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Abstract: One of the most importan&nalog circuits required in many analog integrated circuits is comparator. It is
used for the comparison between two same or different electrical signals. The Comparator design becomes an important
issue when design technology is scaled down. Due to thdimear behavior of threshold voltage (Vt) when design
technology is scaled down, performance of Comparator is most affected. Many versions of comparator are proposed to
achieve desirable output in saticron and deep sumicron design technologies. Thelaction of particular topology

is dependent upon the requirements and applications of the design. Low power circuit design has emerged as a principal
theme in todaydés electronics industry. | n udyralbost offsat 0] e c t
voltage and sources of power and their estimation and reduction technique are didtwesseed for ultra lovpower,

area efficient and high speed anatogligital converters is pushing toward the use of dynamic regenerative
comparatorsto maximize speed and power efficiency. In this project, an analysis on the delay of the dynamic
comparators will be presented and analytical expressions are derived. From the analytical expressions, designers can
obtain an intuition about the main cobuitors to the comparator delay and fully explore the tradeoffs in dynamic
comparator design. Based on the presented analysis, a new dynamic comparator is proposed, where the circuit of a
conventional doublkail comparator is modified for loypower and fasoperation even in small supply voltages.
Without complicating the design and by adding few transistors, the positive feedback during the regeneration is
strengthened, which results in remarkably reduced delay timela&gost simulation will be carriedut in 180nm

CMOS technology using Cadence 6.1.5 version.

Keywords: ADC (Analog to Digital Converter), CMOS (Complementary Metal Oxide Semiconductor), dynamic
comparators, Cadence Virtuoso

l. INTRODUCTION
In electronics, Operational amplifier (€mnp) is designedwith a referencesignal and outputs a binary signal based
to be used with negative feedback. It can be also usednasomparison.
comgparator in open loop configuration. On the other hand,
Comparator is especially designed for open lob BASICS OF COMPARATOR
configuration without any feedback. Hence it is the secdr comparator is a circuit that compares an analog signal
most widely used device in electronic circuits after- Ofith another analog signal or reference and outputs a
amp. Comparators are known asbifl andog-to-digital Pinary signal based on the comparison.
converter and for that reason they are mostly used in large
abundance in A/D converter. In the anatogligital
conversion process, it is necessary to first sample the
input. This sampled signal is then applied to a combination
of comparatos to determine the digital equivalent of the
analog signal. The conversion speed of comparator is
limited by the decision making response time of the
comparator. Apart from that, comparators are also can be

LOGIC "0*

found in many other applications like zermssng Vo— .
detectors, peak detectors, switching power regulators, data

transmission, and others. The basic functionality of a = GND

CMOS comparator is used to find out whether a signal is

greater or smaller than zero or to compare an input signal Fig 1. Schematic symbalf comparator
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analysis is presented; the delay time of two common
o structures, i.e., conventional dynamic comparator and
conventional dynamic doubkail comparator are
Vo analyzed, bad on which the proposed comparator will be
' presented.

A. Conventional dynamic comparator

The conventional dynamic comparator is also called as

conventional Single Tail Comparatofhey are widely

vV, used in A/D converters, with high input impedance,- rail
= to-rail output swing, and no static power consumption.

— a -

Vp — Vn 1. Operation

It includes two modes of operation: Reset Phase and
Comparison phase. Block diagreBrshows the operation

Fig.2 Ideal voltage transfer characteristic of comparato?f the comparator.

MIEMS | | Outn & Outp

™ pull the = fo V44 (sart

Fig. 1 shows the schematic syl of the comparator and He

Fig. 2 shows its ideal transfer characteristics. i¥/ the Phase
input voltage (Pulse voltage) applied to the positive input
terminal of comparator and Ms the reference voltage

(constant DC voltage) applied to the negative terminal of Convetiond
comparator. Now if Y, the input of the comparator is at a Siagk Tl

nodes condition)

greater poterdil than the Y, the reference voltage, then
. - . Comparator Qufn &
the output of the comparator is a logic 1, where as if the
V, is at a potential less than the, Vthe output of the Outp
comparator is at logic O. Comparisn | | CLk=| [ Mrs | | M peckare
I I R
IfV,> V,, then \,= logic 1. | P [ Va1 [T =0FF 7} ON [T B

IV < Vi, then 6= logic 0. Fig 4 Schematic diagram of the conventional Single Tail

Thusa comparator compares two input analog value and Comparator

gives binary output. In ideal case, binary signals can h]i\fig operation of the comparator is as follows. During the
two values at any point. But actually there is a transiti S :
y P y reset phase when CLK= 0 and Mtail is off, reset

region between the two binary statésis important for : .

the comparator to pass quigkthrough the transition""’ms'StorS'(MI .M8) pull both output nodes Quand Oup :
region of the analog signal. The presentation t8n\_/DD to defln_e a start condition and_to have a valid
comparators will first examine the requirements aI ical level dunng reset. In the comparison phas_e,_ when
characterization of comparators. It will be seen ton KO_UXJBtD’vE)rI?;;(IaSstO(rg\]AuZ gﬂgg\ﬂswizghoﬁ’agnggg”;e
comparators  can be divided into ofeop and echarged to VDD, start to discharge withdifferent

regenerative comparators. Thperloop comparators ar gie%charging rates depending on the corresponding input
basically opamps without compensation. Regenerati Iéage (INN/INP).

comparators use positive feedback, similar to seh
amplifiers or flipflops, to accomplish the comparison of
the magnitude between two signals. A third type of

comparator emegs that is a combination of the opleop c"“'”:“" "‘5:“‘ A we me_||-oue
and regenerative comparators. This combination results in
comparators that are extremely fast. Outp

Il. DESIGN IMPLEMENTATION

Clocked regenerative comparators have found wide
applications in many higepeed ADCs sincehey can
make fast decisions due to the strong positive feedback in
the regenerative latch. Recently, many comprehensive
analyses have been presented, which investigate the
performance of these comparators from different aspects, 1
such as noig&0], offset,random decision errors and kick  Fig. 3 Block diagram of conventional Single Tail
back noise [11]. In this section, a comprehensive delay Comparator
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Assuming the case whex8NP > VINN, Outp discharges
faster than Out hence when Opt (discharged by
transistorM2 drain current), falls down t&DDi |Vthp|
before Out (discharged by transistavil drain current),
the corresponding pMOS transistoM) will turn on
initiating the latch regeneration caused by bexkack
inverters M3, M5 ard M4, M6). Thus, Out pulls toVDD
and Oup discharges to ground. WINP < VINN, the

National Conference on Advanced Innovation in Engineering and Technology (NCAIET-2015)

circuits works vice versa.

As shown in Fig. 4.3, the delay of this comparator is
comprised of two time delay$) andtlatch. The delay0
represents the capacitive dimrge of the load capacitance
CL until the first pchannel transisto™M5/M6) turns on. In
case, the voltage at node INP is bigger than INN (i.e.,
VINP > VINN), the drain current of transistavi2 (12)
causes faster discharge of @abde compared to theu
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node, which is driven b1 with smaller current.

1

09r

T

08
07
06
05 on
04

03

Output Voltages (V)

0.2

01}

04

T\

=== Clock!
o Quip

n

-

t

tDelay

5n

tIxan:l'l
>

Time (ns)

ms

Outp

Curp 2222

J,- »m_l

Mtail1

Fig. 6 Schematic diagram of ti@mnventional Double Tail
Comparator

1. Operation:

Block diagram 7 shows the operation of double tail

comparator. The inter mediate stage formed by MR1 and
cCros

MR2 passes ofn/fp to the
provides a good shielding between the inpot output,
resulting in the reduced value of kickback noise. The

double tail enables both a large current in the latching

stage and wideMtail2, for fast latching independent of
the input commommode voltage {cm), and a small
current in the input stagésmall Mtaill), for lowoffset
[10]. During reset phase (CLK 0, Mtaill, andMtail2 are
off), transistorsM3-M4 precharge fn and fp nodes to
VDD, which in turn causes transistd#R1l andMR2 to
discharge the output nodes to ground. During decision
making phase (CLK= VDD, Mtaill andMtail2 turn on),
M3-M4 turn off and voltages at nodes fn and fp start to
drop with the rate defined Hyvtail1/Cfn(p) and on top of

Fig 5 Delay Characteristic response of the conventiongtis, an inpud e pe nd e n't

Single Tail Comparator

di f Me(peviit i al

build up. The intermediate stage formedMR1 andMR2
p a s s\érgp) teethe crossoupled inverters and also

C

V

C

Vol tage swing @Vout = VDIpfodded & good Shielllify betvded inpue ghd fodtpptm a n
initial output voltage diresudtiggineratigced vay 6 kiokdack hols€[10f. al | i ng
Thusdelay is given by tdelay = tO+tlatch.

Ret | [ CIk | | M= | [M7EMEf [ Ouie & Qutp
B. Conventional double tail comparator M o | | =0 o [ pulsthe ™) toad st
A conventional double tail comparator is shown in fig 6 odes conditon)

This topology has less stacking and therefore can operate
at lower supply voltages compared to the conventional
dynamic comparator. It can operate at lower supply
voltages compared to the single tail comparator.

The double tail enables both a large current in the latching
stage and wider Mtail2 , for fast latching independent of
the input common mode voltage (Vcm), and raab
current in the input stage (small Mtaill), for low offset.
Input and ground of the circuit based on the tail current.
Intermediate stage transistor is switching when voltage
drop occurs at the nodes fp and fn.

Copyright to IJIREEICE
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Fig 7 Block diagram of ConventionBlouble Tail
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Similar to the conventional dynamic comparator, the de@yeration of the modified Double Tail Dynamic
of this comparator comprises two main pat@sandtlatch. Comparator:
The delaytO represents the capacitive charging of the load
capacitanceClLout (at the latch stage output nodesitrO The operation of the proposed comparator is as follows.
and Oup) until the first nchannel transistorM9/M10) During reset phase (CLkK 0, Mtaill andMtail2 are off,
turns on, after which the latch regeneration starts; thuavoiding static power)M3 andM4 pulls both fn and fp
is obtained. Total delay analysis will be carried out. nodes tovDD, hence transistavicl andMc2 are cut off.

L T , \ ; T T T Intermediate stage transistoMdR1 andMR2, reset both
latch outputs to ground. During decisioraking phase
08 : D ] (CLK = VDD, Mtaill, and Mtail2 are on), transistorsi3
and M4 turn off. Furthermore, at the beginning of this
phase, the control transistors are still off (since fn and fp
are aboutVDD). Thus, fn and fp start to drop with
—— different rates according to the input voltages. Suppose
i g::: VINP > VINN, thus fn drops faster than fp, (sinbé2

provides more current thavl). As long as fn continues

falling, the corresponding pMOS control transisfbtcl
in this case) starts to turn on, pulling fp node back to the
VDD; so another control transistoM¢2) remains off,

e
>

Output Voltages (V)
=
S

e
N

N allowing fn to be discharged completely. In other words,
unlike conventional doubl&il dynamic comparator, in
o—— which _Min/fp is just a function of |_nput tranS|s'§or
> imelnsec) transconductance and input voltage difference(9), in the
ot proposed structure as soon as the comparator detects that
fosiay for instance node fn discharges faster, a pMOS transistor

Fig 8 Delay Characteristic response of the Conventior*(

c1) turns on, pulling the other node fp back to\RD.
Double Tail Comparato ) pulling p

Therefore by the time passing, the difference between fn
N . ) and fp &Vmi) increases in an exponential manner,
C. Modified double tail dynamic comparator leading to the reduction of latch regeneration time.

The following Fig. 9 demonstrates the schematic diagram

of the proposed dynamic double tail comparator. Duepigspite the effectiveness of the proposed idea, one of the
the better performance of doukll architecture in 10w points which should be ceitlered is that in this circuit,
voltage applications, the proposed comparator is desigigen one of the control transistors (eMg1) turns on,a
based on the doubteil structure. The main idea of theyrrent fromvDD is drawn to the ground via input and tail
proposed comparator is to increas¥ g in order to transistor (e.g.Mc1, M1, andMtaill), resulting in static
increase the latch regeneration speed. For this purg@s&er consumption. To overcome this issuey WMOS

two control transistorsMcl andMc2) have been added tgyitches are used below the input transistdsvw1 and

the first stage in parallel t¥3/M4 transistors but in aysw2, as shown in Fig. 10]. At the beginning of the
crosscoupled manner. decision making phase, due to the fact that both fn and fp
nodes have been pobarged td/DD.

ch;..l Mtail2
mi_ |l [ Cme
outn Outp

Fig. 9 Schematic diagrarﬁ of the modified Double TailFig 10 Schematic diagramfof a new modifi2duble Tail
Dynamic Comparato Comparator
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3. Power Analysis:

CLK._{ Mtail2

M

Outn Outp

e e JH Y .;.w—miz:"_

Fig 14 Waveform representing Average Power of
conventional Single Tail Comparator

4, Delay Analysis:

Fig 11 Schematic diagrz;m of a proposed Double Talil
Comparator

[l SIMULATION RESULTS
A. The conventional single tail comparator-
comparator 1

1. Schematic Diagram Fig 15 Delay Characteristic rsponse of the conventional

SingleTail Comparator

A. The conventional double tail comparator
comparator 2
1. Schematic Diagram:

Fig 12 Schematic diagram of the conventional Single Talil
Comparator Fig 16 Schematic diagram of the Conventional Double

5 Test Set Tail Comparator
. est Setup:
. , 2. Output Waveform:

: e e e e e

Fig 13 Test seup of the conventional Sinle Tail Fig.17 Output Waveform of Conventional Double Tail
Comparator Comparator
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3. Power Analysis: 2. Test Setup:

Fig 18 Waveform presenting Average Power of Fig 21 Test setup of the modified Double Tail Comparator

Conventional Double Tail Comparator 3. Output Waveform:

4,

Fig 22 Output Waveform of modified Double Tail

Fig 19 Delay Characteristic rsponse of the conventional
Comparator

Double Tail Comparator
C. The modified double tadlomparatorcomparator 4. Powe_naIyS|s:
1. Schematic Diagram:

Fig 23Waveform representing Average Power of
modified Double Tail Comparator

Comparator
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3.

Test setup using buffer circuit:

Fig 24 Delay Characteristic reonse of modified Doubfe
Tail Comparator

Fig 27 Test setup using buffer circuit

2. A new modified double tail comparator
comparator 4
1. Shematic Diagram:

Output Waveform using Vsine as input:

Fig 280utput Waveform ung Vsine as input

5. Power Analysis :

Fig 25 Schematidiagram of a new modified double Tail
Comparator

2. Output Waveform:

Fig 29 Waveform presenting Average Power of
modified double Tail Comparator

6. Delay Analysis:

juill

Fig 26 Output Waveform of a new modified Double TaiIFIg 30 Delay Charict_lerésnc resptonse of modified double
Comparator ail -omparator
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3. A new modified proposed double
comparatorcomparator 5

1. Schematic Diagram:
Fig 31 Schematic diagram of proposed double Tail
Comparator
2. Delay Analysis:

tail 4. Test set up of Proposed Comparator with buffer

circuit:

Fig 34 Test set up of Proposed Comparator with buffer
circuit

5. Buffer circuit:

Fig 35 Buffer Circuit

6. Output Waveform using Vsine as input:

Fig 32 Delay Characteristic response of proposed double

Tail Comparator

3. Power Analysis:

Fig 33 Waveform representiriyerage Power of

proposed double Tail Comparator

Fig 36 Output Waveform using Vsine as input

4, Comparison results of different types of

comparators

1. Comparison between propagation delay and frequency:

TABLE I: COMPARISON BETWEENPROPAGATION
DELAY AND FREQUENCY
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