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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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Abstract
There is a need to have real-time autonomous navigation where control architectures 
are needed which fulfil deterministic execution, adaptingability of uncertainty as well 
as to efficiently use limited embedded resources in path-constrained and safety-critical 
environments. Although model predictive control (MPC) offers excellent promises in terms of 
guarantees in constraint management and stability, its computational characteristics make 
it ineffective on embedded resources-restrained systems. By contrast, control methods 
based on learning are flexible but do not necessarily have formal guarantees needed in 
real-time safety-critical navigation. In order to overcome these issues, the module will 
present a hardware-adaptive learning-aden predictive control system of real-time path 
constrained navigation on reconfigurable embedded systems. The suggested structure 
combines a deterministic predictive control core and the learning modules that work in 
a helping manner to vary model parameters and cost functions according to variations in 
the environment and uncertainties within systems. A Hardware adaptive software layer 
is a dynamically reconfiguring adaptive precision scaling of computational resources, and 
parallelism scaling, at runtime to ensure real-time execution under the dynamic workload 
conditions. Also, a runtime hardware supervisor imposes timing requirements and can 
safely fallback execute to ensure deterministic execution in the case of computational or 
environmental perturbations. The architecture is runnable on a reconfigurable embedded 
platform and tested in a series of scenarios of navigation with dynamic constraints of paths 
and external disturbances. Experiments show significant decreases in control latency and 
control power over software based MPC and fixed hardware systems, but with no loss of 
strong tracking accuracy and constraint satisfaction. These findings confirm the presence 
of viability in the concept of hardware control co-design that facilitates high-quality, 
dependable, and scalable intelligent navigation systems in the embedded apprehensive 
milieu.
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Introduction

The autonomous navigation systems which used in the 
real-life, path-constrained environments have the 
requirements of executing control decisions with strict 
real-time, safety, and energy limitations. Systems like 
mobile robotics, unmanned ground and aerial platforms, 
and autonomous platforms to inspection require control 
loops with low latency and rigorousness to modeling 
uncertainties and consistency of resources on constrained 

embedded systems. The requirements are a serious 
problem to the traditional control and computing models 
especially when used in safety-critical environments.

This has seen model predictive control (MPC) as a 
very popular framework approach to autonomous 
navigation controller because it can explicitly quantify 
the system dynamics, state and input constraints and 
multi-objective optimisation in the formulation of the 
controller.[1, 2] MPC based navigation systems have been 
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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 𝜇𝜇𝜇𝜇 × 15.75 𝜇𝜇𝜇𝜇. 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 

33

shown to be good at tracking accuracy and constraint 
handling as compared to classical feedback controllers. 
Computational complexity of MPC is however rapidly 
increasing as length of the prediction horizon, model 
fidelity, constraint density and thus implementing it in 
real time on embedded systems is challenging without 
compromising its performance or determinism.[3, 4] 

Machines Software-based implementations of MPC on 
either CPUs or GPUs do not usually fulfill the latency and 
power requirements needed by embedded autonomous 
systems. The techniques based on learning controls 
such as reinforcement learning (RL) and adaptive 
neural controllers have demonstrated high potential 
in managing these uncertainties, disturbances and 
unmodeled dynamics in navigation.[5, 6] Although such 
purely learning based controllers are flexible in nature, 
they typically do not have formal guarantees of stability, 
safety and constraint satisfaction, which hinder their 
use in autonomous navigation systems that are safety 
critical. To address these shortcomings, learning-
assisted control designs have gained more attention in 
recent times, in which the deterministic control laws are 
not substituted by learning components but augmented 
so as to offer better adaptability without compromising 
safety guarantees.[7-9] Simultaneously, new programming 
platforms based on reconfigurable hardware, e.g. field-
programmable gate arrays (FPGAs) and heterogeneous 
system-on-chip (SoC) architectures have made it 
possible to realize deterministic low-latency energy-
efficient execution of complex control algorithms.[10, 11]  
MPC and control pipelines Hardware The execution 
time and power consumption of hardware architected 
MPC and control pipelines have shown significant 
reductions over software reactionary implementations. 
Nonetheless, in most current control architecture 
implementations of hardware-accelerated systems, 
the hardware-accelerated control architectures are 
statically configured, being unresponsive to dynamically 
changing complexities in the environment, workload 
variations, or control accuracy requirements.[12] 
Moreover, the combination of learning-assisted control 
with the reconfigurable hardware at runtime is a 
relatively under-researched area especially in real-time 
path-constrained navigation.

These gaps are answered in this paper by offering a 
hardware-adaptive learning-assisted predictive control 
architecture of autonomous real-time navigation on 
reconfigurable embedded platforms. The suggested 
method provides a combined design of the control 
algorithm and hardware execution structure, allowing 
the learning-enabled adjustment, preserving the 
deterministic execution and hard necessity guidelines. 

An adaptation layer with hardware awareness is able to 
reconfigure computational resources dynamically during 
operation by applying precision scaling and parallelism 
regulation and a safety supervisor to enforce timing 
requirements and be able to perform fallback operation 
in a deterministic manner.

Primarily, the contributions of this work can be 
summarized as follows:

1.	A hybrid learning-aided predictive control 
system integrating adaptive learning systems 
with deterministic constraint-aware predictive 
control.

2.	A software-adaptable hardware allowing real 
time reconfiguration of compute resources to 
meet real-time and energy specifications.

3.	A fallback control and hardware level monitoring 
safety-conscious implementation strategy.

4.	Experimental verification on a reconfigurable 
embedded system of reduced control latency, 
energy efficiency, and strong navigation 
capability.

The rest of this paper has been structured in the following 
way. Section II is a literature review of the related work on 
predictive control and learning-assisted navigation and 
hardware-accelerated control architectures. In Section 
III, we have the system model and problem formulation. 
The fourth section (IV) outlines the suggested learning-
assist control architecture which is hardware adaptable. 
V explains the implementation of the hardware in real-
time. Section VI contains the results and performance 
evaluation of the experiment and is then discussed in 
Section VII with the conclusion made in Section VIII.

Related Work

The applicability of model predictive control (MPC) to 
autonomous navigation behaviors, including path tracking, 
obstacle avoidance, and assembly planning in particular, 
is a subject of intensive research because it allows a 
direct integration of system dynamics, constraints, and 
objectives of the optimization problem into a single 
model.[1, 2] Many MPC-based navigation systems have 
been proven to be highly accurate and robust trackers 
in comparison to traditional feedback controllers, 
especially in a complex path constraint environment.[3]  
But the computational cost of solving constrained 
optimization problems on a cycle-by-cycle control 
system is arguably the biggest barrier to implementation 
of MPC in embedded systems in the real time. This 
difficulty is higher in the case where high update rate 
or long prediction horizons and nonlinear system models 
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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. 
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• 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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are needed, and software-based implementations of MPC 
often cannot satisfy the stringent latency and energy 
constraints.[4, 5] In order to resolve model uncertainty 
and environmental variability, adaptive learning based 
control methods including, reinforcement-learning (RL), 
adaptive dynamic programming, and neural-network-
based controllers have received a lot of attention.[6, 7]  
These techniques allow the use of data to adapt, and 
they have proven to be very robust in complicated 
navigation scenarios. However, purely learning-based 
controllers do not generally provide formal guarantees 
on stability, constraint satisfaction and safety and this 
limits its application in the safety critical autonomous 
systems.[8] This has led to the development of hybrid 
learning-assisted control paradigms in which the learning 
elements are used to add to classical control strategies 
and not to replace them altogether.[9] The simplex 
and neural-simplex architectures are safety-related 
frameworks that are enabling supervisory controls that 
enable learning-based controllers to act according 
to set safe limits.[10, 11] These techniques are used to 
enhance reliability although they are used more often 
in software and seldom, take into account constraints 
in hardware or hardware optimization. Simultaneously, 
a great step in hardware-based control has been 
achieved with reconfigurable platforms based on field-
programmable gate arrays (FPGAs) and heterogeneous 
system-on-chip (SoC) platforms. Previous research has 
shown that deterministic execution, lower latency, and 
better energy consumption can be delivered with FPGA-
based implementation of MPC and control pipelines than 
the CPU- or GPU-based implementations.[3, 12] These 
architectures are especially appealing to embedded 
autonomous systems that should have real-time 
guarantees. Nevertheless, the majority of hardware-
accelerated control designs are initially configured in 
a fixed manner and designed to perform best in worst-
case conditions, which are then underutilized and 
offer little flexibility to variances in the complexity of 
the environmental and control accuracy needs or the 
computational workload at run time.[4, 5]

Moreover, there is a paucity of research with regard to 
the incorporation of learning-assisted control with the 
use of reconfigurable hardware in the field of runtime. 
Available literature instead typically focuses on control 
and learning as two separate design layers, and hardware 
execution, and does not establish a hardware-control co-
design method. Therefore, existing solutions do not make 
the maximum of the reconfigurable hardware potential 
(adaptative, safe, and energy-efficient autonomous 
navigation). The paper discusses these shortcomings 
with a proposal of a hardware-adaptive learning-assisted 

predictive control architecture that combines learning-
assisted control with run-time reconfigurability of 
hardware, which encompasses deterministic, efficient 
and robust navigation of embedded reconfigurable 
systems.

System Model and Problem Formulation

In this section, the system dynamics, system constraints, 
and control objectives on which the suggested hardware-
adaptive learning-assisted predictive control framework 
is based are introduced in the context of real-time path-
constrained navigation. Figure 1 below gives a visual 
representation of the system model and PFU of the 
system that is taken into account in this paper.

Take an example of a mobile autonomous agent with 
nonlinear dynamics with discrete time given by.

	 x(k+1)=f(xk,uk )+wk	 (1)

where xk ∈ Rn denotes the system state at time step 
k, uk ∈ Rm  represents the control input, and wk ∈ Rn  
denotes bounded external disturbances and modeling 
uncertainties. The nonlinear function f(⋅) captures 
the system dynamics and may represent kinematic 
or dynamic models commonly used in mobile robotics 
and autonomous navigation. It is assumed that the 
disturbance term wk satisfies ∥wk∥≤wˉ, where wˉ is a 
known bound.

The navigation objective is to track a predefined 
reference path or trajectory xk

ref​ while satisfying hard 
constraints on system states and control inputs. These 
constraints are expressed as

	 xk  ∈x, uk  ∈u	 (2)

in which X and U are compact, convex sets of state con-
straints (i.e. position boundaries, velocity limits, obsta-
cle avoidance regions, etc.) and input constraints (i.e. 
actuator saturation and rate limits, etc.), respectively.

The predictive controller at every control instant solves 
a finite-horizon optimization problem on a prediction 
horizon, N, of the form

	 	 (3)

subject to the system dynamics and constraints for 
all i=0,…,N−1. The stage cost function ℓ(⋅) penalizes 
tracking error and control effort, while the terminal cost 
ℓf(⋅) ensures closed-loop stability.

In addition to conventional MPC objectives, this work 
explicitly considers real-time execution constraints, 
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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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where the optimization and control computation must 
be completed within a fixed sampling period Ts​. Let Tcomp​ 
denote the worst-case computation time of the control 
algorithm; then the real-time constraint is defined as

	 Tcom≤ Ts	 (4)

The central issue that has been dealt with in the work 
is to balance stable constraint-satisfying navigation 
while bounded disturbances and, at the same time, 
deterministic real-time performance of embedded 
hardware with its resource constraints. In this respect, 
adaptive strategies which are assisted by learning 
and execution strategies which are hardware-aware 
are added to eliminate modeling uncertainty and 
computational variability without breaching safety and 
timing guarantees.

Fig. 1: System Model and Predictive Control 
Formulation for Real-Time Path-Constrained 

Navigation

Picture demonstration of system model and the 
formation of control problem. The mobile agent will 
develop based on nonlinear discrete-time dynamics 
under mild disturbances, and it is going to follow 
a reference path subject to state as well as input 
constraints. A finite-horizon predictive control can 
minimize tracking error and control effort and is 
real-time executed by ensuring the time required to 
perform control computations does not exceed the 
sampling period on an embedded computer.

Proposed Hardware-Adaptive Learning-
Assisted Control Architecture

In this section, the authors present the concept of the 
proposed hardware-adaptive, learning-assisted control 
architecture; the authors additionally indicate how 
the control, learning and hardware execution parts are 
collectively developed to attain real-time, safe, and 
efficient control on reconfigurable embedded systems. 

The architecture is designed based on a hardware control 
co-design approach, in which the requirements of the 
hardware limits and run-time execution are clearly 
brought into algorithmic choices.

Overall Architecture

The offered architecture consists of four layers functioning 
closely and intertwined with each other: predictive 
control engine, learning assistance module, a hardware 
adaptation layer, and a safety supervision mechanism. 
Figure 2 shows the general hardware-adaptive learning-
assisted control and how these functional layers interact 
with each other. Measurements captured by the sensors 
on the platform of navigation are initially subjected to 
state estimation and preprocessing units to estimate the 
existing system state. This state data is the main input 
of the predictive control engine and calculates control 
interventions, using the model of the system, the 
reference path and operational limits. Simultaneously, 
the learning assistance module constantly keeps thereon 
behavior of the system, keeping track of errors and 
disturbance trends in the course of operation. The 
learning module does not directly produce control 
actions rather it performs an auxiliary role of generating 
adaptive updates to model parameters and the weights of 
costs functions utilized by the predictive controller. This 
design option guarantees that the learning also increases 
the adaptability without maintaining the deterministic 
and constraint-conscious predictive control framework. 
The hardware adaptation layer is directly exposed 
to the underlying reconfigurable embedded platform 
and dynamically scales the computational capabilities 
as based on the varying workload and timing needs. A 
special safety supervisor monitors the whole pipeline 
of execution and considers the control performance as 
well as the hardware execution measures and makes 
sure that the safety and real-time limits are met.  

Fig. 2: Hardware-Adaptive Learning-Assisted Control 
Architecture for Real-Time Navigation
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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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A combination of these elements has been able to provide 
strong and adaptive navigation that is deterministic in 
dynamic settings.

Theoretical representation of the suggested control 
scheme. A predictive control engine is used to generate 
state estimates, which are calculated by a sensor, 
and transforms them into constraint-based control 
actions, and an auxiliary learning module continuously 
optimizes the model parameters and weights of the 
costs (dependent on the observed system behavior). 
The reconfigurable embedded platform has a hardware 
adaptation layer that is dynamically adjusted to 
satisfy real-time needs through the allocation of 
computational resources, a safety supervisor that 
constantly checks the latency of control performance, 
and a safety supervisor that enforces deterministic 
and safe operation of the system.

Learning-Assisted Predictive Control Engine

The proposed architecture consists of the learning-
assisted predictive control engine. The predictive control 
engine with learning assistance and limited space online 
adaptation are depicted in Figure 3. At every control 
cycle, the predictive controller can solve a finite-horizon 
optimization involving constrained with control inputs 
that minimize the error of tracking and alive to state 
and input constraints. Learning mechanisms are also 
used to adjust internal parts of the predictive controller 
to increase its strength to modeling uncertainties 
and external disturbances should they be present. In 
particular, the learning module is used to update the 
parameters of prediction models and the weights of the 
control costs, depending on the discrepancies that have 
been observed in the behavior of the system between 
the predicted and actual one. These updates occur on 
line and are restricted to stay within given limits so 
that stability and attainability of the predictive control 

problem are maintained. The architecture does not 
expose control to the unpredictability of fully learning-
based methods of control because it limits the control to 
parameter adaptation. This assistive learning approach 
means that the foreseeable controller keeps control over 
ultimate control choices such that constraint fulfillment 
and steadiness features are ensued always. This learning-
assisted formulation thus provides a tradeoff between 
adaptability and safety necessary to be deployed in real-
time safety-critical navigation systems.

Predictive control engine (learning assisted) 
conceptualized. A predictive controller produces 
constraint-satisfying control acts given the current 
state and reference trajectory and an auxiliary learning 
module carries out constrained online learning of 
prediction model parameters and weight of control 
costs using observed tracking errors. Learning is only 
assistive meaning that final control decisions are 
deterministic, and stability and constraint satisfaction 
are maintained.

Hardware Adaptivity and Reconfiguration Strategy

The proposed architecture implements a layer of hardware 
adaptation that is used to dynamically reconfigure the 
computational resources at runtime to enable execution 
on strictly real-time and energy-constricted embedded 
platforms. The proposed system uses the adaptivity of 
the runtime hardware and safe reconfiguration strategy 
as shown in Figure 4. The predictive control and learning 
modules are executed on a reconfigurable embedded 
platform, in which the numerical accuracy, parallelism 
and resource allocation may be modified according to 
the existing execution needs. The hardware adaptation 
layer measures the execution latency, resource usage 
and power consumption used in the control computation 
during operation. The level of computational load in 
terms of longer prediction length, model complexity, or 
environmental disturbance raises are countered at the 
hardware layer through increased parallelism or through 
set of the numerical precision to achieve real time 
performance. On the other hand, resource consumption 
is minimised when operating under less demanding 
conditions with a view of enhancing energy efficiency. 
One of the safety supervisors constantly assesses the 
achievement of the control calculation against the preset 
timing standards. In case the execution latency needed 
becomes comparable or greater than the permissible 
sampling period, the supervisor causes a deterministic 
fallback policy that temporarily reduces the complexity 
of computation or phases to a safe baseline controller. 
This mechanism will ensure that the execution time 
is bounded and that safety constraints will never be 

Fig. 3: Learning-Assisted Predictive Control Engine 
with Bounded Online Adaptation
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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 𝜇𝜇𝜇𝜇 × 15.75 𝜇𝜇𝜇𝜇. The re-
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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breached regardless of the unfavorable conditions. This 
systematically integrated learning-assisted control with 
adaptable hardware in real-time provides the proposed 
architecture with the ability to achieve reliable, 
efficient, and scalable real-time navigation based on 
resource-constrained embedded systems.

Fig. 4: Runtime Hardware Adaptivity and Safe 
Reconfiguration for Real-Time Control

Theoretical demonstration of the strategy of 
hardware adaptivity and reconfiguration. Real-time 
execution latency, resource consumption, and power 
consumption are the aspects that are continuously 
monitored on the reconfigurable embedded platform. 
The computational resources including the numerical 
accuracy and parallelism are dynamically fine-tuned, 
which meet the real-time requirements and enhances 
energy efficiency. In case timing symptoms have been 
suspected, a safety supervisor uses a deterministic 
fallback system to ensure that the execution time is 
limited and is safe.

Real-Time Implementation on Reconfigurable 
Embedded Platform

The given hardware-adaptive learning-assisted 
control architecture is realized as a reconfigurable 
embedded system that combines programmable 
logic with embedded processing cores allowing the 
efficient execution of computationally-intensive 
control processes with high real-time specifications. It 
is chosen to use the platform architecture to enable 
the provision of deterministic timing, low-latency data 
flow, and runtime reconfiguration, which can be crucial 
in real-time autonomous navigation with a resource-
constrained environment. The predictive control and 
learning support modules are mostly implemented on the 
programmable logic fabric to utilize spatial parallelism 
and pipeline execution whereas supervisory functions, 
configuration management, and safety monitoring are 
implemented on embedded processing cores. Such a 
heterogeneous deployment enables the architecture to 
balance between the computational performance and 

the system flexibility. Fixed-point arithmetic is used in 
the control pipeline to minimize the use of hardware 
resource and power consumption. The length of words 
is chosen optimally based on offline analysis to ensure 
numerical stability and adequate control accuracy with a 
minimal use of logic and minimal memory consumption. 
The operation in real time is made possible through the 
organization of the control pipeline into deeply piped 
stages whereby the sensor data can be generated, its 
state estimating, control computing and actuation 
can be carried out within a predetermined sampling 
interval. Deterministic dataflow and limited latency 
communication interfaces are used to guarantee that 
the upper limit of the execution time of the control loop 
does not exceed the available real-time constraints. 
There is dynamic adjustment of numerical precision, 
pipeline depth and parallel processing resources by 
runtime reconfiguration mechanism to respond to 
varying computational requirements as well as changing 
environmental factors. The hardware adaptation 
layer will keep checking on the timing of execution, 
the usage of the resources and power used during the 
process. According to these measures, with such a 
system, real-time guarantees are not broken through 
dynamically trading performance or energy-efficiency 
against computational accuracy when dynamically 
needed. When performance goals are at risk due to 
execution deadlines, the safety supervisor implements 
a deterministic fallback configuration which makes 
computation simpler but safely and reliably behaves 
in control. In general, the real time implementation 
shows that the suggested architecture is capable of 
running learning-assisted predictive control at very 
strict timing and power limits. Reconfigurability, fixed-
point optimization and run-time adaptivity The ability 
to deploy intelligent navigation systems on embedded 
platforms helps in scalability and efficiency.

Experimental Evaluation and Results

The suggested adaptive hardware-assisted learning-
assisted predictive control framework is analyzed by a 
sequence of experiments that are performed in a variety 
of navigation conditions varying in path constraints, 
disturbance profiles, and workloads on the computers 
that run them. The analysis aims to analyze performance 
of control, behavior of real-time execution and energy 
efficiency of the embedded system functioning in realistic 
conditions. The suggested solution is contrasted with 
two baseline solutions a software-based implementation 
of MPC running on an embedded processor and a fixed 
hardware-accelerated approach to MPC that lacks 
runtime adaptation. The experimental conditions are 
smooth and highly curved reference paths, narrow 
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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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constrained corridors, and a permeated external 
disturbances environment in order to create modeling 
uncertainty and environmental variability. Quantitative 
measures are used to assess the performance such as 
the root-mean-square (RMS) tracking error, rate of 
constraint violation, latency of control loop and the 
power consumption average.

Table 1 provides a summary of the performance of 
the tracking accuracy and constraint satisfaction in all 
test situations. The proposed architecture has proven 
predictably better tracking error to the software-based 
MPC and all tested cases have constraint violations of 
zero. Conversely, the software-implementation has 
been found to have periodic constraint violations when 
working in high disturbance environments because of 
latent control updates, and the hardened hardware 
implementation has smaller adaptability when there 
are changes in operating conditions. Table 2 lists the 
real-time performance at execution with the worst-
case control latency and consummation of energy. A 
significant decrease in control latency of the proposed 
hardware-adaptive architecture over the software-based 
MPC is achieved, making sure that all control compute 
operation is finished in time with the predetermined 
sampling time. The proposed design is more energy 
efficient than the traditional hardware design, which has 
a fixed numerical precision and parallelism depending on 
the requirements of the workload.

The distribution of the control latency at different lengths 
of the prediction horizon is shown in Figure 5. Although 
performance of the software-based MPC is adversely 
affected by horizon length when it comes to latency, 
the suggested architecture has a limited execution 
time due to a runtime hardware reconfiguration. The 
power consumption profile of the proposed system in 

figure 6 shows that average power consumption during 
low-complexity operating conditions is lower than the 
traditional system without compromising the accuracy 
of the control.

On the whole, the experimental findings prove that 
the suggested method provides high-quality real-time 
performance and power consumption with maintenance 
of strong tracking precision and hard constraint 
compliance.

Fig.5: Control latency comparison under varying pre-
diction horizon lengths.

The software code based MPC has a high rate of control 
latency when the predict ion horizon is extended resulting 
to real-time deadline violations. Conversely, the fixed-
point hardware implementation has limited latency, and 
the hardware-adaptive learning-assisted MPC can always 
meet the real-time requirements by reconfiguring (in 
real time) in response to longer prediction horizons.

The proposed hardware-adaptive learning-aided MPC 
will be less power consuming compared to software and 
more complex hardware implementation of the workload 
in all workload complexities. Run-Time, Runtime  

Table 1:  Tracking Accuracy and Constraint Satisfaction Performance

Method RMS Tracking Error (m) Max Tracking Error (m) Constraint Violations
Robustness Under 

Disturbance

Software-Based MPC 0.21 0.38 Occasional Moderate

Static Hardware MPC 0.16 0.29 Rare Moderate

Proposed Hardware-Adaptive 
Learning-Assisted MPC

0.11 0.19 None High

Table 2: Real-Time Execution and Energy Performance Comparison

Method Worst-Case Latency 
(ms)

Meets Real-Time 
Deadline

Average Power 
Consumption (W)

Energy Efficiency

Software-Based MPC 18.6 No 6.4 Low

Static Hardware MPC 7.9 Yes 4.1 Medium

Proposed Hardware-Adaptive 
Learning-Assisted MPC

4.6 Yes 2.8 High
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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 𝜇𝜇𝜇𝜇 × 15.75 𝜇𝜇𝜇𝜇. 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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The concept of runtime allows the efficient utilization 
of computational resources to meet the needs of 
workloads according to the demand and maintain real-
time performance.

Discussion

The experimental results verify that the combination 
of predictive learning-aided and predictive control 
with adaptivity in the hardware runtime can give great 
benefits to real time path-constrained navigation by 
healthcare-type embedded platforms. As the proposed 
architecture uses learning mechanisms in a supportive 
and constrained way, the architecture becomes more 
robust in the face of modeling uncertainty, disturbances, 
without a deterioration to stability or safety. This is 
contrary to purely learning-based methods as reported 
by other previous studies that tend to have uncontrolled 
behavior and is not guaranteed in a strict real-time 
environment. The proposed architecture has much 
lower latency and power consumption than traditional 
software-based implementations of MPC, and it can 
execute with deterministic execution. The results 
are similar to the previous literature on accelerating 
control on FPGA, but in contrast with fixed hardware 
design configurations in the literature, the proposed 
one adds dynamic adaptivity in terms of computational 
resources based on the dynamic complexity of the tasks. 
This is able to enhance better energy consumption 
and real-time performance even at different operating 
conditions. The deterministic fallback mechanism also 
provides additional differentiation to the proposed 
architecture compared to the previous learning-assisted 
and hardware-accelerated control system. The system 
ensures that the execution time remains bounded even 
in unfavorable circumstances, which is a vital safety 
layer needed when one needs to deploy it in safety-
critical autonomous navigation systems. The scalability 

of the architecture argues that it can be generalized to 
a more complex set of navigation scenarios, to multi-
dimensional system models, and to multi-agent systems 
with little besides adjustments. Overall, the findings 
prove that the hardware-control co-design together with 
limited learning support and runtime reconfiguration 
provides an effective and practical solution to the 
implementation of intelligent navigation systems with 
quite stringent real-time and energy-related limitations. 
These results put the proposed architecture as a strong 
development on the current software-based and 
unadjustable hardware-based control methods.

Conclusion

The paper introduced a hardware-adaptive predictive 
control system based on learning assisted real-time path-
constrained navigation on reconfigurable embedded 
platforms. The given method is taken to overcome 
the drawbacks of traditional software-based and fixed 
hardware control systems since the control algorithm 
and its hardware implementation strategy are designed 
together. Through an innate combination of a predictive 
control core, which is deterministic and supports bound 
learning processes, and runtime hardware adaptivity, the 
architecture provides a high level of robust navigation 
performance yet meets an extremely stringent set of 
real-time, safety, and energy constraints. The work 
has also made significant contributions in the form of 
a learning based predictive control framework that is 
more resistant to modeling uncertainties whilst not 
reducing the stability or constraint satisfaction, and an 
hardware-adaptive implementation strategy whereby the 
computational resources are dynamically reconfigured 
to support different workload needs. A mechanism of 
safety supervision that includes deterministic fallback 
protocol ensures limited execution time and dependable 
behavior in worst case scenarios. Experimental testing 
on a reconfigurable embedded system showed that 
the proposed architecture beats software based MPC 
and hard-ware based fixed point implementations 
on control latency, power consumption and tracking 
error, and adheres to hard constraints. The proposed 
framework will be further implemented in the future 
in the multi-agent, cooperative navigation conditions 
where the resource sharing and distributed control 
add more challenges. Extended studies will also focus 
on the future-oriented signaling on the reconfiguration 
of the runtime strategies such as predictive hardware 
adaptation, and integration with the developing low-
power computing paradigms, to amplify the scalability 
and survivability. These guidelines will also enhance the 
implementation of the suggested architecture to the 

Fig. 6: Power Consumption Profile Under Varying 
Workload Complexity
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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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next-generation autonomous systems that would work 
on dynamic and safety-sensitive environments.
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