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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
Regeneration of tissues is as well a revolutionary front in regenerative medicines, 
and the development in bioengineered scaffold and intelligent biomaterials that 
replicate the intricate architectural, biochemical, and mechanical properties of the 
natural extracellular neighbor (ECM) have contributed to this. Such scaffolds serve 
both supporting structures as well as cell behavior regulation, tissue formation, and 
controlled release of bioactive molecules. The past few years have experienced great 
advancement in biomimetic scaffold construction, which poses high precision levels to 
replicate the microenvironment in a given tissue. Parallel to this, the introduction of smart 
biomaterials, whose properties are dynamic and responsive to a physiological cue, e.g. 
pH, temperature, enzymatic activity or mechanistic load gave rise to new opportunities 
in real-time responsiveness and adaptive wound healing. Other strategies that have 
improved scaffold design include 3D bioprinting, electrospinning, and self-assembling 
peptide systems which allow perfecting of porosity, architecture, and mechanical 
characteristics of the scaffold to constitute a variety of tissue such as bone, cartilage, 
skin, neural, and cardiac tissues. Nanotechnology has also allowed incorporation of 
nanoscale signals and functions into the scaffolds thus promoting improved interactions 
between cells and matrix and therapeutic delivery. Whereas spectacular laboratory 
and preclinical success have been achieved, clinical translation of these technologies 
has numerous challenges such as immune compatibility, vascularization, mechanical 
mismatch, biodegradation control, and scalability. The regulatory environment of 
scaffold-based implants is still convoluted and requires a unified assessment criteria of 
long term efficacy and safety. In this review, the recent advances in fabrication methods 
of scaffold materials and the functionalization methods of biomaterials have been 
synthesized and their critical analysis is discussed in terms of their therapeutic potential 
related to different tissue systems and the interdisciplinary frontier in terms of artificial 
intelligence, bioelectronics, and intelligent monitoring systems. In addition, it indicates 
major research lacunae and suggests future directions with the intention to transcend 
the translational pitfalls and achieve patient-specific and clinically viable solutions to 
regenerate tissues. Given this thorough evaluation, the paper will foreseeably lead to 
orienting researchers, biomedical engineers and clinicians in the rational design and use 
of next-generation regenerative therapies through sophisticated scaffolding systems and 
smart biomaterials.
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Introduction

The amount of damage to the tissues caused by injury, 
birth defects, degenerative diseases, or simple aging, is 
a serious clinical challenge to treat, especially when it 
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surpasses the abilities of the body to regenerate itself. 
Conventional remedial approaches like auto grafts, 
allografts, and organ transplantation have a disadvantage 
of shortage in donor, susceptibility of immune rejection, 
infection and unsatisfactory assimilation. The challenges 
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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 
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have led to the interdisciplinary science of tissue 
engineering that promises to achieve a restoration, 
maintenance, or enhancement of tissue functionality 
through a synthesis of scaffolds, bioactive agents, cells, 
and biomaterials.

Bioengineered scaffold, a three-dimensional (3D) 
structure that resembles the extracellular matrix (ECM) 
architecture in structure and in mechanical properties 
and is central to tissue engineering by regulating cell 
adhesion, proliferation, differentiation, and migration. 
These scaffolds are transient matrices that direct spatial 
arrangement of newly produced tissue and its growth 
and slowly disintegrate with the regeneration of the 
native tissue. An ideal scaffold also has to have various 
important properties such as being biocompatible, having 
proper mechanical strength, specific biodegradability, 
high porosity of nutrient diffusion and a surface that is 
suitable to cell attachment and signalling.

Fig. 1: Conceptual Overview of Tissue Engineering: 
Integration of Bioengineered Scaffolds, Smart 

Biomaterials, and Advanced Fabrication Techniques 
for Regenerative Applications

With smart biomaterials embedded into scaffolds, the 
concept of regenerative medicine has changed in recent 
years. The core of these materials is to be stimuli-
responsive, i.e. respond to a particular physiological or 
external stimuli e.g. pH, temperature, enzymes, magnetic 
fields or electrical signals. This responsiveness facilitates 
dynamic responses to the biological environment making 
it possible to deliver drug on demand, respond to tissue 

feedbacks in real-time and to exert additional control 
over cellular processes. Moreover, the development 
of nanotechnology has permitted the production of 
nanostructured scaffolds, more closely resembling the 
nanotopographical characteristics of the natural ECM 
and better responsiveness to cells.

Such techniques as 3D bioprinting, electrospinning, self-
assembly, and microfluidics have made it possible to 
develop new advanced fabrication methods and enable 
researchers to create scaffolds with an architecture 
under precise control, as well as mechanical and 
biomolecular composition gradients. The technologies 
enable the generation of tissue specific scaffolds with 
the specificity of the bone, cartilage, skin, neural, 
and cardiovascular repair. Concurrently, suites of 
functionalization techniques, namely, seeding with 
growth factors, antimicrobial agents, stem cells, and 
conductive components, have improved the efficacy 
of scaffolds and extended their usage to a wide  
range.

The clinical translation of the scaffold-based therapies 
is far from complete even with the current level 
of advancements. Difficulties still remain over the 
satisfactory vascularization, immune compatibility, 
regulatory status and large scale production. Further 
long term in vivo experiments would help the validation 
of the safety, efficacy and functional incorporation of 
engineered tissues.

The current review critically examines the state-of-the-
art in bioengineered scaffold and smart biomaterials 
and takes insight into recent trends, fabrication 
methods and therapeutic uses. It also comments on 
translation issues, and points to the emergence of new 
research areas--of which high on the agenda are AI-
guided design, biosensor-bearing scaffolds, and hybrids 
bioelectronic systems--which are set to spearhead the 
next generation of regenerative therapies. Hence, 
through this wide-ranging synthesis, the paper will act 
as a boon to researchers, biomedical engineers, and 
clinicians in the field of tissue regeneration at the cutting  
edge.

Literature Review

The fundamental paradigm of tissue engineering was 
originally articulated by Langer and Vacanti, the pioneers 
who suggested to implement synthetic matrices as transient 
host of tissue regeneration.[1] Their paper focused on 
application of biocompatible and biodegradable polymers 
to provide scaffolds to act as extracellular matrix (ECM) 
models to tissue formation and its destruction according 
to the formation of new tissue.
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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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Since this time, a variety of natural and synthetic 
materials have been studied such as collagen, chitosan, 
polylactic acid (PLA) and polycaprolactone (PCL)[2] and 
all these materials have the merits of being tuneable 
and having a mechanical property, the ability to be 
processed and bioactive.[3] Natural polymers, such 
as collagen and gelatin, elicit good adhesion of cells, 
owing to their resemblance to the native ECM but they 
lack strength and reproducibility compared to synthetic 
polymers.

The more recent advances of stimuli-responsive smart 
biomaterials have suggested a dynamic feature in the 
design of scaffolds. The materials have the ability of 
changing their physical or chemical characteristics in 
reaction to alterations in environmental conditions like 
pH, temperature or enzymatic actions. As an example, 
a thermo-responsive hydrogel scaffold that has been 
made as a cartilage repair hydrogel emitted controlled 
release of drugs and cell growth when subjected to a 
physiological temperature.[4] Likewise, polypeptides 
including polypyrrole ( PPy ) and graphene-based 
composites have proved to be quite promising in neural 
tissue engineering, since it enables electrical signal 
conduction, one of the most important aspects in neurite 
growth as well as synaptic activity.[5]

The second revolutionizing step is novelty of introducing 
the 3D bioprinting to the production of scaffolds. This 
technology allows deposition of cell-laden bioinks in 
pre-defined architectures to provide a spatial control of 
cell location and tissue heterogeneity. Murphy and Atala 
[6] demonstrated 3D bioprinted constructs that provide 
cellular survival and proliferation as well as functionality 
in terms of tissues. Besides, electrospinning has been 
able to lead to the production of aligned architectures 
of nanofibrous scaffold through which osteogenic and 
neurogenic differentiation of stem cells are improved.[7]

Nanotopography is also critical in stem cell guide. Nano-
scale patterned surfaces manipulate focal adhesion 
formation dynamics and intracellular signaling networks 
and result in lineage-specific differentiation. As an 
example, it is shown in[8] (Bacakova et al.) that aligned 
nanofibers promoted superior neurogenesis and had 
anisotropic structure similar to tissue native.

Together, these articles highlight the paradigm shift 
towards the multifunctional responsive, and biologically 
active scaffolds. The combination of nanotechnology, 
responsive materials and bioprinting has shown promise 
in overcoming these shortcomings, bringing scaffold 
design to within striking distance of the complexity of 
native tissues in a manner that makes clinically viable 
regenerative therapies possible.

Methodology 

This review will follow a systematic and a thematic 
review scheme:

Some data collection

Systematic literature search was established in various 
scientific databases to perform a comprehensive 
systematic and evidence based review of recent 
developments in bioengineered scaffolds and smart 
biomaterials in tissue regeneration. In this study, the 
databases of PubMed, Scopus, Web of Science, and 
Google Scholar were chosen, each as a repository of 
federal peer-reviewed journals and the proceedings of 
some of the high-impact conferences in biomedical, 
engineering and material science fields. These databases 
were selected so that both basic research and the 
most recent breakthroughs across a broad range of 
interdisciplinary fields could be covered widely. To 
find relevant literature, a controlled vocabulary and a 
free-text terms combination was applied. Such terms 
as: bioengineered scaffolds, smart biomaterials, tissue 
engineering, regenerative medicine, 3D bioprinting and 
stimuli-responsive materials were key search terms. 
Search results were narrowed using Boolean operators 
(AND/ OR) and extra filters were placed to omit articles 
not written in English, reviews that could not be 
validated experimentally, and abstracts of conferences 
which were not available with full text.

Fig. 2: Distribution of Thematic Categories in 
Reviewed Literature (2010–2024) Covering Material 

Types, Fabrication Techniques, Functionalization 
Strategies, and Application Areas in Tissue 

Engineering

The period of literature coverage was established 
between 2010 and 2024, spanning more than ten years 
of a fast-paced boom of research activities in the fields 
of scaffold design, development of smart biomaterials, 
and clinical translation. This era encompasses early 
discoveries of responsive materials systems as well as more 
contemporary development in nanotechnology-based  
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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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tissue engineering, fabrication of scaffolds aided by 
artificial intelligence. The two initial stages of search 
results screening were carried out by title and abstract 
reviewing and then a full-text article review to ensure 
relevance and scientific rigor. Other sources were 
determined through citation chaining and through 
manually cross-referencing bibliography of earlier 
pivotal review articles and papers with high impact 
factors. Subsequently, the obtained data were organized 
thematically into four themes of materials, production 
methods, functional modifications, and areas of 
application (i.e., bone, cartilage, neural, and skin) and 
served as the subject of the critical review included in 
this review. Such a systematic method of collecting data 
guaranteed a balanced, up-to-date, and representative 
picture of the so-called state-of-the-art in scaffold-
based regenerative technologies.

Inclusion Criteria

In order to establish scientific validity and relevancy 
of the studies considered in this review, a restrictive 
inclusion criterion was provided in the article selection 
process. Primarily, the peer-reviewed publications were 
addressed in the first place since they are critically 
reviewed by the editors and experts, thus ensuring 
the high academic quality standards. The criterion 
will ensure all data and conclusions forwarded by the 
chosen studies are credible, replicable, and empirical-
based. The systematic review papers were considered 
in addition to the original research articles; however, 
both would have to present important results, either 
quantitative (e.g., characterization of materials, cell 
growth rates, mechanical tests) or qualitative (e.g., 
morphological characterizations, histological studies) 
related to tissue engineering using scaffolds.

The main criteria of inclusion was straight applicability 
towards the design of scaffolds, smart biomaterials 
development, or tissue regeneration procedures. 
The articles were selected by their major interest in 
one or several of the following areas: the fabrication 
or synthesis of scaffolds, the functionalization or 
incorporation of stimuli-responsive materials, the use of 

scaffolds in the regrowth of specific tissues (e.g., bone, 
skin, neural) or the fabrication processes of the same, 
such as 3D bioprinting or electrospinning. The priority 
was given to studies that contained either in vitro or in 
vivo assessments of biomaterials aimed at regenerative 
use to collect practical information about the work of 
scaffolds, their biocompatibility, degradation rates, and 
treatment effects.

Also, all papers in biomedical engineering, materials 
science, polymer chemistry, and clinical regenerative 
medicine were included to guarantee the wide 
interdisciplinary representation as well, provided such 
works made significant contributions to the key themes 
of this review. This broad but focused mix provided a 
rather big and technically sound picture of current 
landscape and future trends of bioengineered scaffolding 
and smart biomaterials in tissue regeneration.

Exclusion Criteria

In order to uphold relevance, clarity, and scientific 
validity of such review, there was a clear set of exclusion 
criteria that was used in selecting the articles. To begin 
with, non-English language books were eliminated since 
it would result in some consistency in understanding and 
the ability to access the technical information. Although 
there is a lot of research of value done in different parts of 
the world in different languages, it has been the intention 
of the review not to adopt a different linguistic context 
which could easily bring about misinterpretations that 
could be occasioned by translation errors and sometimes 
as a result of some context loss due to translation.

Secondly, research studies whose findings were founded 
on sheer theoretical models and not with experimental 
verification were avoided. This review is exclusive 
of computational and mathematical modeling works 
as they do not lend to physical scaffold innovations 
with resultant jindings. This review does, however, 
incorporate computed aided design which does bring 
with it experimentally demonstrated findings. The aim 
was to give first priority to those studies that provide 
empirical information about the performance of 

Table 1: Inclusion Criteria for Literature Selection

Criterion Details

Publication Type Peer-reviewed journals; original research or systematic review articles

Content Focus Scaffold design, smart biomaterials, or regenerative tissue applications

Evidence Type Experimental data (quantitative or qualitative); in vitro or in vivo studies

Material/Technique Scope Studies involving synthesis, functionalization, or fabrication of scaffolds

Application Scope Relevant to tissues like bone, skin, neural, cartilage, or cardiovascular

Disciplinary Range Biomedical engineering, polymer science, regenerative medicine, materials science
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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

Innovative Reviews in Engineering and Science| July-Dec 2026 140

materials, manufacturing of scaffolds, cellular responses 
as well as the efficacy of tissue regeneration in terms of 
in vitro or in vivo experiments.

Finally, the clinical trials or case studies that are not 
focused on the scaffold-based interventions were 
excluded. As much as clinical research is essential in 
bringing laboratory inventions to therapeutic use, only 
the studies that made explicit reference to the use of 
bioengineered scaffolds or smart biomaterials were 
taken to be in focus. Such clinical studies that discussed 
pharmacological therapy as well as stem cell therapies 
that were not based on a scaffolding framework, or had 
unrelated surgical methods, were disregarded in order 
to maintain thematic integrity. Through such parameters 
of exclusions, the review is kept within a confined scan 
of the scaffold-based tissue engineering innovations with 
the involvement of substantial scientific information and 
experimental evidence.

Analysis

After the preservation and filter of the found literature, 
multi-dimensional thematic analysis was used to extract, 
classify, and amalgamate the data into sensible trends 
and direction. The overall number of included studies 
was divided into four large thematic brackets: (i) the 
type of material, including natural, synthetic, and 
composite biomaterials; (ii) fabrication method, such as 
3D bioprinting, electrospinning or freeze-dried scaffolds; 
(iii) tissue engineering application such as bone, skin, 
neural, and cardiovascular tissue regeneration; and (iv) 
performance outcome, which included biocompatibility, 
mechanical strength, degradation curve, and cell 
differentiation potential. Such classification gave an 
opportunity to recognize the main patterns all over 

a wide range of studies and discuss them within one 
narrow domain.

In order to assist objective comparison and bring out 
technological evolution, comparative tables were 
developed. These tables provided information about 
the characteristics of regularly-employed biomaterials- 
e.g., the porosity, tensile strength, degradation rate 
and cytocompatibility- and the biological performance 
results in particular regenerative situations. These 
tabulated comparisons gave a fast-track methodology by 
which suitability of various scaffolds could be assessed 
towards given tissue applications, and they could 
also be used in identifying possibilities of material-
performance correlations which are fundamental to 
clinical translation.

In addition, trends were determined and innovation 
paths traced throughout the field by visual data 
synthesis. It involved the development of bar 

Table 2: Exclusion Criteria for Literature Selection

Criterion Justification

Non-English publications Excluded to ensure linguistic consistency and accurate interpretation

Purely theoretical models Excluded to focus on experimentally validated scaffold and biomaterial innovations

Non-scaffold-based clinical trials Excluded to maintain thematic relevance to scaffold-driven tissue engineering

Incomplete or abstract-only papers Excluded to ensure full methodological transparency and data integrity

Table 3: Comparative Analysis of Biomaterial Properties

Material Porosity (%) Tensile Strength (MPa) Degradation Rate Cell Adhesion Application Area

Collagen 70–90 0.1–0.5 Fast Excellent Skin, cartilage

PCL 60–80 10–50 Slow Moderate Bone, vascular 
grafts

Chitosan 65–85 0.5–2.0 Moderate High Wound healing, 
nerve repair

PLA/HA 50–70 20–60 Moderate Moderate Bone regeneration

Fig. 3: Trends in Publications on Scaffold Fabrication 
Techniques (2010–2024): A Comparative Analysis of 
Electrospinning, 3D Bioprinting, Freeze-Drying, and 

Self-Assembly Methods
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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 
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charts, line graph, as well as heat maps to show the 
development of publication over the years, appearance 
of fabrication techniques, and inclusion of functionality 
of smart biomaterials. Not only did these visual 
tools increase the interpretability of the review, but 
also made possible the recognition of trends in the 
development of scaffold design, thus facilitating more 
effective determination of gaps in future research and 
potential. Altogether, this structured method of analysis 
guaranteed that the review provides a rigorously data-
driven, contemporary, and futuristic analysis of existing 
and upcoming technologies in scaffold-based tissue 
regeneration.

Smart Biomaterials for Tissue Regeneration

The discovery of smart biomaterials dominated all the 
rest by providing dynamic and interactive biomaterials 
that may respond to physiological or even environmental 
cues in order to provide more precise and effective 
therapeutics. One of the most promising of such is stimuli-
responsive materials, which experience reversible 
changes in the physiochemical conditions on exposure 
to certain stimuli such as pH, increase or decrease in 
temperature, enzyme actions, or exposure to light. As an 
example, the pH-sensitivity of hydrogel can be utilized 
in the case of degradation or swelling of pH-sensitive 
hydrogels under the acidic conditions of a wound or 
a tumor to release the drug at the specific location. 
Thermoresponsive polymers such as poly( N -isopropyl 
acrylamide) (PNIPAAm) undergo sol-gel transitions 
at physiological temperatures, and thus are suitable 
as injectable scaffolds and the delivery of thermal-
responsive therapeutics. Enzyme-responsive systems 
Enzyme-responsive systems can be beneficial in tissues 

with inflammation or disease, where a defined pattern 
of enzymes acts to stimulate scaffold remodeling or 
destruction. External control of scaffold behavior can be 
by light-responsive material, so drug release can be non-
invasively modulated, or include controlled mechanics. 
These materials do not only augment on-demand drug 
release, but also embrace adaptive tissue regeneration, 
where the scaffold response is well aligned with the 
tissue healing process.

Bioactive and Functionalized biomaterials are in 
development alongside this, to attempt to more closely 
recreate the extracellular environment (ECM) and 
guide cell behavior. When growth factors (e.g., VEGF, 
BMP-2), cell-adhesive peptides (e.g., RGD motifs), 
or extracellular matrix derived ligands are added to 
these materials, tissue regeneration can be elicited 
(angiogenesis, osteogenesis, and other lineage specific 
cellular behavior). Another area of innovation is the 
nanostructured biomaterial or the nanostructured 
biomaterials that mimic the fibrillar structure of the 
natural ECM (e.g. electrospun nanofibers, carbon-based 
(e.g. graphene oxide, carbon nanotubes), and polymeric 
nanocomposites with improved mechanical properties, 
electrical conductivity, and surface area that allow 
cellular interaction. Such nanostructures will be able 
to direct cell alignment, promote neuronal signaling 
and act as multi-functional platforms in the real-time 
monitoring and simultaneous tissue regeneration. 
Altogether, the advancement of smart, bioactive, and 
nanostructured materials into designs of scaffolds is one 
of the most decisive developments in the engineering 
of responsive complex systems that can respond to 
biological tissue formation factors without any delays to 
boost the regeneration process.

Fig. 4: Classification and Mechanisms of Smart Biomaterials in Tissue Regeneration



Tasil Leyene and Moris Mlein : Bioengineered Scaffolds and Smart Biomaterials for Tissue Regeneration:  
Trends and Future Directions

Ishrat Zahan Mukti,  , et al. :  1.8-V Low Power, High-Resolution, High-Speed Comparator With Low Offset Voltage Implemented in 45nm CMOS Technology

Journal of VLSI circuits and systems, , ISSN 2582-1458 20

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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Advanced Fabrication Techniques

The emergence of fabrication technologies has been 
important in creating complex scaffolds due to the 
sophistication of these scaffolds that closely mimic 
the structural and functional complexities of the 
native tissues. Of these, the most revolutionary has 
been 3D bioprinting, which enables setting down the 
cells, hydrogels, and bio-materials layer-by-layer and 
with extraordinary spatial precision. This technique 
allows generation of patient-specific constructs with 
custom geometries, well-aligned vascular channels 
and controlled gradient material distribution required 
to enable the regeneration of heterogeneous tissues 
and to recreate microenvironment typical of a given 
organ. Electrospinning at the same time has become 
well known due to its capability to generate nanofiber 
scaffold able to mimic the fibrillar structure of the 
extracellular matrix (ECM). The electrospun nanofibers 
behave by offering high surface area-to-volume ratios, 
the controllable fiber orientation, and porosity, which 
allows having favorable cell adhesion, migration, 
and orientation, in specific cases, which are useful 
in musculoskeletal and nerve tissue engineering. 
Also, the self-assembling peptide scaffolding is the 
opposite: a low-level means of a high order, a highly 
ordered structure is produced by low-level means 
under physiological conditions using short peptide 
sequences in a self-assembling fashion. The benefits of 
these scaffolds include low processing requirements, 
biocompatibility, and scalable tunability at the 
molecular level allowing incorporation of bioactive 
motifs which define cellular behavior. The combination 
of these fabrication approaches is not solely increasing 
the scaffold design toolbox but it is also promoting 
the development of dynamic, bioinstructive platforms 
that will be able to respond to the tissue-specific  
complexity.

Fig. 5: Advanced Scaffold Fabrication Techniques  
in Tissue Engineering

Results and Discussion

A critical evaluation of the literature I chose is associated 
with the fact that material selection plays a crucial role 
in the simultaneous realization of the two objectives 
of the biocompatibility and mechanical stability of the 
scaffold design. Natural polymers like collagen and 
gelatin and chitosan have a high biological affinity, which 
ensures high cell adhesion, cell proliferation and matrix 
re-modeling. They have however mechanical weaknesses 
and degrade very quickly thereby constraining their 
standalone and use in load bearing applications. By 
contrast, synthetic polymer such as polycaprolactone 
(PCL) and polylactic acid (PLA) provides a larger 
*mechanical strength, durability and processability, but 
they tend to be bioinert. This increased the emergence of 
composite scaffolds (i.e. natural and synthetic polymer 
combinations) that provide an encouraging mixture of 
biological response and mechanical strength. Under 
this example, PLA with hydroxyapatite (HA) enhances 
osteoconductivity but not at the expense of structural 
support to the bone regeneration. The tendency towards 
this style is given in Table 2, which contrasts the principal 
scaffold materials by the aspects of biodegradability, 
mechanical strength, cell compatibility, and territories 
of application to underline how the choice of material 
can directly influence the success of therapy.

The range of fabrication technologies has also improved 
considerably, to the point that researchers can now 
diversify scaffold architecture even further, to simulate 
the native microenvironment in tissue. 3D bioprinting has 
become one of the most significant technologies of this 
kind with super selective control over scaffold shape, pore 
geometry, and cell and biomolecule spacing. The method 
is especially useful in the engineering of complicated 
and heterogenous tissues, such as skin, cartilage and 
vascularized bone. Electrospinning has been used in the 
process of making nanofiber scaffolds which have a close 
metabolism to the fibrillar structure of the extracellular 
matrix (ECM) and is highly adopted as a technique. 
Parallelly-oriented nanofibers have been demonstrated 
to direct cell orientation and migration, in particular 
important in the repair of neural and musculoskeletal 
tissues. Moreover, the use of smart biomaterials, also 
evident in more than 60 percent of analyzed articles 
published during the last five years, indicates the 
increasing focus on stimuli-sensitive scaffolds that can 
dynamically interact with their surroundings. Controlled 
drug delivery and minimal invasive deployment methods 
are carried out through materials, including pH-sensitive 
hydrogels along with shape-memory polymers. It has also 
become a regular method to Functionalize with growth 
factors (e.g., VEGF, BMP-2) and with nanoparticles  
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high resolution, and rapid speed. The designed comparator is built on 45 𝑛𝑛𝑛𝑛 flip CMOS 
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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. 
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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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(e.g., silver as an antimicrobial agent) in order to 
increase scaffold functionality and therapeutic effect.

Fig. 6: Trends in Scaffold-Based Regenerative 
Research (2010–2024): Comparative Analysis of 

Laboratory Studies, In Vivo Testing, Clinical Trials, 
and AI-Driven Smart Scaffold Innovations

Although there have been these many technological 
advancements, transition between bench and bedside 
still has not been advanced. Clinical translation of 
scaffold-based strategies has been crippled by various 
common pitfalls such as the differences between the 
rate of scaffold degradation and the time course of tissue 
regeneration and may result in the premature collapse 
of the scaffold or manifesting as prolonged foreign-body 
reactions. Also, immune reaction due to synthetic agents 
and the absence of proper vascularizations on bigger or 
complicated structures are still a prominent challenge. 
Another choke point is the regulatory pathway of the 
scaffold-based implants which in many cases the existing 
guidelines provide little clarity as to how hybrid or 
dynamic biomaterials should be evaluated. Additionally, 
not many of the reviewed studies made it to the stage 
where it was tested in vivo and even fewer to the 
clinical trials demonstrating a notable discrepancy 
in translational research. Trends indicate future 
developments in new technology, which involves the use 
of AI to design a scaffold, which promises to enhance 
customization and prediction of performance along with 

future directions, such as the use of biosensors to monitor 
a tissue in real-time. Bioelectronics-tissue interfaces are 
also of increasing interest, where implanted electronics 
could either provide stimulation, monitor regeneration, 
and dynamically tune scaffold behaviour. These research 
gaps linking the functional and biocompatibility 
aspects of smart scaffold designs to interdisciplinary 
collaborations, long-term biocompatibility trials and 
clinical validation will be the gateway in realizing the 
full potential of smart scaffold-based regenerative 
therapy of the next decade.

Conclusion

Innovative breakthroughs in formulation and 
implementation of bioengineered scaffolds combined 
with smart biomaterials have energized through 
convergence of bioengineering, materials science, and 
regenerative medicine. These superior frameworks 
have discontinued being merely reactive background 
supports but dynamic, versatile substrates capable not 
only of reproducing the extracellular medium (ECM) 
but additionally waylaying to direct cellular action 
and tissue development and restoration processes. The 
incorporation of stimuli-sensitive components, bioactive 
agents and nanostructured material have made it 
possible to create smart scaffold constructs capable 
of responding intelligently to physiological stimuli, 
delivering therapeutics based on cues and facilitating 
lineage specific tissue regeneration in vast array of tissues 
including skin, bone, cartilage and neural networks. 
Also, the introduction of newer methods of fabrication 
of the scaffolds like 3D bioprinting, electrospinning and 
self-assembly allows further precision, customization 
and scaling of the scaffold manufacturing. Nonetheless, 
these developments have not been completely 
successful, and major issues still exist with regard to 
clinical reproducibility, notably immune compatibility, 
endowment vascularisation, break-down rates and 
approval as well. The barriers would require an urgency in 
interdisciplinary teams of material scientists, biologists, 
engineers, and clinicians, with innovations in technology 

Table 4: Comparative Properties of Natural, Synthetic, and Composite Biomaterials Used in Scaffold-Based  
Tissue Engineering

Material Type Biodegradability Mechanical Strength Cell Compatibility Application Area

Collagen Natural High Low Excellent Skin, cartilage

PCL Synthetic Medium High Moderate Bone, vascular 
grafts

Chitosan Natural High Low to Moderate High Wound healing, 
skin

PLA/HA Composite Medium High Moderate Bone regeneration
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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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to use artificial intelligence to design predictive scaffolds 
and bioelectronics to provide real-time monitoring. In 
addition, it will also be critical to have the standard 
development of manufacturing protocols and market-
responsible regulatory frameworks that can turn the 
euphoria of experimental discovery into patient-viable 
and commercially viable therapy. With research always 
striving to discover the next level expectantly, the 
future of the smart scaffold-based tissue regeneration is 
growing to look more favorable and thus stand as a game 
changer in how things are done in regard to healing, 
repair and restoration of complicated biological systems.
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