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The paper presents the implementation of a standard cell multigate fully
synthesizable rail-to-rail dynamic voltage comparator. The dynamic voltage
comparator works on deep sub-threshold supply voltage VDD =0.3 V with
common mode inputs. The common-mode input range is VDD/2 with
minimum input offset voltage ranging between 8mV to 28mV. Thus the
circuit is simulated at 180nm complementary metal-oxide semiconductor
(CMOS) process. Hence the dynamic voltage comparator has measured and
tabulated by corresponding output voltage, power dissipation. But the
performance of CMOS device is not good when compared with fin fieldeffect transistor (FinFET) device. The leakage current is more in CMOS
devices while in FinFET device due to the control of multi-Gates on the
channel, the leakage current is reduced. This will improve the power
consumption in the FinFET device when compared to CMOS devices. The
comparator results shows that CMOS device is inferior when compared with
FinFET device comparator. For the implementation of the comparator Spice
model were used in this work. The software used in the project is synopsis
Hspice.
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1.

INTRODUCTION
For data acquisition units, the high-speed analog-to-digital converters (ADCs) performance is based
on the comparator’s efficiency. Dynamic comparators or DC in high-speed ADCs should have low power
consumption. Since speed is directly affecting the power, high-speed ADCs consume higher power than
slower ADCs. In addition, the clocked regenerative comparators use flip-flop to have strong positive
feedback which contributes to additional delay. The other issues or problems faced are due to noise, offset,
random decision errors and white noise. In biomedical signal processing systems, a small amount of noise
will affect the medical information. Thus, the noise input alters the delay in different clocked comparators.
For low power analysis multigate devices can be used which reduces the leakage current during high-speed
operation. The leakage current varies for the major operation of comparator namely reset phase and compare
phase. Reset phase defines the start condition and the compare phase defines the output. The other issue is the
delay. The conventional comparator faces delays due to the discharging of load capacitance and latch
regeneration. The next problem is on the structure since rail-to-rail output swing is the main parameter to be
considered. The double tail comparator performs in low voltage applications with reduction of kickback
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noise when it leads to more power consumption. Thus, power consumption can be reduced by controlling the
intermediate transistors on input sides. So as we look into the optimization of the circuit the delay is based on
the speed and supply voltage by Vaijayanthi and Vivek [1]. The simulation when performed in 90nm CMOS
technology the delay was less but leakage was more. B. Mashhadi and S. Moghaddam [2] analyzed the
CMOS comparator delay and operation in small supply voltages. Chiwande and Akarte [3] designed a CMOS
based double tail comparator for high-speed device and the effect of power and leakage current is observed.
For delta sigma modulation, Pradhan and Bakshi [4] introduced a operational trans-conductance amplifier
(OTA) based digital to analog approach combining features of switch capacitor-based return to zero (SCRZ)
circuit in inverter-based dynamic latch comparator.
Hence the implementation is carried by 90nm technology with 1.2V supply voltage. Gawhare and
Gaikwad [5] presented a new CMOS DC device with maximized speed and reduce power consumption.
Gandhi and Devashrayee [6] designed differential double tail dynamic working in 0.9V supply but suffers
from current driving capability. Li et al. [7] designed regenerative comparator in 0.13-μm CMOS with 1.8×
voltage offset reduction. He et al. [8] anayzed dynamic comparator for the input range, operating
characteristics, static and dynamic offset impacts on stability. The offset voltage expression for dynamic
comparator implementation is validated in 40nm and 0.25-mum CMOS technology. An ultra low-voltage
non-clocked voltage comparator in standard twin-well 130 nm CMOS is analyzed by Nagy et al. [9]. The
operating temperature was -20-85 °C with the power supply voltage of 0.6 Chin et al. [10] designed a low
power comparator working at high frequency with low supply voltage of 1V. This technique overcomes the
kickback noise.
Thus, the implementation is done by rail-to-rail SAR ADC for biomedical application in 0.18 μm
TSMC CMOS technology. Reduction of power in 65nm based CMOS preamplifier using adaptive power
control is done by Lan et al. [11]. The simulation consumed 191.2 nW at 15 MHz and 0.8 V supply voltage
for 12-bit ADC. Vemu et al. [12] discuss the sub threshold leakage of transistors to achieve architecture at 10
ns. Thus, the sub threshold voltage (Vt) leakage of transistors is rectified using the fast comparator in CMOS
technology. Lotfi et al. [13] performed simulation of fully differential, high speed high swing comparator
with operating voltage of 1V. The implemented device is in 0.25-mum CMOS process. The MOSFET based
device is done for pipelined A/D converters with higher rail to rail swing. Thus, the result is taken using
HSPICE simulations with various input ranges. Connecting a low gain amplifier connected to a latch circuit will
improve the driving capability but suffers from high power consumption designed by Hussain et al. [14]. This
technique also compares the inputs of amplifier during the evaluation period and the outputs are latched
during the regeneration time. Chaudhari and Pawar [15] analysed the ADC and comparator performance for
different inputs. Senthilkumar et al. [16] power and delay of dynamic comparator are cross-coupled inverters
which are modified for fast operation and low power consumption. In Kumar et al. [17] new devices were
designed in literature where the performance of FinFET is found exceptionally good. Guptha et al. [18]
designed operational transconductance amplifier (OTA) Circuit. In literature several works are carried out for
the design of comparators and noise removal [19]-[24].
Below 32 nm, Conventional MOSFET transistor face problems in short channel effects. Hence
decreasing the width and length of MOS device will reduce the performance and higher average power
consumption. The MOS transistor becomes bulk at the nano-scale due to the fabrication technology of
FinFET. This technology compatible with single Gate MOS transistor. The MOSFET is replaced by FinFET
due to the fact of fabrication process. The quasi-planner double gate (DG) transistors is the another type of
FinFET transistor where the direction of the current is parallel and channel is perpendicular to it. The gate
terminal is independently controlled to offer rich design space. The two corresponding electrically coupled
gates suppress the short channel effects. In acquisition units, the data converters determine the system
performances where the use of MOS logic circuits in VLSI chips ensures the same. But as the dynamic
nature of MOS logic suffers from noise occurrence, the control if current may reduce the noise level.
Common noises like ground noise, power noise, leakage noise, sharing noise, crosstalk noise, and substrate
noise. The issues due to low voltage and noises in the earlier single gate transistor design can be eliminated
using the double gate transistor due to the body or fin formed by the conducting channel wrapping by a thin
silicon. The average power consumption is minimized under 32 nm technology in FinFET.
2.

BACKGROUND METHODOLOGY
In medical and multi media applications data acquisition and event monitoring is done using high
speed analog-to-digital converters (ADCs). The ADCs are build using dynamic voltage comparators (DVCs).
The inputs of the comparator are from sensor units which are processed for an application may be based on
internet of things (IoT). These devices consume low power with a ultra low power supply voltage of 0.6 V.
Energy harvested systems cant able to accommodate these low voltage devices. Thus, the design is excluded
in digital standard cell-based modules during integration. Some limitations are seen when digital
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implementation of analog functions are performed. The fully synthesizable circuit is implemented by CMOS
based digital standard cells. This circuit is completely performed under fully synthesizability and very low
area. The major issue while performing the DVC is its very narrow common-mode input range (CMR). These
limitations can be eliminated by proposed method.
2.1. Prior fully-synthesizable dynamic voltage comparator and limitations
The fully synthesizable DVC with NOR-based input stage. This method has the NAND3-DVC of an
input stage comprising two NAND3 gates and an SR latch. The Figure 1 shows the fully synthesizable DVC.

Figure 1. Fully synthesizable DVC

The DVC in Figure 2 during the low-to-high clock transition gets the digital output at the sampling
phase. The NOR-based input stage is designed so that during the rising edge, the digital output is available.
The polarity is set based on the logical switching and the analog input differential voltage. The driving
capacity and logic levels may reduce due to the pulling down of OUT1 and OUT2 in the DVC. The
countering of the current in the drains of the transistor MP1_1 and MP1_2 occurs due to the driving by the
analog inputs. The voltage of the source-gate MP1_1 and MP1_2 is increased to reduce the common mode
input voltage. The OUT1 and OUT2 falling transients are opposed by the current.

Figure 2. Fully synthesizable DVC with NOR-based input stage
Indonesian J Elec Eng & Comp Sci, Vol. 28, No. 2, November 2022: 716-723
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3.

PROPOSED FINFET BASED RAIL-TO-RAIL FULLY-SYNTHESIZABLE VOLTAGE
COMPARATOR
The issues of CMR in synthesizable DVC is overcomed by proper design using FinFET as shown in
Figure 3. The proposed design can work at larger range of input, low leakage and low supply voltage. The
rail-to-rail DVC device in Figure 3(a) is redesigned by the NAND gates and NOR gates. The fully
synthesizable FinFET DVC is shown in Figure 3(b). The dual circuit operation will lead to the similar way of
operation as shown in rail-to-rail CMR. The common mode input voltage ranges between the ground and Vp.
The value of Vp is equal to Vdd/2. Out of this range, the comparator output is less determined. The
comparator fails to operate out of this range. Merging the NAND and NOR based input will enhance the
performance, fully synthesizable and can operate at wider input voltage ranges.

(a)

(b)
Figure 3. The issues of CMR in synthesizable DVC is overcomed by proper design using FinFET, (a) fullysynthesizable RRDVC of gate-level structure and (b) fully synthesizable structure of FinFET DVC with
NAND3-based input stage (NAND3-DVC)

From the results, it has been found that CMOS device is inferior when compared with FinFET
implementation of the comparator. SPICE model were used in this work and the software used in the project
is Synopsis. The leakage current is more in CMOS devices while in FinFET. Due to the control of multi gates
on the channel, the leakage current is reduced. This will improve the power consumption in the FinFET
device when compared to CMOS devices. The Proposed comparator circuit implemented by FinFET is fully
synthesizable. The pulling down of the output in the comparator is managed by using the FinFET devices.
The device is implemented in low power mode. The Performance of the FinFET is similar with that of
CMOS devices when connected in shorted gate mode, but the consumption of the power in the device can be
reduced only if the device is working in low power mode. The Independent gate mode is preferable in certain
applications. The Independent Gate mode needs multiple power supplies which is addition tradeoff.
Fully synthesizable multi-gate dynamic voltage comparator for leakage reduction … (Udara Yedukondalu)
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3.1. FinFET based fully synthesizable DVC with NAND3
Fully synthesizable FinFET DVC with NAND3-based input stage (NAND3-DVC) dynamic voltage
comparators implementation was done in ANALOG LTSPICE and synopsis HSPICE (Figure 3(b)).
Predictive technology models were used for FinFET and CMOS devices [25]. The Key building blocks of the
analog-to-digital converters can have wide range of supply voltage due to the maximum input voltage of the
sensor. The reference voltage is chosen according to the sensor input by which the step size changes. The
circuit is suitable for flash ADC due to the high speed operation in the range of 1GHz. The supply voltage
varies between 0.6 V to 1.2V. The driving capability decreases if the supply voltage reduces. The leakage
current also affects the driving strength of the circuit. Thus, the proposed design is custom fashion and digital
standard cell-based module is created which forms the part of the ADC integration process. Some limitations
are seen when speed above 5GHz is used. The power increases but with a minimum tradeoff. This circuit is
completely performed under fully synthesizability and very low area. In FinFET the switching speed is better
when compared to CMOS. Hence the common-mode input voltage is reduced by increasing the source-gate
voltage of the pull up transistor block of the gates.

4.

RESULTS AND DISCUSSION
The parameters of the NAND3-DVC, NOR3-DVC and RRDVC in different region are shown in
Tables 1-3. By comparing the performance of the NAND, NOR and RRDVC, the NAND based DVC is very
efficient. The proposed work basis of NAND logic is better in performance. The Tables 3 and 4 shows the
performance of the proposed method. Figure 4 shows the simulation result of the designed circuit. The
simulations results in Tables 1-3 were taken for different supply voltages, and it’s been found that the output
was at the maximum swing. The FinFET device provides the required swing and good input impedance.
predictive technology model (PTM) files for CMOS and FinFET is used [25].

Figure 4. Simulation of fully synthesizable FinFET DVC with NAND3-based input stage (NAND3-DVC)
Table 1. Parameter analysis of NAND3-DVC in different region
S.No
1

Parameter
VQ

2

VQbar

3

At Q

4

At Qbar

NAND3-DVC (Vdd= 0.3v)
Vavg= 180.05mV
Vrms=232.35mV
Vavg= 119.89mV
Vrms=189.57mV
P= 24.865pW
E= 248.65pJ
P= 11.983pW
E= 119.83pJ

NAND3-DVC (Vdd= 0.6v)
Vavg= 447.41mV
Vrms= 491.31mV
Vavg= 140.25mV
Vrms= 239.62mV
P= 129.32nW
E= 1.2932µJ
P= 152.02nW
E= 1.5202µJ

NAND3-DVC (Vdd= 0.9v)
Vavg= 382.7mV
Vrms= 403.91mV
Vavg= 438.64mV
Vrms= 465.38mV
P= 1.3268µW
E= 13.268µJ
P= 1.5369µW
E= 15.369µJ

Table 2. Parameter analysis of NOR3-DVC in different region
S.No
1

Parameter
VQ

2

VQbar

3

At Q

4

At Qbar

NOR3-DVC (Vdd= 0.3v)
Vavg= 279.24mV
Vrms= 282.29mV
Vavg= 3.1368mV
Vrms=6.9962mV
P= 10.266nW
E= 102.66nJ
P=5.8393nW
E= 58.393nJ

NOR3-DVC (Vdd= 0.6v)
Vavg= 558.46mV
Vrms= 564.57mV
Vavg= 6.2816mV
Vrms= 14.004mV
P= 82.126nW
E= 821.26nJ
P= 46.745nW
E= 467.45nJ

NOR3-DVC (Vdd= 0.9v)
Vavg= 837.67mV
Vrms= 846.84mV
Vavg= 9.4318mV
Vrms= 21.022mV
P= 277.18nW
E= 2.7718µJ
P= 157.84nW
E= 1.5784µJ
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Table 3. Parameter analysis of RRDVC in different region
S.No
1

Parameter
VQ

2

VQbar

3

At Q

4

At Qbar

RRDVC (Vdd= 0.3v)
Vavg= 118.57mV
Vrms= 158.96mV
Vavg= 137.28mV
Vrms= 179.03mV
P= 23.911nW
E= 239.11nJ
P= 26.215nW
E= 262.15nJ

RRDVC (Vdd= 0.6v)
Vavg= 201.86mV
Vrms= 220.71mV
Vavg= 245.15mV
Vrms= 275.28mV
P= 339.23nW
E= 3.3923µJ
P= 384.98nW
E= 3.8498µJ

RRDVC (Vdd= 0.9v)
Vavg= 343.13mV
Vrms= 362.88mV
Vavg= 353.13mV
Vrms= 409.1mV
P= 1.1534µW
E= 11.534µJ
P= 1.2748µW
E= 12.748µJ

Table 4. Parameter analysis of NAND3-DVC) in different region using FinFET
S.No
1

Parameter
VQ

2

VQbar

3

At Q

4

At Qbar

NAND3-DVC (Vdd= 0.3v)
Vavg= 299.98mV
Vrms= 299.98mV
Vavg= 13.225µV
Vrms= 202.52µV
P= -113.34nW
E= -1.1334µJ
P= -196.12pW
E= -1.9612nJ

NAND3-DVC (Vdd= 0.6v)
Vavg= 599.96mV
Vrms= 599.96mV
Vavg= -3.7889µV
Vrms= 129.06µV
P= 111.26nW
E= 1.1126µJ
P= -98.992pW
E= -989.92pJ

NAND3-DVC (Vdd= 0.9v)
Vavg= 539.96mV
Vrms= 697.09mV
Vavg= 359.97mV
Vrms= 569.17mV
P= -260.96nW
E= -2.6096µJ
P= 19.158nW
E= 191.58nJ

Figures 5-7 shows the comparison of parameters like power and energy for NAND-DVC, NORDVC and RRDVC in different region. The supply voltage is varied to observe the performance of the
circuits. The simulations are performed as shown in Figure 8 and the results shows that the comparator has
better output swing which is the most important parameter.

300
250
200
150
100
50
0

Power (nW)
Energy (nJ)

400
300
200
100
0

Power (nW)
Energy (µJ)

Figure 5. Power and energy comparison of NAND3DVC, NOR-DVC and RRDVC in different region at
Vdd=0.3v

Figure 6. Power and energy comparison of NAND3DVC, NOR-DVC and RRDVC in different region at
Vdd=0.6v

Figure 7. Power and energy comparison of NANDDVC, NOR-DVC and RRDVC in different region at
Vdd=0.9v

Figure 8. Simulation waveform of fully synthesizable
DVC with NAND3-based input stage (NAND3DVC) in sub-thershold region (Vdd= 0.9v) using
FinFET
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5.

CONCLUSION
The design of comparator is more important for circuits when the input is a low amplitude signal.
The ADCs use comparators at the input stage for the conversion process. The data convertors use circuits
which are faster and consume less power. Such kind of design is addressed in this paper. A FinFET based
fully synthesizable, rail-to-rail DVC is designed and implemented in this work. The rail-to-rail CMR for
supply voltages down to 0.3 V is investigated for the CMOS and FinFET using PTM. But the performance of
proposed design with FinFET device dominates in performance and the leakage current is reduced. The
power consumption is improved. In future ADC SoC chip will be implemented using the proposed DVC.
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