of Emerging Trends in
Engineering Research, 8(7), 3345-3350.



