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AbstrAct

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

The desired comparator resolution is 112.5 mV for a 
4-BIT converter with a 1.8V supply voltage. In this work, 
we examine the design and operation of a current-based, 
low-power comparator. In order to gain more precision 
and minimize, a competent offset cancellation method has 
been implemented. In this comparator, super low threshold 
MOSFETs are used. In general, in a conventional MOSFET 
structure, the gate capacitance tends to show a higher 
value. For this reason, the threshold of the MOSFETs tends 
to be higher. One of the techniques to obtain a super low 
threshold of MOSFETs is to fabricate the MOSFETs with 
lower gate capacitance. As the gate capacitance is lower 
in these types of MOSFETs, the threshold voltage will 
reduce a lot which will give a better headroom for design, 
to have a great ICMR range, low power consumption, and 
large obtainable gain while keeping all the MOSFETs in 
saturation. SLVT MOSFETs allow doing that. Also, the length 
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Abstract
The MTTThe fact that artificial intelligence (AI) is rapidly growing in edge computing 
has demanded the design of highly power-efficient VLSI architectures that can execute 
the inference of AI using a limited power and area budget. This paper represents an 
attempt to propose and optimize VLSI-based AI-driven edge devices with a specific set of 
accelerators. This architecture will use the combination of different low-power design 
strategies on integrating the technique of quantization-aware synthesis, aggressive 
clock gating and memory access optimization techniques to drastically decrease the 
level of power consumption without affecting the accuracy of inference. Methodically 
the architecture was designed in System Verilog and synthesized on a 28nm CMOS 
technology node. The process of Latency, throughput, and energy investigated trade-off 
options through High-Level Synthesis (HLS) and RTL-level simulations. This architecture 
was compared against the following benchmarking models ready to be implemented in 
the edge setting: MobileNet and ResNet. Measurement of experimental results shows 
that the proposed VLSI accelerator can attain up to 60 percent less power consumed 
and a 45 percent improvements in performance-per-watt as traded off against same 
system that are baseline static. The designed implementation has scored a balanced 
trade-off in terms of both energy, area, and latency therefore is apt to utilize in edge 
systems with power restrictions/thermal limits. This paper is part of efforts towards 
developing scalable and power-conscious AI accelerators, and all the components are 
ready to be used in the development of next-generation energy-efficient AI-specific 
edge intelligence modules. Its performance and adaptability position the architecture 
best when applied to real application in the embedded vision, clever IoT nodes and 
autonomous edge computing platforms. 
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Introduction

Edge devices are increasingly required to perform 
complex artificial intelligence (AI) inference tasks in 
real-time even under the limitation of limited power 
budgets, lesser thermal dissipation, and small silicon 
area. In comparison with cloud-based, or data-center 
systems that can afford top-performance processors 
and active cooling, edge computing conditions impose 
requirements of hardware that is computation-friendly 
and energy-efficient. This demands a creation of 
optimized Very-Large-Scale Integration (VLSI) systems 
that are specifically suited to execution of AI tasks on 
resource constrained edge systems.[5]
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With a rise in the number of applications using AI in 
the autonomous system, wearable health technologies, 
smart surveillance, and industrial Internet of Things, the 
demand in edge intelligence has substantially been on 
the rise. VLSI-based efficient accelerators have therefore 
become the prerequisite in providing inference high 
throughput within strict design requirements.

Although earlier studies have introduced several 
promising AI accelerators, including Google Edge TPU and 
NVIDIA Jetson Nano, these designs often belong to either 
of two categories: either they are underpowered (in their 
implementation), or they are based on over-provisioning 
design.[1, 2] Besides, the wide usage of traditional design 
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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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approaches in many current architectures fails to utilize 
low-power efficiency concepts manifested through 
quantization-aware design, memory access reduction, 
or dynamic scaling of resources, among others.

In order to ameliorate these challenges, the paper 
proposes a low power VLSI design approach that will 
target:

• Development of a quantized neural network 
(QNN) datapath that is optimized to make 
inference operations,

• Use of architectural level processing skills such 
as clock gating, loop unrolling and hierarchical 
memory optimization.

• Combinational and/or sequential design and 
realisation of a designed AI hardware accelerator 
in 28nm CMOS.

The architecture is examined with popular edge-AI 
workloads of MobileNet-V1 and ResNet-18, reducing 
power consumption by up to 60 percent and / or 
increasing performance/watt by 45 percent compared 
with baseline architectures. These findings show the 
feasibility of our method in the next generation edge AI 
systems.

Related Work

Many studies have been dedicated to the creation of AI 
accelerators optimized to run on a mobile, embedded, 
and IoT domain. One of the striking ones is Google Edge 
TPU, which enables integer-only quantized models to 
optimize the memory bandwidth and latency, thereby 
enabling fast inference at an edge.[6] To a similar extent, 
NVIDIA Jetson presents a line of general-purpose GPU 
platforms that are capable of AI processing in real time, 
but with quite high power output that would restrict the 
usage with battery systems.

The accelerators with ASIC-based several custom 
patterns are proposed in the academia. Eyeriss,[3] as an 
example, proposed the spatial architecture of energy-
efficient CNN processing with the reuse of data and 
the local buffering of data to minimize DRAM access. 
SqueezeFlow[4] introduced a model-specific accelerator 
which implements dataflow transformations to enable 
lower-power inference based on ultra-low-power 
inference.

Although these methods have been successful in the 
hardware development of edge AI, they tend to minimize 
a single objective, throughput, and memory efficient at a 
time, without sufficient consideration of multi-objective 
trade-offs, e.g, power, area, and latency, which are of 

primary concern in conditions of limited resources in the 
edge AI environment. Also, a few designs are constructed 
at the static set ups, which do not have flexibility or 
adaptability needed when heterogeneous AI workloads 
are to be done.[7]

The present paper discusses these limitations by 
suggesting a quantization-aware quantization-aware 
VLSI pipeline, which is explicitly balanced in terms of 
power, performance, and area. The architecture uses 
loop tiling, data locality and clock gating, to achieve 
low energy consumption with precision. Moreover, 
the combination of memory and compute through 
hierarchical optimization enables the proposed solution 
to decrease the memory bottlenecks and increase 
efficiency of inference in edge devices by a wide margin.

Proposed Architecture
System Overview

The suggested architecture is optimally designed towards 
the successful implementation of convolutional neural 
networks (CNNs) on edge gadgets, where both available 
computing and power resources are limited as well. To 
be compatible with a wide range of lightweight deep 
learning algorithms, the design can deploy depthwise-
separable convolutions, batch normalization and ReLU 
activations, which are standard in the MobileNet and 
EfficientNet architectures, respectively.[8] Several 
features such as systolic-array-based compute engine, 
on-chip SRAM, DMA controller and configurable control 
unit are the constituents of the system that would provide 
high throughput, and low power requirement. The bird 
view of the architectural design is shown in Figure 1: VLSI 
Architecture for CNN Inference on Edge Devices.

The structure of the system includes the following major 
elements:

• Compute Engine: The central part of the 
architecture is the systolic-array-inspired array 
of multiply-accumulate (MAC) units, maximized 
to operate at high throughput matrix operations. 
This engine supports parallel evaluation of 
convolutional layers in presence of regular 
dataflow patterns with minimum complexity of 
control and routing overhead.

• On-Chip SRAM The architecture supports 
dedicated SRAM blocks on-chip to cache weights, 
feature maps, and intermediate data in order 
to eliminate energy-intensive off-chip memory 
accesses. CACHE memory is organized at tiers 
to maximize information locality and repetition, 
which is important right to left CNN work.
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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 

13

• DMA Controller: A direct memory access (DMA) 
controller controls efficient and non-blocking 
data transfer between on-chip memory and 
external memory (e.g. DRAM or flash). It does not 
require stalling of the operations as it ensures 
ongoing feeding of data to the compute engine.

• Configurable Control Unit: A lightweight con-
figurable control unit executes layer-by-layer 
instructions perceiving what to run next. This 
flexibility allows micro-coded instruction set to 
do programmable scheduling of different activity 
blocks of neural networks.

Fig. 1: VLSI Architecture for CNN Inference  
on Edge Devices

Block diagram of major components: systolic-array compute 
engine, on-chip SRAM, DMA controller, and control unit that 
would be efficient in execution of edge AI.

Power Optimization Techniques

The proposed architecture consists of some of the 
low-power architectural and circuit-level techniques 
to address the strict energy-efficiency requirements 
of edge AI systems. These have been clock gating of 
idle logic blocks, voltage scaling using multiple-Vdd 
domains, dataflow optimization via weight and output 
stationarity and quantized arithmetic with low-bit fixed-
point multipliers and accumulators. All these measures 
help in reducing the dynamic power and memory access 
overheads considerably. The general structure and 
interaction of these techniques is shown in Figure 2: 
Power Optimization Techniques in the Proposed VLSI 
Architecture.

• Clock Gating: In this method clock signal is 
simply disabled so that the idle logic blocks 
are not presently engaged in the computation 
process. Useless switching activity is completely 
eliminated thus greatly minimizing dynamic 
power consumption.

• Voltage Scaling: Voltage Scaling The architecture 
supports multi-voltage domain (multi-Vdd) 
in which core logic and memory block can be 
driven and operate at varying voltage based 
on performance requirements. This supports 
voltage-frequency scaling (VFS) which allow the 
performance to be traded with savings in energy 
at lower workloads.

• Dataflow Optimization: Dataflow in the system 
is weight-stationary or output-stationary. The 
advantage of such strategies is that strategies 
will keep data elements that are needed often 
(weights or outputs) in local memory or registers, 
prolonging their lifetime and minimizing memory 
bandwidth and energy consumption.

• Quantized Arithmetic: As another way to 
minimize power and silicon area, the compute 
engine is an inference engine with 8-bit fixed 
arithmetic units. The quantization does not only 
save memory volume, but it allows simplification 
of arithmetic circuit which requires less power 
than floating-point units. The quantization-
aware training is supported to make sure that 
the accuracy loss is inconsequential.

Fig. 2: Power Optimization Techniques in the 
Proposed VLSI Architecture

On the whole, the suggested architecture offers a 
complete integration of the compute, memory and 
control subsystems that are carefully optimized towards 
energy-efficient edge AI inference. The below 100 mW 
planet-scale circuit technique, programmable control 
logic and hardware-sensitive quantization allow CNN 
workloads to be deployed on power-limited embedded 
systems.

Design Methodology

Strict design and verification flow was used to ensure 
the proposed VLSI architecture fits performance, power 
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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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consumption and area requirements that are appropriate 
to deploy in the edge-AI. They range in methodology 
across Register-Transfer Level (RTL) modeling to high-
level synthesis (HLS) and physical implementation 
which involves simulation, synthesis and power analysis 
phases. Such a structured workflow is briefly depicted in 
the figure 3: VLSI Design Methodology Flow.

RTL Modeling

The control logic and the compute engine as well as the 
memory controller were characterized in SystemVerilog 
at the RTL level of abstraction. Such method of modular 
design allowed a strict control over architecture, and 
on simple back-end integration. Timing behavior and 
logic functionality were determined with ModelSim, via 
large testbenches that test operations at the edge-AI 
layers, which include convolution, pooling, activation, 
and normalization. RTL to gate level Netlist equivalence 
ensured by formal equivalence checking. To estimate 
pre-layout timing and area, a RTL code was synthesized 
using Synopsys Design Compiler and its results were 
taken with regard to 28nm CMOS process.

High-Level Synthesis (HLS)

Vivado HLS also adopted high-level design abstraction in 
the early-stage design space exploration, to speed it up. 
C++ code of models of important units, like convolutional 
block and a matrix multiplier, was generated as behavioral 
models in C++ and then synthesized into RTL. There are 
several HLS directives which are applied to investigate 
the trade-offs between latency and area such as loop 
tiling, loop unrolling, pipelining. The generated RTL was 
matched up with handwritten System Verilog module 
to functional validation and to gauge optimization 
quality. Such a hybrid flow supported a speedy iteration 
and tuning of architectures, especially in the context 
of design space exploration of design variants within 
energy and performance limits.

Physical Implementation

The architecture was synthesized on 28nm standard cell 
library following the validation of the architecture of 
the given functionality and then placed and routed using 
industry standard EDA tools. The design was floorplanned 
and clock and power domains are segregated to facilitate 
multi-vdd operation. With post-layout power estimation, 
net switching activity and realistic layout database 
parasitics were taken into consideration in PrimeTime 
PX. Closure was met on typical and on worst-case 
corners with timing and the implementation came out 
to meet the target clock frequency (e.g., 200 MHz) with 

reasonable setup/hold slack. The space, leakage power, 
and thermal density of the last layout were evaluated, 
which proves that the configuration is appropriate to 
implement embedded AI acceleration in constrained 
settings.

Fig. 3: VLSI Design Methodology Flow

Examples of flowchart of proposed VLSI design process 
and steps to be performed at RTL modeling, high-level 
synthesis, and physical implementation stages.

Such an end-to-end design approach has helped to 
establish the proposed architecture not only in being 
functionally correct but also power-aware, scaling out, 
and synthesizable to real-world edge AI deployments.

Experimental Results
Setup

In order to get a judgment about effectiveness of a 
proposed VLSI architecture a detailed experimental 
setup was created. Three popular convolutional neural 
networks (CNNs) were utilized to benchmark the system 
edge-AI inference, the MobileNet-V1, ResNet-18 and 
LeNet-5. Such models were chosen because they are 
applied in practical methods like object detection, 
image classification and embedded vision.

The simulation and hardware design environment was:

• Vivado HLS: to have quick design space explora-
tion by high-level synthesis.
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AbstrAct

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

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

• Synopsys Design Compiler: logic synthesis 
through a 28nm CMOS technology node.

• PrimeTime PX: to get precise post layout dynamic 
power analysis and profiling of performance.

Performance Metrics

The suggested architecture was compared with a baseline 
implementation in ASIC of the Apex FCS benchmarked 
on a graphically power-unaware implementation. A 
detailed comparison of the results related to major 
design parameters is shown in Table 1 and a graphical 
representation of those parameters is shown in Figure 
4: Performance Comparison Baseline ASIC vs. Proposed 
VLSI to show improvement in power, area, throughput, 
latency, and energy efficiency.

Table 1: Comparative Performance Metrics

Metric
Baseline 

ASIC Proposed VLSI

Power Consumption (mW) 113.4 45.2

Area (mm²) 3.21 2.85

Throughput (GOPS) 17.8 21.6

Inference Latency (ms) 12.6 6.9

Performance per Watt 
(GOPS/W)

0.16 0.48

in performance per-watt, which is an indication of 
the effects of low-power techniques like clock gating, 
voltage scaling, and quantified arithmetic.

Although sophisticated power-savings elements are 
integrated, the design comes at the expense of a 
very slim area penalty (3.21 mm 2 to 2.85 mm 2), 
demonstrating the effectiveness of memory-hierarchy 
and compute block arrangement. Latency latency in 
the inference process is also minimized because of 
the proper optimization of dataflow and local memory 
reuse, which is enabling real-time performance at a 
small hardware budget.

On the whole, the architecture exhibits a strongly 
favorable energy-area-latency trade-off and is suitable 
as a possible solution to next-generation edge AI systems 
that need scalable and efficient inference acceleration.

Conclusion and Future Work

The current paper proposed a new efficient VLSI design 
that suits real-time inference of AI on constraint edge 
devices. The system proposed includes a set of the low-
power design strategies such as quantization-aware 
computation, data opposite to the flow optimizations, 
the clock gating, and the voltage scaling that help to 
significantly decrease the power usage without affecting 
the inference correctness or the latency.

A complete test run of edge-related CNN models, 
MobileNet-V1 and ResNet-18, showed a 60.2 percent 
savings in power in addition to the 45 percent fixed 
in performance-per-watt with an observable plunge in 
inference latency against the baseline-ASIC which did not 
undergo such optimizations. Such performances confirm 
the desirability of the architecture to battery-powered 
and thermally constrained edge AI systems, especially 
in areas like IoT, surveillance, and autonomous systems. 
Figure 5 demonstrates possible use cases of the offered 
architecture, smart IoT node, embedded security, and 
edge AI platform.

Real-life application example: example of a smart 
connected system of IoT network node, security camera, 
and edge device.

This piece of work has made key contributions in the 
form of:

• A reconfigurable, power-aware VLSI pipeline of 
quantized CNN.

• Adoption of Multi-level power optimisation at 
architecture and physical design levels.

• A HLS and RTL-based design flow that allows 
exploring design-space and quick prototyping.

Discussion

The performance of the proposed architecture is very 
convincing according to experimental results; it shows 
how effective the proposed architecture is in addressing 
the strict requirements of edge AI computing. The 
proposed VLSI implementation will reduce power 
consumption by 60.2 per cent points compared to the 
baseline, and this is important in battery-powered 
and heat-sensitive applications. There is a gain of 45% 

Fig. 4: Performance Comparison: Baseline  
ASIC vs. Proposed VLSI
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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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Further on, the following improvements will be investi-
gated:

• Transformer based architecture (and other new 
deep learning models) support.

• Introduction of dynamic partial reconfiguration 
so as to scale hardware depending on variable 
workload.

• An execution on next generation technology 
node (e.g., 7nm or FinFET) to further extend 
power and area efficiency.

These advances are going to be used to increase the 
flexibility, scalability and applicability of the solution 
proposed to next-generation smart edge based computing 
systems.
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