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Abstract - Strong-ARM Dynamic Latch Comparators are widely used in high-speed Analog-to-Digital Converters (ADCs), sense
amplifiers in memory, RFID applications, and data receivers. This paper presents different methods to improve the performance
of Strong-Arm latch-based comparators. The comparator ’s significant features, such as power dissipation, propagation delay,
offset voltage, clock feedthrough, area, and kickback noises, are discussed and compared with state-of-the-art candidate
topologies. Simulation results show that the new comparator topologies of Strong-ARM Dynamic Latch proposed by these
authors gave the best results. The proposed designs are tested. The simulations are carried out using UMC 180nm double metal,
double poly standard CMOS process technology for a 100 MHz clock at 1.8V supply-rail on the Cadence Virtuoso EDA platform.
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1. Introduction

In recent years, the Integrated Circuit (IC) design industry
has reported significant interest in Analog-to-Digital
Converters (ADC). Demand for ancillary low-power, high-
speed building blocks and design methodologies increases
with the development of portable electronic systems, wireless
communication devices, consumer electronics, and medical
equipment. This results in integrating conventional ADCs
with several functional blocks within a single wafer area to
produce high-speed systems with low power consumption.
Yet a few ADC features, like smaller transistor sizes, low
power dissipation, and high-speed operation, are difficult to
meet simultaneously [1]. Therefore, a new approach in the
design of ADC is required at low supply rails with optimum
transistor dimensions [2].

The comparator is the crucial element in the ADC design
process that controls the accuracy and speed of converters.
The need for high-speed, high-resolution, and low-power
comparators exists for switching power regulators, data
receivers, memory circuits, Radio Frequency ldentification
(RFID), and other devices [3]. In order to amplify low input
swing quickly and regeneratively to a large value, high-
performance comparators are required.

Therefore, a high gain and large bandwidth are necessary
for a fast comparator to operate with resolution and accuracy
[4]. CMOS dynamic latch comparators are widely used in
various applications due to their high input impedance, full
output swing, and high speed. By using a positive feedback

OISO

mechanism in the regeneration mode, these dynamic latches
can report improvements. However, such a latched
comparator for low-voltage operations can minimize dynamic
input ranges, and a comparable differential mechanism can
occasionally increase the power dissipation [5, 6].

Due to device mismatches and random noise, the random
offset voltages produced by latch-type comparators also might
reduce their precision. As a result, reducing noise and offset
voltages is one of the critical design challenges for the
dynamic latched comparator design that restricts speed [7]. A
pre-amplifier is typically used before the regenerative latch
stage to reduce the offset voltage. This pre-amplifier can
amplify a small input signal to a large output signal, helping it
overcome kickback noise and latch offset voltage [8].

Nonetheless, excessive static power dissipation due to
additional circuit components makes a pre-amplifier-based
comparator unattractive. Charge Sharing Dynamic Latch
Comparator (CSDLC) addressed the static power
consumption problem [9]. However, it cannot offer rail-to-rail
output swing during either clock cycle.

Further, as both output nodes are transitioning at positive
and negative CLK edges, the circuit’s average dynamic power
consumption is also higher. Strong-ARM Latch-based
comparator architecture is one of the most widely used
Dynamic Latch Comparator (DLC) architectures. Its zero
static power dissipation, high input impedance, rail-to-rail
outputs, and comparatively low input-referred offset voltage
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are some features contributing to its acceptance as a design of
choice [10]. The modified Strong-ARM Dynamic Latch
Comparators have been designed to have low power
consumption, high speed, low offset, and area efficiency [11].
However, they suffer from a high power delay product and are
high on-chip real estate estimates. The problem statement
involves the trade-offs and challenges in designing Strong-
ARM Dynamic Latch Comparators for ADCs, considering
factors like speed, power consumption, precision, and real
estate efficiency.

Against these backdrops, this work presents some novel
comparator architectures based on Strong-ARM latch. When
compared to the traditional dynamic latch comparators, the
proposed designs are capable of producing high-speed, high
resolution with low power consumption at low supply
voltages. Section 2 of this paper discusses operation
fundamentals, while section 3 presents the design approach
and design considerations. Simulation results are included in
section 4, along with comparisons with other candidate
designs for benchmarking. The paper is concluded in section
5.

2. Principle of Operation

A comparator compares two instantaneous analogue
voltages to reflect the polarity of the input difference and
generates a “1” or a “0” as the result of the comparison. The
general symbol of the comparator can be seen in Figure 1.

Vin+ Vout=1, When Vin+>Vin-

Else Vout=0

Vin-

=
-
%

Gnd
Fig. 1 Comparator symbol

The “Strong-ARM’ comparator is a pair of regenerative
latches at the output layered on top of a dynamic differential
input gain level. It achieves quick decision-making due to
strong positive feedback made possible by two cross-coupled
inverter latch pairs and reports low input offset made possible
by the matched input differential pair stage [10], [12-14].

In this study, novel Strong-ARM comparator topologies
are shown to outperform traditional Strong-ARM architecture
in speed, offset, power, and reduced clock feedthrough.

3. Proposed Design and Methodology

Centered on the Modified Strong-ARM Dynamic Latch
Comparator (MSADLC), the following new comparator
topologies are proposed here.
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3.1. Design-1: MASADLC with Cascode Transistor

Figure 2 depicts the Strong-Arm Dynamic Latch-based
Comparator. It alters the earlier MSADLC topology [11] by
incorporating cascode transistors M12 and M13 on both arms
above the input transistors to increase the gain. The initial
voltage regenerated by the inverter latch is high, and the delay
is greatly decreased, which results in the optimization of the
Power Delay Product (PDP).
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Fig. 2 MSADLC with cascode transistor

3.1.1. The Figure 2 Operates in Two Phases

e Reset Phase: When clk signal reaches zero, M5 is turned
OFF, and the current path is cut off. M6 and M7 reset the
differential output nodes, Vout+ and Vout- to VDD.

e Comparison Phase: When clk is high, the cascode
transistors M12 and M13 turn ON, and the differential
output nodes (Vout+ and Vout-) are isolated from VDD.
Depending upon the difference between Vin and Vref,
cross-coupled inverter pairs made of M8, M9, and M10,
M11 regeneratively amplify the difference and determine
which of the outputs goes to VDD and which to GND.

3.1.2. Design Parameters
Transistor Sizes

In the design of proposed topologies for simulation (as
well as for comparisons with other candidate designs for
benchmarking), the smallest possible transistor sizes are used
to meet the requirements for high speed and low parasitic
capacitance. Therefore, digital scaling methodologies are
applied to the proposed designs. Table 1 lists the optimized
transistor sizes for each topology from the UMC-180nm
model library.
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Table 1. Transistor aspect ratio

Transistor Aspect Ratios for Proposed Comparators Design

Design-1: MSADLC with Cascode

Design-2: MSADLC with
Pseudo-NMOS

Design-3: MSADLC with Cascode
and Pseudo-NMOS

Transistor W/L Transistor Wi/L Transistor W/L
M1-M5, M9-
M10, M12 and 720nm /180nm M1-M5 720nm/180nm Ml-M?VIalnf M13- 720nm/180nm
M13

M6-M8 and M11 | 1.13um/180nm | M6-M8 and M11

1.13um/180nm M6-M8 and M11 1.13um/180nm

M9 and M10

240nm/180nm M9 and M10 360nm/180nm

Delay Analysis
Two components make up the delay of the comparator:
to and tyq¢cn- The first term ¢, represents a time to discharge

the load capacitance C; before the first pMOS transistor
switches ON.

If clk = 1, the tail transistor M5, cascode transistors M12
and M13 are ON, and if [V;5| > |V;,|, transistors My, M
accelerate the discharge of V., (Figure 2), turning ON
transistor M12. This allows us to determine the delay t, by:

CLVinp 2 CLVtnp

o))

ty = .
0 Ip1 Itail

Where the comparator branch currents are Ip; and Ipg,
which together make the total current lwi = (Ip1 + Ip2), the
threshold voltage of the PMOS transistor is Vi, and load
capacitance is Ci.

The drain current Ip4 in (1) can be approximated to be
constant and would be equal to half of the tail current for low
input differential voltage (AV;;,). The overall latching delay
of two cross-coupled inverters is represented by the second
term, t;q¢cn - From the initial voltage difference AV, it is
anticipated that the end output will be half of the supply rail

(:> AVoye = VDD/Z)-

The latch comes after the comparator, which raises the
differential output voltage to its maximum rail-to-rail level.
Equation (2) gives the calculation needed to determine the
latch assessment time (t;4¢cn) [12-14]. The delay, tyqecn, iS@
logarithmic function that depends on the initial output voltage
difference at the start of the regeneration phase. (i.e., at t = to).

CL In (Avout)
Em(eff) AVo

tlaten =

89

@

Vbp
~ CL /2
Yiaten = gm(eff).ln( AVg )
In (2), gm(ery) represents the effective transconductance
of cross-coupled inverters. The determination of initial
differential voltage AV, using (1) is:

AV, = Voﬁu(t:to) - o_ut(t=t0)
Vy = V| — 2220 3
= A o — | thpl L ( )

The differential input current (Al;;,) between the two
branches is significantly less than the actual currents (i.e., Ip4

and Ip,), which can be approximated by I;,;;/2. As a result,
(3) can be rewritten as:

Al Al
AV, = |V | (1—) = 2. [V | (ﬁ)

Solving which, we can get:

B2

Itail

AV, = 2. |V | AV,

(4)

Where f3; , stands for the input current factor of the
transistors and is given by,

w . (WA
:81,2 = UnCox (?)1 5 In vz

The supply voltage and input common-mode voltage
both affect the tail current, I;,;;. The total delay can be
calculated by substituting AV, from (4) into (2) and by

substituting the value of t, from (1). The results are illustrated
in (5) to calculate the total delay.
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ttotal = tO + tlatch

CLVtnp CL

Im(ef )

=t = 2.
total AV,

.In (VDD/2> 5)

Itail

Which can be rearranged, and the overall analytical
latency of the proposed dynamic latch comparator is given in

Equation 6.
n| | (6)
\2.|Vmp| %.A Vm/
Power Analysis

Typically, the average power dissipated by the supply
voltage over a single comparison time is determined by,

CLVinp CcL

Im(eff)

ttotal -

Itail

1 T T
Py = ;fo Voplpdt = foVpp fo Ipdt (7

Where ID represents the current drawn from the supply
voltage (VDD), and fclk is the frequency of the comparator

clock.

Offset Analysis

Offset happens due to various mismatched parameters, as
stated below. It can be expressed as the error range at the input
below, which the comparator cannot detect in the specified
minimum voltage difference. Due to this, the resolution of the
comparator and speed are constrained [15, 16].

There are no offset-cancelling techniques introduced in
this study. However, due to MOS device mismatches, there is
a trade-off between high speed and high accuracy.

The effects of offset can be alleviated but not entirely
removed. The total offset voltage is determined by the
mismatch between the threshold voltage AV, load resistance
ARy, and transistor dimensions A, and it is given by (8) for
the relevant values of (V1, R and B).

Vgs—Vr [A_RL AB]

Vos R

(®)

Inferred from this equation is the fact that the offset
voltage decreases as the common mode voltage decreases.

Kickback Noise
This is the noise that appears at the input due to the output
coupling with it [17].

Clock Feed Through
Clock feedthrough arises because of the clock signal
coupling with the output through device capacitances [18, 19].
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3.2. Design-2 MSADLC with Pseudo NMOS Latch

In Figure 3, the cross-coupled CMOS inverter-based latch
is replaced by the Pseudo NMOS latch. This lowered the
overall capacitance seen by the input to the latch and
minimized the delay gradually by reducing the effort delay
[20]. In comparison to their CMOS counterparts, Pseudo-
NMOS architectures have non-zero static power dissipation
[21].

The latch is disabled when the clock signal is LOW and
enabled when the clock signal is HIGH to reduce power
losses. Power dissipation only takes place while the clock is
HIGH. The NMOS applied to the pre-amplifier stage as a load
serves the objective of boosting the gain. The gain is generally
represented as gm.Rout, Where gm is the trans-conductance of
the input transistor(s), and Rou is the output impedance. Thus,
like cascode amplifiers, the extra NMOS device increases gain
and will hereafter be referred to as the ‘cascode transistor’.

The increased gain ensures that an input difference can be
resolved faster by the latch. Rearranging the circuit serves two
purposes. Here, the feedback is taken from the gate of the
cascode transistor. This increases the loop gain of the latch and
also results in decreasing time constant (delay). The operation
of Figure 3 is identical to that of Figure 2, hence is avoided
here for brevity.

Vdd
6
cLk—] E MS@. '_‘7 V'7| E{Mll y h{ cLx
“out Mo L4 — M10 Out g
= =
ID1J, ~LIDZ

Fig. 3 SADLC with pseudo NMOS

3.3. Design-3: MSADLC with Cascode and Pseudo-NMOS
Figure 4 is a further modified architecture, where the
feedback is taken from a midpoint of the stack of the
differential stage and the latch stage above the drain of the
cascode-transistor. The input is provided parallel to the
transistors driven by the Vger latch and provided above the
lower half of the latch constituted by M12-13. Due to the
inclusion of cascode transistors above the input differential
pair, this topology gives higher gain and the most optimum
performance in terms of the design metrics mentioned above.
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The layout for Figure 4 is shown in Figure 5, on which
post-layout simulation and Monte Carlo analyses are carried
out.

Vdd
CLK_HJ Ree I_|.:_5Mﬂ Wlf_:J_\CLK
Out- CLK M10 Oul
Dl E ﬁllm
V|n+—| Ml I—Vref- Vin- I—Vref+

Fig. 4 MSADLC with cascode and pseudo-NMOS
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Fig. 5 Layout for design-3 MSADLC with cascode and pseudo-NMOS

4. Results and Discussion

The proposed designs are simulated on a Cadence EDA
platform using UMC 180nm double metal double poly
standard CMOS technology with Vpp = 1.8V. The process
entails setting the clock frequency to 100MHz. With newly
optimized transistor sizes from Table 1 and on the same
platform, each designed topology is simulated, and significant
variables are listed in Table 2.

Figures 6 through 9 display typical screen depictions of
the simulation results for the proposed Design-3. To avoid
redundancy and for the sake of conciseness, the same for the
others are omitted.

4.1. Simulation Results
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Fig. 8 Measurement of offset as input raises
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Fig. 9 Measurement of offset as input falls

4.2. Measurement Methodology

The reference voltage Vi is set at 800 mV, clk =

100MHz, and Vpp = 1.8V.

Power: The input voltage Vin+ is ramped up from 0 V to
1.8 V and down at half the clock period (5 ns). The power
dissipation is averaged over the ramp-up/ down period to
yield average power.

Average Delay: The positive input Vin+ is kept at 1V. The
delays tphl and tplh are measured as the clk = 1(Vop) and
Vout- goes to 0; again, as the clk =0(0) and Vout- goes to
Vob, respectively. The two delays are averaged over the
period to produce the average propagation delay.

Kickback Noise: The input has been stepped up to 1V
after being kept at 600 mV for half the period. The input
had a source resistance of 1k(, and the excess voltage
over this has been measured. The same is done for the
negative input, and the two quantities are averaged to get
the mean kickback noise.

Offset Voltage: The input voltage Vin+ is ramped up/down
steadily between OV to 1.8V. The difference between
(Vin+ - Vierr) and the DC—level is the offset voltage seen
as the input rises and the output is sampled.

Clock Feedthrough: When the clk = Vpp, the input Vin+
is ramped up/ down slowly from 0V to Vpp. It causes one
of the outputs to shoot up above 1.8V momentarily. This
deviation is measured as the clock feedthrough. These
results are presented in Table 2.

Table 2. Performance comparisons

Average Average PDP Offset Clock-Feed-through | Kickback Noise
Topology Dela (g 9) Dynamic (f) Voltage (Overshoot over (Overshoot over
Y3 | power (uw) (mV) 1.8V) (V) 1.8V) (V)
*CSDLC [21] 178.1 18 3.2 63 0.045 0.21
*MSADLC [11] 93.4 4.72 0.44 6 0.097 0.005
Design-LMSADLC | 45 45 431 0.26 2.73 0.097 0.005
with Cascode
Design-2:MSADLC
with Pseudo NMOS 85.6 35.07 3 2.97 0.086 0.012
Design-3:MSADLC
with Cascode and 62.84 4.08 0.25 2.7 0.092 0.007
Pseudo-NMOS

*CSDLC: Charge Sharing Dynamic Latch Comparator; *MSADLC: Modified Strong-Arm Dynamic Latch Comparator
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Fig. 10 Graphical representation of table 2
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5. Conclusion

In this paper, three new strong-arm dynamic latch-based
comparator architectures are proposed. The simulations
performed on the Cadence platform establish that the proposed
comparator architectures are superior in speed, consume low
power and have very low offset as per simulation results done
on a supply rail of 1.8V. Following extraction of the RC from
the layout, the simulated outcomes of the comparator circuits
were also observed with parasitics under the post-layout
aspect.

The corner analyses and Monte-Carlo analyses have also
been performed for each design, although they are not
included here for brevity. The estimated area for the design-3
is 11.1umx13.44 um as measured from the layout. Table 2
compares these designs with some candidate designs from
open literature for metrics such as delay, kickback noise,

average power, clock feedthrough, and Power Delay Product
(PDP). Design-2 performs better than CSDLC.

Compared to MSADLC, design-1 is also better, but
design-3 gives the best performance and shows significant
improvement in speed by 32.7 percent in offset voltage and
PDP by 55 percent and 34.2 percent, respectively. Compared
to the performance of the MSADLC, the power dissipation
and clock feed through also reduced by 13.5 percent and 5
percent, respectively, but at the expense of kickback noise
which increased by 40 percent.

Without using any offset cancellation techniques, all three
designs listed report very low offset. Although design-3
performs best among all, because of their improved
performance metrics, these architectures are ideally suited for
the design of high-resolution and low-power ADCs.
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