
THIN THE DI UN UO NA ULIT ATURI DE CITATE 
US009804213B2 

( 12 ) United States Patent 
Reynolds et al . 

( 10 ) Patent No . : US 9 , 804 , 213 B2 
( 45 ) Date of Patent : Oct . 31 , 2017 

( 54 ) CAPACITIVE SENSOR DEVICE ( 56 ) References Cited 
U . S . PATENT DOCUMENTS ( 75 ) Inventors : Joseph Kurth Reynolds , Mountain 

View , CA ( US ) ; Kirk Hargreaves , 
Sunnyvale , CA ( US ) ; Shahrooz 
Shahparnia , Campbell , CA ( US ) ; 
Phillip Acker , San Mateo , CA ( US ) 

5 , 841 , 078 A 
5 , 945 , 980 A 

11 / 1998 Miller et al . 
8 / 1999 Moissev et al . 

( Continued ) 

FOREIGN PATENT DOCUMENTS ( 73 ) Assignee : Synaptics Incorporated , San Jose , CA 
( US ) CN 

CN 
87102580 A 12 / 1987 
1038342 A 12 / 1989 

( Continued ) ( * ) Notice : Subject to any disclaimer , the term of this 
patent is extended or adjusted under 35 
U . S . C . 154 ( b ) by 2202 days . OTHER PUBLICATIONS 

( 21 ) Appl . No . : 12 / 778 , 940 

( 22 ) Filed : May 12 , 2010 

( 65 ) ( 65 ) Prior Publication Data 
US 2010 / 0292945 A1 Nov . 18 , 2010 

ISA / KR , International Search Report and Written Opinion for 
International Application No . PCT / US2010 / 034608 , 15 pages , 
dated Dec . 29 , 2010 ( Oct . 29 , 2010 ) . 

( Continued ) 

Primary Examiner - Arleen M Vazquez 
Assistant Examiner — Brent J Andrews 
( 74 ) Attorney , Agent , or Firm — Osha Liang LLP 

Related U . S . Application Data 
( 60 ) Provisional application No . 61 / 224 , 814 , filed on Jul . 

10 , 2009 , provisional application No . 61 / 177 , 897 , 
filed on May 13 , 2009 . 

( 51 ) Int . Ci . 
GOIR 27 / 00 ( 2006 . 01 ) 
GOIR 27 / 26 ( 2006 . 01 ) 

( Continued ) 
( 52 ) U . S . CI . 

CPC . . . . . . . . . GOIR 27 / 2605 ( 2013 . 01 ) ; G06F 3 / 044 
( 2013 . 01 ) ; G06F 3 / 0416 ( 2013 . 01 ) ; 
( Continued ) 

( 58 ) Field of Classification Search 
CPC . . . . . . . . GO6F 3 / 0416 ; G06F 3 / 044 ; G06F 19 / 00 ; 

HO3K 17 / 9622 ; HO3K 17 / 955 ; 
( Continued ) 

( 57 ) ABSTRACT 
Acapacitive sensor device comprises a first sensor electrode , 
a second sensor electrode , and a processing system coupled 
to the first sensor electrode and the second sensor electrode . 
The processing system is configured to acquire a first 
capacitive measurement by emitting and receiving a first 
electrical signal with the first sensor electrode . The process 
ing system is configured to acquire a second capacitive 
measurement by emitting and receiving a second electrical 
signal , wherein one of the first and second sensor electrodes 
performs the emitting and the other of the first and second 
sensor electrodes performs the receiving , and wherein the 
first and second capacitive measurements are non - degener 
ate . The processing system is configured to determine posi 
tional information using the first and second capacitive 
measurements . 

20 Claims , 22 Drawing Sheets 

800 

First Sensor Electrode 
805 

Second Sensor Electrode 
810 

Third Sensor Electrode 
845 

I . . . . . . . . . . . . . . . . . . . . . . . . . . 

Fourth Sensor Electrode 
850 

Processing System 110B 
140 

First Capacitive Measurement 820 

Second Capacitive Measurement 830 
150 

Third Capacitive Measurement 855 

Fourth Capacitive Measurement 86 . 5 
- - - - - - - - - - - - - - - - - 

Second Positional 
Information 

875 = First Positional 
Information 

840 = 
DELL EXHIBIT 1024 PAGE 1DELL EXHIBIT 1024 PAGE 1

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


US 9 , 804 , 213 B2 
Page 2 

2010 / 0060608 AL 
2010 / 0149110 A1 
2010 / 0164889 Al 
2010 / 0245286 A1 
2011 / 0006832 Al 
2012 / 0043971 Al 
2012 / 0081335 Al 
2012 / 0113047 A1 

3 / 2010 Yousefpor 
6 / 2010 Gray 
7 / 2010 Hristov et al . 
9 / 2010 Parker 
1 / 2011 Land et al . 
2 / 2012 Maharyta 
4 / 2012 Land et al . 
5 / 2012 Hanauer et al . 

( 51 ) Int . CI . 
GOOF 3 / 044 ( 2006 . 01 ) 
GO6F 3 / 041 ( 2006 . 01 ) 
HO3K 17 / 955 ( 2006 . 01 ) 
HO3K 17 / 96 ( 2006 . 01 ) 

( 52 ) U . S . CI . 
CPC . . . . . . . HO3K 17 / 955 ( 2013 . 01 ) ; HO3K 17 / 9622 

( 2013 . 01 ) ; HO3K 2217 / 96073 ( 2013 . 01 ) ; HO3K 
2217 / 960725 ( 2013 . 01 ) ; HO3K 2217 / 960765 

( 2013 . 01 ) ; H04M 2250 / 12 ( 2013 . 01 ) 
( 58 ) Field of Classification Search 

CPC . . . . . . HO3K 2217 / 960725 ; HO3K 2217 / 960765 ; 
HO3K 2217 / 96073 ; H04M 2250 / 12 ; 

GOIR 27 / 2605 ; GOIR 27 / 00 ; GOIR 27 / 26 
USPC . . . . . . . . . . . . . . . . . . . . . . 324 / 658 – 690 ; 345 / 173 – 174 
See application file for complete search history . 

FOREIGN PATENT DOCUMENTS 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
EP 

1039301 A 
1044528 A 
1603846 A 
1945387 A 
1971352 A 

101014879 A 
101339313 A 
2300899 A2 
2291729 B1 
10505182 A 

2005 - 017216 A 
2007533044 A 
2005019766 A2 
2005114369 A2 
2006127466 A2 
2006132960 AL 
2009058359 Al 
2009140347 A2 

1 / 1990 
8 / 1990 
4 / 2005 
4 / 2007 
5 / 2007 
8 / 2007 
1 / 2009 
3 / 2011 
6 / 2013 
5 / 1998 
1 / 2005 

11 / 2007 
3 / 2005 

12 / 2005 
11 / 2006 
12 / 2006 

5 / 2009 
11 / 2009 

JP 
( 56 ) References Cited 

U . S . PATENT DOCUMENTS 
JP 
WO 
WO 
WO 
WO 
WO 
WO 

OTHER PUBLICATIONS 

6 , 166 , 583 A 12 / 2000 Kochi et al . 
6 , 239 , 788 B15 / 2001 Nohno et al . 
6 , 452 , 514 B1 . 9 / 2002 Phillip 
7 , 151 , 528 B2 12 / 2006 Taylor et al . 
7 , 288 , 946 B2 10 / 2007 Hargreaves et al . 
7 , 521 , 942 B2 4 / 2009 Reynolds 
7 , 649 , 524 B2 1 / 2010 Haim et al . 
7 , 911 , 456 B2 3 / 2011 Gillespie et al . 
7 , 920 , 129 B2 4 / 2011 Hotelling et al . 
8 , 054 , 300 B2 11 / 2011 Bernstein 
8 , 217 , 915 B2 7 / 2012 Philipp 
8 , 259 , 076 B2 9 / 2012 Trent , Jr . et al . 
8 , 462 , 135 B1 . 6 / 2013 Xiao et al . 

2003 / 0025679 Al 2 / 2003 Taylor et al . 
2005 / 0052429 Al 3 / 2005 Philipp 
2005 / 0134292 AL 6 / 2005 Knoedgen 
2005 / 0156881 A1 * 7 / 2005 Trent et al . . . . . . . . . . . . . . . 345 / 157 
2006 / 0097991 A1 5 / 2006 Hotelling et al . 
2006 / 0244733 AL 11 / 2006 Geaghan 
2007 / 0074914 A1 4 / 2007 Geaghan et al . 
2007 / 0075710 A14 / 2007 Hargreaves et al . 
2007 / 0247443 A1 * 10 / 2007 Philipp 345 / 173 
2008 / 0042661 A1 * 2 / 2008 Reynolds 324 / 688 
2008 / 0048997 Al * 2 / 2008 Gillespie et al . . . . . . . . . . . . . . 345 / 174 
2008 / 0061800 A1 3 / 2008 Reynolds et al . 
2008 / 0150906 A1 6 / 2008 Grivna 
2008 / 0157782 A1 7 / 2008 Krah 
2008 / 0158172 A1 7 / 2008 Hotelling et al . 
2008 / 0158183 A1 * 7 / 2008 Hotelling et al . . . . . . . . . . . . . 345 / 173 
2008 / 0162996 AL 7 / 2008 Krah et al . 
2008 / 0162997 A1 7 / 2008 Vu et al . 
2008 / 0278453 AL 11 / 2008 Reynolds et al . 
2009 / 0033343 A1 2 / 2009 Reynolds et al . 
2009 / 0107737 A1 4 / 2009 Reynolds et al . 
2009 / 0273579 AL 11 / 2009 Zachut et al . 
2009 / 0284495 A1 11 / 2009 Geaghan et al . 
2010 / 0001973 A11 / 2010 Hotelling et al . 

Office Action , CN Application No . 201080021037 . 2 , 15 pages , 
dated Aug . 4 , 2014 ( Aug . 4 , 2014 ) . 
Office Action issued in Chinese Patent Application No . 
201510761851 . 2 dated Apr . 21 , 2017 ( 36 pages ) . 
Leineweber , Hubert , Extended Search Report for European Appli 
cation No . 10 77 5499 , 22 pages , dated May 22 , 2014 ( May 22 , 
2014 ) . 
Rekimoto , “ SmartSkin : An Infrastructure for Freehand Manipula 
tion on Interactive Surfaces ” , Proceedings of the SIGCHI confer 
ence on Human factors in computing systems : Changing our world , 
changing ourselves , Apr . 20 - 25 , 2002 , 113 - 120 . 
Office Action Search Report , CN Application No . 201080021037 . 2 , 
2 pages , dated Nov . 27 , 2013 ( Nov . 27 , 2013 ) . 
Yasuhiro Tagawa , Office Action for Japanese Application No . 
2012 - 510991 , 2 pages , dated Jan . 28 , 2014 ( Jan . 28 , 2014 ) . 
Office Action , U . S . Appl . No . 14 / 156 , 906 , dated Apr . 14 , 2014 , 27 
pages . 
Office Action for JP Application No . 2014 - 232889 , dated Oct . 20 , 
2015 , 4 Pages . 
Office Action , CN Application No . 201080021037 . 2 , 35 pages , 
dated Feb . 16 , 2015 ( Feb . 16 , 2015 ) . 
Office Action Search Report for CN Application No . 
201410157610 . 2 , dated Dec . 16 , 2015 , 3 Pages . 
Office Action in counterpart Chinese Patent Application No . 
201510761853 . 1 dated May 22 , 2017 ( 5 pages ) . 

. . . . . . . . 

* cited by examiner 

DELL EXHIBIT 1024 PAGE 2DELL EXHIBIT 1024 PAGE 2
f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


atent Oct . 9 , 2017 Oct . 31 , 2017 Sheet 1 of 22 US 9 , 804 , 213 B2 

100 

140 150 160 

104 

Sensor 
108 

Processing System 
110 

- 120 - 1 
Substrate 

102 106 

130 - 1 
130 - n 

120 - n 

FIG . 1 

DELL EXHIBIT 1024 PAGE 3DELL EXHIBIT 1024 PAGE 3
f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


atent Oct . 31 , 2017 Sheet 2 of 22 US 9 , 804 , 213 B2 

215 

120 - 2 
217 120 - 1 217 120 - n 201 

IT 
iii ? 80L 1 

I 1 1 I i III 1 1 i 
II III IIII ! 

TIITTI 

1 1 1 1 1 II III 
1 1 1 1 1 

" 11 TTTTTTTT 
1 1 I I 1 . I 1 

130 - 1 

FIG . 2 

DELL EXHIBIT 1024 PAGE 4DELL EXHIBIT 1024 PAGE 4
f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


atent Oct . 31 , 2017 Sheet 3 of 22 US 9 , 804 , 213 B2 

300 

CESO CEST External 
Object 

215 
U •••••••• 

I 

System 
Ground 

340 

CET CEE + 

Sensor Electrode 1 Sensor Electrodo 7 S Sensor Electrode 2 ensor Electrode 2 

FIG . 3 

DELL EXHIBIT 1024 PAGE 5DELL EXHIBIT 1024 PAGE 5
f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


Real-Time Litigation Alerts
  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 

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,  

opposing counsel or company faced cases similar to yours.

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

Docket Alarm provides insights to develop a more  

informed litigation strategy and the peace of mind of 

knowing you’re on top of things.

Explore Litigation 
Insights

®

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

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.


