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Study on electret degradation mechanism toward extended reliability of
vibrational energy harvester

TOSHIYOSHI, Hiroshi

13,800,000

This work is performed to improve the efficiency and the reliability of
MEMS-type environmental vibrational energy harvesting that is considereed suitable as a power source
for loT-type wireless sensors. The specific action items include (1) analysis and elucidation of
the aging deterioration of the electret charge density stored in silicon oxide, (2) development of
measure to suppress the degradation of electret potential, such as application of barrier materials
against reducing gases, and (3) device implementation of energy harvesters using the newly obtained
knowledge to improve electret reliability.

MEMS



— A\

— 3.5¢cm

ll- LR ——

IoT (Internet of Things)

MEMS (Micro Electro Mechanical

Systems) ImW [1]
MEMS
- [2]
-1dB 100 65 4
[3]
@
H+ Si0
Si
Si0
@
@

(Self-Assembled
Monolayer, SAM)
SAM HMDS

©)
0 65  -1dB
10

Si-Si

MEMS



€y

MD
quench
144

a-Si02

@

130

200V

®

melt-
a
MD
C )
Sic2 Si 4
Si
Si
3
3 Si-
Si-Si
3 Si-Si
Si0
Sio

@ :K@®:si® (00 H

FILEE[In(1/s)]

K‘.%‘ﬁa—SiOz

-10
-1

-12
0.0006

Si0;

100 200
EameErfE [Hrl

0.0008

TSR 3 yny A1
ﬁ%sﬁﬂL&ﬁﬁﬁ

— @027 =—-N&sY
— @027 = — %L
@02+ v ') FKEE L

300

y = -4688.4x - 4.5955
R?=0.6501

0.001 0.0012 0.0014 0.001
1R EE[/K]
3 Si-Si

Si-Si

Si-Si



HMDS SAM: Self-
Assembled Monolayer

Atmospheric

Si0
C-0
MEMS
HMDS SAM
Si-Si
- Sio5 Si-O Cc-0
N o O/ N OH C=0
+ o+
°-i -%-o O oo
O Neutral O - 2
~ @ |:| e ° %
N ya E E E 2 v s
o, o ) 8:Si-C-0-Sigs
+ + - - - - 4000 3600 3200 2800 2400 -
o—- .. w —0 Wave Number (cm) ; 3
/ \
O Positive O Gl
Si-Si HMDS SAM
300 20 Vacuum
5 Testat 100 'C
3 250 With HMDS-SAM %0
g -
B U R ||
g o Without sAM s ﬁ 220

0 m
0 4 6 s 100 Lapse Time T (Hr)
Lapse Time T (Hr)

[1]

[2]

[3]

Hiroshi Toshiyoshi, Suna Ju, Hiroaki Honma, Chang-Hyeon Ji, and Hiroyuki Fujita,
“ MEMS vibrational energy harvesters,” Sci. Techno. Adv. Mater., vol. 20, no. 1,
2019, pp. 124-143. (review paper) https://doi.org/10.1080/14686996.2019.1569828
Hiroaki Honma, Yukiya Tohyama, Hiroyuki Mitsuya, Gen Hashiguchi, Hiroyuki Fujita,
and Hiroshi Toshiyoshi, “ Power Enhancement of MEMS Vibrational Electrostatic
Energy Harvester by Stray Capacitance Reduction,” Journal of Micromechanics and
Microengineering, vol. 31, no. 12, 2021, p-125008 (11pp).
https://doi.org/10.1088/1361-6439/ac2e46

Kensuke Misawa, Tatsuhiko Sugiyama, Gen Hashiguchi, and Hiroshi Toshiyoshi, “ A
Reliability Study on Potassium lon Electret in Silicon Oxide for Vibrational Energy
Harvester Applications,” Jpn. J. Appl. Phys., vol. 54, 2015, p. 067201.
https://iopscience.iop.org/article/10.7567/JJAP.54.067201




4 2 0 0

Ohata Yoshiki Araidai Masaaki Ishiguro Takuma Mitsuya Hiroyuki Toshiyoshi Hiroshi Shibata 157
Yasushi Hashiguchi Gen Shiraishi Kenji
Effect of hydrogen atoms on potassium-ion electrets used in vibration-powered generators 2023

Materials Science in Semiconductor Processing

107306 107306

DOl
10.1016/j .mssp.2022.107306

Ohata Yoshiki Nakanishi Toru Chokawa Kenta Araidai Masaaki Ishiguro Takuma Mitsuya 121
Hiroyuki Toshiyoshi Hiroshi Shibata Yasushi Hashiguchi Gen Shiraishi Kenji
Improvement of the reliability of potassium-ion electrets thorough an additional oxidation 2022

process

Applied Physics Letters

243903 243903

DOl
10.1063/5.0129247

Ohata Yoshiki Araidai Masaaki Ishiguro Takuma Mitsuya Hiroyuki Toshiyoshi Hiroshi Shibata 157
Yasushi Hashiguchi Gen Shiraishi Kenji
Effect of hydrogen atoms on potassium-ion electrets used in vibration-powered generators 2023

Materials Science in Semiconductor Processing

107306 107306

DOl
10.1016/j .mssp.2022.107306

Ohata Yoshiki Nakanishi Toru Chokawa Kenta Araidai Masaaki Ishiguro Takuma Mitsuya 121
Hiroyuki Toshiyoshi Hiroshi Shibata Yasushi Hashiguchi Gen Shiraishi Kenji
Improvement of the reliability of potassium-ion electrets thorough an additional oxidation 2022

process

Applied Physics Letters

243903 243903

DOl
10.1063/5.0129247




6 0 4

Refaldi Intri Dwi Putra, Takahiro Ozawa, Hiroaki Honma, Hiroshi Toshiyoshi, and Katsuyuki Fukutani,

Effects of Gas Adsorption and lons on the Reliability of Potassium-ion SiO2 Electret

22nd Int. Vacuum Congress (1VC-22)

2022

Refaldi 1.D. Putra, Hiroaki Honma, and Hiroshi Toshiyoshi

MACHINE LEARNING-BASED EXPERIMENT PLANNING OF POTASSIUM-ION Si02 ELECTRET FORMING

2022 JSME-11P/ASME-ISPS Joint International Conference on Micromechatronics for Information and Precision Equipment
(MIPE2022)

2022

Effect of H20 and H2 gas to the Lifetime of Vacuum-annealed Potassium-doped SiO2 Electret for MEMS Vibrational Energy
Harvester

2022

Refaldi Intri Dwi Putra, Takahiro Ozawa, Hiroaki Honma, Hiroshi Toshiyoshi, and Katsuyuki Fukutani

Effects of Gas Adsorption and lons on the Reliability of Potassium-ion SiO2 Electret

22nd Int. Vacuum Congress (1VC-22)

2022




Refaldi 1.D. Putra, Hiroaki Honma, and Hiroshi Toshiyoshi

MACHINE LEARNING-BASED EXPERIMENT PLANNING OF POTASSIUM-ION Si02 ELECTRET FORMING

2022 JSME-11P/ASME-ISPS Joint International Conference on Micromechatronics for Information and Precision Equipment
(MIPE2022)

2022

Effect of H20 and H2 gas to the Lifetime of Vacuum-annealed Potassium-doped SiO2 Electret for MEMS Vibrational Energy
Harvester

2022

(Hashiguchi Gen)

(70314903) (13801)




