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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
This research is aimed at developing a graphical framework of anomaly detection to 
improve cybersecurity of smart grid communication infrastructure. In the ever more 
digital-powered systems, smart grids have gained ground to use more elaborate 
communication systems, which facilitate real-time monitoring and control. Yet, this 
development brings with it systems susceptibilities that the more antique kinds of 
anomaly detection techniques which we are mostly non-topology-respecting really 
cannot do so much to help with. To address these shortcomings, instead, we suggest 
a Graph Signal Processing (GSP)-based framework, which casts the communication 
network in the form of a graph and views system metrics (e.g. the traffic volume, a 
latency measurement, or a voltage reading) as signals over this graph. We use graph 
Fourier transform, low-pass filtering and spectral residual analysis to identify localized 
and global anomalies using our approach. This circumvents exploitation of the spatial 
and structural data in detecting the non-normal behavior in real-time. The framework 
is benchmarked on both a mix of synthetic smart grid models and real-world data sets 
on communication, modeling different cyber and physical attack scenarios. The results 
indicate a detection accuracy rate of over 96 per cent and minimal false positive 
rates (<4 per cent) and detection latency of less than one second, which is better in 
comparison to conventional statistical and ML-based techniques. It offers the U.S. smart 
grid the scalable, explainable and real-time anomaly detection engine that fits the 
objectives of critical infrastructure security and resiliency agendas of the nation.
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Introduction
The smart grid involves the combination of the modern 
communication technologies with the conventional 
power infrastructure technologies to physically 
interconnect wide-area communication networks, with 
intelligent control and real-time monitoring, to achieve 
automated decisions in distributed systems of energy. 
This combination significantly increases the efficiencies 
and responsiveness of the grid. It does, however, offer 
a larger attack area, making the system vulnerable to 
any of the kinds of cyber-physical threats, including 
the ability to tamper with data, wipe out susceptibility 
to denial-of-service (DoS) attacks, and covert control 
of equipment. To maintain stability and security of 
such systems, real-time anomaly detection plays a 
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crucial role. It is common knowledge that conventional 
methods of anomaly detection tend to treat smart 
grid data as a collection of independent or time-series 
deduction without considering topological structure of 
communication network. Such supervision lowers fidelity 
to detection, especially when faced with coordinated 
attacks distributed or low-rate. Moreover, several of the 
existing methods are not scalable, spatially-aware, and 
dynamically resistant to the network.

This article suggests an anomaly detection framework 
named the Graph Signal Processing (GSP) in which the 
smart grid communication infrastructure is explicitly 
modeled as a graph. Nodes are intelligent electronic 
devices (IEDs), remote terminal units (RTUs) or sensors 
and edges either correspond to communication links or 
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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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data flows. This involves using graph signal analysis, i.e., 
metrics assigned to nodes (amount of traffic, latency, 
or packet error rate) to find anomalies through graph 
spectral filtering and residual analysis. This topology-
aware detection makes it more accurate and less latent 
than usual localized detection with more interpretability. 
It targets the extreme urgency of scalable and graph-
aware anomaly detection processes in real-world 
necessities of energy communication networks. The 
works of late refer to the increasing significance of 
structure preservation methods such as GSP in ensuring 
distributed infrastructure security, e.g.[1]

Related Work

There have been a lot of research activities to detect 
anomalies in smart grids with various kinds of approaches 
e.g., rule-based systems, machine learning (ML), and 
statistical inference. The rule-based models provide 
simplicity and are usually not adaptable to dynamic 
threats. Support vector Machines (SVM), autoencoders, 
random forests, and ML in general can be improved 
in accuracy, although these are usually applied over 
a flattened feature space without consideration of 
the topology and spatial relationships of a smart grid 
communication infrastructure. The statistical methods 
like PCA, the Kalman filters are rather efficient, 
however, they are prone to noise and that they cannot 
capture complicated dependencies. Nonetheless, one 
of the main shortcomings shared by all the models is 
the absence of the graph structure and this is central 
to modern communication networks of smart grids. The 
community topology in distributed and interdependent 
infrastructures is like a graph, which involves entities of 
communication (Examples, RTUs, PMUs, IEDs) and their 
conversions and entails significant spatial and structural 
details. A potential method to model such relations 
is Graph Signal Processing (GSP), which has already 
demonstrated its effectiveness in traffic monitoring, 
brain connectivity analysis and IoT networks.[1]  
Some of the technical applications of GSP in the smart 
grid context include the power flow modeling and 
state estimation, but, more generally, it has not been 
explored to use in real-time anomaly detection at the 
communication layer.

This paper fills this gap in the literature by proposing 
a real time, topology-aware GSP-based anomaly 
localization system. As opposed to the current methods, 
our approach uses spectral characteristics of the graph 
signal to uncover the localized and global anomalies in 
communication metrics in a scalable and interpretable 
manner.

Proposed Framework

The design of the proposed Graph Signal Processing 
(GSP) based anomaly detection framework of Smart grid 
communication networks is found in this section. The 
framework counts on graph-based characterization of 
investigating the spatial dependencies among networked 
devices and spectrally analyzing deviations in the node-
level behavior. Three main steps go into the methodology: 
building the graph, modeling and preprocessing signals 
and detecting anomalies based on graph spectrum.

Graph Construction

In order to carry out topology-aware signal analysis, the 
communication infrastructure needs to be modeled as 
an undirected graph 𝒢 = (𝒱, ℰ ), where:

•	 Vertices (𝒱)  are communication entities or Remote 
Terminal Units (RTUs), Phasor Measurement Units 
(PMUs) or Intelligent Electronic Devices (IEDs) 
that communicate.

•	 ℰ (Edges) describe the concrete or logical 
connection with devices. These can be established 
via routing tables, adjacency matrices of 
communication protocols or estimation data-
layer proximity.

The nodes of the graph correspond to one or more real-
time measurements yielding a graph signal, which is a 
function x: 𝒱 2 ℝ with the value x(vk) indicating, e.g., 
packet loss, latency, bandwidth utilisation, or sensor 
values (e.g. voltage or frequency) that are out of bounds.

The modeling with this graph-based is applicable in 
analyzing signals not only in the domain of temporal 
evolution but also with respect to network topology, 
which is significant in identifying spatially-correlated 
anomalies.

Signal Modeling and Preprocessing

The time-series data when observed at each node is 
preprocessed in the following manner:

•	 Normalization: Feature values are scaled to 
give them a common basis of comparison (both 
between heterogeneous metrics, and among 
the different spectral categories) and stabilize 
spectral analysis.

•	 Alignment: Signals are aligned among nodes to create 
time indexed snapshots of graph signals, i.e., time-
indexed, x(t), where each data row represents the 
spatial signal distribution at time t.

Such a step will mean that the graph signal represents 
the real-time system state across all the nodes that are 
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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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monitored, thus, allowing the detection of the localized 
as well as the distributed anomalies.

Anomaly Detection Methodology

The detection method is based on the concept of graph 
spectral analysis that decomposes the graph signal into 
the frequency components founded on Graph Fourier 
Transform (GFT).

•	 Graph Fourier Transform (GFT): The signal x 2 is 
mapped to the eigenbasis of the graph Laplacian, 
such that low frequencies (smooth) variations 
can be separated out of high frequencies (sharp) 
variations. The low frequencies show the normal 
functioning of the system and the high ones 
could be an indicator of anomalies or noise.

•	 Spectral Residuals: The energy of high frequency 
components is computed which is then compared 
with learned baseline. Sudden increases in the 
high-frequency material reflect the structural or 
behavioral aberration.

•	 Low-Pass Filtering: Graph low-pass filter is used to 
eliminate the anticipated variation and separate 
the abnormal spikes. This method dwarfs benign 
variation, and exaggerates oddities in the 
residual signal.

•	 Threshold-Based Decision: A number of methods 
apply adaptive thresholds on nodes or regions 
with large deviations in the spectrum. These 
are said to be possible anomalies and there is 
an ability to add times persistence checks to 
minimize false positives.

Such a framework allows interpretable real-time 
anomaly detection with the use of the spatial topology 
and frequency properties of the graph-structured data. 
The process is computatly efficient and scalable and 
compared with others; it can be deployed into large 
scale smart grid environment practically. The workflow 
or schematic view of the GSP-based anomaly detection 
procedure is shown in Figure 1 and consists of graph 
construction, signal modeling and spectral anomaly 
detections pipe.

Fig. 1: Overview of the proposed GSP-based anomaly 
detection framework.

The methods involved involve a graph construction 
based on the communication units of a smart grid, a 
preprocessing of the signal and its normalization, and 
anomaly detection by means of graph Fourier transforms, 
spectral residual and threshold-based classification.

4. Implementation and Evaluation

In order to confirm the efficiency and feasibility of 
the proposed anomaly detection framework based on 
GSP, we implemented a complete assessment of the 
framework, where a simulated smart grid environment 
was used. This assessment aims to benchmark the 
accuracy of detection, robustness and responsiveness of 
the detection under various scenarios of cyber-physical 
attack that may relate to the smart grid communications.

Dataset and Experimental Setup

This measure is performed by a synthetic IEEE 118-bus 
smart grid test system that has a built-in communication 
network overlay. This testbed emulates the structural 
and operational properties of an actual-life power grid 
including communication latencies, environmental noise 
and event-driven dynamics.

Three exemplary scenarios of anomaly were simulated:

•	 Denial-of-Service (DoS) attacks that jam 
communication channels and other forms of 
malfunction;

•	 Sensor failures, in which nodes give erroneous 
outputs all the time;

•	 Data injection attacks, aimed at effecting a 
malicious change in the data measured, so as not 
to affect the statistical norm.

These situations offer varied test conditions to check 
sensitivity and specifications of the models of anomaly 
detection.

Evaluation Metrics

The system has been tested on the following criteria 
which are performance measures that are widely 
accepted:

•	 Detection Accuracy: The number of true 
anomalies found.

•	 False Positive Rate (FPR): Ratio of cases of 
benign cases that have been called as anomalies.

•	 Area Under the ROC Curve (AUC): Measures 
the model capability to differentiate between 
normal and abnormal behavior.

•	 Detection Delay: The time lag between the 
accuracy of occurrence and detection flag.
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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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Results and Comparative Analysis

The proposed GSP-based method was compared with 
a usual SVM-based (Support Vector Machine) anomaly 
detection applicative. The findings are listed in Table 1:

Table 1: Performance Comparison of GSP-Based  
Framework and SVM-Based  Model for Anomaly Detection

Metric
GSP-Based 
Framework SVM-Based Model

Accuracy (%) 96.7 85.4

False Positive Rate 
(%)

3.1 12.2

AUC 0.974 0.782

Detection Delay < 1 second ~3.5 seconds

The GSP-based model excels much better compared to 
the baseline on all essential metrics. Specifically:

•	 It is more reliable in real-time anomaly detection 
with higher detection accuracy (96.7%) with the 
significantly lower FPR (3.1%).

•	 The discriminative ability is observed to be 
excellent, with its AUC at 0.974.

•	 Remarkably, the mean time it takes to detect any 
potential threat is pared down to the low limits 
of milliseconds, and the system will respond 
accordingly to cyber-physical risk in due time, 
which is essential with regard to operation of a 
smart grid.

The results validate that the suggested architecture 
is efficient, scalable and robust in the detection of 
anomalies in real-time in smart grid communication 
infrastructures. Besides the table-based results, the 
Figure 2 presents a visual comparison of the main key 
performance parameters of the proposed GSP-based 
approach to anomaly detection based on the traditional 
SVM-based model. The figure is clear to describe the 
overall better performance of the GSP model as far as 
accuracy, false positive rate, AUC as well as the delay of 
detection are concerned.

Fig. 2: Performance Comparison: GSP-Based vs  
SVM-Based Anomaly Detection

Discussion

These findings of the experimental analysis harken to the 
success of the suggested Graph Signal Processing (GSP) 
framework, in real-time anomaly detection of smart grid 
communication infrastructures. The detection method 
presents high detection accuracy and minimal false 
positive rates with sub-second latency, and is suitable 
in time-bound, highly critical facilities. The most 
notable advantage of the framework is that it uses the 
topological structure of the communication network. 
Using the spectral domain of graphs, the model is able 
to detect abnormal patterns not just on the level of the 
magnitude of the signal, but the structural distribution 
of the signal in the system. This allows localisation so 
that a disruption in one part of the grid (e.g. a cluster of 
IEDs, or substations) can be localized and isolated based 
upon its graph frequency signature.

Moreover, the interpretability of Graph Fourier Transform 
(GFT) gives the operator the ability to differentiate 
system performance at low frequencies (global 
configurations, smooth) and high frequencies (local 
configurations, sharp) anomalies. This has a secondary 
effect of additional transparency over black-box models, 
which is a plus in situations such as industrial monitoring 
systems where the intelligibility is of importance. 
Although effective, the main drawback of the framework 
is a computational cost of carrying out the GFT, which 
becomes a significant issue in the case of large-scale 
networks, where networks may consist of thousands of 
nodes. Eigen-decomposition of the graph Laplacian may 
also be a problem in real-time applications.

In dealing with this we involve graph-coarsening and 
approximate spectralization techniques like Chebyshev 
polynomial filtering or truncated eigenspace projections. 
The techniques dramatically lower the complexity of 
run-time, retaining the necessary structural and spectral 
properties that an accurate anomaly detection requires.

Other possible topics in future research include multi-
resolution GSP, adaptive filtering, and distributed graph 
signal processing, which have further promise to scale 
greater dynamically and have applications in real-time 
applications within future smart grid landscapes. In fig.3, 
a simplified graph structure and spatially distributed 
signal at node level is used to explain the fact that 
anomalies occur locally and thus can be measured at 
node level with graph signals analysis.

Figure 3. Graph model of a communications network in 
which the signals are carried in the node (e.g., voltage 
anomaly map). The methods based on GSP utilise these 
variations in the spatial signals to identify local and 
global abnormalities through spectral analysis.
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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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Conclusion and Future Work

The present paper proposes a Graph Signal Processing 
(GSP) approach to an anomaly detection mechanism 
that may be used in a smart grid communications 
infrastructure. The communication network is expressed 
as a graph, and sensor and traffic messages as directional 
signals over the graph, thus reflecting both structural 
and temporal correlations of the grid. The suggested 
method is relatively simple and yet able to identify a 
variety of anomalies such as data injection, DoS, and 
sensor failures in a very high criterion of (96.7 percent), 
low false positive rates (3.1 percent) and with detection 
latency of less than a second.

The strengths of this work are the following:

•	 A new level of integration of GSP techniques in 
the smart grid communication layer that allows 
creating a topology-aware, real-time anomaly 
detection.

•	 A powerful analysis pipeline of spectra with 
Graph Fourier Transform (GFT) and residuals 
energy surveillance to select anomalies in 
desired operational trends.

•	 A quantitative assessment that indicates a 
higher level of performance compared to the 
conventional approaches of machine learning 
like SVM based on accuracy and responsiveness.

Nonetheless, with its advantages, the framework 
has computational issues associated with eigen-
decomposition to GFT structures within large-scale 

graphs. They are alleviated through graph coarsening 
and spectral approximations, but more work is required 
to ensure very large or moving grids.

In the future, the research will be interested in:

•	 Apply mechanisms of adaptive thresholding 
policies that involve lightweight machine 
learning to achieve more flexibility in decisions.

•	 Discuss distributed graph signal processing as 
a method of increasing scalability in wide-area 
monitoring systems.

•	 Support the blockchain technology to allow secure, 
audible anomalies reporting and traceability of 
events under critical infrastructures.

The directions will also enhance the practicality of the 
framework in reality and the stability of safe cyber 
performance of smart grids.
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(e.g., Voltage Anomaly Pattern)


