Accepted Manuscript EN
INTEGRATION

the VLS| journal

A low-power dynamic comparator for low-offset applications

Ata Khorami, Roghayeh Saeidi, Manoj Sachdev, Mohammad Sharifkhani

mmmmmm

PII: S0167-9260(19)30071-9
DOI: https://doi.org/10.1016/j.vlsi.2019.07.001
Reference: VLSI 1608

To appearin: Integration

Received Date: 3 February 2019
Revised Date: 12 April 2019
Accepted Date: 1 July 2019

Please cite this article as: A. Khorami, R. Saeidi, M. Sachdev, M. Sharifkhani, A low-power dynamic
comparator for low-offset applications, Integration (2019), doi: https://doi.org/10.1016/j.vIsi.2019.07.001.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.

The final publication is available at Elsevier via https://doi.org/10.1016/j.vlsi.2019.07.001.
© 2019. This manuscript version is made available under the CC-BY-NC-ND 4.0 license
http://creativecommons.org/licenses/by-nc-nd/4.0/


https://doi.org/10.1016/j.vlsi.2019.07.001
https://doi.org/10.1016/j.vlsi.2019.07.001
Jordan Hale
The final publication is available at Elsevier via https://doi.org/10.1016/j.vlsi.2019.07.001. © 2019. This manuscript version is made available under the CC-BY-NC-ND 4.0 license 
http://creativecommons.org/licenses/by-nc-nd/4.0/�


Available online atvww.sciencedirect.com

SciVerse ScienceDirect Procedia

Procedia Analog Integrated circuit 00 (2012) 00®-00 Economics and Finance

ELSEVIER

www.elsevier.com/locate/procedia

A Low-Power Dynamic Comparator for Lew
Offset Applications

Ata Khoramf, Roghayeh SaefjiManoj Sachdey Mohammad Sharifkhahi

#Department of Electrical Engineering, Sharif University of Technology, Azadi avenue, Tehran, Iran,
®|ran Telecommunication Research Center (ITRC)
°Department of Computer and Electrical Engineering, University of Waterloo, Waterloo, Ontario, Canada,
khorami @ee.sharif.ir.

Abstract

In this paper, a low-power method for double-tainparators is introduced. Using the proposed method
the power consumption of the pre-amplifier whiclthie dominant part is reduced considerably. Thamks
this method, the pre-amplifier is not able to dnawre than required amount of power, therefore, the
power is saved. Post layout and corner simulatesults show the power consumption is reduced by
about 40%. Moreover, several Monte-Carlo (M) sirtialss suggest the proposed method results in about
20% offset reduction at the cost of 5% area and §péed degradation.

Keywords: Dynamic Comparators; Low-power; Pre-amplifier;

Introduction:

these days, there are lots of battery-powered @djdns such as hand held devices, wearable ehéciro
and portable medical devices. In order to increasebattery lifetime, it is essential to reduce pow
consumption as much as possible. Comparators seatéd parts of many mixed-mode circuits such as
Analog to Digital Converters (ADC) as described [r3]. Therefore, the power consumption of
comparators has a significant effect on the totalgy consumption [4-6]. Researchers have proposed
several circuits and techniques to reduce the pameasumption of the comparators [7]; some of the
recent works are presented as follows.

In [8], a low-power low-offset comparator is preth In that comparator, the pre-amplifier curreiit

is replaced with a positive feedback half latchcuitr which considerably increases the number of
transistors and area. Also, the half latch conmetiiethe top of the pre-amplifier generates a §icpnit
differential kickback noise in the input nodes loé ttcomparator. The kickback noise mechanism and the
reduction techniques are properly explained in [[®].10], a bulk-tuned offset calibration is propdsto
reduce the offset voltage, therefore, smaller tstmis can be used resulting in a lower power
consumption for a given offset voltage. This metbmphificantly reduces the offset voltage; howevst,
area overhead (due to calibration capacitors) 88 abnsiderable. Moreover, the calibration cirguitr
increases the design area and implementation caitipte As another example, in [11], a double tail
comparator is proposed using a current mirror ttuce the kickback noise and increase the speed. Thi
method increases the power consumption, since teemplifier is kepton during the entire pre-
amplification process. The comparator reportedl1i?] with its special clock signals was proposed to
reduce the power consumption although the low-pobedravior is not effective for high resolution
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applications. In fact, for a low offset voltage ig batch must charge and discharge the large parasi
capacitors of the large pre-amplifier input tratwis causing significant power consumption and dpee
reduction. Moreover, generating special controhalg requires especial circuitry which incurs aaad
power overheads. It is shown in [3] the power camdnluced by using another supply voltage for tke p
amplifier stage while the speed performance is eod@d However, this method sacrifices the offset
voltage. Also, generating the second supply voltegeses more power, area, and complexity to the
design. In [13], a structure similar to the doutalé comparator is introduced which works with deld
clock signals to reduce the power and enhancepbedsperformance. This comparator suffers from a
large kickback noise, since the input transistoesdirectly connected to the latch internal nodés &
rail-to-rail differential swing. Moreover, in ordés generate the delayed clock signals additiomeliitry

is required which increases power and area. A wis#rol scheme of the pre-amplifier could result in
power/offset benefits as presented in [14-16]. Wethods reported in [17, 18] are some of the most
recent low-power methods. These methods are efficiepower reduction, however, their benefit is fo
ultra low-voltage applications.

In this paper, an efficient method is proposedetiuce the power consumption of the double tail dhioa
comparators. Employing this method is easy andgsitrdorward meaning that in its simplest form no
design procedure is required. In fact, the proposezthod is applied to a previously designed
conventional comparator resulting in considerablewgr reduction. More than simplicity and
effectiveness, the proposed method does not ireteaskickback noise or offset voltage.
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The Proposed Circuit

Fig. 1 presents the conventional dynamic compafa®r20]. In the reset phasdk ="1", clk ="0"), the
output nodes (O1+, O1-) of the pre-amplifier arscarged td&/ss while the output nodes of the latch are
charged tovdd. When evaluation phase startdk( ="1"-"0", clk ="0" -"1"), the pre-amplifier
amplifies the difference between the input sigreadd a small differential voltage appears at th@utut
nodes of the pre-amplifier [6, 21]. When the outpoinmon mode voltage of the pre-amplifier become
larger than the voltage threshold of the latch ilgMOS transistors\{,) the latch starts working and
makes a decision (creatédd at one side an¥ss at the other side) based on its input differergighal.

In this circuit, the pre-amplifier continues consngipower even after the comparison is made uotih b
of the outputs of the pre-amplifier goes \dd. Therefore, in each comparison, the pre-amplier
wasting energy. In fact, when the output nodehefre-amplifier are more thd,, (somewhere around
1.5 to 2 times oWVy,), the pre-amplifier strongly turren the latch finishing the comparison, and there is
no need to consume more energy after that.

Vdd

clk
M5

li’ilM3

Pre-amplifier
0l-

Fig. 1 Thecircuit of the conventional dynamic comparator containing a latch and a pre-amplifier proposed in [19, 20].

Fig. 2 presents the proposed method applied tedhgarator of Fig. 1. The functionality of thisauiit

is the same as the comparator of Fig. 1. Howewethis circuit the pre-amplifier is not able to was
large amount of power. In fact, when the outputages of the pre-amplifier go to a value clos&dd-
|Vingl the tail current approaches zero wasting no enévgy is the threshold voltage of the PMOS
transistors M14, M15). As discussed earlier, arppatutommon mode voltage of 1.5 times to 2 times of
Vi IS large enough to strongly activate the latch famidh the comparison. Assuming a nominal supply
voltage ofvdd in a given technology/dd-|Viy| is higher than 1.5%;,, therefore, the proposed technique
avoids wasting power after enough guard to the eddgke5xV,,. This results in an efficient and safe
power reduction method. The proposed method caragmied to double tail comparators. When
employing the proposed method, the supply voltageulsl be large enough so thetd-|Vi| is
sufficiently larger thaivy,, thus, the latch is activated strongly during ¢kaluation phase with no delay
overhead. Therefore, the minimum appropriate supplyge is abowdd-(|Vinp|+ 1.5XViny).
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Fig. 2 The proposed method applied on the conventional comparator.

Fig. 3 presents the output voltages of the pre-diemplof the proposed circuit compared to the
conventional circuit presented in Fig 1. As seanthie proposed comparator the output voltages goes
from 0 toVdd-|Vy| while in the other one it goes from to Ovdd.

Voltage of the pre-amplifier

output nodes (O1-, O1+) A

01+,01- (conventional)

Vdd

01+,01- (proposed)

vdd =V, |

Td% Time
2

Fig. 3 The voltage of the pre-amplifier outputs during the evaluation phasein the proposed and conventional compar ators.

A

Usually, especially in low offset comparators, $ii|ng of the pre-amplifier transistors is domintmthe
sizing of the latch transistors. Therefore, the-gmlifier consumes a large part of the total power
dissipation (due to larger parasitic capacitorsy. & result, reducing the power of the pre-amplifier
noticeably reduces the total power of the comparaithe added tail transistors (M14, M15) are
considerably smaller than the pre-amplifier inpnsistors (less than 10%). Therefore, their power
overhead is negligible (due to small size and swltiage swing), and the proposed method is able to
considerably reduce the total power consumption.
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In the proposed circuit, it is essential that tbarection from the output nodes of the pre-amplif@1-,
O1+) to the tail current is done in a way thatded not add a term in the input referred offsetagd. In
the circuit of Fig. 2, the output nodes affect thié current which is seen as a common-mode valu¢he
input transistors Miz4). Thus, the proposed method does not affect thatineferred offset voltage,
although the output nodes of the pre-amplifier addferential term.

Analytical derivations

In this section, analytical derivations of the powsnsumption are presented. In the proposed
comparator, the output nodes of the pre-amplifiercharged fron® to Vdd-|Vy,|. If the output capacitor

of the pre-amplifier is C at each side the powarsconption of the pre-amplifier (which is dominaaot t
the latch) is evaluated as follows:

Teix

f ® vdd(l, + ). dt 1
0

1
Protar = T ” f Vdd(lpqy)-dt = Ton
(o c

Wherely is the current of the tail transistor {Vil; andl, are presented in Fig. 4, angd/R is half of the
clock period which is allocated for the evaluatmrase (the other half is for the reset phase).

Vdd

I8 Vdd
L_I w |:| I 7f(Voi-Vou...
Vinll « - » IM Pre-ampl ifier » IV;n-
ol- Pre-amplifier ol+ Il Vo
v I clk I X
Fig. 4 Modeling of I, and I, in the circuit of the proposed pre-amplifier.
In a capacitor, the following equation holds.
Ic = dt = C.dv, (2)

Based on (2), (1) can be written as:

1 A vdd [Voi-(=) vdd [Voi+(*)
Ptotal = T_Vddf (11 + 12). dt = T f C. dVOl— + T f C. dV01+
clk 0 clk Jo clk Jo

®3)

Vo1-() Vo1+ ()

C
P, =—Vdd f dv, ) 4
total = ( . . 01+ 4)

In the comparator, the output nodes of the pre-diemphare charged frond to Vdd-|Vy,|. Therefore, the
total power consumption is evaluated as presentés)i
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2C
Piotal = ded(Vdd — |Venp|) (5)

The proposed derivations are independent of tleatity or operating region of the input/tail trasters,
since the steady-state voltage variation is obsefae proved in (3)). The parasitic capacitorslabite at
the pre-amplifier output nodes are mostly overla@pacitors which are almost constant during the
operation. Therefore, (5) presents a good apprdiomaf the pre-amplifier power consumption.

Similar to the mentioned derivations, it can bevamnahe power consumption of the conventional
comparator of Fig. 1 is equivalent to:

2C 2C
Piotar = =——Vdd xVdd = vdd? (6)
Tclk clk
As discussed earlier, in low-offset comparatorg fglower consumption of the latch is negligible
compared to the power consumption of the pre-amplifTherefore, the percentage of the power

reduction is calculated as follows.

P %
Power Reduction (%) = 100 x (1 - M) =100 x M (7
conventional
Considering the average of typical valueih8um CMOS technology, the power reduction is about
36%. Usinghvt transistors with a larger value |dvfthp| in the proposed comparator results in about 50%
power reduction while it reduces the speed of tmagarator.

Totally, the proposed method is able to reduceptheer consumption by about 30%-50%. As a benefit
of the proposed method, there is no need to reddhig circuit and few components are added to the
circuit My 15). In fact, first the comparatoe., the one presented in Fig. 1) is designed, thea, t
transistors are added to the circuit as present&ibi 2. Therefore, without changing the initiartsistor
sizing the proposed method is applied to the comweal circuit.

Simulation Results

In this section, the simulation results of a typimamparator before and after using the proposetthade

is presented. First, the comparator proposed in Figas designed in 0.8 CMOS technology with
Vdd=1.8V for an offset voltage of abo@5mV at Ve =Vdd/2 (Veri=0.5(Vins-Vin)), a clock frequency of
0.5GHz, and power consumption of less thBOUW. This comparator is a good candidate for a 10bit
high speed differential ADC where LSB is about 8. Then, the proposed method is applied to the
comparator. In order to do so, the following siz{sjown in Fig. 5) and replacement is applied eot#il
transistor and the rest of the comparator remaitsuched.
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Wy
Sizing of the tor [TJMS -
Proposed compard e
S e ()

L Jmia,

M15
Tail in the Tail in the

conventional Proposed comparator
comparator

Fig. 5 Thesizing of thetail transistor in the proposed comparator based on the conventional comparator .

In the designed comparator, the size of the taildistor is about 3.7% of the total size, therefthe
sizing illustrated in Fig. 5 increases the areaabmaximum of about 11% (4X-X=3X=3*3.7). In the
layout section, it is shown the area overhead ®fpttoposed method in this design is about 5% caomapar
to the conventional comparator.

It is noteworthy that after applying the proposeetmod, it is possible to make a refinement into the
sizing of the other transistors for a better imgment. However, we did not do that to see how ntaeh
proposed method is effective in the worst case mgamwhen minimum design effort is made (keeping
the rest of the comparator exactly the same).

Fig. 6 presents the output of the pre-amplifiethi@ proposed and conventional comparators forreifife
V'S ranging from0OV to 1V with the steps 00.1V. As expected, in the proposed circuit, the voltgges
to VVdd-| V| While in the other circuit it goes ¥dd wasting power.

Output Voltage of the pre-amplifier (Vem=0V-1V)

Voltage (V)

o o o o N
O N AN O ® = NN D N
T

o

0.2 0.4 0.6 0.8
Time (ns)

Fig. 6 The output voltage of the pre-amplifier in the proposed and conventional comparators during the evaluation phase. Vem is
changed from OV to 1V to create different figures.

In the proposed comparator, the pre-amplifier cutmitage goes from somewhere betweell to
1.25V. Therefore based on (7), the power reduction efpre-amplifier is aboud0%-40%. As a result,
we expect the total power reduction to be al35t.

Fig. 7 presents the power consumptiof.8GHz clock frequency versus input,, of the comparator. As
seen, for different values &, the power reduction is abo85%. For example, foW=0V the power
reduction is aboutd0% and for V,,=0.9 the power reduction is about 33%. The average powe
consumption of the proposed and conventional coatper over the operating range \&f, is about
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347uW and556u\W, respectively. Therefore, the proposed methodaesithe total power consumption by
about37%.

Power versus Vcm
T T

H
o
o

Proposed

Power (uw)

0 0.2 0.4 0.6 0.8 1 1.2
Vem (V)
Fig. 7 Power consumption of the proposed and conventional comparator s versusinput Vem at 0.5GHz clock frequency.

Fig. 8 presents the dynamic behavior of the conipegaln this figure, the delay of the proposed and
conventional comparators versus inpltandV,, are presented. Both the figures suggests thatdlay

of the proposed and conventional comparators argarable. The delay of the proposed comparator is
larger, since the pre-amplifier tail current isueed. The delay degradation is about 10%.

Delay versus Vcm Delay versus Vid

1000 1000

900 900

800 [ 800 4

Pr,

700 [ 700 2Posed 1
ig; 600 |~ ig; 600 [ Co”Vent,'OH n 4
. 500 [ >, 500 |- a |
© ©
T 400 | Proposed © 400 F |
o o

300 = 300

200 | Conventional ] 200 F

100 [ b 100 [

0 0

0 0.2 0.4 0.6 08 1 1.2 10-9 10-8 10-7 106 10-5 10-4 10-3
Vid (V) Vid (V)

Fig. 8 Delay versusVem (Vig=1mV) and versus Vid (Van=0.9V) of the proposed and conventional comparators.

In recently proposed capacitive DACs of SAR ADCslsas the ones reported in [22-24], it is important
that the comparator is able to work in Mg range 0f0.25vdd-0.75Vdd. The proposed method does not
have a noticeable bad effect in the mentioned ratiyes, this method is an acceptable low-power
candidate for SAR ADCs. It is noteworthy that im®p other capacitive DACs of SAR ADCs the
requiredV., range is one point which is usually equal to 0.88VFor example, the outputm range of
DACs reported in [25, 26] is 0.5*Vdd or very cldseit like the method presented in [27].

To evaluate the offset voltage, 1k-point Monte-Gaimulations were performed for eaéh, value €.g.,
V=0.5V) in the inpul/,, range of the comparator. The statistical behasidhe comparators originated
from several Monte-Carlo simulations is depicted=ig. 9. In this figure, the standard deviationttod
input referred offset voltage versus inpt, is presented. Generally, the input referred offedtage of
the proposed comparator is better by 20%. The egbanethod reduces the tail current of the pre-
amplifier enhancing the gain so the effect of titeh on the offset voltage is reduced. This ofiedtiage
reduction is achieved with the overhead of speddation as the results presented in Fig. 8 reveals.
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Offset voltage versus Vcm

4

3.5 ]
E 3 Conventional |
S 25 1
8
S
> 9 r Proposed !
kot
£
o 157 ]
[0}
ES
s 11 )
o

05 [ ]

0 ) ) ) ) )

0 0.2 0.4 0.6 0.8 1 1.2

Vem (V)
Fig. 9 Offset voltage of the proposed and conventional comparators. Each point represents several Monte-Carlo simulations.

Corner Simulations

In this section, corner simulations are presentedonfirm the effectiveness of the proposed method
different corners. Extreme PVT corners were comsidldor simulations. First, the circuit was simatht
for slow-slow (ss) process at T=f5 and Vdd=1.6V. The results are presented in Figa). The delay
of the proposed comparator is larger than the autiw@al comparator while still 40% power reductien
achieved. Next, the circuit was simulated for t@pitypical (ss) process at T=25 and Vdd=1.8V. Also

in this case, 36% power reduction is achieved witthiée speed reduction is negligible as shown in Fig.
10(b). Finally, the comparators were simulatedfést-fast (ff) process at T=-25, and Vdd=2.0V as the
results are depicted in Fig. 10(c). Again in thase, the power reduction is 38% which is a conalder
value. In this corner, the delay of the proposed @anventional comparators are almost the same As
conclusion, corner simulations show the proposethatkis able to considerably reduce the power in
different corners. The delay degradation of theopsed method is large in extreme slow corner while
extreme fast corner the delay is almost equalgéatimventional comparator.
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Process = ff, Temperature = -25 C, Vdd = 2.0V
Delay versus Vcm, Vid=1mV Power versus Vcm at 0.5GHz clock frequency
1000 1000, C
900 900 0entiony ]
800 388 [ Average Level=701uW |
% 700 5 B
< 600 S0 T~Posed \ w ]
] E verage Level™ u B
(c) & 500 2 500
0 400 & 400 b
300 Proposed 300 \
200 . 200
Conventional L . |
100 100 I 38% Power reduction
0 0
0 15 0 0.5 1 15
Vem (V) Vem (V)
0,
Process = tt, Temperature = +25 C, Vdd = 1.8V
Delay versus Vcm, Vid=1mV Power versus Vcm at 0.5GHz clock frequency
1000 1000
900 900 [
800 800 [ Co
2 700 <700 aVention
£ 600 3 600 Average Level= 556 uW 4
(b) 3 500 8 500
° 2 P,
a 400 | Proposed & 400 P———000sed AVNge Level= 347 uW -
300 1 = 300 [
1 \
200 Conventional 200
100 100 [ 36% Power reduction
0 0
0 0.5 1 15 0 15
Vem (V) Vem (V)
0,
Process = ss, Temperature = +75 C, Vdd = 1.6V
Delay versus Vcm, Vid=1mV Power versus Vcm at 0.5GHz clock frequency
1000 1000
900 | 1 900
800 | 1 800
g 790 proposed Eoof
< 600 = 600 Cony,
@ 3 500 & e 1 2 500 [ Sntiong, Average Level= 417 uW |
A 400 Convention N & 400 F 1
300 [ N 300 Proposed Average Level= 251 uW 1
200 [ 1 200 F =
100 [ 7 100 " 40% Power reduction
0 0
0 05 1 15 0 0.5 1 1.5
Vem (V) Vem (V)

Fig. 10 Corner simulations: (a) Process=ss, Temper ature=75°C, and Vdd=1.6V, (b) Process=tt, Temper ature=25°C, and Vdd=1.8V,
(c) Process=ff, Temperature=25°C, and Vdd=2.0V .

Layout and Post Layout Simulation

In order to further confirm the low-power behavairthe proposed comparator, a symmetric layout was
created then Fig. 7 simulation was repeated forettteacted circuit. Fig. 11 presents the layout el
schematic of the proposed and conventional commatathe labels of the transistors have been writte
using white color on the layout image. As seengsihe of the proposed comparator is 19um by 19un an
almost equal to the conventional comparator. Thy difference is the lack of M14 and M15 in the
layout of the conventional comparator; the arethisf part (4 x 1.3 um?) is about 5% of the total area
of the comparatorsl x 19 um?). Therefore, the area overhead of the proposegbamator is negligible
compared to the total area.
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Vdd

LIt

[

Qut- Out+

—|01' MI10 ML |—01+ _I 10 M I—

e
wrlgl

Fig. 11 Layout structure and schematic of the proposed and conventional compar ator s compar ed to each other. The label of the
transistorsisplaced on the layout image using white color.

Fig. 12 presents post layout and schematic stionlaesults of the power consumption
versus inpu¥,, range of the comparators.
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Fig. 12 Post layout ver sus schematic simulation of the power consumption of the proposed and conventional comparators.

Fig. 12 confirms the proposed comparator is abluge the total power consumption. Parasitic
components has led to about 10% and 15% increatatahpower consumption of the proposed and

conventional comparators.

Comparison and Discussion

Schematic simulations, analytical derivations, apndt layout simulations show the proposed method is
effective in reduction of the power consumptiordifferent PVT corners. However, power reduction is
achieved with some advantages and disadvantagbke Taresents a comparison between the proposed
and conventional comparator. As discussed eathercurrent proposed method is the simplest version
which is achieved with no design effort (explained-ig. 5). Therefore, if this version of the preped

method is effective in power reduction, sizingmefnent will further improves its benefits.

Table | COMPARISON BETWEEN THE PROPOSED AND CONVERNAL COMPARATORS

Average Power

Input referred offset

consumption @0.5GHz| voltage @ \,=0.9V Speed @ ¥;=0.9V Layout Area
Conventional 556 uW 2.6mV 1.16GHz 343um?
Proposed 347 uw 2.19mv 1.05GHz 361um?
relative +37.6 % +15.8 % -9.5% -5%

Based on Table I, the proposed method reducesotiverpoy37.6% and the input referred offset voltage
by 15.8% while speed and area are degraded by dl®8aiand5%, respectively.
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Table Il presents a comparison between the propmsgdome recently proposed comparators.

Table II| COMPARISON BETWEEN THE PROPSOED AND SOMEIRER COMPARATORS

Average offset Operating vdd Area Technology Megsuremeni
Power voltage Frequency /Simulation
[13] 600uW 7.78mV - 1.2v - 130nm Simulation
[10] 766uW 0.056mV 100kHz 5.0V 64000um? 0.5um Measurement
[11] - 5.62mV 1GHz 1.2v - 90nm Measurement
[12] 51uw 16.5mV 0.9GHz 1v 260um? 90nm Simulation
[28] 252uW 5.8mV 2.5GHz 1.2v - 65nm Simulation
[3] 420uw 2.5mv 0.5GHz 1.8V 453um? 0.18um Simulation
conventionall  556uw 2.65mV 0.5GHz 1.8V 343um? 0.18um Simulation
Proposed 347uW 2.19mV 0.5GHz 1.8V 361um? 0.18um Simulation

As seen in Table Il, the proposed method offersveegower and a low-offset with 1.8V in 048
technology. Also, applying the proposed method ¢ivan double-tail comparator is simple compared to
the other ones where a new design procedure ati@ullicircuitry are required. As a result, thersed
method is an effective and easy to use way of powduction suitable for low-offset low-power
applications.

Conclusion

This paper presents a method to reduce the powesuoption in dynamic comparators. The proposed
method is easy to implement and does not requirexara design procedure. First a comparator is
designed then the proposed method is applied tdaihéransistor of the pre-amplifier using a simpl
sizing. Simulation results confirm the proposedhndtis able to reduce the power consumption bytabou
40% and offset voltage by 20% while area is in@daly 5% and speed is reduced by about 10%.
Analytical derivations as well as PVT corner andtdayout simulation validate the low-power behavio
of the proposed method.
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In dynamic comparators, the pre-amplifier amplifies the input differential signal to
some extent then the latch finalizes the comparison. After some moment from the
latch activation, the pre-amplifier is wasting power and sometimes reduces the gain
worsening the power consumption and offset voltage. The aim of the proposed
comparator is to overcome this issue. In low-offset comparators, the sizing of the
input transistors of the pre-amplifier is chosen large for matching purposes so that
the pre-amplifier consumes the dominant part of the total power consumption
making it a good candidate to work on for low-power applications. In this paper, a
low power method for dynamic comparators is presented using which the power
consumption of the pre-amplifier is controlled in a proper way. Therefore, not only
the power is saved but also the input referred offset voltage is improved.

In the paper, analytical derivations are presented to quantify the amount of power
saving. Simulations showed the derivations are consistent with the circuit. The
proposed method is able to reduce the power consumption by about 30%-40% and
the offset voltage by about 20%. Post layout simulation of the RC-CC extracted
circuit confirms the benefits of the proposed comparator.

The proposed method is applicable to different types of the double tail comparators.
This method is simple yet effective in power reduction.



