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Abstract — The need for low-power, area efficient and high
speed analog-to-digital converters is pushing towdrthe use
of proposed dynamic double tail comparator to maxirize
speed and power efficiency. In this paper, the layb of
proposed double tail comparator is designed using
Microwind3.1 version and compiled for desired resub. In
DSCH3.1 version the Schematic of proposed comparatds
runned. From these designers can obtain an intuitio about
the main contributors to the comparator delay and &lly
explore the tradeoffs in dynamic comparator designBased
on the presented analysis, a new dynamic comparatas
proposed, where the circuit of a conventional doukl tail
comparator is modified for low-power and fast opergéion
even in small supply voltages. Without complicatingthe
design and by adding few transistors, the positivéeedback
during the regeneration is strengthened, which redts in
remarkably reduced delay time. Post-layout simulatn
results in a 90nm CMOS technology confirm the anakis
results. It is shown that in the proposed dynamicamparator
both the power consumption and delay time are sigficantly
reduced.

Keywords — Analog-to-digital Converters, Proposed Double
Tail Comparator.

|. INTRODUCTION

Apart from technological modifications, one of tmest

The designing high-speed comparators is more
challenging when the supply voltage is smallerotiner
words, in a given technology, to achieve high spieder
transistors are required to compensate the redudafo
supply voltage, which also means that more die areh
power is needed. Besides, low- voltage operaticolt®
in limited common-mode input range, which is impoitt
in many high-speed ADC architectures, such as flash
ADCs. Many techniques, such as supply boosting oolsth
techniques employing body-driven transistors curen
mode design and those using dual-oxide processeshw
can handle higher supply voltages have been deseltip
meet the low-voltage design challenges. Boosting an
boot strapping are two techniques based on augngenti
the supply, reference, or clock voltage to addiepst-
range and switching problems. These are effective
techniques, but they introduce reliability issuspezially
in UDSMCMOS technologies. Body-driven technique
adopted by Blalock removes the threshold voltage
requirement such that body-driven MOSFET operates a
depletion-type device.

In electronics, Operational amplifier (Op-amp)
designed to be used with negative feedback. Itheaalso
used as comparator in open loop configuration. @m t
other hand, comparator is especially designed fmno
loop configuration without any feedback. Hencesitthe

is

important analog circuits required in many analogecond most widely used device in electronic ciscaiter
mtegratgd circuits is comparator. It is used fdne; Op-amp. Comparators are known asl-bitanalog-taadigi
comparison between two same or different electricabnyerter and for that reason they are mostly irséarge

signals. The Comparator design becomes an importapt,ndance in A/D converter.

In the analog-to-digit

issue when design technology is scaled down. DUBEO conyersion process, it is necessary to first santipie
non-linear behaviour of threshold voltage (Vt) Wheihput. This sampled signal is then applied to a

design technology is scaled down, performance
Comparator is most affected. Many versions of caemoa
are proposed to achieve desirable output in sulbemiand

8bmbination of comparators to determine the digital
equivalent of the analog signal. The conversioredpaf
comparator is limited by the decision making resgon

deep sub-micron design technologies. The seleaion ime of the comparator. Apart from that, comparsare
particular topology is dependent upon the requirése 5150 can be found in many other applications likeoz

and applications of the design. Low power circugsign

has emerged as a principal theme in today's eleicso
industry. In this project comparator architectuteeit

design parameter, study about offset voltage amidces
of power and their estimation and reduction techeigre
discussed. Developing new circuit structures whaebid

stacking too many transistors between the supply is

preferable for low-voltage operation, especiallyhiéy do

not increase the circuit complexity. In additiomaicuitry

is added to the conventional dynamic comparator
enhance the comparator speed in low supply voltals.

circuit is our required double tail comparator whits

designed to avoid stacking, complexity, rail td iailow

voltage preferable and reaches the desirable segsihg

90nm CMOS technology.

crossing detectors, peak detectors, switching power
regulators, data transmission, and others. Thecbasi
functionality of a CMOS comparator is used to fiowt
whether a signal is greater or smaller than zerdoor
compare an input signal with a reference signal and
outputs a binary signal based on comparison.

CMOS evolution has come to a point where for analog
circuits new phenomena need to be taken into atcéun
major issue is the decreasing supply voltage. Alghothe
é‘&pply voltage has dropped from 5V in the earlyetigs
down to 1.2V today, most analog circuits can st
designed. However, a further drop in supply volsage
expected to cause serious road blocks for analogits,
because the signal head room becomes too smadkigrd
circuits with sufficient signal integrity at reasdsle power
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consumption levels. Although the analog transist@®.Operation

properties do not really get worse when compatigghat ~ The operation of the proposed comparator is asvisll
identical bias conditions, lower supply voltagesjuiee During reset phase (CLK=0 taillandM tail 2 are off,
biasing at lower operating voltages which resuitsvorse avoiding static power)M3 andM4 pulls both fn and fp
transistor properties, and hence yield circuitshwiwer nodes tovDD, hence transistakclandMc2 are cut off.
performance. These cond issue is gate leakage. Gatermediate stage transistoMR1 andMR2, reset both
leakage will increase drastically when migratingnewer latch outputs to ground. During decision-making ggha
technologies. When the gate oxide thickness is aatiu (CLK=VDD, M taill, andM tail2 are on),transistorm3
with the equivalent of one atomic layer, the gaterent and M4 turnoff. Furthermore, at the beginning of this
increases by approximately one order of magnitudshase, the control transistors are still off (sifiteand fp
Despite technological remedies, gate leakage witome are abouwvDD). Thus, fn and fp start to drop with different
part of analog design-especially for long transsstin this rates according to the input voltages. Suppose
paper a new dynamic comparator is presented, wloeS VINP>VINN, thus fn drops faster than fp, (sindé2
not require boosted voltage or stacking of too mamyovides more current thavl). As long as fn continues
transistors. Merely by adding a few minimum-sizgalling, the corresponding pMOS control transigidicl in
transistors to the conventional double- tail dymamihis case) starts to turn on, pulling fp node bszkhe
comparator, latch delay time is profoundly reducBbis VDD; so another control transistoM¢2) remains off,
modification also results in considerable powerirsgs allowing fn to be discharged completely. In otherds,
when compared to the conventional dynamic comparaignlike conventional double-tail dynamic comparatior,

and double tail comparator. which Vfn/fp is just a function of input transistor trans
conductance and input voltage difference, in ttappsed
[I. DouBLE TAIL COMPARATOR structure as soon as the comparator detects that fo

instance node fn discharges faster, a pMOS tramsist

Comparator is one of the fundamental building bdock (Mc1) turns on, pulling the other node fp back toVi®.
most analog-to-digital converters (ADCs). Many higirherefore by the time passing, the difference betwis
speed ADCs, such as flash ADCs, require high-sjead, and fp QVin/fp) increases in an exponential manner,
power comparators with small chip area. High-speddading to the reduction of latch regeneration time
comparators in ultra deep sub micrometer (UDSM) GMO Despite the effectiveness of the proposed idea,abne
technologies suffer from low supply voltages espléci the points which should be considered is that iis th
when considering the fact that threshold voltageshe circuit, when one of the control transistors (&lgl)turns
devices have not been scaled at the same paceeasoth a current fromVDD is drawn to the ground via input
supply voltages of the modern CMOS processes. and tail transistor (e.gicl, M1 andMtaill), resulting in
A.Proposed Double-Tail Dynamic Compar ator static power consumption. To overcome this issug t

The following Fig.l demonstrates the schematic diayy NMOS switches are used below the input transistors
of the proposed dynamic double tail comparator. Bue [Mswl andvisw2], as shown in Fig. 2.
the better performance of double-tail architectuardow- At the beginning of the decision making phase, ttue
voltage applications, the proposed comparator ssgded the fact that both fn and fp nodes have been grarged
based on the double-tail structure. The main ideth® to VDD (during the reset phase), both switchesctosed
proposed comparator is to increaS¥fn/fp in order to and fn and fp start to drop with different dischiaggrates.
increase the latch regeneration speed. For thjzopar two As soon as the comparator detects that one ofrtioe fp
control transistorsMclandic2) have been added to theéhodes is discharging faster, control transistotsagt in a
first stage in parallel td13/M4 transistors but in a cross-Way to increase their voltage difference. Suppbaefp is

coupled manner. pulling up to the Vvdd qnd fn should b_e discharged
- completely, hence the switch in the charging pdttpo
Cie] [~ wianz will be opened, but the other switch connectedtwifl be
wrlb s closed to allow the complete discharge of fn nddether

words, the operation of the control transistorshwtite
switches emulates the operation of the latch.

Qutn Outp
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Fig. I. Schematic diagram of the proposed Doublié Ta
Comparator [Main idea]
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. itself have the capability to generate the codetiog to
Clke] | maiiz our schematic
B.Verilog Code

After drawing the schematic. Than we go to file aind
have an option make verilog file, we are click tleeilog
file making icon than it generate the verilog cdde our
digital schematic later we click on ok button itngeates
the code as shown below.

Fig . Schematic diagram of the proposed Doubli Ta
Comparator [Final structure]

Therefore by the time passing, the difference betwia
and fpV§/f, increases in an exponential manner, leading
the reduction of latch regeneration time. Despite t ‘
effectiveness of the proposed idea, one of thetpeihich & QlEl s ‘ ey |
should be considered is that in this circuit, wioae of the Fig. IV. Verilog file generation
control transistors (e.g., Mcl) turns on, a curréfotn
VDD is drawn to the ground via input and tail trsbar C. Compilation of Verilog File
(e.g., Mcl, M1, and Mtaill), resulting in static vper Now we are going to compile that verilog file bying
consumption. To overcome this issue, two NMO®Micro Wind 3.5 software. The verilog code in theoab
switches are used below the input transistors fig. is written for Double-Tail comparator. In thas we
change the supply voltages and clock signals thveepo
value also changes. The power consumption decréases
Double-Tail comparator as compared to Conventional
Dynamic comparator.

In this project the off-set voltages of a DoublatTa
omparator decrease as in turn power consumptien al
ecreases as compared to Conventional Dynamic

[ll. S IMULATION

Initially we are going to open digital schematicl 3.
software. Double click on DSCH3.1 software tha%
automatically opens a new window. Right side of th
window it have a design component tool slide isspng

there. By using those design parameters we areggoin comparator
draw our schematic as our requirement. B
A. S:hamtlc PR yPFIRAR T Er o220 ATEH ¢

RIS ']

& liz | il
IEES Taac Cin \/ lati R 3
Fig. Ill. Schematic Fig. V. Compilation of verilog file

. .- . : First of all we are double click on Micro Wind seétre
F]nally we draw the dlg!tal schema’uc accordingoter than automatically it creates a new window. Hereabie
project. Now we are going to give the code for Yo see a COMPILATION option at the top of the temkb

schematic. But in Digital Schematic 3.5 softwareehe by using these compilation button it have an arrotwe

Copyright © 2016 I1JEIR, All right reserved
391



International Journal of Engineering Innovation & R esearch
Volume 5, Issue 6, ISSN: 2277 — 5668

options, compile verilog file is one of that. Byiug the B. VoltageVersus Current
COMPIL E VERILOG FILE we are going to open our »iis .
verilog code in the Micro Wind software. Then ingoile .
the verilog code for our schematic.
D. Verilog File Compilation

It compile the verilog code in Micro Wind softwaite
generates the new window. Here we are going t& dic
COMPILE button. After compilation came back by ugin
BACK TO EDITOR button.

f'rflfﬂ

Frg IX Voltage versus current wave form

C. Voltage Versus Voltage

giis ezl e oo e |
Fig. VI. Compilation of verilog code in Micro wind

After coming back to the editor it generates the|g
LAYOUT for our schematic

B

Fig. X Voltage versus voltage wave form

D. Frequency Versus Time

it (€103 s0nm. M Covoer iz

O e e e SE Um0 ']
Fig. VII. Layout for Double Tail Comparator

V. SIMULATED WAVEFORMS

A. Voltage Versus Time

Fig. XI Frequency versus time wave form

E. Eye Diagram

fniarere T
Fig. VIII. Voltage versus time wave form

L3
Fig XlI: Eye diagram
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V. CONCLUSION [12]

Two common structures of conventional dynamigs)
comparator and conventional double-tail dynamic
comparators were analyzed. Also, based on theafteti 4]
analyses, a new dynamic comparator with Iow-voltagfe
low-power capability was proposed in order to inyerthe
performance of the comparator. Post-layout simarati
results in 90nm CMOS technology confirmed that thg®°!
delay of the proposed comparator is reduced toeatgr
extent in comparison with the conventional dynamigie]
comparator and double-tail comparator. The stagking
complexity, power consumption are reduced whe[rl17]
compared to the conventional dynamic comparator.

VI. A CKNOWLEDGMENT (18]

As mentioned earlier, since the proposed double taig)
dynamic comparator can be optimized for either the
minimum offset voltage or the maximum load drivapil

s . . - 20
at a limited area according to the design spetifina [20]
searching for the most suitable application canohe
topic for the future works. In addition, offset cafiation
techniques can be considered for further reduatiothe [21]
offset voltage.
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