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Various Wireless Power Transfer via Radiowaves
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B h4 K D Harvesting (by Intel)
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Fig. 6. Apparatus for ambient RF harvesting experiment. The Fig. 7. Operating a temperature and humudity meter (including
power harvester 1s the PC board in the lower left. The harvester is LCD display) using only ambient RF power.

fed by the log period antenna. The harvester output is connected to

an 8K Ohm resistive load and a volt meter.

-broadcasts 960kW ERP on channel 48, at 674 - 680 MHz -distance of 4.1km

broadband log periodic antenna (5 dBi) designed for TV applications and a 4 stage power harvesting circuit
- The bandwidth of the tuned front end : approximately 30MHz

- The measured open circuit voltage : 5.0V

-Across an 8K Ohm load, they measured 0.7V, which corresponds to 60uW of power harvested.
Sample, A. and J. R. Smith, “Experimental Results with two Wireless Power Transfer Systems”, Proc. of RWS2009 11



Prof. Kawahara’s Lab. in Tokyo Univ.

.....................................l.....} FE.
o Antenna =
% Rectifier Capacitor
Resistor
acm
Leakage Power Level: Average E’tﬂl
Limit: Smwicm? _0.48dBm Power nergy
ActualMax: (0.9mW) Consumed: || Storedin
500uWI Using Dipole 0.54mwW 120s:
- anfenna (64.8m. for 9.98mJ
. 7\ VALY, y,
Power Consumed at a Resistor
|Type A Chargs Pump, Dipols Amtenna, 120caconds)

Y. Kawahara et al., “Power Harvesting
from Microwave Oven Electromagnetic

Leakage,” UbiComp 2013, pp. 373-382,
Zurich, CH, Sept. 2013.
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566 Alpha Drive
Pittsburgh, PA 15238 USA
Www.powercastco.com

best of
Sensors

c expo2009
too7? -
m Gold Level Winner
Emerging P2100
Technology Powerharvester®

PCC110 — RF to DC Converter

High conversion efficiency, up to 75%

Converts low-level RF signals enabling long
range applications

RF operating range: -18dBm to +20dBm
Frequency range: 10MHz to 6GHz
Harvests from all modulation types

Interoperable with numerous RF sources:
Powercast TX91501 transmitter, RFID readers,
Mobile Phones, Wi-Fi routers, etc.

SC-70 package ﬂ”

Powercaster®

Wireless Christmas Tree

RF Wireless Power
company founded
in 2003

POWERCAST

\S

iz
INNOVATION

Honoring Excellence in Electronics @
WINNER
P2110 P2110
Powerharvester® Powerharvester®

Eliminates interconnecting wires
Two RF transmitters located inside
the tree

A passive harvester directly drives
each LED, 100 per tree
Numerous lighting effects can be
achieved via patented modulation
techniques

- R T_g
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Commercial Product of
Rectenna for Energy Harvesting

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

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

UHF Band

Transmitter

e Battery-less Sensor 2o

(by Nihon Dengyo Kosaku, co.)

ransmission

Mm' \\ 315 MHz Band

http://www.den-gyo.com/solution/solution10_b.htm| w-)
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@ TechCrunch disrupt 2013 (2013/9)
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http://techcrunch.com/2013/09/09/cota-by-ossia-wireless-power/ 17
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BFEHBIEFE BIEE NI EMEE(WPTH) (2014-)
http://www.ieice.org/~wpt/
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IEEE MITTS TC-26

“Wireless Energy Transfer and Conversion”
http://www.mtt-archives.org/~mtt26/
For the last several decades, wireless
power supply and energy transmission has
been paid much attention. The committee
promotes the Wireless Energy/Power

Transmission (WE/PT) technology to the
fixed access as well as the mobile communication with the near-

field to the long distance. In addition, the energy harvesting
related to WE/PT is also discussed in this committee.

[MISSION]

MTT promotes the Wireless Energy or Power Transmission and
conversion technologies, using either near-field or far-field
techniques, for either fixed or mobile access platforms. Wireless
energy harvesting from radio-frequency (RF) sources is also part
of the interest of this committee.




IEEE Wireless Power Transfer Conference (WPTc)
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3d WPTC (2015) |
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2011 IEEE MTT-S International Microwave Workshop Series on Innovative Wireless
Power Transmission: Technologies, Systems, and Applications (IMWS-IWPT2011)

WW\W MM il -
i ‘ ‘ ' I _—it . e =

Poster Session Award Winners Banquet

47 Oral Presentations on 1 Keynote Session and 10 Oral Sessions
21 Paper Presentations on 1 Poster Session

176 Audiences )t




WPTc2015 @ Boulder, Colorado, USA

IEEE ereless Powex_Transﬂ Conference 2015

4 es Systems

¥ www.wptc2015.0rg Submnssnon deadline: January 16, 2015 |

May 17 (Sun.) — 22 (Fr| ), 2015
International Microwave Symposium 2015 (IMS2015)
@ Phoenix, Arizona

http://ims2015.org/
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“0 There are international conferences as a platform for the exchange of
experiences for Roadway Electrification and Automation.

CERV
Confarence on oads & Vehicles E ansfer fo yotri NCe Intornational Forum on Electric Vehicle
Newpark Hofed & Rasovt, Fark Gy, Utah. USA ¢ P Cankar EastiNGC O Y KAIST mahi campus, Desjeon Sowth Xoea
RischF. | Productigef Concepts for Inductive Power Transfer Systems for Electric Yehicles \ 17.10.2012 30
CREV @ US (from 2012) ETEV @ Euro (from 2011) IFEV @ Asia (from 2011)
(Conference on Electric Roads & Vehicles) (Energy Transfer for Electric Vehicle) (International Forum on Electric Vehicle)

Feb. 9-10, 2015 Sep 15-16, 2015 Mar. 12, 2014



CAMBRIDGE

UNIVERSITY PRESS

Coming in 2014

A new journal from Cambridge

Wireless Power Transfer

journals.cambridge.org/wpt

Wireless Power Transfer will be the first journal dedicated to publishing original research and industrial
developments relating to wireless power. The Journal will pull together research from across the field,
covering aspects such as RF technology, near-field energy transfer, energy conversion and
management, electromagnetic harvesting, novel materials and fabrication techniques, energy storage
elements, and RFID-related electronics. WPT will cover all methods of wireless power transfer and
articles will reflect the full diversity of applications for this technology, including mobile

communications, medical implants, automotive technology, and spacecraft engineering.

Editor
Apostolos Georgiadis, CTTC, Spain

Executive Editors

Nuno Borges Carvalho, University of Aveiro Alessandra Costanzo, University of Bologna
Shigeo Kawasaki, Japan Space eXploration Agency Joshua R Smith, University of Washington
Manos Tentzeris, Georgia Tech Patrick Hu, University of Auckland

Editorial Board

Ana Collado, CTTC . Gerald DeJean, Microsoft

Zhizhang (David) Chen, Dalhousie University Mina Danesh, Wibicom

Stepan Lucyszyn, Imperial College London Stavros Georgakopoulos, Florida International
Hendrik Rogier, Ghent University University

B W Flynn, University of Edinburgh Paul D. Mitcheson, Imperial College London
Christos Kalialakis, EETT Luca Roselli, University of Perugia

Yoshihiro Kawahara, Tokyo Institute of Technology Ki Young Kim, Samsung

Hiroyuki Arai, Yokohama National University Debabani Choudhury, Intel

Naoki Shinohara, Kyoto University

New Online
Journal of WPT

28



EANDIREILRED
WPC, PMA, A4WP, WiPE,

BWF WiPoT, WPMc, EHC, ...
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Standards Battle

k

Supply

=  Founded in 2009, 145+ members
Integrated compatibility in Nokia, LG phones

L
' Integrated compatibility in Google (Asus) Nexus 7 (2" Gen) Tablet
= Tightly coupled (inductive) specification

= The “first” with the largest membership. Millions of products in the market

° Founded in Oct 2012. Powermat, Starbucks, ATT as founding Members
=] 1.y [ IEEE affiliation

= ATT: “PMA-certified wireless charging solutions by 2014”

=  Witricity joined in May 2013

= Currently all accessory based

= Founded in May 2012 by Samsung & Qualcomm. Intel joined in June 2013
CAEliance ‘or = 60+ Members
Wireless Power s Draft spec approved in Oct 2012
= Focussed on magnetic resonant technology at 6.78 MHz
= Test kits shipping, no product in market
= #1 smartphone and #1 smartphone chipset suppliers...

© 2013, IHS Inc. Mo partion of this presentation may be reproduced, reused, or oltharwise disirbuted in any form wiithoul priar writlhen consant
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WIPE Activities in Europe

IC1301 — WIPE
Wireless Power Transmission for Sustainable Electronics

@ www.cost-ic1301.org

32



WIPE Activities in Europe

WG1: Far-field
WPT systems

WG2: Near-
field WPT
NAE S

WG3: Novel
Materials and
Technologies

WG4:

Applications

WGS5:
Regulation and
Society impact

Companies

Thales Systemes Aéroportés
TeleMobile Electronics
ACORDE Technologies S.A.
THALES Systemes Aéroportés
Drayson Wireless

Research Institutes

IT - University of Aveiro
INESC TEC

CTTC

CNRS LAAS

Instituto de Telecomunicacdes
Oslo University Hospital

Universities

UPCT Technical University of Cartagena
University of Nicosia

Technical University of lasi

UCD - University College Dublin

Brno University of Technology
Buskerud & Vestfold University College
Uppsala University

Graz University of Technology

Aalborg University

Heriot-Watt University

Bogazici University

Politehnica University
Timisoara
Imperial College
Brno University
of Technology
UPB-CETTI
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BWF WPT Roadmap (released Dec.2012)

2011

2012

M2 Bilion JPYiyear @200

(9]
o
=
3
2 ew
& | PHEV
2
=]
= | Others

Commercial lmﬂdu{;&m Popularization ™ Enhancemeris,
Ibizfindustrial uses, followed by individual house use) pands use broady 17 e g charging in
+ Commercializaig D“'Elﬂs {}
- . = WFPTmounted ear
IN-EMyear @2020 (global] 10 - 150 2030

==

Mational rule
making for
technical
conditions
anl
requiremenis

—-

Technclogy survey
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= 1?4313 Use-Case Studies ; Aocombly
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@ {(Work with JEITA, JARI, JSAE, JADIA, IEC TC106 Japan Committes, etc.)
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K. Sasaki, “WPT Standardization Status in Japan”, Proceedings of ETVEC2014

I5: Intermanonal Standard
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Wireless Power Transfer Consortium
for Practical Application (WiPoT)
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K=/ "REVKF
BEIR B —

4
-

7
[ E]

TAIAREBZRINELI-TAVLABREDY —XEZ—XE=TYFI L.
TAIOREBECTAVLRABNGEEDERILEIET 5, FDT-HOIZH i )
T 2 LEPREHE., A —F———XIZET5EHREEZTO. F1-.
YA BEEERIDELI=TA VL RIEGEDPREEZITO,

*2014/10/9EDS M 28¢L, FHE A 384 . HRMEEH 3G WiPol
28 25O F (EARE) #H (FH=5)

36



Timeline toward ITU-R WP1A 2014

2013/Q2 Q3 Q4 2014/Q1 Q2 Q3

e A A A A

[ CJK ] N fechnical Report2 >

& TR2+ (TBD
DA Technical Report2 2 me0)
Information Study of Review of
update suitable WP 1A
frequencies, results and
sharing consider
studies, and next step
regulatory input

issues

“ Y
[ AWG ] 2 APT Survey Report (work in progress

LY
e APT Repor: on WPT ‘.: New Report (TBD) __
input (by each,
if available) ;np ut

Documents (WD) for PDNReport(s) and ) and
PDNRecommendation(s) ~ PDNRecommendation(s)”

Correspondence Group-WPT: Working > A\ WD for PDNReport{s}\_

June, 2074

K. Sasaki, “WPT Standardization Status in Japan”, Proceedings of ETVEC2014 37
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