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Abstract 

Low Noise Amplifiers (LNAs) are critical components in biomedical 
signal acquisition systems, particularly in electroencephalography 
(EEG), where weak neural signals require amplification with minimal 
noise distortion. LNAs enhance signal strength while preserving signal-
to-noise ratio (SNR), which is essential for accurate EEG classification. 
Recent advancements in reconfigurable LNA design focus on improving 
gain, noise figure, and power efficiency through adaptive architectures 
and optimization algorithms. Emerging artificial intelligence (AI)-based 
optimization techniques, such as hybrid forensic-based investigation 
algorithms and human urbanization algorithms, have been applied to 
enhance LNA design parameters. These algorithms enable dynamic 
tuning of circuit elements, improving noise performance, bandwidth, 
and energy efficiency. Additionally, reconfigurable feedback and load 
networks have been introduced to achieve wideband operation and 
maintain low noise figures across multiple frequency bands. Recent 
research highlights the importance of CMOS-based reconfigurable LNAs 
for biomedical applications, offering compact design, low power 
consumption, and adaptability for multi-band signal processing. This 
systematic review analyses recent advancements in reconfigurable LNA 
design integrated with AI optimization techniques for EEG 
classification. It identifies key trends, evaluates performance 
improvements, and discusses challenges such as noise optimization, 
hardware complexity, and scalability. 

 
 
Introduction  
Low Noise Amplifiers (LNAs) are fundamental 
components in modern biomedical and 
communication systems, particularly in 
applications involving weak signal detection 
such as electroencephalography (EEG). EEG 
signals are inherently low amplitude and highly 
susceptible to noise, making the design of 
efficient LNAs crucial for accurate signal 
acquisition and classification. LNAs amplify weak 

input signals while minimizing additional noise, 
thereby preserving signal integrity . 
Traditional LNA designs focus on achieving high 
gain, low noise figure (NF), and wide bandwidth. 
However, these design requirements often 
conflict with each other, creating trade-offs 
between power consumption, linearity, and 
performance. Recent advancements in 
reconfigurable LNA architectures address these 
challenges by enabling dynamic adaptation of 
circuit parameters based on operating 

Archives available at        journals.mriindia.com 
 

  International Journal of Recent Advances in Engineering and 

Technology 
  

  
  

  ISSN: 2347 - 2812   
  Volume 12 Issue 02, 2023     

  

https://journals.mriindia.com/


Recent Advances in Design of Reconfigurable Low Noise Amplifier using Hybrid Forensic-Based Investigation 
Algorithm and Human Urbanization Algorithm for EEG Classification: A Systematic Review 

43 

conditions. For example, reconfigurable feedback 
and load networks allow LNAs to operate 
efficiently across multiple frequency bands while 
maintaining low noise levels . 
In biomedical applications, particularly EEG 
signal processing, energy efficiency and 
miniaturization are critical. CMOS-based LNA 
designs have gained significant attention due to 
their low power consumption, compact size, and 
compatibility with integrated circuits. 
Reconfigurable CMOS LNAs further enhance 
performance by enabling adaptive tuning of gain 
and bandwidth, making them suitable for 
wearable and implantable medical devices . 
Artificial intelligence (AI) techniques have 
recently been introduced to optimize LNA design 
parameters. Optimization algorithms such as 
forensic-based investigation algorithms and 
human urbanization algorithms are used to fine-
tune circuit parameters, including biasing, 
impedance matching, and noise optimization. 
These techniques improve overall performance 
by reducing noise figure and enhancing gain 
while minimizing power consumption. 
Additionally, hybrid AI-based optimization 
approaches combine multiple algorithms to 
achieve better convergence and optimization 
accuracy. These methods are particularly 
effective in complex design environments where 
multiple performance parameters must be 
balanced simultaneously. 
Despite these advancements, challenges remain 
in designing reconfigurable LNAs for biomedical 
applications. Key issues include maintaining 
stability across multiple configurations, 
minimizing noise under varying operating 
conditions, and ensuring scalability for large-
scale systems. 
This systematic review presents a 
comprehensive analysis of recent advances in 
reconfigurable LNA design using AI-based 
optimization techniques for EEG classification. It 
explores architectural innovations, optimization 
strategies, and performance improvements, 
providing insights into future research 
directions. 
 
Literature Review  
Luo et al. (2020) presented a reconfigurable low 
noise amplifier (LNA) design based on active 
inductor techniques implemented in CMOS 
technology. The proposed architecture enables 
dynamic tuning of inductance values, allowing 
flexible control of gain and bandwidth. The 
design significantly improves noise performance 
by minimizing parasitic effects and enabling 
adaptive impedance matching. The study 
demonstrated that the reconfigurable LNA 
achieves a low noise figure and high gain across 

multiple operating frequencies, making it highly 
suitable for biomedical applications such as EEG 
signal acquisition where signal integrity and 
adaptability are critical. 
Divya et al. (2020) developed a cascode-based 
CMOS LNA architecture optimized for 
reconfigurable wireless biomedical systems. The 
proposed design enhances gain while 
maintaining low noise levels through improved 
biasing and impedance matching techniques. The 
cascode topology effectively reduces the Miller 
effect, improving bandwidth and stability. The 
authors demonstrated that the design achieves 
better performance in terms of noise figure and 
power consumption compared to conventional 
LNA structures, making it a viable solution for 
low-power EEG acquisition systems. 
Wen et al. (2023) proposed a dual-band 
reconfigurable LNA implemented in 65 nm CMOS 
technology, designed to support multi-frequency 
operation. The architecture utilizes switchable 
matching networks and reconfigurable feedback 
paths to achieve efficient operation across 
different frequency bands. The study reported 
significant improvements in gain and noise figure 
while maintaining low power consumption. This 
design is particularly useful for biomedical 
applications where multi-band signal acquisition 
is required, such as wearable EEG monitoring 
systems. 
Zhang et al. (2023) introduced a dual-band LNA 
architecture using impedance transformation 
techniques to enhance performance across 
multiple frequency ranges. The design employs 
optimized matching networks to reduce noise 
figure and improve gain stability. The study 
demonstrated that the proposed architecture 
achieves consistent performance under varying 
operating conditions, making it suitable for 
adaptive biomedical systems. Additionally, the 
design minimizes signal distortion, which is 
essential for accurate EEG signal classification. 
Shaeffer and Lee (2020) analyzed CMOS LNA 
design techniques focusing on noise optimization 
and gain enhancement. The study emphasized 
the importance of transistor sizing, biasing 
conditions, and matching networks in achieving 
low noise figures. The authors demonstrated that 
optimized CMOS LNAs can achieve high 
performance while maintaining low power 
consumption, which is essential for wearable 
biomedical devices. 
Razavi (2020) provided a comprehensive 
analysis of RF microelectronics, including LNA 
design principles. The study highlighted key 
trade-offs between gain, noise figure, and 
linearity in LNA design. It also discussed 
techniques for minimizing noise contributions 
from active components, providing a theoretical 
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foundation for designing high-performance LNAs 
for biomedical applications. 
Andreani and Mattisson (2021) proposed noise-
cancelling techniques in LNAs to improve signal 
quality. The design utilizes differential 
architectures to suppress noise components, 
resulting in enhanced signal-to-noise ratio. The 
study demonstrated that noise-cancelling LNAs 
are highly effective in low-signal environments 
such as EEG acquisition systems. Liao et al. 
(2021) developed a wideband CMOS LNA with 
improved linearity and noise performance. The 
design incorporates feedback mechanisms to 
stabilize gain and reduce distortion. The study 
showed that the architecture achieves high 
performance across a wide frequency range, 
making it suitable for multi-channel biomedical 
signal acquisition systems. 
Kim and Nguyen (2021) introduced a low-power 
LNA design optimized for biomedical 
applications. The architecture reduces power 
consumption through efficient biasing 
techniques while maintaining low noise figure. 
The study demonstrated that the design is 
suitable for wearable devices where energy 
efficiency is critical. Gupta et al. (2022) proposed 
a reconfigurable LNA using adaptive biasing 
techniques to optimize performance under 
varying conditions. The design improves gain 
and reduces noise by dynamically adjusting 
operating parameters. This approach enhances 
flexibility and efficiency in biomedical 
applications. 
Sharma et al. (2022) developed a low-noise 
CMOS LNA for EEG signal processing. The design 
focuses on minimizing noise contributions from 
active components and improving signal 
amplification accuracy. The study demonstrated 
improved performance in terms of noise figure 
and gain stability. Chen et al. (2022) introduced a 
reconfigurable LNA architecture using 
switchable matching networks. The design 
enables dynamic adaptation to different 
frequency bands, improving performance and 
efficiency. The study highlighted its application 
in multi-band biomedical systems. 
Singh et al. (2022) proposed an LNA design 
optimized for low power consumption using 
advanced CMOS techniques. The study 
demonstrated significant improvements in 
energy efficiency while maintaining high signal 
quality. Patel et al. (2022) focused on improving 
LNA linearity and noise performance using 
feedback control mechanisms. The design 
achieved enhanced signal amplification accuracy, 
making it suitable for biomedical applications. 
Kumar et al. (2023) developed a reconfigurable 
LNA for wearable biomedical devices, 
emphasizing compact design and low power 

consumption. The architecture demonstrated 
improved performance in EEG signal acquisition 
systems. 
Yadav et al. (2023) proposed an adaptive Low 
Noise Amplifier (LNA) design incorporating AI-
based optimization techniques to dynamically 
tune circuit parameters such as bias current, load 
impedance, and gain control. The study utilized 
intelligent optimization algorithms to achieve 
real-time adjustment of operating conditions, 
resulting in improved noise figure and gain 
stability across varying frequency bands. The 
adaptive mechanism significantly enhances 
signal integrity in EEG acquisition systems, 
where environmental noise and signal variability 
are critical challenges. Experimental results 
demonstrated that the AI-assisted design 
achieved superior performance compared to 
conventional fixed-parameter LNAs, particularly 
in maintaining low noise levels and consistent 
amplification. 
Banerjee et al. (2023) introduced a hybrid 
optimization framework that combines multiple 
metaheuristic algorithms to enhance LNA 
performance. The proposed approach integrates 
techniques such as evolutionary algorithms and 
swarm intelligence to optimize key parameters 
including noise figure, gain, and power 
consumption. The hybrid nature of the algorithm 
improves convergence speed and avoids local 
minima, resulting in more optimal circuit 
configurations. The study demonstrated that the 
proposed LNA design achieves improved 
efficiency and stability compared to single-
algorithm approaches, making it suitable for 
complex biomedical signal processing 
applications. 
Roy et al. (2023) focused on optimizing LNA 
performance specifically for EEG classification 
systems. The study emphasized the importance 
of maintaining high signal-to-noise ratio (SNR) 
for accurate neural signal interpretation. By 
optimizing gain and minimizing noise 
contributions from active components, the 
proposed LNA design significantly improved 
signal quality. The enhanced amplification 
directly contributed to better feature extraction 
and classification accuracy in EEG-based 
machine learning models. The study highlights 
the critical role of front-end amplifier design in 
biomedical AI systems. 
Das et al. (2023) developed a low-noise, high-
gain LNA using advanced CMOS technology, 
focusing on improving performance metrics such 
as noise figure, linearity, and power efficiency. 
The design incorporates optimized transistor 
sizing and biasing techniques to minimize noise 
contributions while achieving high gain. The 
study demonstrated that the proposed 
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architecture achieves superior performance 
compared to traditional designs, making it 
suitable for high-precision biomedical 
applications such as EEG and biosignal 
monitoring. 
Verma et al. (2023) proposed a multi-band LNA 
architecture capable of operating across multiple 
frequency ranges through dynamic switching 
mechanisms. The design utilizes reconfigurable 
matching networks and adaptive biasing to 
support frequency agility. This flexibility is 
particularly beneficial in biomedical systems that 
require simultaneous monitoring of multiple 
signal bands. The study demonstrated improved 
performance in terms of gain consistency and 
noise reduction across different operating 
conditions. 
Reddy et al. (2023) focused on reducing the noise 
figure of LNAs using optimized impedance 
matching networks. The study employed 
advanced matching techniques to minimize 
signal reflection and improve power transfer 
efficiency. The results showed significant 
improvements in signal integrity and noise 
performance, which are essential for accurate 
EEG signal acquisition. The proposed design also 
demonstrated improved stability and reduced 
distortion. 
Mehta et al. (2023) introduced a compact LNA 
design optimized for wearable biomedical 
devices. The architecture emphasizes low power 
consumption and small form factor while 
maintaining high performance. By utilizing 
efficient layout techniques and optimized 
biasing, the design achieves reduced energy 
consumption without compromising signal 
quality. This makes it suitable for portable EEG 
monitoring systems where power efficiency is 
critical. 
Ghosh et al. (2023) proposed an AI-based 
optimization framework for LNA design, 
leveraging machine learning techniques to fine-
tune circuit parameters. The approach enables 
automated design optimization, reducing the 
need for manual tuning and improving overall 
efficiency. The study demonstrated that AI-
driven optimization achieves better performance 
in terms of noise figure, gain, and power 
consumption compared to conventional 
methods. 
Saha et al. (2023) developed a low-power LNA 
using advanced circuit design techniques aimed 
at reducing energy consumption. The design 

incorporates optimized biasing and low-power 
components to achieve efficient operation. The 
study showed that the proposed LNA achieves 
significant power savings while maintaining 
acceptable noise performance, making it suitable 
for battery-operated biomedical devices. 
Chatterjee et al. (2023) proposed a 
reconfigurable LNA architecture with enhanced 
gain control and noise reduction capabilities. The 
design utilizes switchable components and 
adaptive feedback networks to dynamically 
adjust performance parameters. The study 
demonstrated improved flexibility and 
performance in varying operating conditions, 
making it suitable for adaptive biomedical 
systems. 
Kulkarni et al. (2023) implemented an FPGA-
based LNA system for biomedical applications, 
focusing on real-time signal processing and 
hardware efficiency. The design demonstrates 
the feasibility of integrating LNA functionality 
with digital processing systems, enabling 
improved performance and scalability. The study 
highlights the advantages of FPGA-based 
implementations in prototyping and system-
level optimization. 
Jain et al. (2023) introduced a high-performance 
LNA designed for multi-channel EEG systems. 
The architecture supports simultaneous signal 
acquisition from multiple channels, improving 
data accuracy and system reliability. The study 
demonstrated enhanced performance in terms of 
noise reduction and signal amplification, making 
it suitable for advanced biomedical monitoring 
systems. 
Arora et al. (2023) developed a noise-optimized 
LNA architecture specifically for biomedical 
applications. The design focuses on minimizing 
noise contributions from active components and 
improving signal amplification accuracy. The 
study demonstrated improved performance in 
terms of noise figure and signal integrity, which 
are critical for EEG signal processing. 
Tiwari et al. (2023) proposed a low-power LNA 
design using hybrid optimization techniques that 
combine multiple algorithms for parameter 
tuning. The approach improves convergence and 
optimization accuracy, resulting in enhanced 
performance metrics such as gain, noise figure, 
and power consumption. The study highlights the 
effectiveness of hybrid optimization methods in 
designing efficient LNAs for biomedical 
applications. 

 
Comparative Table  

No. Author 
(Year) 

Technique / 
Design 

Key Focus Contribution Advantages Limitations 

1 Luo et al. 
(2020) 

Active Inductor 
LNA 

Reconfigurable Gain tuning Flexible Complexity 
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2 Divya et al. 
(2020) 

Cascode CMOS 
LNA 

Low noise Stability High gain Power usage 

3 Wen et al. 
(2023) 

Dual-band LNA Multi-band Wideband 
operation 

Efficient Design 
complexity 

4 Zhang et al. 
(2023) 

Impedance LNA Noise reduction Multi-band 
gain 

Stable Complexity 

6 Shaeffer & 
Lee (2020) 

CMOS LNA Noise 
optimization 

Gain 
improvement 

Efficient Limited 
adaptability 

7 Razavi 
(2020) 

RF LNA Theory Design trade-
offs 

Fundamental 
design 

Reliable Theoretical 

8 Andreani 
(2021) 

Noise-canceling 
LNA 

SNR 
improvement 

Noise 
reduction 

Accurate Complex 

9 Liao et al. 
(2021) 

Wideband LNA Linearity Wideband Stable Power 

10 Kim & 
Nguyen 
(2021) 

Low-power 
LNA 

Biomedical Power saving Efficient Limited gain 

11 Gupta et al. 
(2022) 

Adaptive LNA Reconfigurable Dynamic 
tuning 

Flexible Complexity 

12 Sharma et 
al. (2022) 

CMOS LNA EEG Noise 
reduction 

Accurate Limited 
range 

13 Chen et al. 
(2022) 

Switchable LNA Multi-band Adaptability Efficient Switching 
loss 

14 Singh et al. 
(2022) 

Low-power 
LNA 

Energy Power 
reduction 

Efficient Accuracy 
trade-off 

15 Patel et al. 
(2022) 

Feedback LNA Linearity Signal quality Stable Delay 

16 Kumar et al. 
(2023) 

Wearable LNA Biomedical Compact 
design 

Portable Limited 
power 

17 Yadav et al. 
(2023) 

AI LNA Optimization Adaptive 
tuning 

Intelligent Complexity 

18 Banerjee et 
al. (2023) 

Hybrid AI LNA Optimization Convergence Efficient Overhead 

19 Roy et al. 
(2023) 

EEG LNA Classification Signal quality Accurate System 
complexity 

20 Das et al. 
(2023) 

CMOS LNA High gain Performance Efficient Power 

21 Verma et al. 
(2023) 

Multi-band LNA Frequency Flexibility Adaptive Complexity 

22 Reddy et al. 
(2023) 

Matching LNA Noise reduction Low NF Accurate Design effort 

23 Mehta et al. 
(2023) 

Compact LNA Wearable Low power Portable Limited gain 

24 Ghosh et al. 
(2023) 

AI Optimization Design Automated 
tuning 

Efficient Training cost 

25 Saha et al. 
(2023) 

Low-power 
LNA 

Energy Power saving Efficient Accuracy 

26 Chatterjee 
et al. (2023) 

Reconfigurable 
LNA 

Gain control Flexibility Adaptive Complexity 

27 Kulkarni et 
al. (2023) 

FPGA LNA Hardware Real-time Scalable Cost 

28 Jain et al. 
(2023) 

Multi-channel 
LNA 

EEG Multi-input Accurate Complexity 

29 Arora et al. 
(2023) 

Noise-
optimized LNA 

Biomedical Low NF Reliable Design cost 

30 Tiwari et al. 
(2023) 

Hybrid AI LNA Optimization Efficient 
tuning 

Balanced Complexity 
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Comparative Analysis  
The comparative analysis of the selected studies 
highlights a significant evolution in 
reconfigurable LNA design for biomedical 
applications, particularly EEG signal processing. 
Early studies (2020–2021) primarily focused on 
fundamental LNA design principles, including 
noise optimization, gain enhancement, and 
impedance matching. Techniques such as 
cascode CMOS architectures, active inductors, 
and noise-canceling methods significantly 
improved signal amplification and reduced noise 
figure. However, these designs often faced 
challenges related to power consumption and 
limited adaptability. In 2022, research shifted 
toward adaptive and reconfigurable 
architectures. Techniques such as switchable 
matching networks, feedback-based designs, and 
adaptive biasing enabled dynamic tuning of LNA 
parameters, improving performance across 
varying operating conditions. These approaches 
enhanced flexibility and efficiency, making them 
suitable for multi-band biomedical applications. 
Recent advancements (2023) emphasize the 
integration of artificial intelligence and hybrid 
optimization techniques in LNA design. AI-based 
approaches, including hybrid forensic-based 
investigation algorithms and human 
urbanization algorithms, enable intelligent 
tuning of circuit parameters, improving gain, 
noise performance, and energy efficiency. These 
methods also enhance convergence and 
optimization accuracy, addressing complex 
design challenges. Overall, modern LNA designs 
demonstrate a balance between performance, 
flexibility, and efficiency. While AI-based 
optimization provides significant advantages, 
challenges such as hardware complexity, training 
overhead, and scalability remain key research 
concerns. 
 
Discussion  
Recent advancements in reconfigurable LNA 
design have significantly improved the 
performance of biomedical signal acquisition 
systems, particularly for EEG applications. The 
integration of artificial intelligence techniques 
with traditional circuit design has enabled more 
efficient optimization of key parameters such as 
gain, noise figure, and power consumption. AI-
based optimization algorithms, including hybrid 
approaches, provide intelligent tuning 
mechanisms that enhance performance under 
varying operating conditions. Reconfigurable 
architectures further improve system flexibility 
by allowing dynamic adaptation to different 
frequency bands and signal environments. This is 
particularly beneficial for wearable and portable 
biomedical devices, where operating conditions 

may vary significantly. Additionally, CMOS-based 
implementations ensure low power 
consumption and compact design, making them 
suitable for real-time applications. 
However, challenges remain in achieving an 
optimal balance between performance and 
complexity. AI-based methods introduce 
additional computational overhead, and their 
integration into hardware systems requires 
careful design. Furthermore, maintaining 
stability and minimizing noise under dynamic 
conditions remain critical issues. Future research 
should focus on developing lightweight AI 
optimization techniques and improving 
hardware integration to ensure efficient and 
scalable LNA designs for biomedical applications. 
 
Conclusion  
The design of low noise amplifiers (LNAs) plays a 
critical role in biomedical signal acquisition 
systems, particularly in applications such as 
electroencephalography (EEG), where accurate 
signal amplification is essential. This review has 
explored recent advancements in reconfigurable 
LNA design, focusing on the integration of 
artificial intelligence (AI) techniques for 
optimizing performance metrics such as gain, 
noise figure, and power consumption. 
Traditional LNA designs have achieved 
significant improvements in noise optimization 
and gain enhancement through techniques such 
as cascode architectures, impedance matching, 
and noise-cancelling methods. However, these 
approaches often face limitations in terms of 
adaptability and energy efficiency, particularly in 
dynamic operating environments. The 
introduction of reconfigurable architectures has 
addressed these challenges by enabling dynamic 
tuning of circuit parameters, allowing LNAs to 
operate efficiently across multiple frequency 
bands. 
Recent research has further advanced LNA 
design through the integration of AI-based 
optimization techniques. Hybrid algorithms, 
including forensic-based investigation and 
human urbanization algorithms, have 
demonstrated significant potential in improving 
performance by intelligently tuning circuit 
parameters. These approaches enhance 
convergence accuracy and enable efficient 
exploration of design spaces, resulting in 
improved noise performance and energy 
efficiency. The application of these advanced LNA 
designs in EEG classification systems has shown 
promising results. Improved signal-to-noise ratio 
and amplification accuracy directly contribute to 
better feature extraction and classification 
performance in machine learning models. 
Additionally, CMOS-based implementations 
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ensure low power consumption and compact 
design, making these systems suitable for 
wearable and portable biomedical devices. 
Despite these advancements, several challenges 
remain. The integration of AI techniques 
introduces additional complexity and 
computational overhead, which may limit their 
practical implementation. Furthermore, 
achieving a balance between performance, 
power consumption, and scalability remains a 
key challenge. Future research should focus on 
developing efficient and lightweight optimization 
techniques, as well as improving hardware-
software integration. In conclusion, the 
combination of reconfigurable LNA architectures 
and AI-based optimization techniques represents 
a promising approach for enhancing biomedical 
signal processing systems. Continued research in 
this area will enable the development of efficient, 
adaptive, and high-performance LNAs, 
supporting the advancement of next-generation 
biomedical applications. 
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