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Abstract: This review presents an in-depth analysis of power amplifiers for energy harvesting in biomedical devices. Energy 

harvesting offers a promising solution to power the increasing number of low-power and implantable medical devices, reducing the 

need for frequent battery replacements or invasive power connections. The study examines various application, limitation and future 

prospects of power amplifiers in energy harvesting in biomedical devices. It also aims at providing insights into the advancements 

and challenges in this emerging field, guiding researchers and engineers towards more efficient and sustainable biomedical devices. 
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INTRODUCTION 

The rapid development of low-power electronics and the 

growing demand for biomedical devices have fueled the 

exploration of energy harvesting technologies. Power 

amplifiers play a pivotal role in these systems, boosting the 

harvested ambient energy to levels suitable for driving 

medical device components [1]. Its primary objective is to 

efficiently transfer and amplify the low-level electrical energy 

from the energy harvesting source to the medical device, 

enabling sustained operation of the medical devices 

APPLICATIONS OF POWER AMPLIFIERS IN 

BIOMEDICAL DEVICES 

1. Electrocardiography (ECG): Power amplifiers 

are used to amplify the weak electrical signals 

produced by the heart, allowing for accurate 

monitoring and diagnosis of cardiac activity. The 

amplified signals are then processed and displayed 

on ECG monitors. In electrocardiography (ECG), 

power amplifiers are used to amplify the weak 

electrical signals generated by the heart [2]. The 

ECG signals typically range from a few microvolts 

to a few millivolts, and they need to be amplified to 

a level suitable for further processing, analysis, and 

display. Here’s how power amplifiers are used in 

electrocardiography: 

a. Signal Amplification: The primary 

function of power amplifiers in ECG is to 

amplify the weak electrical signals picked 

up by the ECG electrodes. These 

electrodes are placed on the patient’s skin, 

and they detect the electrical activity of the 

heart. The signals are usually in the 

microvolt range and need to be boosted to 

a higher voltage level for accurate 

measurement. 

b. Gain Control: Power amplifiers used in 

ECG systems often include gain control 

features. These controls allow the user to 

adjust the amplification level based on the 

specific requirements of the ECG 

recording. For example, different gain 

settings may be needed to analyze different 

aspects of the cardiac activity or to 

accommodate patients with varying signal 

strengths. 

c. Filtering and Noise Reduction: ECG 

signals are susceptible to noise 

interference from various sources, such as 

electromagnetic interference (EMI) and 

muscle artifacts. Power amplifiers in ECG 

systems often include filtering capabilities 

to remove unwanted noise and artifacts. 

Common filtering techniques include low-

pass filters to eliminate high-frequency 

noise and high-pass filters to remove 

baseline wander. 

d.  Multiple Leads: ECG recordings often 

require multiple leads to capture the 

electrical activity of the heart from 

different angles. Power amplifiers in ECG 

systems can be designed to handle multiple 

leads simultaneously, amplifying and 

processing signals from each lead 

independently. 

e. Patient Safety: Power amplifiers used in 

ECG systems must adhere to safety 
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standards to ensure patient safety and 

comfort. They should provide electrical 

isolation between the patient and the 

equipment, preventing any potential harm 

from electrical shocks or ground loops. 

Overall, power amplifiers play a vital role in 

electrocardiography by amplifying the weak electrical signals 

from the heart, providing gain control, filtering out noise, and 

ensuring patient safety. The amplified signals are further 

processed, analyzed, and displayed, enabling healthcare 

professionals to diagnose various cardiac conditions and 

monitor the heart’s electrical activity. 

2. Electroencephalography (EEG): EEG measures 

the electrical activity of the brain using electrodes 

placed on the scalp. Power amplifiers are used to 

amplify these microvolt-level signals to a level 

suitable for further analysis, such as studying brain 

wave patterns or diagnosing neurological 

disorders.Power amplifiers in EEG systems are 

responsible for amplifying the weak brain signals to 

a level that can be accurately measured and 

analyzed. These amplifiers are designed to provide 

high gain while maintaining low noise and 

distortion levels. The amplification process 

increases the amplitude of the EEG signals, making 

them more easily detectable and analyzable by 

subsequent stages of the system. The power 

amplifiers used in EEG systems are typically low-

noise amplifiers (LNAs) or instrumentation 

amplifiers [3]. LNAs are designed to provide high 

gain with minimal added noise, making them 

suitable for amplifying weak signals without 

introducing significant additional noise. 

Instrumentation amplifiers are also commonly used 

in EEG systems due to their ability to reject 

common-mode noise and provide high input 

impedance, which helps in reducing interference 

and preserving signal integrity. Furthermore, power 

amplifiers used in EEG systems should have a wide 

bandwidth to accurately capture the entire range of 

brain activity frequencies, typically ranging from 

0.5 Hz to 100 Hz or higher. This wide bandwidth 

ensures that the amplified signals faithfully 

represent the original brain activity. 

 In addition to amplification, power amplifiers in EEG 

systems may also provide other functionalities such as 

filtering, impedance matching, and isolation. Filtering is often 

necessary to remove unwanted noise and artifacts from the 

recorded signals, while impedance matching ensures optimal 

signal transfer between different stages of the EEG system. 

Isolation can be important for patient safety, preventing 

electrical hazards and reducing the risk of electrical 

interference. 

3. Neural Prosthetics: Power amplifiers are integral 

to neural prosthetic systems that aim to restore or 

enhance the functionality of the nervous system. For 

example, in cochlear implants, power amplifiers are 

used to amplify and deliver electrical signals to the 

auditory nerve, enabling individuals with hearing 

loss to perceive sound. Power amplifiers play a 

crucial role in neural prostheses by providing the 

necessary electrical signals to stimulate neural 

tissues [4]. Neural prostheses, also known as brain-

computer interfaces(BCIs) or neuroprosthetics, are 

devices that interface with the nervous system to 

restore or enhance lost sensory or motor 

functions.In the context of neural prostheses, power 

amplifiers are typically used in the stimulation 

subsystem. These systems involve delivering 

electrical pulses or signals to neural tissues to 

activate or modulate specific neural circuits. Power 

amplifiers are responsible for generating and 

amplifying these electrical signals to the appropriate 

levels required for effective stimulation. The power 

requirements of neural prostheses vary depending 

on the specific application. For example, cochlear 

implants, which are neural prostheses used to 

restore hearing in individuals with severe hearing 

loss, require relatively low power levels. In contrast, 

prostheses designed to stimulate muscles for limb 

control or to restore motor functions may require 

higher power levels. Power amplifiers used in 

neural prostheses must meet several key 

requirements: 

a. Biocompatibility: The materials used in 

the construction of the power amplifiers 

should be biocompatible to minimize any 

adverse tissue reactions or long-term 

damage. 

b. Accuracy and Precision: The power 

amplifier should accurately generate the 

desired electrical signals with high 

precision to ensure effective stimulation of 

neural tissues. 

c. Power Efficiency: Neural prostheses are 

often implanted in the body, so power 

efficiency is crucial to prolong the devices 

battery life and minimize the need for 

frequent replacements or recharging. 

d. Size and Integration: Power amplifiers 

need to be compact and easily integrable 

within the overall neural prosthesis 

system. This requirement is particularly 

important for implantable prostheses to 

ensure they can fit within the limited space 

available. The specific design and 

architecture of power amplifiers for neural 

prostheses can vary depending on the 

application and desired features. Design 

considerations may include selecting 

appropriate amplifier topologies, utilizing 

efficient power conversion techniques, 
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optimizing power efficiency, and 

incorporating feedback control 

mechanisms to enhance performance and 

safety. 

4. Bioimpedance Measurements: Power amplifiers 

are utilized in bioimpedance measurements, such as 

impedance plethysmography or bioelectrical 

impedance analysis. These techniques rely on 

measuring the electrical properties of biological 

tissues or cells. Power amplifiers provide the 

necessary excitation signal and amplify the 

resulting small signals for analysis [5]. 

5. Ultrasound Imaging: In medical ultrasound 

imaging systems, power amplifiers are used to drive 

the ultrasound transducers that emit and receive 

sound waves [6]. The amplifiers ensure that the 

transmitted and received signals are of sufficient 

power and quality for accurate imaging and 

diagnosis. 

LIMITATIONS OF POWER AMPLIFIERS FOR 

ENERGY HARVESTING IN BIOMEDICAL DEVICES 

While power amplifiers play a critical role in enhancing the 

efficiency of energy harvesting systems in biomedical 

devices, they are not without limitations. Understanding these 

limitations is crucial for further advancement and practical 

implementation [7]. The discussion below focuses on the 

inherent challenges and constraints associated with the use of 

power amplifiers in energy harvesting for biomedical 

applications. 

Power amplifiers, especially when operating at high 

frequencies or outputs, can generate significant heat, which is 

a major concern for implantable or wearable biomedical 

devices, on that not even with advanced designs, power 

amplifiers cannot achieve 100% efficiency, leading to energy 

losses which are particularly critical in energy harvesting 

applications where available power is already limited. 

Developing power amplifiers that are sufficiently small for 

use in biomedical devices, particularly implantable, while 

maintaining efficiency, is a significant challenge. Integrating 

of power amplifiers with other components of the device, such 

as sensors, microcontrollers, and communication modules, in 

a compact form factor can be complex and cost-intensive. 

The materials used in power amplifiers must be 

biocompatible, especially for implantable devices. This 

requirement can limit the choice of materials and designs. In 

the context of implantable devices, power amplifiers must 

withstand bodily fluids and other environmental factors 

without degradation over time. 

The variable nature of energy sources (like body movements 

or temperature gradients) can lead to fluctuating inputs, 

challenging the power amplifier’s ability to provide a 

consistent output. Efficiently managing the harvested energy 

requires sophisticated control systems, which can increase the 

complexity and cost of the power amplifier module. 

 

FUTURE IMPROVEMENT PLANS OF POWER 

AMPLIFIER FOR ENERGY 

HARVESTING IN MEDICAL DEVICES 

Advancements in the field of power amplifiers for energy 

harvesting in medical devices are critical for enhancing the 

performance, efficiency, and reliability of these systems. The 

future improvement plans in this area focus on addressing 

current limitations and leveraging emerging technologies to 

meet the growing demands of modern medical applications 

[8]. Here, we explore key areas of future development and 

potential innovations in power amplifier technology for 

energy harvesting in medical devices [9]. 

Development of advanced circuit designs that optimize 

efficiency and minimize energy losses and Implementation of 

new materials and structures that enhance heat dissipation, 

particularly crucial for implantable devices can enhance 

efficiency and reduced heat generation which is a possible 

solution to some limitation. 

Employing nanotechnology to create smaller, more efficient 

components that can easily be integrated into compact 

medical devices. Developing System-on-Chip (SoC) 

architectures that integrate the power amplifier with other 

necessary components, reducing size and improving overall 

system performance can help overcome the size limitations. 

Creating intelligent, adaptive control systems that optimize 

energy harvesting and consumption based on real-time 

demands and conditions using adaptive Control Algorithms 

and Integrating power amplifiers with hybrid energy storage 

solutions, like combining batteries and super capacitors, to 

ensure a stable and continuous power supply can improve 

energy Management and Storage. 

Enhancing power amplifiers to work seamlessly with IoT-

enabled medical devices, ensuring efficient energy use and 

reliable data transmission via IoT and Connectivity and 

Incorporating AI algorithms for predictive maintenance and 

optimized energy management in real-time is one of the ways 

integration of emerging Technologies can improve energy 

harvesting in biomedical devices. 

 

CONCLUSION 

The integration of power amplifiers with energy harvesting 

technologies holds significant promise for sustainable and 

self-powered biomedical devices. By addressing the 

limitations and optimizing power amplifier performance, 

researchers can pave the way for innovative solutions in 

medical technology, benefiting both patients and healthcare 

providers. 
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