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United States Patent 5,994,871

Charging of secondary cells using transmitted microwave energy

Assignee: U.S. Philips Corporation (New York, NY)
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BFLUDICETEE
cellular telephone ClEA< . —ILRIZL

Faraday cage FoCTAN. TUTFFHE
opening Foh S )
antenna =

unmodified microwave oven

antenna

transceiver 700WDEFLOD
secondary cell BEICIE. TENERAE
half--wave rectifier 100%&{RET HE

high quality diplexer g\V1Ah® /N1 H30
band stop filter W CHRETERHE

band pass filter

http://news.livedoor.com/article/detail/ 7374529/
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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
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Rectenna
by Kyoto Univ.
(5.8GHz) 2001

Rectenna
byDENSO co.
B (21GHz) 1997




Various Wireless Power Transfer (WPT) Products

Inductive WPT (Magnetic Field) ;
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http://car.watch.impress.co.jp/img/car/docs/483/382/html/c02.jpg.html
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WORKING DOCUMENT TOWARDS A PRELIMINARY DRAFT NEW
REPORT ITU-R SM.[WPT.WIDE-BEAM.IMPACTS] rev. in ITU, 2019

System specifications of beam WPT at the first step commercialization (2020)

wirel

Machine and Line anagement in Factory

Wwer n

Application of wide-beam WPT technology for
r network

tem1

RAEBARTRALTOES VAT LNRDDRE

System System 1 System 2 System 3
920 MHz bands 2.45 GHz bands 5.7 GHz bands
Frequency
(915-930 MHz) (2.40-2.499 GHz) |[(5.470-5.770 GHz)
Output Power 1W 15W 32 W
Spec. Antenna gain 6 dBi 24 dBi 30 dBi
EIRP 4 W (36 dBm) 65 dBm 70 dBm
Modulation TBD TBD TBD
Place of use Indoor Indoor Indoor
Age Free Care \ - g o e devcesin the lace where peope gtber,
== Rwnroom )
o

Application of wide-beam WPT technology for

wireless charger of mobile devices (System2,3)

7

16



B RIRIERE
- BEDERTODLD%
EHIZLHh -




Power Density of TV/Mobile Phone in Nara, Japan

0

__-10 + Broadcasting Cellular BS

= 20

s N

= 40 i

= 50 | A \, \

z -60

¢ 70 -

=

-30 4
_gﬂ I 1 L T T
100 500 000 1300 1700 2100 2500
Frequency [MHz|
Source Frequency Received Power flux
' 9 . powWer densitv
Mobile Multitmedia 207-222 MHz -17.2dBm 75 1pWinr
DTV 470-560 MH= -25.7 dBm 47.1 yW/nr
860-890 MH=z -268dBm | 133.7pWm'
Cellular BS
2110-2170 MH=z -38.4 dBm 57.0 yWinr

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



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.
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High Impedance Energy Harvester by Kanazawa Inst. Tech.

1.6kQ Antenna

of
>E
o

Diode

HSMS-285C

L type LPF

Cockcroft-Walton
type rectifier(m=2

Load resistance terminals

Frequency plan at Tokyo area

Center TV
frequency ERP Stations
491MHz | 11.5 kW MX
521MHz | 69 kW CX
527MHz | 69 kW TBS
533MHz | 69 kW TX
539MHz | 69 kW EX
545MHz | 69 kW NTV
551MHz | 68 kW |NHK(Edu.)
557MHz | 68 kW NHK

Output dc voltage (V)

17 — 110
Input power _ A
~ AN\ &
N f S
05r ~_ A \ 130 2
; o
bbb N 3 o
~ Output voltage N.40 2
IR | =
0 IR EREE 1
2 4 6 810 20 S0

Distance (km)

T. Furuta, et al., “The 500MHz band low power rectenna for DTV in the Tokyo area”, Proc. of WPTc2016
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WISP (Wireless Identification and Sensing
Platform) at University of Washington

Augmented Reality

. SEEN\YT—L REFEEE
in a Contact Lens

/
Il |

Table 1. Summary of the power consumption of battery-free phone

Component Power Consumption
Harvester & Power Management 2.15 pW
MSP430 micro-controller (LPM3) 0.86 uW
RF switch 0.22 yW
Biasing & Misc. 0.25 pyW
‘ Total ‘ 3.48 yW |
2009 2017

http: //spectrum ieee. org/blomed|caI/b|on|cs/augmented reality-in-a-contact-lens/0 21
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Huawei unveiled a plan to let cell towers wireless charge drones at MWC 2017 as part of its X Labs initiative.
The idea is that while drones can replace humans to perform inspections of cell towers (climbing towers to
inspect them is one of the most dangerous jobs for workers), the combination of interference and the length of
time it takes makes this a difficult job for drones to perform. The most challenging part of using a drone to
inspect a cell tower is that signal interference from the tower can interfere with the drone’s ability to maintain a
GPS lock, which can contribute to faster power use by the drone. Huawei hopes to develop a wireless charging
technology that can provide additional power to the drone while it’s flying around the tower, and also hopes to
have the tower boost GPS data sent to the drone. While Huawei acknowledges that the technology is still years
in the future, it says that it would improve drone performance and safety. If developed, the solution would also
appear to have broader uses, perhaps in other types of building inspection and to improve overall drone
navigation in areas where GPS signal interference is an issue.

https://japanese.engadget.com/2017/02/28/drone-charge-tower/

https://www.strategyanalytics.com/strategy-analytics/blogs/devices/smartphones/smart-phones/2017/02/28/mwc-2017-day-3-drones-robots-5g 22
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Largest MPT Field Experiments
JPL (USA, Goldstone1975)

T

R

Tx System : 450kW CW Klystron, 2.388GHz, 26 m¢ Parabolic Antenna
Rx System 3.4m x 7.2m =24.5 m?, 30kW DC (82.5%)

Distance : 1.54 km

Estimated Beam Collection Efficiency : 8.1%

W. C. Brown, The History of Power Transmission by Radio Waves, IEEE Trans. MTT, Vol. 32, No. 9, pp.1230-1242, 1984



WPT to Flying Drone (Airplane)

SHARP Experiment MILAX Airplane Experiment
(Canada, 1987 (Japan, 1992)

Microwave
(2.411GHz)

Transmitter
(1.25kW)

http://friendsofcrc.ca/SHARP/sharp.html Iv!!! Kobe Univ., CRL, Nissan motor co--Fuji
H | | dystryco., ISAS in Japan
Mechanical Beam Contro . .
_ _ Electrical Beam Control with Phased Array
with Parabolic Antenna 75



MILAX ¥V 0B MRITHEEER by TREF K1t (1992)




MPT to Flylng Drone Demonstratlon (2019.5.24)

Tx MW Power : 1.6kW, Distance : 30m RXx DC Power 42\

by J-Spacesystems, funded by METI
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WPT Books (1/2)
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2 DAL RAEEREM FERYPRESR
_-Fj';ﬁ;gﬁﬁz) SEHESRE - HEXEMD AL RSB
+— 1%t 2012.7 XA RREEFT- EREE- IS T DER S -
ISBN978-4-274-21233-8 BIREZ, NRAM(E), EREREE, &),
¥3 800+K: RHEPEHREARSE, 20132 R2F#RIERRLE, 2014.12
’ ISBN978-4904774021 ISBN978-4-904774-28-1

¥2 800+% ¥3,600+F:



WPT Books (2/2)

WAVES SERIES Er |H
Recent Wireless Power Transfer = Wireless Power Transfer
Technologies via Radio Waves 5— Theary, technology, and applications
53 3 chnology, and : ations
Naoki Shinohara (Editon % g
3 g Maoki Shirshara
£
= a

Wireless Power Transfer
via Radiowaves

Maoki Shinohara

WILEY

Wireless Power Transfer:

Wireless Power Transfer Recent Wireless Power
via Radiowaves (Wave Series) Transfer Technologies Via Theory, Technology, and
by Naoki Shinohara Radio Waves Applications
ISTE Publishing & by Naoki Shinohara (ed.) by Naoki Shinohara (ed.)
John Wiley & Sons, Inc., River Publishers, EU, 2018.5 Inst of Engineering &
UK & USA, 2014.1 ISBN 978-879360-924-2 Technology, UK, 2018.11

ISBN 978-1-84821-605-1 ISBN 978-178561-346-3
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