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The development of Micro-electro-magnetic Vibration Energy Harvesters (MEMVEHs) plays a crucial role in advancing self-powered nanophotonic, nanoelectronic, and

na-nosensor systems. As energy autonomy becomes critical for miniaturized devices, MEMVEHs offer a sustainable power source for low-power nanodevices

operating in wireless sensor networks, wearable electronics, and biomedical implants. This study pro-vides a comparative assessment of MEMVEH technologies and

evaluates their integration potential within next-generation nanoscale systems, enabling enhanced performance, longevity, and energy efficiency of emerging

nanotechnologies.

Electromagnetic vibration energy harvesters (EMEHs) based on microelectromechanical systems (MEMS) technology are promising solutions for powering small-scale,

autono-mous electronic devices. In this study, two electromagnetic vibration energy harvesters based on microelectromechanical (MEMS) technology are presented.

Two models with distinct vibration structures were designed and fabricated . A permanent magnet is con-nected to a silicon vibration structure (resonator) and a tiny

wire-wound coil as part of the energy harvester. The coil has a total volume of roughly 0.8 cm3. Two energy harvest-ers with various resonators are tested and

compared.

Model A's maximum load voltage is 195 mV, whereas Model B's is 440 mV. A maximum load power of 91.56 μW was produced by Model A at 327 Hz a. At 338 Hz,

Model B pro-duced a maximum load power of 182.78 μW while accelerating by 0.4 g. Model B features a larger working bandwidth and a higher output voltage than

Model A. Model B per-forms better than Model A in comparable experimental settings. Simple study revealed that Model B's electromagnetic energy harvesting

produced superior outcomes. Addi-tionally, it indicates that a non-linear spring may be able to raise the output voltage and widen the frequency bandwidth.

Figure 3: Procedures used to fabricate the suspension
microstructure. (a) A 4-inch <100> silicon wafer; (b)
Si3N4 and SiO2 are deposited on both sides of the silicon
wafer; (c) the backside is patterned; (d) wet etching; (e)
the front side is spun with SU-8 photoresist; (f) the front
side is patterned; (g) the device is released by dry etching
on the front side.

3. Results

Figure 2: (a) Resonant spring A's linear and nonlinear deflection under load was simu-lated.  

(b) Spring B's linear and nonlinear deflection under load was simulated.

Figure 4: Prototype A's load voltage and maximum power variation with fre-quency (a) and prototype 

B's load voltage and maximum power variation with fre-quency (b).

The energy harvesters have a volume of 0.9 cm³. Dynamic characteristics of different

designs were simulated using COMSOL software, and the finite element analysis

(FEA) results were used to guide experimental validation. Under an acceleration of

0.5g, Prototype A achieved a maximum load power of 91.56 µW across a 405 Ω load

at 327 Hz, while Prototype B delivered a higher maximum load power of 182.78 µW at

338 Hz. Prototype B demonstrates a wider operational bandwidth and higher output

voltage compared to Prototype A under similar experimental conditions. These results

indicate that the damping ratio and resonance frequency significantly influence the

output voltage of electromagnetic vibration energy harvesters

1. E. Koukharenko, S. P. Beeby, M. J. Tudor, N. M. white, T. O’Donnell, C. R. Saha, S. Kulkarni, and S. Roy, Microelec-

tromechanical systems vibration powered electromagnetic generator for wireless sensorapplications, Microsystem Technologies, vol.

12, no. 10-11, pp. 1071-1077, 2006.

2. S. P. Beeby, R. N. Torah, M. J, Tudor, P. Glynne-Jones, T. O’Donnell, C. R. Saha, and S. Roy, A micro electromagnetic

generator for vibration energy harvesting, Journal of Micromechanics and Microengineering, vol. 17, pp. 1257-1265, 2007.

16. B. Abdul et al., “Design, fabrication and characterization of piezoelectric cantilever MEMS for underwater applica-tion,” Micro

Nano Eng., vol. 7, no. March, p. 100050, 2020, doi: 10.1016/j.mne.2020.100050.

3. B. Abdul et al., “Sensitivity and directivity analysis of piezoelectric ultrasonic cantilever-based mems hydrophone for

underwater applications,” J. Mar. Sci. Eng., vol. 8, no. 10, pp. 1–15, 2020, doi: 10.3390/jmse8100784.

18. B. Abdul, S. Abdul, A. R. Asary; Biomimetic Cilia-based MEMS Sensors for Underwater Applications - A Review; North

American Academic Research, 4(12) 11-21 December 2021, https://doi.org/10.5281/zenodo.5768208

4. Abdul, B.; Shibly, M.A.H.; Asary, A.R. Combining COMSOL Modeling with Different Piezoelectric Materials to De-sign MEMS

Cantilevers for Marine Sensing Robotics. Eng. Proc. 2023, 37, 64. https://doi.org/10.3390/ECP2023-14641

20. Abdul, B.; Shibly, M.A.H.; Asary, A.R.; Ruma, N.J. Design and Modelling of MEMS Resonators for an Artificial Basi-lar

Membrane. Eng. Proc. 2023, 48, 15. https://doi.org/10.3390/CSAC2023-14896

4.. Santosh Kulkarni, Elena Koukharenko, Russell Torah, John Tudor, Steve Beeby, Terence O’Dnnell and Saibal Roy, Design,

fabrication and test of integrated micro-scale vibrtion-based electromagnetic generator [J]. Sensors and Ac-tuators A 145-146 (2008)

336-342.


