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- Kyoto Univ. Data (2015) -

Professors : 1,032 (5,445 Employees)

Students : 13,569 (Under Graduate)
4,773 (Master), 3,671 (Ph.D)

Novel Prizes (Prof. Yamanaka, Prof. Yukawa,
Prof. Tomonaga, Prof. Tonegawa, Prof. Fukui..)

APMC2018 will be held at Kyoto. 4




Microwave Power Transfer Experiments at Kyoto Univ.
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Advanced Microwave Energy Transmission Laboratory
A-METLAB (Inter-university Collaborative Facility)

Collaborative Research Facility N\
METLAB&SPSLAB

Anechoic Chamber
18m(L) x 17m(W) x 7.3m(H)
1) Plane-Polar Near Field Scanner
for 10m¢, 10t, 10kW Phased Array
2) High Power Absorber (>1W/cm?2)
3) Clean Room (Class 100,000)

BI™ New Collaborative Research Facility Research Facility for
' A-METLAB Satellite Phased Array

7 ™M 1T Building 34.0m(L)x21.0m(W)x9.97m(H)
b4 Area 714.00m

_ Total Floor Area 824.72m
Preparation Room 6




Wireless Power Transfer Consortium
for Practical Application (WiPoT)
http://www.wipot.jp/ @
info@wipot.jp &
-

General Chair :
Naoki Shinohara (Kyoto University)
shino@rish.kyoto-u.ac.jp

* Company members : 30 (Corporation in Japan)
University members : 38
Institute members : 3
* Established on April 1, 2013
* Member fee : 250,000 yen / year (company),
free (university)




WIiPoT Activities

« 5 Working Groups
— WG1 : Wide Beam and Low power,
WG2 : Narrow Beam and High Power,
WG3 : WPT in Pipe, WG4 : Market Research,
WG5S : Standardization
¢ Symposiums
— 2013 Invited Speaker : Prof. Zoya Popovic, Univ. of Colorado
— 2014 Invited Speaker : Dr.Charlie Greene, PowerCAST Corp.
— 2015 Invited Speaker : Dr. Hatem Zeine, CEO of Ossia Corp.
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Utilization of Radio Waves

Information, Broadcast :

Information added (modulated) on carrier
(radio waves) (Information from transmitter)
Radar (Remote Sensing) :

Information (amplitude, phase, etc.) reflected
from target on carrier (Information from target)

Heating :
Energy conversion from radio waves to heat

Power Transfer :

Energy conversion from radio waves to electricity

10



WPT Theory

/Ampere’s law :
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Various Wireless Power Transfer
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On Patent Application Technical Trends Surveys in 2014:
How patent information can be effectively utilized

E  More than two million patent applications were filed worldwide in 2013.
E Patent information is a value source publicly released from R&D activities.

E R&D trends and directions in different countries and regions can be surmised from
the information.

Development of the number of patent applications in

five major patent offices worldwide 2013
2012 | 2 million
JPO Status Report 2015 2011 & apﬁﬁ?gns applications
2010
2009
i S— =— = 9572000  —— 1.5 million
applications applications
148,000
| applications __ 1 million
applications

u 825,000
applications

Fam ™
- L i T L By
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Technical Trends in Wireless Power Transfer Systems:
An overview of patent applications

Fig. 4-2-5: Development of applications by applicants of different

Nationalities of applicants nationalities, and application ratios

Number of applications

1,800 |
Priority claims
1,600 I 2000 - 2012
_ 1.400
c 2
w® 1,200 S
g T =
> Tm}[} B .............y B ?_)_ 45
E . & 5
g 0 — 52
2 g0 3
- €
=
00 = 503 57
B4: 385 30 et
00 W.. wenmme e Fﬁfﬁ.. e
0 ﬁ h.@h
2000 2001 2002 2003 20004 2005 2006 2007 2008 2009 2010 2011 2012
Application years (priority claim years)
Applicants’ nationalities (regions)

| = japan = US C— Europe — china I Korea E==3 Others i Total l

Note: In 2011 or any subsequent years, the figures may not reflect all data due to database collection delays and
certain delayed cases based on PCT, etc.; the same shall apply to the graphs below.
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Patent Application Trends in Companies

Number of applications
by specific applicants

* Panasonic (943, 1st), Samsung Electronics
(807, 2nd), Qualcomm (715, 3rd), Toyota
Motor Corp. (611, 4th)

* As WiTricity made 254 applications (11th)
and KAIST made 239 applications (12th),
overseas ventures and research institutes
are quite active in this field.

Table 4-4-1: Top-ranking applicants in
terms of number of applications

Application years (priority claim years):
1995 - 2012

Countries where applications were made:
Japan, US, Europe, China, Korea

(Germany)

No. of
Rank Applicant application
s
1 |Panasonic Corp. 943
3 |Qualcomm (US) 715
4 |Toyota Motor Corp. 611
5 |Access Business Group (US) 503
6 437
7 [Toyota Industries Corp. 360
8 [Seiko Epson Corp. 345
9 |Philips (the Netherlands) 337
10 |[SEW-Eurodrive (Germany) 266
11 [WiTricity Corp. (US) 254
WAl Korea ADV INST SCI & Technology (Korea) 239
IICJM LG Innotek Co., Ltd. (Korea) 234
14 |Siemens (Germany) 229
15 [Toshiba Corp. 216
16 [Robert Bosch GmbH (Germany) 210
17 |Semiconductor Energy Laboratory Co., Ltd. 191
18 [BAARMAN D W (US) 181
19 [SANYO Electric Co., Ltd. 179
20 Philips Intellectual Property GMBH 178

P EHE

GFAM PATERT OFFICE
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Technical Trends in Wireless Power Transfer Systems:
An overview of patent applications

Applicants of different nationalities

making applications in different countries

Fig. 4-2-9: Countries where applications were made: Balance of
applications by applicants of different nationalities,

made in different countries

Application years (priority claim years): 2000 — 2012

Countries where applications were made: Japan, US, Europe, \

China, Korea

E US companies

In Japan 447
In Europe 684  wi
In China 450 |
In Korea 378

- Chinese companies

In Japan 16
In the US 62
In Europe 37
In Korea 2

16
European  0.3%

nationality "= ?
211 -

4.3%

KKKKKK

chi
nationalty " 137 tvm Applications in Japan

4,872

Japanese nationality
3,978

81.7%

Japanese companies
1,153

676
745
278

ﬂ European companies

In Japan

In the US 602
In China 367
In Korea 124

5 .
e Korean companies

In Japan 138
In the US 539
In Europe 202
In China 191
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Technical Trends in Wireless Power Transfer Systems (Papers)

Number of published theses

* The number of published theses on wireless power transfer systems started to be on the rise in
2006, and has jumped since 2010.

* Theses issued by Japanese universities and research institutes, etc. amounted to 330 (17%), US
theses were 397 (21%), European theses were 274 (15%), Chinese accounted for 10%, and
Koreans accounted for 9%.

* The greatest thesis publication category was “others,” that is, universities and research institutes
other than those in Japan, US, Europe, China, and Korea (512, 27%).

Fig. 5-2-1: Development of theses released from researches of
institutes in different nationalities and thesis publication ratios

150 T 600
Publicationyears: |
= 2000 - 2013
9 500 T
3 .
£ 2 Japanese .
‘E s nationality
§ 100 |- e s e i A0 %
B P
= g
o o
g 00 £
5 5
£ 3
é 8O 200 § Korean
S nationality
: 100 £
22 29 0.1% i
1?7 17 4 - ——— i | i
o ﬂﬂ“ﬂjﬁlﬁi B B HI o S
2000 2001 2002 2003 2004 2005 2006 2007 2008 2008 2010 20011 2012 2013 | Ld=2
Thesis publication years
Nationalities (region) of institutes to which researchers belong
=1 Japan B us 1 Europe [—— CcChina [ Korea - Others === Total
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Technical Trends in Wireless Power Transfer Systems (Papers)

Number of theses published by
individual researchers

* Atotal of 230 theses were issued by five researchers including Covic, Hu, and Boys of the
University of Auckland (New Zealand).

* Many theses have been issued by Japanese researchers, including Shinohara, Awai, Hori, and
Imura, etc. Research activities in Japan are also quite active.

Table 5-4-5: Top-ranking researchers in terms of numbers of theses issued Thesis publication years: 2000 - 2013

Researcher Affiliation No. of theses

10 Ikuo Awai Ryutech 18
11 Yoichi Hori |University of Tokyo 18
11 Takehiro Imura University of Tokyo
i Florida Institute of Technology (US)

Hidetoshi Matsuki Tohoku University
16 Fumihiro Sato | iversity 15
16 s, A ___lew Telecomunicac a (China) 15
18 = Florida Institute of Technology (US) 15
16 Mongiardo, M Perugia Univ (Italy) 15
| T o CITC (Spain) 14 1
21 D_Fon [ Fgf_um Llnh' (Italy) 14
21 rakl T Georgia Institute of Technology (US) i4
24 Nobuyoshi Kikuma l&goya Institute of Technology 13
24 [ Hiroshi Hirayama Nagoya Institute of Technology 13 1 8



Various Wireless Power Transfer via Radio Waves

(a) Beam-type (b)Ubiquitous-type (Low efficiency, like RF-ID)
High efficiency with higher frequency)
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Technical Trends in Wireless

Power Transfer Systems

Power supply systems

»

K EEIT

IGFAM PATERT OFFICE
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Magnetic-field coupling oth
magnetic resonance

Electric-field coupling other than
electric-field resonance

Magnetic-field coupling Electric-field coupling @
Magnetic resonance Electric-field resonance .
A Microwave Laser

Ultrasonic
sound wave

Microwave system

Fig. 4-3-34: Microwave system - development of number of applications and application ratios
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Power Propagation Theory of Radiowave
- Friis' Transmission Formula -

Friis' Transmission Formula
P =G,G P (M4nr)?

P, : Tranmitted Power, P, : Received Power
G, : Transmitting Antenna Gain, G, : Receiving Antenna Gain
A: Wave Length, r : distance

G, G,

v

22



Formula of Efficiency of
Wireless Power Transfer via Radiowaves

T parameter
A A
R " "®  Fraunhofer’s Diffraction (|rs|, |r| <<D)
exp(JkD) jk 1k
=———"exp| ~— expy — ——(ux + d
) ‘ g(r)=="""=exp| [ f(rw) expy = (ax-+vy) dro
p’ }\ l - >
/ T parameter and beam collection efficiency

Antenna Rectenna
Aperture Aperture 1 —

0.9 — -~

0.8
Electric Field Electric Field in Field  ,
on Antenna il 0.6

4 05 2 AtAI’ 1_)7’
2 0.4 ﬂzDZ E
/
0.3 _2
: R VAR WA G 02 n=1-e
-1 0 3 2 - 2 ”
! . 0 n=t"  Fris's Formula
Radlus Ra’dlus 00 05 1 1 }5 é 2%5 I;
T

*W. C. Brown, The history of power transmission by radio waves, IEEE Trans. D:distance, At,r : effective area of Tx, Rx antenna
Microwave Theory and Techniques, MTT-32, pp.1230-1242, 1984. 23



Higher Frequency or Lower Frequency?

Frequency

for WPT via
Radio
Wave

Beam
Efficiency
(if same
antenna)

Antenna Size
(if same
efficiency)

Circuit
Efficiency

Power

Loss in
Atmosphere

4

4

9

9

9

4

9

9

4

4

4

9

Which is
better?

Higher
Frequency

Higher
Frequency

Lower
Frequency

Lower
Freque
ncy

Lower
Frequency

24



Rectenna — Rectifying Antenna —
Radio wave -> DC Power Converter

-Z23 Output DC
n- .
Microwave tenna LPF with —>
Capa-
-——> .
- > sitance
-——>

antenna
—

Brown&JPL Rectenna Rectenna by Hokkaido Univ. Rectenna byTexas A&M Univ. | Rectenna by Intel co.
(2.45GHz) 1970-75 (2.45GHz) 1984 (35GHz) 1992 (674 - 680 MHz) 2009

Rectenna
by Kyoto Univ.
(5.8GHz) 2001

. |Commercial Rectenna by DENGYO co. (2.45GHz) 2011 25



RF-DC Conversion Efficiency

Frequency Characteristics of Efficiency of Rectenna

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

&  antenna e
by Texas A&M Univ.
o . (ZbZS]Cg}r}OIv;nl(g;l())L75 ok by Ecole Polytechnique
: z - . .
: 0 by DENSO co. Montréal (94GHz) 2015
(14GHz) 2000
o
o
o
0
0
by Tel-Aviv University j
(75-110GHz) 2014 0
.
532um x
910um -
——
MMIC by Kyoto Univ. \.
(24GHz) 2012 N u
Products by DENGYO co. (2.45GHz) 2011 |
2.45GHz 5.8GHz 10GHz 14GHz 24GHz 35GHz 45GHz 62GHz 72GHz 100GHz
Frequency

0 : Diode m:CMOS 26



Rectenna Theorv (Shingle Shunt

D peak _VL/ 2

A A Diode off on off on
v ¥ v ¥

VAV —
D peak
Electromagnetic —21 >
wave (1)) . H B B
Diode off on off on
Rectifier (Electromagnetic Wave — DC)
Electromagnetic (Shingle Shunt Rectifier) I
\Wave """"""" Y T ;
A Q__?_‘?_C_‘??_S;%‘}'X? To Load R,
—>
pcpe | (DO,
Antenna LPF . ¥ oo DC/AC;
5 A /4 line | e
Receiver Filter for | c____ R
Higher i Diode . z= L
Harmonics | I+ jo CR,

T T T T T IT T TTTT

____________________________________________________

2 .
S T Open for odd harmonics
Z=~ &
Z, —=*— 0 Short for even harmonics

Z, +jZstan(B A /4)
Z, +jZtan(B A /4)

/=
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Class-F Load Rectifier (Kyoto University)

I I
/ @f, 3f... >oo : 7 @f’ 3f... >0 : )\/4 @4f
Z @2f4f.. >0 [---+ 7 @2f 4f .. >0 Loos A4 @2f
|
Radio Wave Radio Wa\lle 1
from Antenna from Antenna
— —
A/4 line A/4 line
1 capgcitor | class-F load
N4 @f /

N4 @3f

Current

Voltage
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Characteristics of Rectenna

RF-DC conversion

World Record : 90%@2.45GHz, 4 W (1975, USA and 2011, Japan)

efficiency Usual Rectenna: 70-80%@2.45GHz, 0.1-1W
A 60-70%@5.8GHz, 0.1-1W
0 P T S S L POU, LR
100% Higher Order
Harmotiics Effect
Wy, Effect

Triods hfasirmum
Efficiency Curve

LOSS = V,/(Vy+V))

B

Input Power or Connected Load
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Diode Characteristics and RF-DC Conversion Efficiency

V-I characteristics I “rectenna” eV
Of lede “detector” region [ — ]S ekT _1
region ™\ Raiode
'VJ( e: electrical charge,
Tl 1.7 "V k: Boltzmann's constant,,
Vb : : VJ T: the absolute temperature
T
1 (10- L] _ o
I (10 3OV)| [ (0.2-0.3V) Schottky-barrier diode
| | |
Wave form ! Co] (Low V))
. ! Lo
of microwave 1 — — ! amplitude
N— I I
| | |
No rectification ! L] ) Power weak or load small
<—( <P -> almost < V, region
! " > Power large or loaq large
! . -> almost >V, . region
<||: . => Efficiency decreases.

time

30



Theory by T.Yoo-K.Chang

(a) Schottky diode

P | : R i
RF/DC conversion n, = de  _ equivalent circuit:
efficiency P.+h,, 1+4+B+C
Power loss on diode B, =LOSS, .+ LOSSoﬁ‘R +LOSS, . . e
—_— >ty > E St s

s My= Senes Resisiance
R, = Jumction Resistance
vl'jl = Junction Capacitance

O, 2
" LOSS,,, = 1j(V_an0
- _gon

Power loss on Rs ) 27 k,
2
at diode ON A= LOSS, 4 _R 1+ Vi 0 |1+ N
: P, 7R, v " 2cos” @
27-6,, . 2
La%mkzi—j V=Va) 4
Power loss on Rs ) 2 4, Ry
2 2
at diode OFF B= LOSS — RR,C o 1+ Voi | 7= Oun +tané
\ P, 27 V., \cos’0,, o
1 90,, _ . ) Valtagn
4 LOSS0n o — j (V Vbl)V;”dH
Power loss on Rj 75, K . e
Hig
at diode ON ) C = LOSSon,diode _ RL 1+ I/bi E(tané’ -0 ) v . "
l)dc ﬂ-Rs 0 1 " "
\
T.- W. Yoo and K. Chang, “Theoretical and Experimental Development of 10 and 35 GHz Rectennas”, IEEE Trans. 31

MTT, Vol.40, No.6, 1992, pp.1259- 1266



Rs, Cjo and Efficiency by T.Yoo0-K.Chang

. . DIODE : IDEAL i=V, FINITE Rg AND Cjg
| : 100 LT
.'
I e e s L L s o e e S B .
v IR | DC Load
R ~ -1 ol
|
._ %
1 _ =y
o 801
e , &
Fig. 3. Equivalent circuit of a Ka-band beamlead Schottky diode used for i
the derivation of a closed-form equation. B, and C; model the intrinsic junc-  gh Fri
tion for the diode, R, is the parasitic series resistance of the diode and R, &=
is the de load. o
. r=R/R;
Point A : Rs = 0.5Q, Cj0= 3 pf W0 goor
for a 2.45 GHz, R, =100Q == oo
Point B : Rs = 4.85Q, C,;=0.13 pf 3 —
for 35 GHz, R, =100Q 0.001

WRgCatt

Fig. 6. Microwave-to-de power conversion efficiency of an ideal diode with
finite Kg and C,.

T.- W. Yoo and K. Chang, “Theoretical and Experimental Development of 10 and 35 GHz Rectennas”, IEEE Trans.
MTT, Vol.40, No.6, 1992, pp.1259- 1266 32



Energy Harvesting
In Japan

Time and Space

Transmltted !
FEEsEr e‘ A jwwk
—>Power Frequency
Wide
. Transmltted
- ‘ Power
Electric Power . v ' .
to User Transmitted Receiver
Power ?. —Power
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Suitable Rectenna for Energy Harvesting (1/2)

* Charge Pump -> High Voltage but Low Efficiency

- L DUT
I 1
€ uﬁ % |

72
.|_{>|_:
L

—

e Zero Bias Diode -> Low Efficiency
e Suitable Impedance Matching

C1 spp SHD
4|:I—‘ ‘—H hf

Clghp SHD

| M
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Suitable Rectenna for Energy Harvesting (2/2)

* Rectifying Circuit with Resonator

Divided microstnp antenna R ki LC—erarm
air-filled coil -
B -

{-=-======ae- T 7T
L. Tamk Circuit % (C)

' !ﬂ | Pazallel

= : ] Resonance Cutput

Rudder Booster Rectifier ; Matching  /4-dielectnic resonator
Transpondmg air-filled coil

D oyt

I | control cirewt
: A FilmC,
L [nput

———————————————————— E
Voltage multiplyng rectifier ﬁ. T T

D, DD, 15H
MRS i

HZN?
Recerve data

Tohoku Univ, Jpapan Toyama Univ, Jpapan



Energy Harvesting from TV/Mobile Phone by ATR/Renesas

-20dBm
~10km Proposed RFEH panel
| ) with multiple rectennas

Dipole in 200MHz band x 1

Multimedia
Loop in 500MHz band x 4
(200MHz band) Loop in 800MHz band x 4
-20dBm
ﬂ ~10km
))) Aggregated output
DTV DC power
(500MHz band) (Several tens of pW)
-20dBm ‘ l Low
~1km power
ﬁ )) [ RF-DC x 8 device
Mabile DC/DC x 1
(B00MHzZ band)

Yoshida, Y., et al., “Development of Energy Harvesting Circuit from
Broadcasting Waves (in Japanese)”, Proc. of IEICE2015



Energy Harvesting from TV/Mobile Phone by ATR/Renesas

ANT

[

RF-DC
Circuit

ANT

[

RF-DC
Circuit

l

DC-DC
Converter

LCD
Thermometer

RF-DC
Circuit

0.5
0.45
0.4
0.35

e[V]

Volta

0.05

Kitazawa, S., et al., “Field Test Results of RF Energy Harvesting from
Cellular Base Station”, Proc. of GSMM2013

0.3 +
80 0.25 -+
0.2 +
0.15 +
0.1 +

|||||||

4 6 8

10 12 14 16 18 20

Time [Hour]
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Energy Harvesting from TV Tower Signal by
Univ. of Tokyo and Georgia Inst. of Tech.

EH from TV tower

* Power source: digital TV |
(512~566 MHz)

Sensing interval: 40—60s | : ; Paper Antenna ‘

(@6.3 km)

5-stage
Cockcroft-
walton circuit

Tokyo Tower

MSP430+CC2500 \ --

R. Shigeta, et al., “Ambient RF Energy Harvesting Sensor Device With Capacitor-Leakage-Aware Duty Cycle Control,” |IEEE Sensors Journal,

Vol. 13, No. 8, pp.2973-2983, July 2013.
R. Vyas, et al."E-WEHP: An Embedded Wireless Energy Harvesting Platform for Powering on Sensors using existing, ambient digital TV

Signals present in the Air,” |IEEE Transactions on Microwave Theary & Techniques, Vol. 61, No. 6, pp. 2491-2505, June 2013. 38
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SenSprout helps farmers save water l' L

and is powered by radio waves
| T Georglahée sitdiite
| e Technalsx N

SenSprout
Wired UK

http://www.wired.co.uk/
magazine/archive/
2013/09/start/print-your-
sensors-then-plant-your-
crops




Prof. Kawahara’s Lab. at Univ. of Tokyo

BGE- § |

o Antenna
% ifi ‘- Capacitor
Resistor

| T

oE

f

acm
Leakage Power Level: Average -
Limit- 5mWicm? -0.48dBm Power nergy
ActualMax: (0.9mW) Consumed: Stored In
500uWr Using Dipole 0.54mW 120s:
e antenna (64.8md for 9.98m.J
\. i AN E R J

Power Consumed at a Resistor

{Typs A Changs Pump, Dipals Antenna, 120ssoonds)

Y. Kawahara et al., “Power Harvesting
from Microwave Oven Electromagnetic
Leakage,” UbiComp 2013, pp. 373-382,
Zurich, CH, Sept. 2013.
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National R&D Project of Energy Harvesting

by MEXT and JST (2015-2018 + 4 years)

Scientific Innovation for Energy Harvesting Technology
Under Selection Now!

1) Technology of High Efficiency Power Conversion
N a AEL by Structure Transition Phenomena A
DR LR OB

Heent Tlow
AL ERIALIC@EED  2mEoR Ll o —MERA FHR oLk

OBAES X Bk ik [T anilin e

IR REBR R
2) Fundamental Analysis Technology L

AR H R 38D =30l F— 0 @i B A Bl Al O 72D O LRI BT £ il O B TE

HEBEMWR (~nm) R i ] 2 . EBALREWE
L (B ~% | nm) (¥ f'nm~%¥ pm)

'_\,i R = A

- S i R PR FIB-SEM
S X-Ray(T
Ry B RS L2

Impact on society
Spread of Sensors, Mobiles, Vital Devices, etc.

e =

Next Generation Industry by lIoT and Big Data

T e R B et T}

wEEEIES

FENF40 S
Eriik ¢

A
o5 ) M el ZHAF— BRI RBIE
THEEE Th—TAh ﬁg.ﬁgﬁﬁ F
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Small Robot in Pipe by DENSO corp.

L Oscilllator | Mctal‘Pipc 'Antgnna
[Microwavc Ampliﬁer} Rectifying Antenna \ (—
I Microrobot

) \ Rectifier
Receiving Antenna

Metal Pipe

Microrobot

Circular Waveguide Coaxial Line
TE 1t Mode TEM Mode

Electric Field
---------- Magnetic Field

- T. Shibata, Y. Aoki, M. Otsuka, T. Idogaki, and T. Hattori, Microwave
Energy Transmission System for Microrobot, IEICE-Trans. Electr.,
Vol. 80-C, No.2, pp.303-308, 1997




Small Robot in Pipe by DENSO corp.

Antenna - Monopole

LPF -?

Rectifier — Single Shunt

Diode - ?

Frequency - 14-14.5 GHz

RF-DC Conversion Efficiency
-39% @ 100mW, 2kQ

Metal Pipe

L

Y

Moaopole Steucture
Couxial Line

Fig. & Voltage doubler.

-50 Tt T T

"

b Frequency : 14.25GHz

RF/DC Conversion Efficiency [%]
8 B8
\
/\.
/
/’
loaa ol oo o b oy

gt 1c* (e iy t’
Load Resistance [(}]

- T. Shibata, Y. Aoki, M. Otsuka, T. Idogaki, and T. Hattori, Microwave
Energy Transmission System for Microrobot, IEICE-Trans. Electr.,
Vol. 80-C, No.2, pp.303-308, 1997
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Surface WPT (2D WPT) by NICT

=

/ QOutput port

Input port | ot
— 39 cm

Rectifying
coupler

Noda, A., and H. Shinoda, “Selective wireless power transmission through high-Q flat waveguide-ring
resonator on 2-D waveguide sheet,” IEEE Trans. MTT, Vol. 59, No. 8, pp. 2158-2167, 2011.

45



Surface WPT (2D WPT) by NICT

— Surface insulalor layer

Me&h conductor

::;L IR

EM wave
Waveguidfe dielectric layer
Ground plane

y X
Surface
insulator layer-,

Flat WRR

Magnetic-
field node

Coupler Slot *

Mesh plane -, | e o

Waveguide sheet Coupling region

Noda, A., and H. Shinoda, “Selective wireless power transmission through high-Q flat waveguide-ring
resonator on 2-D waveguide sheet,” IEEE Trans. MTT, Vol. 59, No. 8, pp. 2158-2167, 2011. 46



Surface WPT (2D WPT) with Phased Array by NICT

—
[ﬂa_:'ll ™ Divider
- | Divider

VCO RFPA é{ f Phase shlﬁers
pc |__USB MCU |- \{7 RFPAs |
E o D{Dﬁ ﬂf RFSWs |

PDEe ﬂi*%

Waveguide sheet

Dvider
Divider

Noda, A., and H. Shinoda, “A Phased Array Feeding System for 2-D Waveguide Power Transmission (in
Japanese)”, Proc. of IEICE, BSC-1-8, March 2013



Wireless Power Distribution System for
Buildings

e Design Policy
— Using building
components
without change
— ISM band CW
(2.45 GHz)
— Low Cost
* Merit
— Low initial
introduction cost

— Flexibility to system
change

— Ubiquitous power
supply

Conceptual diagram of WPDS

Deck plate

Ny

‘ V waveguide

00

aF A~

I
0
0 m#'
VQQD-

Rectifying Circuit
+ Regulator + Battery

—p

s

Flow of
’ t Microwave ;

Shinohara, N., et al., “Microwave Building as an Application of Wireless Power Transfer”, Wireless Power

Transfer, pp.1-9, 2014.4

N

4
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Wireless Power Distribution System for
Buildings

Deck plate -
ﬁ?/ waveguide

Y

=

[
7.‘ h
I

0
0 o o oW . \
4!- .- Microwave ;
Rectifying Circuit ’1
+ Regulator + Battery i
7 \

Shinohara, N., et al., “Microwave Building as an Application of Wireless Power Transfer”, Wireless Power
Transfer, pp.1-9, 2014.4 a4
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Deck Plate in Floor

Deck plate (Original) Prototype of deck plate
waveguide

Ceiling \Coverboar | i

(added for WPT) SRRSO
10 rZ. 4
ConneCtlon met"]Od Cut-off Frequency :1.4?3G?-Izo

Cut-off Frequency for higher mode :2.86GHz
Experimental Results Attenuation constant [dB/m]

1. Spot welding 0.69

2. Bolted connection 0.37

. Theory

Shinohara, N., et al., “Microwave Building as an Application of Wireless Power Transfer”, Wireless Power
Transfer, pp.1-9, 2014.4
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Experiment with Building Company (2008)

'. e




Wireless Power Distribution System for
Buildings

‘Deck plate
ﬁ?/ waveguide

Y
I

Rectifying Circuit \1_\
- — + Regulator + Battery \

7

Shinohara, N., et al., “Microwave Building as an Application of Wireless Power Transfer”, Wireless Power
Transfer, pp.1-9, 2014.4



Developed GaN Schottky Diode

Developed in Tokushima University
NIAu Ay siO,
Au T Au Au, anode o) ad

TIAITIAu n*-GaN TIAITIAu
buffer

A
SI- SiC /

isolation trench

K. Takahashi et al., “GaN Schottky Diodes for Microwave Power Rectification”, Japanese Journal of Applied
Physics (JJAP), Vol.48, No.4, 2009, pp.04C095-1 - 04C095-4 53



GaN Rectenna by Kyoto University and Tokushima University

Rectenna by Kyoto Univ.

. Rs : 4.04QVf
GaN Diode for MPT . 0.750V Distributed Line + Capacitance for

by Tokushima Univ. Shingle-Shunt Full Wave Rectifier

Microwave input DC output

GaN Schottky Diode

Shinohara, N., et al., “Microwave Building as an Application of Wireless Power Transfer”, Wireless Power
Transfer, pp.1-9, 2014.4 54



GaN Rectenna by Kyoto University and Tokushima University

74.4% @ 2.45GHz,

90 5W, 130Q
80 -~ 6.0W
e 2.0W

70 p= ==y 4.0W

60 = Conversion Efficiency __ 5O
J i i i i - 2.0W

50 /

0 Adjustmentby |

30 stab = ]
in each Input

20 3
10

Reflecti?n /

"

Conversion Efficiency, Reflection Efficiency (%)

0 20 40 60 80 100 120 140 160 180 200
Load (Q)

Shinohara, N., et al., “Microwave Building as an Application of Wireless Power Transfer”, Wireless Power
Transfer, pp.1-9, 2014.4



MPT in Very Short Distance (EV Microwave Charger)

DC power electric double .:
layer capacitor |
battery |

Rectifying !
creuit  y Rectenna

Receiving !
antenna |

Transmitting syste

Wave source: Magnetron

_ _ Frequency: 2.45GHz
- Transmit by microwave High efficiency, low cost

(If we control the radiating pattern,
we can transmit power for long distance.)

" receive and rectify the power by the Rectenna

They are thin and lightweight.
56



First Experiment of Wireless Charging of EV with

Microwave by Kyoto Univ. with Nissan Motor co.(2004

6 Electric Double
Layer Capaci

Slotted Antennas with Magnetrons

-J.Q§10..t€&
c0o0e00000

81 Rectennas in Bottom of EV DC Output from Rectennas




Microwave Charging System by MHI co.
with Mitsubishi Motors Co., Fuji Heavy Industries, Ltd,
Daihatsu Motor Co., Ltd., and Kyoto University (2006-2008)

Magnetron
(2.45GHz)
Directly Drive
by 6.6kV

The total efficiency, including the heat recycling,
was approximately 38% with an output power of
1 kW at a distance of 12.5 cm. 53



Wireless Power Transfer to Electric Vehicle in Hospital

(Project of ‘Center of Innovation” supported by JST)

—w 7N

If some people approach \\
A near that area, Wireless /
Power Transmission
System identifies the
people and shutdown
the system.

Transmission
module

Transmission
module

Reception
module

______{-’—"'w’"_ e
/ The microwave

Mominal

radiation area” is
C calculated by
Antenna Pattern
. Simulator (MHI)

= . e x__\

P ™
{ Wireless Power
= Transmission System /&
searches the target, and

controls the microwave
beam direction to the target

by Kyoto University
with MHI co.
From 2013

Joint R&D
Kyoto Univ.
Key technology
Mitsubishi Heavy Industries
System Design
System Manufacituring

QI

e “the microwave
radiation area™

Off-set (right) Off-set (back) 59



Microwave power supply system for moving object
(Project of ‘Center of Innovation’ supported by JST)

by Kyoto University
with Panasonic co.
From 2013

Power

- : transmission
Receiving unit system
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Ubiquitous-type WPT
(Wide Beam, Low efficiency)
at Kyoto Univ. and in Japan

— Electric

— Electric @y

00000000 P ower X0 —> ElGCtI'iC
Power ROy 0060060

IIIIIII

Power
xxxxxxxxxxx (XX ' ”nly Carrier for WPT
xxxxxxx
xxxxxx
" “ U “ “ U U ” ” U “ “ ” U Time and
Space
\

Transmitted .
Power (Broad)
L Freqliency
Transmitter “
Very Narrow

61



Ubiquitous Power Source (UPS)

Weak point of ubiquitous network Transmitting System
society is a power source.

We propose a wireless power source with
microwave power transmission (MPT). In
most advanced system, we bring only a
receiving system, rectenna instead of heav
battery. At first step, we try to charge a
battery via microwave power.

Wireless Power source

in every time ‘ “Ubiquitous Power Source”

and in everywhere

Shinohara, N., et al., “Study on Ubiquitous Power Source with Microwave Power Transmission”, Proc. of
International Union of Radio Science (URSI) General Assembly 2005, C07.5(01145).pdf, 2005 62



ZigBee Sensor Network

Sensor network is adaptable to widely applications

- Building automation
- Agricultural production

management
Power cable Batteries
= Wiring cost = Changing batteries
Rectified
Rectenna DC Power
Array Y Japan Association for
Zig Bee the 2005 World Exposition

microwave power/

_— / .« MPT
; = 2.45GHz band (ISM band
|| | ZigBee communication ( )
Rectified \ *  Wireless communication
- DCP ;
power transmitting o : deV|_ce
antenna Rectenna || |ZigBee = ZigBee (2.45GHz band)
Aray Rectiied : low power consumption
Rectenna DC Power

Array
Shinohara, “Development of Rectenna with Wireless Communication System”, Proc. of EuCAP2011, 2011.4.10-15, pp.4139-4142 63



Wireless power transmission experiments

4m
+ GND
directiounal Horn rectennas
coupler antenna 1
1 T~ patch antenna to measure

power sensor Input power

power

meter ..

-Power receiving antennas
Amplifier | |Signal
— — Patch antennas

(20W) generator

Diameter:4.6cm
Gain:6~8dB1

e Rectification circuit was connected patch
antenna.=rectenna

* We measured conversion efficiency by wireless microwave.
* 9 rectennas with circuits were connected to 140Q output
load in parallel.

Shinohara, “Development of Rectenna with Wireless Communication System”, Proc. of EuCAP2011, 2011.4.10-15, pp.4139-4142 64



Demonstration of WPT-powered Sensors with Drone

5.8GHz, 8.74W from 8x8 array (21dBi)

Next Term Drone

Autonomous Programmed Flight
Height 30-50m

M S YS90

= Electric Reference Point

Transponder

Rescue Headquarter
(If necessary)

i@@

Drone Station
for Rescue

Microwave power
Victim Data
Flight Path Data
Height 6-8m ‘ Drone Health Data
WBLS Health Data

ID Data of
Victim

Obstacle of Radio

M|crowave
(5.8GHz, -8.74W)

(with Rectenna-
Vital Sensor Card)

WPT-Powered
Sensor

e

Maximum Search Distance (TBD) km
Demo (Jul. 16, 2013) 6.1mW Received at 2 rectennas (10.2dBi)

Applications : Rescue of victims, WPT-powered sensors at volcano,
Inspection of infrastructures (Bridges, Tunnels..)

-

by WiPoT, Kyoto Univ., Mini-Surveyor Consortium, Autonomous Control Systems Laboratory Ltd. 65






Prof. Sakaguchi’s Lab. in Osaka Univ.

Applicaion serve;

A
Duty evele : T
- i
|1 :
RF transmission J’J : I.’ { Transmit time ; T,
i controller Charge time : 7 ]
) \ i Received DC power: [P
Hensor ! Li :
aaaaaaaaaaa P -.--.-a..-.--..--.-a.a!aa..a...4........._.......a...a.....-.ia.-.--.---.--..--.-.-- l+._a_a. mssssmsmasn

Consumed power

Wireless grid
(Microwave illumination)

920MHZz,
1W system

Wireless energy charging

Wireless Power
and Communication

Human ensor

t iy '.I.-
? Rectenna
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Commercial Product of
Rectenna for Energy Harvesting in Japan

* 90% RF-DC Conversion Efficiency at 2GHz-Band
(by Nihon Dengyo Kosaku, co.)

Wireless Power

e Battery-less Sensor Biten )

http://www.den-gyo.com/technology/index.html

\\ Data

Transmission

(by Nihon Dengyo Kosaku, co.)
W\\ 315 MHz Band

http://www.den-gyo.com/solution/solution10_b.html w-

Wireless Sensor

68



Electric Power
To User

Only Carrier for WPT

Transmitte

Time and
Space

.
LY
\
»
LY
\
a —
Frequen et
—ltq’ <y P ™

Transmitter Ve Narow

Electric Power

Only Carrier for WPT

Frequency
_—

Transmitter Ve Narow



Phase Array for Beamforming

(a) Same phases of radio waves from different antennas

= — - - —

— Equivalent phase plane is front
=Beam direction is to front

antenna1l antenna2 antenna3 antenna4

T ™ L T 7™ L T 4™ A, T ™ Eal
£ £ o FA £ S0 I AR
B P e e PR B P s e Hy R e
i I'\I |_-" Y e I'\I f-" Y i "\I f." , e I'\I |_.-' =
ke \\. /’.l \\. /".l \\. /’.l k\. /’.l

®: antenna, X-axis: distance from antenna

(b) Different phases of radio waves from different antennas
~

2D Phased Array

Qvith Circular Antennay

— Equivalent phase plane is
antennal antenna2 antenna3 antenna4 oblique

T e ; b, y A T g _ . . . .
+ Y Ty T TR + AR J“ N =Beam direction is to oblique

®: antenna, X-axis: distance from antenna 70



1GW Solar Power Station
2km¢ Solar Cells

2km¢ Microwave Antenna
< 10,000 ton weight

36,000km
Microwave Power
Transmission

Future Dream of MPT:
Solar Power

Satellite (SPS)

Energy Availability Factor
Ground PV
: < 15% (Night, Rain...)
Space PV (SPS)
: >90% (No Night in 36,000km Orbit,
No Rain by Microwave Propagation)

2kma
Receiving Antenna

-> SPS is huge, stable, and CO,-less
Power Station




Phased Array Developed in Japan

Rear : Solar Cells

Lights as Sun
v

1992 (for Airplane Experiment)
2.45GHz, Total Power >1.2kW

96 array module, 3in1 sub-array 2000 SPTITZ (for SPS)
o 5.8GHz, Total Power >25W
HPA PAE >40% (Gahs) 100 array module with Solar Cell :
By Kyoto Univ. and Kobe Univ. ’
y ¥iyoto Univ. and Robe Lnlv System Eff. >15% (GaAs) 2010 5.8GHz, 2015 5.8GHz,
by JAXA and Kyoto Univ. Total Power >1.9kw 1 otal Power >1.6kW

256 array module 304 array module

4in1 sub-array
HPA PAE >70% (GaN)
thickness <30cm HPA PAE >70% (GaN)

. thickness <2.5cm
t Kyoto Univ.
at Ryoto Hniv by METI & JSS

2.45GHz, '
Total Power >4kW 5.8GHz, 2009 for Airship Exp.

2001 SPORTS5.8

12 magnetron array
Eff. >70%
at Kyoto Univ.

Total Power >2.7kW\ 2.45GHz,
9 magnetron array ~ Total Power >440W

Eff. >65% 2 magnetron array

at Kyoto Univ. (light weight)
by Kyoto Univ.

2015 2.45GHz
Total Power >10kW
500m Field Exp.

by METI & JSS

1990 2000 2010 72



MILAX Airplane Experiment (1992.8)

Fuel-free Airplane MILAX

.....
" A S S S A A i

1992 (for Airplane Experiment)

=
Microwave
(2.411GHz)
[
2.45GHz, Total Power >1.2kW
96 array module, 3in1 sub-array

S HPA PAE >40% (GaAs)
Kyoto Univ., Kobe Univ., CRL, Nissan motor co.,
Fuji heavy industry co., ISAS in Japan Developed by IHI Aerospace (former Nissan Motor Co.)73







Phased Array Antenna at Kyoto University (2010)

Front (Equal Phases)

Research Facility for

*Beam Forming Experiments

« Target Detecting Algorism
Experiments

*Development of Antennas (with
Microwave Circuits)

*Development of Microwave
Circuits (with Antennas)

*Rectenna Experiments

*Wireless Power Transmission
Experiments

*256 Antenna Elements

*1.5kW

*GaN FET F-Class HPA
(7TW, >70%)

MMIC 5bit Phased Array

*REV, PAC, Parallel Method, etc. DOA |

Advanced Phased Array
at Kyoto University

A
......

Dawn
(Controlled Phases)

Developed by Mistubishi Electric Corp.
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MPT Experiment on Feb. 2015 (1)
Thin-High Efficiency Phased Array with GaN MMIC
2.5cm thickness phased array = e |ty

GaN MMIC Amplifiers
5.8GHz, 1.8kW

Developed by Mistubishi Electric Corp. (Phased Array), IHI Aerospce (Rectenna Array), Supported by METI 77



AC200V

Developed Thin
Phased Array Antenna
(FY2009-2014)

by Japanese SPS
Committee

(REF OUT)

3p)

AC100V

3
{ TPower Transmitting Module #1 L
Sub-
I First Stage ‘ i
I HPA MDL — HPAMDL ANT
[ T T =
Referenle 1 II @
Signall | B - -
| Rsc L RSC |ssoh: o | ; F : :
Master Unit I Slave Unit 1 Ll INL _ _ =
: K
Power i [
>—+— Supply —} B L —
—Main I
I 1
Power l Power ; | :
Supply 22 Supply — BFNC [: 1 BSC Section
-Control | Card : I
| ‘ —
I Phase Control i Il i l
Signal I
I I
U B—— =
l e = = =/
| N - T
|
: !
! BSC Section I
|
| L A
1 Heat—Prper === === == =
|
I Power Transmitting Panel
AN

Developed by Mistubishi Electric Corp., Supported by METI

-——————————————V

\
\
\
|
h
|
|
[

xr----

(120cm x
120cm) ,
5.8GHz,
1.8kWCW

Thin
Phased
Array

ila- ;ﬁ:é'u. -l:.q:

f-iE :

60cm x 60cm, = 450W , =1.9kg

Transmitting ANT
(76 Sub-array ANT)
Sub-array Image Sub-array ANT
e (4 elements)

HPA MDL (PAE >70%)
(High Power amplifier Module)

BFN(Beam Forming Network)
(66mm x 66mm x 25mm(Thickness))

: RF/IF Signal
: Power Line

: Control Signal
: Thermal Path

RSC: Reference Signal Control pyv: Divdier

BSC: Beam Steering Control HPA MDL: High Power Amplifier
BFN: Beam Forming Network Module

BFNC: BFN for Control Signal ~ ANT: Antenna
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MPT Experiment on Feb. 2015 (2)
_High Power-Low Cost Phased Array with Magnetrons

Magnetron phased array
2.45GHz, 10kwW S
Height 13m

| High Quality
(Frequency width
IS harrow)

Low Quality
(Frequency width
is wide)

Developed by Mistubishi Heavy Industries, Supported by METI 79



Phase and Amplitude Controlled Magnetron

at Kyoto Univ.

|
N
o

Stable Phase in Changed Power

Phase
Comparator <

v

Stabilized DC

Power Source

1
W
o

9
’

_-

|
»
o

Phase [Degree]

(44}
o

o

and Stabilized

U

’
.
_ -

Ccw
Magnetron U

Injection Locking

R PLL Feedback to Anode Current (E)
Power Power
Reference —>
. Comparator <
Signal

Feedback to Coil Current (B)

PACM for phased array system

i VS

AN / /
. Y Y

Output Voltage [V]

=550
= 500 =
3
2 450 s
% 400 _rer
a -
8350
3 00l
100 200 300 399 400 200 300
Time [Sec] Time [Sec]

Wave Spectﬁj_m of PACM

center:2.45GHz , span:10.0MHz,
RBW:100kHz, Pi/PO: -33dB

Wave Forms of Two PACMs

\
N, W N
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WPT in Emergency — Power from Space —
2009, by Kyoto University

Microwave power density at the center of the receiving site

2.5

~ 2 -

£ /

S15 | '

€ /

> 1 + r

"é i{ 0

3 05 - Magnetron

g ‘Uh “v L LN | Phased Array

5 0 i piral argenna wa

; 0 200 400 600 800 1000 artits :
Time (s)

Mitani, T., et al., “Demonstration Experiment of Microwave Power and Information Transmission from an
Airship”, Proc. of 2" International Symposium on Radio System and Space Plasma 2010, pp.157-160, 2010
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A new microwave power supply system

 In Parking * In Driving
Liohts & Transmitting
Transmitting Antenna Tr%nsmitter Stang  A\ntenna

= T
= J e o
X e
i =T e
=
o

Microwave &

Beam
N

-

Rectennas

Transmission Distance1-4m Transmission wistarice 4-10m

Collaborative Research with Volvo 83



FDTD Simulation of Mid-Distance MPT

Height
8m )
[MmMW/cm?]
939.748
537.159
em 307.041
175.505
190319 Flat Beam
o7 3421 b Genetic Algorith
B 327768 y Genetic Algorithm
10.7091 —102
8.12131 —po|
349895 g0 1/
2m 2 an
-3 50
—50
Om —?O




High Power
Rectenna Array
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Activities of Scientific Society and
Industrial Standardization of WPT
In Japan and in the World
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IEEE Wireless Power Transfer Conference (WPTc)

s - e « 2nd WPTC (2014) A
o .- atlJeju, Korea 3d WPTC (2015) |
o b ey C = | at Boulder, USA |

.
{

Sl 40 wpTC 2016) WS V1.6 \ L
S at Aveiro, Portugal [BG - .

[ 1st WPTC (2013)
at Perugia, Italy
/ o [
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|IEEE Wireless Power Transfer Conference

WPTc2015 (Former IMWS-IWPT)
Univ. of Colodado, US, May 13-15, 2015




History of WPTc (IMWS-IWPT)

« 2011 paper 59/ 69 (88%) from 8 countries,
142 attendees (pre), 176 (total)
2012 paper 60/ 68 (88%) from 7 countries,
117 attendees (pre), 146 (total)
2013 paper 62/ 77 (80%)
90 attendees (pre)
2014 paper 73/103 (71%) from 19 countries,
187 attendees (pre), 203 (total)
2015 paper 93/166 (53%) from 29 countries
164 attendees (pre), 199 (total)
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|EICE Technical Committee on

Wireless Power Transfer (Domestic)

nttp:// www.leice.org/cs/wpt

*FY2010
*30 papers in 5 meetings, participants 246

*FY20

38

*FY20

1
papers in 4 meetings, participants 241

2

*58 papers in 6 meetings, participants 471

*FY20°

43

*FY20°

3
papers in 6 meetings, participants 421

4 (reorganized)

*106 papers in 8 meetings, participants 760
*FY2015 (Until August)
38 papers in 3 meetings (+5 meetings will be held.)



IEICE Student WPT Competition (Sep., 2014)
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2015 Asian Wireless Power Transfer

Workshop (AWPT 2015)

Greeting

The first Asia international workshop on Wireless Power Transfer technology(AWPT) will
be held at Tamkang University, Taiwan, from Dec.10 to 11, 2015. This workshop is

sponsored and organized by the Technical Committee on Wireless Power Transfer of the
Institute of Electronics, Information and Communication Engineers, and Department of
Electrical Engineering of Tamkang University. Wireless power transfer technology is
bringing our life more comfortable and convenient and is one of the most important and
innovative technologies in nowadays. The workshop aims on providing an international
forum to exchange on the future trends or the latest advances of research and
development in wireless power transfer technology. The workshop is also intended to
enhance the friendship between the researchers in Asia.

Venue

Tamsui Campus, TamKang University
No.151, Yingzhuan Rd. Tamsui Dist., New Taipei City 25137, Taiwan
http://english.tku.edu.tw/map/TamsuiFreeway.pdf



http://english.tku.edu.tw/map/TamsuiFreeway.pdf

ITU Activities

ITU : International Telecommunication Union (Founded in 1865)

which cites the following purposes for the union:

to maintain and extend international cooperation between all members of the
union for the improvement and rational use of telecommunications of all kinds;

to promote and to offer technical assistance to developing countries in the field of
telecommunications;

to promote the development of technical facilities and their efficient operation;

to promote the extension of the benefits of the new telecommunication
technologies to all the world's inhabitants;

to harmonize the actions of members in the attainment of these ends;

to promote, at the international level, the adoption of a broader approach to
telecommunications issues, an approach that includes other world and regional
organizations and nongovernmental organizations concerned with
telecommunications.

Discussion Result is published as

Question [> Report [> Recommendation [> Regulation
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Discussion for Q. ITU-R 210/1 (WPT)
in Study Group 1 (SG1) - Working Party 1A (WP1A)

2001 : Information which was attached on SG1 Chairman’s Report

Results of contributions form US in 1997-2000

May 2009 : SG1 Chairman’s Report Annex 14 to 1A/135-E Working document
toward a preliminary draft new report regarding Question ITU-R 210-2/1 Power
transmission via radio frequency beam (wireless power transmission)

Results of contributions form JAXA(Japan) on Feb.-May 2009

Sep. 2009 : SG1 (Spectrum Management) Chairman’s Report

Merge of JAXA and US contributions

2013 : Separated reports of ‘Beam’ and ‘Non-Beam’ as a
result of contribution from Japan

2014 : Approval of Non-Beam WPT Report
— New Report ITU-R SM.2303 - Wireless power transmission using
technologies other than radio frequency beam

2015 : Contribution of Beam WPT

— [Beam] SG1 Chairman's report

— [Beam] Deadline of Question of BEAM WPT is expended to 2017
— [Non-Beam] Revised Report (ITU-R SM.2303-1)

— [Non-Beam] Preliminary Draft of New Recommendation

— Liaison to IEC, ISO, IEEE, URSI, WIPE, WiPoT..... 93




Question ITU-R 210-3/1
Wireless power transmission (June, 2015)

decides that the following information be gathered

1 What applications have been developed for use of WPT
technologies?

2 What are the technical characteristics of the emission employed in
or incidental to applications using WPT technologies?

3 What is the WPT’s standardization situation in the world?

decides that the following Questions should be studied

1 Under what category of spectrum use should administrations
consider WPT: ISM, or other?

2 What radio frequency bands are most suitable for WPT?

3 What steps are required to ensure that radiocommunication
services, including the radio astronomy service, are protected from
WPT operations?






Our Dream : Wireless Power Society

Communications —
Power Coexistence

Infrastructure of
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Source in Emergency
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WAVES SERIES

Books and Journals

Proceedings IEEE

SPECIAL ISS5VE
Wireless Power Transmission,
Technology & Applications

Wireless Charging

Technology

and the Future of
Wireless Power Transfer Electric Transportation

via Radiowaves

MNaoki Shinohara

WILEY
| ere!ess Power Transfer. Wireless Charging Proceedings of IEEE
via Radiowaves (Wave Series) Technology and the Future of 2013.6
Naoki Shinohara Electric Transportation 18 WPT P
ISTE Publishing & SAE Book fapers
John Wiley & Sons, Inc., UK & USA Ed. In-Soo Suh, [Guest Editors]
2014.1 Chap.9 by Shinohara 5 Cﬁgm”hury
ISBN 978-1-84821-605-1 2015.6 '

(Paper Book and Kindle) ISBN 978-0-7680-8153-4 H.Matsumoto



