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AbstrAct

This paper presents the design of a comparator with low power, low offset voltage, 
high resolution, and rapid speed. The designed comparator is built on 45 𝑛𝑛𝑛𝑛 flip CMOS 
technology and runs 4.2 𝐺𝐺 samples per second at nominal voltage. It is a custom-made 
comparator for a highly linear 4-bit Flash A/D Converter (ADC). The outlined design 
can operate on a nominal supply of 1.8 V. The comparator offset voltage was elevated 
because of this mismatch. To compensate for the offset voltage, we followed a decent 
approach to design the circuits. Therefore, the offset voltage is reduced to 250𝜇𝜇𝜇𝜇. 
The designed comparator has a unity gain bandwidth of 4.2 𝐺𝐺𝐺𝐺𝐺𝐺 and a gain of 72𝑑𝑑𝑑𝑑 at 
nominal PVT, which gives us a considerable measure of authority. The dynamic power 
consumption of the comparator is 48.7𝜇𝜇𝜇𝜇. The layout of this designed comparator has 
been implemented, and the area of the comparator is 12.3 𝜇𝜇𝑛𝑛 × 15.75 𝜇𝜇𝑛𝑛. The re-
sults of pre-and post-layout simulations in various process, voltage, and temperature 
corners are shown.
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IntroductIon 
A comparator is a device that compares between two input 
signals, basically an input analog signal with a reference signal, 
and gives outputs in terms of a digital signal based on the result 
of the comparison. Comparators are widely used in various 
circuits, especially A/D converters (ADC). An ADC application 
is one that requires a quicker operating speed and reduced 
power consumption. They also aim for a reduced noise level and 
a lower offset voltage. The comparator is crucial in obtaining 
greater operating speeds and lower power consumption. The 
comparator we suggest is made using CMOS technology, which 
has strong noise immunity and low static power consumption. 
This article details the design of a comparator for use in a 
4-BIT FLASH ADC with a sampling rate of 4.2 GHz. In such a 
circumstance, the device’s accuracy should be no less than 
1/2 LSB. When the reference voltage and supply voltage are 
identical, the LSB value of an N-bit ADC is provided by the 
following formula:
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 LSB= {VDD/ (2) ^N} (1)

The desired comparator resolution is 112.5 mV for a 
4-BIT converter with a 1.8V supply voltage. In this work, 
we examine the design and operation of a current-based, 
low-power comparator. In order to gain more precision 
and minimize, a competent offset cancellation method has 
been implemented. In this comparator, super low threshold 
MOSFETs are used. In general, in a conventional MOSFET 
structure, the gate capacitance tends to show a higher 
value. For this reason, the threshold of the MOSFETs tends 
to be higher. One of the techniques to obtain a super low 
threshold of MOSFETs is to fabricate the MOSFETs with 
lower gate capacitance. As the gate capacitance is lower 
in these types of MOSFETs, the threshold voltage will 
reduce a lot which will give a better headroom for design, 
to have a great ICMR range, low power consumption, and 
large obtainable gain while keeping all the MOSFETs in 
saturation. SLVT MOSFETs allow doing that. Also, the length 
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Abstract
The interest of researchers in the implementation of power-efficient digital circuits has 
drastically increased in the last few decades. The reason for this is that most of the 
applications like Embedded Systems, Communications, Digital Signal Processing, etc., are 
battery-operated and in some applications, it is impossible to give a conventional power 
supply connection. In recent years, a substitution for the conventional number system 
is the Residue Number System (RNS). RNS systems are efficient in terms of power, area, 
speed, etc. The power consumption of the circuit depends on several factors, one factor 
is how fast the circuit can perform the operations. In most digital applications adders 
play a crucial role. A novel mod adder based on Thermometer coding has been proposed, 
which yields superior results in comparison to the current state-of-the-art methods. The 
suggested addition process was designed by using thermometer coding. The proposed 
adder was simulated by using the NC launch tool in the Cadence.  
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Introduction

Modern technology Enhancing energy efficiency is 
necessary for Deep Learning,[1] DSP,[2] and the Internet 
of Things.[3] With the use of arithmetic and conventional 
number systems, efficient embedded systems (ES) 
have recently been created, and their performance 
has been enhanced.[2] Applications such as Digital 
Signal Processing (DSP),[4] Cryptography,[5] and Residue 
Number System (RNS)[6] are employed to perform high-
speed, fault-tolerant, and low-power calculations. Add 
and multiply are commonly used in the majority of 
RNS operations, such as add, subtract, divide, scaling, 
forward and reverse conversions.[2]. The conventional 
data is converted into residue data this process is called 
Forward Conversion. Similarly, residue data is converted 
into conventional data is called Reverse conversion. The 
second one is more difficult than the first conversion.

The unary coding, in which the size of the number is 
determined by the number of 1s it contains, is commonly 
used in thermometer coding (TC). One application of 
Golomb coding is in data compacting in neural networks.[7-8]  
One of the subclasses of Golomb coding is TC. Thermo-
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The desired comparator resolution is 112.5 mV for a 
4-BIT converter with a 1.8V supply voltage. In this work, 
we examine the design and operation of a current-based, 
low-power comparator. In order to gain more precision 
and minimize, a competent offset cancellation method has 
been implemented. In this comparator, super low threshold 
MOSFETs are used. In general, in a conventional MOSFET 
structure, the gate capacitance tends to show a higher 
value. For this reason, the threshold of the MOSFETs tends 
to be higher. One of the techniques to obtain a super low 
threshold of MOSFETs is to fabricate the MOSFETs with 
lower gate capacitance. As the gate capacitance is lower 
in these types of MOSFETs, the threshold voltage will 
reduce a lot which will give a better headroom for design, 
to have a great ICMR range, low power consumption, and 
large obtainable gain while keeping all the MOSFETs in 
saturation. SLVT MOSFETs allow doing that. Also, the length 

meter coding (TC) is a straightforward technique 
for enhancing the performance of RNS computing 
components, such as modular multipliers, subtractors, 
and adders.[9] 

Engineers and researchers are becoming more interested 
in the design of modular adders that use TC.[10] It is 
legal to translate equivalent residues in TC format 
from analog inputs using current ADCs.[11] By adding TC 
numbers in RNS, one can add compact moduli faster 
than in traditional processes because there is no carry 
propagation involved. Forward converters are not needed 
for TC number addition because ADCs are employed to 
encode the input TC numbers.[11] Effective RNS systems 
require the selection of modest moduli. Applications in 
the form of embedded low-power devices and Internet of 
Things devices Thermometer Coding-based mod adders 
are appropriate since adders need a limited dynamic 
range.[2] Among the first unweighted number systems 
was RNS. One intrinsic feature of RNS is its capacity to 
do simple arithmetic operations, where the outcome of 
each numerical position is determined by the number 
that exists at that location. The moduli set is denoted 
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A. Operational Transconductance Amplifier
OTA is a fundamental component in the majority of 
analog circuits with linear input-output characteristics. 
It is essentially identical to conventional operational 
amplifiers in which differential inputs are present. The 
primary distinction between OTA and traditional OPAMP is 
that the output of OTA is in the form of current, while the 
output of conventional OPAMP is in the form of voltage. 
The comparator has two special properties.

• Input Swing
• Output Swing

Our target is a small change of ∆VGS as if we get a sharp 
digital output in the comparator. We know, Inverter has 
a very high gain. We make the OTA stage by connecting 
a differential amplifier with an Inverter. All the MOSFETs 

of the MOSFETs was increased to four times of the nominal 
length which has provided the design with a better Noise 
Figure, PSRR, Gain, and CMRR performance.

relAted work

Over decades, the design of a comparator has been 
implemented. With the use of various process technology, 
several researchers have produced a variety of acceptable 
comparator structures for a variety of applications.

Developed a three-stage voltage comparator 
concentrated on improving comparator sensitivity and 
total gain in this design. B. Prathibha et al.[2] suggested a 
three-stage CMOS comparator with a high-speed operation 
to gain a lower static & dynamic power dissipation and a 
smaller offset voltage. Satyabrata et al.[3] compare the 
traditional comparator to the latched and hysteresis-
based comparator. Zbigniew[4] presented the design of 
a comparator for a high-linearity flash ADC, which was 
realized in a 22nm FDSOI process with a 0.8V supply. The 
architecture of a pipelined ADC mismatch insensitive 
dynamic comparator.[5] High-resolution comparators have 
also been designed utilizing offset measurement and 
a cancellation technique involving dynamic latches.[6]  
Consequently, it was suggested to build a dynamic 
comparator with high accuracy and low offset.

This paper focused on the highly linear, low offset 
voltage, high resolution, and low power performance of the 
Comparator. The comparator design given in this paper is 
designed that can be used with flash ADC.

ArchItecture of compArAtor

The comparator circuit is the essential element of every 
ADC. The total performance of the ADC is determined by 
the properties and performance of the comparator. Fig. 
1 depicts the block diagram of the proposed comparator. 
This topology comprises two blocks in it.

• OTA Stage
• Output Stage

Up to the OTA, the stage amplification of analog input 
is performed. Then the buffer stage further amplifies to 
give a level as well as strengthen the OTA OUTPUT signal 
for load driving. After the output buffer stage, a digital 
signal is created on the output side. Fig. 2 depicts the 
schematic of the entire idea.

Fig. 1: Block diagram of the suggested Comparator
Fig. 3: Differential Pair, OTA Stage, and Current Mirror 

for The Comparator

Fig. 2: Schematic of the 45nm CMOS-based 
Comparator

Journal of VLSI circuits and systems, , ISSN 2582-1458124

000111), the second number (B) is stated in binary form 
101 (b[1] = 1, b[2] = 0 & b[3] = 1). The least significant 
binary digit (b[1]) affects the MUXs in the opening stage, 
moving the first binary digit to the left and adding one 
to the end of the least significant binary digit (rightmost 
bit position). If b[2] is ‘1’, the second stage MUXs then 
move the input two bits to the left before appending 
two 1s to the end of the least significant bit position. 
Alternatively, during this phase, the MUXs simply add or 
shift zero values; they merely move them from the input 
into the output. The third stage’s MUXs transfer inputs at 
zero to outputs similarly to the second stage. The MUXs 
in this stage left shift four times and add four ones to 
the end of the least significant bit position when b[3] is 
‘0’ or equal to one.

Therefore, the values of ‘D’ (d[12]d[11]d[10]d[9]d[8]
d[7]d[6]d[5]d[4]d[3]d[2]d[1]) indicate the output of 
third stage MUXs. These numbers are 000011111111. 

Depending on d[7], the adder’s output is expressed in a 
certain way. Bits d[8] to d[12] are obtained via the final 
MUXs stage if d[7] = ‘1’, indicating that the ‘sum ≥ m’. 
In the last stage, MUXs result in the bits d[1] to d[6] if 
d[7] = ‘0’, indicating that the sum is less than ‘m’. d[7] 
wasthe selection signal utilized by the final stage MUXs.

Fig.1: TCR-based Mod-7 Adder [21]

A novel TCR-based modular adder with reduced latency 
and circuit size was introduced in,[22] in contrast to the 
TC-based adder disclosed in.[21] This recommended adder 
takes TC-formatted inputs. Then, it is determined if  
‘P + Q ≥ m’ or ‘P + Q < m’ by combining the two residues 
with moduli ‘m’. Before calculating the sum, the bits 
that indicate the integer ‘Q’ are reversed. After that, 
the inputs are put via logical AND & NOR procedures. 
When an AND gate has at least one output that is 1, the 
outcome (P + Q ≥ m) occurs. To put it another way, if only 
one AND gate output is ‘1’, total (P + Q = m) will result 
in ‘0’. This keeps on until a couple AND gates generate 

logic‘1’, which happens when the output also generates 
logic ‘1’. The function P + Q < m can be implemented 
using the logical gates NOR.

     (7) 
 
where

           (8)

           (9)

    (10)

To use the values in arithmetic modulo ‘m’, P and Q are 
framed with ‘m-1’ - bits in TCR.

  (11)  
   

  (12)

The sum of the bits in Pzeros plus Pones and Q zeros plus Q ones,  
respectively, in equations (11) and (12) is equal to the 
(m-1). when faced withindividual occurrences in the 
input numbers are added together, there’s a chance the 
total will be greater than the mod value and require 
more storage space than is required. The second number 
in this case may be interpreted as flipped or reversed. To 
assess this scenario, the bitwise logical AND operation is 
performed between the variable ‘P’ and the complement 
of variable ‘Q’.

  (13)

  (14)

  (15)

In this instance, P + Q ≥ m (16) because the ones of 
‘P’ and the opposite version of ‘Q’ overlap. where the 
number of overlapping 1s is indicated by ‘z’.

  (16)  
   

Since the traditional addition of ‘P’ and ‘Q’ needs to be 
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125

subtracted by mod ‘m’, the covering on bit short one can 
be utilized to get the desired result.

  (17) 

During the modular addition P+Q, the number of zeros is 
significant if the result is less than’m’. Like the previous 
example, the bitwise-OR operation between the flipped ver-
sions of ‘Q’ and ‘P’ is considered.

  (18) 
 

  (19) 

  (20)

The output contains (Pones + Qones) bits with z-zeros if 
P+Q < m.

  (21)

The mod adder for the mod ‘7’ based on TCR is shown 
in Fig. 2.[22] Multiplexers (MUXs) and logic gates were 
the only components used in the construction of the 
adder. SUM1 stores the result of this adder when total 
≥ mod value, while SUM0 stores the result when P+Q < 
mod value. Depending on the logic level on ‘Set’, MUX 
can produce either SUM0 or SUM1 as the adder’s output. 
The ‘Set’ was the NOR gate’s output, which received its 
inputs from AND gates’ outputs, which contained the 
inputs ‘P’ and ‘Q’, bit reversed.

Fig. 2: Mod-7 Adder Based on TCR[22]

Another mod adder based on TCR was proposed in [27].In 
this how the adder performed the addition process was 

presented.  Here, based on the Thermometer Coding 
idea, another mod adder that is more power-efficient 
than current adders is proposed. In this mod adder, input 
integers that participate in addition can be indicated in 
TC using m-bits. The following can be used to calculate 
the modular addition of two numbers using the flow 
chart shown in Fig. 3. 

Once both inputs have been represented using 
Thermometer Coding (TC), the first number is regarded 
as ‘U’ and the second as ‘V’. Before applying the input, 
the bit inverted value for ‘V’ must be determined 
to conduct logical OR and bitwise modulo-2 addition 
(XOR) simultaneously. The following step process finds 
overlapping zeros, denoted by ‘p’. 

The logic ‘p ≥ 1’ can be used to determine the sum (U + 
V < m). Then, rotate the output of the XOR gates to the 
left by ‘V’ times. As illustrated in the equation below, 
the outcome appears to be a sequence of overlapping 
zeros (p) followed by a total of 1s are present in both the 
input integers ‘U’ and ‘V’. 

  (22)

If the input integers do not have any overlapping zeros 
(p=0). This suggests that the sum is greater than the 
modulus’m’ when the output of any OR gate is non-zero. 
To be more precise, the output of all XOR gates is logic 
‘1’ rather than the ‘sum=m’. The result is obtained by 
invertingthe XOR gates’ outputs. Assume for the moment 
the results are xn xn-1...x2 x1.

   (23)

Fig. 3: TCR-based Mod-7 Adder [27]
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Developed a three-stage voltage comparator 
concentrated on improving comparator sensitivity and 
total gain in this design. B. Prathibha et al.[2] suggested a 
three-stage CMOS comparator with a high-speed operation 
to gain a lower static & dynamic power dissipation and a 
smaller offset voltage. Satyabrata et al.[3] compare the 
traditional comparator to the latched and hysteresis-
based comparator. Zbigniew[4] presented the design of 
a comparator for a high-linearity flash ADC, which was 
realized in a 22nm FDSOI process with a 0.8V supply. The 
architecture of a pipelined ADC mismatch insensitive 
dynamic comparator.[5] High-resolution comparators have 
also been designed utilizing offset measurement and 
a cancellation technique involving dynamic latches.[6]  
Consequently, it was suggested to build a dynamic 
comparator with high accuracy and low offset.

This paper focused on the highly linear, low offset 
voltage, high resolution, and low power performance of the 
Comparator. The comparator design given in this paper is 
designed that can be used with flash ADC.

ArchItecture of compArAtor

The comparator circuit is the essential element of every 
ADC. The total performance of the ADC is determined by 
the properties and performance of the comparator. Fig. 
1 depicts the block diagram of the proposed comparator. 
This topology comprises two blocks in it.

• OTA Stage
• Output Stage

Up to the OTA, the stage amplification of analog input 
is performed. Then the buffer stage further amplifies to 
give a level as well as strengthen the OTA OUTPUT signal 
for load driving. After the output buffer stage, a digital 
signal is created on the output side. Fig. 2 depicts the 
schematic of the entire idea.

Fig. 1: Block diagram of the suggested Comparator
Fig. 3: Differential Pair, OTA Stage, and Current Mirror 

for The Comparator

Fig. 2: Schematic of the 45nm CMOS-based 
Comparator
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When zeros that intersect equal zero, that is a different 
case. This means that the result is made sum > 
modulusvalue ‘m’ if all OR gates give outputs that are 
not zero and all XOR gates give outputs that are not one. 
The outcome is added to the outputs of all XOR gates 
and sets up the ‘A’ number of 0’s and ‘B’ number of 1’s. 
This time, a certain number (B) of XOR gates makes 
zero, while the leftover number (A) of gates makes one.

  (24)

Proposed Model

One can review a new proposed TCR-based mod adder 
in this part. The suggested TCR-based mod adder 
resembles the TCR-based mod adder reported in [27].
In this proposed mod adder, the input numbers are 
represented with only ‘m-1’ bits, but in the case of [27], 
the inputs are represented with the ‘m’ number of bits. 
Because it uses a smaller number of bits, the proposed 
TCR-based mod produces better results than the mod 
adders mentioned in the previous section. 

During the addition process, it is necessary to reverse 
the bits of the input ‘V’ before performing logical OR 
and XOR operations with the input ‘U’. The logical 
OR operation is employed to validate the presence 
of overlapping zeros. If overlapping zeros exist, the 
resulting value is < ‘m’. Otherwise, the resulting value is 
≥ ‘m’. In this scenario, the outcome can be achieved by 
left-rotating the output of the XOR gates by ‘V’ times. 
For a good understanding of the scenario, the following 
example is useful.

Example: Input Numbers U = 3 and V = 2 then the result 
of U + V.

Input U = 3 = 000111; Input V = 2 = 000011
     The flipped version of V = 110000
                                          -----------
Logical OR b/w U and Flipped version of V = 110111
Logical XOR b/w U and Flipped version of V = 110111
Rotate left XOR gates output by ‘V’ times = 011111 = 5

Another scenario in this addition process was, no 
overlapping zeros between the ‘U’ and bit reversal of 
‘V’, at the same time the out of the XOR gates is one, 
for this scenario the result is straightway the outcome of 
the XOR gates which is (m-1).

Example: Input Numbers U = 4 and V = 2 then the result 
of U + V.

Input U = 4 = 001111; Input V = 2 = 000011

     The flipped version of V = 110000
                                          -----------
Logical OR b/w U and Flipped version of V = 111111
Logical XOR b/w U and Flipped version of V = 111111
The XOR gates output is the result = 111111 = 6

One more scenario in this addition process was, no 
overlapping zeros between ‘U’ and bit reversal of ‘V’, 
at the same time only one XOR gate output is equal to 
zero, which indicates the generated result = ‘m’. To get 
the outcome, complement the XOR gates’ output, which 
produces logic ‘1’ at their output.  

Example: Input Numbers U = 5 and V = 2 then the result 
of U + V.

Input U = 5 = 011111; Input V = 2 = 000011
     The flipped version of V = 110000
                                          -----------
Logical OR b/w U and Flipped version of V = 111111
Logical XOR b/w U and Flipped version of V = 101111
Complement the XOR gates output, whose output is ‘1’,     
to get the result = 000000 = 0

The final scenario in this addition process was there were 
no intersecting zeros between ‘U’ and bit reversal of 
‘V’. In the addition process complement the XOR gates 
output at the time some ‘M’ no. of XOR gates generated 
logic ‘0’, a ‘N’ no. of XOR gates generated logic ‘1’. For 
this case, get the result (M+1) number of zeros followed 
by (N-1) number of ones.

Example: Input Numbers U = 6 and V = 2 then the result 
of U + V.

Input U = 6 = 111111; Input V = 2 = 000011
     The flipped version of V = 110000
                                          -----------
Logical OR b/w U and Flipped version of V = 111111
Logical XOR b/w U and Flipped version of V = 001111
Complement the XOR gates output = 110000
The result of the addition = 000001 = 1

Fig. 4 displays the flow chart of the suggested TCR-based 
mod adder.

The pseudo system verilog code of the suggested TCR-
based mod adder is as follows.

module model_1#(parameter N)(A,B,out);
input    [N-2:0] A;
input    [N-2:0] B;
output  reg [N-2:0] out;
----------
-----------
-----------
-----------
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This paper presents the design of a comparator with low power, low offset voltage, 
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comparator for a highly linear 4-bit Flash A/D Converter (ADC). The outlined design 
can operate on a nominal supply of 1.8 V. The comparator offset voltage was elevated 
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sults of pre-and post-layout simulations in various process, voltage, and temperature 
corners are shown.

Author’s e-mail: ishratzahanmukti16@gmail.com, ebad.eee.cuet@gmail.com, kou-
shikkumarbiswas13@gmail.com

How to cite this article:  Mukti IZ, Khan ER, Biswas KK. 1.8-V Low Power, High-Res-
olution, High-Speed Comparator With Low Offset Voltage Implemented in 
45nm CMOS Technology. Journal of VLSI Circuits and System Vol. 6, No. 1, 2024 (pp. 
19-24).

Journal of VLSI Circuits and Systems, ISSN: 2582-1458 Vol. 6, No. 1, 2024 (pp. 19-24) 

IntroductIon 
A comparator is a device that compares between two input 
signals, basically an input analog signal with a reference signal, 
and gives outputs in terms of a digital signal based on the result 
of the comparison. Comparators are widely used in various 
circuits, especially A/D converters (ADC). An ADC application 
is one that requires a quicker operating speed and reduced 
power consumption. They also aim for a reduced noise level and 
a lower offset voltage. The comparator is crucial in obtaining 
greater operating speeds and lower power consumption. The 
comparator we suggest is made using CMOS technology, which 
has strong noise immunity and low static power consumption. 
This article details the design of a comparator for use in a 
4-BIT FLASH ADC with a sampling rate of 4.2 GHz. In such a 
circumstance, the device’s accuracy should be no less than 
1/2 LSB. When the reference voltage and supply voltage are 
identical, the LSB value of an N-bit ADC is provided by the 
following formula:
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 LSB= {VDD/ (2) ^N} (1)

The desired comparator resolution is 112.5 mV for a 
4-BIT converter with a 1.8V supply voltage. In this work, 
we examine the design and operation of a current-based, 
low-power comparator. In order to gain more precision 
and minimize, a competent offset cancellation method has 
been implemented. In this comparator, super low threshold 
MOSFETs are used. In general, in a conventional MOSFET 
structure, the gate capacitance tends to show a higher 
value. For this reason, the threshold of the MOSFETs tends 
to be higher. One of the techniques to obtain a super low 
threshold of MOSFETs is to fabricate the MOSFETs with 
lower gate capacitance. As the gate capacitance is lower 
in these types of MOSFETs, the threshold voltage will 
reduce a lot which will give a better headroom for design, 
to have a great ICMR range, low power consumption, and 
large obtainable gain while keeping all the MOSFETs in 
saturation. SLVT MOSFETs allow doing that. Also, the length 
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always@(*)
begin
   if(count_overlap_zeros > {(N/2){1’b0}})
   begin
----------
-----------
function [N-1:0] convert_input;
input  [N-1:0] in_1;
reg   [N-1:0] out_1;
integer l,m;
begin
----------
-----------
endfunction
function [(N/2)-1:0] count_zeros;
input   [N-1:0] in;
----------
-----------
end
endfunction
function [N-1:0] reverse_in;
input    [N-1:0] in1;
reg    [N-1:0] temp;
----------
-----------
endfunction
endmodule

Fig. 4: Proposed TCR-based Mod Adder

Experimental Results

The current mod adder and recommended one based on 
the TC model are simulated using the Cadence NC launch 
simulation analysis environment. The delay, total power 
consumption, area, power delay product (PDP), and 
area delay product (ADP) comparison of the TCR-based 

modulo adder, the proposed 90nm TCR-based mod adder 
design in the Encounter tool, and the existing TCR-based 
mod adder are shown in Tables 2, 3, 4,5, and 6. According 
to the Tables, the suggested design outperforms current 
solutions with acceptable areas and delays in terms of 
power consumption and power delay product.

The proposed modulo adder consumes less power 
compared to the existing system. One of the main reason 
for this is the number bits are used for the representation 
of the input numbers in thermometer coding. The 
number of bits used in the proposed modulo adder ‘m’ 
adder is (m-1)-bits. The operation of the proposed adder 
is simple.

Table 2: Comparison of Delay (ns)

Mod 
Value

Suggested
Mod Adder 

[27]
Mod Adder 

[22]
Mod Adder 

[21]

7 1.56 1.93 1.06 2.09

8 1.64 1.98 1.21 2.30

9 2.35 2.88 1.44 3.51

11 2.46 2.98 1.76 3.86

13 3.98 4.48 2.06 5.31

Table 3: Comparison of Total Power (µW) 

Mod 
Value Suggested Mod Adder 

[27]
Mod Adder 

[22]
Mod Adder 

[21]

7 3.16 3.88 6.23 16.62

8 2.10 2.35 7.43 11.76

9 2.18 2.69 8.90 16.69

11 2.75 3.08 13.32 21.78

13 4.98 6.97 23.88 24.74

Table 4: Comparison of Area in (µm2) 

Mod 
Value

Suggested
Mod Adder 

[27]
Mod Adder 

[22]
Mod Adder 

[21]

7 301.32 375.42 255.08 265.26

8 395.65 448.84 326.22 348.25

9 410.36 498.04 406.46 425.21

11 581.23 600.97 602.49 623.54

13 687.43 763.71 829.56 840.96

Table 5: Comparison of PDP in (µW * ns) 

Mod 
Value

Suggested
Mod Adder 

[27]
Mod Adder 

[22]
Mod Adder 

[21]

7 4.93 7.49 6.6 34.74

8 3.44 4.65 8.99 27.05

9 5.12 7.75 12.82 58.58

11 6.76 9.18 23.44 84.07

13 19.82 31.23 49.19 131.37
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A. Operational Transconductance Amplifier
OTA is a fundamental component in the majority of 
analog circuits with linear input-output characteristics. 
It is essentially identical to conventional operational 
amplifiers in which differential inputs are present. The 
primary distinction between OTA and traditional OPAMP is 
that the output of OTA is in the form of current, while the 
output of conventional OPAMP is in the form of voltage. 
The comparator has two special properties.

• Input Swing
• Output Swing

Our target is a small change of ∆VGS as if we get a sharp 
digital output in the comparator. We know, Inverter has 
a very high gain. We make the OTA stage by connecting 
a differential amplifier with an Inverter. All the MOSFETs 

of the MOSFETs was increased to four times of the nominal 
length which has provided the design with a better Noise 
Figure, PSRR, Gain, and CMRR performance.

relAted work

Over decades, the design of a comparator has been 
implemented. With the use of various process technology, 
several researchers have produced a variety of acceptable 
comparator structures for a variety of applications.

Developed a three-stage voltage comparator 
concentrated on improving comparator sensitivity and 
total gain in this design. B. Prathibha et al.[2] suggested a 
three-stage CMOS comparator with a high-speed operation 
to gain a lower static & dynamic power dissipation and a 
smaller offset voltage. Satyabrata et al.[3] compare the 
traditional comparator to the latched and hysteresis-
based comparator. Zbigniew[4] presented the design of 
a comparator for a high-linearity flash ADC, which was 
realized in a 22nm FDSOI process with a 0.8V supply. The 
architecture of a pipelined ADC mismatch insensitive 
dynamic comparator.[5] High-resolution comparators have 
also been designed utilizing offset measurement and 
a cancellation technique involving dynamic latches.[6]  
Consequently, it was suggested to build a dynamic 
comparator with high accuracy and low offset.

This paper focused on the highly linear, low offset 
voltage, high resolution, and low power performance of the 
Comparator. The comparator design given in this paper is 
designed that can be used with flash ADC.

ArchItecture of compArAtor

The comparator circuit is the essential element of every 
ADC. The total performance of the ADC is determined by 
the properties and performance of the comparator. Fig. 
1 depicts the block diagram of the proposed comparator. 
This topology comprises two blocks in it.

• OTA Stage
• Output Stage

Up to the OTA, the stage amplification of analog input 
is performed. Then the buffer stage further amplifies to 
give a level as well as strengthen the OTA OUTPUT signal 
for load driving. After the output buffer stage, a digital 
signal is created on the output side. Fig. 2 depicts the 
schematic of the entire idea.

Fig. 1: Block diagram of the suggested Comparator
Fig. 3: Differential Pair, OTA Stage, and Current Mirror 

for The Comparator

Fig. 2: Schematic of the 45nm CMOS-based 
Comparator
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Table 6: Comparison of ADP in (µm2 * ns) 

Mod 
Value

Suggested
Mod Adder 

[27]
Mod Adder 

[22]
Mod Adder 

[21]

7 470.06 724.56 270.38 554.39

8 648.87 888.70 394.73 800.98

9 964.35 1434.35 585.30 1492.49

11 1429.83 1790.89 1060.38 2406.86

13 2735.97 3421.42 1708.89 4465.50

The RTL Schematic of the proposed adder is shown in 
below Fig. 5 

Fig. 5: RTL Schematic of the Proposed Mod – 7 Adder

The simulation results of the proposed TCR-based mod 
adder (mod value = 7) are shown in Fig. 6 and its layout 
is shown in Fig. 7.

Fig. 6: Suggested Mod Adder Simulation Result 

Fig. 7: Layout of the Proposed Mod Adder

Conclusion

The proposed TCR-based mod adder in this paper gives 
good results in contrast to the existing similar mod 
adders based on TCR in terms of Delay, Total Power 
Consumption, Area, Power Delay Product (PDP), and Area 
Delay Product (ADP). By considering all these results of 
the suggested mod adder based on TCR it was suitable 
for applications like Embedded Systems, Digital Signal 
Processing, Digital Image Processing, Cryptography, 
communications, etc., In these applications power 
consumption, area, and delay are crucial.
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IntroductIon 
A comparator is a device that compares between two input 
signals, basically an input analog signal with a reference signal, 
and gives outputs in terms of a digital signal based on the result 
of the comparison. Comparators are widely used in various 
circuits, especially A/D converters (ADC). An ADC application 
is one that requires a quicker operating speed and reduced 
power consumption. They also aim for a reduced noise level and 
a lower offset voltage. The comparator is crucial in obtaining 
greater operating speeds and lower power consumption. The 
comparator we suggest is made using CMOS technology, which 
has strong noise immunity and low static power consumption. 
This article details the design of a comparator for use in a 
4-BIT FLASH ADC with a sampling rate of 4.2 GHz. In such a 
circumstance, the device’s accuracy should be no less than 
1/2 LSB. When the reference voltage and supply voltage are 
identical, the LSB value of an N-bit ADC is provided by the 
following formula:
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 LSB= {VDD/ (2) ^N} (1)

The desired comparator resolution is 112.5 mV for a 
4-BIT converter with a 1.8V supply voltage. In this work, 
we examine the design and operation of a current-based, 
low-power comparator. In order to gain more precision 
and minimize, a competent offset cancellation method has 
been implemented. In this comparator, super low threshold 
MOSFETs are used. In general, in a conventional MOSFET 
structure, the gate capacitance tends to show a higher 
value. For this reason, the threshold of the MOSFETs tends 
to be higher. One of the techniques to obtain a super low 
threshold of MOSFETs is to fabricate the MOSFETs with 
lower gate capacitance. As the gate capacitance is lower 
in these types of MOSFETs, the threshold voltage will 
reduce a lot which will give a better headroom for design, 
to have a great ICMR range, low power consumption, and 
large obtainable gain while keeping all the MOSFETs in 
saturation. SLVT MOSFETs allow doing that. Also, the length 
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