US008427100B2

a2 United States Patent

10) Patent No.: US 8,427,100 B2

Vorenkamp et al. 45) Date of Patent: Apr. 23,2013
(54) INCREASING EFFICIENCY OF WIRELESS 5,455,466 A 10/1995 Parks et al.
POWER TRANSFER 5,734,254 A 3/1998 Stephens
5,812,643 A 9/1998 Schelberg, Jr. et al.
(75) Inventors: Pieter Vo.re.nkamp, Laguna Niguel, CA g:ggé”gég : gﬁggg Ki%gi therghe
(US); Reinier Van Der Lee, Lake Forest, 6,067,008 A 5/2000 Smith
CA (US); InSun Van Loo, Wijchen (NL) 6,114,832 A 9/2000 Lappi et al.
6,275,143 Bl 3/2001 Sto_bbe
(73) Assignee: Broadcom Corporation, Irvine, CA 6,384,578 Bl 5/2002 Patino et al.
US 6,463,305 Bl  10/2002 Crane
US) 6,756,765 B2 6/2004 Bruning
7,009,362 B2 3/2006 Tsukamoto et al.
(*) Notice:  Subject to any disclaimer, the term of this 7,042,196 B2 5/2006 Ka-Lai et al.
patent is extended or adjusted under 35 7,375,492 B2* 5/2008 Calhoonetal. ... 320/108
U.S.C. 154(b) by 447 days. 7,378,817 B2 5/2008 Calhoon et al.
(Continued)
(21) Appl. No.: 12/580,689
(22) Filed: Oct. 16, 2009 Primary Examiner — Edward Tso
(65) Prior Publication Data Assistant Examiner — Alexis Boateng
US 2010/0201313 A1 Aug. 12, 2010 (74) Attorney, Agent, or Firm — Fiala & Weaver P.L.L.C.
Related U.S. Application Data (57) ABSTRACT
(63) Continuation-in-part of application No. 12/421,762, ) ) ) )
filed on Apr. 10, 2009. Techniques are described herein that are capable of increas-
onal anplicati , fled b ing efficiency of wireless power transfer. A wireless power
(60)  Provisional application No. 61/150,554, filed on Feb. transfer system includes features that allow the system to be
6, 2009. deployed in public spaces such as airports or in commercial
(51) Int.Cl establishments such as restaurants or hotels to allow a user to
H0‘2 7 7 04 (2006.01) recharge one or more portable electronic devices while away
H02T 7/00 (2006:01) from home. To accommodate wireless recharging of a variety
(52) US.CI of'device types and states, the system may receive parameters
U.SI;C ) 320/108: 320/107: 320/114: 320/156: and/or state information associated with a portable electronic
’ ’ 320/158" 320/165 device to be recharged and may control the wireless power
(58) Field of Classification Search ’3 20/108 transfer in accordance with such parameters and/or state
320/104. 155. 156. 157. 158. 159. 160 162’ information. For instance, the system may increase efficiency
320/163, 164, 165 of'the wireless power transfer based on such parameters and/
See application file for complete search history. or state information. The system may also provide a secure
and efficient means for obtaining required payment informa-
(56) References Cited tion from the user prior to the wireless power transfer, thereby

3,938,018 A
4,873,677 A

U.S. PATENT DOCUMENTS

2/1976 Dahl
10/1989 Sakamoto et al.

104

facilitating fee-based recharging.

21 Claims, 25 Drawing Sheets

100

102

106
VAN Ry 146N wIRELESS / WIRELESS  |r124
| RECHARGING ] POWER/ =z i, POWER/ POWER
UNIT COMM LINK COMM LINK SOURCE
TRANSCEIVER TRANSCEIVER -
122
POWER POWER
—— LINK LINK
MONITOR MANAGER
LOAD | | BATTERY
4 7
> e 148 | 126
154 142
150~] comm LNk COMMLINK |,128
MANAGER MANAGER

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

US 8,427,100 B2

Page 2
U.S. PATENT DOCUMENTS 2008/0272889 Al 11/2008 Symons
2008/0297107 Al* 12/2008 Katoetal. ......ccooo......... 320/108
;ggig;g g% 3@:}: E?;?man otal 2000/0006413 Al 4/2080 Partovi et al.
7786419 By 89818 Hudertal o 2000/0102296 Al 4/20809 Greene et al.
3084235 Ba*  %/2811 Bz)ilarmanét al 320/168 2000/0133942 Al*  5/2009 Tisakaetal ... 178/43
2060 811 B2t LU/811 Jin oA e L 2009/0134713 Al*  5/2009 Stevensetal. ... 307/104
£103313 B2 1/2012 Enmei 2000/0146608 Al 6/2009 Lee
2004/0145342 AL*  7/2004 Lyon ..o 320/108 2009/0206791 Al %/2009 Jung
2005/0127869 Al 6/2005 Calhoon et al. 2009/0230777 Al 9/2009 Baarman et al.
2005/0134213 Al 6/2005 Takagi et al. 2009/0276700 Al  11/2009 Anderson et al.
2007/0082715 Al* 4/2007 Rofougaranetal. ... 455/574 2000/0284245 Al* 11/2009 Kirby etal. .. 323/318
2007/0222542 Al 9/2007 Joannopoulos et al. 2010/0036773 Al* 2/2010 Bennett .......ccccevvvenenne. 705/67
2007/0228333 Al  10/2007 Stevens et al. 2010/0201310 Al  $/2018 Vorenkamp et al.
2008/0111518 AL*  5/2008 TOYa ..oo.ccoovvvvverrrrrernnn, 320/108 2010/0201513 Al $/2018 Vorenkamp et al.
2003/0197802 Al* 8/2008 @nishietal. ................. 320/106 2011/0210696 Al*  9/2011 InOUE ..ooovevevveeeeeiiiiennns 320/108
2003/0238364 Al* 10/2008 Weberetal. ... 320/108
2003/0258679 Al  10/2008 Manico et al. * cited by examiner

DOCKET

_ ARM

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

"Wod Wlie|el}a)d0p Je s)Jewldalem JNOYlIM Sjuswindop 14N0d pajedijusyine puld

YADVNVI
2171 SINI'TINNOD
Y4l
/
YAOVNVIN
SINIT
MAMOd
— WAATAOSNVIL
_ SINITINAOD
JIAMOd
$21 /] SSATAAIM

WY V1V
13IN00d

| K|
m m YIOVNVIN
o SINITIWNOD [N 06T
Lo wl ST
o RV 1 ’ z
b Z
o A¥ALLvd | | avol
L YOLINOW
o SINIT
m m AIMOd
P ATAIIOSNVYIL
L SNITIWNOD LINO
7| AAMOd DNIDY VHOHY
e SSATAUM N gy AJALIVE Ny

Ex.1009

APPLE INC. / Page 3 of 41


https://www.docketalarm.com/

U.S. Patent

DOCKET

Apr. 23,2013 Sheet 2 of 25

ESTABLISH WIRELESS POWER LINK
WITH PORTABLE ELECTRONIC
DEVICE

[ 202

v

ESTABLISH WIRELESS
COMMUNICATION LINK WITH
PORTABLE ELECTRONIC DEVICE

204

RECEIVE PAYMENT INFORMATION
FROM PORTABLE ELECTRONIC
DEVICE VIA WIRELESS
COMMUNICATION LINK

|~ 206

TRANSFER POWER TO PORTABLE
ELECTRONIC DEVICE OVER
WIRELESS POWER LINK RESPONSIVE
TO RECEIVING PAYMENT
INFORMATION

| 208

FIG. 2

US 8,427,100 B2

200

A R M Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

U.S. Patent Apr. 23,2013 Sheet 3 of 25

DOCKET

_ ARM

ESTABLISH WIRELESS POWER LINK
WITH CHARGING STATION

Vs 302

A

ESTABLISH WIRELESS
COMMUNICATION LINK WITH
CHARGING STATION

Vs 304

TRANSMIT PAYMENT INFORMATION TO
CHARGING STATION VIA WIRELESS
COMMUNICATION LINK

Vs 306

\

RECEIVE POWER FROM CHARGING
STATION OVER WIRELESS POWER LINK
RESPONSIVE TO RECEIPT OF PAYMENT
INFORMATION BY CHARGING STATION

Vs 308

FIG. 3

US 8,427,100 B2

300

v/

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

Nsights

Real-Time Litigation Alerts

g Keep your litigation team up-to-date with real-time
alerts and advanced team management tools built for
the enterprise, all while greatly reducing PACER spend.

Our comprehensive service means we can handle Federal,
State, and Administrative courts across the country.

Advanced Docket Research

With over 230 million records, Docket Alarm’s cloud-native
O docket research platform finds what other services can't.
‘ Coverage includes Federal, State, plus PTAB, TTAB, ITC
and NLRB decisions, all in one place.

Identify arguments that have been successful in the past
with full text, pinpoint searching. Link to case law cited
within any court document via Fastcase.

Analytics At Your Fingertips

° Learn what happened the last time a particular judge,

/ . o
Py ,0‘ opposing counsel or company faced cases similar to yours.

o ®
Advanced out-of-the-box PTAB and TTAB analytics are
always at your fingertips.

-xplore Litigation

Docket Alarm provides insights to develop a more
informed litigation strategy and the peace of mind of

knowing you're on top of things.

API

Docket Alarm offers a powerful API
(application programming inter-
face) to developers that want to
integrate case filings into their apps.

LAW FIRMS

Build custom dashboards for your
attorneys and clients with live data
direct from the court.

Automate many repetitive legal
tasks like conflict checks, document
management, and marketing.

FINANCIAL INSTITUTIONS
Litigation and bankruptcy checks
for companies and debtors.

E-DISCOVERY AND

LEGAL VENDORS

Sync your system to PACER to
automate legal marketing.

WHAT WILL YOU BUILD? @ sales@docketalarm.com 1-866-77-FASTCASE




