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Abstract: This short introduces a three-
stage comparator along with a modified
version that reduces kickback noise and
increases  speed. = The  three-stage
comparator used in this study contains an
additional amplification step, which boosts
speed and voltage gain when compared to
conventional two-stage comparators. The
three-stage comparator allows for the use of
nMOS input pairs in both the regeneration
stage and the amplification stage, further
boosting speed, in contrast to the
conventional two-stage construction that
employs pMOS input pair in the
regeneration stage. Furthermore, a CMOS
input pair is used at the amplification step
in the suggested modified version of the
three-stage comparator. By cancelling out
the nMOS kickback via the pMOS
kickback, this significantly lowers the
kickback noise. In the regeneration stage, it
also provides an additional signal line,
which aids in accelerating the pace even
further. The  suggested three-stage

comparator and the traditional two-stage

comparator are both built in the same 130-

nm CMOS technology for ease of
comparison. According to measured data,
the redesigned three-stage comparator
increases speed by 32% and reduces
kickback noise by a factor of 10. Noise or
input referred offset are not sacrificed in

order to achieve this improvement.

Index Terms: low kickback, fast speed,

comparator.
1. INTRODUCTION

A fundamental component of many kinds of
analog -to-digital converters (ADCs), the
comparator is crucial [1], [2]. Specifically,
with high-speed, high-resolution SAR
ADCs, the comparator speed, offset,
kickback noise, and input referred noise all
restrict the ADC sampling rate and
accuracy. It is crucial to create a high-
performance comparator under these
conditions. In recent years, a large number
of comparator structures have been
reported. The classic construction seen in
[3] and [3] is the Strong ARM latch. It

offers a number of benefits, including rail-
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to-rail outputs, no static power, and quick
comparison because of the positive
feedback [3]. However, it also has a number
of drawbacks. First, the tiny current source
underneath the latch restricts the pace of its
regeneration. In this case, the input pair of
transistors is the current source. The current
in the current source is restricted as a result
of the input pair's common-mode input of
VDD/2, which also restricts the
regeneration speed. Second, a high-power
supply voltage is required since there are
several stacked transistors. These problems
do not affect two-stage comparators. [11]—
[5]. Consider the two-stage comparator
constructed by Miyahara in [9] (see Fig. 1).
The little current source no longer restricts
the rate of regeneration. This is due to the
fact that the gate-source voltage of its latch
input pair, M6-M7, is two times greater
than the VDD/2 of the StrongARM latch.
Reducing the quantity of stacked transistors
1s an additional benefit. As a result, the

power supply voltage need is loosened.
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Fig. 1. Miyahara’s two-stage comparator.

Even while the Miyahara's two-stage
comparator quickens things, there are still
ways to make it faster. Its latch input pair
M6-7, which are pMOS transistors, are
shown in Fig. 1. The regeneration speed is
limited by the tiny (2—-3 times lower) pMOS
hole mobility compared to the nMOS
electron mobility. Our objective is to
significantly increase the regeneration
speed by switching to nMOS transistors for
the latch input pair. For the preamplifier
input pair, we must preserve the nMOS

transistors in the interim.

This brief provides a three-stage
comparison in order to do this. The nMOS
input pairs may be used for the latch-stage
and the first-stage preamplifier by adding
an additional preamplifier stage, which
increases  the  regeneration  speed.
Additionally, these input pairs ensure a low
input referred noise by operating in the
saturation area at the start of the
comparison. Voltage gain, which is another
function of the additional preamplifier
stage, aids in accelerating regeneration and
reducing noise and input referred offset.
The three-stage comparator used in this
study is quicker and has less input referred
noise than the previous three-stage

comparator from [12].
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A three-stage comparator that has been
adjusted is also suggested in this brief. At
the first-stage preamplifier, kickback noise
is significantly decreased by employing a
CMOS input pair. In the latch stage, an
additional route is additionally introduced
in order to minimise the noise and input
referred offset while also accelerating
regeneration. When compared to the
traditional two-stage comparators, the
three-stage comparator used in this study
enhances speed by 25% when implemented
in the same 130 nm process. However, the
updated version that is suggested boosts
speed by 32% and reduces kickback noise
by 10 times.

YDD VDD

(a)
vbb VDD VDD VDD

CLK

(LK

International Journal For Advanced Research
In Science & Technology

ISSN: 2457-0362

Fig. 2. Three-stage comparator in this work.
(a) First two stages (preamplifiers). (b)
Third stage (latch stage).

2. THREE-STAGE ANALYZER

A. Two-Stage Comparator Review

The Miyahara two-stage comparator is seen
in Fig. 1. The operating system consists of
three distinct phases: reset, amplification,
and regeneration. When CLK = 0, the
comparator is reset during the reset phase.
The input signal VIP-VIN is amplified and
delivered to the latch stage during the
amplification phase (CLK = 1).

OUTP and OUTN regenerate to VDD or
GND during the regeneration phase. As
previously shown, a structure of this kind is
limited to pMOS input pairs at the latch

stage.
A. Three-Step Equivalency

In this study, a three-stage comparator is
shown in Fig. 2. The three phases are
interconnected in that order. The primary
difference with Miyahara's counterpart is
the addition of a second stage, or an
additional preamplifier. By acting as an
inverter, this additional preamplifier allows
the latch stage to utilise the nMOS input
pair M11-12 rather than the pMOS input

pair, increasing speed.
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Additionally, the additional preamplifier
offers voltage gain, which increases
regeneration speed and reduces noise and

input referred offset.

Although the additional preamplifier helps
in speeding up the process, the additional
stage itself adds to the delay as the
amplified signal must pass through two
stages as opposed to one before reaching
the latch stage. Therefore, it is important to
deliberate on whether the benefits of this
additional delay outweigh the costs. Its
outputs FP and FN fall to GND after the
first-stage amplification, as shown in Fig. 2.
Consequently, the massive gate-source of

the second-stage input pair M8—9 is created.

Table 3. Temporal simulated waveforms of
the three-stage comparator and the

comparator made by Miyahara.

voltage that matches VDD. Because of this,
MS8-9 has a current that is strong enough to
rapidly draw up RP and RN. This indicates
that in comparison to the latch stage's
significant delay (about 200 ps in post-
layout simulation), the additional delay
caused by the second stage is little (around
20 ps). This makes sense since the second
stage 1s essentially a low-delay dynamic
inverter. Furthermore, the first-stage output
load in the three-stage comparator is only
MS8-9 in Fig. 2, as opposed to the first-stage

output load in the Miyahara comparator
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(M6-7 and MI2-15 in Fig. 1). The
amplification speed is increased by many

times when the output load is lowered.

3. SUGGESTIVE EDITION OF
THE THREE-STAGE
COMPARATOR

A: Circuit Architecture

Figure 3 illustrates the updated three-stage
comparator that this brief suggests be used
to further increase speed and decrease
kickback noise. The improved version
contains additional routes M29-32 in the
latch stage of Fig. 3(c) and the extra first
two stages of Fig. 3(b) compared to the
original version in the preceding section.
The additional pair of stages uses pMOS

input.
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Fig. 3. Proposed modified version of three-

stage comparator. (a) Original first two

Volume 14, Issue 01, Jan 2024

ISSN 2457-0362

Page 218



stages (preamplifiers) with nMOS input
pair. (b) Extra first two  stages
(preamplifiers) with pMOS input pair. (c)
Third stage (latch stage).

M11-12 to eliminate the kickback noise of
the nMOS input pair M1-2.

Additionally, the additional routes M29-32
provide an additional signal to the latching
nodes OUTP and OUTN, which increases
regeneration speed and significantly

suppresses noise and input referred offset.

These additional circuits function as
follows. After the reset, CLK is equal to 0
and CLKB to 1. In Fig. 3(b), FP1 and FN1
are reset to VDD, while RP1 and RN1 are
reset to GND. In Fig. 3(c), this disables
M30 and M32, guaranteeing that the
additional route M29-32 is free of static

current.

CLK increases to 1 and CLKB decreases to
0 during the amplification phase. In Fig.
3(b), RP1 and RN1 increase to VDD (where

R denotes rise).

Next, FP1 and FNI1 fall to GND, where F
denotes fall. The additional routes in Fig.
3(c) are switched on for a brief period of
time, drawing a differential current from the
latching nodes OUTP and OUTN, since the
rising of RP1 and RN1 happens before the
falling of FP1 and FNI1.
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As aresult, there is a differential voltage at
OUTP and OUTN, which suppresses noise
and the comparator input referred offset and
speeds up the regeneration phase thereafter.
To stop the static current, the additional
pathways in Fig. 3(c) are shut off once
again once FP1 and FNI fall to GND.

{t corner

[nput | Miyahara | Elzakker | ThreesStage | Modified Version

WmY | 21993ps | 2M560ps | 17098 ps 151.85 ps

ImV | 26637ps | 27725ps | 2397ps | 18952ps

ff corner
Input | Miyahara | Elzakker | ThreeStage | Modified Version
WmV | 16636ps | 168.14ps | 13720 ps 116,18 ps

ImV | 207.00ps | 2606ps | 19047ps | 15346ps

5§ Corner

Input | Miyahara | Elzakker | ThreeStage | Modified Version

Wmy | 30660ps | 306.18ps | 22985 ps 193.80 ps

ImV | 3734lps | 38327ps | 264.50ps 053 ps

Table I Comparator Delay Versus Input
Voltage Under Different Corners (Vem =
600 Mv).

4. SIMULATED AND
MEASURED RESULTS

A. Post-Layout Simulated Results

This section compares the three-stage
comparators of this work with the two-stage
comparators of Miyahara’s comparator [9]
(Fig. 1) and Elzakker’s comparator [11].
For fair comparison, all comparators are

post-layout simulated under the same 130-
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nm process. All comparators are also
designed with the same input referred noise
of 440 pV, so that other specifications can
be compared. Table I shows the delay at
90% settling. The common-mode input
Vem is set to 0.6 V. As can be seen, the
delay of three-stage comparators is smaller
than the two-stage comparators by 15%—
25% under all conditions. Meanwhile, the
delay of modified version is smaller than

the original version by 10%—18%.
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Fig. 4. Measured delay versus differential

input voltage.
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Fig. 5. Measured input referred noise versus

common-mode input voltage
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5. CONCLUSION & FUTURE
WORK

The benefits of a three-stage comparator—
which comes with a modified version—
include minimal kickback noise, rapid
speed, and low input referred offset and
noise. These comparators work well with
high-resolution, high-speed SAR ADCs.
Ultimately, quantifiable outcomes confirm

how useful these comparators are.

6. REFERENCES

[1] P. Harpe, E. Cantatore, and A. van
Roermund, “A 2.2/2.7f]J/conversionstep
10/12b 40kS/s SAR ADC with data-driven
noise reduction,” in Proc. IEEE Int. Solid-
State Circuits Conf. Dig. Tech. Papers, Feb.
2013, pp. 270-271.

[2] H. S. Bindra, C. E. Lokin, D. Schinkel,
A.-J. Annema, and B. Nauta, “A 1.2-V
dynamic bias latch-type comparator in 65-
nm CMOS with 0.4-mV input noise,” IEEE
J. Solid-State Circuits, vol. 53, no. 7, pp.
1902—-1912, Jul. 2018.

[3] Y. T. Wang et al., “An 8-bit 150-MHz
CMOS A/D converter,” IEEE J. Solid-State
Circuits, vol. 35, no. 3, pp. 308-317, Mar.
2000.

[4] B. Razavi, “The StrongARM latch [A
circuit for all Seasons],” IEEE Solid

Volume 14, Issue 01, Jan 2024

ISSN 2457-0362

Page 220



StateCircuits Mag., vol. 7, no. 2, pp. 12—17,
Spring 2015.

[5] S. Babayan-Mashhadi and R. Lotfi,
“Analysis and design of a lowvoltage low-
power double-tail comparator,” IEEE
Trans. Very Large Scale Integr. (VLSI)
Syst., vol. 22, no. 2, pp. 343-352, Feb.
2014.

[6] A. Khorami and M. Sharifkhani, “A
low-power high-speed comparator for
precise applications,” IEEE Trans. Very
Large Scale Integr. (VLSI) Syst., vol. 26,
no. 10, pp. 2038-2049, Oct. 2018.

[7] M. Abbas, Y. Furukawa, S. Komatsu, J.
Y. Takahiro, and K. Asada, “Clocked
comparator for high-speed applications in
65nm technology,” in Proc. IEEE Asian
Solid-State Circuits Conf., Nov. 2010, pp.
1-4.

[8] J. Lu and J. Holleman, “A low-power
high-precision comparator with time-
domain bulk-tuned offset cancellation,”
IEEE Trans. Circuits Syst. I, Reg. Papers,
vol. 60, no. 5, pp. 1158-1167, May 2013.

[9] M. Miyahara, Y. Asada, D. Paik, and A.
Matsuzawa, “A low-noise selfcalibrating
dynamic comparator for high-speed
ADCs,” in Proc. IEEE Asian Solid-State
Circuits Conf., Nov. 2008, pp. 269-272.

[10] D. Shinkel et al., “A double-tail latch-

type voltage sense amplifier with 18ps

International Journal For Advanced Research
In Science & Technology

ISSN: 2457-0362

setup+hold time,” in IEEE Int. Solid-State
Circuits Conf. (ISSCC) Dig. Tech. Papers,
Feb. 2007, pp. 314-315.

[11] M. van Elzakker et al., “A 10-bit
charge-redistribution ADC consuming 1.9
uW at 1 MS/s,” IEEE J. Solid-State
Circuits, vol. 45, no. 5, pp. 1007-1015,
May 2010.

[12] M. Brandolini et al., “A 5 GS/s 150
mW 10 b SHA-less pipelined/SAR hybrid
ADC for direct-sampling systems in 28 nm
CMOS,” IEEE J. Solid-State Circuits, vol.
50, no. 12, pp. 2922-2934, Dec. 2015.

AUTHORS

1. D. Purushotham Reddy, Assistant
Professor, ECE  Department,  Sri
Krishnadevara University College of
Engineering and Technology(SKUCET),
Ananthapur, Andhra Pradesh, Pin:515003,

Email:purush789@gmail.com

2. S. Jeevana Surekha, ECE Department,
Sri Krishnadevara University College of
Engineering and Technology(SKUCET),
Ananthapur, Andhra Pradesh, Pin:515003,

Email:sjeevanasurekhal43@gmail.com

Volume 14, Issue 01, Jan 2024

ISSN 2457-0362

Page 221



International Journal For Advanced Research
In Science & Technology

ISSIN: 2457-0362

Volume 14, Issue 01, Jan 2024 ISSN 2457-0362 Page 222



