Original scientific paper -".f?,iri:ﬂ‘f”l‘-'f'f:i'-f’

MIDEM
*Journal of Microelectronics,
Electronic Components and Materials
Vol. 55, No. 4(2025), XX — XX

https://doi.org/10.33180/InfMIDEM2025.401

Design and analysis of Low power Rapid Charge
Holding Dynamic Latched Comparator

Jaspar Vinitha Sundari Thirunavukkarasu', Paramasivam Kuppusamy

!Department of Electronics and Communication Engineering, Kumaraguru College of Technol-
ogy, Coimbatore, Tamil Nadu, India

’Department of Electrical and Electronics Engineering, Kumaraguru College of Technology, Co-
imbatore, Tamil Nadu, India

Abstract: The need for portable devices with high precision has raised the demand for optimization of power and delay in various
dynamic comparator topologies. In this paper, an efficient architecture that does timely yet rapid comparison with reduced power
dissipation and optimal energy per comparison is proposed. Introducing an extra tail transistor in preamplifier of comparator,
assists in holding the high gain, thereby reducing delay as well as power. The latch is meanwhile ready with a minimum threshold
value at its output nodes with the help of a pass transistor in between latch output nodes. The conventional, hybrid, and proposed
architecture, namely Low power Rapid Charge Holding Dynamic Latched Comparator (LRCHDLC) are simulated and verified for
power, delay, and energy efficiency in Cadence Virtuoso Spectre. The proposed technique shows a significant improvement in
delay and power consumption when compared to conventional comparators. Monte Carlo simulation shows that the proposed
technique is robust to the process mismatch, sustaining optimal power, delay and energy efficiency.

Keywords: Average Power consumption, Latch regeneration delay, Hybrid Dynamic Latched Comparator, Rapid Charge holding
Latched comparator

Oblikovanje in analiza dinamicnega komparatorja
z zapahom z nizko porabo energije in hitrim pol-
njenjem.

Povzetek: Potreba po prenosnih napravah z visoko natanénostjo je povecala povprasevanje po optimizaciji moci in zamika v raz-
licnih dinamic¢nih topologijah komparatorjev. V ¢lanku je predlagana ucinkovita arhitektura, ki omogoca pravocasno in hkrati hitro
primerjavo z zmanjsano porabo energije. Dodajanje dodatnega repnega tranzistorja v predojacevalnik komparatorja pomaga
ohraniti visoko ojacenje, s ¢imer se zmanjsa zakasnitev in poraba energije. Zapah je medtem pripravljen z minimalno mejno vre-
dnostjo na izhodnih vozlisc¢ih. Konvencionalna, hibridna in predlagana arhitektura, imenovana Low power Rapid Charge Holding
Dynamic Latched Comparator (LRCHDLC), je simulirana in preverjena glede moci, zakasnitve in energetske ucinkovitosti v Cadence
Virtuoso Spectre. Predlagana tehnika kaZe znatno izboljsanje zakasnitve in porabe modi v primerjavi s konvencionalnimi kompa-
ratorji. Simulacija Monte Carlo kaze, da je predlagana tehnika odporna na neskladje procesov, pri ¢emer ohranja optimalno mog,
zakasnitev in energetsko ucinkovitost.

Klju¢ne besede: Povprecna poraba energije, zakasnitev regeneracije zapaha, hibridni dinami¢ni komparator zzapahom, hitro pol-
njenje
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1 Introduction

Miniaturization and portability in electronic products
are highly demanded in an environment of rapid tech-
nological growth. The efficiency of any electronic sys-
tem is reflected in the individual performance of every
subsystem within the product. The efficacy of a com-
parator is reflected in the efficacy of the whole system
and any device that employs it as a subcomponent. The

need for high speed, low power and low offset has in-
creased due to the demand for highly precise and fast
Analog to Digital Conversion units, Operational Trans-
conductance Amplifiers, voltage references, feedback
amplifier setups and many other consumer electronic
products. Comparators can be broadly classified into
static and dynamic topologies. In general, Static com-
parators which offers high power consumption and
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slow switching during latch regeneration phase are of
less priority. In contrast Dynamic comparators are
widely preferred since they offer better switching
speed and low power consumption through positive
feedback. Dynamic comparators are further catego-
rized into single tail and double tail comparators. Sin-
gle tail dynamic comparators offer optimized delays,
notable offset voltage, and high dynamic power con-
sumption. Due to single tail current path, the kickback
noise is high. Most preferred parent topology of single
tail comparator, namely strong-arm latch is highly in-
fluenced by the range of Vcum values. An advanced ver-
sion and alternative to this is the double tail dynamic
latched comparator. The double tail dynamic compar-
ators incorporate two tail transistors, weakening the
coupling between the preamplifier output and the out-
puts of the latch. Double tail comparators offer signifi-
cant reduction in kickback noise due to two separate
current paths which further optimize power and delay
in its conventional as well as various architectures. Top-
ological changes for power and delay optimization re-
quire a preamplifier that not only amplifies the input
voltages with enough gain but also that consumes low
power by remaining dormant during evaluation phase.
Every topological change must ensure that the neces-
sary output swing will be fed to latch at an appropriate
time lapse for comparison. Also, the topological
changes in latch always aim at a timely comparison of
the preamplifier outputs with optimized power intake
and less voltage headroom. Most of the comparator to-
pologies fail to either provide a full swing output at an
instant when comparison occurs or consumes power
during evaluation phase.

The trade-off between power and offset, delay and
kickback noise need to be counterbalanced with archi-
tectural innovations. Beyond a superseded phase of
unending circuit topologies, in alteration to existing
CMOS technology, emerging devices like FinFETs,
TFETs, Nanosheet transistors, and Nanowires assist in
fast switching and low power consumption.

2 Related works

Ata Khorami [1] has proposed a low offset low power
comparator that extends full swing output of the first
stage for effective comparison. Their proposed pream-
plifier consumes less power in addition to fast decision
making for lower common mode voltages. Also, When
Vem values are higher, latch activation becomes com-
plex and influences the delay even though latching
process is made easy. Latch topologies that rely on pos-
itive feedback, especially sense amplifier type-based
latches are usually dependent on common mode volt-
ages despite offering low offset voltages [2]. Savani [3]
embedded a pass transistor between the output nodes
of latch to sustain the NMOS transistors of the cross
connected inverters receive its threshold voltage.
Hence the time lapse for the outputs of the preampli-
fier to discharge is decreased. The time taken for latch
initiation is also reduced, resulting in a delay of 51 ps

and power consumption of 33 yW. Uneven charging of
preamplifier output nodes results in static power con-
sumption, which is avoided in their proposed work by
the inclusion of pass transistor in between the output
nodes.

One of the vital reasons for kickback noise is the capac-
itive coupling between the output nodes of the first
stage and the input transistors of the second stage.
This can be eliminated when the output nodes of pre-
amplifier are cross coupled to pull up pair, which also
reduces power dissipation at the time of evaluation
phase. A significant delay reduction is achieved by cas-
cading the input transistors and latch of second stage.
[4]

To address the kick back noise reduction, yet another
modified latch [5] with a wider path resulting in both
output nodes in same state is recorded. This architec-
ture cuts off the direct coupling between the outputs
of first stage and the inputs of second stage thus result-
ing in reduced kickback noise with negligible counter
effect on delay. Meanwhile, this topology increases the
intermediate output nodal resistance thereby signifi-
cantly reducing the power consumption.

Many architectures show a significant reduction in per-
formance parameters especially power and delay, by
modifying conventional preamplifier topologies [6]
[71[8], latch topologies [9], adding intermediate stages
to minimize noise [10] and few architectures that ne-
glect either of the stages and introducing compensa-
tory combined architectures [11]

Introducing transistors (with specific bias) parallel to
latch inputs makes the first stage consume power for
only a short period of entire evaluation phase [12].
These architectures are designed for applications
where low power is prioritized over speed. Topological
improvisations have always demonstrated a trade-off
amongst the performance metrics, mostly between
power and delay. Using heuristic algorithms, it is vali-
dated in [9] that power and CMOS scaling have trade-
off with delay and offset, respectively.

Numerous architectures have been proposed to avoid
static power consumption in either reset or compari-
son phase. Whenever extra transistors are introduced
to improve comparison speed or minimize power con-
sumption, reduced power generates counter-effects
leading to significant rise in delay and vice versa. Nota-
ble single stage architecture [14] links the latch
through preamplifier currents rather than voltage. It is
driven by a clock and a delayed version of the same
clock that improves latching speed. Introducing cur-
rents to the latch nodes reduces both power and the
number of transistors significantly. Delayed clock and
specific time sequence can also be achieved by intro-
ducing control gates [15].

Most of the recorded literature proves to improve one
of the performance metrics compromising the other.
The tradeoff between power and delay is seen in most
of the comparators where topological changes are
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made in either preamplifier or latch. For applications
that demand less operating voltage, regenerative type
comparators with doubled transistor latch with two
fully NMOS / PMOS based preamplifiers are used. This
avoids completely charging and discharging of the
output nodes of preamplifier reflecting a significant re-
duction in power concurrently increasing the speed of
latch [19].

An effective topology is required to overcome these
drawbacks without significant increase in area and
counter effects like kickback noise. In this paper, a to-
pology that helps reduce delay and power consump-
tion during nodal charging and discharging of pream-
plifier as well as latch is proposed. The modified pream-
plifier and latch in tandem help in avoiding complete
charging and discharging of all the output nodes dur-
ing every clock transition. The proposed comparator
has made a noteworthy effort to diminish power con-
sumption by holding the minimum required charge at
latch output nodes that negotiates charging and dis-
charging time. Section 3 describes the working of the
basic conventional double tail comparator and its tran-
sient response. Section 4 describes the working and cir-
cuitimplementation of the proposed architecture, Low
power Rapid Charge Holding Dynamic Latched Com-
parator (LRCHDLC) and its parent architecture, Hybrid
Dynamic Latched Comparator HDLC. Section 5 de-
scribes the analysis of performance metrics with its sub
sections describing the detailed analysis of delay,
power and energy efficiency. Subsection 5.1.1 & 5.1.2
includes mathematical analysis of delay of the conven-
tional comparator and proposed comparator respec-
tively. The analysis of performance metrics with Vew and
Vorr is presented in section 5.1.3. Section 6 describes
the comparison of the performance metrics of the pro-
posed architecture with existing literature, process cor-
ner, influence of transistor sizing ratio, Monte Carlo
analysis for various performance parameters, summary
of results and key advantages. With progressive simu-
lation results, it can be observed that there is simulta-
neous improvement in delay and power with minimal
trade off. Section 7 concludes the paper.

3 Conventional Double tail Dynamic
Latched Comparator

Figure 1 shows the topology of conventional dynamic
latched comparator [7], and its transient response can
be seen in Figure 2. The comparator works on recharg-
ing its intermediate and output nodes during the reset
phase and performs the comparison during evaluation
phase. No direct coupling of intermediate output
nodes to the input terminals in conventional topology
makes it more resistant to kickback noise and, this ar-
chitecture lowers offset voltage. Preamplifier and latch
circuits have lesser and larger tail currents respectively,
thereby accomplishing lower offset voltage and high
speed.

During the precharging phase where the clock is high
and the clock bar is low, Ms remains off thereby ensur-
ing no static power consumption. In the case of the
latch circuitry, the pull-down transistors Mo and Ms;
fed by clock turn on, forming a path for the output
nodes with temporarily available charges to drain to
ground. The pull up network M; and M, of the first
stage fed by clock bar, turns on and charges the nodes
Fn and F, to Vpp. At the end of precharging phase, the
preamplifier output nodes F, and F are at Vpp and the
latch output nodes out, and out; are at ground.
During the decision-making phase, the clockis low, and
the clock bar is high. Also, with inputs fed, the tail tran-
sistor of the preamplifier turns on creating a path for
the output nodes F, / F, to discharge.

VDD

M1 T——( M2

Fn Fp

Vinp—{ M3

Clockbar —4( M5

Preamplifier
VDD
==
M6 | [_h {j( M7

Fn—{ M8

Qutn

C!ock4{ M10 M11 }7

M9 }pr

Qutp

L

Latch

Figure 1: Conventional architecture

Depending upon the ratio of input values, the output
nodes discharge with different proportions. For exam-
ple, when Vinp>Vin, Fp discharges faster than F.. Once
the charge at the output nodes of the preamplifier
reaches the threshold of pull up transistors of latch cir-
cuit, latching is initiated. Meanwhile, in the latch circuit,
the pull-down transistors M, and M;; fed by clock turn
off and both the pull-down transistor of cross con-

—{ M12 M13 }7 Clock
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nected inverter is activated resulting in latching. Latch-
ing results in one of the output nodes of the latch
pulled high and the other pulled down to zero.
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Figure 2: Transient Response of Conventional

architecture

4 The proposed comparator

The proposed comparator shown in Figure 3 is the Hy-
brid Dynamic Latched Comparator (HDLC) combining
the principles of shared charge reset [2] and charge
sharing techniques [3]. Figure 5 shows the proposed ar-
chitecture Low-power Rapid Charge Holding Dynamic
Latched Comparator (LRCHDLC) which is an architec-
tural improvisation from a hybrid dynamic latched
comparator architecture (HDLC). The transient re-
sponse of the hybrid architecture HDLC and proposed
LRCHDLC are shown in Figures 4 and 6 respectively.

HDLC aims at effective optimization of power and de-
lay with minimal tradeoff for wider range of Vaw and
Voire. The countereffect recorded in [3] was a high delay
during high range of Vcu values. Similarly, the counter
effect thatis witnessed in [2] was high power consump-
tion despite achieving a shorter time lapse for latching.
The hybrid architecture is carefully designed with an
appropriate choice of transistor sizing and capacitance
values. The transient response of this HDLC architec-
ture implemented in 90 nm CMOS technology shows a
slight logic degradation in the output voltages. Also,
when power and delay were analyzed for wider Vcvw and
Vore values, the corresponding architecture offers
power as well as delay without much countereffects.
This concurrent optimization of power and delay using
charge shared preamplifier and shared charge latch is
taken as the base for the improvised architecture,
LRCHDLC. In LRCHDLC, the concurrent optimization of
power and delay is retained with no logical degrada-
tion, by shifting of a modified NAND based latch. The
charging / discharging path is simplified and channel-
ized smoothly in the proposed architecture, LRCHDLC.
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~1-
M7 | (O— %ﬁj{ M8
Qutp
Outn M4

Fn 4{ M9 4{ M11 M12 }7 Fp

Clockbar

Figure 3: Schematic diagram of HDLC

The topological changes in HDLC have paved the way
for further power and delay reduction, whereas switch-
ing to NAND based modified latch in LRCHDLC helps in
overcoming logical degradation. In both LRCHDLC
shown in Figure 5 and its parent architecture HDLC
shown in Figure 3, a pass transistor presets both the
output nodes, out, and out, ,to a minimum threshold
voltage (as shown in transient waveform, around 0.5 to
0.6 V for second evaluation phase after charge shared
between the nodes through pass transistor) to over-
come the time lapse of the nodes to charge and dis-
charge, making the comparison faster. The foremen-
tioned factor assures almost similar voltage levels at
the latch inputs pulling both the latch outputs to a
strong 1 and strong 0 at precise times even though
NAND type latches are prone to metastable conditions.



J. V. S. T. Thirunavukkarasu et al.; Informacije MIDEM, Vol. 55, No. 4(2025), XX — XX

T=rT
&

2 064 Clock
5 | —*&
3 o —F,

02 out

0.0 e

-02 T T T T T T T T 1
-500E-10 0.00E+00 5.00E-10 1.00E-09 1.50E-08 2.00E-08 250E-08 3.00E-08 3.50E-09 400E-C8

Time (s)

Figure 4: Transient response of HDLC simulated at 45
nm technology with Vpp- 1V, Fak— 1 GHz, Veu- 0.7 V
and VDIFF_ 20 mV

The sustained gain from preamplifier is available ex-
actly at the time instant when comparison happens
which is achieved with the help of extra tail transistors
with parasitic capacitances Cpi and Cp; at the drain of
Ms and Ms. The correct outputs are transferred to the
latch within an appropriate time frame with less power
consumption because of the extra tail transistors in
preamplifier.

The reset phase occurs in similar fashion in both HDLC
and LRCHDLC architectures. During the reset phase,
the clock is high, and the clock bar is low. During this
phase the output nodes of preamplifier charges to Vpp
and only Mg is active with no parasitic capacitances be-
ing charged. These high outputs of preamplifiers are
connected to input pull down transistors My and M;, of
the latch which turns them on. The pass transistor is on
through a low clock bar, which distributes the available
charges at the output nodes of the latch equally.

During the evaluation phase, the inputs Vin, and Vin, are
given, the clock goes low, and the clock bar goes high.
Assuming Viqp is greater than Vinn. Thus, the transistors
M1 and M, go off, unable to sustain the output nodes
high, further. The available charge at the output nodes
of preampilifier follows the path to discharge via M3/Ms
and M4/M; charging both Cpq and Cp,. Since Vin is larger,
the node F, discharges faster than F,, making the input
NMOS transistor of latch circuit, say My go off faster
than the other one M;..

In the case of hybrid architecture (HDLC), the tail tran-
sistor Ms; of latch is on since the clock bar is high, thus
draining the charge of both out, and out, to ground
through M;o and M.

M1 )’.;f ——( M2

Fn E

Vinp—{ M3

Clockbar

Clock 4{

Preamplifier

vDD

M7 )’}

Outn

Fn —{ Mo MAEt

M11 }7
Clockbar——{ M13

Latch

Outp

M10 }7 Fp
4{ M12

Figure 5: Schematic diagram of LRCHDLC

Similarly, in the case of LRCHDLC, the tail transistor M;
is on. Since Vinp > Vinn, the node F,, discharges faster than
Fn. The sooner F, discharges, the sooner it switches Mo
off. It is significant that the pass transistor is off since
the clock bar is high. Hence the already available
shared charge at out, and out, is around 0.6 V. At this
threshold, M;; and M, are still in active region. In the
short time of F;, falling below the threshold voltage re-
quired by Mo, there is discharge of out, through
Mo/M;1/Mss. Whereas the out, still at 0.5 is raised to Vpp
with regeneration of cross connected inverters.

This effectively reduces power dissipation and shortens
the discharge time. Once Ms/M;o goes off, the latching
begins. The cross connected inverters pull up the node
out,to Vpp and pull down the node out, to zero both in
HDLC and LRCHDLC. Also, the availability of output
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nodes linked to ground directly in hybrid architecture,
makes it dissipate only minimal charge. Hence constant
high output is not attained at the end of comparison,
which can be observed as a slight decrease from 1 Vin
the transient response of HDLC in Figure 4. This is over-
come in LRCHDLC, which prevents the leakage at the
end of comparison, offering a strong 1 as shown in Fig-

ure 6.
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Figure 6: Transient response of LRCHDLC simulated at
45 nm technology with Vpp- 1V, Fax — 1 GHz, Vew- 0.7 V
and VDIFF_ 20 mV

In conventional dynamic comparators, when
there is a transition from reset to evaluation phase, the
moment the clock changes, the differential discharging
of preamplifier outputs is rapid, and the effective differ-
ential voltage is channelized into the latch for compar-
ison. The differential voltage deteriorates before seri-
ous latching starts. Most of the conventional topolo-
gies showcases more power consumption as well as
dissipation with notable delay because of this phenom-
enon. There are few options to overcome this technical
challenge to obtain a significant performance.

i) Deactivate the preamplifier when the dif-
ferential output voltage is high enough
for effective latching process.

ii) Preactivated latch when the preamplifier
offers maximum differential gain.

Moving the preampilifier into idle state when the
output differential voltage is high, thereby sustaining
the maximum differential voltage until the latch turns
on is the first option. The second option creates the
same power during latch activation and the time re-
quired for latch initiation remains the same. Also, the
differential voltage will eventually go down during the
latch initiation period. Prior activation of latch as well
as freezing the preamplifier to hold its maximum out-
put differential voltage requires separate clocking and
control techniques [20] which will introduce additional
power and delay.

Beyond these options, without complex gating tech-
niques or clocking techniques, introducing parasitic ca-
pacitance is preferred. Using an extra tail transistor
with parasitic capacitances holds the maximum output
differential voltage of preamplifier with alternative ac-
tivation of tail transistors. Proper sizing of both the tail
transistors and input transistors with channelized
charging of parasitic capacitances guarantee holding
of maximum difference gain at the preamplifier out-
puts. Meanwhile latch activation is also fastened by
prior charging of output nodal voltages of latch so that
the time taken for latch initiation is neglected. In the
conventional comparator, during the evaluation phase
the output nodes of preamplifier start discharging and
once it goes less than threshold required for input tran-
sistors of second stage, the latch gets activated. In the
proposed comparator, when the clock moves into a
transition for evaluation phase, the preamplifier is
ready with maximum differential voltage and latching
starts without taking time for initiation thereby signifi-
cantly reducing power consumption and delay.

The proposed comparator has made significant efforts
to reduce power by sustaining the latch output nodal
voltages at a minimum voltage which reduces the time
lapse of complete discharging down to zero and charg-
ing from initial value. In preamplifier, larger input tran-
sistors are employed to increase the transconductance
which in turn deteriorates the offset voltage [4].
Amongst many topologies that render fast latching
process, introducing pass transistor guarantees equal
charging at both output nodes in due course reducing
power consumption.

5 Analysis of performance metrics

Three performance metrics, namely delay, power and
energy efficiency are analyzed for the proposed archi-
tecture to prove its suitability for high end applications.
Section 5 discusses all the three-performance metrics
in detail in the subsections with necessary graphs and
mathematical analysis. Section 5.1 discusses the analy-
sis of delay with sub sections discussing the mathemat-
ical analysis of delay and influence of input voltage
over delay. Section 5.2 and 5.3 discusses the analysis of
average power consumption and energy efficiency, re-
spectively.

5.1 Delay

To compare the factors that influence the delay in con-
ventional as well as proposed architectures, detailed
derivation of both the architectures is presented in this
section.

5.1.1 Delay of Conventional Comparator
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The delay associated with conventional double tail dy-
namic latched comparator architecture comprises two
factors, namely t; and tiaching. ti is the time taken by the
output capacitance to discharge until anyone of the
NMOS transistors of the cross connected inverters is on
as shown in Eq. (0).

t, = R, (;, 0)
The effective resistance R; during the discharging of C,
at output nodes can be replaced as ratio of threshold
voltage and the drain current of M;; or My, as depicted
in Eq. (1)

ICLVthn (-I)
M11/M12

where Vi, is the threshold voltage of NMOS transistor
of cross connected inverter to be on. Iui1ym12 can also be
approximated as half of the tail current of Ts. Hence
Imi1m12 Can be written as shown in Eq. (2)

tl — 2CLVthn (2)

tlz

Itailz

The second component tiaching is the time taken for re-
generation to begin which involves the latching pro-
cess and is given in Eq. (3) as follows

LYoo 3)
Imeff 24V,
Where AV is the initial output voltage difference, gmes
is the effective transconductance of the latch stage, es-
pecially covering transistors that couple the preampli-
fier and latch stage. C, is the output load capacitance.
The initial output voltage difference can be derived
through Eq. (4), Eq. (5), Eq. (6) and Eq. (7).

AV, = IoRo (4)
The initial output voltage difference can be written as
the product of effective resistance Ro and current dif-
ference . |, can be expanded as the product of trans-
conductance gmo and input voltage Vi, of the corre-
sponding stage. Also, effective resistance Ro can be
written as the ratio of output nodal voltage difference
AVenrp in the preamplifier stage and the tail current of
second stage.

tlatching =

AlI/F‘n:/Fp (5)
tail3

The input voltage V;, is the threshold requirement of
pull-down transistors of preamplifier and hence re-
placed as follows in equation (7).

AV, = Z(Vthn)gmm,zm (6)

Itailz
The preamplifier output nodal difference can be de-

rived as shown in eq. (7) and eq. (8). The resistance is
written with time constant equivalent and hence writ-
ten as the time lapse for discharging C,.

AVy = GmoVio

Aan/fp = AIFn/FpRo,preamp
t
7) AV, = AVy —
(7) fn/fp diff9mi,2 CLpreamp
(8)
Substituting eq. (2) in the above eq. (8), the final equa-

tion of  AVewrp is given
CL2Vthn

aS,Aan/fp =

- ©)
13%L,preamp
The final value of AV, after substituting the preamplifier
output nodal difference as

_ AV Venn)9mo1,28Vaiffdma2 ¢,
AV, =

AVairrGma,2 Teat

(10)

2
CLpreampltqils

The total latching delay can be further obtained as

equation (15) by substituting in (4).
1
batening = 510 Vop 73,7

(1

Which can be rewritten as follows as shown in eq. (14)

cL VDDCL,preampItZaiB 14)
Imeff 8(Vtzhn)gmo1,2AVdiffgm1,2CL
The total delay for a conventional comparator is de-
rived by adding t; and tiatching given in eq. (15)

T _ 20, Vipn
total,Conventional — I
tail3 5
cL VpDCLpreampliailz (15)

gmeff S(Vtzhn)gmol,zAVdiffgml,z CL

5.1.2 Delay of Low power Rapid Charge Holding Dy-
namic Latched Comparator (LRCHDLC)

For the proposed comparator LRCHDLC, the first com-
ponent of delay t1 can be derived as shown in eq. (16).
In proposed comparator, the necessary threshold is of-
fered by the charge equally shared between the output
nodes by the PMOS pass transistor which is repre-
sented as Vpp- 2Vip.
t = CL(Vpp—2Vip)

1
(16)
The second component of total delay, titching @s Shown
in eq. (3) can be approximated for the proposed com-
parator as shown below.
To find AV, for the proposed comparator, it is signifi-
cant to note that the preamplifier, which is equipped
with two tail transistors generating only the minimum
required tail current for amplification. This necessary
tail current helps in sustaining the maximum gain with
low power consumption. Figure 7 illustrates the tail
currents of transistor Ms in both the conventional and
proposed comparators. The gain can also be increased
further and sustained further with a compromise on
power consumption. The differential output voltage
for the proposed comparator is shown in eq. (17).

_ AVPn/Fp

AV, = Z(VDD - th)gmol,zm (17)
The sizing of the tail transistors is chosen in such a way

that the preamplifier will offer maximum gain (optimal
tail current which will in turn not increase the power)
during the initiation of the latch. This helps with effec-
tive and fast decisions during the latching phase. The
threshold offered by the PMOS pass transistor takes the
place of the threshold of NMOS transistor of cross con-
nected latch as shown below in eq. (18). Substituting
AVensrpi the AV, can be expanded as eq. (19).

cL2(Vpp— 2Vep)

I'tai13(Cp1+Cp2)

Itails

AVensrp = AVaisrGma 2

(18)
AV, = 2(Vpp—Vip)(VDD— 2th)(Vthnggmol,zAVdiffgml,z cL(1 9)
(CP1+CP2)1tail3

In proposed comparator, the parameter AV, is not only
improved since the capacitance Cpq + Cp, is lesser
when compared to the output capacitance C;, preamp in
case of conventional comparator. The tiaching C@N NOW
be updated as eq. (19)
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CL In VDD(CP1+CP2)1t2ai13 19)
Imefrf  2(Vpp—Vep)(VDD— 2Vep)Imo1,28V dif fIm1,2CL
The total delay for the proposed comparator LRCHDLC
is shown in eq. (20)
CL(Vpp—2Vep)
Itailz

CL In VDD(CP1+CP2)1t2ai13 (20)

Imeff  2(Vop=Vep)(VDD= 2Vep)Imo1,28V aif fIm1,2CL

Ttotal,Proposed =

Both the discharging of preamplifier output nodes and
charging of latch output nodes (to threshold required
for latching) is not required in the proposed architec-
ture. Hence the component t; as well as tiaching is re-
duced. The transient response of the proposed com-
parator in Figure 6 depicts the improvement in AV
through change in AV, /.
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Figure 7: Tail currents of the preamplifier in conven-
tional as well as proposed comparator

With respect to the proposed comparator, the influ-
ence of the component t; on the total delay is reduced
qualitatively. The reason is that the proposed architec-
ture utilizes the internal parasitic capacitances. The
load capacitances are replaced by parasitic capaci-
tances (Cp; + Cpy)) predominantly to take up the
charge from F./F, nodes, rather than C.. The outcome
of t; which is latch initiation, is already achieved
through pass transistor precharging the out./out;, to
0.5 during reset phase itself. Also, the preamplifier with
two tail transistors transfers the maximum gain earlier
to the latch. Added advantage is that the preamplifier
is not actively consuming any power for amplification
after the maximum gain is transferred. The need for
NMOS threshold is now replaced as the threshold of
PMOS Pass transistors since they pull up out./out, to
0.5 or Vpp/2. There is a major reduction in tiaching @s the
out, and out;, are already charged up to 0.5 during the
reset phase, way before the latching is initiated.

5.1.3 Variation of delay with Vcy and Voirr

A meticulous study of the variation in delay with vari-
ous factors such as Vcu, Vorr and supply voltage is also
presented in this section. A fast-decision-making pro-
cess is one of the key requirements of high-speed ADC,

that can be assured by analyzing the variation of delay
with Vem and Voree. To determine the robustness and ef-
ficiency of the proposed architecture, rigorous and
multiple simulations are carried out for a wide range of
Vem and Vo, The proposed architecture offers con-
sistent range of delay and power even when Vcy and
Voirr drops down proving its high sensitivity in decision
making during evaluation phase. Simulations were car-
ried out for observing delay at various Vcu values (0.5 V
to 0.9 V with a step size of 0.1 V) and Vp; values (10 mV
to 100 mV with a step size of 10 mV) on conventional
comparator, LRCHDLC (90 nm) and LRCHDLC (45 nm)
as shown in Table 1.The conventional comparator rec-
ords delays ranging from 138 ps to 592 ps for various
Vem and Voier values, whereas the proposed comparator
shows less and consistent delay values, within lower
range varying from 26.79 ps to 25.73 ps in case of
LRCHDLC using 90 nm technology and from 19.79 ps to
29.09 ps in case of LRCHDLC using 45 nm technology.
This implies that in case of proposed comparator, only
minimal standard time lapses are taken for charging
and discharging at the output nodes of the proposed
comparator. Wide varying Vew and Vpier does not influ-
ence the range of delays in the proposed comparator
due to minimum t; and tiawching. Figure 8 and 9 shows the
transient response of LRCHDLC and conventional ar-
chitecture at 45 nm for various sets of Vcu ranging from
0.5 Vt0 0.9 V. Figure 10 shows the variations in the out-
put nodal voltages, out, and out, in the transient re-
sponse for various Vpee ranging from 20 mV to 100 mV
with a step size of 20 mV for Vcu — 0.7 V. During second
evaluation phase, Figure 8 shows that out; rises first for
Vem — 0.5 V first and then it can be observed that it is
followed by Vcn - 0.6 V upto 0.9 V. Similarly, in Figure 9,
out, rises first for Veu — 0.9 V and then goes down to Vew-
0.5 V. In case of conventional comparator, Delay is in-
versely proportional to Vew and Vpge. Whereas, in the
case of proposed comparators, the delay is directly pro-
portional to Vcu and inversely proportional to Vpier. The
mathematical equations for total delay of conventional
and proposed comparators are derived in the previous
section as seen in Equations (15) and (20) respectively.
The initial output voltage difference AV, , which is di-
rectly proportional to AV, ¢, is observed to be propor-
tional to the differential voltage, AV;sr as shown in
Equations (5), (6) and (8). From Equation (3), Tiatching iS in-
versely proportional to AV, proving the indirect pro-
portionality between Vprr and delay. The reduction of
delay with increase in Vpiee can be explained with re-
spect to two factors. The first factor is that when the
Voirr becomes larger, the gain naturally increases, and
the topology also supports by transferring maximum
gain to the readily precharged latch. Secondly, the
charging and discharging time during evaluation
phase is well sustained by precharging of output nodes
during reset phase itself, which significantly reduces
the latching delay, tiatching-

Table 1: Analysis of delay for various Vcw and Vpier for conventional (90 nm) and LRCHDLC (90 nm & 45 nm)
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Conventional Comparator LRCHDLC (90 nm) LRCHDLC (45 nm)

Vew (V) Vew (V) Vew (V)

09 08 07 06 0.5 0.8 (4 0.6 0.8 0.7 0.6
10 179 | 206 | 261 | 404 | 592 | 26.79 | 26.41 | 26.1 2592 | 2586 | 19.79 | 19.51 | 1931 | 19.2 | 19.13
20 166 | 190 | 240 | 369 | 584 | 26.57 | 26.26 | 26 25.86 | 25.83 | 19.72 | 1946 | 19.28 | 19.18 | 19.12
30 158 | 182 | 228 | 346 | 578 | 26.37 | 26.11 | 25.91 | 25.81 | 25.81 | 19.64 | 1941 | 19.25 | 19.17 | 19.12
40 153 | 175 | 219 | 329 | 572 | 26.2 | 2598 | 25.84 | 25.76 | 25.79 | 19.57 | 19.37 | 19.23 | 19.15 | 19.11
50 150 | 171 | 212 | 314 | 567 | 26.06 | 25.85 | 25.76 | 25.72 | 2578 | 19.51 | 1932 | 19.2 | 19.14 | 19.11
60 147 | 167 | 206 | 301 | 560 | 25.91 | 25.75 | 25.69 | 25.68 | 25.76 | 1945 | 19.29 | 19.18 | 19.13 | 19.1
70 144 | 163 | 200 | 290 | 554 | 25.78 | 25.66 | 25.63 | 25.65 | 25.75 | 19.39 | 19.25 | 19.17 | 19.12 | 19.1
80 142 | 160 | 195 | 280 | 545 | 25.66 | 25.58 | 25.58 | 25.63 | 25.74 | 19.34 | 19.22 | 19.15 | 19.11 | 19.1
90 140 | 157 | 191 | 270 | 535 | 25.55 | 25.51 | 25.53 | 25.61 | 25.74 | 19.28 | 19.19 | 19.13 | 19.11 | 19.09
100 | 138 | 154 | 186 | 262 | 521 | 2546 | 2544 | 2548 | 25,59 | 25.73 | 19.25 | 19.16 | 19.12 | 19.1 19.09
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Figure 8: Transient response of LRCHDLC (45 nm) with Vpier = 20 mV for various Vew values from 0.5V to 0.9V

In all conventional dynamic comparator topologies, a precharges the output nodes out, and out, during re-
lower Vew makes it difficult for the input transistors of set phase, making it easier to proceed to latching phase
preamplifier to switch to linear state for amplification. more easily on time. In LRCHDLC, during the second
Also, insufficient gain further slows down the decision- evaluation phase after charge sharing, the latching
making process. However, the proposed architecture time increases with a rise in Vcw as seen in Figure 8
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Table 2: Analysis of power consumption for various Ve and Vpier for conventional (90 nm) and LRCHDLC (90 nm & 45

nm)
Conventional Comparator LRCHDLC LRCHDLC
(90 nm) (90 nm) (45 nm)
Vem (V) Vewm (V) Vem (V)
0.9 0.8 07 06 05 09 08 0.7 08 0.7

10 501 | 496 | 491 | 487 | 476 | 2.62 | 254 | 247 |24 | 231|149 | 132|111 | 0.88 | 0.69
20 494 | 49 485 | 481 | 471 | 261 | 253 | 246 | 239 | 2.3 149 [ 132 | 1.1 0.88 | 0.68
30 49 | 486 | 481 | 476 | 467 | 259 | 251 | 244 | 2.38 | 2.3 1.5 1.32 | 1.09 | 0.87 | 0.68
40 488 | 483 | 478 | 472 | 464 | 258 | 25 | 244 | 237 |23 1.5 1.31 | 1.09 | 0.86 | 0.67
50 486 | 481 | 475 | 469 | 461 | 257 | 249 | 243 | 237 | 229 | 1.5 1.31 | 1.08 | 0.85 | 0.67
60 484 | 479 | 473 | 466 | 458 | 2.55 | 248 | 242 | 236 | 229 | 149 | 1.3 | 1.07 | 0.85 | 0.66
70 482 | 477 | 471 | 464 | 456 | 254 | 247 | 241 | 235|229 | 149 | 129 | 1.07 | 0.84 | 0.66
80 48 | 475 | 469 | 462 | 454 | 254 | 247 |24 | 234|228 | 149 | 1.29| 1.06 | 0.84 | 0.65
90 479 | 474 | 468 |46 |453|253 (246 |24 |234|228|148 | 1.28 | 1.05 | 0.83 | 0.65
100 | 478 | 472 | 466 | 459 | 451 | 252 | 245 | 239 | 233 | 2.27 | 148 | 1.28 | 1.05 | 0.83 | 0.65

Whereas in conventional architecture, Figure 9 shows
that the latching time decreases with rise in Ve but re-
sults in a larger delay due to the absence of a charge
sharing mechanism. Quantitatively, this can also be ob-
served seen in Table 1 where there is a direct propor-
tionality between Vcw and delay values. It can be ob-
served from Figure 8 and 9 shows that the decision-
making time is larger in the case of conventional archi-
tecture, when compared to the proposed architecture,
LRCHDLC.
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Figure 11: Variation of delay with Vpp for Vew-0.7 V and
VDIFF -20 mV, de -1GHz (LRCHDLC -45 nm)

The delay of the proposed architecture, LRCHDLC (45
nm) is analyzed for various supply voltages ranging
from 0.7 V to 1 V as shown in Figure 11. As the supply
voltage increases, the charge quantity to be held by the
nodes also increases. As per the latching mechanism in
the proposed circuit, tiatching increases as the minimum
charge to be held at the output nodes also increases.
The regeneration time required for decision making
also proportionally increases. It can be noted from Fig-
ure 11 that the proposed architecture offers stable de-

lay

In the case of LRCHDLC, the modified preamplifier with
two tail transistors limits power dissipation by turning

irrespective of Vprr values for Vpp values from 1V to 0.8
V, reassuring the robustness of the proposed architec-
ture.

5.2 Average Power consumption

Analogous to delay, power consumption is also ana-
lyzed for the conventional dynamic comparator,
LRCHDLC (90 nm), and LRCHDLC (45 nm) with respect
to variations in Vcw and Vo, as shown in Table 2. With
respect to average power consumption, conventional
architecture reflects a direct proportionality with Vo
and indirect proportionality with Vcu. The significant
change in the case of the proposed comparator is that
the overall range has dropped to a greater extent,
maintaining the same direct proportionality with Veu
and indirect proportionality with Vpie. Power consump-
tion at each instant is measured for two cycles of com-
plete comparison process for both conventional and
LRCHDLC simulated at 45 nm technology, as shown in
Figure 12.
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Figure 12: Power consumption of Conventional and
proposed comparator, LRCHDLC with Vpge — 20 mV,
Vem — 0.7 V, Vpp — 1V at 45 nm technology

off the preamplifier once maximum gain is transferred.
Figures 13 and 14 show power consumption at every



J. V. S. T. Thirunavukkarasu et al.; Informacije MIDEM, Vol. 55, No. 4(2025), XX — XX

instant of the proposed architecture for various sets of
Voirr and Ve respectively, to observe their influence on
the performance. Power consumption during the sec-
ond evaluation phase shows a significant drop when
compared to the evaluation phase before successful
charge sharing, ensuring minimal power consumption.
Also, the time lapse of active state of preamplifier is less
in the case of proposed comparator, thereby offering a
regularized power consumption for all wide variations
in Vew and Vo,
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Figure 13: Power consumption of LRCHDLC (45 nm) at
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Figures 13 and 14 clearly align with Table 2, proving the
direct proportionality with Vcy and indirect proportion-
ality with Vper. Peak power consumption points are
highlighted for various Vcw and Vpir values. The peak
power is consumed exactly at the onset of the second
reset phase where charge sharing is set to occur. It is
highly significant to note that the power consumed
during the second evaluation phase is lower than the
previous evaluation phase, irrespective of changes in
Vem and Vpigs.
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Figure 15: Variation of power consumption with Vpp
for VCM -0.7Vand VDIFF -20 mV, Fc|k - 1GHz

Like delay, average power consumption is analyzed for
proposed architecture for various supply voltages
ranging from 0.7 V to 1 V as shown in Figure 15. The
power consumption of any analog circuit is directly
proportional to Vpp until there is no major variation in
current proportionality due to change in device phys-
ics. Both delay and power are highly stable irrespective
of Vi for Vpp values ranging from 1V to 0.8 V.

5.3 Energy Efficiency

Energy efficiency is a metric that indicates the ability of
the comparator to complete a full cycle of reset phase
and comparison phase, with minimal power consump-
tion while maintaining maximum accuracy and perfor-
mance. By integrating the power formulae over a pe-
riod of two full cycles, energy efficiency is calculated. In
the case of proposed comparator, the range of energy
efficiency has drastically decreased when compared to
the conventional architecture as seen in Table 7.

This can be aligned with the drastic reduction in overall
power consumption. This is mainly because complete
charging and discharging of output nodes is not re-
quired in the proposed architecture, which reduces
power and energy efficiency. Because of this charge
held at the output nodes of the latch by the pass tran-
sistor, significant amount of power dissipated during
charging and discharging of latch output nodes at
every cycle (reset & evaluation) is reduced and hence
there is a reduction in energy spent per comparison.
The energy spent for effective comparison is observed
varying the supply voltages for proposed architecture,
LRCHDLC with Vey — 0.7 V varying the value of Vper from
10 to 100 mV, as shown in Figure 16.
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The overall range of energy efficiency decreases with a
reduction in Vpp, but the individual response shows di-
rect proportionality with Vpe, whereas delay and
power show stable responses with Vpge. This is one of
the reasons that as the technology of the proposed
comparator goes from 90 nm to 45nm, energy effi-
ciency increases as seen in Table 7.

6 Results and discussion

Monte Carlo simulation (N=1000)
Standard

devia-

6.1 Monte Carlo analysis

Monte Carlo simulations were performed for all the
performance parameters which in case of hybrid archi-
tecture, gives a delay of 56 ps, power consumption of
8.6uW, and energy efficiency of 98 al/comparison. For
the final proposed architecture, LRCHDLC simulated in
90 nm, Monte Carlo simulation offered better perfor-
mance parameters such as a delay of 15.32 ps, power
consumption of 2.42 yW, and energy efficiency of 37.15
al/comparison. When Monte Carlo simulations per-
formed for LRCHDLC at 45 nm CMOS technology, the
architecture offered Power consumption of 890.62 nW,
an energy efficiency of 1.1 fJ/comparison and delay of
18.67 ps. The mean and standard deviation of the per-
formance metrics say power consumption, delay and
energy efficiency for the proposed comparator (both
90 nm and 45 nm technology) are listed in Table 3.

Monte Carlo simulations are carried out to analyze the
robustness of the proposed architecture for every mis-
match and fabrication errors. Mathematically, it can be
proven that the histogram follows a gaussian distribu-
tion since 99% of the samples in histogram lie between
+3cand-30.

Table 3: Mean and standard deviation of performance
metrics using Monte Carlo Simulation

Mean tion
LRCHDLC at 90 nm technology
195.37
Power consumption 242 pW nW
Delay 15.32 ps 2.48 ps
Energy efficiency 37.15al 16.09 aJ
LRCHDLC at 45 nm technology
Power consumption 890.62 nW | 23.81 nW
Delay 18.67 ps 1.32 ps
Energy efficiency -1.11 1) 53.17 al

Also, more than 90% of the samples lie between +20
and -20 and 70% of samples in the histogram fall be-
tween +10 and -10. The lower standard deviation val-
ues in the case of the proposed comparators ensure
consistency and reliability of the design. Most of the
values fall within +10 and -10 in the normal distribu-
tion, proving the robustness of the design. Also, the his-
togram matches the Gaussian curve with slight skew-
ness.

6.2 Influence of transistor sizing ratio on perfor-
mance

The sizing ratio of the transistors is chosen after wide
variation of widths of all transistors to optimize delay
and power without causing any logic degradation,
thereby ensuring accurate transient response for every
comparison. For the proposed architecture LRCHDLC
simulated at 45 nm technology, the variation of perfor-
mance parameters like delay, energy efficiency and
power with respect to transistor sizing are depicted in
Figures 17, 18 and 19 respectively.

Figure 17: Variation of delay with respect to width of
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Figure 18: Variation of Energy Efficiency with respect
to width of the transistors in LRCHDLC (45 nm)
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Figure 19: Variation of Power consumption with re-
spect to width of the transistors in LRCHDLC (45 nm)

The sizing of the transistors influences the transcon-
ductance thereby causing a major change in power
consumption and delay of the circuit. From Figure 17,
it is observed that there is a drastic increase in delay
when the transistor width increases in the case of pass
transistor M4 and Pull up transistors M; and Mg, rang-
ing up to 160 ps. This influence tends to decrease in the
case of the pull-down input transistors of the latch My
and M. The rest of the transistors show stable yet mi-
nor variations in the range of 20 ps to 40 ps.

The graph in Figure 18 shows the variation of energy
efficiency with respect to transistor width. The pull up
transistors of the preamplifier M; and M, shows a de-
cline in energy efficiency per comparison, whereas the
pass transistor M4 as well as pull up transistors of the
latch M; and Mg shows a significant increase in energy
efficiency per comparison. The rest of the transistors
show very minor variation in the range of atto joules ra-
ther than femto joules from which it can be inferred
that the overall range of energy efficiency is narrow
and robust to sizing changes. The graphical plot de-
picted in Figure 19 shows the variation of power with
respect to the width of the transistors. The pass transis-
tor My4 as well as pull up transistors of the latch M;and
Ms offers a notable increase in power consumption up

Transistors Width |
M1 3u

M2 T

M3, M4 120n

M5 3.1

M6 1

M7 - M12 120n

M13 300n

M14 120n

to 4 pW. The intensity of variation is reduced yet mini-
mal rise in power until 2.5 pW is seen when the width
of transistors Mi;, M1z, Ms, and My is increased.

The input pull-down transistors of the preamplifier as
well as latch say Ms, M4, My, and M, offer almost con-
stant power consumption in the range of 0.9 nW to 1
UW. On the contrary, the transistors Ms, M; and M, offer
adecline in power when their widths are increased. The
transistor sizing used in LRCHDLC (45 nm) is shown in
Table 4. It is inferred from simulations and mathemati-
cal study that the delay and power solely depend not
only on transistor sizing but also on the supply voltage,
the input differential voltage, load capacitances used in
preamplifier and latch, and the common mode voltage.
The transistor sizing impacts the delay by enhancing
the effective transconductance of preamplifier and
latch input transistors. Inferred from mathematical
analysis of delay, the differential voltage AVO is in-
creased in the proposed architecture.

6.3 Summary and Discussion

For proper comparison, the conventional and pro-
posed comparator LRCHDLC are designed in 90 nm as
well as 45 nm technology with a clock frequency of 1
GHz for optimized transistor sizing ratios using Ca-
dence Virtuoso Spectre Simulator. Also, process corner
variations are analyzed for power, delay, and energy ef-
ficiency in case of conventional, hybrid and proposed
architectures shown in Table 7. The simulation results
in Table 7 are carried out using Cadence Virtuoso Spec-
tre using 90 nm and 45 nm CMOS technology, for Vpp
=1 V, FCLK=1 GHZ, VCM =0.7Vand VDIFF =20 mV.

Table 5 shows the comparison of the performance met-
rics of the proposed architecture with existing architec-
tures from literature. When compared to the existing
works in the literature review, the proposed architec-
ture demonstrates a significant reduction in power
consumption, energy efficiency and delay without any
compromise between each other. Compared to the ex-
isting works as seen in Table 5, it is significantly evident
that the Power delay product is optimized with optimi-
zation in both power and delay rather than increased
power with lowered delay or vice versa. The proposed
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comparator shows significant improvement in delay
and power when compared to conventional architec-
ture, [1], [4], [8], [17], and [21]. Rather than achieving
drasticimprovement in one of the performance param-
eters, compromising the other performance metrics,
concurrent improvement in power and delay is
achieved in the proposed architectures. The trade-off
observed between power and delay in the proposed
comparator is low when compared to the existing to-
pologies of the literature. Table 6 shows the progres-
sive reduction of power and delay right from conven-
tional architecture to the proposed architecture. The

modified preamplifier with an extra tail transistor and
latch with pass transistor to hold charge shows a drastic
improvement in power consumption, reduced three
times when compared to conventional comparator ar-
chitectures. The drastic reduction in power and delay
simultaneously is solely due to the architectural
change in latch and the tail transistors in preamplifier
that helps in parallel sustaining of charge in output
nodes and holding maximum gain in preamplification
respectively.

Table 5: Comparison of the proposed work with existing literary works

Ref [1] [8] [4] [21] [17] [2] Conventional HDLC LRCHDLC LRCHDLC
Technology (nm) 65 90 180 180 |90 90 90 20 20 45
Operating frequency 5 1 1.5 05 (05 1 1 1 1 1
(GHz)

Voo (V) 1 1 1.8 1.8 1 1 1 1 1 1
Offset voltage(mV) 8 244 (260 [2.19 |1 - - - -
Power (uW) 73 - - 347 |140.76 |32.62 |4.8 6.53 2.46 1
Delay (ps) - 2095 [196.9 |- 91.19 |- 276 47 26 19
Energy efficiency(fJ) 0.253 |[8.18 4045 |- - 32.6 12.61 0.48 0.33 0.969
No of transistors 14 18 19 15 15 14 12 15 15 15
PDP (fJ) - - - - 128 |- 0.41 0.30 0.063 0.019

Table 6: Comparison of delay and power of literature and proposed work for Ve = 0.7 V and Ve = 20 mV

Technology Architecture

'Delay(ps) | Power(uw) |

90 nm Conventional DTDLC 276 4.83

65 nm Charge sharing DTDLC [1] - 73

90 nm Shared charge reset DTDLC [2] 51 32.62

90 nm Hybrid DTDLC 47 6.53

90 nm Low power Rapid Charge Holding Dynamic Latched Comparator 26 2.46
(LRCHDLQ)

45 nm Low power Rapid Charge Holding Dynamic Latched Comparator 19 1
(LRCHDLQ)

Table 7: Comparison of conventional and proposed architecture with improvisation for Ve =0.7 V Vpiee = 20 mV Fei
=1 GHz for various process corner variations

Conventional architecture Hybrid Architecture HDLC Proposed architecture Proposed architecture LRCHDLC
- (90 nm) (90 nm) LRCHDLC (90 nm) (45 nm)
Average Energy ef- [ Average Energy ef- | Average Energy ef- | Average Energy
power | (ps) ficiency power | (ps) ficiency power | (ps) ficiency power (ps) efficiency
(LW) (f)) (pW) () (HW) (f)) (UW) (f))
FF |5.02 130 13.21 8.68 41 0.834 2.65 19 0.581 1.32 14 0.563
SS [4.63 645 11.91 4.99 58 0.250 2.28 36 0.170 0.675 28 1.5
SF [4.60 590 11.91 5.10 43 0.285 2.35 38 0.185 0.888 24 1.2
FS |4.89 192 12.81 8.03 56 0.743 2.55 18 0.536 1.15 14 0.655
TT [4.83 276 12.61 6.53 47 0.480 2.46 26 0.332 1 19 0.969
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Figure 20: Layout of the proposed architecture,
LRCHDLC
The layout of the proposed architecture using 45 nm
CMOS technology is shown in Figure 20. The proposed
architecture LRCHDLC using 45 nm CMOS technology
holds an area of 23.66 um?2. (4.855 um * 4.875 um).

6.4 Key advantages of the proposed architecture

e The power consumption of the proposed to-
pology, LRCHDLGC, is reduced by restricting the
active duration of the preamplifier and prior
precharging of the output nodes of the latch.

e The process of latching starts without waiting
for the latch output nodes for charging up to
minimum threshold as its already completed
in reset phase, thereby reducing the overall
time for completing decision making phase.

e Peakdifferential voltage is sustained by ensur-
ing maximum voltage swing with the help of
the additional tail transistor (through nodal
parasitic capacitances) in the preamplifier cir-
cuit. This helps with accurate decision making
and improves the sensitivity of the compara-
tor.

e The proposed architecture achieves concur-
rent optimization of power and delays using a
simplified control phenomena with an addi-
tional transistor in both preamplifier and latch,
say M6 and M14 respectively.

o The proposed architecture is suitable for Flash
ADC which requires high speed and low
power consumption, with minimum complex-
ity in clocking and control schemes.

7 Conclusion

This paper demonstrates that the proposed latch stage
is more effective in achieving optimized power and de-
lay without any counter mechanisms rising one an-
other parameter. Monte Carlo analysis considering cor-
ner and mismatch concludes that the proposed com-
parator LRCHDLC simulated at 45 nm CMOS technol-
ogy offers a delay of 18.67 ps, power consumption of
0.890 pW, and an energy efficiency of 1.1fJ/conversion.
A thorough simulation study validates the effective-
ness of managing the counter effects that arise when
there is a rise in power with a delay reduction. When
the proposed LRCHDLC (90 nm) is compared to con-
ventional architecture, the delay is reduced by 91%, en-
ergy efficiency is reduced by 92%, and the average
power consumption is reduced by 49%.

8 Conflict of Interest

The authors declare no conflict of interest.

9 References

[1] Ata Khorami, Roghayeh Saeidi, Manoj Sachdev,”A
low-power low-offset charge-sharing technique
for double tail comparators”, Microelectronics
Journal, Volume 102, 2020, 104842, ISSN 1879-
2391,
https://doi.org/10.1016/j.mejo.2020.104842.

2] H. S. Bindra, C. E. Lokin, D. Schinkel, A. Annema and
B. Nauta, "A 1.2-V Dynamic Bias Latch-Type Com-
parator in 65-nm CMOS With 0.4-mV Input Noise,"
in IEEE Journal of Solid-State Circuits, vol. 53, no. 7,
pp. 1902-1912, July 2018,
https://doi.org/10.1109/JS5C.2018.2820147.

3] Vijay Savani, N.M. Devashrayee,”Design and analysis
of low-power high-speed shared charge reset
technique based dynamic latch comparator”, Mi-
croelectronics Journal, Volume 74, Pages 116-126,
2018,
https://doi.org/10.1016/j.mejo.2018.01.020.

4] Dubey, A. K., & Nagaria, R. K, “Design and Analysis of
an Energy-Efficient High-Speed CMOS Double-
Tail Dynamic Comparator with Reduced Kickback
Noise Effect” J. Circuits Syst. Comput. 28,
1950157:1-1950157:18, 2019,
https://doi.org/10.1142/50218126619501573.

5] B. Goll and H. Zimmermann, "A Comparator with Re-
duced Delay Time in 65-nm CMOS for Supply Volt-
ages Down to 0.65 V," IEEE Transactions on Cir-
cuits and Systems II: Express Briefs, vol. 56, no. 11,
pp. 810-814, Nov. 2009,
https://doi.org/10.1109/TCSII.2009.2030357.

6] Varshney, V., & Nagaria, R. K, “Design and analysis of
ultra high-speed low-power double tail dynamic
comparator using charge sharing scheme” Aeu-



https://doi.org/10.1016/j.mejo.2020.104842
https://doi.org/10.1109/JSSC.2018.2820147
https://doi.org/10.1016/j.mejo.2018.01.020
https://doi.org/10.1142/S0218126619501573
https://doi.org/10.1109/TCSII.2009.2030357

J. V. S. T. Thirunavukkarasu et al.; Informacije MIDEM, Vol. 55, No. 4(2025), XX — XX

international Journal of Electronics and Commu-
nications 116, 153068, 2020,
https://doi.org/10.1016/j.aeue.2020.153068.

71S. Chevella, D. O'Hare and I. O’Connell, "A Low-Power
1-V Supply Dynamic Comparator," in IEEE Solid-
State Circuits Letters, vol. 3, pp. 154-157,
2020,https://doi.org/10.1109/LSSC.2020.3009437

8] Avaneesh K. Dubey, R.K. Nagaria,” Optimization for
offset and kickback-noise in novel CMOS double-
tail dynamic comparator: A low-power, high-
speed design approach using bulk-driven load”,
Volume 78, pages 1-10, 2018,
https://doi.org/10.1016/j.mejo.2018.05.006.

9] Yaqubi, E., Zahiri, S.H. Optimum design of a double-
tail latch comparator on power, speed, offset and
size. Analog Integr Circ Sig Process 90, 309-319
(2017), https://doi.org/10.1007/s10470-016-0903-
1

10] Mehrdad Amirkhan Dehkordi, Massoud Dousti,
Seyed Mehdi Mirsanei, Soorena Zohoori, “ A dy-
namic power-efficient 4 GS/s CMOS comparator”,
Aeu-international Journal of Electronics and Com-
munications, Volume 170, 154812,
https://doi.org/10.1016/j.aeue.2023.154812.

111 Yang Huijing, Li Shichang, Ren Mingyuan, “A low
offset low power CMOS dynamic comparator for
analog to digital converters”, Integration, Volume
91, Pages 136-143, 2023,
https://doi.org/10.1016/j.vlsi.2023.03.007.

12] Allen PE, Holberg DR, CMOS analog circuit design.
Oxford: Oxford University Press; 2002.

13] P. M. Figueiredo and J. C. Vital, "Kickback noise re-
duction techniques for CMOS latched compara-
tors," in IEEE Transactions on Circuits and Systems
[I: Express Briefs, vol. 53, no. 7, pp. 541-545, July
2006, https://doi.org/10.1109/TCSI1.2006.875308.

14] Gao, Junfeng, Guangjun Li, and Qiang Li. "High-
speed low-power common-mode insensitive dy-
namic comparator." Electronics Letters 51.2, 134-
136, 2015, https://doi.org/10.1049/el.2014.3272.

15] Xu, Daiguo, Shiliu Xu, and Guangbing Chen. "High-
speed low-power and low-power supply voltage
dynamic comparator." Electronics Letters 51.23,
1914-1916, 2015,
https://doi.org/10.1049/el.2015.2796.

16] Bahmanyar, P., Maymandi-Nejad, M., Hosseini-Kha-
yat, S., & Berekovic, M, “Design and analysis of an
ultra-low-power double-tail latched comparator
for biomedical applications”, Analog Integr Circ
Sig Process 86, 159-169, 2016,
https://doi.org/10.1007/s10470-015-0632-x.

171 Elzakker, M.V., Tuijl, E.V., Geraedsts, P.F., Schinkel, D.,
Klumperink, E.A.,, & Nauta, B, "A 10-bit Charge-
Redistribution ADC Consuming 1.9 $\mu$W at 1
MS/s” IEEE Journal of Solid-State Circuits, 45,
1007-1015, 2010,
https://doi.org/10.1109/JSSC.2010.2043893.

18] Ashima Gupta, Anil Singh, Alpana Agarwal, “A low-
power high-resolution dynamic voltage compara-
tor with input signal dependent power down
technique”, Aeu-international Journal of Electron-
ics and Communications, 134, 153682, 2021,
https://doi.org/10.1016/j.aeue.2021.153682.

19] Hadi Pahlavanzadeh, Mohammad Azim Karami, “A
Doubled Transistor Latch Common-Mode Insensi-
tive Rail-to-Rail Regenerative Comparator for Low
Supply Voltage Applications Aeu-international
Journal of Electronics and Communications, Vol-
ume 169, 154744,2023,
https://doi.org/10.1016/j.aeue.2023.154744.

20] Ata Khorami, Roghayeh Saeidi, Manoj Sachdev, Mo-
hammad Sharifkhani, “A low-power dynamic
comparator for low-offset applications”, Integra-
tion, Volume 69, Pages 23-30, 2019,
https://doi.org/10.1016/j.vlsi.2019.07.001.

21] B. Razavi, Principles of data conversion system de-
sign. IEEE press New York, 1995.



https://doi.org/10.1016/j.aeue.2020.153068
https://doi.org/10.1109/LSSC.2020.3009437
https://doi.org/10.1109/LSSC.2020.3009437
https://doi.org/10.1016/j.mejo.2018.05.006
https://doi.org/10.1007/s10470-016-0903-1
https://doi.org/10.1007/s10470-016-0903-1
https://doi.org/10.1016/j.aeue.2023.154812
https://doi.org/10.1016/j.vlsi.2023.03.007
https://doi.org/10.1109/TCSII.2006.875308
https://doi.org/10.1049/el.2014.3272
https://doi.org/10.1049/el.2015.2796
https://doi.org/10.1007/s10470-015-0632-x
https://doi.org/10.1109/JSSC.2010.2043893
https://doi.org/10.1016/j.aeue.2021.153682
https://doi.org/10.1016/j.aeue.2023.154744
https://doi.org/10.1016/j.vlsi.2019.07.001

	1 Introduction
	2 Related works
	3 Conventional Double tail Dynamic Latched Comparator
	4 The proposed comparator
	5 Analysis of performance metrics
	5.1  Delay
	5.1.1 Delay of Conventional Comparator
	5.1.2 Delay of Low power Rapid Charge Holding Dynamic Latched Comparator (LRCHDLC)
	5.1.3 Variation of delay with VCM and VDIFF

	5.2 Average Power consumption
	5.3 Energy Efficiency

	6 Results and discussion
	6.1 Monte Carlo analysis
	6.2 Influence of transistor sizing ratio on performance
	6.3 Summary and Discussion
	6.4 Key advantages of the proposed architecture

	7 Conclusion
	8 Conflict of Interest
	9 References

