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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:

KEYWORDS: 
 comparator,  
gain,  
offset voltage,  
cadence, 
spectre.

ARTICLE HISTORY: 
Received xxxxxxxxxxxx
Accepted xxxxxxxxxxxx
Published xxxxxxxxxxxx

DOI:
https://doi.org/10.31838/jvcs/06.01. 03 
 
 
 
 
 
 
 
 

 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
This study intends to solve this challenge by suggesting a hardware-software co-
design framework of ultra-low-power embedded systems using the RISC-V open-source 
architecture. The resulting system goes to extremes to maximize the hardware and 
software abstractions to satisfy problem-specific energy requirements, all the whilst 
maintaining efficiency of performance and scalability. The methodology offered consists 
of customization of instruction sets, hardware-based clock and power gating, and low-
level software based technique inside compiler based optimization, sensor-sensitive 
task scheduling, and memory access improvement. An iterative profiling and tuning of 
a system can be done in a co-simulation system based on Verilator and Spike. A RISC-V 
core incurs environmental sensor workloads to validate the experimentally. Design All 
the co-designers showed an average power consumption of 38% (versus conventional 
ARM Cortex-M4 baseline), a 46 percent energy efficiency gain per task. Dynamic voltage 
and frequency scaling (DVFS) is another feature that can support flexibility of varying 
workloads. The conclusion of this research is that the hardware-software co-design 
applying RISC-V provides a suitable, extensible, open, and energy-efficient approach 
to the following-generation IoT devices. It is specially tailored to battery-powered and 
energy-gathering embedded platforms that can be later applied into the real deployment 
across smart environments, health, and industrial monitoring.
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Introduction
The emergence of pervasive use of the Internet of 
Things (IoT) systems, such as environmental monitoring, 
industrial automation, and smart healthcare systems, 
has triggered a tremendous increase in demand of 
ultra-low-power embedded systems that could function 
reliably in the presence of extreme energy limitations. 
Conventional embedded processors especially with the 
use of ARM Cortex-M have been useful in this field, 
but they are brought down by some factors like lack 
of dynamism, limited licensing, and dollar as well as 
limited domain-specific optimization on a customized 
basis.[5] Conversely, RISC-V is an open and expandable 
architecture (ISA) with a modular design philosophy that 
is notably well suited to customize light weight, power 
efficient embedded processor cores to constrained 
settings. Although efforts have been made to achieve 
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optimization of the low-power software and low-power 
hardware, the research that is performed at present is 
inclined to consider each of these fields separately. The 
majority of works are devoted to the microarchitectural 
energy savings, or pursuing software optimizations on a 
compiler level, yet hardly ever employ a co-design flow 
that combines the hardware and software tiers into a 
distributed optimization loop with the aim to optimize 
energy delivery undezr real-life conditions found in the 
IoT environments. Also, there are little frameworks that 
offer open-source toolchains that can be used to rapidly 
prototype and iteratively test such co-optimized designs.

In this paper, the identified limitations are overcome 
by suggesting a unified hardware-software co-design 
solution of RISC-V based embedded systems. It brings 
together instruction set customization, run time power 
management and software based tuning of application. 
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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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An example sensor-driven IoT node case study indicates 38 
percent energy savings above a baseline ARM Cortex-M4, 
indicating the feasibility of this strategy in large scale 
deployment over energy-constrained systems.

More recent work has given similar attention to the 
opportunities in co-design around edge computing 
applications, lacking in depth of implementation or 
restricting themselves to ASIC implementations.[1]

Related Work

The available literature on the subject of ultra-low-power 
embedded systems has progressed in two major directions, 
i.e., optimising power at the architectural level and energy-
aware software-based computation. In the hardware 
side, several works have investigated the custom RISC-V 
cores with fine-grained power gating and clock gating 
and integrated sleep modes, both to minimize static and 
dynamic power consumed by embedded devices.[2] At the 
same time, there has also been a focus in software-centric 
methods in dynamically scaling voltages and frequencies 
(DVFS), compiler-based loop transformations and task 
scheduling to reduce energy consumption in firmware and 
real-time operating systems.[3] The third research direction 
is on instruction set customization, through which non-
critical or low-frequency used instructions are purged to 
save silicon area and switching activity resulting in less 
energy consumption. These methods work best at IoT 
domain applications where tasks are very predictable in 
terms of their profiles.[4]

Yet, one of the most important challenges in much of 
these endeavors has been the absence of a unifying 
hardware software co-design methodology. Most research 
considers hardware and software as separate layers and 
fail to harness the mutual dependency of the two to 
make rudimentary energy performance adjustments. 
Besides, the number of open-source toolchains available 
to access rapid prototyping, cycle-accurate power 
simulation, and iterative design validation against real 
workloads, is limited in existing frameworks.

To fill these gaps, this paper suggests an integrate 
co-design solution integrating ISA-level hardware 
modifications, runtime power management and software 
scheduling. It aims at closing the design-efficiency gap 
of energy-constrained RISC-V-based embedded systems 
related to real-world IoT applications.

Proposed Co-Design Framework

Superseding energy performance tradeoffs in IoT devices 
as well as leaving performance dependent on the ap-
plication, the present suggests an integrated hardware/
software co-design framework applied to RISC-V em-

bedded systems. This architecture takes advantage of 
synergistic optimizations at the microarchitectural and 
software stack levels, allowing fine-grained control of 
instruction execution, power gating, memory reference 
and task operation scheduling.

Hardware-Level Optimizations

To achieve RISC-V-based embedded hardware design with 
energy-efficient implementation we introduce three 
important optimization techniques which are instruction 
set architecture (ISA) customization, clock gating with 
dynamic voltage and frequency scaling (DVFS), and 
memory subsystem optimization. Figure 1 shows how 
these techniques are implemented into the suggested 
framework. The ISA is customised by discarding never 
used instruction and inserting fixed-point operations that 
are more suited to sensor-intensive work. At the same 
time, workload-dependent power scaling is supported 
in real time using fine-grained clock gating as well as 
DVFS modules.[6] At last, the use of a two tier memory 
hierarchy including low latency scratchpad memory 
alongside conventional SRAM to speed the access to 
frequently used data and minimize access energy is 
implemented.

Instruction Set Architectures (ISA) customization.

The modular nature of the ISA in RISC-V enables dropping 
of instruction sets that are not used (e.g. atomic or 
floating point instructions that may be unnecessary on 
many IoT loads) and support of instructions which are 
unique and not found in any other ISA (Fixed-point 
multiply-accumulate (MAC) instructions to support sensor 
fusion and signal processing operations) This decreases 
instructions decoding complexity and decreases switches 
in the pipeline.

Clock Gating and Dynamic Voltage and Frequency 
Scaling (DVFS)

Clock gating is used in a fine-grain enough to shut off idle 
execution units at run time, which performs a dynamic 
power dissipation reduce. Moreover, DVFS support is 
also built-in, so that the voltage and frequency can be 
changed according to workload intensity, hence, trade-
offs between performance and power consumption can 
be made in real-time.[8]

Memory Subsystem Optimization

The architecture uses small, low-latency scratchpad 
memories, in sport with more conventional SRAM 
blocks, to speed up access to commonly re-used data. 
This greatly decreases energy per access compared to 
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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 

3

conventional cache hierarchies and minimizes memory 
stall during time-critical operation.

Fig. 1: Hardware-Level O5ptimizations in  
RISC-V Embedded Systems

Software-Level Optimizations

• Specific purpose compiler flags

Firmware is compiled with energy-aware flags (including 
-Os (optimize for size) and loop unrolling flags; 
inline functions and the RISC-V GCC toolchain. Such 
optimizations minimize the number of instructions and 
memory access, being key energy-consuming places in 
IoT workloads.

• Schedule of instructions

Manual analysis and reordering of routine software are 
used to reduce stalls, mispredictions, and branches 
that consume much energy. This not only enhances 
the throughput of execution, but also aligns with the 
behavior of underlying pipeline to execute instructions, 
in an energy-efficient manner.

• Sensor Aware Task Scheduling

Some tasks like sensing and data logging are event-
driven and are flexible according to the threshold-
reactive variables. As an example, the sensor readout is 
disabled when the environmental measurements stay in 
the stable range, reducing the superfluous wake-ups and 
active power patterns.

Co-Simulation and Profiling Loop

A hybrid simulation and profiling environment is used 
to define and hone the optimizations of the co-design. 
Spike is an ISA-level simulator and it gives functional 
verification and Cycle count estimates. Verilator can 
perform the waveform-based simulation and detailed 
timing analysis of synthesizable RISC-V RTL (built upon 
the OpenHW CV32E40P core) by C++ translation. The task 

of power profiling is carried out by inspecting the toggle 
details procured in these simulations and comparing 
them with Synopsys and Cadence power models to then 
compute energy consumption with a level of precision.

This environment is feeding an iterative-optimization 
loop as illustrated in Figure 2: Co-Simulation and 
Profiling Loop for RISC-V-Based Hardware Software Co 
Design. The loop can be composed of (1) profiling which 
captures execution and energy information; (2) the 
hotspot, which identifies both inefficient code regions 
and hardware bottlenecks; and (3) optimization, where 
both hardware (i.e. ISA extensions, scratchpad size) and 
software (i.e. instruction scheduling, compiler options) 
are configured to enhance energyperformance trade-
offs. This back and forth optimization is able to perform 
so that every design point corresponds to the working 
limits and requirements of a practical IoT deployment 
environment.

Fig. 2: Co-Simulation and Profiling Loop for  
RISC-V-Based Hardware–Software Co-Design

This figure shows how the process of refinement with 
Spike (ISA simulation flow), Verilator (cycle-accurate RTL 
simulation flow), and power profiling tool is repeated. 
The inputs are used to encourage a loop of profiling, 
hotspot, and optimization to develop energy-efficient 
embedded system design.

Case Study: Environmental IoT Node
Experimental Setup

An environmental Internet of Things sensing application 
was used as a case study to assess a practical implication 
of the proposed approach to hardware software co-
design. The system is a repetitive process that services 
temperature and humidity reading through a layer 
of LoRa communication module. The core based on 
RISC-V applied in the design is CV32E40P, which carries 
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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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out the RV32IMC instruction set. It is a core that 
supports integer, as well as compressed instruction, 
formats in size-, and energy-constrained embedded  
environments.

Performance comparison is done with a baseline 
platform, which is an ARM Cortex-M4F processor at 48 
MHz.[7] To create consistency that could be tested with 
the same firmware logic, peripheral settings as well as 
sensor interface routines were placed as part of the 
experimental design. The evaluation metrics were based 
on average power consumption, latency of the execution 
based on the number of tasks, and the total amount of 
energy per sensing-transmission cycle.

Results and Analysis

The comparative performance outcomes are summarized 
in Table 1.

Table 1: Performance Comparison Between ARM Cortex-
M4F and Proposed RISC-V Co-Design

Metric ARM Cortex-M4F
Proposed RISC-V 

Co-Design

Avg. Power 
Consumption (mW)

8.5 5.2

Execution Time (ms) 12.3 10.8

Energy per Task (μJ) 104.6 56.2

The benchmark shows a 38 percent decrease in average 
power consumption and almost a 46 percent increase 
of energy efficiency per task with just a slight decrease 
in execution time. This confirms the practicability of 
proposed co-design strategy in practice with a real 
sensing workload, particularly in application constrained 
by energy.

Figure 3 includes a graphical representation of the 
comparison of power consumption and workload duty 
cycle, which quite well manifests better energy scaling 
in the RISC-V variant. A closer instruction breakdown 
would be presented in figure 4, where the instruction 
count would be lower and the domain specific operations 
introduced by customization of ISA would be utilized 
better.

The huge decline of energy per task is owed to:

• Reduction in instruction set and addition of 
energy efficient MAC instructions.

• Loop optimizations via use of compilers, and 
branch minimizations.

• Decreased idle cycles with event scheduling of 
the tasks.

These findings confirm the adequacy of the suggest-
ed RISC-V hardware software co-design framework 
to low-power IoT applications, and especially bat-
tery-powered or energy-scavenging implementa-
tions.

Fig. 3: Power Consumption vs workload duty

Fig. 4: Instruction Breakdown for Optimized 
Firmware Execution

Discussion

The given hardware-software co-design solution 
provides a synergistic optimization process that would 
allow a major improvement in energy efficiency of 
embedded IoT systems not attainable with hardware 
changes or software changes alone. The domain-specific 
domain of implementation automatically results in a 
relatively higher count of domain-specific recipes and 
can lower the total number of instructions necessary to 
complete work by 14 percent through the introduction 
of custom RISC-V ISA extensions denned blocks that 
compile the most important steps. It is an architecture 



Moti Ranjan Tandi and Gaurav Tamrakar : Hardware–Software Co-Design of RISC-V Embedded Systems for  
Ultra-Low-Power IoT Applications

Journal of Integrated VLSI, Embedded and Computing Technologies | Jan-Apr 2026   19Journal of VLSI circuits and systems, , ISSN 2582-1458 

RESEARCH ARTICLE WWW.VLSIJOURNAL.COM

 1.8-V Low Power, High-Resolution, High-Speed 
Comparator With Low Offset Voltage 

Implemented in 45nm CMOS Technology

 Ishrat Z. Mukti1, Ebadur R. Khan2. Koushik K. Biswas3

1-3Dept. of EEE, Independent University, Bangladesh, Dhaka, Bangladesh

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 

5

streamlining which can be measured by dynamic power 
savings. On software, event-driven task scheduling and 
compiler directed optimizations (e.g. loop unrolling and 
instruction reordering) made the software much more 
energy proportional. In particular, the passage of 25 
percent in state power consumption idle when using 
dynamic sensor-aware scheduling, which implies the 
usefulness of temporal control over the embedded run 
aspects.

Irrespective of these benefits, the co-design process 
does not lack limitations. A trade-off is that such designs 
are more complex because of having custom logic blocks 
with more complex control paths. Moreover, a custom 
tool chain, which consists of compilers, simulators and 
debuggers, will require further development and can 
be a source of compatibility problems when the system 
ceases to be supported or there is a need to integrate 
a multi-vendor solution. However, due to the modular 
and extensible aspects of the RISC-V architecture it is 
possible to selectively adopt the hardware-software 
features to the energy and performance demands of a 
target application. This versatility offers the framework 
suitable to scalable deployments across a range of IoT 
domains--large to small IoT IoT to ultra-low-power 
environmental sensors to moderately compute-intensive 
edge analytics.

Conclusion and Future Work

It presented an overall hardware-software co-design 
framework that was optimised towards ultra-low-power 
RISC-V based embedded system implementation of 
energy-constrained Internet of Things (IoT) solutions. 
With the usage of improved instruction set architecture 
(ISA) customization, low-level clock and memory 
optimization, as well as software-level scheduling 
and compilations strategies, the suggested technology 
allows to gather steep rates of energy efficiencies 
without negatively impacting the system performance 
or functional reliability.

The case study with a real-world application of 
environmental sensing was considered to validate 
the framework, and the co-designed RISC-V platform 
achieved more than 38 percent of power savings and 46 
percent better energy-per-task compared to a traditional 
ARM Cortex-M4F baseline. The results help confirm the 
viability and success of coordinated hardware software 
optimization in resource-constrained embedded systems.

Key Contributions:

• Creation of a modular, open co-design framework 
an RISC-V toolchains

• Power-aware simulation and profiling quantita-
tive validation

• Showing feasible benefits to an environmental 
IoT made with LoRa

Future Work

In an attempt to lengthen the scope and smartness of 
the framework, the following directions are suggested:

• Incorporation of ML-based workload predictors 
in order to facilitate smart dynamic scaling and 
predictive scheduling

• Horizontally/transversal validation that will 
span various verticals of IoT use-cases, including 
remote health monitoring and smart grid control

• ASIC-level implementation (tape-out) and real 
world deployment against robustness, scalability 
and power-performance trade-offs in an opera-
tional environment

In sum, the presented study can provide an elastic and 
flexible co-design approach to the area of low-power 
embedded IoT’s and establish the foundation of future, 
smart RISC-V implementation.
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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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