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Abstract- Microelectromechanical Systems (MEMS) and Na- 

noelectromechanical Systems (NEMS) have revolutionized 

various technological fields, including sensors, energy 

harvesters, and RF communication. The recent research 

contributions focusing on MEMS/NEMS-based resonators, 

RF-MEMS switches, and MEMS-based gyroscopes. The 

discussed works cover analyti- cal modeling of multilayered 

resonators with variable cross- sections, monolithic 

integration of RF-MEMS switches in SiGe BiCMOS 

technology, compensation techniques for MEMS-based 

gyroscope drift, reconfigurable RF-MEMS antennas for 5G, 

and the contributions of women in microwaves. The review 

presents key findings, methodologies, and potential 

applications, providing insight into the advancements and 

challenges in the MEMS/NEMS domain. 

 

I. INTRODUCTION 

 

 The rapid advancement of Microelectromechanical 

Systems (MEMS) and Nanoelectromechanical Systems 

(NEMS) has significantly impacted various fields, including 

sensors, en- ergy harvesting, wireless communication, and 

motion-tracking applications. These miniaturized devices 

leverage mechani- cal and electrical components on a 

microscopic scale, en- abling high precision, low power 

consumption, and scal- ability. MEMS and NEMS 

technologies[1] have gained widespread adoption in 

applications such as automotive sys- tems, biomedical devices, 

industrial automation, consumer electronics, and next-

generation wireless communication net- works. The increasing 

demand for compact, lightweight, and high-performance 

electronic systems has driven researchers to enhance the 

mechanical properties, energy efficiency, and signal 

processing capabilities of MEMS/NEMS devices. 

 

One of the critical areas of MEMS research focuses 

on resonators, which are widely used in frequency-selective 

appli- cations such as MEMS-based sensors and energy 

harvesters. These devices rely on mechanical vibrations to 

detect changes in external stimuli or convert kinetic energy 

into usable electri- cal power. However, their performance is 

affected by material properties, structural deformations, and 

frequency stability. Recent studies have introduced advanced 

analytical models to better predict the behavior of 

MEMS/NEMS resonators and improve their efficiency for 

real-world applications. 
 

In addition to resonators, MEMS-based Radio 

Frequency (RF) switches have revolutionized wireless 

communication, especially in mm-wave and 5G[4] 

applications. Conventional semiconductor switches suffer 

from high power consumption and insertion loss, making RF-

MEMS switches a superior alternative due to their low-loss, 

high-isolation, and recon- figurable capabilities. The 

integration of RF-MEMS switches with SiGe BiCMOS 

technology enables high-frequency opera- tion and improved 

reliability, which are essential for emerging communication 

systems. 

 

Another major challenge in MEMS technology is 

random drift[3] in MEMS-based gyroscopes, which affects 

motion sensing accuracy over time. MEMS gyroscopes are 

widely used in navigation systems, mobile devices, augmented 

reality (AR), virtual reality (VR), and robotics. However, 

signal degradation due to drift limits their long-term 

reliability. Re- cent research has focused on drift modeling 

and compensation techniques to enhance the precision of 

MEMS gyroscopes, particularly in applications such as 

handwriting trajectory reconstruction and real-time motion 

tracking. 

 

Furthermore, the development of reconfigurable 

antennas using RF-MEMS technology has played a crucial 

role in advancing 5G and next-generation wireless networks. 

The introduction of MEMS-based switches into antenna 

systems allows for dynamic frequency tuning, increased 

bandwidth, and improved signal integrity, making them ideal 

for adaptive communication networks. The integration of 

MEMS tech- nology in smart antenna systems provides a low-

power and cost-effective alternative to conventional tuning 

mechanisms, significantly enhancing performance and 

flexibility in modern wireless communication. 

 

Beyond technological advancements, it is essential to 

rec- ognize the contributions of women in microwave 

engineering, who have significantly shaped the development 
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of MEMS and RF technologies. Rhonda Franklin, a 

distinguished re- searcher in microwave circuit design, high-

speed communi- cation systems, and advanced materials, has 

made pioneering contributions to RF and MEMS integration. 

Her work has influenced modern communication technologies, 

emphasizing the importance of diversity and inclusion in 

STEM fields. Rec- ognizing such contributions encourages 

greater participation in engineering and innovation. 

 

The recent research contributions in MEMS/NEMS 

res- onators, RF-MEMS switches, motion-tracking 

technologies, reconfigurable antennas, and the impact of 

women in mi- crowave engineering. These advancements 

demonstrate the growing role of MEMS/NEMS in enhancing 

efficiency, scal- ability, and performance in modern electronic 

and wireless systems. 
 

II. BACKGROUND 
 

A. RELATED WORK 
 

MEMS and NEMS technologies have seen rapid 

advance- ments in recent years, leading to significant 

improvements in sensing, energy harvesting, wireless 

communication, and motion-tracking applications. With the 

increasing demand for compact and high-performance devices, 

researchers have fo- cused on improving the mechanical, 

electrical, and material properties of MEMS-based 

components. One critical aspect of MEMS research involves 

resonators, which are widely used in sensors and energy 

harvesters due to their ability to efficiently convert mechanical 

vibrations into electrical signals. The study by Abdelkefi et al. 

(2023)[1] proposes an analytical model for predicting the 

frequency response of multilayered MEMS/NEMS resonators 

with variable cross- sections. The model incorporates stress-

strain relationships, material elasticity, and geometric 

deformations to improve accuracy in vibration analysis. This 

enhancement is crucial for optimizing resonator designs, 

making them more effective for real-world applications such 

as biomedical sensors, vibration energy harvesters, and 

frequency-selective devices. By refining these analytical 

techniques, researchers aim to develop highly sensitive and 

stable MEMS/NEMS resonators that can operate efficiently 

under varying environmental conditions. 

 

 

 

 

 

 
Fig. 1. MEMS multilayered piezoelectric energy harvesters: 

(a) rectangular shape [42] and (b) trapezoidal shape [43]. 

Reprinted with permission from Kanda et al. [42]. Copyright 

2018, Elsevier. Reprinted with permission from Hirai et al. 

[43]. Copyright 2019, IOP. 

 

Fig. 1 depicts a microelectromechanical system 

(MEMS) device featuring a cantilever with a multilayer 

piezoelectric (PZT) actuator. The device consists of a square 

frame pro- viding structural support, and a cantilever beam 

extending from it. A mass is attached to the free end of the 

cantilever to lower its resonant frequency and enhance 

sensitivity to vibrations. The cantilever itself incorporates a 

multilayer PZT material, which exhibits the piezoelectric 

effect and inverse piezoelectric effect, enabling it to generate 

an electrical charge in response to mechanical stress and 

deform when an electric field is applied. This dual 

functionality makes the PZT material suitable for both 

actuation and sensing purposes within MEMS devices. The 

two photographs, labeled (a) and (b), showcase the device in 

different states. The cantilever is deflected or rotated relative 

to the frame, illustrating the activation of the PZT actuator and 

the resulting movement of the cantilever. This movement can 

be triggered by an applied voltage or an external force[1]. The 

dimensions of the device are indicated by the 10 mm side 

length of the frame and a 5 mm scale bar. This MEMS device 

can function as both a sensor and an actuator. As a sensor, it 

detects external forces or vibrations by measuring the voltage 

generated in the PZT material due to cantilever deflection. As 

an actuator, it controls the position of the mass or generates 

vibrations by applying a voltage to the PZT, causing the 

cantilever to deflect or vibrate. 

 

Alongside resonators, RF-MEMS technology has 

become an essential component in next-generation 

communication systems, particularly in mm-wave and 5G 

applications. The integration of MEMS switches into 

semiconductor processes allows for improved signal integrity, 

reduced power consump- tion, and enhanced frequency 

reconfigurability. The monolithic integration of an RF-MEMS 

switch within the back-end-of- line (BEOL)[2] process of a 

130-nm SiGe BiCMOS tech- nology. This wafer-level 

encapsulation approach significantly enhances switch 

reliability by protecting it from environmental factors such as 
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humidity and temperature variations. Addi- tionally, the study 

highlights how reducing insertion loss and optimizing 

switching speed contribute to better performance in mm-wave 

circuits, making these MEMS switches ideal for high-speed 

wireless communication networks. The ability to fabricate 

these devices at the wafer level also improves scal- ability, 

reducing production costs while ensuring consistency in 

device performance. 

 

Beyond RF applications, MEMS-based gyroscopes 

play a crucial role in motion-tracking and navigation systems, 

but they often suffer from random drift, which affects long- 

term accuracy. The challenge by introducing a random drift 

modeling and compensation algorithm that effectively re- 

duces signal degradation in MEMS gyroscopes. The proposed 

method uses machine learning and adaptive filtering tech- 

niques to predict and correct drift in real-time, significantly 

improving the precision of gyroscope-based motion sensing. A 

key application explored in this study is handwriting trajec- 

tory reconstruction, where the enhanced gyroscope accuracy 

allows for the precise digital capture of handwritten text and 

signatures. This advancement has broad implications for 

digital handwriting recognition, forensic analysis, and human- 

computer interaction. Additionally, the study demonstrates 

that the compensation method is applicable in wearable and 

mobile devices, where low-power, high-precision motion 

sensing is essential. 

 

Fig. 2 outlines the process of reconstructing a 

handwriting trajectory using data from an accelerometer and 

gyroscope. It’s broken into three main stages: Signal 

Acquisition, Signal Preprocessing, and Trajectory 

Reconstruction. First, the ac- celerometer and gyroscope 

collect raw data. Then, this data is calibrated to correct for 

deterministic errors and further refined using a random drift 

modeling and compensation algorithm to 

 

 
Fig. 2. Handwriting trajectory reconstruction algorithm with 

the proposed random drift modeling and compensation 

algorithm. 

 

address stochastic errors. Finally, the processed data 

undergoes orientation estimation, coordinate transformation 

with gravity compensation, and ultimately, the handwriting 

trajectory is reconstructed. In essence, the diagram illustrates a 

systematic approach to transforming raw sensor data into a 

meaningful representation of handwriting motion. 

 

 
Fig. 3. The handwritten digit recognition experimental 

settings. 

 

 

 
Fig. 4. The trajectories of the 10 digits. (a) The pictorial digit 

trajectories. 

(b) The digit trajectories using the IMUPEN and its associated 

handwriting trajectory reconstruction algorithm without the 

random drift modeling and compensation algorithm. (c) The 

digit trajectories using the IMUPEN and its associated 

handwriting trajectory reconstruction algorithm with the 

gyroscope drift removal through the random drift modeling 

and compensation algorithm. 

 

Fig. 3 depicts a person interacting with a computer 

using a pen-like device, likely a digital pen or stylus, in an 

office environment. The central focus is a computer monitor 

display- ing a windowed interface, possibly a drawing or note-

taking application. The user holds a pen-like object, likely a 

digital pen or stylus, which they are actively using to interact 

with the computer screen. This interaction could involve 

writing, drawing, or navigating the interface. The presence of 

the pen suggests that the computer is being used for tasks that 

benefit from precise input, such as graphic design, digital art, 

note-taking, or annotation. The background suggests an office 

setting, with a partition wall, a bulletin board, and other office- 

related items visible. The image captures a moment of digital 

interaction, showcasing the use of a digital pen to interface 

with a computer, highlighting the growing integration of pen- 

based input in computing for creative or productivity 

purposes. Fig. 4 presents a comparison of handwritten digits (0 

through 9) in three different sets, labeled (a), (b), and (c), to 
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illustrate various aspects of digit representation and writing 

styles. Set 

 

(a) focuses on digit construction with directional information, 

using stylized digits and arrows to indicate the direction of pen 

strokes, which is crucial for handwriting recognition 

algorithms and educational purposes. Set (b) displays raw 

handwritten digits with natural variations in style, thickness, 

and alignment, reflecting the inconsistencies of human hand- 

writing and the challenges of recognizing diverse writing 

styles. Set (c) showcases clean handwritten digits that are 

more legible and standardized, possibly representing a 

controlled sample or preprocessed data. This comparison 

effectively highlights the complexities of handwriting 

recognition and the different approaches to representing and 

analyzing handwritten data, ranging from procedural aspects 

of digit formation to the variability of real-world handwriting 

and standardized forms. In the field of reconfigurable 

antennas[3], a novel RF-MEMS switch design integrated into 

an elliptical patch antenna with half-moon slots, specifically 

developed for 5G applications. This design enables dynamic 

frequency tuning and bandwidth optimization, offering 

improved signal stability and reduced interference. The study 

emphasizes how MEMS- based switching can enhance 

antenna adaptability, making it an efficient solution for 

modern communication networks that require high-speed data 

transfer and multi-band operation. The results indicate that the 

integration of RF-MEMS switches into reconfigurable antenna 

structures provides a low-power and cost-effective alternative 

to conventional tuning mecha- nisms. With the increasing 

adoption of smart antennas in IoT devices, autonomous 

vehicles, and satellite communication, this research highlights 

the potential of MEMS technology in enabling scalable and 

efficient 5G networks. 

 

Fig. 5 illustrates a cross-sectional view of a Radio 

Frequency Microelectromechanical System (RF-MEMS) 

switch, high- lighting its layered structure and key 

components. The device is built upon a substrate, with the 

Front End of Line (FEOL) processes forming the base 

circuitry. Above the FEOL, the Back End of Line (BEOL) 

consists of multiple metal layers (M1 to M5) and two top 

metal layers (TM1 and TM2), facilitating electrical 

connections and signal routing. The core of the switch is the 

”Membrane,” a movable structure that 

 

 
Fig. 5. Schematic cross-section of a not released RF-MEMS 

switch after standard BEOL fabrication and its localization of 

the functional parts mem- brane, RF signal line, and HV 

electrodes. 

 

controls the RF signal path. This membrane is 

suspended above a gap and is actuated by High Voltage (HV) 

electrodes. Beyond technical advancements, the contributions 

of women in microwave engineering have significantly shaped 

the evo- lution of RF and MEMS technologies. The work of 

Rhonda Franklin, as highlighted in Franklin (2023), 

underscores the impact of diversity and inclusion in scientific 

research. Her contributions to high-frequency circuit design, 

advanced ma- terials, and microwave component integration 

have influenced the development of modern RF technologies, 

particularly in wireless communication and radar systems. 

Recognizing the achievements of pioneers like Franklin 

encourages greater par- ticipation of women in engineering 

fields, fostering innovation and expanding research in 

MEMS/NEMS technology.[4] 

 

These studies collectively illustrate the growing 

importance of MEMS/NEMS devices in various applications, 

from sensors and energy harvesters to wireless communication 

and motion- tracking systems[5]. The advancements in 

analytical model- ing, RF integration, gyroscope precision, 

and reconfigurable antennas contribute to the development of 

more efficient, scal- able, and high-performance electronic 

systems. As research in MEMS/NEMS continues to progress, 

future innovations are expected to further enhance device 

capabilities, making them more reliable and adaptable to 

emerging technological demands. 

 

III. CONCLUSION 

 

The rapid advancements in MEMS/NEMS 

technology have significantly contributed to the fields of 

sensors, energy har- vesting, wireless communication, and 

motion-tracking applica- tions. The research discussed in this 

review highlights critical innovations that address the 

challenges of mechanical mod- eling, RF integration, motion 

sensing accuracy, and reconfig- urable antenna systems. The 
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development of analytical mod- els for multilayered 

MEMS/NEMS resonators has enhanced the prediction of 

frequency response, strain distribution, and energy efficiency, 

enabling higher-performance sensors and energy-harvesting 

devices. Similarly, the monolithic integra- tion of RF-MEMS 

switches in SiGe BiCMOS technology has improved signal 

integrity, reduced insertion loss, and increased the scalability 

of high-frequency circuits, making them highly suitable for 

mm-wave and 5G applications. 

 

In addition to RF-MEMS switches, MEMS-based 

gyroscopes have undergone significant improvements in terms 

of accuracy and reliability. Random drift modeling and 

compensation techniques have played a crucial role in 

enhancing motion- tracking precision, particularly in 

applications such as hand- writing trajectory reconstruction, 

wearable motion sensors, and autonomous navigation systems. 

These developments allow MEMS gyroscopes to function 

with greater stability over long durations, expanding their 

usability in mobile electronics, robotics, and augmented reality 

(AR) applications. Moreover, research in reconfigurable RF-

MEMS antennas has demon- strated the potential of MEMS-

based switches in enabling dynamic frequency tuning, 

bandwidth optimization, and im- proved signal performance 

for 5G and next-generation wireless networks. 

 

Beyond technological innovations, the recognition of 

women in microwave engineering, as highlighted through the 

contri- butions of Rhonda Franklin, showcases the importance 

of di- versity and inclusion in STEM fields. Her pioneering 

research in microwave circuits and high-speed communication 

systems has set a foundation for future advancements in RF 

and MEMS integration, inspiring young engineers to explore 

new frontiers in electronic and wireless technologies. The 

acknowl- edgment of such contributions is essential in 

encouraging gender diversity, fostering innovation, and 

expanding research opportunities in advanced engineering 

fields. Looking ahead, the continuous evolution of 

MEMS/NEMS technologies will drive greater efficiency, 

miniaturization, and performance opti- mization across 

multiple industries. Future research will likely focus on 

enhancing material properties, improving fabrication 

techniques, and integrating AI-based optimization methods to 

further refine MEMS/NEMS devices. 
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