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Power
. X X WiFi @
1w Battery is required 7
_ Y ) q Buetooth® LPWAN
EH to increase
Medium Pow ife-ti ——
edinm Power l;fi-ttlme 1 and SIGFOX
attery recharge : NB-IoT
o Weightless ITEM
100mW - _ _ _. = EC-GSM
Low Power é
= EnOcean Alliance
10mW I|"TIJVi1‘elcss HART
Battery-less is possible
Very Low Power
Zighee [s battery-less long-range possible?
lmW NFC o R.FID" Z-Wave ~ °
| THREAD  ANT+ | |
| | |
| | |
0.1m Im 10m 100m 1km 10km 100km .
Very Short range Short Range Medium Range Long Range C overage

Power consumption versus coverage for different wireless technologies
M. Shirvanimoghaddam et al., arXiv.org,2 017, https://arxiv.org/abs/1712.02277

“IRISFEERMIT” (Energy harvesting)
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Top electrode }—

Electrets Third Edition, (Laplacian
Press, California, 1998).
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J. Micromech. Microeng. 21, 125016 (2011).
IEEE Trans. Dielectr. Electr. Insul. 13, 986 (2006).
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FEMHETIT2—D0ER o = 2.0 mC/m
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Second harmonic generation (SHG)

D

Manaka et al., Curr. Appl. Phys. 6, 877-881 (2006).

O under illumination
m in dark
Room temperature

|
|
| — A
0 200 400 600
o=1. 2
aiilull::tjl thickness, d/ nm

] ] cf. polymer electret after
Thickness dependence of Vsp in Alg; corona charging (2.0 mC/mz2)

E. Ito et al., J. Appl. Phys. 92, 7306 (2002). K. Kashiwagi et al.,
J. Micromech. Microeng. 21, 125016 (2011).
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K. Sugi et al., Thin Solid Films 464-465, 412 (2004).

GSP is stable in dark and vacuum.
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Y. Noguchi et al., J. Appl. Phys. 111, 114508 (2012).
GSP appears in various polar molecules.

GSPZFIR 9 24441 8F:
"B EIL R YE (self-assembled electret (SAEs))”
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| ip measurement |

Ad~80 pm,
f~50 Hz,
S~28 mm?2

Vibrational elec. t

Polarization
charge

NN

Polar molecule

Electrode (ITO)

1. SAE thin film

tris-(8-hydroxyquinolinato) aluminium (Alqgs),
sublimed, Nippon Steel & Sumikin Chemical Co.,
Ltd.
1,3,5-tris(1-phenyl-1H-benzimidazol-2-yl)benzene
(TPBI), sublimed, Luminescence Technology Corp.
Vacuum deposition (base pressure: 4 x 10~* Pa)
Thickness: ca.200 nm

Deposition rate: ca.0.1 nm/s

2. SAE based modeled VEG . O A
«  Device area (S): 28.3 mm? @3 . K@*gﬁ\
. Distance (dy): 216 um CCr0  o&
« Displacement (Ad): 82 um o @
«  Frequency (f): 53 or 55 Hz Alg, TPBi

3. Measurements

I/V amplifier: SR570, SRS

Oscilloscope (O/S): TDS 2001C, Tektronix
Kelvin probe (KP): UHVKP020, KP Technology
Light irradiation: MAX-350, Asahi Spectra
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E. Ito et al., J. Appl. Phys. 92, 7306 (2002).

irradiation
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Light

— 500 nm (2.48 eV)
— 400 nm (3.10 eV)
— 300 nm (4.13 eV)

e
(-}

Alg;
Eope = 2.8 €V [1]

[1] Dalasinski, OM, 2006.

TPBI
3.5 eV [2]

[2] Gao, APL, 1999.,5
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Y. Tanaka, under review
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