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120080041640
20080042986 120080042987
20080042988 120080042989
20080042994 120080068100
20080111714

	

120080116904
20080128182

	

120080179112
20080278178 13979745

	

14039940
4113378

	

14145748

	

14193063
4238711

	

4264903

	

14266144
4292604

	

14305135

	

4586260

	

I
4614937

	

4728932

	

4736191

	

I
4825147

	

4831325

	

4831325 I
5305017

	

15518078

	

15008497

	

I
5214388

	

15237879

	

15323158
5373245

	

15386219

	

5541580
5670915

	

5760852

	

15801340
5920309

	

15942733

	

6188391

	

I
6380931

	

16037929

	

16060957

	

I
6145850

	

16184871

	

16191723

	

I
6297811

	

16353200

	

16353200
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6366099

	

I6377129

	

I6448911

	

I
6448911

	

16490203

	

16535200

	

1
6577140

	

6583632

	

16700392

	

I
6781577

	

16806693

	

1

	

6825673

	

I
6838887

	

16859159

	

6882338

	

I
6891531

	

I

	

6940291

	

6946853

	

I
6970120

	

16970126

	

17158125

	

1
7466307

	

17495659

	

17006078
7031886

	

17046230

	

17068039

	

I
7075316

	

7078916

	

17098675

	

I
7129935

	

7148704

	

17235983

	

I
7253643

	

7262609

	

1

	

7288946

	

I
7301350

	

7307485

	

7339580

	

I
7359816

	

17375535

	

7381031

	

I
7382139

	

17417411

	

17417441

	

I
7423437

	

17449895

	

17450113

	

I
7451050

	

17453270

	

7453279

	

I
7479788

	

17499040

	

17521941

	

I
7548073

	

I

	

7598822

	

I

	

7683641 ) PN

123

	

280 ( 20030091220

	

I

	

20040239616 US-FGPUB ADJ ON 2012/12/12
20040178989

	

120040217945 USPAT 18 31
20050031175

	

120050159126 USOCR
20060097992

	

120060227117 FPRS
20060038793 120060197750 EPO JPO
20060232559 120060262101 DERWENT
20070291013

	

120070076897 BM TDB
20070247443 120070257894
20070268265 120070268273
20070268274 120070268275
20070296709 120080007534
20080024455 I 20080036473
20080041639

	

120080041640
20080042986 1

	

20080042987
20080042988 120080042989
20080042994 120080068100

20080111714

	

120080116904
I 20080128182

	

120080179112
I 20080278178

	

13979745

	

14039940 1
4113378

	

14145748

	

14193063
4238711

	

I

	

4264903

	

14266144
I 4292604

	

14305135

	

I

	

4586260
I 4614937

	

I

	

4728932

	

I

	

4736191
4825147

	

14831325

	

14831325
I 5305017

	

5518078

	

5008497
I 5214388

	

5237879

	

15323158
5373245

	

15386219

	

5541580
I 5670915

	

5760852

	

5801340
I 5920309

	

I

	

5942733

	

I

	

6188391
I 6380931

	

I

	

6037929

	

I

	

6060957
I 6145850

	

I

	

6184871

	

I

	

6191723
I 6297811

	

I

	

6353200

	

I

	

6353200
6366099

	

~

	

6377129

	

~

	

6448911
6448911

	

I

	

6490203

	

I

	

6535200
6577140

	

6583632

	

16700392
6781577

	

I

	

6806693

	

I

	

6825673
I 6838887

	

16859159

	

16882338
I 6891531

	

I

	

6940291

	

I

	

6946853
I 6970120

	

16970126

	

17158125
I 7466307

	

17495659

	

17006078
I 7031886

	

17046230

	

17068039
7075316

	

17078916

	

17098675
7129935

	

7148704

	

17235983
7253643

	

17262609

	

17288946
7301350

	

17307485

	

17339580
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7359816

	

I

	

7375535

	

I

	

7381031
7382139

	

7417411

	

17417441
I 7423437

	

17449895

	

17450113
1 17451050

	

17453270

	

17453279
7479788

	

17499040

	

17521941
7548073

	

~

	

7598822

	

17683641 ) PN

Si

	

0 13442716 US-PGPUB ADJ ON 2012/09/04
USPAT 18 03
USOCR
FPRS
EPO JPO
DERWENT
IBM_TDB

S8

	

17 XI AOPI NG-JI ANG in

	

' US-PGPUB ADJ

	

' ON 2012/09/05
USPAT 16 30

S9

	

3 XIAOPING-JIANG in and (( first and

USOCR
FPRS
EPO JPO
DERWENT
IBM_TDB

US-FGPUB ADJ ON 2012/09/05
sensing ad] areas) clm and(second and USPAT 16 30
sensing adj areas) clm ) USOCR

FPRS
EPO JPO
DERWENT
IBM TDB

S10 90 345/173 cds and capacitance and button US-PGPUB ADJ ON 2012/09/05
and (sensing adj areas) USPAT 16 31

S11

	

56 345/173 ccls and capacitance and button

USOCR
FPRS
EPO JPO
DERWENT
IBM_TDB

US-PGPUB ADJ ON 2012/09/05
and (sensing ad] areas) and (touch adj USPAT 16 31

S12 98

pad)

(Capacitive and sensor) and (sensing near

USOCR
FPRS
EPO JPO
DERWENT
IBM_TDB

US-PGPUB ADJ ON 2012/09/05
areas) same buttons USPAT 16 31

USOCR
FPRS
EPO JPO
DERWENT
IBM_TDB

S13

	

198 cypress as and (Capacitive and sensor) US-PGPUB ADJ ON 2012/09/05
USPAT 16 32
USOCR
FPRS
EPO JPO
DERWENT
IBM_TDB

S14 •3034 (touch near screen or pad) and (capacit$6 US-PGPUB ADJ ON 2012/09/05
and sens$3 and button) and (sens$3 and USPAT 16 32
area) and

	

345 /$ ccls and portable USOCR
FPRS
EPO JPO
DERWENT
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1

	

IIBM_TDB

	

l
S15 60 (touch near screen) and (Capacitive and

sensor) and (sensing near areas) same
buttons

US-PGPUB
USPAT
USOCR
FPRS
EPO JPO
DERWENT
IBM_TDB

ADJ ON 2012/09/05
16 32

S16

	

1051 (touch (screen or pad)) same (capacit$6
same sens$3) same (button)

US-PGPUB
USPAT
USOCR
FPRS
EPO JPO
DERWENT
IBM_TDB

ADJ ON 2012/09/05
16 33

1S17 ' 164

S18 69

345 /$ cols and (capacitance near
sensor) and (touch near screen) and
multi$touch

(touch near screen) and (Capacit$6 and
sens$3) and (sensing near areas) same
buttons

US-PGPUB
USPAT
USJCR
FPRS
EFO JPO
DERWENT
IBM_TDB

US-PGPUB
USPAT
USOCR
FPRS
EPO JPO
DERWENT
IBM TDB

ADJ

ADJ

ON

ON

	

.
2012/09/05

2012/09/05
16 33

16 33

S19 259 345/173 ccls and capacit$6 same sens$3
near (second or third)

US-PGPUB
USPAT
USOCR
FPRS
EPO JPO
DERWENT
IBM_TDB

ADJ ON 2012/09/05
16 34

S20 987

S21

	

180

(touch near screen or pad) same

	

'
(capacit$6 and sens$3 and button) and
(sens$3 and area) and 345 /$ ccls and
portable

345 /$ ccls and (touch (screen or pad))
same (capacit$6 sens$3) same (button)

US-PGPUB
USPAT
USOCR
FPRS
EPO JPO
DERWENT
IBM_TDB

US-PGPUB
USPAT
USOCR
FPRS
EPO JPO
DERWENT

[IIBM_TDB

ADJ

ADJ

ON

ON

2012/09/05
16 34

2012/09/05
16 34

S22 82 345 /173 ccls and (touch (screen or
pad)) same (capacit$6 sens$3) same
(button)

US-PGPUB
USPAT
USOCR
FPRS
EPO JPO
DERWENT
IBM_TDB

ADJ ON 2012/09/05
16 35

S23 507 ( sens$4 near button$2) and (touch near
screen) and ( capacit$4)

US-PGPUB
USPAT
USOCR
FPRS

ADJ ON 2012/09/05
16 35
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EFO JPO
DERWENT
IBM_TDB

S24 64 ( sens$4 near button$2) same (touch near US-PGPUB ADJ ON 2012/09/05
screen) same ( capacit$4) USPAT 16 36

USOCR
FPRS
EFO JPO
DERWENT
IBM TDB

12/ 12/ 2012 6 34 15 PM
C \ Users\ bketema\ Documents\ EAST\ Workspaces\ 13442716\ 13442716 wsp

file ///CI/Users/bketemalDocumentsle Red%20Folder/13442716/EASTSearchHistory 13442716_AccessibleVersion htm[12/12/2012 6 34 17 PM]

CY00001935



EAST Search History

EAST Search History

EAST Search History (Prior Art)

Ref Hits Search Query DBs

US-FGPUB
USPAT
USOCR
FPRS
EPO JPO
DERWENT
IBM_TDB

Default
Operator
ADJ

Plurals

ON

Time
Stamp
2013/04/05
18 12

L1 13442716

L7

	

0 ( 20060097992

	

I

	

7158125

	

I

	

5518078
20060227117

	

120040239616

	

I
7253643 ) FN

US-FGPUB
USPAT
USOCR
FPRS
EPO JPO
DERWENT
IBM_TDB

ADJ OFF 2013/04/05
18 21

L9

	

, 0

L10

	

2

( 20060097992

	

I

	

7158125

	

1

	

5518078

	

I \

20060227117

	

120040239616 I
7253643 ) PN

20060097992

US-FGPUB
USPAT
USOCR
FPRS
EPO JPO
DERWENT
IBM TDB
US-PGPUB
USPAT
USOCR
FPRS
EPO JPO
DERWENT
IBM_TDB

ADJ

ADJ

OFF

OFF

2013/04/05
18 22

2013/04/05
18 22

L11

	

0 ( 20060097992

	

I

	

7158125

	

15518078

	

I
20060227117

	

120040239616 I
7253643 ) PN

US-PGPUB
USPAT
USOCR
FPRS
EPO JPO
DERWENT
IBM_TDB

ADJ OFF 2013/04/05
18 23

L12

	

15 7158125 US-F3PUB
USPAT
USOCR
FPRS
EPO JPO
DERWENT
IBM TDB

ADJ OFF 2013/04/05
18 23

L13 43

L14

	

2

5518078

120060227117

US- FGPUB
USPAT
USOCR
FPRS
EPO JPO
DERWENT
IBM_TDB

1US-PGPUB

ADJ

ADJ

OFF

OFF

2013/ 04/ 05
18 23

2013/04/05
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USPAT 18 23
USOCR
FPRS
EPO JPO
DERWENT
IBM_TDB

L15 '2 20040239616 US-FGPUB ADJ OFF 2013/04/05
USPAT 18 24

L16 ' 40 7253643

	

'

USOCR
FPRS
EPO JPO
DERWENT
IBM_TDB

US-FGPUB ADJ OFF 2013/04/05;
USPAT 18 24

L17

	

139 ( 20030091220

	

1

	

20040178989

	

I

	

^

USOCR
FPRS
EPO JPO
DERWENT
IBM_TDB

US-PGPUB ADJ OFF

	

.
2013/04/05

20040217945

	

120040239616

	

I USPAT 18 27
20050031175

	

120050159126 USOCR
20060038793

	

20060097992
20060197750

	

120060227117
20060232559

	

120060262101
20070076897 120070247443
20070257894 120070268265
20070268273 120070268274
20070268275 ~

	

20070291013
20070296709 120080007534
20080024455 120080036473
20080041639 120080041640
20080042986 120080042987
20080042988 120080042989
20080042994 120080068100
20080111714

	

~

	

20080116904
20080128182

	

20080179112
20080278178 13979745

	

14039940
4113378

	

14145748

	

4193063
4238711

	

I

	

4264903

	

4266144
4292604

	

14305135

	

14586260
4614937

	

14728932

	

14736191
4825147

	

14831325

	

15008497
5214388

	

15237879

	

15305017
5323158

	

5373245

	

15386219
5518078

	

5541580

	

15670915
5760852

	

5801340

	

5920309
5942733

	

16037929

	

16060957
6145850

	

I

	

6184871

	

6188391
6191723

	

16297811

	

16353200
6366099

	

16377129

	

~

	

6380931
6448911

	

16490203

	

16535200
6577140

	

16583632

	

16700392
6781577

	

16806693

	

16825673
6838887

	

16859159

	

16882338

	

~
6888536

	

16891531

	

16914547
6933873

	

~

	

6940291

	

I

	

6946853
6958594

	

16970120

	

16970126
7006078

	

17031886

	

17032051
7046230

	

17068039

	

17075316
7078916

	

17098675

	

17129935
7148704

	

17158125

	

17235983
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7253643 ) PN OR ( 7262609
7288946

	

17301350

	

17307485
7339580

	

17359816

	

17375535
7381031

	

17382139

	

17417411
7417441

	

17423437

	

17449895
7450113

	

17451050

	

17453270
7453279

	

17466307 17479788
7495659

	

7499040

	

17521941
7548073

	

17598822

	

17683641
7821274 ) PN OR ( 8004497 ) URPN

L18

	

42 5518078

	

\ US-PGPUB ADJ OFF 2013/04/05
USPAT 18 43
USOCR

L19 ` 1 20040239616 US-FGPUB rADJ - OFF 2013/04/05
USPAT 19 04

Si

	

E 0 13442716

USOCR

US-P3PUB ADJ ON 2012/09/04
USPAT 18 03
USOCR
FPRS
EFO JPO
DERWENT
IBM TDB

S8

	

17 XIAOPING-JIANGin US-FOPUB ADJ ON 2012/09/05
USPAT 16 30

'

USOCR
FPRS
EFO JPO
DERWENT
IBM_TDB

S9

	

3 XI AOPI NG-JIANG in and (( first and US-PGPUB ADJ ON 2012/09/05
sensing adj areas) clm and(second and USPAT 16 30
sensing ad] areas) clm ) USOCR

FPRS
EFO JPO
DERWENT
IBM TDB

S10 90 345/173 ccls and capacitance and button US-PGPUB ADJ ON 2012/09/05
and (sensing ad] areas) USPAT 16 31

S11

	

56 345/173 ccls and capacitance and button

USOCR
FPRS
EFO JPO
DERWENT
IBM_TDB

US-PGPUB ADJ ON 2012/09/051
and (sensing adj areas) and (touch adj USPAT 16 31
pad) USIJCR

FPRS
EPO JPO
DERWENT
IBM TDB

S12

	

98 (Capacitive and sensor) and (sensing near US-FGPUB ADJ ON 2012/09/05
areas) same buttons USPAT 16 31

USOCR
FPRS
EFO JPO
DERWENT
IBM_TDB

S13

	

198 cypress as and (Capacitive and sensor) US-PGPUB ADJ ON 2012/09/05
USPAT 16 32
USOCR
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1S14

	

3034 (touch near screen or pad) and (capacit$6
and sens$3 and button) and (sens$3 and
area) and

	

345 /$ ccls and portable

FPRS
EPO JPO
DERWENT
IBM TDB

US-PGPUB
USPAT
USOCR
FPRS
EFO JPO
DERWENT
IBM TDB

ADJ ON 2012/09/05
16 32

S15

	

60 (touch near screen) and (Capacitive and
sensor) and (sensing near areas) same
buttons

US-PGPUB
USPAT
USOCR
FPRS
EPO JPO
DERWENT
IBM_TDB

ADJ ON

	

' 2012/09/05
16 32

S16

	

1051

S17 ' 164

S18 69

(touch (screen or pad)) same (capacit$6
same sens$3) same (button)

345 /$ ccls and (capacitance near

	

'
sensor) and (touch near screen) and
multi$touch

(touch near screen) and (Capacit$6 and
sens$3) and (sensing near areas) same
buttons

US-PGPUB
USPAT
USOCR
FPRS
ER) JPO
DERWENT
IBM_TDB

US-PGPUB
USPAT
USDCR
FPRS
EPO JPO
DERWENT
IBM_TDB

US-PGPUB
USPAT
USOCR
FPRS
EPO JPO
DERWENT
IBMTDB

ADJ

ADJ

ADJ

ON

ON

ON

2012/09/05
16 33

2012/09/05
16 33

2012/09/05
16 33

S19 259 345/173 ccls and capacit$6 same sens$3 US-PGPUB ADJ ON 2012/09/05
near (second or third) USPAT

USOOR
FPRS
EPO JPO
DERWENT
IBM_TDB

16 34

S20 \ 987 (touch near screen or pad) same US-PGPUB ADJ ON 2012/09/05
(capacit$6 and sens$3 and button) and
(sens$3 and area) and

	

345 /$ ccls and
portable

USPAT
USOCR
FPRS
EPO JR)
DERWENT
IBM_TDB

16 34

S21

	

180 345 /$ ccls and (touch (screen or pad)) US-PGPUB ADJ ON 2012/09/05
same (capacit$6 sens$3) same (button) USPAT

USOCR
FPRS
EPO JPO
DERWENT
IBM_TDB

16 34

S22 f82 345 /173 ccls and (touch (screen or

	

[US-FGPUB [ADJ

	

ION

	

12012/09/05
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pad)) same (capacit$6 sens$3) same USPAT 16 35
(button) USOCR

FPRS
EPO JPO
DERWENT
IBM_TDB

S23 507 (sens$4 near button$2) and (touch near US-PGPUB ADJ ON 2012/09/05
screen) and ( capacit$4) USPAT

USOCR
FPRS
EPO JPO
DERWENT
IBM_TDB

16 35

S24 64 ( sens$4 near button$2) same (touch near US-PGPUB ADJ ON 2012/09/05
screen) same (capacit$4) USPAT

USOCR
FPRS
EPO JPO
DERWENT
IBM TDB

16 36

S25 8 XI AOPI NG-JIANG in and (( first and US-FGPUB ADJ ON 2012/12/12
second) and (sensing adj areas)) USPAT

USOCR
FPRS
EPO JPO
DERWENT
IBM_TDB

18 10

1526

	

985 (( first and sensing ad] areas) clm US-FGPUB ADJ ON 2012/12/12
and(second and sensing adj areas) clm ) USPAT

USOCR
FPRS
EFO JPO
DERWENT
IBM_TDB

18 11

S27 599 (( first and sensing adj areas) clm

	

1 US-PGPUB ADJ ON 2012/12/12
same(second and sensing adj areas) clm) USPAT

USOCR
FPRS
EPO JPO
DERWENT
IBM TDB

18 11

8 599 (( first and sensing adj areas) clm same US-PGPUB ADJ ON 2012/12/12
(second and sensing add areas) clm) USPAT

USOCR
FPRS
EPO JFO
DERWENT
IBM_TDB

18 12

529

	

101 345

	

clas and (( first and sensing adj US-PGPUB ADJ ON 2012/12/12
areas) clm same (second and sensing ad]
areas) clm )

USPAT
USOCR
FPRS
EPO JPO
DERWENT
IBM_TDB

18 12

S30

	

71 ( sens$4 near button$2) same (touch near US-PGPUB ADJ ON 2012/12/12 1
screen) same ( capacit$4) USPAT

USOCR
FPRS
EPO JRD
DERWENT

18 13
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BM_TDB

;531 84 345 /173 ccls and (touch (screen or US-FGPUB ADJ ON 2012/12/12
pad)) same (capacit$6 sens$3) same USPAT 18 15
(button) USOCR

FPRS
EPO JPO
DERWENT
IBM TDB

S32

	

120 (touch near screen or pad) same US-FGPUB ADJ ON 2012/12/12
(capacit$6 and sens$3 and button) USPAT 18 15
same(sens$3 and area) and 345 /$ ccls
and portable

USOCR
FPRS
EPO JPO
DERWENT
IBM_TDB

S33

	

122 178/18 01 18 11 ccls and capacit$6 same ' US-PGPUB ADJ ON 2012/12/12
sens$3 near (second or third) USPAT 18 18

S34

	

82

	

' (Capacit$6 and sens$3) and (sensing near

USOCR
FPRS
EPO JPO
DERWENT
IBM_TDB

US-FGPUB ADJ ON 2012/12/12
areas) and (input near button) USPAT 18 18

USOCR
FPRS
EPO JPO
DERWENT
IBM TDB

S35 45 345/173 ccls and cypress as US-PGPUB ADJ ON 2012/12/12
USPAT 18 19
USOCR
FPRS
EPO JPO
DERWENT
IBM_TDB

Si6 4 (Multiple near sens$4 near button$2) and US-FGPUB ADJ ON 2012/12/12
(capacitance) USPAT 18 20

S37 0 S35 and S36

USOCR
FPRS
EPO JPO
DERWENT
IBM TDB

US-PGPUB ADJ ON 2012/12/12
USPAT 18 21

Sib 3251 (touch near screen or pad) and-(capacit$6

USOCR
FPRS
EPO JPO
DERWENT
IBM_TDB

US-PGPUB ADJ ON 2012/12/12
and sens$3 and button) and (sens$3 and USPAT 18 22
area) and

	

345 /$ ccls and portable UJJCR
FPRS
EPO JPO
DERWENT
IBM_TDB

S39 286 345/173 ccls and capacit$6 same sens$3 US-PGPUB ADJ ON 2012/12/12
near (second or third) USPAT 18 22

USOCR
FPRS
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EPO JPO
DERWENT
IBM_TDB

S40

	

1070 (touch near screen or pad) same US-PGPUB ADJ ON 2012/12/12
(capacit$6 and sens$3 and button) and USPAT 18 23

841

	

2

(sens$3 and area) and 345 /$ ccls and
portable

20080074398

USOCR
FPRS
EPO JPO
DERWENT
IBM_TDB
US-PGPUB ADJ ON 2012/12/12
USPAT 18 24
USOCR
FPRS
EFO JPO
DERWENT
10k/LIDS

542 6 ( 2008/0074398 ) URPN [USPAT ADJ

	

ION 120012/12/12

112012/12/12543 47 ( 20040017362

	

1

	

20040090429

	

I US-P3PUB ADJ ON
20040239650 120050073507 USPAT 18 25
20050083307 120060026521

	

1 USOCR
20060097991

	

1

	

20060197753

	

1

20070008299 1

	

20070247443 1

20080074398

	

20080158181
20080264699

	

120080277259
20080309633

	

1

	

20080309635

	

1

20090002337 1

	

20090019344 1

20090054107

	

120090091551

	

1

20090236151

	

120090242283
20090267902 ~

	

20090309850
20090314621

	

1

	

20090315854
20100149108

	

1

	

20110007020

	

1

4304976

	

1

	

4659874

	

1

	

5194862
5317919

	

1

	

5459463

	

1

	

5483261

	

~
5488204

	

15825352

	

1

	

5835079

	

1

5880411

	

6188391

	

6310610

	

1

6323846

	

16690387

	

17015894

	

1

7129935

	

1

	

7184064

	

1

	

7538760

	

I

7663607) PN OR( 8319747) URPN
844

	

132 ( 20030091220

	

I

	

20040239616

	

1 US-PGPUB ADJ ON 2012/12/12
20040178989 1

	

20040217945 1 USPAT 18 28
20050031175

	

1

	

20050159126

	

1 USOCR
20060097992 120060227117
20060038793

	

20060197750
20060232559

	

1

	

20060262101

	

1

20070291013

	

1

	

20070076897

	

1

20070247443 1

	

20070257894 1

20070268265 120070268273
20070268274 120070268275
20070296709 120080007534 1

20080024455 1

	

20080036473

	

1

20080041639

	

1

	

20080041640

	

1

20080042986 1

	

20080042987 1

20080042988 1

	

20080042989
20080042994 120080068100
20080111714

	

~

	

20080116904
20080128182

	

1

	

20080179112

	

1

20080278178 1

	

3979745

	

14039940
4113378

	

1

	

4145748

	

1

	

4193063

	

I

4238711

	

1

	

4264903

	

1

	

4266144
4292604

	

14305135

	

14586260
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4614937
4825147
5305017
5214388
5373245
5670915
5920309
6380931
6145850
6297811
6366099
6448911
6577140
6781577
6838887
6891531
6970120
7466307
7031886
7075316
7129935
7253643
7301350
7359816
7382139
7423437
7451050
7479788
7548073

4728932
4831325
5518078
5237879
5386219
5760852
5942733
6037929
6184871
6353200
6377129
6490203
6583632
6806693
6859159
6940291
6970126
7495659
7046230
7078916
7148704
7262609
7307485
7375535
7417411
7449895
7453270
7499040
7598822

4736191
4831325
5008497
5323158
5541580
5801340
6188391
6060957
6191723
6353200
6448911
6535200
6700392
6825673
6882338
6946853 ~
7158125
7006078
7068039
7098675
7235983
7288946
7339580
7381031 ~
7417441
7450113
7453279
7521941
7683641 ) PN

US-FGPUB
USPAT
USOCR
FPRS
EPO JPO
DERWENT
BM_TDB

2012/12112
18 31

ADJ( 20030091220 120040239616
20040178989 120040217945
20050031175 120050159126
20060097992 120060227117
20060038793 120060197750
20060232559 120060262101
20070291013 120070076897
20070247443 120070257894
20070268265 120070268273
20070268274 120070268275
20070296709 120080007534
20080024455 20080036473
20080041639 20080041640
20080042986 20080042987
20080042988 120080042989
20080042994 ~ 20080068100

20080111714

	

20080116904
20080128182 120080179112
20080278178 13979745

	

40399401
4113378 14145748 14193063
4238711 14264903 14266144
4292604 4305135 14586260
4614937 I 4728932 I 4736191
4825147 14831325 14831325
5305017

	

5518078 15008497
5214388

	

5237879 15323158
5373245 5386219 15541580
5670915 15760852 15801340
5920309 I 5942733 I 6188391
6380931 I 6037929 I 6060957
6145850 I 6184871 I 6191723
6297811 I 6353200 I 6353200
6366099 16377129 16448911
6448911 I 6490203 ~ 6535200
6577140 16583632

	

6700392
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6781577 I

	

6806693 6825673
6838887 I

	

6859159 6882338
6891531 I

	

6940291 I

	

6946853
6970120 16970126 17158125
7466307 ~

	

7495659 17006078
7031886 17046230 17068039
7075316 17078916 17098675
7129935 17148704 17235983
7253643 I

	

7262609 I

	

7288946
7301350 7307485 17339580
7359816 7375535 17381031

7382139 17417411 17417441
7423437 17449895 17450113
7451050 I

	

7453270 I

	

7453279
7479788 I

	

7499040 I

	

7521941
7548073 7598822 17683641 ) FN

4/5/2013 7 05 31 PM
C \ Users\ bketema\ Documents\ EAST\ Workspaces\ 13442716\ 13442716 recovered wsp
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EAST Search History

EAST Search History

EAST Search History (Prior Art)

lRef

	

Hits

L1

	

318

Search Query

	

IDBs

(20060097992

	

20070268265 I
20050179672

	

120060016800
20080041640

	

I

	

4193063

	

14831325

	

I
5670915

	

16037929

	

16188391

	

I
6448911

	

17075316

	

17339580

	

I
7450113

	

I

	

7495659

	

I

	

7158125

	

I
5518078

	

120090128374

	

I

US-F3PUB
USPAT
USOCR
FPRS
EPO JPO
DERWENT
IBM_TDB

tDefault
Operator
ADJ

PluralTime
Stamp

OFF 2013/06/11
16 09

20070268274 120070296709 I
20080042989

	

4586260

	

14614937
4736191

	

15305017

	

6577140

	

I
6583632

	

I

	

6891531

	

16940291

	

I
7032051

	

17129935

	

17417411
20060227117

	

120060131159
20070076897 120070268275 I
20080007534 120080036473 I
20080041639 120080042987
4039940

	

14113378

	

15373245

	

I
5463388

	

16297811

	

16377129

	

I
6490203

	

16946853

	

7046230

	

I
7449895

	

17453279

	

17548073

	

I
7821274

	

120040239616 I
20030091220

	

20050159126
20060038793

	

20060262101
20080024455

	

20080068100 I
4305135

	

15541580

	

15942733

	

I
6191723

	

I

	

6380931

	

I

	

6859159
6933873

	

7031886 I

	

7068039
7262609

	

7381031

	

I

	

7382139
7417441

	

20070291013

	

17466307

	

I
20040217945

	

120050031175

	

I
20050052429

	

120070268273

	

I
20070296694 120080042988 I
3979745

	

14238711

	

15214388

	

I
5386219

	

5920309

	

16145850

	

I
6353200

	

6882338 16888536

	

I
6958594

	

17307485

	

7359816

	

I
7453270

	

17479788

	

7499040

	

I
7825910

	

18040321

	

17253643
20080278178

	

120060232559

	

I
20070247443

	

20080042994 I
20080116904

	

I

	

20080179112

	

I
4266144

	

15008497

	

16060957

	

I
6914547

	

16970126

	

17423437

	

1
7451050

	

17772514

	

I

	

20040178989
20060197750

	

120080111714

	

I
4145748

	

14292604

	

I

	

5237879

	

I
5323158

	

15760852

	

15801340

	

I
6184871

	

16366099

	

16825673

	

I
7235983

	

17288946 17301350
7598822

	

120070257894 I
20080042986

	

120080128182 I
4264903

	

1

	

4728932

	

4825147

	

I
6535200

	

16700392

	

6781577

	

I
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6806693

	

16838887

	

6879930
6970120

	

7006078

	

~

	

7078916
7098675

	

17148704

	

17323886
7375535

	

I

	

7521941

	

I

	

7683641
8058937) PN

L2

	

0 2009/0128374) URPN USPAT ADJ

	

TOFF 12 0 14 /06/111,(

T OFF

1

13

	

150 ( 20020000978

	

120020149566

	

I US-P3PUB ADJ 2013/06/11
20020191029

	

120030048262

	

I USPAT 16 47
20030076301

	

20030076303

	

1 USOCR
20030076306 120030095096
20030164818

	

120030210288
20040021694

	

20040055446
20040104898

	

1

	

20050156898

	

I

3234512

	

13478220

	

14103252
4110749

	

14177421

	

14246452
4264903

	

14386346 14550221
4571149

	

4595913

	

4736191

	

1

4777328

	

14951036

	

5159159
5305017

	

15438331

	

15453761
5472116

	

15485171

	

15508703
5518078

	

I

	

5543591

	

I

	

5546106
5565658

	

15736865

	

15748185
5781178

	

15808602

	

15825352
5844506

	

15861875 15903229
5907472

	

15914465

	

15933102
5941122

	

15943052

	

6057826
6067075

	

16088023

	

16137427
6163312

	

16259432

	

16262717

	

1

6266050

	

6300939

	

6473069
6556222

	

16570557

	

6639584
6744427

	

16771280

	

6781576

	

~
6788288

	

17233316

	

I

	

D457149
D469109 I

	

D472245 ) PN OR
( 7466307 ) URPN

Si

	

0 13442716 US-PGPUB ADJ ON 2012/09/04
USPAT 18 03
USOCR
FPRS
EPO JPO
DERWENT
IBM_TDB

S8

	

17 XI AOPI NG-JI ANG in x US-PGPUB ADJ ON 2012/09/05
USPAT 16 30

S9

	

3 XIAOPING-JIANG in and (( first and

USOCR
FPRS
EPO JPO
DERWENT
IBM_TDB

US-FGPUB ADJ ON 2012/09/05
sensing adj areas) clm and(second and USPAT 16 30
sensing adj areas) clm ) USOCR

FPRS
EPO JPO
DERWENT
IBM_TDB

S10

	

90 345/173 ccls and capacitance and button US-FGPUB ADJ ON 2012/09/05
and (sensing adj areas) USPAT 16 31

USOCR
FPRS
ERS JPO
DERWENT
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EAST Search History

II BM_TDB l

	

I

S11 56 345/173 cols and capacitance and button US-FGPUB ADJ ON 2012/09/05
and (sensing adj areas) and (touch adj USPAT 16 31
pad) USOCR

FPRS
EPO JPO
DERWENT
IBM_TDB

S12 98 (Capacitive and sensor) and (sensing near US-FGPUB ADJ ON 2012/09/05
areas) same buttons USPAT 16 31

USOCR
FPRS
EPO JPO
DERWENT
IBM_TDB

S13

	

198 cypress as and (Capaot ve and sensor) US-FGPUB ADJ ON 2012/09/05
USPAT 16 32

S14 3034 (touch near screen or pad) and (capacit$6

USOCR
FPRS
EPO JPO
DERWENT
IBM_TDB

US-PGPUB ADJ ON 2012/09/05
and sens$3 and button) and (sens$3 and USPAT 16 32
area) and

	

345 /$ ccls and portable U80~t
FPRS
EPO JFO
DERWENT
IBM TDB

S15 60 (touch near screen) and (Capacitive and US-FGPUB ADJ ON 2012/09/05
sensor) and (sensing near areas) same USPAT 16 32
buttons USOCR

FPRS
EPO JPO
DERWENT
IBM_TDB

S16 \ 1051 (touch (screen or pad)) same (capacit$6

	

• US-PGPUB ADJ ON 2012/09/05
same sens$3) same (button) USPAT 16 33

USOCR
FPRS
EPO JPO
DERWENT
IBM TDB

S17

	

164 345 /$ ccls and (capacitance nearv US-PGPUB ADJ ON 2012/09/05
sensor) and (touch near screen) and USPAT 16 33

S18 69

multi$touch

(touch near screen) and (Capacit$6 and

USOCR
FPRS
EPO JPO
DERWENT
IBM_TDB

US-PGPUB ADJ ON 2012/09/05
sens$3) and (sensing near areas) same USPAT 16 33
buttons USOCR

FPRS
EPO JPO
DERWENT
IBM TDB

S19 259 345/173 ccls and capacit$6 same sens$3 US-FGPUB ADJ ON 2012/09/05
near (second or third) USPAT 16 34

USOCR
FPRS
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EPO JPO
DERWENT
IBM_TDB

920 987 (touch near screen or pad) same US-PGPUB ' ADJ ON 2012/09/05
(capacit$6 and sens$3 and button) and USPAT 16 34

IS21

	

180

(sens$3 and area) and

	

345 /$ ccls and
portable

345 /$ ccls and (touch (screen or pad))

USOCR
FPRS
ERD JPO
DERWENT
IBM TDB

US-PGPUB ADJ ON 2012/09/05
same (capacit$6 sens$3) same (button) USPAT 16 34

USOCR
FPRS
ERD JPO
DERWENT
IBM_TDB

:522

	

82

	

' 345 /173 ccls and (touch (screen or US-FGPUB ADJ ON 2012/09/05
pad)) same (capacit$6 sens$3) same USPAT 16 35
(button) USOCR

FPRS
EFO JPO
DERWENT
IBM_TDB

S23 \ 507 (sens$4 near button$2) and (touch near US-PGPUB ADJ ON 2012/09/05
screen) and ( capacit$4) USPAT 16 35

USOCR
FPRS
EPO JPO
DERWENT
IBM_TDB

S24 64 (sens$4 near button$2) same (touch near US-PGPUB ADJ ON 2012/09/05
screen) same ( capacit$4) USPAT 16 36

7

USOCR
FPRS
EPO JPO

S25 8 XIAOPING-JIANGin and (( first and

DERWENT
IBM_TDB

US-PGPUB ADJ ON 2012/12/12
second) and (sensing adj areas)) USPAT 18 10

USOCR
FPRS
EPO JRD
DERWENT
IBM_TDB

S26 985 (( first and sensing adj areas) clm US-PGPUB ADJ ON 2012/12/12
and(second and sensing adj areas) clm) USPAT 18 11

USOCR
FPRS
ERD JPO
DERWENT
IBM_TDB

S27 599 (( first and sensing adj areas) clm US-PGPUB ADJ ON 2012/12/12
same(second and sensing adj areas) clm) USPAT 18 11

8 599 (( first and sensing adj areas) dm same

USOCR
FPRS
EPO JPO
DERWENT
IBM_TDB

US-PGPUB ADJ ON 2012/12/12
(second and sensing ad] areas) clm) USPAT 18 12
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USOCR
FPRS
EPO JPO
DERWENT
IBM TDB

'S29

	

101 345 clas and (( first and sensing ad) US-PGPUB ADJ ON 2012/12/12
areas) clm same (second and sensing ad) USPAT 18 12
areas) clm) USOCR

FPRS
EFO JPO
DERWENT
IBM_TDB

S30 71 (sens$4 near button$2) same (touch near US-R3PUB ADJ ON 2012/12/12
screen) same ( capacit$4) USPAT 18 13

USOCR
FPRS
EPO JPO
DERWENT
IBM_TDB

S31

	

84 345 /173 ccls and (touch (screen or US-FGPUB ADJ ON 2012/12/12
pad)) same (capacit$6 sens$3) same USPAT 18 15

`S32

	

120

(button)

(touch near screen or pad) same

USOCR
FPRS
EFO JPO
DERWENT
IBM_TDB

US-FGPUB ADJ ON 2012/12/12
(capacit$6 and sens$3 and button) USPAT 18 15
same(sens$3 and area) and 345 /$ ccls
and portable

USOCR
FPRS
EPO JPO
DERWENT
IBM_TDB

S33

	

122 178/18 01 18 11 ccls and capacit$6 same US-PGPUB ADJ ON 2012/12/12
sens$3 near (second or third) USPAT 18 18

USOCR
FPRS
EFO JFO
DERWENT
IBM_TDB

S34 82 (Capacit$6 and sens$3) and (sensing near US-PGPUB ADJ ON 2012/12/12
areas) and (input near button) USPAT 18 18

S35 45 345/173 ccls and cypress as

USOCR
FPRS
ER) JPO
DERWENT
IBM_TDB

US-PGPUB ADJ ON 2012/12/12;
USPAT 18 19
USOCR
FPRS
EPO JFO
DERWENT
IBM_TDS

S36 4 (Multiple near sens$4 near button$2) and US-PGPUB ADJ ON 2012/12/12
(capacitance) USPAT 18 20

USOCR
FPRS
EPO JPO
DERWENT
IBM_TDB
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S37 0 S35 and S36 US- FGPUB ADJ ON 2012/12/12
USPAT 18 21
USOCR
FPRS
EPO JPO
DERWENT
IBM_TDB

S38 3251 (touch near screen or pad) and (capacit$6 US-PGPUB ADJ ON 2012/12/12
and sens$3 and button) and (sens$3 and USPAT 18 22

S39 286

area) and

	

345 /$ ccls and portable

345/173 ccls and capacit$6 same sens$3

USOCR
FPRS
EPO JPO
DERWENT
IBM TDB
US-PGPUB ADJ ON 2012/12/12

near (second or third) USPAT 18 22
USOCR
FPRS
EPO JPO
DERWENT
IBM_TDB

S40

	

1070 (touch near screen or pad) same US-PGPUB ADJ ON 2012/12/12
(capacil$6 and sens$3 and button) and USPAT 18 23
(sens$3 and area) and 345 /$ ccls and
portable

USOCR
FPRS
EPO JPO
DERWENT
IBM_TDB

S41

	

2 " 20080074398 US- FGPUB ADJ ON 2012/12/12
USPAT 18 24

S42 6 ( 2008/0074398 ) URPN

USOCR
FPRS
EPO JFO
DERWENT
IBM_TDB

[USPAT IADJ I ON
8

2/12/121F201
251

S43 47 ( 20040017362

	

I

	

20040090429

	

I

	

' US-P3PUB ADJ ON 2012/12/12
20040239650

	

120050073507 I USPAT 18 25
20050083307

	

120060026521

	

I USOCR
20060097991

	

120060197753
20070008299 (

	

20070247443
20080074398 120080158181
20080264699 120080277259
20080309633

	

20080309635
20090002337 120090019344
20090054107 120090091551
20090236151

	

120090242283
20090267902 120090309850
20090314621

	

~

	

20090315854
20100149108

	

120110007020

	

1
4304976

	

I

	

4659874

	

I

	

5194862
5317919

	

15459463

	

15483261
5488204

	

15825352 ~

	

5835079
5880411

	

16188391

	

16310610
6323846

	

16690387

	

17015894 ~
7129935

	

1

	

7184064

	

17538760

	

I
7663607 ) PN OR ( 8319747 ) URPN

344 132 ( 20030091220

	

120040239616

	

I US-FGPUB ADJ ON 2012/12/12
20040178989 ~

	

20040217945 I USPAT 18 28
20050031175

	

120050159126

	

I USOCR
20060097992

	

~

	

20060227117
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20060038793

	

I20060197750

	

I
20060232559

	

20060262101

	

I
20070291013

	

120070076897 I
20070247443

	

120070257894 I
20070268265 120070268273 I
20070268274 120070268275 I
20070296709

	

20080007534
20080024455 120080036473

	

I
20080041639

	

120080041640

	

I
20080042986 120080042987 I
20080042988

	

20080042989 I
20080042994

	

120080068100

	

I
20080111714

	

120080116904

	

I
20080128182

	

120080179112

	

I
20080278178

	

3979745 14039940
4113378

	

14145748

	

4193063
4238711

	

14264903

	

4266144

	

I
4292604

	

14305135

	

14586260

	

I
4614937

	

I

	

4728932

	

4736191

	

I
4825147

	

14831325

	

14831325
5305017

	

I

	

5518078

	

5008497
5214388

	

15237879

	

5323158

	

I
5373245

	

15386219

	

15541580

	

I
5670915

	

15760852

	

15801340
5920309

	

15942733

	

16188391

	

I
6380931

	

16037929

	

16060957

	

I
6145850

	

I

	

6184871

	

I

	

6191723
6297811

	

16353200

	

16353200
6366099

	

6377129

	

16448911
6448911

	

I

	

6490203

	

I

	

6535200
6577140

	

I

	

6583632

	

6700392
6781577

	

16806693

	

16825673
6838887

	

16859159

	

16882338
6891531

	

16940291

	

16946853
6970120

	

16970126

	

17158125

	

I
7466307

	

7495659

	

17006078

	

I
7031886

	

7046230

	

7068039

	

I
7075316

	

17078916

	

7098675

	

I
7129935

	

17148704

	

7235983

	

I
7253643

	

I

	

7262609 17288946
7301350

	

17307485

	

17339580
7359816

	

17375535

	

17381031
7382139

	

I

	

7417411

	

I

	

7417441
7423437

	

17449895

	

17450113
7451050

	

17453270

	

17453279
7479788
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BACKGROUND

2
ingly by adding more buttons the processing device needs to
have more pins to correspond to the one to one configuration
of pins to touch sensor buttons Similarly by increasing the
pm count the scan time to scan the sensor elements increases

5 In addition the memory of the processing device which may
be used to store program data and/or temporary data (e g raw
measurement data differential counts baseline measurement
data and the like) Increases by increasing the pin count

to

	

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is illustrated by way of example and
not by way of hmitation in the figures of the accompanying
drawings

is

	

FIG 1A illustrates a conventional sensing device having
three touch sensor buttons

FIG 1B illustrates a conventional sensing device of three
touch sensor buttons coupled to a processing device

FIG 2 illustrates a block diagram of one embodiment of an
electronic system having a processing device for detecting a
presence of a conductive object

FIG 3A illustrates a varying switch capacitance
FIG 3B illustrates one embodiment of a relaxation oscil

lator
FIG 4 illustrates a block diagram of one embodiment of a

capacitance sensor including a relaxation oscillator and digs
tal counter

FIG 5A illustrates a top side view of one embodiment of a
sensor array having a plurality of sensor elements for detect
mg a presence of a conductive object on the sensor array of a
touch sensor pad

FIG 5B illustrates a top side view of one embodiment of a
sensor array having a plurality of sensor elements for detect
ing a presence of a conductive object on the sensor array of a
touch sensor slider

FiG 5C illustrates a top side view of one embodiment of a
two layer touch sensor pad

FIG 5D illustrates a side view of one embodiment of the
two layer touch sensor pad of FIG 5C

FIG 6A illustrates one embodiment of a sensing device
having three touch sensor buttons

FIG 6B illustrates one embodiment of the sensing device
of FIG 6A coupled to a processing device

FIG 6C illustrates another embodiment of a sensing device
having three touch sensor buttons

FIG 6D illustrates another embodiment of a sensing
device having three touch sensor buttons

FIG 7A illustrates another embodiment of a sensing
device having four touch sensor buttons

FIG 7B illustrates another embodiment of a sensing device
having five touch sensor buttons

DETAILED DESCRIPTION

20

25

30

35

40

45

50

Computing devices such as notebook computers personal
data assistants (PDAs) and mobile handsets have user inter
face devices which are also known as human interface device
(HID) One user interface device that is common is a touch
sensor button A basis touch sensor button emulates the fine
lion of a mechanical button Touch sensor buttons may be
embedded unto different types of operational panels of elec
tromc devices For example touch sensor buttons may be
used on operational or control panels of household apph
ances consumer electronics mechanical devices and the
like Touch sensor buttons may also be used in conjunction
with or in place of other user input devices such as key
boards mice trackballs or the like

FIG 1A illustrates a conventional sensing device having
three touch sensor buttons Conventional sensing device 100
includes button 101 button 102 and button 103 These but
tons are conventional touch sensor buttons These three but
tons may be used for user input using a conductive object
such as a finger

FIG 1B illustrates a conventional sensing device of three
touch sensor buttons 101 103 coupled to a processing device
110 Processing device 110 is used to detect whether a con
ductive object is present on either or none of the touch
sensor buttons 101 103 To detect the presence of the conduc
live object the processing device 110 may include
capacitance sensors 104 106 which are coupled to buttons
101 103 respectively The capacitance sensors of the pro
cessmg device are coupled to the touch sensor buttons m a
one to one configuration Accordingly the processing device
110 scans the touch sensor buttons 101 103 using the capaci
Lance sensors 104 106 and measures the capacitance on the
touch sensor buttons 101 103

Each of the conventional touch sensor buttons 101 103
maybe made of a sensor element of conductive material such
as copper clad The conductive matenal may be form shaped
in a circular shape (illustrated in FIG IA) or even in a 55

	

Described herein is an apparatus and method for detecting
rectangular shape (illustrated in FIG 1B) The touch sensor

	

a presence of a conductive object on a sensing device and
buttons may be capacitance sensor buttons which may be

	

recognizing threeormore button operations performedbythe
used as non contact switches These switches when pro

	

conductive object using two sensing areas of the sensing
tected by an insulating layer offer resistance to severe envi

	

device The following descnption sets forth numerous spe
ronments

	

6o cific details such as examples of specific systems compo
It should be noted that the conventional configuration of

	

nents methods and so forth m order to provide a good
FIG 1B includes a one to one configuration of touch sensor

	

understanding of several embodiments of the present raven
buttons to capacitance sensors There are other conventional

	

non It will be apparent to one skilled m the art however that
configurations that may use less capacitance sensors to mea

	

at least some embodiments of the present invention may be
sure the capacitance on the three touch sensor buttons These 65 practiced without these specific details In other instances
conventional configurations however still require a one to

	

well known components or methods are not descnbed in
one configuration of pins to touch sensor buttons Accord

	

detail or are presented in simple block diagram format in

1
APPARATUS AND METHODS FOR

DETECTING A CONDUCTIVE OBJECT AT A
LOCATION

RELATED APPLICATIONS

This application is a continuation of U S patent applica
tion Ser No 13/204 543 filed Aug 5 2011 now U S Pat
No 8 174 507 issued May8 2012 winch Is a continuation of
U S patent application Ser No 11/437 517 filed May 18
2006 now U S Pat No 8 004 497 issued Aug 23 2011

TECHNICAL FIELD

This invention relates to the field of user interface devices
and in particular to touch sensing devices
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3
order to avoid unnecessarily obscuring the present invention
Thus the specific details set forth are merely exemplary
Particular implementations may vary from these exemplary
details and still be contemplated to be within the spirit and
scope of the present invention

Embodiments of a method and apparatus are descnbed to
recognize three or more button operations performed by the
conductive object on three or more sensor elements that are
coupled to two pins of a processing device in one embodi
ment the apparatus may include a sensing device (e g touch
sensor button) that has first second and third sensor ele
ments The third sensor element has a first portion coupled to
the first sensor element and a second portion coupled to the
second sensor element These portions of the third sensor
element are electrically isolated from one another

The embodiments describe herein permit the expansion of
additional buttons (e g three or more total buttons) to the
sensing device while using only two pins on the processing
device Conversely since the conventional configuration has
implemented a one to one configuration of sensor elements
to pins of the processing device each button added requires
an additional pin on the processing device Using only two
pins the scan time does not Increase by adding additional
buttons to implement three or more buttons on the sensing
device By maintaining two pins forthree or more buttons the
scan time to scan the sensor elements is not increased In other
words more buttons may be implemented without increasing
the total scan time of the sensing device Similarly the
memory of the processing device is not increased to accom
modate additional program data and/or temporary data (e g
raw measurement data differential counts baseline measure
merit data and the like) for the additional buttons

The sensing device may use two capacitive switch relax
ation oscillator (CSR) pins of a processing device to realize
more than two buttons on the sensing device For example the
three or more buttons may be realized by using two sensing
areas Each sensing area may include a bar of conductive
material and several interconnected sub bars The sub bars of
the two sensing areas are interleaved and are electrically
isolated In other words one set of interconnected sub bars
arc connected to one pin while the other set is coupled to the
other pm The two sensing areas make up three or more sensor
elements that are used to form the touch sensor buttons The
different buttons contain different percentages of surface area
of the sensing areas Alternatively each sensing area may
include two or more bars of conductive material with or
without several interconnected sub bars

For example a three button scheme using two puts
includes one sensor element that has 100% of the first sensing
area the second sensor element has 50% of the first sensing
area and 50% of the second sensing area and the third sensor
element has 100% of the second sensing area Accordingly
by scanning and measuring the capacitance (e g capacitance
variation of the capacitance minus the baseline as described
below) on the two pins to detect the presence of the conduc
five object the processing device can distinguish between the
presence of the conductive object on the first second and
third sensor elements For example if the capacitance varia
Lion S i measured on the first pin is greater than zero and the
capacitance variation S2 measured on the second pin is equal
to approximately zero then the first button has been pressed
Similarly if the capacitance variation 1 measured on the
first pin is equal to the capacitance variation S 2 measured on
the second pin then the second button has been pressed If the
capacitance variation Si measured on the first pin is equal to

4
approximately zero and the capacitance variation Sz mea
sured on the second pin is greater than zero then the third
button has been pressed

The embodiments herein may be beneficial to help reduce
5 the pm count of the processing device This may decrease the

complexity of the processing device or allow the processing
device to support additional functionality such as cursor
positioning and selecting functionality keyboard functional
ity slider functionality or the like Furthermore the embodi

to merits may be beneficial to help reduce the scan time of the
sensing device Using two pins of the processing device to
measure the capacitance on two sensing areas to realize three
or more buttons is faster than measuring the capacitance on
three or more touch sensor buttons of the conventional con

1s figuration (e g one to one configuration) In addition using
two pins reduces the RAM/FLASH space needed in the sens
ing device as compared to the conventional configuration

The embodiments described herein may be used in differ
ent types of operational panels of electronic devices For

20 example touch sensor buttons may be used on operational or
control panels of household appliances consumer electron
ics mechanical devices and the like Touch sensor buttons
may also be used inconjunction with or in place of other user
input devices such as keyboards mice trackballs or the like

25 FIG 2illustratesablockdiagramofoneembodimentofan
electronic system having a processing device for detecting a
presence of a conductive object Electronic system 200
includes processing device 210 touch sensor pad 220 touch
sensor slider 230 touch sensor buttons 240 host processor

30 250 embedded controller 260 and non capacitance sensor
elements 270 The processing device 210 may Include analog
and/or digital general purpose input/output ( GPIO ) ports
207 GPIO ports 207 may be programmable GPIO ports 207
may be coupled to a Programmable Interconnect and Logic

35 ( PIL ) which acts as an urterconnect between GPIO ports
207 and a digital block array of the processing device 210 (not
illustrated) The digital block array may be configured to
Implement a variety of digital logic circuits (e g DAC digs
tal filters digital control systems etc ) using in one embodi

40 went configurable user modules ( UMs ) The digital block
array may be coupled to a system bus Processing device 210
may also include memory such as random access memory
(RAM) 205 and program flash 204 RAM 205 may be static
RAM (SRAM) and program flash 204 may be a non volatile

45 storage which may be used to store firmware (e g control
algorithms executable by processing core 202 to implement
operations described herein) Processing device 210 may also
include a memory controller unit (MCU) 203 coupled to
memory and the processing core 202

5o The processing device 210 may also include an analog
block array (not illustrated) The analog block array is also
coupled to the system bus Analog block array also may be
configured to implement a variety of analog circuits (e g
ADC analog filters etc ) using in one embodiment config

55 urable UMs The analog block array may also be coupled to
the GPIO 207

As illustrated capacitance sensor 201 may be integrated
into processing device 210 Capacitance sensor 201 may
include analog I/O for coupling to an external component

so such as touch sensor pad 220 touch sensor slider 230 touch
sensor buttons 240 and/or other devices Capacitance sensor
201 and processing device 202 are described in more detail
below

It should be noted that the embodiments descnbed herein
65 are not limited to touch sensor pads for notebook implemen

tations but can be used in other capacitive sensing implemen
tations for example the sensing device may be a touch
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sensor slider 230 or a touch sensor button 240 (e g
capacitance sensing button) Similarly the operations
descnbed herein are not limited to notebook cursor opera
lions but can include other operations such as lighting con
trol (dimmer) volume control graphic equalizer control
speed control or other control operations requinng gradual
adjustments It should also be noted that these embodiments
of capacitive sensing implementations may be used in con
junction with non capacitive sensing elements including but
not limited to pick buttons sliders (ex display bnghtness and
contrast) scroll wheels multi media control (ex volume
track advance etc) handwriting recognition and numeric key
pad operation

In one embodiment the electronic system 200 includes a
touch sensor pad 220 coupled to the processing device 210
via bus 221 Touch sensor pad 220 may include a multi
dimension sensor array The multi dimension sensor array
comprises a plurality of sensor elements organized as rows
and columns In another embodiment the electronic system
200 includes a touch sensor slider 230 coupled to the pro
cessing device 210 via bus 231 Touch sensor slider 230 may
include a single dimension sensor array The single Witten
sion sensor array comprises a plurality of sensor elements
organized as rows or alternatively as columns In another
embodiment the electronic system 200 includes a touch
sensor button 240 coupled to the processing device 210 via
bus 241 Touch sensor button 240 may include a single di
mension or multi dimension sensor array The single or
multi dimension sensor array comprises a plurality of sensor
elements For a touch sensor button the plurality of sensor
elements may be coupled together to detect a presence of a
conductive object over the entire surface of the sensing
device Alternatively the touch sensor button 240 has a single
sensor element to detect the presence of the conductive
object In one embodiment the touch sensor button 240 may
be a capacitance sensor element Capacitance sensor ele
ments may be used as non contact switches These switches
when protected by an insulating layer offer resistance to
severe environments

The electronic system 200 may include any combination of
one or more of the touch sensor pad 220 touch sensor slider
230 and/or touch sensor button 240 In another embodiment
the electronic system 200 may also include non capacitance
sensor elements 270 coupled to the processing device 210 via
bus 271 The non capacitance sensor elements 270 may
include buttons light emitting diodes (LEDs) and other user
interface devices such as a mouse a keyboard or other
functional keys that do not require capacitance sensing In
one embodiment buses 271 241 231 and 221 may be a
single bus Alternatively these buses may be configured into
any combination of one or more separate buses

The processing device may also provide value added func
tionality such as keyboard control integration LEDs battery
charger and general purpose I/O as illustrated as non capaci
Lance sensor elements 270 Non capacitance sensor elements
270 are coupled to the GPIO 207

Processing device 210 may include internal oscillator/
clocks 206 and communication block 208 The oscillator/
clocks block 206 provides clock signals to one or more of the
components of processing device 210 Communication block
208 may be used to communicate with an external compo
nent such as a host processor 250 via host interface (I/F) line
251 Alternatively processing block 210 may also be coupled
to embedded controller 260 to communicate with the external
components such as host 250 Interfacing to the host 250 can
be through various methods In one exemplary embodiment
Interfacing with the host 250 may be done using a standard

6
PS/2 Interface to connect to an embedded controller 260
which in turn sends data to the host 250 via low pin count
(LPC) interface In some instances It may be beneficial for
the processing device 210 to do both touch sensor pad and

5 keyboard control operations thereby freeing up the embed
ded controller 260 for other housekeeping functions In
another exemplary embodunent interfacing may be done
using a universal serial bus (USB) interface directly coupled
to the host 250 via host interface line 251 Alternatively the

1o processing device 210 may communicate to external compo
nents such as the host 250 using industry standard interfaces
such as USB PS/2 Inter integrated circuit (I2C) bus or sys
Lem packet interfaces (SPI) The host 250 and/or embedded
controller 260 may be coupled to the processing device 210

15 with a ribbon or flex cable from an assembly which houses
the sensing device and processing device

In one embodiment the processing device 210 is config
ured to communicate with the embedded controller 260 or the
host 250 to send and/or receive data The data may be a

20 command or alternatively a signal In an exemplary embodi
meat the electronic system 200 may operate in both standard
mouse compatible and enhanced modes The standard mouse
compatible mode utilizes the HID class drivers already built
Into the Operating System (OS) software of host 250 These

25 drivers enable the processing device 210 and sensing device
to operate as a standard cursor control user Interface device
such as a two button PS/2 mouse The enhanced mode may
enable additional features such as scrolling (reporting abso
lute position) or disabling the sensing device such as when a

30 mouse is plugged into the notebook Alternatively the pro
ceasing device 210 may be configured to communicate with
the embedded controller 260 or the host 250 using non OS
dnvers such as dedicated touch sensor pad drivers or other
dnvers known by those of ordinary skill In the art

35 in other words the processing device 210 may operate to
communicate data (e g commands or signals) using hard
ware software and/or firmware and the data may be coin
mumcated directly to the processing device of the host 250
such as a host processor or alternatively may be commum

40 cated to the host 250 via dnvers of the host 250 such as OS
drivers or other non OS drivers It should also be noted that
the host 250 may directly communicate with the processing
device 210 via host interface 251

In one embodiment the data sent to the host 250 from the
45 processing device 210 Includes click double click move

meet of the cursor scroll up scroll down scroll left scroll
right step Back and step Forward Alternatively other user
interface device commands may be communicated to the host
250 from the processing device 210 These commands may be

so based on gestures occurring on the sensing device that are
recognized by the processing device such as tap push hop
and zigzag gestures Alternatively other commands may be
recognized Similarly signals may be sent that indicate the
recognition of these operations

55 In particular a tap gesture for example may be when the
finger (e g conductive object) is on the sensing device for
less than a threshold time If the time the finger is placed on
the touchpad Is greater than the threshold time it may be
considered to be a movement of the cursor In the x or y axes

60 Scroll up scroll down scroll left and scroll right step back
and step forward may be detected when the absolute position
of the conductive object Is within a pre defined area and
movement of the conductive object is detected

Processing device 210 may reside on a common carrier
,55 substrate such as for example an Integrated circuit (IC) die

substrate a multi chip module substrate or the like Altema
Lively the components of processing device 210 may be one
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or more separate Integrated circuits and/or discrete compo
nents In one exemplary embodiment processing device 210
may be a Programmable System on a Chip (PSoC TM ) pm
cessing device manufactured by Cypress Semiconductor
Corporation San Jose Calif Alternatively processing device
210 may be one or more other processing devices known by
those of ordinary skill In the art such as a microprocessor or
central processing unit a controller special purpose proces
soy digital signal processor (DSP) an application specific
integrated circuit (ASIC) a field programmable gate array
(FPGA) or the like In an alternative embodiment for
example the processing device may be a network processor
having multiple processors including a core unit and multiple
microengmes Additionally the processing device may
include any combination of general purpose processing
device(s) and special purpose processing device(s)

Capacitance sensor 201 may be integrated Into the IC of the
processing device 210 or alternatively ma separate IC Alter
natively descriptions of capacitance sensor 201 may be gen
crated and compiled for incorporation into other integrated
circuits For example behavioral level code describing
capacitance sensor 201 or portions thereof may be generated
using a hardware descriptive language such as VHDL or
Venlog and stored to a machine accessible medium (e g
CD ROM hard disk floppy disk etc) Furthermore the
behavioral level code can be compiled Into register transfer
level ( RTL ) code a netlrst or even a circuit layout and
stored to a machine accessible medium The behavioral level
code the RTL code the netlrst and the circuit layout all
represent various levels of abstraction to describe capacitance
sensor 201

It should be noted that the components of electronic system
200 may include all the components described above Alter
natively electronic system 200 may include only some of the
components described above

In one embodiment electronic system 200 maybe used In
a notebook computer Alternatively the electronic device
may be used in other applications such as a mobile handset
a personal data assistant (PDA) a keyboard a television a
remote control a monitor a handheld multi media device a
handheld video player a handheld gaming device or a control
panel

In one embodiment capacitance sensor 201 may be a
capacitive switch relaxation oscillator (CSR) The CSR may
have an array of capacitive touch switches using a current
programmable relaxation oscillator an analog multiplexer
digital counting functions and high level software routines to
compensate for environmental and physical switch vans
lions The switch array may Include combinations of Inde
pendent switches sliding switches (e g touch sensor slider)
and touch sensor pads implemented as a pair of orthogonal
sliding switches The CSR may include physical electrical
and software components The physical component may
include the physical switch itself typically a pattern con
stmcted on a printed circuit board (PCB) with an Insulating
cover a flexible membrane or a transparent overlay The
electrical component may include an oscillator or other
means to convert a changed capacitance Into a measured
signal The electrical component may also uulude a counter
or tuner to measure the oscillator output The software corn
ponent may include detection and compensation software
algorithms to convert the count value into a switch detection
decision For example in the case of slide switches or X Y
touch sensor pads a calculation for finding position of the
conductive object to greater resolution than the physical pitch
of the switches may be used

8
It should be noted that there are various knownmethods for

measuring capacitance Although the embodiments described
herein are described using a relaxation oscillator the present
embodiments are not limited to using relaxation oscillators

s but may include other methods such as current versus voltage
phase shift measurement resistor capacitor charge timing
capacitive bridge divider charge transfer or the like

The current versus voltage phase shift measurement may
include driving the capacitance through a fixed value resistor

to to yield voltage and current waveforms that are out of phase
by a predictable amount The drive frequency can be adjusted
to keep the phase measurement In a readily measured range
The resistor capacitor charge timing may include charging
the capacitor through a fixed resistor and measuring timing on

15 the voltage ramp Small capacitor values may require very
large resistors for reasonable timing The capacitive bridge
divider may include driving the capacitor under test through a
fixed reference capacitor The reference capacitor and the
capacitor under test form a voltage divider The voltage signal

20 is recovered with a synchronous demodulator which maybe
done In the processing device 210 The charge transfer may be
conceptually similar to an R C charging circuit In this
method Cp is the capacitance being sensed Cs,,M is the
summing capacitor into which charge Is transferred on sue

25 cessive cycles At the start of the measurement cycle the
voltage on Csumr rs reset The voltage on C5 increases
exponentially (and only slightly) with each clock cycle The
time for this voltage to reach a specific threshold is measured
with a counter Additional details regarding these alternative

30 embodiments have not been Included so as to not obscure the
present embodiments and because these alternative embody
ments for measuring capacitance are known by those of urdi
nary skill In the art

FIG 3A illustrates a varying switch capacitance In Its
35 basic form a capacitive switch 300 is a pair of adjacent plates

301 and 302 There is a small edge to edge capacitance Cp
but the intent of switch layout is to nummize the base capaci
lance Cp between these plates When a conductive object 303
(e g finger) rs placed to proximity to the two plate 301 and

40 302 there is a capacitance 2*Cf between one electrode 301
and the conductive object 303 and a similar capacitance 2*Cf
between the conductive object 303 and the other electrode
302 The capacitance between one electrode 301 and the
conductive object 303 and back to the other electrode 302

45 adds in parallel to the base capacitance Cp between the plates
301 and 302 resulting in a change of capacitance Cf Capact
tive switch 300 may be used in a capacitance switch array The
capacitance switch array is a set of capacitors where one side
of each Is grounded Thus the active capacitor (as represented

so in FIG 3B as capacitor 351) has only one accessible side The
presence of the conductive object 303 increases the capaci
lance (Cp+Cf) of the switch 300 to ground Detemumng
switch activation is then a matter of measuring change in the
capacitance (Cf) Switch 300 is also known as a grounded

55 variable capacitor In one exemplary embodiment Cf may
range from approximately 10 30 prcofarads (pF) Altema
lively other ranges may be used

The conductive object In this case is a finger alternatively
this technique may be applied to any conductive object for

60 example a conductive door switch position sensor or con
ductive pen in a stylus tracking system

FIG 3B Illustrates one embodiment of a relaxation oscil
lator The relaxation oscillator 350 is formed by the capaci
lance to be measured on capacitor 351 a charging current

65 source 352 a comparator 353 and a reset switch 354 It
should be noted that capacitor 351 is representative of the
capacitance measured on a sensor element of a sensor array
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sensor element is represented as a capacitor as previously
described with respect to FIG 3B The sensor array 410 is
coupled to relaxation oscillator 350 via an analog bus 401
having a plurality of pins 401(1) 401(N) In one embodiment
the sensor array 410 may be a single dimension sensor array
including the sensor elements 355(1) 355(N) where N is a
positive integer value that represents the number of sensor
elements of the single dimension sensor array The single
dimension sensor array 410 provides output data to the analog

to bus 401 of the processing device 210 (e g via lines 231)
Alternatively the sensor array 410 maybe a multi dimension
sensor array Including the sensor elements 355(1) 355(N)
where N is a positive integer value that represents the number
of sensor elements of the multi dimension sensor array The

1s multi dimension sensor array 410 provides output data to the
analog bus 401 of the processing device 210 (e g via bus
221)

Relaxation oscillator 350 of FIG 4 includes all the corn
ponents described with respect to FIG 3B and a selection

20 circuit 430 The selection circuit 430 is coupled to the plural
ity of sensor elements 355(1) 355(N) the reset switch 354
the current source 352 and the comparator 353 Selection
circuit 430 may be used to allow the relaxation oscillator 350
to measure capacitance on multiple sensor elements (e g

2 5 rows or columms) The selection circuit 430 may be config
ured to sequentially select a sensor element of the plurality of
sensor elements to provide the charge current and to measure
the capacitance of each sensor element In one exemplary
embodiment the selection circuit 430 is a multiplexer array

30 of the relaxation oscillator 350 Alternatively selection cir
cwt may be other circuitry outside the relaxation oscillator
350 or even outside the capacitance sensor 201 to select the
sensor element to be measured Capacitance sensor 201 may
include one relaxation oscillator and digital counter for the

35 plurality of sensor elements of the sensor array Alternatively
capacitance sensor 201 may include multiple relaxation oscil
lators and digital counters to measure capacitance on the
plurality of sensor elements of the sensor array The multi
plexer array may also be used to ground the sensor elements

40 that are not being measured This may be done in conjunction
with a dedicated pin in the GP10 port 207

In another embodiment the capacitance sensor 201 may be
configured to simultaneously scan the sensor elements as

Af=AoIxeF

	

(3)

	

opposed to being configured to sequentially scan the sensor
In one embodiment a frequency comparator may be 45 elements as described above For example the sensing device

coupled to receive relaxation oscillator clock signal (Few.

	

may include a sensor array having a plurality of rows and
356) and REF CLK compare their frequencies fRo and fw

	

columns The rows may be scanned simultaneously and the
respectively and output a signal indicative of the difference

	

columns may be scanned simultaneously
Af between these frequencies By monitoring Af one can

	

In one exemplary embodiment the voltages on all of the
determine whether the capacitance of the capacitor 351 has 5o rows of the sensor array are simultaneously moved, while the
changed

	

voltages of the columns are held at a constant voltage with

	

In one exemplary embodiment the relaxation oscillator

	

the complete set of sampled points simultaneously giving a
350 may be built using a programmable timer (e g 555 timer)

	

profile of the conductive object in a first dimension Next the
to implement the comparator 353 and reset switch 354 Alter

	

voltages on all of the rows are held at a constant voltage while
natively the relaxation oscillator350 may be builtusmgother 55 the voltages on all the rows are simultaneously moved to
circuiting Relaxation oscillators are known in by those of

	

obtain a complete set of sampled points simultaneously giv
ordinary skill in the art and accordingly additional details

	

mg a profile of the conductive object in the other dimension
regarding their operation have not been included so as to not

	

In another exemplary embodiment the voltages on all of
obscure the present embodiments

	

the rows of the sensor array are simultaneously moved in a
FIG 4 illustrates a block diagram of one embodiment of a 60 positive direction while the voltages of the columns are

capacitance sensor including a relaxation oscillator and digs

	

moved in a negative direction Next the voltages on all of the
tal counter Capacitance sensor 201 of FIG 4 includes a

	

rows of the sensor array are simultaneously moved in a nega
sensor array 410 (also known as a switch array) relaxation

	

'live direction while the voltages of the columns are moved in
oscillator 350 and a digital counter 420 Sensor array 410

	

a positive direction This technique doubles the effect of any
includes a plurality of sensor elements 355(1) 355(N) where 65 transcapacitance between the two dimensions or conversely
N is a positive integer value that represents the number of

	

halves the effect of any parasitic capacitance to the ground In
rows (or alternatively columns) of the sensor array 410 Each

	

both methods the capacitive information from the sensing

The relaxation oscillator is coupled to drive a charging cur
rent (Ic) 357 in a single direction onto a device under test
( DUT ) capacitor capacitor 351 As the charging current
piles charge onto the capacitor 351 the voltage across the
capacitor increases with time as a function of lc 357 and its
capacitance C Equation (1) descnbes the relation between
current capacitance voltage and time for a charging capaci
tor

5

CdV=I,dr

	

(1)

The relaxation oscillator begins by charging the capacitor
351 from a ground potential or zero voltage and continues to
pile charge on the capacitor 351 at a fixed charging current Ic
357 until the voltage across the capacitor 351 at node 355
reaches a reference voltage or threshold voltage VT, 355 At

VT, 355 the relaxation oscillator allows the accumulated
charge at node 355 to discharge (e g the capacitor 351 to
relax back to the ground potential) and then the process

repeats itself In particular the output of comparator 353
asserts a clock signal Foy 356 (e g F oy 356 goes high)
which enables the reset switch 354 This resets the voltage on
the capacitor at node 355 to ground and the charge cycle starts
again The relaxation oscillator outputs a relaxation oscillator
clock signal (Four 356) having a frequency (fRo) dependent
upon capacitance C of the capacitor 351 and charging current
Ic 357

The comparator trip time of the comparator 353 and reset
switch 354 add a fixed delay The output of the comparator
353 is synchronized with a reference system clock to guaran
tee that the comparator reset tune is long enough to corn
pletely reset the charging voltage on capacitor 355 This sets
a practical upper limit to the operating frequency For
example if capacitance C of the capacitor 351 changes then
fRo will change proportionally according to Equation (1) By
comparing fRo of Fo„356 against the frequency (fREF) of a
known reference system clock signal (REF CLK) the change
in capacitance AC can be measured Accordingly equations
(2) and (3) below describe that a change in frequency between
Four356 and REF CLK is proportional to a change in capact
tance of the capacitor 351

ACoAf where

	

(2)
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process provides a profile of the presence of the conductive
object to the sensing device in each dimension Alternatively
other methods for scanning known by those of ordinary skill
in the art may be used to scan the sensing device

Digital counter 420 is coupled to the output of the relax
ation oscillator 350 Digital counter 420 receives the relax
ation oscillator output signal 356 (Four) Digital counter 420
is configured to count at least one of a frequency or a period
of the relaxation oscillator output received from the relax
ation oscillator

As previously described with respect to the relaxation
oscillator 350 when a finger or conductive object is placed on
the switch the capacitance Increases from Cp to Cp+Cf so the
relaxation oscillator output signal 356 (Fo ur) decreases The
relaxation oscillator output signal 356 (Fool) is fed to the
digital counter 420 for measurement There are two methods
for counting the relaxation oscillator output signal 356 fre
quency measurement and period measurement In one
embodiment the digital counter 420 may include two multi
plexers 423 and 424 Multiplexers 423 and 424 are configured
to select the Inputs for the PWM 421 and the tinter 422 for the
two measurement methods frequency and period measure
ment methods Alternatively other selection circuits may be
used to select the inputs for the PWM 421 and the time 422
In another embodiment multiplexers 423 and 424 are not
included in the digital counter for example the digital
counter 420 may be configured in one or the other measure
merit configuration

In the frequency measurement method the relaxation
oscillator output signal 356 is counted for a fixed penod of
time The counter 422 is read to obtain the number of counts
during the gate time This method works well at low frequen
cues where the oscillator reset time is small compared to the
oscillator period A pulse width modulator (PWM) 441 is
clocked for a fixed period by a derivative of the system clock
VC3 426 (which is a divider from system clock 425 e g 24
MHz) Pulse width modulation Is a modulation technique that

	

In switch army applications variations in sensitivity
generates variable length pulses to represent the amplitude of

	

should be minimized if there are large differences in An one
an analog Input signal in this case VC3 426 The output of

	

switch may actuate at 1 0 cm while another may not actuate
PWM 421 enables timer 422 (e g 16 bit) The relaxation 40 until direct contact This presents a non ideal user interface
oscillator output signal 356 clocks the tuner 422 The timer

	

device There are numerous methods for balancing the sense
422 is reset at the start of the sequence and the count value is

	

tivity These may include precisely matching on board
read out at the end of the gate period

	

capacitance with PC trace length modification adding bat
In the penod measurement method the relaxation oscilla

	

ante capacitors on each switch s PC board trace and/or
tor output signal 356 gates a counter 422 which is clocked by 45 adapting a calibration factor to each switch to be applied each
the system clock 425 (e g 24 MHz) In order to improve

	

time the switch is tested
sensitivity and resolution multiple periods of the oscillator

	

In one embodiment the PCB design may be adapted to
are counted with the PWM 421 The output of PWM 421 is

	

minimize capacitance including thicker PCBs where pos
used to gate the timer 422 In this method the relaxation

	

sable In one exemplary embodiment a 0 062 inch thick PCB
oscillator output signal 356 drives the clock input of PWM 50

is used Alternatively other thicknesses may be used for
421 As previously descnbed pulse width modulation is a

	

example a 0 015 inch thick PCB
modulation technique that generates vanable length pulses to

	

It should be noted that the count window should be long
represent the amplitude of an analog input signal in this case

	

enough for An to be a significant number In one embodi
the relaxation oscillator output signal 356 The output of the

	

ment the significant number can be as little as 10 or alter
PWM 421 enables timer 422 (e g 16 bit) which Is clocked at 55 natively as much as several hundred In one exemplary
the system clock frequency 425 (e g 24 MHz) When the

	

embodiment where Cf is 1 0% of Cp (a typical weak
output of PWM 421 is asserted (e g goes high) the count

	

switch) and where the switch threshold is set at a count value
starts by releasing the capture control When the terminal

	

of 20 n is found to be
count of the PWM 421 is reached the capture signal is
asserted (e g goes high) stopping the count and setting the 60

PWM s Interrupt The timer value is read in this interrupt The
relaxation oscillator 350 is indexed to the next switch (e g
capacitor 351(2)) to be measured and the count sequence is
started again

The two counting methods may have equivalent perfor 65

	

Adding some margin to yield 2500 counts and running the
mance in sensitivity and signal to noise ratio (SNR) The

	

frequency measurement method at 1 0 MHz the detection
period measurement method may have a slightly faster data

	

time for the switch is approximately 2 5 microseconds In the

12
acquisition rate but this rate is dependent on software loads
and the values of the switch capacitances The frequency
measurement method has a fixed switch data acquisition rate

The length of the counter 422 and the detection time
required for the switch are determined by sensitivity require
merits Small changes in the capacitance on capacitor 351
result in small changes in frequency In order to find these
small changes it maybe necessary to count for a considerable
time

At startup (or boot) the switches (e g capacitors 351(1)
(N)) are scanned and the count values for each switch with no
actuation are stored as a baseline array (Cp) The presence of
a finger on the switch is determined by the difference in
counts between a stored value for no switch actuation and the
acquired value with switch actuation referred to here as An
The sensitivity of a single switch is approximately

5

to

15

20 Cf

rs Cp

(4)

The value of An should be large enough for reasonable
resolution and clear indication of switch actuation This
dnves switch construction decisions

Cf should be as large a fraction of Cp as possible In one
exemplary embodiment the fraction of Cf/Cp ranges
between approximately 0 01 to approximately 2 0 Altcma
lively other fractions may be used for Cf/Cp Since Cf is
determined by finger area and distance from the finger to the
switch s conductive traces (through the over lying Insulator)
the baseline capacitance Cp should be minimized The base
line capacitance Cp includes the capacitance of the switch
pad plus any parasitics including routing and chip pm cap am
Lance

25

30

35

(5)
, =Ort -=2000

Cp
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frequency measurement method the frequency difference

	

In many capacitive switch designs the two plates (e g
between a switch with and without actuation (i e CP+CF vs

	

301 and 302) of the sensing capacitor are actually adjacent
CP) is approximately sensor elements that are electrically isolated (e g PCB pads

or traces) as indicated in FIG 3A Typically one of these
plates is grounded Layouts for touch sensor slider (e g lin
ear slide switches) and touch sensor pad applications have
switches that are immediately adjacent In this case all of the
switches that are not active are grounded through the GPIO
207 of the processing device 210 dedicated to that pin The

This shows that the sensitivity vanation between one chan 10 actual capacitance between adjacent plates is small (Cp) but
nel and another is a function of the square of the difference in

	

the capacitance of the active plate (and its PCB trace back to
the two channels static capacitances This sensitivity differ

	

the processing device 210) to ground when detecting the
ence can be compensated using routines in the high level

	

presence of the conductive object 303 may be considerably
Application Programming Interfaces (APIs)

	

higher (Cp+Cf) The capacitance of two parallel plates is
In the period measurement method the count difference i5 given by the following equation

between a switch with and without actuation (i e CP+CF vs
CP) is approximately

C=eo eR
d

=ER 885
71

pF/m

	

(8)

5

(6)
~n= r	

Cf
yTs i Cp l

(7) 20
= N

	

Cf ern
0n P as

	

fs, ce

The charge currents are typically lower and the period is
longer to increase sensitivity or the number of periods for
which 5 is counted can be Increased In either method by
matching the static (parasitic) capacitances Cp of the mdt
victual switches the repeatability of detection increases mak
mg all switches work approximately at the same difference
Compensation for this variation can be done in software at
runtime The compensation algorithms for both the frequency
method and period method may be included in the high level
APIs

Some implementations of this circuit use a current source
programmed by a fixed resistor value If the range of capacl
tance to be measured changes external components (I e the
resistor) should be adjusted

Using the multiplexer array 430 multiple sensor elements
may be sequentially scanned to provide current to and mea
sure the capacitance from the capacitors (e g sensor ele
ments) as previously described In other words while one
sensor element Is being measured the remaimng sensor ele
ments are grounded using the GPIO port 207 This drive and
multiplex arrangement bypasses the existing GPIO to con
nett the selected pin to an internal analog multiplexer (mux)
bus The capacitor charging current (e g current source 352)
and reset switch 353 are connected to the analog mux bus
This may limit the pm count requirement to simply the num
ber of switches (e g capacitors 351(1) 351(N)) to be
addressed In one exemplary embodiment no external resis
tors or capacitors are required Inside or outside the processing
device 210 to enable operation

The capacitor charging current for the relaxation oscillator
350 is generated in a register programmable current output
DAC (also known as IDAC) Accordingly the current source
352 is a current DAC or IDAC The IDAC output current may
be set by an 8 bit value provided by the processing device
210 such as from the processing core 202 The 8 bit value
may be stored in a register or in memory

Estimating and measuring PCB capacitances may be dif
ficult the oscillator reset time may add to the oscillator
period (especially at higher frequencies) and there may be
some variation to the magnitude of the IDAC output current
with operatmg frequency Accordingly the optimum oscilla 65

Lion frequency and operating current for a particular switch
array maybe determined to some degree by experimentation

Centieid=
n i (I- 1)+n i+n I 0+1)

	

(9)
n 1-Inn+n i

The calculated value will almost certainly be fractional In
order to report the centroid to a specific resolution for
example a range of 0 to 100 for 12 switches the centroid value

The dimensions of equation (8) are in meters This is a very
simple model of the capacitance The reality is that there are
fringing effects that substantially Increase the switch to

25
ground (and PCB trace to ground) capacitance

Switch sensitivity (i e actuation distance) may be
Increased by one or more of the following 1) Increasing
board thickness to increase the distance between the active
switch and any parasitics 2) minimizing PC trace routing
underneath switches 3) utilizing a gnded ground with 50% or

30
less fill if use of a ground plane Is absolutely necessary 4)
increasing the spacing between switch pads and any adjacent
ground plane 5) increasing pad area 6) decreasing thickness
of any insulating overlay or 7) verifying that there is no

35
air gap between the PC pad surface and the touching finger

There is some variation of switch sensitivity as a result of
environmental factors A baseline update routine which coin
pensates for this variation may be provided in the high level
APIs

40
Sliding switches are used for control requiring gradual

adjustments Examples Include a lighting control (dimmer)
volume control graphic equalizer and speed control These
switches are mechanically adjacent to one another Actuation
of one switch results In partial actuation of physically adja
cent switches The actual position in the sliding switch is

a5 found by computing the centrold location of the set of
switches activated

In applications for touch sensor sliders (e g sliding
switches) and touch sensor pads It Is often necessary to deter
mine finger (or other capacitive object) position to more reso

so lotion than the native pitch of the individual switches The
contact area of a finger on a sliding switch or a touch pad Is

often larger than any single switch In one embodiment in
order to calculate the interpolated position using a centrold

ss the array is first scanned to verify that a given switch location
is valid The requirement is for some number of adjacent
switch signals to be above a noise threshold When the stron
gest signal is found this signal and those immediately adja
cent are used to compute a centrold

60
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ments 501(1) 501(L) where L is a positive Integer value
representative of the number of sensor elements In the col
umn Accordingly sensor array Is an NxM sensor matrix The
NxM sensor matnx in conjunction with the processing
device 210 Is configured to detect a position of a presence of
the conductive object 303 In the x and y directions

FIG 5B Illustrates a top side view of one embodiment of a
sensor array having a plurality of sensor elements for detect

layer stack up of a touchpad assembly Includes a PCB an

	

ing a presence of a conductive object 303 on the sensor array
adhesive layer and an overlay The PCB includes the process ro 550 of a touch sensor slider Touch sensor slider 230 includes
mg device 210 and other components such as the connector

	

a sensor array 550 Sensor array 550 includes a plurality of
to the host 250 necessary for operations for sensing the

	

columns 504(1) 504(M) where M is a positive Integer value
capacitance These components are on the non sensing side

	

representative of the number of columns Each columnof the PCB The PCB also includes the sensor array on the
opposite side the sensing side of the PCB Alternatively I5

Includes a plurality of sensor elements 501(1) 501(L) where

other multi layer stack ups may be used in the touchpad

	

L Is a positive integer value representative of the number of

assembly

	

sensor elements ui the column Accordingly sensor array Is a

The PCB may be made of standard matenals such as FR4

	

1 xM sensor matrix The 1 xM sensor matrix in conjunction

or KaptonTM (e g flexible PCB) In either case the process

	

with the processing device 210 is configured to detect a

Ing device 210 may be attached (e g soldered) directly to the 20 position of a presence of the conductive object 303 in the
sensing PCB (e g attached to the non sensing side of the

	

x direction It should be noted that sensor array 500 may be
PCB) The PCB thickness vanes depending on multiple van

	

configured to function as a touch sensor slider 230
ables Including height restrictions and sensitivity require

	

Alternating columns In FIG 5A correspond to x and
ments in one embodiment the PCB thickness is at least

	

y axis elements The y axis sensor elements 503(1) 503(K)
approximately 0 3 millimeters (mm) Alternatively the PCB 25 are illustrated as black diamonds In FIG 5A and the x axis
may have other thicknesses It should be noted that thicker

	

sensor elements 501(1) 501(L) are Illustrated as white dia
PCBs may yield better results The PCB length and width is

	

monds in FIG 5A and FIG 513 It should be noted that other
dependent on individual design requirements for the device

	

shapes may be used for the sensor elements In another
on which the sensing device is mounted such as a notebook or

	

embodiment the columns and row may include vertical and
mobile handset

	

3o horizontal bars (e g rectangular shaped bars) however this
The adhesive layer is directly on top of the PCB sensing

	

design may include additional layers In the PCB to allow the
array and is used to affix the overlay to the overall touchpad

	

vertical and horizontal bars to be positioned on the PCB so
assembly Typical material used for connecting the overlay to

	

that they are not m contact with one another
the PCB Is non conductive adhesive such as 3M 467 or 468

	

FIGS 5C and 5D Illustrate top side and side views of one
In one exemplary embodiment the adhesive thickness Is 35

approximately 0 05 nun Alternatively other thicknesses may

	

embodiment of a two layer touch sensor pad Touch sensor

be used

	

pad as illustrated in FIGS 5C and 5D include the first two

The overlay may be non conductive material used to pro

	

columns 505(1) and 505(2) and the first four rows 504(1)

tect the PCB circuitry to environmental elements and to msu

	

504(4) of sensor array 500 The sensor elements of the first

late the user s finger (e g conductive object) from the cin 40 column 501(1) are connected together in the top conductive
cuitry Overlay can be ABS plastic polycarbonate glass or

	

layer 575 illustrated as hashed diamond sensor elements and

MylarTM Alternatively other materials known by those of

	

connections The diamond sensor elements of each column
ordinary skill in the art may be used In one exemplary

	

in effect forma chain of elements The sensor elements of the
embodiment the overlayhasathickness of approximately 1 0

	

second column 501(2) are similarly connected In the top
mm In another exemplary embodiment the overlay thick 45 conductive layer 575 The sensor elements of the first row
ness has a thickness of approximately 2 0 mm Alternatvely

	

504(1) are connected together In the bottom conductive layer
other thicknesses may be used

	

575 using vias 577 illustrated as black diamond sensor ele
The sensor array may be a grid like pattern of sensor ele

	

ments and connections The diamond sensor elements of each
ments (e g capacitive elements) used in conjunction with the

	

row in effect form a chain of elements The sensor elements
processing device 210 to detect a presence of a conductive 50 of the second third and fourth rows 504(2) 504(4) are stmt
object such as finger to a resolution greater than that which

	

larly connected in the bottom conductive layer 576
is native The touch sensor pad layout pattern maximizes the

	

As Illustrated in FIG 5D the top conductive layer 575
area covered by conductive material such as copper in rela

	

includes the sensor elements for both the columns and the
hon to spaces necessary to define the rows and columns of the

	

rows of the sensor array as well as the connections between

sensor array

	

55 the sensor elements of the columns of the sensor array The
FIG SA illustrates a top side view of one embodiment of a

	

bottom conductive layer 576 Includes the conductive paths
sensor array having a plurality of sensor elements for detect

	

that corn-wet the sensor elements of the rows that reside In the
ing a presence of a conductive object 303 on the sensor array

	

top conductive layer 575 The conductive paths between the
500 of a touch sensor pad Touch sensor pad 220 includes a

	

sensor elements of the rows use vias 577 to connect to one
sensor array 500 Sensor array 500 includes a plurality of 60 another In the bottom conductive layer 576 Vias 577 go from
rows 504(1) 504(N) and a plurality of columns 505(1) 505

	

the top conductive layer 575 through the dielectric layer 578
(M) where N is a positive Integer value representative of the

	

to the bottom conductive layer 576 Coating layers 579 and
number of rows and M is a positive integer value represents

	

589 are applied to the surfaces opposite to the surfaces that are
tive of the number of colunms Each row includes a plurality

	

coupled to the dielectric layer 578 on both the top and bottom
of sensor elements 503(1) 503(K) where K is a positive 65 conductive layers 575 and 576
Integer value representative of the number of sensor elements

	

It should be noted that the space between coating layers
In the row Each column Includes a plurality of sensor ele

	

579 and 589 and dielectric layer 578 which does not include

15
may be multiplied by a calculated scalar It may be more
efficient to combine the Interpolation and scaling operations
Into a single calculation and report this result directly in the
desired scale This may be handled in the high level APIs
Alternatively other methods may be used to interpolate the 5

position of the conductive object
A physical touchpad assembly Is a multi layered module to

detect a conductive object In one embodiment the multi
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any conductive material may be filled with the same material

	

another portion second portion 605 is coupled to the con
as the coating layers or dielectric layer Alternatively it may

	

ductive material of button 603
be filled with other materials

	

In one embodiment first portion 604 is coupled to the

It should be noted that the present embodiments are not be

	

sensor element of button 601 using a conductive line 606 and

limited to connecting the sensor elements of the rows using 5 second portion 605 is coupled to the sensor element button

vias to the bottom conductive layer 576 but may include

	

603 using a conductive line 607 The conductive lines 606 and

connecting the sensor elements of the columns using vias to

	

607 may be conductive traces printed on the surface of the

the bottom conductive layer 576 Furthermore the present

	

PCB Alternatively conductive lines may be conductive paths

embodiments are not limited two layer configurations but

	

of conductive material that coupled the conductive mat enal of

may include disposing the sensor elements on multiple layers to the sensor elements and to the pins of the processing devicem
such as three or four layer configurations

	

210

When pins are not being sensed (only one pin is sensed at

		

The processing device 210 scans the touch sensor buttons
601 603 u sing the capacitance sensors 201(1) and 201(2) and

a time) they are muted to ground By surrounding the sensing

	

measures the capacitance on the two sensing areas of conduc
device (e g touch sensor pad) with a ground plane the exte

15 Live material that realize the touch sensor buttons 601 603
nor elements have the same fringe capacitance to ground as

	

The processing device is operable to recognize a first button
the intenor elements

	

operation on the first sensor element a second button opera
In one embodiment an IC including the processing device

	

tion on the second sensor element and third button operation
210 may be directly placed on the non sensor side of the PCB

	

on the first and second portions of the third sensor element
This placement does not necessary have to be in the center 20 Accordingly the capacitance sensors oftheprocessmgdevice
The processing device IC is not required to have a specific set

	

are not coupled to the touch sensor buttons in a one to one
of dimensions for a touch sensor pad nor a certain number of

	

configuration like that of the conventional sensing device
pins Alternatively the IC may be placed somewhere external

	

In another embodiment the processing device 210 may
to the PCB

	

Include only one capacitance sensor 201 that is coupled to a
FIG 6A illustrates one embodiment of a sensing device 25 selection circuit The selection circuit operates to select one

having three touch sensor buttons Sensing device 240 of

	

conductive path to scan and measure the processing device
FIG 6A includes buttons 601 602 and 603 These three

	

210 includes two pins to couple to the two sensing areas of
buttons maybe used for user mput using a conductive object

	

conductive material that make up the three or more buttons In
such as a finger

	

another embodiment the processing device 210 may include
FIG 613 illustrates one embodiment of the sensing device 30 only one pin and be coupled to a selection circuit that is

of FIG 6A coupled to a processing device 210 Processing

	

external to the processing device that selects between the two
device 210 is used to detect whether a conductive object is

	

sensing areas of conductive material
present on either or none of the touch sensor buttons 601

	

In one embodiment the processing device that is coupled
603 To detect the presence of the conductive object the

	

to the sensing device of three or more touch sensor buttons
processing device 210 may include capacitance sensors 201 35 Includes one more capacitance sensors coupled to the first and
(1) and 201(2) which are coupled to buttons 601 603 In

	

second sensor elements The one or more capacitance sensors
particular button 601 is coupled to capacitance sensor 201

	

are operable to measure capacitance on the three or more
(1) button 603 is coupled to capacitance sensor 201(2) and

	

sensor elements For example if the capacitance variation S i
button 602 is coupled to both capacitance sensor 201(1) and

	

measured on the first pin 609 is greater than zero and the
201(2)

	

40 capacitance vanation S2 measured on the second pin 610 is
Each of the conventional touch sensor buttons 601 603

	

equal to approximately zero thenthe first button 601 has been
may be made of a sensor element of conductive material such

	

pressed Similarly if the capacitance variation &1 measured
as copper clad The conductive material may be formed in a

	

on the first pin 609 is equal to the capacitance vanation S 2
circular shape (illustrated in FIGS 6A 6D) in a rectangular

	

measured on the second pin 610 then the second button 602
shape or in a square shape (illustrated in FIGS 7A and 7B) 45 has been pressed If the capacitance variation S i measured on
The touch sensor buttons may be capacitance sensor buttons

	

the first pin 609 is equal to approximately zero and the
which may be used as non contact switches These switches

	

capacitance variation 12 measured on the second pin 610 is
when protected by an insulating layer offer resistance to

	

greater than zero then the third button 603 has been pressed
severe environments

	

In one embodiment the one or more capacitance sensors
The sensing device of FIG 6B includes two sensing areas 50 (e g 201(1) and 201(2)) may Include a relaxation oscillator

613 and 614 of conductive material that are electrically iso

	

The relaxation oscillator may be similar to the relaxation
lated The sensing areas of conductive area are used to make

	

oscillator descnbed above which includes a current source a
up the three buttons 601 603 In particular button 601

	

selection circuit a comparator and a reset switch The relax
Includes a sensor element having a surface area of one con

	

anon oscillator may be coupled to a digital counter that is
ductive material (Illustrated as white surface area of button 55 operable to count at least one of a frequency or a period of a
601) Similarly button 603 includes a sensor element having

	

relaxation oscillator output received from the relaxation
a surface area of another conductive material (illustrated as

	

oscillator
hashed surface area of button 603) The conductive materials

	

In one embodiment the method may be performed by
may be similar or dissimilar materials but more importantly

	

detecting a presence of a conductive object on a sensing
are electrically isolated from one another For example but 60 device and recognizing three or more button operations per
ton 601 is coupled to a first pin 609 and button 603 is coupled

	

formed by the conductive object using two sensing areas

	

of
to a second pin 610 of processing device 210 Button 602

	

the sensing device In one embodiment the operation of
however includes a sensor element having a surface area of

	

recognizing the three or more button operations may include
two conductive materials (illustrated as white and hashed

	

recognizing a first button operation when the presence of the
surface areas of button 603) that are electrically isolated A 65 conductive object is detected on a first sensing area 613 of the
portion first portion 604 of the sensor element of button 602

	

two sensing areas of the sensing device recognizing a second
is coupled to the conductive material of button 601 and

	

button operation when the presence of the conductive object
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is detected on a second sensing area 614 of the two sensing

	

605 form a substantially circular shape for the sensor element
areas of the sensing device and recognizing one or more

	

In one embodiment the multiple arc shapes of each portion
button operations when the presence of the conductive object

	

are coupled together in a single layer while the other two pie
is detected on the first and second sensing areas 613 and 614

	

shapes are coupled together m a second conductive layer
The method may include the operation of determining a 5 using vias as described with respect to FIGS 5C & 5D

capacitance on each of the two sensing areas and determining

	

Alternatively the conductive material of one portion is
the three or more button operations based on the determined

	

coupled together using other methods known by those of
capacitance The sensing areas 613 and 614 may be scanted

	

ordinary skill in the art
sequentially or alternatively may be scanned simultaneously

	

In the embodiment of FIG 6D conductive Imes 606 and
by one or more capacitance sensors of the processing device lo 607 are conductive traces that couple the first and second
210

	

portions 604 and 605 to the first and third sensor elements of
In one embodiment the two sensing areas may be used to

	

button 601 and 603 respectively The conductive Imes 607
realize three buttons as illustrated in FIGS 6A 6D Altema

	

and 608 may be compnsed of similar or dissimilar materials
Lively the two sensing areas may be used to realize more than

	

as the conductive material of the sensor elements It should be
three button areas In one embodiment the sensor elements of 1s noted that first portion 604 sensor element of button 601 and
the touch sensor buttons may be circular shaped as illus

	

conductive line 606 are electrically isolated from second por
trated in FIGS 6A 6D Alternatively the sensor elements

	

tion 605 sensor element of button 603 and conductive line
may have other shapes such as rectangles squares ovals

	

607 Accordingly the two sensing areas (e g 613 and 614)
hexagon octagons or the like

	

are comprised of these electrically isolated conductive mate
In one embodiment portions 613 and 614 are substantially 20 nals

equal in surface area of the sensor element of button 602

	

In one embodiment the first and second portions 604 and
Alternatively portions 613 and 614 are not equal in surface

	

605 each have a surface area that is substantially equal Alter
area In one embodiment the portions of sensor element of

	

natively the portions may have surface areas in other propor
button 602 are semi circularly shaped Alternatively the por

	

bons
lions of the sensor element may have other shapes

	

25

	

The shapes of the sensor elements and the portions of the
FIG 6C illustrates another embodiment of a sensing device

	

sensor elements are not limited to the shapes illustrated and
having three touch sensor buttons Sensing device 600

	

described herein but may include other shapes For example
includes three touch sensor buttons that are similar to the

	

FIGS 7A and 7B include embodiments of rectangular and
touch sensor buttons 601 603 of FIG 6B except the portions

	

square shapes for the sensor elements and the portions of the
of the second sensor element of the second button 602 are so sensor elements In addition the number of sensor elements
dissimilarly shaped than the portions of FIG 6B First portion

	

in the sensing device is not limited to three but may be greater
604 of FIG 6C has a shape of two pie shapes Similarly

	

than three For example FIGS 7A and 7B illustrate embodi
second portion 605 of FIG 6C has a shape of two pie shapes

	

merits of four and five touch sensor buttons however more
The four pie shapes form a substantially circular shape for the

	

sensor elements than five may also be used
sensor element In one embodiment the two pie shapes of 35

	

FIG 7A illustrates another embodiment of a sensing
each portion are coupled together in a single layer while the

	

device having four touch sensor buttons Sensing device 700
other two pie shapes are coupled together in a second con

	

includes four touch sensor buttons 701 704 Each of the con
ductive layer using vias as described with respect to FIGS

	

ventional touch sensor buttons 701 704 may be made of a
5C & 5D Alternatively the conductive material of one por

	

sensor element of conductive material such as copper clad
tion is coupled together using other methods known by those 40 The sensor elements in this embodiment are square shaped
of ordinary skill in the art

	

The touch sensor buttons may be capacitance sensor buttons
In the embodiment of FIG 6C conductive lines 606 and

	

which may be used as non contact switches
607 are conductive traces that couple the first and second

	

The sensing device 700 of FIG 7A includes two sensing
portions 604 and 605 to the first and third sensor elements of

	

areas of conductive matenal that are electrically isolated The
button 601 and 603 respectively The conductive lines 607 45 sensing areas of conductive area are used to make up the four
and 608 may be comprised of similar or dissimilar materials

	

buttons 701 704 In particular button 701 includes a sensor
as the conductive material of the sensor elements It should be

	

element having a surface area of one conductive material
noted that first portion 604 sensor element of button 601 and

	

(illustrated as white surface area of button 701) Similarly
conductive line 606 are electrically isolated from second por

	

button 704 includes a sensor element having a surface area of
tion 605 sensor element of button 603 and conductive line 5o another conductive material (illustrated as hashed surface
607 Accordingly the two sensing areas (e g 613 and 614)

	

area of button 704) The conductive materials may be similar
are comprised of these electrically isolated conductive mate

	

or dissimilar materials but more importantly are electrically
reals

	

isolated from one another For example button 701 is coupled
In one embodiment the first and second portions 604 and

	

to a first pin 609 and button 704 is coupled to a second pin 610
605 each have a surface area that is substantially equal Alter 55 of processing device 210 Buttons 702 and 703 however
natively the portions may have surface areas in other propor

	

include a sensor element having a surface area of two con
tions

	

ductive materials (illustrated as white and hashed surface
FIG 6D illustrates another embodiment of a sensing

	

areas of buttons 702 and 703) that are electrically isolated A
device having three touch sensor buttons Sensing device 650

	

portion first portion 710 of the sensor elements of buttons
includes three touch sensor buttons that are similar to the 60 702 and 703 is coupled to the conductive material of button
touch sensor buttons 601 603 of FIG 6B except the portions

	

701 and another portion second portion 711 is coupled to
of the second sensor element of the second button 602 are

	

the conductive material of button 704
dissimilarly shaped than the portions of FIG 6B First portion

	

In one embodiment first portion 710 is coupled to the
604 of FIG 6C has multiple arc shapes of conductive material

	

sensor element of button 701 using a conductive line 706 and
that are electrically isolated from multiple arc shapes of 65 second portion 711 is coupled to the sensor clement button
another conductive material of second portion 605 The mul

	

704 using a conductive line 707 The conductive lines 706 and
tiple arc shapes of both the first and second portions 604 and

	

707 may be conductive traces printed on the surface of the
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PCB Alternatively conductive lines 706 and 707 may be

	

709(1) 709(12) At least two sub traces of both the first and
conductive paths ofconductive material that coupled the con

	

second conductive traces are interleaved in each sensor ele
ductrve material of the sensor elements and to the pins of the

	

ment

processing device 210

	

In this embodiment the surface area ratio of button 702 is

In one embodiment each sensor element of buttons 702 5 approximately 6/8 of the first portion 710 to approximately

and 703 comprises two surface areas one surface area being

	

2/8 of the second portion 711 The surface area ratio of button

the first portion 710 and the other surface area being the

	

703 is approximately 4/8 (25%) of the first portion 710 to

second portion 711 The surface areas may be one solid shape

	

approximately 4/8 (50%) of the second portion 711 The

or alternatively the surface areas may be interleaved sub

	

surface area ratio of button 704 is approximately 2/8 of the
traces For example the first conductive line 706 is a first to first portion 710 to approximately 6/8 of the second portion

conductive trace and the first conductive trace has one or

	

711

more sub traces (eg 708(1) 708(7)) and the second con

	

In another embodiment the surface area ratio of button 702
is approximately 25% of the first portion 710 to approxi

ductrve line 707 is a second conductive trace that has one or

	

mately 75% of the second portion 711 The surface area ratio
more sub traces (e g 709(1) 709(7)) In one embodiment at 15 of button 703 is approximately 50% of the first portion 710 to
least one sub trace of the first conductive trace 706 is inter

	

approximately 50% of the second portion 711 The surface
leaved with at least one sub trace of the second conductive

	

area ratio of button 704 is approximately 75% of the first
trace 707 Alternatively the sub traces of the first and second

	

portion 710 to approximately 25% of the second portion 711
conductive traces are not interleaved

	

In another embodiment the surface area ratio of button 702
The sensor elements of buttons 702 and 703 each have a 20 is approximately 33% of the first portion 710 to approxi

surface area ratio between the surface area of the first portion

	

mately 67% of the second portion 711 The surface area ratio
710 and the second portion 711 In one embodiment the

	

of button 703 is approximately 50% of the first portion 710 to
surface area ratio of button 702 is approximately 25% of the

	

approximately 50% of the second portion 711 The surface
first portion 710 to approximately 75% of the second portion

	

area ratio of button 704 is approximately 67% of the first
711 (25/75) The surface area ratio of button 703 is approxi 25 portion 710 to approximately 33% of the second portion 711
mately 75% of the first portion 710 to approximately 25% of

	

Alternatively other surface area ratios total number of
the second portion 711 (75/25) Alternatively the surface area

	

sub traces and other combinations of sub traces may be
ratios of buttons 702 and 703 may be switched in surface area

	

used to fonn the sensor elements that include the two con
ratios e g 75/25 for button 702 and 25/75 for button 703 In

	

ductrve matenals
another embodiment button 702 and button 703 may have 30 As described with respect to the embodiments above the
other surface area ratios ranging from 99/1 to 49/51 and vice

	

processing device 210 can scan the touch sensor buttons 701
versa

	

704 of FIG 7A (or the touch sensor buttons 701 705 ofFIG
In the embodiment of FIG 7A buttons 702 and 703 each

	

7B) using one or more capacitance sensors and measure the
include seven sub traces sub traces 708(1) 708(7) and sub

	

capacitance on the two sensing areas of conductive material
traces 709(1) 709(7) In particular button 702 includes four 35 that realize the touch sensor buttons 701 704 (or 701 705)
sub traces 708(1) 708(4) of the first portion 710 and three

	

Accordingly the processing device is operable to recognize a
sub traces 709(1) 709(3) of the second portion 711 Button

	

first button operation on the first sensor element a second
703 includes three sub traces 708(5) 708(7) of the first por

	

button operation on the second sensor element and third and
lion 710 and four sub traces 709(4) 709(7) of the second

	

fourth button operations (or third fourth and fifth button
portion 711 Accordingly the surface area ratio of button 702 40 operations) on the first and second portions of the third and
is 4/7 of the first portion 710 to 3/7 of the second portion 711

	

fourth sensor elements (or third fourth and filth sensor ele
and the surface area ratio of button 703 is 3/7 of the first

	

ments)
portion 710 to 4/7 of the second portion 711 Alternatively

	

It should be noted that although the sensor elements that
other total number of sub traces and other combinations of

	

include the two portions are illustrated and described as being
sub traces may be used to form the different surface area 45 inside or in between the two sensor elements that are coupled
ratios

	

to the pins the sensor elements that include the two portions
FIG 7B illustrates another embodiment ofa sensing device

	

may be disposed in other positions with respect to the other
having five touch sensor buttons Sensing device 750

	

two sensor elements
includes five touch sensor buttons 701 705 The touch sensor

	

Embodiments of the present invention described herein
buttons of sensing device 750 are similar to those of sensing 50 ntclude various operations These operations may be per
device 700 expect there is one additional sensor element and

	

formed by hardware components software firmware or a
there are eight sub traces per sensor element for buttons 702

	

combination thereof As used herein the term coupled to
704 which consequently changes the surface area ratios

	

may mean coupled directly or indirectly through one or more
The sensing device 750 of FiG 7B includes two sensing

	

mtervemng components Any of the signals provided over
areas (illustrates a white and hashed surface areas) of con 55 various buses described herein maybe time multiplexed with
ductrve material that are electncally isolated The sensing

	

other signals and provided over one or more common buses
areas of conductive area are used to make up the five buttons

	

Additionally the interconnection between circuit compo
701 705

	

vents or blocks may be shown as buses or as single signal
In one embodiment each sensor element of buttons 702

	

lines Each of the buses may alternatively be one or more
703 and 704 comprises two surface areas one surface area 60 single signal lines and each of the single signal lines may
being the first portion 710 and the other surface area being the

	

alternatively be buses
second portion 711 The surface areas maybe one solid shape

	

Certain embodiments may be implemented as a computer
or alternatively the surface areas may be interleaved sub

	

program product that may include instructions stored on a
traces For example the first conductive line 706 is a first

	

machine readable medium These instructions may be used to
conductive trace and the first conductive trace has twelve 65 program a general purpose or special purpose processor to
sub traces 708(1) 708(12) and the second conductive line

	

perform the described operations A machine readable
707 is a second conductive trace that has twelve sub traces

	

medium includes any mechanism for storing or transmitting
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Information In a form (e g software processing application)
readable by a machine (c g a computer) The machine read
able medium may Include but Is not limited to magnetic
storage medium (e g floppy diskette) optical storage
medium (e g CD ROM) magneto optical storage medium 5
read only memory (ROM) random access memory (RAM)
erasable programmable memory (e g EPROM and
EEPROM) flash memory electrical optical acoustical or
other form of propagated signal (e g earner waves Infrared
signals digital signals etc) or another type of medium suit to
able for storing electronic instructions

Additionally some embodiments may be practiced in dis
tnbuted computing environments where the machine read
able medium Is stored on and/or executed by more than one 15
computer system In addition the information transferred
between computer systems may either be pulled or pushed
across the communication medium connecting the computer
systems

Although the operations of the method(s) herein are shown 20

and described In a particular order the order of the operations
of each method maybe altered so that certain operations may
be performed in an Inverse order or so that certain operation
may be performed at least in part concurrently with other
operations In another embodiment instructions or sub op 25

erations of distinct operations maybe in an Intermittent and/
or altematmg manner

In the foregoing specification the invention has been
descnbed with reference to specific exemplary embodiments
thereof It will however be evident that various modifnca 30

Lions and changes may be made thereto without departing
from the broader spirit and scope of the invention as set forth
In the appended claims The specification and drawings are
accordingly to be regarded in an illustrative sense rather than

35
a restrictive sense

What is claimed is
1 A method compnsmg
detemnnmg capacitance variations of a first number of two 40

or more sense elements of a touch screen device using a
processing device to detect a presence of a conductive
object on any one of a second number of three or more
button areas of the touch screen device wherein the first
number of sense elements is less than the second number 45

of button areas and
recognizing an activation of one of the three or more button

areas using the determined capacitance variations of the
first number of two or more sense elements

2 The method of claim 1 wherein the first number is two so
and the second number is three and wherein the recognizing
comprises

detecting the presence of the conductive object at a first
button area when the capacitance variation of a first
sense element is greater than a reference value and the 55

capacitance variation of a second sense clement is not
greater than the reference value

detecting the presence of the conductive object at a second
button area when the capacitance vanation of the first
sense element is not greater than the reference value and 60

the capacitance variation of the second sense element is
greater than the reference value and

detecting the presence of the conductive object at a third
button area when the capacitance variation of the first
sense element and the capacitance variation of the sec 65

and sense element are both greater than the reference
value

24
3 The method of claun 2 wherein the determining the

capacitance variations comprises measuring a first capaci
tance of the first sense element and a second capacitance of
the second sense element

4 The method of claim 2 wherein the determining the
capacitance variations comprises

measuring a first capacitance of the first sense element on
a first pm of the processing device and

measuring a second capacitance of the second sense ele
ment on a second pin of the processing device

5 The method of claim 1 wherein the recognizing coin
prises

determining a combination of the capacitance variations of
the first number of two or more sense elements and

recognizing the activation using the determined combma
non

6 The method of claim 1 wherein the second number is
nine and wherein the recognizing comprises recognizing the
activation of one of the nine button areas using the determined
capacitance variations of the first number of two or more
sense elements

7 An apparatus comprising
a processing device coupled to a first number of two or

more sense elements of a touch screen device wherein
the processing device is configured to determine capaci
lance variations of the first number of two or more sense
elements to detect a presence of a conductive object on
any one of a second number of three or more buttons
areas of the touch screen device wherein the first num
ber of sense elements is less than the second number of
button areas and wherein the processing device is con
figured to recognize an activation of one of the three or
more button areas using the determined capacitance
variations of the first number of two or more sense
elements

8 The apparatus of claim 7 wherein the first number is two
and the second number is three and wherein the processing
device is configured to

detect the presence of the conductive object at a first button
area when the capacitance variation of a first sense ele
meat is greater than a reference value and the capaci
tance variation of a second sense element is not greater
than the reference value

detect the presence of the conductive object at a second
button area when the capacitance variation of the first
sense element is not greater than the reference value and
the capacitance variation of the second sense element is
greater than the reference value and

detect the presence of the conductive object at a third
button area when the capacitance vanation of the first
sense element and the capacitance variation of the sec
and sense element are both greater than the reference
value

9 The apparatus of claim 7 wherein the processing device
comprises

a capacitance sensing circuit and
a selection circuit coupled to the capacitance sensing cir

curt and the first number of two or more sense elements
10 The apparatus of claim 7 wherein the processing

device comprises
a first capacitance sensing circuit
a second capacitance sensing circuit and
a selection circuit coupled to the first number of two or

more sense elements the first capacitance sensing cu
curt and a second capacitance sensing circuit wherein
the selection circuit is configured to selectively couple
the capacitance sensing circuit to one of the first number

CY00001979



US 8,519,973 Bl
25

	

26
17 A system comprising
a touch screen device comprising a first number of two or

more sense elements and a second number of three or
more button areas wherein the first number of sense
elements is less than the second number of button areas
and
processing device coupled to the touch screen device
wherein the processing device is configured to deter
mine capacitance variations of the two or more sense
elements of the touch screen device and to recognize an
activation of one of the three or more buttons areas using
the capacitance vanations of the two or more sense ele
ments

18 The system of claim 17 wherein the first number is two
and the second number is three and wherein the processing

15 device is configured to
detect the presence of the conductive object at a first button

area when the capacitance variation of a first sense ele
ment is greater than a reference value and the capaci
tance variation of a second sense element is not greater
than the reference value

detect the presence of the conductive object at a second
button area when the capacitance vanation of the first
sense element is not greater than the reference value and
the capacitance variation of the second sense element is
greater than the reference value and

detect the presence of the conductive object at a third
button area when the capacitance vanation of the first
sense element and the capacitance variation of the sec
and sense element are both greater than the reference
value

19 The system of claim 17 wherein the processing device
ing circuits

	

is configured to
15 The apparatus of claim 7 wherein the processing

	

determine a combination of the capacitance variations of

device is configured to detennine a combination of the

	

the two or more sense elements and

capacitance variations of the first number of two or more 35

	

recognize the activation using the determined combma

sense elements and to recognize the activation using the deter

	

tion

mined combination

	

20 The system of claim 17 wherein the second number is

16 The apparatus of claim? wherein the second number is

	

nine and wherein the processing device is configured to

nine and wherein the processing device is configured to

	

recognize the activation of one of the nine button areas using

recognize the activation of one of the nine button areas using ao the determined capacitance vanations of the two or more
the determined capacitance variations of the first number of

	

sense elements

two or more sense elements

of two or more sense elements and to selectively couple
the second capacitance sensing circuit to another one of
the first number of two or more sense elements

11 The apparatus of claim 7 wherein the first number is
two and the second number is three and wherein the process
ing device is configured to

detect a conductive object proximate to a first button area
based on a first change in capacitance of a first sense
element

detect the conductive object proximate to a second button to
area based on a first change in capacitance of a second
sense element and

detect the conductive object proximate to a second button
area based on a second change in capacitance of the first
sense element and a second change in capacitance of the
second sense element

12 The apparatus of claim 7 wherein the processing
device comprises one or more capacitance sensing circuits
configured to measure capacitance of the first number of two
or more sense elements

13 The apparatus of claim 12 wherein the one or more
capacitance sensing circuits comprises a relaxation oscillator
configured to measure the capacitance of the first number of
two or more sense elements

14 The apparatus of claim 12 wherein the processing
device compnses

a first pin coupled to the one or more capacitance sensing
circuits and

a second pint coupled to the one or more capacitance Sens

20

5

25

30

a
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APPARATUS AND METHODS FOR DETECTING A CONDUCTIVE OBJECT AT A
LOCATION

RELATED MATTERS

[0001]

	

This application is a continuation of U S Patent Application No

11/437 517, filed May 18 2006 which is incorporated herein by reference in its entirety

TECHNICAL FIELD

[0002]

	

This invention relates to the field of user interface devices and in

particular, to touch-sensing devices

BACKGROUND

[0003]

	

Computing devices such as notebook computers, personal data assistants

(PDAs), and mobile handsets, have user interface devices, which are also known as

human interface device (HID) One user interface device that is common is a touch-

sensor button A basis touch-sensor button emulates the function of a mechanical button

Touch-sensor buttons may be embedded into different types of operational panels of

electronic devices For example touch sensor buttons may be used on operational or

control panels of household appliances consumer electronics mechanical devices and

the like Touch-sensor buttons may also be used in conjunction with, or in place of other

user input devices, such as keyboards mice trackballs or the like

[0004] Figure IA illustrates a conventional sensing device having three touch

sensor buttons Conventional sensing device 100 includes button 101, button 102, and

button 103 These buttons are conventional touch sensor buttons These three buttons

may be used for user input using a conductive object such as a finger
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[0005]

	

Figure 1B illustrates a conventional sensing device of three touch-sensor

buttons 101 103 coupled to a processing device 110 Processing device 110 is used to

detect whether a conductive object is present on either or none, of the touch sensor

buttons 101-103 To detect the presence of the conductive object, the processing device

110 may include capacitance sensors 104-106 which are coupled to buttons 101-103,

respectively The capacitance sensors of the processing device are coupled to the touch

sensor buttons in a one-to-one configuration Accordingly the processing device 110

scans the touch sensor buttons 101 103 using the capacitance sensors 104-106, and

measures the capacitance on the touch-sensor buttons 101-103

[0006]

	

Each of the conventional touch sensor buttons 101 103 may be made of a

sensor element of conductive matenal such as copper clad The conductive material may

be form shaped in a circular shape (illustrated in Figure IA), or even in a rectangular

shape (illustrated in Figure 1B) The touch sensor buttons may be capacitance sensor

buttons which may be used as non-contact switches These switches when protected by

an insulating layer offer resistance to severe environments

[0007]

	

It should be noted that the conventional configuration of Figure 1B

includes a one to-one configuration of touch sensor buttons to capacitance sensors

There are other conventional configurations that may use less capacitance sensors to

measure the capacitance on the three touch sensor buttons These conventional

configurations, however, still require a one-to-one configuration of pins to touch-sensor

buttons Accordingly, by adding more buttons, the processing device needs to have more

pins to correspond to the one-to-one configuration of pins to touch sensor buttons

Similarly by increasing the pin count the scan time to scan the sensor elements
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increases In addition the memory of the processing device which may be used to store

program data and/or temporary data (e g , raw measurement data, differential counts,

baseline measurement data, and the like), increases by increasing the pin count
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BRIEF DESCRIPTION OF THE DRAWINGS

[0008]

	

The present invention is illustrated by way of example, and not by way of

limitation, in the figures of the accompanying drawings

[0009]

	

Figure IA illustrates a conventional sensing device having three touch

sensor buttons

[0010]

	

Figure 1B illustrates a conventional sensing device of three touch-sensor

buttons coupled to a processing device

[0011]

	

Figure 2 illustrates a block diagram of one embodiment of an electronic

system having a processing device for detecting a presence of a conductive object

[0012]

	

Figure 3A illustrates a varying switch capacitance

[0013]

	

Figure 3B illustrates one embodiment of a relaxation oscillator

[0014]

	

Figure 4 illustrates a block diagram of one embodiment of a capacitance

sensor including a relaxation oscillator and digital counter

[0015]

	

Figure 5A illustrates a top side view of one embodiment of a sensor array

having a plurality of sensor elements for detecting a presence of a conductive object on

the sensor array of a touch-sensor pad

[0016]

	

Figure 5B illustrates a top side view of one embodiment of a sensor array

having a plurality of sensor elements for detecting a presence of a conductive object on

the sensor array of a touch sensor slider

[0017]

	

Figure 5C illustrates a top-side view of one embodiment of a two-layer

touch sensor pad

[0018]

	

Figure 5D illustrates a side view of one embodiment of the two layer

touch sensor pad of Figure 5C
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[0019]

	

Figure 6A illustrates one embodiment of a sensing device having three

touch-sensor buttons

	

[0020]

	

Figure 6B illustrates one embodiment of the sensing device of Figure 6A

coupled to a processing device

	

[0021]

	

Figure 6C illustrates another embodiment of a sensing device having three

touch-sensor buttons

	

[0022]

	

Figure 6D illustrates another embodiment of a sensing device having three

touch-sensor buttons

	

[0023]

	

Figure 7A illustrates another embodiment of a sensing device having four

touch-sensor buttons

	

[0024]

	

Figure 7B illustrates another embodiment of a sensing device having five

touch sensor buttons
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DETAILED DESCRIPTION

[0025]

	

Described herein is an apparatus and method for detecting a presence of a

conductive object on a sensing device, and recognizing three or more button operations

performed by the conductive object using two sensing areas of the sensing device The

following description sets forth numerous specific details such as examples of specific

systems components, methods, and so forth, in order to provide a good understanding of

several embodiments of the present invention It will be apparent to one skilled in the art,

however, that at least some embodiments of the present invention may be practiced

without these specific details In other instances, well-known components or methods are

not descnbed in detail or are presented in simple block diagram format in order to avoid

unnecessanly obscuring the present invention Thus, the specific details set forth are

merely exemplary Particular implementations may vary from these exemplary details

and still be contemplated to be within the spirit and scope of the present invention

[0026]

	

Embodiments of a method and apparatus are descnbed to recognize three

or more button operations performed by the conductive object on three or more sensor

elements that are coupled to two pins of a processing device In one embodiment the

apparatus may include a sensing device (e g , touch sensor button) that has first, second

and third sensor elements The third sensor element has a first portion coupled to the first

sensor element and a second portion coupled to the second sensor element These

portions of the third sensor element are electrically isolated from one another

[0027]

	

The embodiments describe herein permit the expansion of additional

buttons (e g three or more total buttons) to the sensing device while using only two pins

on the processing device Conversely since the conventional configuration has
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I

implemented a one-to-one configuration of sensor elements to pins of the processing

device, each button added requires an additional pin on the processing device Using only

two pins, the scan time does not increase by adding additional buttons to implement three

or more buttons on the sensing device By maintaining two pins for three or more

buttons the scan time to scan the sensor elements is not increased In other words, more

buttons may be implemented without increasing the total scan time of the sensing device

Similarly, the memory of the processing device is not increased to accommodate

additional program data and/or temporary data (e g , raw measurement data differential

counts, baseline measurement data and the like) for the additional buttons

[0028]

	

The sensing device may use two capacitive switch relaxation oscillator

(CSR) pins of a processing device to realize more than two buttons on the sensing device

For example the three or more buttons may be realized by using two sensing areas Each

sensing area may include a bar of conductive material and several interconnected sub-

bars The sub-bars of the two sensing areas are interleaved and are electrically isolated

In other words one set of interconnected sub bars are connected to one pin, while the

other set is coupled to the other pin The two sensing areas make up three or more sensor

elements that are used to form the touch sensor buttons The different buttons contain

different percentages of surface area of the sensing areas Alternatively, each sensing area

may include two or more bars of conductive matenal with or without several

interconnected sub bars

[0029]

	

For example a three-button scheme using two pins includes one sensor

element that has 100% of the first sensing area, the second sensor element has 50% of the

first sensing area and 50% of the second sensing area and the third sensor element has
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100% of the second sensing area Accordingly, by scanning and measuring the

capacitance (e g , capacitance variation of the capacitance minus the baseline, as

described below) on the two pins to detect the presence of the conductive object the

processing device can distinguish between the presence of the conductive object on the

first second, and third sensor elements For example If the capacitance variation 8,

measured on the first pin Is greater than zero, and the capacitance variation 82 measured

on the second pin rs equal to approximately zero, then the first button has been pressed

Similarly If the capacitance variation , measured on the first pin, rs equal to the

capacitance variation 82 , measured on the second pin, then the second button has been

pressed If the capacitance variation Si measured on the first pin rs equal to

approximately zero, and the capacitance variation 82 , measured on the second pin rs

greater than zero then the third button has been pressed

[0030]

	

The embodiments herein may be beneficial to help reduce the pin count of

the processing device This may decrease the complexity of the processing device or

allow the processing device to support additional functionality, such as cursor positioning

and selecting functionality, keyboard functionality, slider functionality or the like

Furthermore, the embodiments may be beneficial to help reduce the scan time of the

sensing device Using two pins of the processing device to measure the capacitance on

two sensing areas to realize three or mole buttons rs faster than measuring the capacitance

on three or more touch-sensor buttons of the conventional configuration (e g , one to one

configuration) In addition using two pins reduces the RAM/FLASH space needed rn the

sensing device as compared to the conventional configuration
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[0031]

	

The embodiments described herein may be used in different types of

operational panels of electronic devices For example touch-sensor buttons may be used

on operational or control panels of household appliances, consumer electronics,

mechanical devices and the like Touch sensor buttons may also be used in conjunction

with or in place of, other user input devices such as keyboards, mice trackballs, or the

like

[0032]

	

Figure 2 illustrates a block diagram of one embodiment of an electronic

system having a processing device for detecting a presence of a conductive object

Electronic system 200 includes processing device 210, touch sensor pad 220 touch-

sensor slider 230 touch sensor buttons 240, host processor 250 embedded controller

260 and non-capacitance sensor elements 270 The processing device 210 may include

analog and/or digital general purpose input/output ( GPIO ") ports 207 GPIO ports 207

may be programmable GPIO ports 207 may be coupled to a Programmable Interconnect

and Logic (`PIL") which acts as an interconnect between GPIO ports 207 and a digital

block array of the processing device 210 (not illustrated) The digital block array may be

configured to implement a variety of digital logic circuits (e g , DAC digital filters

digital control systems etc ) using in one embodiment configurable user modules

( UMs ) The digital block array may be coupled to a system bus Processing device 210

may also include memory such as random access memory (RAM) 205 and program flash

204 RAM 205 may be static RAM (SRAM) and program flash 204 may be a non-

volatile storage, which may be used to store firmware (e g control algorithms executable

by processing core 202 to implement operations described herein) Processing device 210
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may also include a memory controller unit (MCU) 203 coupled to memory and the

processing core 202

[0033]

	

The processing device 210 may also include an analog block array (not

illustrated) The analog block array is also coupled to the system bus Analog block array

also may be configured to implement a variety of analog circuits (e g , ADC analog

filters etc ) using in one embodiment, configurable UMs The analog block array may

also be coupled to the GPIO 207

[0034]

	

As illustrated capacitance sensor 201 may be integrated into processing

device 210 Capacitance sensor 201 may include analog 1/0 for coupling to an external

component such as touch-sensor pad 220, touch sensor slider 230 touch sensor buttons

240 and/or other devices Capacitance sensor 201 and processing device 202 are

described in more detail below

[0035]

	

It should be noted that the embodiments described herein are not limited to

touch sensor pads for notebook implementations but can be used in other capacitive

sensing implementations, for example, the sensing device may be a touch sensor slider

230, of a touch sensor button 240 (e g , capacitance sensing button) Similarly the

operations described herein are not limited to notebook cursor operations, but can include

other operations, such as lighting control (dimmer) volume control graphic equalizer

control, speed control, or other control operations requiring gradual adjustments It

should also be noted that these embodiments of capacitive sensing implementations may

be used in conjunction with non capacitive sensing elements, including but not limited to

pick buttons sliders (ex display brightness and contrast), scroll-wheels multi-media
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control (ex volume, track advance, etc) handwriting recognition and numeric keypad

operation

[0036]

	

In one embodiment the electronic system 200 includes a touch-sensor pad

220 coupled to the processing device 210 via bus 221 Touch-sensor pad 220 may

include a multi-dimension sensor array The multi-dimension sensor array comprises a

plurality of sensor elements organized as rows and columns In another embodiment, the

electronic system 200 includes a touch-sensor slider 230 coupled to the processing device

210 via bus 231 Touch sensor slider 230 may include a single dimension sensor array

The single-dimension sensor array comprises a plurality of sensor elements, organized as

rows or alternatively, as columns In another embodiment, the electronic system 200

includes a touch sensor button 240 coupled to the processing device 210 via bus 241

Touch sensor button 240 may include a single dimension or multi dimension sensor

array The single or multi-dimension sensor array comprises a plurality of sensor

elements For a touch-sensor button, the plurality of sensor elements may be coupled

together to detect a presence of a conductive object over the entire surface of the sensing

device Alternatively, the touch-sensor button 240 has a single sensor element to detect

the presence of the conductive object In one embodiment, the touch-sensor button 240

may be a capacitance sensor element Capacitance sensor elements may be used as non-

contact switches These switches when protected by an insulating layer, offer resistance

to severe environments

[0037]

	

The electronic system 200 may include any combination of one or more of

the touch-sensor pad 220, touch-sensor slider 230 and/or touch-sensor button 240 In

another embodiment the electronic system 200 may also include non-capacitance sensor
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elements 270 coupled to the processing device 210 via bus 271 The non-capacitance

sensor elements 270 may include buttons light emitting diodes (LEDs) and other user

interface devices, such as a mouse a keyboard or other functional keys that do not

require capacitance sensing In one embodiment, buses 271, 241 231 and 221 may be a

single bus Alternatively, these buses may be configured into any combination of one or

more separate buses

[0038]

	

The processing device may also provide value added functionality such as

keyboard control integration LEDs, battery charger and general purpose I/O as

illustrated as non-capacitance sensor elements 270 Non-capacitance sensor elements 270

are coupled to the GPIO 207

[0039]

	

Processing device 210 may include internal oscillator/clocks 206 and

communication block 208 The oscillator/clocks block 206 provides clock signals to one

or more of the components of processing device 210 Communication block 208 may be

used to communicate with an external component such as a host processor 250 via host

interface (I/F) line 251 Alternatively, processing block 210 may also be coupled to

embedded controller 260 to communicate with the external components such as host

250 Interfacing to the host 250 can be through various methods In one exemplary

embodiment interfacing with the host 250 may be done using a standard PS/2 interface to

connect to an embedded controller 260 which in turn sends data to the host 250 via low

pin count (LPC) Interface In some instances, It may be beneficial for the processing

device 210 to do both touch-sensor pad and keyboard control operations thereby freeing

up the embedded controller 260 for other housekeeping functions In another exemplary

embodiment interfacing may be done using a universal senal bus (USB) Interface
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directly coupled to the host 250 via host interface line 251 Alternatively, the processing

device 210 may communicate to external components such as the host 250 using industry

standard interfaces such as USB PS/2 inter integrated circuit (I2C) bus or system

packet interfaces (SPI) The host 250 and/or embedded controller 260 may be coupled to

the processing device 210 with a ribbon or flex cable from an assembly, which houses the

sensing device and processing device

[0040]

	

In one embodiment, the processing device 210 is configured to

communicate with the embedded controller 260 or the host 250 to send and/or receive

data The data may be a command or alternatively a signal In an exemplary embodiment

the electronic system 200 may operate in both standaid-mouse compatible and enhanced

modes The standard-mouse compatible mode utilizes the HID class drivers already built

into the Opel atmg System (OS) software of host 250 These drivers enable the

processing device 210 and sensing device to operate as a standard cursor control user

interface device, such as a two button PS/2 mouse The enhanced mode may enable

additional features such as scrolling (reporting absolute position) or disabling the sensing

device such as when a mouse is plugged into the notebook Alternatively the processing

device 210 may be configured to communicate with the embedded controller 260 or the

host 250, using non OS drivers such as dedicated touch sensor pad drivers or other

drivers known by those of ordinary skill in the art

[0041]

	

In other words the piocessing device 210 may operate to communicate

data (e g commands or signals) using hardware software and/or firmware and the data

may be communicated directly to the processing device of the host 250 such as a host

processor, or alternatively may be communicated to the host 250 via drivers of the host
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250 such as OS drivers, or other non-OS drivers It should also be noted that the host

250 may directly communicate with the processing device 210 via host interface 251

[0042]

	

In one embodiment, the data sent to the host 250 from the processing

device 210 includes click double click, movement of the cursor, scroll up, scroll-down

scroll left, scroll-right step Back, and step Forward Alternatively, other user interface

device commands may be communicated to the host 250 from the processing device 210

These commands may be based on gestures occurring on the sensing device that are

recognized by the processing device such as tap, push, hop and zigzag gestures

Alternatively other commands may be recognized Similarly signals may be sent that

indicate the recognition of these operations

[0043]

	

In particular a tap gesture, for example may be when the finger (e g ,

conductive object) rs on the sensing device for less than a threshold time If the time the

finger is placed on the touchpad is greater than the threshold time it may be considered to

be a movement of the cursor, in the x- or y-axes Scroll up scroll-down scroll left and

scroll right, step back, and step forward may be detected when the absolute position of

the conductive object rs within a pre-defined area and movement of the conductive object

rs detected

[0044]

	

Processing device 210 may reside on a common carrier substrate such as

for example, an integrated circuit (IC) die substrate a multi chip module substrate or the

like Alternatively, the components of processing device 210 may be one or more

separate integrated circuits and/or discrete components In one exemplary embodiment,

processing device 210 may be a Programmable System on a Chip (PSoC TM ) processing

device manufactured by Cypress Semiconductor Corporation San Jose California
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Alternatively processing device 210 may be one or more other processing devices known

by those of ordinary skill in the art such as a microprocessor or central processing unit, a

controller, special-purpose processor digital signal processor (DSP), an application

specific integrated circuit (ASIC) a field programmable gate array (FPGA), or the like

In an alternative embodiment, for example, the processing device may be a network

processor having multiple processors including a core unit and multiple microengines

Additionally the processing device may include any combination of general-purpose

processing device(s) and special-purpose processing device(s)

[0045]

	

Capacitance sensor 201 may be integrated into the IC of the processing

device 210 or alternatively, in a separate IC Alternatively, descriptions of capacitance

sensoi 201 may be generated and compiled for incorporation into other integrated

circuits For example behavioral level code describing capacitance sensor 201, or

portions thereof, may be generated using a hardware descriptive language, such as VHDL

or Verilog, and stored to a machine accessible medium (e g , CD ROM hard disk floppy

disk, etc) Furthermore, the behavioral level code can be compiled into register transfer

level ("RTL") code a nethst, or even a circuit layout and stored to a machine accessible

medium The behavioral level code the RTL code the nethst, and the circuit layout all

represent various levels of abstraction to descnbe capacitance sensor 201

[0046]

	

It should be noted that the components of electronic system 200 may

include all the components described above Alternatively electronic system 200 may

include only some of the components described above

[0047]

	

In one embodiment electronic system 200 may be used in a notebook

computer Alternatively the electronic device may be used in other applications such as
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a mobile handset a personal data assistant (PDA), a keyboard a television, a remote

control, a monitor a handheld multi-media device a handheld video player, a handheld

gaming device, or a control panel

[0048]

	

In one embodiment capacitance sensor 201 may be a capacitive switch

relaxation oscillator (CSR) The CSR may have an array of capacitive touch switches

using a current-programmable relaxation oscillator an analog multiplexer digital

counting functions, and high-level software routines to compensate for environmental and

physical switch variations The switch array may include combinations of independent

switches sliding switches (e g touch sensor slider), and touch sensor pads implemented

as a pair of orthogonal sliding switches The CSR may include physical electrical and

software components The physical component may include the physical switch itself

typically a pattern constructed on a printed circuit board (PCB) with an insulating cover a

flexible membrane, or a transparent overlay The electrical component may include an

oscillator or other means to convert a changed capacitance into a measured signal The

electncal component may also include a counter or timer to measure the oscillator output

The software component may include detection and compensation software algorithms to

convert the count value into a switch detection decision For example in the case of

slide switches or X-Y touch sensor pads, a calculation for finding position of the

conductive object to greater resolution than the physical pitch of the switches may be

used

[0049]

	

It should be noted that there are various known methods for measuring

capacitance Although the embodiments described herein are described using a relaxation

oscillator the present embodiments are not limited to using relaxation oscillators, but
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may include other methods, such as current versus voltage phase shift measurement

resistor-capacitor charge timing capacitive bridge divider charge transfer, or the like

[0050]

	

The current versus voltage phase shift measurement may include dnving

the capacitance through a fixed value resistor to yield voltage and current waveforms that

are out of phase by a predictable amount The drive frequency can be adjusted to keep

the phase measurement in a readily measured range The resistor-capacitor charge timing

may include charging the capacitor through a fixed resistor and measuring timing on the

voltage ramp Small capacitor values may require very large resistors for reasonable

timing The capacitive bridge divider may include dnvmg the capacitor under test

through a fixed reference capacitor The reference capacitor and the capacitor under test

form a voltage divider The voltage signal is recovered with a synchronous demodulator

which may be done in the processing device 210 The charge transfer may be

conceptually similar to an R-C charging circuit In this method, Cp is the capacitance

being sensed Cs is the summing capacitor into which charge is transfened on

successive cycles At the start of the measurement cycle the voltage on Csum is reset The

voltage on Crum increases exponentially (and only slightly) with each clock cycle The

time for this voltage to reach a specific threshold is measured with a counter Additional

details regarding these alternative embodiments have not been included so as to not

obscure the present embodiments, and because these alternative embodiments for

measuring capacitance are known by those of ordinary skill in the art

[0051]

	

Figure 3A illustrates a varying switch capacitance In its basic form, a

capacitive switch 300 is a pair of adjacent plates 301 and 302 There is a small edge-to

edge capacitance Cp but the intent of switch layout is to minimize the base capacitance
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Cp between these plates When a conductive object 303 (e g , finger) is placed in

pioximity to the two plate 301 and 302 there is a capacitance 2*Cf between one electrode

301 and the conductive object 303 and a similar capacitance 2*Cf between the conductive

object 303 and the other electrode 302 The capacitance between one electrode 301 and

the conductive object 303 and back to the other electrode 302 adds in parallel to the base

capacitance Cp between the plates 301 and 302 resulting in a change of capacitance Cf

Capacitive switch 300 may be used in a capacitance switch array The capacitance switch

array is a set of capacitors where one side of each is grounded Thus the active capacitor

(as represented in Figure 3B as capacitor 351) has only one accessible side The presence

of the conductive object 303 increases the capacitance (Cp + Cf) of the switch 300 to

ground Determining switch activation is then a matter of measuring change in the

capacitance (Cf) Switch 300 is also known as a grounded variable capacitor In one

exemplary embodiment Cf may range from approximately 10-30 picofarads (pF)

Alternatively other ranges may be used

[0052] The conductive object in this case is a finger alternatively, this technique

may be applied to any conductive object for example a conductive door switch, position

sensor, of conductive pen in a stylus tracking system

[0053]

	

Figure 3B illustrates one embodiment of a relaxation oscillator The

relaxation oscillator 350 is formed by the capacitance to be measured on capacitor 351 a

charging current source 352 a comparator 353, and a reset switch 354 It should be noted

that capacitor 351 is representative of the capacitance measured on a sensor element of a

sensor array The relaxation oscillator is coupled to drive a charging current (Ic) 357 in a

single direction onto a device under test ("DUT ) capacitor, capacitor 351 As the
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charging current piles charge onto the capacitor 351, the voltage across the capacitor

increases with time as a function of Ic 357 and its capacitance C Equation (1) describes

the relation between current, capacitance, voltage and time for a charging capacitor

CdV =I,dt

	

(1)

[0054]

	

The relaxation oscillator begins by charging the capacitor 351 from a

ground potential or zero voltage and continues to pile charge on the capacitor 351 at a

fixed charging current Ic 357 until the voltage across the capacitor 351 at node 355

reaches a reference voltage or threshold voltage Viii 355 At Vrx 355, the relaxation

oscillator allows the accumulated charge at node 355 to discharge (e g , the capacitor 351

to ` relax" back to the ground potential) and then the process repeats itself In particular

the output of comparator 353 asserts a clock signal Four 356 (e g Four 356 goes high),

which enables the reset switch 354 This resets the voltage on the capacitor at node 355

to ground and the charge cycle starts again The relaxation oscillator outputs a relaxation

oscillator clock signal (Four 356) having a frequency (fRo) dependent upon capacitance C

of the capacitor 351 and charging current Ic 357

[0055]

	

The comparator trip time of the comparator 353 and reset switch 354 add a

fixed delay The output of the comparator 353 is synchronized with a reference system

clock to guarantee that the comparator reset time is long enough to completely reset the

charging voltage on capacitor 355 This sets a practical upper limit to the operating

frequency For example if capacitance C of the capacitor 351 changes then f Ro will

change proportionally according to Equation (1) By comparing f Ro of Four 356 against

the frequency (fRFF ) of a known reference system clock signal (REF CLK) the change in

capacitance AC can be measured Accoidingly, equations (2) and (3) below describe that
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a change in frequency between FouT 356 and REF CLK is proportional to a change in

capacitance of the capacitor 351

OC « Af where

	

(2)

Af = fRo fREF

	

(3)

[0056]

	

In one embodiment, a frequency comparator may be coupled to receive

relaxation oscillator clock signal (Four 356) and REF CLK, compare their frequencies fRo

and fREF, respectively, and output a signal indicative of the difference Af between these

frequencies By monitonng Af one can determine whether the capacitance of the

capacitor 351 has changed

[0057]

	

In one exemplary embodiment, the relaxation oscillator 350 may be built

using a programmable timer (e g 555 timer) to implement the comparator 353 and reset

switch 354 Alternatively the relaxation oscillator 350 may be built using other

circuiting Relaxation oscillators are known in by those of ordinary skill in the art, and

accordingly, additional details regarding their operation have not been included so as to

not obscure the present embodiments

[0058]

	

Figure 4 illustrates a block diagram of one embodiment of a capacitance

sensor including a relaxation oscillator and digital counter Capacitance sensor 201 of

Figure 4 includes a sensor array 410 (also known as a switch array), relaxation oscillator

350 and a digital counter 420 Sensor array 410 includes a plurality of sensor elements

355(1) 355(N), where N is a positive integer value that represents the number of rows (or

alternatively columns) of the sensor array 410 Each sensor element is represented as a

capacitor, as previously descnbed with respect to Figure 3B The sensor array 410 is

coupled to relaxation oscillator 350 via an analog bus 401 having a plurality of pins
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401(1)-401(N) In one embodiment the sensor array 410 may be a single dimension

sensor array including the sensor elements 355(1)-355(N), where N is a positive integer

value that represents the number of sensor elements of the single dimension sensor array

The single dimension sensor array 410 provides output data to the analog bus 401 of the

processing device 210 (e g via lines 231) Alternatively the sensor array 410 may be a

multi dimension sensor array including the sensor elements 355(1)-355(N) where N is a

positive integer value that represents the number of sensor elements of the multi-

dimension sensor array The multi-dimension sensor array 410 provides output data to

the analog bus 401 of the processing device 210 (e g via bus 221)

[0059]

	

Relaxation oscillator 350 of Figure 4 includes all the components

described with respect to Figure 3B and a selection circuit 430 The selection circuit 430

is coupled to the plurality of sensor elements 355(1)-355(N) the reset switch 354 the

current source 352 and the comparator 353 Selection circuit 430 may be used to allow

the relaxation oscillator 350 to measure capacitance on multiple sensor elements (e g

rows or columns) The selection circuit 430 may be configured to sequentially select a

sensor element of the plurality of sensor elements to provide the charge current and to

measure the capacitance of each sensor element In one exemplary embodiment, the

selection circuit 430 is a multiplexer array of the relaxation oscillator 350 Alternatively,

selection circuit may be other circuitry outside the relaxation oscillator 350, or even

outside the capacitance sensor 201 to select the sensor element to be measured

Capacitance sensor 201 may include one relaxation oscillator and digital counter for the

plurality of sensor elements of the sensor array Alternatively capacitance sensor 201

may include multiple relaxation oscillators and digital counters to measure capacitance on
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the plurality of sensor elements of the sensor array The multiplexer array may also be

used to ground the sensor elements that are not being measured This may be done in

conjunction with a dedicated pin in the GP10 port 207

[0060]

	

In another embodiment the capacitance sensor 201 may be configured to

simultaneously scan the sensor elements, as opposed to being configured to sequentially

scan the sensor elements as descnbed above For example the sensing device may

include a sensor array having a plurality of rows and columns The rows may be scanned

simultaneously and the columns may be scanned simultaneously

[0061]

	

In one exemplary embodiment the voltages on all of the rows of the

sensor array are simultaneously moved, while the voltages of the columns are held at a

constant voltage with the complete set of sampled points simultaneously giving a profile

of the conductive object in a first dimension Next, the voltages on all of the rows are

held at a constant voltage while the voltages on all the rows are simultaneously moved

to obtain a complete set of sampled points simultaneously giving a profile of the

conductive object in the other dimension

[0062]

	

In another exemplary embodiment, the voltages on all of the rows of the

sensor array are simultaneously moved in a positive di rection while the voltages of the

columns are moved in a negative direction Next the voltages on all of the lows of the

sensor array are simultaneously moved in a negative direction, while the voltages of the

columns are moved in a positive direction This technique doubles the effect of any

transcapacitance between the two dimensions, or conversely halves the effect of any

parasitic capacitance to the ground In both methods, the capacitive information from the

sensing process provides a profile of the presence of the conductive object to the sensing
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device in each dimension Alternatively, other methods for scanning known by those of

ordinary skill in the art may be used to scan the sensing device

[0063]

	

Digital counter 420 is coupled to the output of the relaxation oscillator

350 Digital counter 420 receives the relaxation oscillator output signal 356 (Four)

Digital counter 420 is configured to count at least one of a frequency or a period of the

relaxation oscillator output received from the relaxation oscillator

[0064]

	

As previously described with respect to the relaxation oscillator 350 when

a finger or conductive object is placed on the switch the capacitance increases from Cp to

Cp + Cf so the relaxation oscillator output signal 356 (Fou T ) decreases The relaxation

oscillator output signal 356 (Fou T ) is fed to the digital counter 420 for measurement

There are two methods for counting the relaxation oscillator output signal 356 frequency

measurement and penod measurement In one embodiment the digital counter 420 may

include two multiplexers 423 and 424 Multiplexers 423 and 424 are configured to select

the inputs for the PWM 421 and the timer 422 for the two measurement methods,

frequency and period measurement methods Alternatively other selection circuits may

be used to select the Inputs for the PWM 421 and the time 422 In another embodiment,

multiplexers 423 and 424 are not included in the digital counter for example the digital

counter 420 may be configured in one or the other measurement configuration

[0065]

	

In the frequency measurement method the relaxation oscillator output

signal 356 is counted for a fixed period of time The counter 422 is read to obtain the

number of counts during the gate time This method works well at low frequencies where

the oscillator reset time is small compared to the oscillator period A pulse width

modulator (PWM) 441 is clocked for a fixed penod by a deuvative of the system clock,
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VC3 426 (which is a divider from system clock 425, e g , 24 MHz) Pulse width

modulation is a modulation technique that generates variable-length pulses to represent

the amplitude of an analog input signal in this case VC3 426 The output of PWM 421

enables timer 422 (e g 16 bit) The relaxation oscillator output signal 356 clocks the

timer 422 The timer 422 is reset at the start of the sequence and the count value is read

out at the end of the gate period

[0066]

	

In the period measurement method the relaxation oscillator output signal

356 gates a counter 422 which is clocked by the system clock 425 (e g , 24 MHz) In

order to improve sensitivity and resolution multiple periods of the oscillator are counted

with the PWM 421 The output of PWM 421 is used to gate the timer 422 In this

method, the relaxation oscillator output signal 356 drives the clock input of PWM 421

As previously described pulse width modulation is a modulation technique that generates

variable-length pulses to represent the amplitude of an analog input signal in this case the

relaxation oscillator output signal 356 The output of the PWM 421 enables timer 422

(e g , 16-bit), which is clocked at the system clock frequency 425 (e g 24 MHz) When

the output of PWM 421 is asserted (e g , goes high) the count starts by releasing the

capture control When the terminal count of the PWM 421 is reached, the capture signal

Is asserted (e g goes high), stopping the count and setting the PWM s Interrupt The

timer value Is read In this Interrupt The relaxation oscillator 350 Is indexed to the next

switch (e g , capacitor 351(2)) to be measured and the count sequence Is started again

[0067]

	

The two counting methods may have equivalent performance in sensitivity

and signal-to noise ratio (SNR) The period measurement method may have a slightly

faster data acquisition rate but this rate rs dependent on software loads and the values of
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the switch capacitances The frequency measurement method has a fixed switch data

acquisition rate

[0068]

	

The length of the counter 422 and the detection time required for the

switch are determined by sensitivity requirements Small changes in the capacitance on

capacitor 351 result in small changes in frequency In order to find these small changes

it may be necessary to count for a considerable time

[0069] At startup (or boot) the switches (e g capacitors 351(1) (N)) are scanned

and the count values for each switch with no actuation are stored as a baseline array (Cp)

The presence of a finger on the switch is determined by the difference in counts between

a stored value for no switch actuation and the acqui red value with switch actuation

referred to here as An The sensitivity of a single switch is approximately

An Cf

n Cp

[0070]

	

The value of An should be large enough for reasonable resolution and clear

indication of switch actuation This dnves switch construction decisions

[0071]

	

Cf should be as large a fraction of Cp as possible In one exemplary

embodiment, the fraction of Cf/Cp ranges between approximately 0 01 to approximately

2 0 Alternatively other fractions may be used for Cf/Cp Since Cf is determined by

finger area and distance from the finger to the switch s conductive traces (through the

over-lying insulator), the baseline capacitance Cp should be minimized The baseline

capacitance Cp includes the capacitance of the switch pad plus any parasitics, including

routing and chip pin capacitance
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[0072] In switch array applications, variations in sensitivity should be minimized

If there are large differences in An, one switch may actuate at 1 0 cm, while another may

not actuate until direct contact This presents a non ideal user interface device There are

numerous methods for balancing the sensitivity These may include precisely matching

on-board capacitance with PC trace length modification adding balance capacitors on

each switch's PC board trace and/or adapting a calibration factor to each switch to be

applied each time the switch is tested

[0073]

	

In one embodiment the PCB design maybe adapted to minimize

capacitance including thicker PCBs where possible In one exemplary embodiment, a

0 062 inch thick PCB is used Alternatively other thicknesses may be used for example,

a 0 015 inch thick PCB

[0074]

	

It should be noted that the count window should be long enough for An to

be a "significant number " In one embodiment the "significant number" can be as little

as 10 or alternatively, as much as several hundred In one exemplary embodiment where

Cf is 1 0% of Cp (a typical "weak" switch), and where the switch threshold is set at a

count value of 20 n is found to be

n = An Cf = 2000
Cp

[0075]

	

Adding some margin to yield 2500 counts and running the frequency

measurement method at 1 0 MHz, the detection time for the switch is approximately 2 5

microseconds In the frequency measwement method the frequency difference between a

switch with and without actuation (r e , CP + CF vs CP) is approximately

An = t" ,.n,	 i Cf
z

Urx Cp
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[0076]

	

This shows that the sensitivity variation between one channel and another

is a function of the square of the difference in the two channels static capacitances This

sensitivity difference can be compensated using routines in the high-level Application

Programming Interfaces (APIs)

[0077]

	

In the period measurement method the count difference between a switch

with and without actuation (i e , CP+CF vs CP) is approximately

An=

	

CfUre
Peraads

	

fSysClk
lc

[0078]

	

The charge currents are typically lower and the period is longer to increase

sensitivity, or the number of periods for which fsyscw is counted can be increased In

either method, by matching the static (parasitic) capacitances Cp of the individual

switches, the repeatability of detection increases, making all switches work approximately

at the same difference Compensation for this variation can be done in software at

runtime The compensation algorithms for both the frequency method and period method

may be included in the high level APIs

[0079]

	

Some implementations of this circuit use a current source piogrammed by

a fixed-resistor value If the range of capacitance to be measured changes, external

components (i e , the resistor) should be adjusted

[0080]

	

Using the multiplexer array 430 multiple sensor elements may be

sequentially scanned to provide current to and measure the capacitance from the

capacitors (e g sensor elements) as previously described In other words, while one

sensor element is being measured the remaining sensor elements are grounded using the

GPIO port 207 This drive and multiplex arrangement bypasses the existing GPIO to
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connect the selected pin to an internal analog multiplexer (mux) bus The capacitor

charging current (e g current source 352) and reset switch 353 ale connected to the

analog mux bus This may limit the pin-count requirement to simply the number of

switches (e g capacitors 351(1)-351(N)) to be addressed In one exemplary

embodiment, no external resistors or capacitors are required inside or outside the

processing device 210 to enable operation

[0081]

	

The capacitor charging current for the relaxation oscillator 350 is

generated in a register progiammable current output DAC (also known as IDAC)

Accordingly the cuiTent source 352 is a current DAC or IDAC The IDAC output current

may be set by an 8-bit value provided by the processing device 210, such as from the

processing core 202 The 8-bit value may be stored in a register or in memory

[0082]

	

Estimating and measuring PCB capacitances may be difficult the

oscillator-reset time may add to the oscillator period (especially at higher frequencies),

and there may be some variation to the magnitude of the IDAC output current with

operating frequency Accordingly, the optimum oscillation frequency and operating

current for a particular switch arr ay may be determined to some degree by

experimentation

[0083]

	

In many capacitive switch designs the two plates" (e g 301 and 302) of

the sensing capacitor are actually adjacent sensor elements that are electncally isolated

(e g PCB pads or traces) as indicated in Figuie 3A Typically, one of these plates is

grounded Layouts for touch sensor slider (e g linear slide switches) and touch-sensor

pad applications have switches that are immediately adjacent In this case, all of the

switches that are not active are grounded through the GPIO 207 of the processing device
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210 dedicated to that pin The actual capacitance between adjacent plates is small (Cp)

but the capacitance of the active plate (and its PCB trace back to the processing device

210) to ground, when detecting the presence of the conductive object 303, may be

considerably higher (Cp + Cf) The capacitance of two parallel plates is given by the

following equation

C=e o eR
d

=eR 885
d

pF/m

	

(8)

[0084] The dimensions of equation (8) are in meters This is a very simple model

of the capacitance The reality is that there are fringing effects that substantially increase

the switch-to ground (and PCB trace to-ground) capacitance

[0085]

	

Switch sensitivity (i e , actuation distance) may be increased by one or

more of the following 1) increasing board thickness to increase the distance between the

active switch and any parasitics 2) minimizing PC trace routing underneath switches 3)

utilizing a glided ground with 50% or less fill if use of a ground plane is absolutely

necessary, 4) increasing the spacing between switch pads and any adjacent ground plane

5) increasing pad area, 6) decreasing thickness of any insulating overlay, or 7) verifying

that there is no air gap between the PC pad surface and the touching finger

[0086]

	

There is some variation of switch sensitivity as a result of environmental

factors A baseline update routine which compensates for this variation, may be provided

in the high level APIs

[0087]

	

Sliding switches are used for control requiring gradual adjustments

Examples include a lighting control (dimmer) volume control, graphic equahzei and

speed control These switches are mechanically adjacent to one another Actuation of one

switch results in partial actuation of physically adjacent switches The actual position in
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the sliding switch is found by computing the centroid location of the set of switches

activated

[0088] In applications for touch-sensor sliders (e g , sliding switches) and touch

sensor pads it is often necessary to determine finger (oi other capacitive object) position

to more resolution than the native pitch of the individual switches The contact area of a

finger on a sliding switch or a touch pad is often larger than any single switch In one

embodiment in order to calculate the interpolated position using a centroid, the array is

first scanned to verify that a given switch location is valid The requirement is for some

number of adjacent switch signals to be above a noise threshold When the strongest

signal is found, this signal and those immediately adjacent are used to compute a

centroid

Centrnld = "'I
(i-1)+ni+(a+1)

	

(9)
n_ +n,i+n, +i

[0089]

	

The calculated value will almost certainly be fractional In order to report

the centroid to a specific resolution, for example a range of 0 to 100 for 12 switches the

centroid value may be multiplied by a calculated scalar It may be more efficient to

combine the interpolation and scaling operations into a single calculation and report this

iesult directly in the desired scale This may be handled in the high-level APIs

Alternatively, other methods may be used to interpolate the position of the conductive

object

[0090]

	

A physical touchpad assembly is a multi-layered module to detect a

conductive object In one embodiment the multi layer stack up of a touchpad assembly

includes a PCB an adhesive layer and an oveilay The PCB includes the processing
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device 210 and other components, such as the connector to the host 250 necessary for

operations for sensing the capacitance These components are on the non-sensing side of

the PCB The PCB also includes the sensor array on the opposite side, the sensing side of

the PCB Alternatively other multi layer stack ups may be used in the touchpad

assembly

[0091]

	

The PCB may be made of standard materials such as FR4 or KaptonTM

(e g flexible PCB) In either case, the processing device 210 may be attached (e g

soldered) directly to the sensing PCB (e g attached to the non sensing side of the PCB)

The PCB thickness vanes depending on multiple variables including height restrictions

and sensitivity requirements In one embodiment, the PCB thickness is at least

approximately 0 3 millimeters (mm) Alternatively the PCB may have other

thicknesses It should be noted that thicker PCBs may yield better results The PCB

length and width is dependent on individual design requirements for the device on which

the sensing device is mounted such as a notebook or mobile handset

[0092]

	

The adhesive layer is directly on top of the PCB sensing array and is used

to affix the overlay to the overall touchpad assembly Typical material used for

connecting the overlay to the PCB is non conductive adhesive such as 3M 467 or 468 In

one exemplary embodiment the adhesive thickness is approximately 0 05 mm

Alternatively, other thicknesses may be used

[0093]

	

The overlay may be non conductive material used to protect the PCB

circuitry to environmental elements and to insulate the user s finger (e g conductive

object) from the circuitry Overlay can be ABS plastic, polycarbonate glass, or Mylar TM

Alternatively other materials known by those of ordinary skill in the art may be used In
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one exemplary embodiment the overlay has a thickness of approximately 1 0 mm In

another exemplary embodiment the overlay thickness has a thickness of approximately

2 0 mm Alternatively, other thicknesses may be used

[0094]

	

The sensor array may be a grid like pattern of sensor elements (e g ,

capacitive elements) used in conjunction with the processing device 210 to detect a

presence of a conductive object, such as finger, to a resolution greater than that which is

native The touch sensor pad layout pattern maximizes the area covered by conductive

matenal, such as copper, in relation to spaces necessary to define the rows and columns

of the sensor array

[0095]

	

Figure 5A illustrates a top side view of one embodiment of a sensor array

having a plurality of sensor elements for detecting a presence of a conductive object 303

on the sensor array 500 of a touch sensor pad Touch-sensor pad 220 includes a sensor

array 500 Sensor array 500 includes a plurality of rows 504(1)-504(N) and a plurality of

columns 505(1)-505(M), where N is a positive integer value representative of the number

of rows and M is a positive integer value representative of the number of columns Each

row includes a plurality of sensor elements 503(1) 503(K), where K is a positive integer

value representative of the number of sensor elements in the row Each column includes

a plurality of sensor elements 501(1) 501(L) where L is a positive integer value

representative of the number of sensor elements in the column Accordingly sensor array

is an N x M sensor matnx The N x M sensor matnx, in conjunction with the processing

device 210, is configured to detect a position of a presence of the conductive object 303

in the x and y directions
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[0096]

	

Figure 5B illustrates a top-side view of one embodiment of a sensor array

having a plurality of sensor elements for detecting a presence of a conductive object 303

on the sensor array 550 of a touch-sensor slider Touch-sensor slider 230 includes a

sensor array 550 Sensor array 550 includes a plurality of columns 504(1)-504(M) where

M is a positive integer value representative of the number of columns Each column

includes a plurality of sensor elements 501(1)-501(L) where L is a positive integer value

representative of the number of sensor elements in the column Accordingly sensor array

is a 1 x M sensor matrix The 1 x M sensor matrix, in conjunction with the processing

device 210, is configured to detect a position of a presence of the conductive object 303

in the x-direction It should be noted that sensor array 500 may be configured to function

as a touch-sensor slider 230

[0097]

	

Alternating columns in Figure 5A correspond to x and y axis elements

The y-axis sensor elements 503(1) 503(K) are illustrated as black diamonds in Figure 5A

and the x-axis sensor elements 501(1) 501(L) ale illustrated as white diamonds in Figure

5A and Figure 5B It should be noted that other shapes may be used for the sensor

elements In another embodiment, the columns and row may include vertical and

honzontal bars (e g , rectangular shaped bars) however, this design may include

additional layers in the PCB to allow the vertical and horizontal bars to be positioned on

the PCB so that they are not in contact with one another

[0098]

	

Figure 5C and 5D illustrate top-side and side views of one embodiment of

a two layer touch sensor pad Touch sensor pad, as illustrated in Figure 5C and 5D,

include the first two columns 505(1) and 505(2), and the first four rows 504(1)-504(4) of

sensor array 500 The sensor elements of the first column 501(1) are connected together
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in the top conductive layer 575 illustrated as hashed diamond sensor elements and

connections The diamond sensor elements of each column in effect, form a chain of

elements The sensor elements of the second column 501(2) are similarly connected in

the top conductive layer 575 The sensor elements of the first row 504(1) are connected

together in the bottom conductive layer 575 using vias 577 illustrated as black diamond

sensor elements and connections The diamond sensor elements of each row in effect,

form a chain of elements The sensor elements of the second third and fourth rows

504(2)-504(4) are similarly connected in the bottom conductive layer 576

[0099]

	

As illustrated in Figure 5D, the top conductive layer 575 includes the

sensor elements for both the columns and the rows of the sensor array, as well as the

connections between the senor elements of the columns of the sensor array The bottom

conductive layer 576 includes the conductive paths that connect the sensor elements of

the rows that reside in the top conductive layer 575 The conductive paths between the

sensor elements of the rows use vias 577 to connect to one another in the bottom

conductive layer 576 Vias 577 go from the top conductive layer 575 through the

dielectric layer 578, to the bottom conductive layer 576 Coating layers 579 and 589 are

applied to the surfaces opposite to the surfaces that are coupled to the dielectric layer 578

on both the top and bottom conductive layers 575 and 576

[00100] It should be noted that the space between coating layers 579 and 589 and

dielectric layer 578 which does not include any conductive material, may be filled with

the same material as the coating layers or dielectric layer Alternatively it may be filled

with other materials
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[00101]

	

It should be noted that the present embodiments are not be limited to

connecting the sensor elements of the rows using vias to the bottom conductive layer 576,

but may include connecting the sensor elements of the columns using vias to the bottom

conductive layer 576 Furthermore the present embodiments are not limited two layer

configurations, but may include disposing the sensor elements on multiple layers such as

three- or four-layer configurations

[00102]

	

When pins are not being sensed (only one pin is sensed at a time), they are

touted to ground By suiTounding the sensing device (e g touch-sensor pad) with a

ground plane, the exterior elements have the same fringe capacitance to ground as the

interior elements

[00103]

	

In one embodiment an IC including the processing device 210 may be

directly placed on the non sensor side of the PCB This placement does not necessary

have to be in the center The processing device IC is not required to have a specific set of

dimensions for a touch-sensor pad, nor a certain number of pins Alternatively, the IC

may be placed somewhere external to the PCB

[00104]

	

Figure 6A illustrates one embodiment of a sensing device having three

touch sensor buttons Sensing device 240 of Figure 6A includes buttons 601 602 and

603 These three buttons may be used for user input using a conductive object such as a

finger

[00105] Figure 6B illustrates one embodiment of the sensing device of Figure 6A

coupled to a processing device 210 Processing device 210 is used to detect whether a

conductive object is present on either or none of the touch-sensor buttons 601-603 To

detect the presence of the conductive object the processing device 210 may include
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capacitance sensors 201(1) and 201(2), which are coupled to buttons 601-603 In

particular, button 601 is coupled to capacitance sensor 201(1), button 603 is coupled to

capacitance sensor 201(2) and button 602 is coupled to both capacitance sensor 201(1)

and 201(2)

[00106]

	

Each of the conventional touch-sensor buttons 601-603 may be made of a

sensor element of conductive material such as copper clad The conductive material may

be formed in a circular shape (illustrated in Figures 6A 6D), in a rectangular shape or in

a square shape (illustrated in Figures 7A and 7B) The touch-sensor buttons may be

capacitance sensor buttons which may be used as non contact switches These switches

when protected by an insulating layer offer resistance to severe environments

[00107]

	

The sensing device of Figure 6B includes two sensing areas 613 and 614

of conductive material that are electrically isolated The sensing areas of conductive area

are used to make up the three buttons 601 603 In particular, button 601 includes a sensor

element having a surface area of one conductive material (illustrated as white surface area

of button 601) Similarly button 603 includes a sensor element having a surface area of

another conductive material (illustrated as hashed surface area of button 603) The

conductive materials may be similar or dissimilar materials, but more importantly are

electrically isolated from one another For example, button 601 is coupled to a first pin

609 and button 603 is coupled to a second pin 610 of processing device 210 Button

602 however includes a sensor element having a surface area of two conductive

materials (illustrated as white and hashed surface areas of button 603) that are electrically

isolated A portion first portion 604 of the sensor element of button 602 is coupled to
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the conductive material of button 601, and another portion second portion 605 is

coupled to the conductive material of button 603

[00108] In one embodiment, first portion 604 is coupled to the sensor element of

button 601 using a conductive line 606 and second portion 605 is coupled to the sensor

element button 603 using a conductive line 607 The conductive lines 606 and 607 may

be conductive traces printed on the surface of the PCB Alternatively conductive lines

may be conductive paths of conductive matenal that coupled the conductive material of

the sensor elements and to the pins of the processmg device 210

[00109]

	

The processing device 210 scans the touch sensor buttons 601 603 using

the capacitance sensors 201(1) and 201(2) and measures the capacitance on the two

sensing areas of conductive matenal that realize the touch-sensor buttons 601 603 The

processing device is operable to recognize a first button operation on the first sensor

element a second button operation on the second sensor element and third button

operation on the first and second portions of the third sensor element Accordingly the

capacitance sensors of the processing device are not coupled to the touch-sensor buttons

in a one-to one configuration like that of the conventional sensing device

[00110]

	

In another embodiment the processing device 210 may include only one

capacitance sensor 201 that is coupled to a selection circuit The selection circuit

operates to select one conductive path to scan and measure The processing device 210

includes two pins to couple to the two sensing areas of conductive material that make up

the three or more buttons In another embodiment, the processing device 210 may

include only one pin and be coupled to a selection ci rcuit that is external to the processing

device that selects between the two sensing areas of conductive material
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[00111]

	

In one embodiment the piocessmg device that is coupled to the sensing

device of three or more touch sensor buttons includes one more capacitance sensors

coupled to the first and second sensor elements The one or more capacitance sensors are

operable to measure capacitance on the three or more sensor elements For example if

the capacitance variation 8, , measured on the first pin 609, is greater than zero and the

capacitance variation 82 , measured on the second pin 610 is equal to approximately zero

then the first button 601 has been pressed Similaily, if the capacitance vanation

measured on the first pin 609, is equal to the capacitance variation 8 2 , measured on the

second pin 610, then the second button 602 has been pressed If the capacitance variation

81 measured on the first pin 609, is equal to approximately zero and the capacitance

variation 82 , measured on the second pin 610 is greater than zero then the third button

603 has been pressed

[00112]

	

In one embodiment the one or more capacitance sensors (e g , 201(1) and

201(2)) may include a relaxation oscillator The relaxation oscillator may be similar to

the relaxation oscillator described above which includes a current source a selection

circuit, a comparator, and a reset switch The relaxation oscillator may be coupled to a

digital counter that is operable to count at least one of a fiequency or a period of a

relaxation oscillator output received from the relaxation oscillator

[00113]

	

In one embodiment the method may be performed by detecting a presence

of a conductive object on a sensing device and recognizing three or more button

operations performed by the conductive object using two sensing areas of the sensing

device In one embodiment the operation of recognizing the three or more button
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operations may include recognizing a first button operation when the presence of the

conductive object is detected on a first sensing area 613 of the two sensing areas of the

sensing device recognizing a second button operation when the presence of the

conductive object is detected on a second sensing area 614 of the two sensing areas of the

sensing device and recognizing one or more button operations when the presence of the

conductive object is detected on the first and second sensing areas 613 and 614

[00114]

	

The method may include the operation of determining a capacitance on

each of the two sensing areas, and determining the three or more button operations based

on the deternuned capacitance The sensing areas 613 and 614 may be scanned

sequentially, or alternatively may be scanned simultaneously by one or more capacitance

sensors of the processing device 210

[00115]

	

In one embodiment the two sensing areas may be used to realize three

buttons as illustrated in Figures 6A 6D Alternatively the two sensing areas may be

used to realize more than three button areas In one embodiment the sensor elements of

the touch sensor buttons may be circular shaped as illustrated in Figures 6A-6D

Alternatively, the sensor elements may have other shapes such as rectangles squares,

ovals hexagon octagons or the like

[00116]

	

In one embodiment portions 613 and 614 are substantially equal in

surface area of the sensor element of button 602 Alternatively, portions 613 and 614 are

not equal in surface area In one embodiment the portions of sensor element of button

602 are semi circularly shaped Alternatively the portions of the sensor element may

have other shapes
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[00117]

	

Figure 6C illustrates another embodiment of a sensing device having three

touch sensor buttons Sensing device 600 includes three touch-sensor buttons that are

similar to the touch-sensor buttons 601-603 of Figure 6B except the portions of the

second sensor element of the second button 602 are dissimilarly shaped than the portions

of Figure 6B First portion 604 of Figure 6C has a shape of two pie shapes Similarly,

second portion 605 of Figure 6C has a shape of two pie shapes The four pie shapes form

a substantially circular shape for the sensor element In one embodiment the two pie

shapes of each portion are coupled together in a single layer while the other two pie

shapes are coupled together in a second conductive layer using vias as described with

respect to Figures 5C & 5D Alternatively the conductive material of one portion is

coupled together using other methods known by those of ordinary skill in the art

[00118]

	

In the embodiment of Figure 6C conductive lines 606 and 607 are

conductive traces that couple the first and second portions 604 and 605 to the first and

third sensor elements of button 601 and 603 respectively The conductive lines 607 and

608 may be comprised of similar or dissimilar materials as the conductive material of the

sensor elements It should be noted that first portion 604 sensor element of button 601,

and conductive line 606 are electncally isolated from second portion 605 sensor element

of button 603 and conductive line 607 Accordingly the two sensing areas (e g , 613 and

614) are comprised of these electrically isolated conductive materials

[00119] In one embodiment the first and second portions 604 and 605 each have a

surface area that is substantially equal Alternatively the portions may have surface areas

m othei proportions
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[00120]

	

Figure 6D illustrates another embodiment of a sensing device having three

touch-sensor buttons Sensing device 650 includes three touch-sensor buttons that are

similar to the touch-sensor buttons 601-603 of Figure 6B, except the portions of the

second sensor element of the second button 602 are dissimilarly shaped than the portions

of Figure 6B First portion 604 of Figure 6C has multiple arc shapes of conductive

matenal that are electrically isolated from multiple arc shapes of another conductive

material of second portion 605 The multiple arc shapes of both the first and second

portions 604 and 605 form a substantially circular shape for the sensor element In one

embodiment, the multiple arc shapes of each portion are coupled together in a single

layer, while the other two pie shapes are coupled together in a second conductive layer

using vias as described with respect to Figures 5C & 5D Alternatively the conductive

matenal of one portion is coupled together using other methods known by those of

ordinary skill in the art

[00121]

	

In the embodiment of Figure 6D, conductive lines 606 and 607 are

conductive traces that couple the first and second portions 604 and 605 to the first and

third sensor elements of button 601 and 603 respectively The conductive lines 607 and

608 may be compnsed of similar or dissimilar materials as the conductive material of the

sensor elements It should be noted that first portion 604, sensor element of button 601

and conductive line 606 are electrically isolated from second portion 605, sensor element

of button 603 and conductive line 607 Accordingly the two sensing areas (e g , 613 and

614) are comprised of these electrically isolated conductive materials
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[00122] In one embodiment the first and second portions 604 and 605 each have a

surface area that is substantially equal Alternatively the portions may have surface areas

in other pioportions

[00123]

	

The shapes of the sensor elements and the portions of the sensor elements

are not limited to the shapes illustrated and described herein but may include other

shapes For example Figures 7A and 7B include embodiments of rectangular and square

shapes for the sensor elements and the portions of the sensor elements In addition, the

number of sensor elements in the sensing device is not limited to thiee but may be

greater than three For example, Figures 7A and 7B illustrate embodiments of four and

five touch sensor buttons however, more sensor elements than five may also be used

[00124]

	

Figure 7A illustrates another embodiment of a sensing device having four

touch sensor buttons Sensing device 700 includes four touch sensor buttons 701-704

Each of the conventional touch-sensor buttons 701-704 may be made of a sensor element

of conductive material such as copper-clad The sensor elements, in this embodiment are

square shaped The touch sensor buttons may be capacitance sensor buttons which may

be used as non contact switches

[00125]

	

The sensing device 700 of Figure 7A includes two sensing areas of

conductive material that are electrically isolated The sensing areas of conductive area

are used to make up the four buttons 701 704 In particular, button 701 includes a sensor

element having a surface area of one conductive material (illustrated as white surface area

of button 701) Similarly, button 704 includes a sensor element having a surface area of

another conductive material (illustrated as hashed surface area of button 704) The

conductive materials may be similar or dissimilar materials but more importantly are
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electrically isolated from one another For example button 701 is coupled to a first pin

609 and button 704 is coupled to a second pin 610 of processing device 210 Buttons

702 and 703 however, include a sensor element having a surface area of two conductive

materials (illustrated as white and hashed surface areas of buttons 702 and 703) that are

electrically isolated A portion, first portion 710 of the sensor elements of buttons 702

and 703 is coupled to the conductive matenal of button 701 and another portion, second

portion 711, is coupled to the conductive material of button 704

[00126] In one embodiment, first portion 710 is coupled to the sensor element of

button 701 using a conductive line 706 and second portion 711 is coupled to the sensor

element button 704 using a conductive line 707 The conductive lines 706 and 707 may

be conductive traces printed on the surface of the PCB Alternatively, conductive lines

706 and 707 may be conductive paths of conductive material that coupled the conductive

material of the sensor elements and to the pins of the processing device 210

[00127]

	

In one embodiment each sensor element of buttons 702 and 703

comprises two surface areas one surface area being the first portion 710 and the other

surface area being the second portion 711 The surface areas may be one solid shape, or

alternatively the surface areas may be interleaved sub-traces For example, the first

conductive line 706 is a first conductive trace, and the first conductive trace has one or

more sub traces (e g 708(1) 708(7)) and the second conductive line 707 is a second

conductive trace that has one or more sub-traces (e g 709(1)-709(7)) In one

embodiment, at least one sub trace of the first conductive trace 706 is interleaved with at

least one sub trace of the second conductive trace 707 Alternatively the sub traces of

the first and second conductive traces are not interleaved
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[00128]

	

The sensor elements of buttons 702 and 703 each have a surface area ratio

between the surface area of the first portion 710 and the second portion 711 In one

embodiment the surface area ratio of button 702 is approximately 25% of the first

portion 710 to approximately 75% of the second portion 711 (25/75) The surface area

ratio of button 703 is approximately 75% of the first portion 710 to approximately 25% of

the second portion 7l 1 (75/25) Alternatively the surface area ratios of buttons 702 and

703 may be switched in surface area ratios, e g , 75/25 for button 702 and 25/75 for

button 703 In another embodiment, button 702 and button 703 may have other surface

area ratios, ranging from 99/1 to 49/51, and vice versa

[00129]

	

In the embodiment of Figure 7A, buttons 702 and 703 each include seven

sub traces, sub-traces 708(1)-708(7) and sub traces 709(1)-709(7) In particular button

702 includes four sub traces 708(1) 708(4) of the first portion 710, and three sub traces

709(1)-709(3) of the second portion 711 Button 703 includes three sub-traces 708(5)-

708(7) of the first portion 710 and four sub traces 709(4)-709(7) of the second portion

711 Accordingly, the surface area ratio of button 702 is 4/7 of the fast portion 710 to 3/7

of the second portion 711 and the surface area ratio of button 703 is 3/7 of the first

portion 710 to 4/7 of the second portion 711 Alternatively other total number of sub-

traces and other combinations of sub traces, may be used to form the different surface

area ratios

[00130]

	

Figure 7B illustrates another embodiment of a sensing device having five

touch-sensor buttons Sensing device 750 includes five touch sensor buttons 701-705

The touch-sensor buttons of sensing device 750 are similar to those of sensing device
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700, expect there is one additional sensor element and there are eight sub traces pei

sensor element for buttons 702 704, which consequently changes the surface area ratios

[00131]

	

The sensing device 750 of Figure 7B includes two sensing areas

(illustrates a white and hashed surface areas) of conductive material that are electrically

isolated The sensing areas of conductive area are used to make up the five buttons 701-

705

[00132]

	

In one embodiment, each sensor element of buttons 702, 703 and 704

comprises two surface areas one surface area being the first portion 710, and the other

surface area being the second portion 711 The surface areas may be one solid shape or

alternatively, the surface areas may be interleaved sub-traces For example, the first

conductive line 706 is a first conductive trace, and the first conductive trace has twelve

sub-traces 708(1)-708(12), and the second conductive line 707 is a second conductive

trace that has twelve sub-traces 709(1) 709(12) At least two sub-traces of both the first

and second conductive traces are interleaved in each sensor element

[00133]

	

In this embodiment, the surface area ratio of button 702 is approximately

6/8 of the first portion 710 to approximately 2/8 of the second portion 711 The surface

area ratio of button 703 is approximately 4/8 (25%) of the first portion 710 to

approximately 4/8 (50%) of the second portion 711 The surface area ratio of button 704

is approximately 2/8 of the first portion 710 to approximately 6/8 of the second portion

711

[00134]

	

In another embodiment the surface area ratio of button 702 is

approximately 25% of the first portion 710 to approximately 75% of the second portion

711 The surface area ratio of button 703 is approximately 50% of the first portion 710 to
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approximately 50% of the second portion 711 The surface area ratio of button 704 is

approximately 75% of the first portion 710 to approximately 25% of the second portion

711

[00135]

	

In another embodiment, the surface area ratio of button 702 is

approximately 33% of the first portion 710 to approximately 67% of the second portion

711 The surface area ratio of button 703 is approximately 50% of the first portion 710 to

approximately 50% of the second portion 711 The surface area ratio of button 704 is

approximately 67% of the first portion 710 to approximately 33% of the second portion

711

[00136]

	

Alternatively other surface area ratios, total number of sub-traces and

other combinations of sub traces may be used to form the sensor elements that include

the two conductive materials

[00137]

	

As described with respect to the embodiments above, the processing

device 210 can scan the touch sensor buttons 701 704 of Figure 7A (or the touch sensor

buttons 701-705 of Figure 7B) using one or more capacitance sensors, and measure the

capacitance on the two sensing areas of conductive material that realize the touch-sensor

buttons 701 704 (or 701-705) Accordingly the processing device is operable to

recognize a first button operation on the first sensor element, a second button operation

on the second sensor element and third and fourth button operations (or third, fourth and

fifth button operations) on the first and second portions of the third and fourth sensor

elements (or third fourth and fifth sensor elements)

[00138]

	

It should be noted that although the sensor elements that include the two

portions are illustrated and descnbed as being inside or in between the two sensor
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elements that are coupled to the pins, the sensor elements that include the two portions

may be disposed in other positions with respect to the other two sensor elements

[00139]

	

Embodiments of the present invention, described herein include various

operations These operations may be performed by hardware components, software,

firmware, or a combination thereof As used herein the term `coupled to" may mean

coupled directly or indirectly through one or more intervening components Any of the

signals provided over vanous buses described herein may be time multiplexed with other

signals and provided over one or more common buses Additionally the interconnection

between circuit components or blocks may be shown as buses or as single signal lines

Each of the buses may alternatively be one or more single signal lines and each of the

single signal lines may alternatively be buses

[00140]

	

Certain embodiments may be implemented as a computer program product

that may include instructions stored on a machine-readable medium These instructions

may be used to program a general-purpose or special-purpose processor to perform the

described operations A machine-readable medium includes any mechanism for storing

or transmitting information in a form (e g , software, processing application) readable by

a machine (e g , a computer) The machine-readable medium may include but is not

limited to magnetic storage medium (e g , floppy diskette) optical storage medium (e g

CD-ROM) magneto-optical storage medium read only memory (ROM) random access

memory (RAM) erasable programmable memory (e g , EPROM and EEPROM) flash

memory electrical optical acoustical or other form of propagated signal (e g , carrier

waves, infrared signals, digital signals, etc ), or another type of medium suitable for

storing electronic instructions
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[00141]

	

Additionally, some embodiments may be practiced in distributed

computing environments where the machine readable medium is stored on and/or

executed by more than one computer system In addition the information transferred

between computer systems may either be pulled or pushed across the communication

medium connecting the computer systems

	

[00142]

	

Although the operations of the method(s) herein are shown and described

in a particular order the order of the operations of each method may be altered so that

certain operations may be performed in an inverse order or so that certain operation may

be performed, at least in part, concurrently with other operations In another

embodiment instructions or sub-operations of distinct operations may be in an

intermittent and/or alternating manner

	

[00143]

	

In the foregoing specification, the invention has been described with

reference to specific exemplary embodiments thereof It will, however be evident that

various modifications and changes may be made thereto without departing from the

broader spirit and scope of the invention as set forth in the appended claims The

specification and drawings are accordingly, to be regarded in an illustrative sense rather

than a restrictive sense
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CLAIMS

What is claimed is

1 A method comprising

determining a capacitance variation of a first sensor element and a capacitance vanation

of a second sensor element

detecting a touch at a first location if the capacitance variation of the first sensor element

is greater than a reference value and the capacitance variation of the second sensor element is not

greater than the reference value

detecting the touch at a second location if the capacitance variation of the first sensor

element is not greater than the reference value and the capacitance variation of the second sensor

element is greater than the reference value and

detecting the touch at a third location if the capacitance vanation of the first sensor

element and the capacitance vanation of the second sensor element are both greater than the

reference value

2 The method of claim 1 wherein the deternunmg of the capacitance vanation of the first

sensor element and the capacitance variation of the second sensor element includes sequentially

measuring a capacitance of the first sensor element and a capacitance of the second sensor

element

3 The method of claim 2 wherein sequentially measuring the capacitance of the first sensor

element and the capacitance of the second sensor element includes using a selection circuit to

select a first conductive path coupled to the first sensor element and to select a second

conductive path coupled to the second sensor element wherein the capacitance of the first sensor
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element is measured through the first conductive path and the capacitance of the second sensor

element is measured through the second conductive path

4 The method of claim 2 wherein sequentially measuring the capacitance of the first sensor

clement and the capacitance of the second sensor element includes using a selection circuit to

select the first sensor element to measure over a conductive path and to select the second sensor

element to measure over the conductive path

5 The method of claim 1 wherein the determining of the capacitance variation of the first

sensor element and the capacitance variation of the second sensor element includes using a single

capacitance sensor to measure a capacitance of the first sensor element and to measure a

capacitance of the second sensor element

6 The method of claim 5 wherein the single capacitance sensor includes a relaxation oscillator

7 The method of claim 1 wherein the first location the second location and the third location

reside on a common axis

8 An apparatus comprising

a first sen ,or element

a second sensor element that is electrically isolated from the first sensor element and

a processing device coupled with the first sensor element and the second sensor element

wherein the processing device is configured to

detect a presence at a first location based on a first change in capacitance of the

first sensor element
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detect the presence at a second location based on a first change in capacitance of

the second sensor element and

detect the presence at a third location based on a second change in capacitance of

the first sensor element and a second change in capacitance of the second sensor

element

9 The apparatus of claim 8 wherein the processing device comprises one or more capacitance

sensors configured to measure capacitance of the first sensor element and the second sensor

element

10 The apparatus of claim 9 wherein each of the one or more capacitance sensors comprise a

relaxation oscillator configured to measure capacitance

11 The apparatus of claim 9 wherein the processing device comprises a first pin coupled to the

first sensor element and a second pin coupled to the second sensor element wherein the

processing device is configured to measure a capacitance of the first sensor element through the

first pin and measure a capacitance of the second sensor element through the second pin

12 The apparatus of claim 9 wherein the processing device comprises a pin coupled to the first

sensor element and coupled to the second sensor element wherein the processing device is

configured to measure a capacitance of the first sensor element through the pin and measure a

capacitance of the second sensor clement through the pin
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13 The apparatus of claim 12 wherein the processing device is configured to use a selection

circuit to sequentially select the first sensor element and the second sensor element for

measurement through the pin

14 A system comprising

a user interface comprising a multi dimensional sensor array the multi dimensional

sensor array including a plurality of sensor elements and

a processing device coupled to the user interface the processing device configured to

determine a capacitance variation of a first sensor element and a capacitance

variation of a second sensor element the first sensor element and the second sensor

element of the plurality of sensor elements

detect a touch at a first location of the multi dimensional sensor array responsive

to the capacitance variation of the first sensor element being greater than a reference

value and the capacitance variation of the second sensor element not being greater than

the reference value

detect the touch at a second location of the multi dimensional sensor array

responsive to the capacitance variation of the first sensor element not being greater than

the reference value and the capacitance variation of the second sensor element being

greater than the reference value and

detect the touch at a third location of the multi dimensional sensor array

responsive to the capacitance variation of the first sensor element and the capacitance

variation of the second sensor element both being greater than the reference value

15 The system of claim 14 wherein the processing device is configured to sequentially measure

a capacitance of the first sensor element and a capacitance of the second sensor element as part
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of the determination of the capacitance variation of the first sensor element and the capacitance

variation of the second sensor element

16 The system of claim 15 wherein the processing device is configured to use a selection

circuit to select a first conductive path coupled to the first sensor element and to select a second

conductive path coupled to the second sensor element wherein the processing device is

configured to measure the capacitance of the first sensor element through the first conductive

path and measure the capacitance of the second sensor element through the second conductive

path

17 The system of claim 15 wherein the processing device is configured to use a selection

circuit to select the first sensor element to measure over a conductive path and to select the

second sensor element to measure over the conductive path

18 The system of claim 14 wherein the processing device includes a capacitance sensor to

measure a capacitance of the first sensor element and to measure a capacitance of the second

sensor element

19 The system of claim 18 wherein the capacitance sensor includes a relaxation oscillator

20 The system of claim 14 wherein the first location, the second location, and the third

location reside on a common axis of the multi-dimensional sensor array
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ABSTRACT

A method and apparatus to detect a conductive object at a location determines a

capacitance variation of a first sensor element and a capacitance variation of a second

sensor element The method and apparatus detects a touch at a first location if the

capacitance variation of the first sensor element is greater than a reference value and the

capacitance variation of the second sensor element is not greater than the reference value

The method and apparatus detects the touch at a second location if the capacitance

variation of the first sensor element is not greater than the reference value and the

capacitance variation of the second sensor element is greater than the reference value The

method and apparatus detects the touch at a third location if the capacitance variation of

the first sensor element and the capacitance variation of the second sensor element are

both greater than the reference value
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

II

	

Amendments to the Specification

Please replace paragraph [0001] with the following

5 RELATED APPLICATIONS

[00011	 This application is a continuation application of US Patent Application

Number 11/437,517 filed May 18, 2006, now US Patent Number 8,004,497, issued

August 23, 2011, which claims the benefit of and pnority to US Application Number

13/204,543 filed August 05, 2011, both of which are incorporated by reference herein

10

11/437,517 filed May 18, 2006, which is incorporated herein 	 by reference in its entirety
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

III Remarks

No new matte' has been added in this amendment

Should the Patent Office have any questions regarding this submission or the application

5

	

in general the Patent Office's urged to contact the Applicant's attorney, Larry Johnson by

telephone at (408) 545-7194 All correspondence should continue to be directed to the address

given below

Respectfully submitted
For Jiang XiaoPing
by his representative,

/Larry J Johnson/
Larry J Johnson
Reg No 56,861
(408) 545-7194

20 Cypress Semiconductor
198 Champion Court
San Jose, CA 95134
Customer No 60909

25
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IN THE SPECIFICATION

Please replace the abstract with the following abstract

A method and apparatus to determine capacitance variations of a first number of two

or more sense elements of a touch screen device A processing device is configured to detect

a presence of a conductive object on any one of a second number of three or more button

areas of the touch screen device The first number of sense elements is less than the second

number of button areas The processing device is further configured to recognize an

activation of one of the three or more button areas using the determined capacitance

variations of the first number of two or more sense elements
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IN THE CLAIMS

The claims are amended as follows

1-20 (Canceled)

21

	

(New) A method composing

determining capacitance variations of a first number of two or more sense elements

of a touch screen device using a processing device to detect a presence of a conductive object

on any one of a second number of three or mote button areas of the touch screen device

wherein the first number of sense elements is less than the second number of button areas

and

recognizing an activation of one of the three or more button areas using the

determined capacitance variations of the first number of two or more sense elements

22

	

(New) The method of claim 21, wherein the first number is two and the second

number is three and wherein the recognizing comprises

detecting the presence of the conductive object at a first button area when the

capacitance variation of a first sense element is greater than a reference value and the

capacitance variation of a second sense element is not greater than the reference value

detecting the presence of the conductive object at a second button area when the

capacitance variation of the first sense element is not greater than the reference value and the

capacitance variation of the second sense element is greater than the reference value and

detecting the presence of the conductive object at a third button area when the

capacitance variation of the first sense element and the capacitance variation of the second

sense element are both greater than the reference value

23 (New) The method of claim 22, wherein the determining the capacitance variations

comprises measuring a first capacitance of the fast sense element and a second capacitance

of the second sense element
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24

	

(New) The method of claim 22, wherein the determining the capacitance variations

compnses

measuring a first capacitance of the fir st sense element on a first pin of the processing

device and

measuring a second capacitance of the second sense element on a second pin of the

processing device

25

	

(New) The method of claim 21, wherein the recognizing comprises

determining a combination of the capacitance variations of the first number of two or

more sense elements and

recognizing the activation using the determined combination

26

	

(New) The method of claim 21, wherein the second number is nine, and wherein the

recognizing comprises recognizing the activation of one of the nine button areas using the

determined capacitance variations of the first number of two or more sense elements

27

	

(New) An apparatus comprising

a processing device coupled to a first number of two or more sense elements of a

touch screen device wherein the processing device is configured to determine capacitance

variations of the first number of two or more sense elements to detect a presence of a

conductive object on any one of a second number of three or more buttons areas of the touch

screen device wherein the first number of sense elements rs less than the second number of

button areas, and wherein the processing device is configured to recognize an activation of

one of the three or more button areas using the determined capacitance variations of the first

number of two or more sense elements

28

	

(New) The apparatus of claim 27 wherein the first number is two and the second

number is three and wherein the processing device is configured to

detect the presence of the conductive object at a first button area when the

capacitance variation of a first sense element is greater than a reference value and the

capacitance variation of a second sense element is not greater than the reference value

detect the presence of the conductive object at a second button area when the
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capacitance variation of the first sense element is not greater than the reference value and the

capacitance variation of the second sense element is greater than the reference value, and

detect the presence of the conductive object at a third button area when the

capacitance variation of the first sense element and the capacitance variation of the second

sense element are both greater than the reference value

29

	

(New) The apparatus of claim 27, wherein the processing device comprises

a capacitance sensing circuit and

a selection circuit coupled to the capacitance sensing circuit and the first number of

two or more sense elements

30

	

(New) The apparatus of claim 27 wherein the processing device compnses

a first capacitance sensing circuit

a second capacitance sensing circuit and

a selection circuit coupled to the first number of two or more sense elements the first

capacitance sensing circuit, and a second capacitance sensing circuit, wherein the selection

circuit is configured to selectively couple the capacitance sensing circuit to one of the first

number of two or more sense elements and to selectively couple the second capacitance

sensing circuit to another one of the first number of two or more sense elements

31

	

(New) The apparatus of claim 27, wherein the first number is two and the second

number is three and wherein the processing device is configured to

detect a conductive object proximate to a first button area based on a first change in

capacitance of a first sense element

detect the conductive object proximate to a second button area based on a first change

in capacitance of a second sense element, and

detect the conductive object proximate to a second button area based on a second

change in capacitance of the first sense element and a second change in capacitance of the

second sense element
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32 (New) The apparatus of claim 27, wherein the processing device comprises one or

more capacitance sensing ci rcuits configured to measure capacitance of the first number of

two or more sense elements

33

	

(New) The apparatus of claim 32, wheiem the one or more capacitance sensing

circuits comprises a relaxation oscillator configured to measure the capacitance of the first

number of two or more sense elements

34

	

(New) The apparatus of claim 32, wherein the processing device comprises

a first pin coupled to the one or more capacitance sensing circuits and

a second pint coupled to the one or more capacitance sensing circuits

35 (New) The apparatus of claim 27, wherein the processing device is configured to

determine a combination of the capacitance variations of the first number of two or more

sense elements and to recognize the activation using the determined combination

36

	

(New) The apparatus of claim 27, wheiem the second number is nine, and wherein

the processing device is configured to recognize the activation of one of the nine button areas

using the determined capacitance variations of the first number of two or more sense

elements

37

	

(New) A system comprising

a touch screen device comprising a first number of two or more sense elements and a

second number of three or more button areas wherein the first number of sense elements is

less than the second number of button areas, and

a processing device coupled to the touch screen device, wherein the processing

device is configured to determine capacitance variations of the two or more sense elements

of the touch screen device, and to recognize an activation of one of the three or more buttons

areas using the capacitance variations of the two or more sense elements

38

	

(New) The system of claim 37 wherein the first number is two and the second

number is three and wherein the processing device is configured to
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detect the presence of the conductive object at a first button area when the

capacitance variation of a first sense element is greater than a reference value and the

capacitance variation of a second sense element is not greater than the reference value

detect the presence of the conductive object at a second button area when the

capacitance vanation of the first sense element is not greater than the reference value and the

capacitance vacation of the second sense element is greater than the reference value, and

detect the presence of the conductive object at a third button area when the

capacitance variation of the first sense element and the capacitance vanation of the second

sense element are both greater than the reference value

39

	

(New) The system of claim 37, wherein the processing device is configured to

determine a combination of the capacitance variations of the two or more sense

elements, and

recognize the activation using the determined combination

40

	

(New) The system of claim 37 wherein the second number is nine and wherein the

processing device is configured to recognize the activation of one of the nine button areas

using the determined capacitance variations of the two or more sense elements
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REMARKS

The Applicants respectfully request the Examiner to enter the presented amendments

prior to the examination of the application Claims 1-20 have been canceled Claims 21 40

have been added No new matter has been added

If the Examiner believes a telephone interview would expedite the prosecution of this

application the Examiner is invited to contact Larry Johnson by telephone at (408) 545-

7194

Please charge any additional fees under 37 C F R §§ 1 16, 1 17, 1 18 1 20 and 1 21

that may be required to maintain pendency of the present application, or apply any credits to

out PTO deposit account number 50-1358

Respectfully submitted,

LOWENSTEIN SANDLER LLP

Date	 May 31, 2012

	

/Kevin 0 Grange/
Kevin 0 Grange
Reg No 60 793

Customer No 60909
390 Lytton Avenue
Palo Alto CA 94301
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If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1 53(b) (d) and MPEP 506), a Filing Receipt (37 CFR 1 54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application

National Stage of an International Application under 35 U S C 371
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U S C 371 and other applicable requirements a Form PCT/DOIEO/903 indicating acceptance of the application as a
national stage submission under 35 U S C 371 will be issued in addition to the Filing Receipt, in due course

New International Application Filed with the USPTO as a Receiving Office
If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCTIRO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application
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Attorney Docket No 16520P456 Patent

First Named Inventor Jlana XiaoPinq

Check One Com plete If Known

Declaration Submitted with Application No
Initial Filing

	

OR Filing Date
Declaration Submitted After Art Unit
Initial Filing (Surcharge under Examiner Name
37 C F R § 1 16(e) Required)

DECLARATION AND POWER OF ATTORNEY FOR UTILITY OR DESIGN PATENT APPLICATION

I hereby declare that

Each inventors residence mailing address, and citizenship are as stated below next to their name

I believe the inventor(s) named below to be the original and first inventor(s) of the subject matter which
is claimed and for which a patent Is sought on the invention entitled
	 TWO-PIN BUTTONS

(Title of the Invention)

the specification of which

is attached hereto OR
was filed on	

as United States Application Number
or PCT International Application Number
and was amended on (MM/DD/YYYY)	

(if applicable)

I hereby state that I have reviewed and understand the contents of the above-identified specification
including the claim(s) as amended by any amendment specifically referred to above

I do not know and do not believe that the claimed Invention was ever known or used in the United
States of Amenca before my invention thereof or patented or described In any printed publication in
any country before my invention thereof or more than one year prior to this application I do not know
and do not believe that the claimed invention was In public use or on sale in the United States of
Amenca more than one year prior to this application nor do I know or believe that the invention has
been patented or made the subject of an inventor's certificate Issued before the date of this application
in any country foreign to the United States of Amenca on an application fled by me or my legal
representatives or assigns more than twelve months (for a utility patent application) or six months (for a
design patent application) prior to this application

I acknowledge the duty to disclose information which is material to patentability as defined In 37 C F R
1 56 including for continuation in-part applications material information which became available
between the filing date of the pnor application and the national or PCT International filing date of the
continuation in part application
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I hereby claim foreign priority benefits under 35 U S C 119(a)-(d) or (f), or 365(b) of any foreign
appiicabon(s) for patent, Inventor's or plant breeder's rights certcate(s) or 365(a) of any PCT
international application which designated at least one country other than the United States of America
listed below and have also identified below, by checking the box any foreign application for patent,
inventor's or plant breeder's rights certificates) or any PCT international application having a filing date
before that of the application on which pnonty Is claimed

Priority

	

Certified
Prior Forelon Aoolicationis)

	

Claimed?

	

ConyAttached?

(Number)

	

(Country)

	

(Foreign Filing Date - Yes

	

No

	

Yes

	

No
MM/DD/YYYY)

(Number)

	

(Country)

	

(Foreign Filing Date - Yes

	

No

	

Yes

	

No
MM/DQ/YYYY)

(Number)

	

(Country)

	

(Foreign Filing Date - Yes

	

No

	

Yes

	

No
MM/DD/YYYY)

Appointment of Patent Practitioners
I hereby appoint the patent practitioners associated with the Customer Number 08791 as my respective
patent attorneys and patent agents with full power of substttution and revocation, to prosecute this
application and to transact all business in the U S Patent and Trademark Office connected herewith

if this patent application is assigned then the undersigned hereby authorizes the patent attorneys and patent
agents named herein to accept and follow instructions from the assignees) as to any action to be taken In the
United States Patent and Trademark Office regarding this application without direct communication between
the patent attorneys and patent agents and the undersigned In the event ofa change In the persons from
whom instructions may be taken, at least one patent attorney or patent agent named herein will be so notified
by the undersigned

Direct all correspondence to (check one)

X Customer Number 08791 OR

Correspondence Address Below

(Name of Attorney or Agent)
BLAKELY, SOKOLOFF, TAYLOR & ZAFMAN LLP
12400 Wilshire Boulevard
Seventh Floor
Los Angeles, California 90025 U S A
Telephone (408) 720-8300
Fax (408) 720-8383
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I hereby declare that all statements made herein of my own knowledge are true and that all
statements made on information and belief are believed to be true, and further that these
statements were made with the knowledge that willful false statements and the like so made are
punishable by fine or imprisonment, or both, under 18 U S C 1001 and that such willful false
statements may Jeopardize the validity of the application or any patent Issued thereon

NAME OF SOLE OR FIRST INVENTOR q A petition has been filed for this unsigned inventor
Full Name	 Jiana XiaoPma

(Given Name (First and Middle pfany)) Family Name (orSumame) and Suffix Sfany))

Inventors Signature _,7jggq	 YtOatll	 Date	 ~	 (di ?,a0 6
Residence	 Shanghai . P.R China	 VV	 Citizenship	 China	

(City SM. Country)

	

(Country)

Mailing Address Room 06 07. 26F . 1 Gateway Plaza . No. 1 Ilona Qlao Road	
Shanghai. P.R . China 200030	
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Application No 13/442 716
Attorney Docket No CD06039C2

Page 1

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of
Jiang XIAOPING

Application No 13/442 716

Filed April 09, 2012

Examiner Unknown

Gioup Art Unit 2629

Confirmation No 6333

For APPARATUS AND METHODS FOR
DETECTING A CONDUCTIVE
OBJECT AT A LOCATION

RESPONSE TO MISSING PARTS and INCOMPELTE REPLY

Commissioner for Patents
P O Box 1450
Alexandna VA 22313 1450

Sir

Applicant hereby responds to the NOTICE TO FILE MISSING PARTS OF

NONPROVISIONAL APPLICATION FILED UNDER 37 C F R § 1 53(b) - FILING DATE

GRANTED mailed April 26 2012, and the NOTICE OF INCOMPELTE REPLY

(NONPROVISINAL) mailed June 8 2012 enclosed please find the Declaration and surcharge

fee

The Commissioner is hereby authorized to charge any appropriate fees under 37 C F R

§§ 1 16 1 17, 1 18 1 20 and 1 21 that may be required to maintain pendency of the present

application, and to credit any overpayments to Deposit Account No 50 3781

Customer No 60909
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Application No 13/442 716
Attorney Docket No CD06039C2

Page 2

Should the Patent Office have any questions regarding this response or the application in

general the Patent Office is urged to contact the Applicant's attorney Larry Johnson by

telephone at (408) 545 7194 All correspondence should continue to be directed to the address

given below

Respectfully submitted,

Date 06/18/2012	 	 By	 /I ,any T Tohnson/
Larry J Johnson
Attorney for Applicant
Registration No 56,861

Cypress Semiconductor Corporation
198 Champion Court
San Jose, CA 95134
Facsimile (408) 545-6911
Customer No 60909

Customer No 60909
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UNITED STATES PATENT AND ThADEMARK OFFICE
UN1TFD STATFS DFPARTMFNT DF COMMFRCF
United States Patent and Trademark Office
Add, COMMISSIONER FOR PATENTS

PO P 1450
Al ssdaa VeMc 2 M3 1450
wxx sptos

APPLICATION NUMBER

	

FILING OR 37I (C) DATE

	

FIRST NAMED APPLICANT

	

ATTY DOCKET NO /TITLE

04/09/2012 Jiang XIAOPING

Mil

13/442 716

60909
CYPRESS SEMICONDUCTOR CORPORATION
198 CHAMPION COURT
SAN JOSE CA 95134 1709

CD06039C2
CONFIRMATION NO 6333

FORMALITIES LETTER

1111111111

Date Mailed 06/08/2012

NOTICE OF INCOMPLETE REPLY (NONPROVISIONAL)

Filing Date Granted

The U S Patent and Trademark Office has received your reply on 05/31/2012 to the Notice to File Missing Parts
(Notice) mailed 04/26/2012 and it has been entered into the nonprovisional application The reply however
does not include the following items required in the Notice A complete reply must be timely filed to prevent
ABANDONMENT of the above identified application Replies should be mailed to Mail Stop Missing Parts
Commissioner for Patents P 0 Box 1450 Alexandria VA 22313 1450

Applicant is given TWO MONTHS from the date of the Notice to File Missing Parts (Notice) mailed 04/26/2012
within which to file all required items and pay any fees required below to avoid abandonment Extensions of time
may be obtained by filing a petition accompanied by the extension fee under the provisions of 37 CFR 1 136(a)

The statutory basic filing fee is missing
Applicant must submit $380 to complete the basic filing fee for a non small entity If appropriate applicant may
make a written assertion of entitlement to small entity status and pay the small entity filing fee (37 CFR 1 27)
The oath or declaration is missing
A properly signed oath or declaration in compliance with 37 CFR 1 63 identifying the application by the above
Application Number and Filing Date is required
Note If a petition under 37 CFR 1 47 is being filed an oath or declaration in compliance with 37 CFR 1 63
signed by all available joint inventors or if no inventor is available by a party with sufficient proprietary interest
is required
Surcharge (for late submission of filing fee search fee examination fee or oath or declaration) as set forth in
37 CFR 1 16(f) of $130 was not received

The applicant needs to satisfy supplemental fees problems indicated below

The required item(s) identified below must be timely submitted to avoid abandonment

SUMMARY OF FEES DUE

Total fee(s) required within TWO MONTHS from the date of the Notice is $1380 for a non small entity
$380 Statutory basic filing fee
$130 Surcharge
The application search fee has not been paid Applicant must submit $620 to complete the search fee
The application examination fee has not been paid Applicant must submit $250 to complete the examination
fee for a non small entity

page 1 of 2
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Replies should be mailed to

Mail Stop Missing Parts
Commissioner for Patents
P 0 Box 1450
Alexandria VA 22313 1450

Registered users of EFS Web may alternatively submit their reply to this notice via EFS Web
https //sportal uspto gov/authenticate/AuthenticateUserLocalEPF html

For more information about EFS Web please call the USPTO Electronic Business Center at 1 866 217 9197 or
visit our website at http //www uspto gov/ebc

If you are not using EFS-Web to submit your reply you must include a copy of this notice

/kgebremichaell

Office of Data Management Application Assistance Unit (571) 272 4000 or (571) 272 4200 or 1 888 786 0101

page 2 of 2
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Electronic Patent Application Fee Transmittal

Application Number 13442716

Filing Date 09 Apr 2012

Title of Invention
APPARATUS AND METHODS FOR DETECTING A CONDUCTIVE OBJECT AT A
LOCATION

First Named Inventor/Applicant Name Jiang XIAOPING

Filer Larry Joel Johnson/YING JIANG

Attorney Docket Number CD06039C2

Filed as Large Entity

Utility under 35 USC 111(a) Filing Fees

Description Fee Code Quantity Amount Sub Total in
USD($)

Basic Filing

Utility application filing 1011 1 380 380

Utility Search Fee 1111 1 620 620

Utility Examination Fee 1311 1 250 250

Pages

Claims

Miscellaneous Filing

Late filing fee for oath or declaration 1051 1 130 130

Petition
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Description Fee Code Quantity Amount
Sub Total m

USD($)

Patent Appeals and Interference

Post Allowance and Post Issuance

Extension of Time

Miscellaneous

Total In USD ($)

	

1380
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UNITED STATES PATENT AND TRADEMARK OFFICE
UNITFD STATFS DFPARTMFNT OF COMMFRCF
United States Patent and Tradema k Office
AdJ COMMISSIONER FOR PATENTS

PC B 14,0
Al xandru Vague 2 313 1450
wwu uspt g

APPLICATION

	

FILENG or

NUMBER	371(c) DATE

	

GRP

UNIT

	

FIL FEE REC D

60909
CYPRESS SEMICONDUCTOR CORPORATION
198 CHAMPION COURT
SAN JOSE CA 95134 1709

ATTY DOCKET NO

	

ITOT CLAIMSI IND CLAIMS

CD06039C2

	

20

	

3
CONFIRMATION NO 6333

UPDATED FILING RECEIPT

13/442 716 04/09/2012 2629 1380

11111111 11111111111

Date Mailed 06/22/2012

Receipt is acknowledged of this non provisional patent application The application will be taken up for examination
in due course Applicant will be notified as to the results of the examination Any correspondence concerning the
application must include the following identification information the U S APPLICATION NUMBER FILING DATE
NAME OF APPLICANT and TITLE OF INVENTION Fees transmitted by check or draft are subject to collection
Please verify the accuracy of the data presented on this receipt If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction Please provide a copy of this Filing Receipt with the
changes noted thereon If you received a Notice to File Missing Parts for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Applicant(s)
Jiang XIAOPING Shanghai CHINA

Assignment For Published Patent Application
CYPRESS SEMICONDUCTOR CORPORATION San Jose CA

Power of Attorney The patent practitioners associated with Customer Number 08791

Domestic Priority data as claimed by applicant
This application is a CON of 1 1 /437 517 05/18/2006 PAT 8004497
and is a CON of 13/204 543 08/05/2011 PAT 8174507
(*)Data provided by applicant is not consistent with PTO records

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the
USPTO Please see h~	 //www uspto gov for more information )

If Required, Foreign Filing License Granted 04/20/2012

The country code and number of your priority application to be used for filing abroad under the Paris Convention

is US 13/442,716

Projected Publication Date Request for Non Publication Acknowledged

Non Publication Request Yes

Early Publication Request No

page 1 of 3
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Title

APPARATUS AND METHODS FOR DETECTING A CONDUCTIVE OBJECT AT A LOCATION

Preliminary Class

345

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U S patent extend only throughout the territory of the United States and have no
effect in a foreign country an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT) An international (PCT) application generally has the same
effect as a regular national patent application in each PCT member country The PCT process simplifies the filing
of patent applications on the same invention in member countries but does not result in a grant of an international
patent and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired

Almost every country has its own patent law and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws Since the laws of many countries differ
in various respects from the patent law of the United States applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely

Applicants also are advised that in the case of inventions made in the United States the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country The filing of a U S patent application
serves as a request for a foreign filing license The applications filing receipt contains further information and
guidance as to the status of applicants license for foreign filing

Applicants may wish to consult the USPTO booklet General Information Concerning Patents (specifically the
section entitled Treaties and Foreign Patents ) for more information on timeframes and deadlines for filing foreign
patent applications The guide is available either by contacting the USPTO Contact Center at 800 786 9199 or it
can be viewed on the USPTO website at http //www uspto gov/web/offices/pac/doc/general/index html

For information on preventing theft of your intellectual property (patents trademarks and copyrights) you may wish
to consult the U S Government website http //www stopfakes gov Part of a Department of Commerce initiative
this website includes self help toolkits giving innovators guidance on how to protect intellectual property in specific
countries such as China Korea and Mexico For questions regarding patent enforcement issues applicants may
call the U S Government hotline at 1 866 999 HALT (1 866 999 4158)

LICENSE FOR FOREIGN FILING UNDER

Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5 11 & 5 15

GRANTED

The applicant has been granted a license under 35 U S C 184 if the phrase IF REQUIRED FOREIGN FILING
LICENSE GRANTED followed by a date appears on this form Such licenses are issued in all applications where
the conditions for issuance of a license have been met regardless of whether or not a license may be required as

page 2 of 3
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set forth in 37 CFR 5 15 The scope and limitations of this license are set forth in 37 CFR 5 15(a) unless an earlier
license has been issued under 37 CFR 5 15(b) The license is subject to revocation upon written notification The
date indicated is the effective date of the license unless an earlier license of similar scope has been granted under
37 CFR 5 13 or 5 14

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked This license is automatically transferred to any related applications(s) filed under 37 CFR 1 53(d) This
license is not retroactive

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data Licensees should apprise themselves of current regulations especially with
respect to certain countries of other agencies particularly the Office of Defense Trade Controls Department of
State (with respect to Arms Munitions and Implements of War (22 CFR 121 128)) the Bureau of Industry and
Security Department of Commerce (15 CFR parts 730 774) the Office of Foreign AssetsControl Department of
Treasury (31 CFR Parts 500+) and the Department of Energy

NOT GRANTED

No license under 35 U S C 184 has been granted at this time if the phrase IF REQUIRED FOREIGN FILING
LICENSE GRANTED DOES NOT appear on this form Applicant may still petition for a license under 37 CFR 5 12
if a license is desired before the expiration of 6 months from the filing date of the application If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U S C 181 the licensee may foreign file the application pursuant to 37 CFR 5 15(b)

SelectUSA
The United States represents the largest most dynamic marketplace in the world and is an unparalleled location

for business investment innovation and commercialization of new technologies The USA offers tremendous
resources and advantages for those who invest and manufacture goods here Through SelectUSA our nation

works to encourage facilitate and accelerate business investment To learn more about why the USA is the best
country in the world to develop technology manufacture products and grow your business visit SelectUSA cov

page 3 of 3
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UNITED STATES PATENT AND TRADEMARK OFFICE

APPLICATION NO

13/442 716

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Addmss COMMISSIONER FOR PATENTS

POB

	

1450
AI

	

acdr a,V gim 22313
www spi g

1450

FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO I CONFIRMATION NO

04/09/2012 Jiang XIAOPING CD06039C2 6333

60909

	

7590

	

09/19/2012

CYPRESS SEMICONDUCTOR CORPORATION
198 CHAMPION COURT
SAN JOSE CA 95134 1709

EXAMINER

KETEMA BENYAM

ART UNIT PAPER NUMBER

2629

MAIL DATE

	

DELIVERY MODE

09/19/2012

	

PAPER

Please find below and/or attached an Office communication concerning this application or proceeding

The time penod for reply, if any is set in the attached communication

PTOL 90A (Rev 04/07)
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Application No

13/442 716

Applicant(s)

XIAOPING JIANG

Office Action Summary Art Unit

2629

Examiner

BENYAM KETEMA

The MAILING DATE of this communication appears on the cover sheet with the correspondence address
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS
WHICHEVER IS LONGER FROM THE MAILING DATE OF THIS COMMUNICATION

Extensions of time may be available under the provisions of 37 CFR 1 136(a) In no event however may a reply be timely filed
after SIX (6) MONTHS from the mailing date of this communication
If NO period for reply is specified above the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication
Failure to reply within the set or extended period for reply will by statute cause the application to become ABANDONED (35 U S C § 133)
Any reply received by the Office later than three months after the mailing date of this communication even if timely filed may reduce any
earned patent term adjustment See 37 CFR 1 704(b)

Status

1)® Responsive to communicatlon(s) filed on 31 May2012

2a)q This action is FINAL

	

2b)® This action is non final

3)q An election was made by the applicant In response to a restriction requirement set forth during the interview on

the restriction requirement and election have been incorporated into this action

4)q Since this application is In condition for allowance except for formal matters prosecution as to the merits Is

closed In accordance with the practice under Ex parte Quayle 1935 C D 11 453 O G 213

Disposition of Claims

5)® Claim(s) 21 40 is/are pending In the application

5a) Of the above claim(s)	 is/are withdrawn from consideration

6)q Claim(s)	 Is/are allowed

7)Z Claim(s) 21 401s/are rejected

8)0 Claim(s)	 Is/are objected to

9)q Claim(s)

	

are subject to restriction and/or election requirement

Application Papers

10)q The specification is objected to by the Examiner

11)0 The drawing(s) filed on 04/09/20121s/are a)® accepted or b) q objected to by the Examiner

Applicant may not request that any objection to the drawing(s) be held in abeyance See 37 CFR 1 85(a)

Replacement drawing sheet(s) Including the correction is required if the drawing(s) is objected to See 37 CFR 1 121(d)

12)q The oath or declaration is objected to by the Examiner Note the attached Office Action or form PTO 152

Priority under 35 U S C § 119

13)0 Acknowledgment is made of a claim for foreign priority under 35 U S C § 119(a) (d) or (f)

a)q All b)D Some * c)q None of

1 q Certified copies of the priority documents have been received

2 q Certified copies of the priority documents have been received In Application No _ 	

3 q Copies of the certified copies of the priority documents have been received In this National Stage

application from the International Bureau (PCT Rule 17 2(a))

See the attached detailed Office action for a list of the certified copies not received

Attachment(s)

1) ® Notice of References Cited (PTO 892)
2) q Notice of Draftsperson s Patent Drawing Review (PTO 948)
3) q Information Disclosure Statement(s) (PTO/SB/08)

Paper No(s)/Mall Date

4) q Interview Summary (PTO 413)
Paper No(s)/Mail Date

5)q Notice of Informal Patent Application
6)q Other	

U S Patent and Trademark Office

PTOL 326 (Rev 03 11) Office Action Summary Part of Paper No /Mail Date 20120904
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Application/Control Number 13/442,716

	

Page 2

Art Unit 2629

DETAILED ACTION

1

	

Claims 21- 40 are presented for examination

Specification

2

	

The disclosure is objected to because of the following informalities

Paragraph (0001) under the heading of related Applications need to be corrected

in order to show current application as being continuation of US Application Number

13/204,543 filed August 05, 2011 which in turn is continuation of US Patent Application

Number 11/437,517 filed May 18, 2006, now US Patent Number 8,004 497, issued

August 23, 2011 Appropriate correction is required

Double Patenting

3

	

The nonstatutory double patenting rejection is based on a judicially created doctrine

grounded in public policy (a policy reflected in the statute) so as to prevent the unjustified

or improper timewise extension of the right to exclude' granted by a patent and to

prevent possible harassment by multiple assignees A nonstatutory obviousness-type

double patenting rejection is appropriate where the conflicting claims are not identical, but

at least one examined application claim is not patentably distinct from the reference

claim(s) because the examined application claim is either anticipated by, or would have

been obvious over, the reference claim(s) See, e g , In re Berg, 140 F 3d 1428,46

USPQ2d 1226 (Fed Cir 1998), In re Goodman, 11 F 3d 1046,29 USPQ2d 2010 (Fed

Cir 1993), In re Long', 759 F 2d 887, 225 USPQ 645 (Fed Cir 1985), In re Van Ornum,

686 F 2d 937, 214 USPQ 761 (CCPA 1982) In re Vogel, 422

CY00002089
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Page 3

Art Unit 2629

F 2d 438,164 USPQ 619 (CCPA 1970), and In re Thorington, 418 F 2d 528,163 USPQ

644 (CCPA 1969)

A timely filed terminal disclaimer in compliance with 37 CFR 1 321 (c) or 1 321 (d)

may be used to overcome an actual or provisional rejection based on a nonstatutory

double patenting ground provided the conflicting application or patent either is shown to

be commonly owned with this application or claims an invention made as a result of

activities undertaken within the scope of a joint research agreement

Effective January 1, 1994, a registered attorney or agent of record may sign a

terminal disclaimer A terminal disclaimer signed by the assignee must fully comply with

37 CFR 3 73(b)

3

	

Claims 21-25, and 27-39 are rejected on the ground of nonstatutory double

patenting over claimsi 5,11, and 15-18 of U S Patent No 8,004,487 since the claims, if

allowed, would improperly extend the "right to exclude" already granted in the patent

The subject matter claimed in the instant application is fully disclosed in the patent

and is covered by the patent since the patent and the application are claiming common

subject matter, as follows both the instant application and the patent document are

related to detecting a presence of conductive object on anyone of three or more button

areas using two or more sense elements wherein the number of sense elements is less

than the number of button areas Although the patent document contains more limitations

in the claim language of its respective allowed claims the instant application's claims

come within the subset and scope of the previously allowed claims

CY00002090



Application/Control Number 13/442,716

	

Page 4

Art Unit 2629

4 Although the conflicting claims are not identical, they are not patentably distinct

from each other because the subject matter recited in the application is anticipated and

obvious referred to the same invention as to the references Patent

For instance, with regard to independent claim 2, The reference Patent # 8,004,497

recites all the limitations of claim 2 with the exception of "reference value" However it is

well known in the touch input art that in order to detect the presence of conductive object

on a sensing (detecting) area of the capacitive input unit the measured capacitance had

to be compared to a reference value in order to distingue the difference between an input

and no input by the user

Current Application (13/442716) US Patent No 8004497

21 A method comprising

	

determining 1 A method comprising,

	

detecting a
capacitance variations of a first number of two or
more sense elements of a touch screen device
using a processing device to detect a presence of
a conductive object on anyone of a second
number of three or more button areas of the touch
screen device

wherein the first number of sense elements is
less than the second number of button areas,

and recognizing an activation of one of the three or
more button areas using the determined
capacitance variations of the first number of two or
more sense elements

presence of a conductive object on a capacitance
sensing device, the sensing device comprising at
least two sensing areas each coupled to a
capacitance measurement input, and recognizing
activation of at least three button performed by the
detected presence of the conductive object,

wherein the number of buttons is equal to at least
the number of sensing areas plus one and

wherein a combination of the at least two sensing

areas is used to recognize

22 The method of claim 21, wherein the first
number is two and the second number is three,
and wherein the recognizing comprises

detecting the presence of the conductive object at
a first button area when the capacitance variation

2 The method of claim 1, wherein recognizing the
plurality of button activations comprises

recognizing a first activated button when the
presence of the conductive object is detected on a
first sensing area of the at least two
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of a first sense element
is greater than a reference value and the
capacitance variation of a second sense
element is not greater than the reference
value,

detecting the presence of the conductive object at
a second button area when the capacitance
variation of the first sense element is not greater
than the reference value and the capacitance
variation of the second sense element is greater
than the reference value,

and detecting the presence of the conductive
object at a third button area when the capacitance
variation of the first sense element and the
capacitance variation of the second sense element
are both greater than the reference value

sensing areas of the sensing device,

recognizing a second activated button when the
presence of the conductive object is detected on a
second sensing area of the at least two sensing
areas of the sensing device,

and recognizing a third activated button when the
presence of the conductive object is detected on the
first and second sensing areas

23 The method of claim 22, wherein the
determining the capacitance variations
comprises measuring a first capacitance of the
first sense element and a second capacitance of
the second sense element

3 The method of claim 1, further comprising
measuring a capacitance of the conductive object
on the sensing device over time, wherein
measuring the capacitance further comprises
measuring a capacitance of the at least two
sensing areas of the sensing device, and wherein
recognizing the activated buttons is based on the
measured capacitance of the at least two sensing
areas

24 The method of claim 22, wherein the
determining the capacitance variations
comprises measuring a first capacitance of the
first sense element on a first pin of the
processing device, and measuring a second
capacitance of the second sense element on a
second pin of the processing device

15 The apparatus of claim 14, wherein the
processing device comprises a first pin and a
second pin, wherein the first pin is coupled to the
first sensor element, and wherein the second pin
is coupled to the second sensor element

16 The apparatus of claim 15, wherein the
processing device is operable to recognize a first
button operation on the first sensor element, a
second button operation on the second sensor
element and a third button operation on the first
and second portions of the third sensor element
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Furthermore, there is no apparent reason why applicant was prevented from

presenting claims corresponding to those of the instant application during prosecution of

the application which matured into a patent See In re Schneller, 397 F 2d 350, 158

USPQ 210 (CCPA 1968) See also MPEP § 804

5

	

Any inquiry concerning this communication or earlier communications from the

examiner should be directed to BENYAM KETEMA whose telephone number is (571)270-

7224 The examiner can normally be reached on Monday- Friday 8 OOAM - 5 OOPM

If attempts to reach the examiner by telephone are unsuccessful, the examiner s

supervisor, SHALWALA BIPIN H can be reached on 571-272-7681 The fax phone

number for the organization where this application or proceeding is assigned is 571-273

8300 Information regarding the status of an application may be obtained from the Patent

Application Information Retrieval (PAIR) system Status information for published

applications may be obtained from either Private PAIR or Public PAIR Status information

for unpublished applications is available through Private PAIR only For more information

about the PAIR system, see http //pair direct uspto gov Should you have questions on

access to the Private PAIR system contact the Electronic Business Center (EBC) at 866-

25 The method of claim 21, wherein the
recognizing comprises
determining a combination of the capacitance
variations of the first number of two or more
sense elements and recognizing using the
determined combination

3 The method of claim 1 further comprising
measuring a capacitance of the conductive object
on the sensing device over time, wherein
measuring the capacitance further comprises
measuring a capacitance of the at least two
sensing areas of the sensing device, and wherein
recognizing the activated buttons is based on the
measured capacitance of the at least two sensing
areas
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217-9197 (toll-free) If you would like assistance from a USPTO Customer Service

Representative or access to the automated information system, call 800-786-9199 (IN

USA OR CANADA) or 571 272-1000

/B K/
Examiner Art Unit 2629

/Bipin Sha/wa/a/
Supervisory Patent Examiner, Art Unit 2629

09/05/2012
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Sir/Madam
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Amendments to the Specification being on page 2 of this paper

Amendments to the Claims are reflected in the listing of claims that begins on

page 3 of this paper

Remarks begin on page 8 of this paper
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AMENDMENTS

Amendments to the Specification

Please replace the paragraph beginning at line [0001] as follows

[0001]

	

This application is a continuation of U S Patent Application number

13/204,543, filed August 5 2011 now U S Patent No 8,174,507 issued May 8 2012

which is a continuation of U S Patent Application number 11/437 517 filed May 8, 2006,

now U S Patent No 8,004 497 issued August 23 2011
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Amendments to the Claims

This listing of claims will replace all prior versions, and listings of the claims rn the

application

1-20 (Canceled)

21

	

(Previously presented)

	

A method comprising

determining capacitance variations of a first number of two or more sense elements

of a touch screen device using a processing device to detect a presence of a conductive object

on any one of a second number of three or more button areas of the touch screen device

wherein the first number of sense elements is less than the second number of button areas

and

recognizing an activation of one of the three or more button areas using the

determined capacitance variations of the first number of two or more sense elements

22

	

(Previously presented)

	

The method of claim 21 wherein the first number is

two and the second number rs three, and wherein the recognizing comprises

detecting the presence of the conductive object at a first button area when the

capacitance variation of a first sense element rs greater than a reference value and the

capacitance variation of a second sense element is not greater than the reference value

detecting the presence of the conductive object at a second button area when the

capacitance variation of the first sense element rs not greater than the reference value and the

capacitance variation of the second sense element rs greater than the reference value and

detecting the presence of the conductive object at a third button area when the

capacitance variation of the first sense element and the capacitance variation of the second

sense element are both greater than the reference value

23

	

(Previously presented)

	

The method of claim 22, wherein the determining the

capacitance variations comprises measuring a first capacitance of the first sense element and

a second capacitance of the second sense element
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24

	

(Previously presented)

	

The method of claim 22 wherein the determining the

capacitance variations comprises

measuring a first capacitance of the first sense element on a first pin of the processing

device and

measuring a second capacitance of the second sense element on a second pin of the

processing device

25

	

(Previously presented)

	

The method of claim 21, wherein the recognizing

compnses

determrmng a combination of the capacitance variations of the first number of two or

more sense elements, and

recognizing the activation using the determined combination

26

	

(Previously presented)

	

The method of claim 21 wherein the second number is

nine and wherein the recognizing comprises recognizing the activation of one of the nine

button areas using the determined capacitance vanations of the first number of two or more

sense elements

27

	

(Previously presented)

	

An apparatus comprising

a processing device coupled to a fast number of two or more sense elements of a

touch screen device, wherein the processing device is configured to determine capacitance

variations of the first number of two or more sense elements to detect a presence of a

conductive object on any one of a second number of three or more buttons areas of the touch

screen device, wherein the first number of sense elements rs less than the second number of

button areas, and wherein the processing device rs configured to recognize an activation of

one of the three or more button areas using the determined capacitance variations of the first

number of two or more sense elements

28

	

(Previously presented)

	

The apparatus of claim 27, wherein the first number is

two and the second number is three, and wherein the processing device is configured to

detect the presence of the conductive object at a first button area when the

capacitance variation of a first sense element rs greater than a reference value and the

1
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capacitance variation of a second sense element is not greater than the reference value,

detect the presence of the conductive object at a second button area when the

capacitance variation of the first sense element is not greater than the reference value and the

capacitance variation of the second sense element is greater than the reference value, and

detect the presence of the conductive object at a third button area when the

capacitance variation of the first sense element and the capacitance variation of the second

sense element are both greater than the reference value

29

	

(Previously presented)

	

The apparatus of claim 27 wherein the processing

device comprises

a capacitance sensing circuit, and

a selection circuit coupled to the capacitance sensing circuit and the first number of

two or more sense elements

30

	

(Previously presented)

	

The apparatus of claim 27 wherein the processing

device comprises

a first capacitance sensing circuit,

a second capacitance sensing cucuit and

a selection circuit coupled to the first number of two or more sense elements, the first

capacitance sensing circuit and a second capacitance sensing circuit wherein the selection

circuit is configured to selectively couple the capacitance sensing circuit to one of the fast

number of two or more sense elements and to selectively couple the second capacitance

sensing circuit to another one of the first number of two or more sense elements

31

	

(Previously presented)

	

The apparatus of claim 27, wherein the first number is

two and the second number is three, and wherein the processing device is configured to

detect a conductive object proximate to a first button area based on a first change in

capacitance of a first sense element,

detect the conductive object proximate to a second button area based on a first change

in capacitance of a second sense element and
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detect the conductive object proximate to a second button area based on a second

change in capacitance of the first sense element and a second change in capacitance of the

second sense element

32

	

(Previously presented) The apparatus of claim 27, wheiem the processing device

comprises one or more capacitance sensing circuits configured to measure capacitance of the

first number of two or more sense elements

33

	

(Previously presented) The apparatus of claim 32, wherein the one or more

capacitance sensing circuits comprises a relaxation oscillator configured to measure the

capacitance of the first number of two or more sense elements

34

	

(Previously presented)

	

The apparatus of claim 32, wherein the processing

device comprises

a first pin coupled to the one or more capacitance sensing circuits and

a second pint coupled to the one or more capacitance sensing circuits

35

	

(Previously presented)

	

The apparatus of claim 27, wherein the processing

device is configured to determine a combination of the capacitance variations of the first

number of two or more sense elements and to recognize the activation using the determined

combination

36 (Previously presented) The apparatus of claim 27, wherein the second number

is nine, and wherein the processing device is configured to recognize the activation of one of

the nine button areas using the determined capacitance variations of the first number of two

or more sense elements

37

	

(Previously presented)

	

A system comprising

a touch screen device comprising a first number of two or more sense elements and a

second number of three or more button areas, wherein the first number of sense elements is

less than the second number of button areas and

a processing device coupled to the touch screen device, wherein the processing

device is configured to determine capacitance variations of the two or more sense elements
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of the touch screen device and to recognize an activation of one of the three or more buttons

areas using the capacitance vanations of the two or more sense elements

38

	

(Previously presented)

	

The system of claim 37, wherein the first number is

two and the second number is three, and wherein the processing device is configured to

detect the presence of the conductive object at a first button area when the

capacitance variation of a first sense element is greater than a reference value and the

capacitance variation of a second sense element is not greater than the reference value

detect the presence of the conductive object at a second button area when the

capacitance variation of the first sense element is not greater than the reference value and the

capacitance variation of the second sense element is greater than the reference value, and

detect the presence of the conductive object at a third button area when the

capacitance variation of the first sense element and the capacitance vanation of the second

sense element are both greater than the reference value

39

	

(Previously presented)

	

The system of claim 37 wherein the processing device

is configured to

determine a combination of the capacitance variations of the two or more sense

elements and

recognize the activation using the determined combination

40 (Previously presented) The system of claim 37 wheiem the second number is

nine and wherein the processing device is configured to recognize the activation of one of

the nine button areas using the determined capacitance variations of the two or more sense

elements
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REMARKS

Applicants request reconsideration of this application in view of the following

remarks For the Examiner's convenience and reference, Applicants' remarks are presented

in substantially the same order in which the corresponding issues were raised in the Office

Action

Summary of the Office Action

The specification is objected to for mformahties

Claims 21-25 and 27 39 stand rejected on the ground of nonstatutory obviousness

type double patenting as being unpatentable over claims 1 5 11 and 15 18 of U S Patent

No 8,004,497

Response to Objection

Applicant respectfully submits that paragraph 001 has been amended as suggested by

the examiner Applicant appreciates the examiner's suggestion and requests that the

objection be withdrawn based on the amendment to the specification presented herein

Response to Double Patenting Rejection

Claims 21-25 and 27 39 stand rejected on the ground of nonstatutory obviousness-

type double patenting as being unpatentable over claims 1 5, 11, and 15-18 of U S Patent

No 8 004,497 Without admitting the validity of the obviousness-type double patenting

rejection, Applicant is submitting herewith the appropriate terminal disclaimer in compliance

with 37 C F R § 1 1321 to overcome the rejection of claims 21-25 and 27-39 Please note

that the Applicant submitted a Power of Attorney by facsimile November 8, 2012 indicating

the requestor have Power of Attorney Applicant intended to file the terminal disclaimer via

EFS E terminal disclaimer, but PAIR has not been updated to reflect the updated Power of

Attorney As such, Applicant submits herewith a paper terminal disclaimer
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RESERVATION OF RIGHTS

Applicants believe every assertion by the Office Action has been addressed however

in the interest of clanty and brevity, Applicants may not have asserted every available

argument for each assertion made in the Office Action Applicants reserve all rights not

exercised in connection with this response, such as the nght to challenge or rebut any tacit or

explicit charactenzation of any reference or of any of the present claims the nght to

challenge or rebut any asserted factual or legal basis of any of the rejections the nght to

swear behind any cited reference such as provided under 37 C F R § 1 131 or otherwise, or

the right to assert co-ownership of any cited reference Applicants do not admit that any of

the cited references or any othei references of record is relevant to the present claims, of that

they constitute prior art To the extent that any rejection or assertion is based upon the

Examiner's personal knowledge rather than any objective evidence of record as manifested

by a cited prior art reference Applicants timely object to such reliance on Official Notice,

and reserves all rights to request that the Examiner provide a reference or affidavit in support

of such assertion, as required by MPEP §2144 03 Applicants reserve all nghts to pursue any

canceled claims in a subsequent patent application claiming the benefit of pnonty of the

present patent application and to request rejoinder of any withdrawn claim as required by

MPEP §821 04
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CONCLUSION

It is respectfully submitted that in view of the amendments and remarks set forth

herein the rejections have been overcome If the Examiner believes a telephone interview

would expedite the prosecution of this application, the Examiner is invited to contact Larry

Johnson, by telephone at (408) 545 7194

Please charge any additional fees under 37 C F R §§ 1 16 1 17 1 18, 1 20 and 1 21

that may be required to maintain pendency of the present application or apply any credits to

our PTO deposit account number 501358

Respectfully submitted,

LOWENSTEIN SANDLER LLP

Date Nov 16 2012

	

/Kevin 0 Grange/
Kevin 0 Grange
Reg No 60,793

Customer No 60909
Lowenstein Sandler LLP
390 Lytton Avenue
Palo Alto, CA 94301
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REMARKS

Applicants request reconsideration of this application in view of the following

remaiks For the Examiner s convenience and reference, Applicants' remarks are presented

in substantially the same order in which the corresponding issues were raised in the Office

Action

Summary of the Office Action

The specification is objected to for informalities

Claims 21 25 and 27 39 stand rejected on the ground of nonstatutory obviousness

type double patenting as being unpatentable over claims 1-5 11, and 15 18 of U S Patent

No 8 004,497

Response to Objection

Applicant respectfully submits that paragraph 001 has been amended as suggested by

the examiner Applicant appreciates the examiner's suggestion and requests that the

objection be withdrawn based on the amendment to the specification presented herein

Response to Double Patenting Rejection

Claims 21 25 and 27 39 stand rejected on the ground of nonstatutory obviousness

type double patenting as being unpatentable over claims 1-5 11 and 15 18 of U S Patent

No 8,004,497 Without admitting the validity of the obviousness-type double patenting

rejection, Applicant is submitting herewith the appropriate terminal disclaimer in compliance

with 37 C F R § 1 1321 to overcome the rejection of claims 21-25 and 27 39 Please note

that the Applicant submitted a Power of Attorney by facsimile November 8 2012, indicating

the requestor have Power of Attorney Applicant intended to file the terminal disclaimer via

EFS E terminal disclaimer, but PAIR has not been updated to reflect the updated Power of

Attorney As such Applicant submits herewith a paper terminal disclaimer
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RESERVATION OF RIGHTS

Applicants believe every assertion by the Office Action has been addressed however

in the interest of clarity and brevity Applicants may not have asserted every available

argument for each assertion made in the Office Action Applicants reserve all nghts not

exercised in connection with this response such as the right to challenge or rebut any tacit or

explicit characterization of any reference or of any of the present claims the right to

challenge or rebut any asserted factual or legal basis of any of the rejections the right to

swear behind any cited reference such as provided under 37 C F R § 1 131 or otherwise, or

the right to assert co-ownership of any cited reference Applicants do not admit that any of

the cited references or any other references of record is relevant to the present claims, or that

they constitute prior art To the extent that any rejection or assertion is based upon the

Examiner's personal knowledge rather than any objective evidence of record as manifested

by a cited prior art reference Applicants timely object to such reliance on Official Notice

and reserves all rights to request that the Examiner provide a reference or affidavit in support

of such assertion, as required by MPEP §2144 03 Applicants reserve all rights to pursue any

canceled claims in a subsequent patent application claiming the benefit of priority of the

present patent application, and to request rejoinder of any withdrawn claim as required by

MPEP §821 04
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CONCLUSION

It is respectfully submitted that in view of the amendments and remarks set forth

herein the rejections have been overcome If the Examiner believes a telephone interview

would expedite the prosecution of this application, the Examiner is invited to contact Larry

Johnson by telephone at (408) 545-7194

Please charge any additional fees under 37 C F R §§ 1 16 1 17, 1 18 1 20 and 1 21

that may be required to maintain pendency of the present application, or apply any credits to

our PTO deposit account number 501358

Respectfully submitted

LOWENSTEIN SANDLER LLP

Date Nov 16 2012

	

/Kevin 0 Grange/
Kevin 0 Grange
Reg No 60 793

Customer No 60909
Lowenstein Sandler LLP
390 Lytton Avenue
Palo Alto, CA 94301
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REMARKS

Applicants request reconsideration of this application in view of the following

remarks For the Examiner's convenience and reference, Applicants remarks are presented

in substantially the same order in which the corresponding Issues were raised in the Office

Action

Summary of the Office Action

The specification Is objected to for Informalities

Claims 21-25 and 27 39 stand rejected on the ground of nonstatutory obviousness

type double patenting as being unpatentable over claims 1 5 11, and 15-18 of U S Patent

No 8 004,497

Response to Objection

Applicant respectfully submits that paragraph 001 has been amended as suggested by

the examiner Applicant appreciates the examiner s suggestion and requests that the

objection be withdrawn based on the amendment to the specification presented hetetn

Response to Double Patenting Rejection

Claims 21-25 and 27 39 stand rejected on the ground of nonstatutory obviousness

type double patenting as being unpatentable over claims 1 5, 11 and 15-18 of U S Patent

No 8,004,497 Without admitting the validity of the obviousness type double patenting

rejection Applicant is submitting herewith the appropnate terminal disclaimer in compliance

with 37 C F R § 1 1321 to overcome the rejection of claims 21-25 and 27-39 Please note

that the Applicant submitted a Power of Attorney by facsimile November 8 2012 indicating

the requestor have Power of Attorney Applicant intended to file the terminal disclaimer via

EFS E terminal disclaimer but PAIR has not been updated to reflect the updated Powei of

Attorney As such Applicant submits herewith a paper terminal disclaimer
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RESERVATION OF RIGHTS

Applicants believe every assertion by the Office Action has been addressed, however

in the interest of clanty and brevity Applicants may not have asserted every available

argument for each assertion made in the Office Action Applicants reserve all nghts not

exercised in connection with this response such as the nght to challenge or rebut any tacit or

explicit charactenzation of any reference or of any of the present claims the nght to

challenge or rebut any asserted factual or legal basis of any of the rejections the nght to

swear behind any cited reference such as provided under 37 C F R § 1 131 or otherwise, or

the right to assert co ownership of any cited reference Applicants do not admit that any of

the cited references or any other references of record is relevant to the present claims or that

they constitute prior art To the extent that any rejection or assertion is based upon the

Exarmner's personal knowledge, rather than any objective evidence of record as manifested

by a cited prior art reference, Applicants timely object to such reliance on Official Notice

and reserves all rights to request that the Examiner provide a reference or affidavit in support

of such assertion, as required by MPEP §2144 03 Applicants reserve all rights to pursue any

canceled claims rn a subsequent patent application claiming the benefit of pnonty of the

present patent application, and to request rejoinder of any withdrawn claim as required by

MPEP §821 04
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CONCLUSION

It is respectfully submitted that in view of the amendments and remarks set forth

herein the 'ejections have been overcome If the Examiner believes a telephone interview

would expedite the prosecution of this application the Examiner is invited to contact Larry

Johnson by telephone at (408) 545 7194

Please charge any additional fees under 37 C F R §§ 1 16 1 17, 1 18 1 20 and 1 21

that may be required to maintain pendency of the present application, or apply any credits to

our PTO deposit account number 501358

Respectfully submitted,

LOWENSTEIN SANDLER LLP

Date Nov 16 2012

	

/Kevin 0 Grange/
Kevin 0 Grange
Reg No 60,793

Customer No 60909
Lowenstein Sandler LLP
390 Lytton Avenue
Palo Alto CA 94301
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PTO/SB/26 (08 11)
Approved for use through 07/31/2012 OMB 0651 0031

U S Patent and Trademark Office U S DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995 no persons are required to respond to a collection of information unless it displays a valid OMB control number

TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING
REJECTION OVER A "PRIOR" PATENT

Docket Number (Optional)

CD06039C2

In re Application of Jiang XiaoPing

Application No 13/442 716

Filed April 9 2012

For APPARATUS AND METHODS FOR DETECTING A CONDUCTIVE OBJECT AT A LOCATION

The owner CYPRESS SEMICONDUCTOR CORPORATION  of 	 ion	 percent interest in the instant application hereby disclaims
except as provided below the terminal part of the statutory term of any patent granted on the instant application which would extend beyond
the expiration date of the full statutory term of prior patent No 8,004,497	 as the term of said prior patent is presently shortened
by any terminal disclaimer The owner hereby agrees that any patent so granted on the instant application shall be enforceable only for and
during such period that it and the prior patent are commonly owned This agreement runs with any patent granted on the instant application
and is binding upon the grantee its successors or assigns

In making the above disclaimer the owner does not disclaim the terminal part of the term of any patent granted on the instant application that
would extend to the expiration date of the full statutory term of the prior patent as the term of said prior patent is presently shortened by any
terminal disclaimer in the event that said prior patent later

expires for failure to pay a maintenance fee
is held unenforceable
is found invalid by a court of competent jurisdiction
is statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1 321
has all claims canceled by a reexamination certificate
is reissued or
is in any manner terminated prior to the expiration of its full statutory term as presently shortened by any terminal disclaimer

Check either box 1 or 2 below if appropriate

1

	

For submissions on behalf of a business/organization (e g corporation partnership university government agency
etc) the undersigned is empowered to act on behalf of the business/organization

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and
belief are believed to be true and further that these statements were made with the knowledge that willful false statements and the like so
made are punishable by fine or imprisonment or both under Section 1001 of Title 18 of the United States Code and that such willful false
statements may jeopardize the validity of the application or any patent issued thereon

The undersigned is an attorney or agent of record Reg No	 60 793

	/Kevin O Grange/	 November 16 2012
Signature

	

Date

	 Kevin 0 Grange
Typed or pnnted name

	(650) 433 5800
Telephone Number

Terminal disclaimer fee under 37 CFR 1 20(d) included

WARNING Information on this form may become public Credit card information should not
be included on this form Provide credit card information and authorization on PTO 2038

Statement under 37 CFR 3 73(b) is required if terminal disclaimer is signed by the assignee (owner)
Form PTO/SB/96 may be used for making this certification See MPEP § 324

2 151

This collection of information is required by 37 CFR 1 321 The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO
to process) an application Confidentiality is governed by 35 U S C 122 and 37 CFR 1 11 and 1 14 This collection is estimated to take 12 minutes to complete
including gathering preparing and submitting the completed application form to the USPTO Time will vary depending upon the individual case Any comments
on the amount of time you require to complete this form and/or suggestions for reducing this bu rden should be sent to the Chief Information Officer U S Patent
and Trademark Office U S Department of Commerce P O Box 1450 Alexandria VA 22313 1450 DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS SEND TO Commissioner for Patents P 0 Box 1450 Alexandna VA 22313 1450

If you need assistance in completing the form call 1 800 PTO 9199 and select option 2
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Privacy Act Statement

The Privacy Act of 1974 (P L 93 579) requires that you be given certain information in connection
with your submission of the attached form related to a patent application or patent Accordingly
pursuant to the requirements of the Act please be advised that (1) the general authority for the
collection of this information is 35 U S C 2(b)(2) (2) furnishing of the information solicited is voluntary
and (3) the principal purpose for which the information is used by the U S Patent and Trademark
Office is to process and/or examine your submission related to a patent application or patent If you do
not furnish the requested information the U S Patent and Trademark Office may not be able to
process and/or examine your submission which may result in termination of proceedings or
abandonment of the application or expiration of the patent

The information provided by you in this form will be subject to the following routine uses

1

	

The information on this form will be treated confidentially to the extent allowed under the
Freedom of Information Act (5 U S C 552) and the Privacy Act (5 U S C 552a) Records from
this system of records may be disclosed to the Department of Justice to determine whether
disclosure of these records is required by the Freedom of Information Act

2 A record from this system of records may be disclosed as a routine use in the course of
presenting evidence to a court magistrate or administrative tribunal including disclosures to
opposing counsel in the course of settlement negotiations

3 A record in this system of records may be disclosed as a routine use to a Member of
Congress submitting a request involving an individual to whom the record pertains when the
individual has requested assistance from the Member with respect to the subject matter of the
record

4 A record in this system of records may be disclosed as a routine use to a contractor of the
Agency having need for the information in order to perform a contract Recipients of
information shall be required to comply with the requirements of the Pnvacy Act of 1974 as
amended pursuant to 5 U S C 552a(m)

5 A record related to an International Application filed under the Patent Cooperation Treaty in
this system of records may be disclosed as a routine use to the International Bureau of the
World Intellectual Property Organization pursuant to the Patent Cooperation Treaty

6 A record in this system of records may be disclosed as a routine use to another federal
agency for purposes of National Security review (35 U S C 181) and for review pursuant to
the Atomic Energy Act (42 U S C 218(c))

7 A record from this system of records may be disclosed as a routine use to the Administrator
General Services or his/her designee during an inspection of records conducted by GSA as
part of that agency s responsibility to recommend improvements in records management
practices and programs under authority of 44 U S C 2904 and 2906 Such disclosure shall
be made in accordance with the GSA regulations governing inspection of records for this
purpose and any other relevant (1 e GSA or Commerce) directive Such disclosure shall not
be used to make determinations about individuals

8 A record from this system of records may be disclosed as a routine use to the public after
either publication of the application pursuant to 35 U S C 122(b) or issuance of a patent
pursuant to 35 U S C 151 Further a record may be disclosed subject to the limitations of 37
CFR 1 14 as a routine use to the public if the record was filed in an application which
became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application an application open to public inspection or an
issued patent

9 A record from this system of records may be disclosed as a routine use to a Federal State
or local law enforcement agency if the USPTO becomes aware of a violation or potential
violation of law or regulation
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Electronic Patent Application Fee Transmittal

Application Number 13442716

Filing Date 09 Apr 2012

Title of Invention
APPARATUS AND METHODS FOR DETECTING A CONDUCTIVE OBJECT AT A

LOCATION

First Named Inventor/Applicant Name Jiang XIAOPING

Filer Kevin Grange/Kitty Yuen

Attorney Docket Number CD06039C2

Filed as Large Entity

Utility under 35 USC 111(a) Filing Fees
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Basic Filing

Pages

Claims

Miscellaneous Filing

Petition

Patent Appeals and Interference
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Statutory or terminal disclaimer 1814 1 160 160
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NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is In response to the Power of Attorney filed 11/08/2012

The Power of Attorney in this application is accepted Correspondence in this application will be mailed to the
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POWER OF ATTORNEY NOTICE
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Date Mailed 11/30/2012

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY

This is In response to the Power of Attorney filed 11/08/2012

The Power of Attorney to you in this application has been revoked by the assignee who has intervened as
provided by 37 CFR 3 71 Future correspondence will be mailed to the new address of record(37 CFR 1 33)
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Office of Data Management Application Assistance Unit (571) 272 4000 or (571) 272 4200 or 1 888 786 0101
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Transaction History Date 30 1- I
Date informatio n retrieved from USPIO Patent

Application Information Retrieval (PAIR)
system records at www uspto gov

Notice of Allowability

Application No

13/442 716
Examiner

Applicant(s)

XIAOPING JIANG
Art Unit

BENYAM KETEMA

	

2696

The MAILING DATE of this communication appears on the cover sheet with the correspondence address
All claims being allowable PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application If not included
herewith (or previously mailed) a Notice of Allowance (PTOL 85) or other appropriate communication will be mailed in due course THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant See 37 CFR 1 313 and MPEP 1308

1 ® This communication is responsive to 11/16/2012

2 q An election was made by the applicant in response to a restriction requirement set forth during the interview on
requirement and election have been incorporated into this action

3 ® The allowed claim(s) is/are 21 40 As a result of the allowed claim(s) you may be eligible to benefit from the Patent P
Highway program at a participating intellectual property office for the corresponding application For more information
http /www uspto go //patents alit events ppb/index Isp or send an inquiry to PPHfeedbackCiSuspto aov

4 q Acknowledgment is made of a claim for foreign priority under 35 U S C § 119(a) (d) or (f)

a) q All

	

b) q Some c) q None of the

1 q Certified copies of the priority documents have been received

2 q Certified copies of the priority documents have been received in Application No

3 q Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17 2(a))

Certified copies not received

Applicant has THREE MONTHS FROM THE MAILING DATE of this communication to file a reply complying with the req
noted below Failure to timely comply will result in ABANDONMENT of this application
THIS THREE MONTH PERIOD IS NOT EXTENDABLE

5 q CORRECTED DRAWINGS ( as replacement sheets ) must be submitted

q including changes required by the attached Examiners Amendment / Comment or in the Office action of
Paper No /Mail Date

Identifying indicia such as the application number (see 37 CFR 1 84(c)) should be written on the drawings in the front (not the
each sheet Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1 121(d)

6 q DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted Note the
attached Examiners comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL

Attachment(s)
1 ® Notice of References Cited (PTO 892)

	

5 q Examiners Amendment/Comment

2 q Information Disclosure Statements (PTO/SB/08)

	

6 ® Examiners Statement of Reasons for Allo
Paper No /Mail Date

3 q Examiners Comment Regarding Requirement for Deposit

	

7 q Other
of Biological Material

4 q Interview Summary (PTO 413)
Paper No /Mail Date

/B K /
Examiner Art Unit 2696

the restriction

rosecution
please see

uirements

back) of

ante

U S Patent and Trademark OHice
PTOL 37 (Rev 09 12) Notice of Allowability Part of Paper No /Mail Dale 20121 '12
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Page 2

Art Unit 2696

DETAILED ACTION

1

	

Claims 21 40 are presented for examination and are allowed

Terminal Disclaimer

2

	

The terminal disclaimer filed on November 16, 2012 disclaiming the terminal

portion of any patent granted on this application which would extend beyond the

expiration date of prior patent No 8,004,497 has been reviewed and is accepted The

terminal disclaimer has been recorded

Specification

3

	

The substitute specification filed November 16, 2012 has been reviewed and

entered

Examiner's Statement of Reasons for Allowance

3

	

The following is an examiners statement of reasons for allowance The prior art

of record fails to disclose the claimed invention The features of independent claims

directed towards allowable subject matter is determining capacitance vanations of a

first number of two or more sense elements of a touch screen device using a

processing device to detect a presence of a conductive object on anyone of a second

number of three or more button areas of the touch screen device, wherein the first

number of sense elements is less than the second number of button areas, and
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Art Unit 2696

recognizing an activation of one of the three or more button areas using the determined

capacitance variations of the first number of two or more sense elements" Tsulioka et

al (US Pat NO 5,518,078) discloses that the presence of users finger (i e conductive

object) is detected by sensing device (col 9 10), the sensing device comprising at

least two sensing areas each coupled to a capacitance measurement input (fig 5 & 6)

wherein the user can perform multiple input operation using his/her finger or pen as it is

clearly shown in fig 5 in order to perform an input operation But Tsuiioka et al fails to

disclose the first number of sense elements is less than the second number of button

areas, and recognizing an activation of one of the three or more button areas using the

determined capacitance variations of the first number of two or more sense elements

Therefore, these features in combination with the remaining language of the claims are

not taught by the prior arts of record Therefore claims 21 40 are found to be allowable

over the prior art of record

Any comments considered necessary by applicant must be submitted no later

than the payment of the issue fee and, to avoid processing delays, should preferably

accompany the issue fee Such submissions should be clearly labeled Comments on

Statement of Reasons for Allowance '
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Conclusion

4

	

Any inquiry concerning this communication or earlier communications from the

examiner should be directed to BENYAM KETEMA whose telephone number is

(571)270-7224 The examiner can normally be reached on Monday- Friday 8 OOAM -

5 OOPM

If attempts to reach the examiner by telephone are unsuccessful, the examiner s

supervisor, Shalwala Bipin H can be reached on 571-272-7681 The fax phone number

for the organization where this application or proceeding is assigned is 571 273

8300 Information regarding the status of an application may be obtained from the Patent

Application Information Retrieval (PAIR) system Status information for published

applications may be obtained from either Private PAIR or Public PAIR Status

information for unpublished applications is available through Private PAIR only For

more information about the PAIR system, see http //pair-direct uspto gov Should you

have questions on access to the Private PAIR system, contact the Electronic Business

Center (EBC) at 866 217-9197 (toll-free) If you would like assistance from a USPTO

Customer Service Representative or access to the automated information system, call

800-786 9199 (IN USA OR CANADA) or 571-272 1000
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/B K /

Examiner, Art Unit 2696

/Bipin Shalwala/

Supervisory Patent Examiner Art Unit 2696
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UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Add es COMMISSIONER FOR PATENTS

POB 1450
Al and a, Vogus 22313 1450
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NOTICE OF ALLOWANCE AND FEE(S) DUE

60909

	

7590

	

12121/2012

CYPRESS SEMICONDUCTOR CORPORATION
198 CHAMPION COURT
SAN JOSE CA 95134 1709

EXAMINER

KETEMA BENYAM

ART UNIT

	

PAPER NUMBER

2696

DATE MAILED 12/21/2012

APPLICATION NO

	

FILING DATE

	

FIRST NAMED INVENTOR

	

ATTORNEY DOCKET NO

	

CONFIRMATION NO

13/442 716

	

04/09/2012

	

Jiang XIAOPING

	

CD06039C2

	

6333

TITLE OF INVENTION APPARATUS AND METHODS FOR DETECTING A CONDUCTIVE OBJECT AT A LOCATION

APPLN TYPE

	

SMALL ENTITY

	

ISSUE FEE DUE

	

I PUBLICATION FEE DUE PREV PAID ISSUE FEE I TOTAL FEE(S) DUE

	

DATE DUE

nonprovislonat

	

NO

	

$1770

	

$0

	

$0

	

$1770

	

03/21/2013

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT
PROSECUTION ON THE MERITS IS CLOSED THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT SEE 37 CFR 1313 AND MPEP 1308

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED THIS
STATUTORYPERIODCANNOTBE EXTENDED SEE 35 U S C 151 THE ISSUE FEE I)UE INDICATED ABOVE DOES
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION IF AN ISSUE FEE HAS
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW
DUE

HOW TO REPLY TO THIS NOTICE

I Review the SMALL ENTITY status shown above

If the SMALL ENTITY is shown as YES verify your current
SMALL ENTITY status

A If the status is the same pay the TOTAL FEE(S) DUE shown
above

B If the status above is to be removed check box 5b on Part B
Fee(s) Transmittal and pay the PUBLICATION FEE (if required)
and twice the amount of the ISSUE FEE shown above or

If the SMALL ENTITY is shown as NO

A Pay TOTAL FEE(S) DUE shown above or

B If applicant claimed SMALL ENTITY status before or is now
claiming SMALL ENTITY status check box 5a on Part B Fee(s)
Transmittal and pay the PUBLICATION FEE (if required) and 1/2
the ISSUE FEE shown above

II PART B FEE(S) TRANSMITTAL or its equivalent must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required) If you are charging the fee(s) to your deposit account section 4b
of Part B Fee(s) Transmittal should be completed and an extra copy of the form should be submitted If an equivalent of Part B is filed a
request to reapply a previously paid issue fee must be clearly made and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B

III All communications regarding this application must give the application number Please direct all communications prior to issuance to
Mail Stop ISSUE FEE unless advised to the contrary

IMPORTANT REMINDER Utility patents issuing on applications filed on or after Dec 12, 1980 may require payment of
maintenance fees It is patentee's responsibility to ensure timely payment of maintenance fees when due

Page 1 of 3
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PART B FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to Mail Mad Stop ISSUE FEE
Commissioner for Patents
P O Box 1450
Alexandria, Virginia 22313 1450

or Fax (571) 273 2885

INSTRUCTIONS This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (If required) Blocks 1 through 5 should be completed where
appropriate All further correspondence including the Patent advance orders and notification of maintenance fees will be mailed to the current correspondence address as
indicated unless corrected below or directed otherwise in Block 1 by (a) specifying a new correspondence address and/or (b) indicating a separate FEE ADDRESS for
maintenance fee notifications

CURRENT CORRESPONDENCE ADDRESS (N t Use B1

	

k 1 f

	

any hang

	

f

	

IAr

	

) Note A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal This certificate cannot be used for any other accompanying
papers Each additional paper such as an assignment or formal drawing must
have its own certificate of mailing or transmission

60909

	

7590

	

12/21/2012

CYPRESS SEMICONDUCTOR CORPORATION Certificate of Mailing or Transmission
198 CHAMPION COURT

I hereby certify that this Fee(s) Transmittal is being deposited with the United
States Postal Service with sufficient postage for first class mall in an envelope

SAN JOSE CA 95134 1709 addressed to the Mail Stop ISSUE FEE address above or being facsimile
transmitted to the USPTO (571) 273 2885 on the date indicated below

(D pos i

	

mu )

APPLICATION NO

	

FILING DATE

	

FIRST NAMED INVENTOR

	

ATTORNEY DOCKET NO

	

CONFIRMATION NO 1

13/442 716

	

04/09/2012

	

Jiang XIAOPING

	

CD06039C2

	

6333

TITLE OF INVENTION APPARATUS AND METHODS FOR DETECTING A CONDUCTIVE OBJECT AT A LOCATION

APPLN TYPE

	

SMALL ENTITY

	

ISSUE FEE DUE

	

PUBLICATION FEE DUE PREV PAID ISSUE FEE TOTAL FEE(S) DUE

	

DATE DUE

nonprovisional

	

NO

	

$1770

	

$0

	

$0

	

$1770

	

03/21/2013

EXAMINER

	

ART UNIT

	

CLASS SUBCLASS

KETEMA BENYAM

	

2696

	

345 173000

1 Change of correspondence address or indication of Fee Address (37
CFR 1 363)

q Change of correspondence address (or Change of Correspondence
Address form PTO/SB/122) attached

q Fee Address indication (or Fee Address Indication form
PfO/SB/47 Rev 03 02 or more recent) attached Use of a Customer
Number is required

2 For printing on the patent front page list
(I) the names of up to 3 registered patent attorneys
or agents OR alternatively
(2) the name of a single firm (having as a member a
registered attorney or agent) and the names of up to
2 registered patent attorneys or agents If no name is
listed no name will be printed

1

2

3

3 ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)
PLEASE NOTE Unless an assignee is identified below no assignee data will appear on the patent If an assignee is identified below the document has been filed for
recordation as set forth to 37 CFR 3 11 Completion of this form is NOT a substitute for filing an assignment

(A) NAME OF ASSIGNEE

	

(B) RESIDENCE (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categones (will not he punted on the patent)

	

q Individual q Corporation or other private group entity q Government

4a The following fce(s) are submitted

	

4b Payment of Fee(s) (Please first reapply any previously paid Issue fee shown above)
q Issue Fee q A check is enclosed
q Publication Fee (No small entity discount permitted) q Payment by credit card Form PTO 2038 is attached
q

		

Advance Order # of Copies q The Director is hereby authorized to charge the required fee(s) any deficiency or credit any
overpayment to Deposit Account Number 	 (enclose an extra copy of this form)

5 Change in Entity Status (from status Indicated above)
q a Applicant claims SMALL ENTITY status See 37 CFR 1 27 q b Applicant is no longer claiming SMALL ENTITY status See 37 CFR 1 27(g)(2)

NOTE, The Issue Fee and Publication Fee (If required) will not be accepted from anyone other than the applicant a registered attorney or agent or the assignee or other party in
interest as shown by the records of the United States Patent and Trademark Office

Authorized Signature

	

Date

Typed or printed name 	 	 Registration No ,

This collection of information is required by 37 CFR 1 311 The information Is required to obtain or retain a benefit by the public which Is to file (and by the USPTO to process)
an application Confidentiality is governed by 35 U S C 122 and 37 CFR 1 14 This collection is estimated to take 12 minutes to complete Including gathenng preparing and
submitting the completed application form to the USPTO Time will vary depending upon the Individual case Any comments on the amount of time you require to complete
this form and/or suggestions for reducing this burden should be sent to the Chief Information Officer U S Patent and Trademark Office U S Department of Commerce P O
Box 1450 Alexandria Virginia 22313 1450 DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS SEND TO Commissioner for Patents P O Box 1450
Alexandna Virginia 22313 1450
Under the Paperwork Reduction Act of 1995 no persons are required to respond to a collection of Information unless It displays a valid OMB control number

PTOL 85 (Rev 02/11) Approved for use through 08/31/2013

	

OMB 0651 0033

	

U S Patent and Trademark Office U S DEPARTMENT OF COMMERCE
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UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTMENT OF COMMERCE
Umted States Patent and Trademark Office
Addres COMMISSIONER FOR PATENTS

P 0 B

	

1450
Al

	

andna, V g m 22313
www

	

Pl g
1450

FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO CONFIRMATION NO

04/09/2012 Slang XIAOPING CD06039C2 633313/442 716

APPLICATION NO

60909

	

7590

	

12/21/2012

CYPRESS SEMICONDUCTOR CORPORATION
198 CHAMPION COURT
SAN JOSE CA 95134 1709

EXAMINER

KETEMA BENYAM

ART UNIT

	

PAPER NUMBER

2696

DATE MAILED 12/21/2012

Determination of Patent Term Adjustment under 35 U S C 154 (b)
(application filed on or after May 29, 2000)

The Patent Telm Adjustment to date is 0 day(s) If the issue fee is paid on the date that is three months after the
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half
months) after the mailing date of this notice, the Patent Term Adjustment will be 0 day(s)

If a Continued Prosecution Application (CPA) was filed in the above-identified application the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval
(PAIR) WEB site (http //pair uspto gov)

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702 Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1 (888) 786 0101 or (571)-272 4200

Page 3 of 3
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Privacy Act Statement

The Privacy Act of 1974 (P L 93 579) requires that you be given certain information in connection with
your submission of the attached form related to a patent application or patent Accordingly pursuant to
the requirements of the Act please be advised that (1) the general authonty for the collection of this
information is 35 U S C 2(b)(2) (2) furnishing of the information solicited is voluntary and (3) the
principal purpose for which the information is used by the U S Patent and Trademark Office is to process
and/or examine your submission related to a patent application or patent If you do not furnish the
requested information the U S Patent and Trademark Office may not be able to process and/or examine
your submission which may result in termination of proceedings or abandonment of the application or
expiration of the patent

The information provided by you in this form will be subject to the following routine uses

1 The information on this form will be treated confidentially to the extent allowed under the Freedom
of Information Act (5 U S C 552) and the Privacy Act (5 U S C 552a) Records from this system of
records may be disclosed to the Department of Justice to determine whether disclosure of these
records is required by the Freedom of Information Act

2 A record from this system of records may be disclosed as a routine use in the course of presenting
evidence to a court magistrate or administrative tribunal including disclosures to opposing counsel
in the course of settlement negotiations

3 A record in this system of records may be disclosed as a routine use to a Member of Congress
submitting a request involving an individual to whom the record pertains when the individual has
requested assistance from the Member with respect to the subject matter of the record

4 A record in this system of records may be disclosed as a routine use to a contractor of the Agency
having need for the information in order to perform a contract Recipients of information shall be
required to comply with the requirements of the Privacy Act of 1974 as amended pursuant to 5
USC 552a(m)

5 A record related to an International Application filed under the Patent Cooperation Treaty in this
system of records may be disclosed as a routine use to the International Bureau of the World
Intellectual Property Organization pursuant to the Patent Cooperation Treaty

6 A record in this system of records may be disclosed as a routine use to another federal agency for
purposes of National Secunty review (35 U S C 181) and for review pursuant to the Atomic Energy
Act (42 U S C 218(c))

7 A record from this system of records may be disclosed as a routine use to the Administrator
General Services or his/her designee during an inspection of records conducted by GSA as part of
that agency s responsibility to recommend improvements in records management practices and
programs under authority of 44 U S C 2904 and 2906 Such disclosure shall be made in accordance
with the GSA regulations governing inspection of records for this purpose and any other relevant
(i e GSA or Commerce) directive Such disclosure shall not be used to make determinations about
individuals

8 A record from this system of records may be disclosed as a routine use to the public after either
publication of the application pursuant to 35 U S C 122(b) or issuance of a patent pursuant to 35
U S C 151 Further a record may be disclosed subject to the limitations of 37 CFR 1 14 as a
routine use to the public if the record was filed in an application which became abandoned or in
which the proceedings were terminated and which application is referenced by either a published
application an application open to public inspection or an issued patent

9 A record from this system of records may be disclosed as a routine use to a Federal State or local
law enforcement agency if the USPTO becomes aware of a violation or potential violation of law or
regulation
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UNITED STATES PATENT AND TRADEMARK OFFICE
UNITFU STATFS DFPARTMFNT OF COMMFRCF
United States Patent and Trademark Office
Adm COMMISSIONER FOR PATENTS

P B 1450
N endr~a Vi,g,u 2 313 1430
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APPLICATION

	

FILING
1c) DATE

	

GRN ART
NUMBER

	

37

	

T

	

FIL FEE REC D ATTY DOCKET NO

	

ITOT CLAIMS I IND CLAIMS

1380 CD06039C204/09/201213/442 716 2696

60909
CYPRESS SEMICONDUCTOR CORPORATION
198 CHAMPION COURT
SAN JOSE CA 95134 1709

20

	

3
CONFIRMATION NO 6333

CORRECTED FILING RECEIPT

111111111 111111111 REMIERM! 111111111111111

Date Mailed 01/08/2013

Receipt is acknowledged of this non provisional patent application The application will be taken up for examination
in due course Applicant will be notified as to the results of the examination Any correspondence concerning the
application must include the following identification information the U S APPLICATION NUMBER FILING DATE
NAME OF APPLICANT and TITLE OF INVENTION Fees transmitted by check or draft are subject to collection
Please verify the accuracy of the data presented on this receipt If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction Please provide a copy of this Filing Receipt with the
changes noted thereon If you received a Notice to File Missing Parts for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)
Jiang XIAOPING Shanghai CHINA

Applicant(s)
Jiang XIAOPING Shanghai CHINA

Assignment For Published Patent Application
CYPRESS SEMICONDUCTOR CORPORATION San Jose CA

Power of Attorney The patent practitioners associated with Customer Number 60909

Domestic Priority data as claimed by applicant
This application is a CON of 13/204 543 08/05/2011 PAT 8174507
which is a CON of 11/437 517 05/18/2006 PAT 8004497

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO Please see http //www uspto coy for more information) None
Foreign application Information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority See 37 CFR 1 55 and 1 76

If Required, Foreign Filing License Granted 04/20/2012

The country code and number of your priority application to be used for filing abroad under the Paris Convention
is US 13/442,716

Projected Publication Date Request for Non Publication Acknowledged

Non Publication Request Yes

Early Publication Request No
page 1 of 3
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Title

APPARATUS AND METHODS FOR DETECTING A CONDUCTIVE OBJECT AT A LOCATION

Preliminary Class

345

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U S patent extend only throughout the territory of the United States and have no
effect in a foreign country an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT) An international (PCT) application generally has the same
effect as a regular national patent application in each PCT member country The PCT process simplifies the filing
of patent applications on the same invention in member countries but does not result in a grant of an international
patent and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired

Almost every country has its own patent law and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws Since the laws of many countries differ
in various respects from the patent law of the United States applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely

Applicants also are advised that in the case of inventions made in the United States the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country The filing of a U S patent application
serves as a request for a foreign filing license The applications filing receipt contains further information and
guidance as to the status of applicants license for foreign filing

Applicants may wish to consult the USPTO booklet General Information Concerning Patents (specifically the
section entitled Treaties and Foreign Patents ) for more information on timeframes and deadlines for filing foreign
patent applications The guide is available either by contacting the USPTO Contact Center at 800 786 9199 or it
can be viewed on the USPTO website at http //www uspto gov/web/offices/pac/doc/general/index html

For information on preventing theft of your intellectual property (patents trademarks and copyrights) you may wish
to consult the U S Government website http //www stopfakes gov Part of a Department of Commerce initiative
this website includes self help toolkits giving innovators guidance on how to protect intellectual property in specific
countries such as China Korea and Mexico For questions regarding patent enforcement issues applicants may
call the U S Government hotline at 1 866 999 HALT (1 866 999 4158)

LICENSE FOR FOREIGN FILING UNDER

Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 511 & 515

GRANTED

The applicant has been granted a license under 35 U S C 184 if the phrase IF REQUIRED FOREIGN FILING
LICENSE GRANTED followed by a date appears on this form Such licenses are issued in all applications where
the conditions for issuance of a license have been met regardless of whether or not a license may be required as

page 2 of 3

CY00002136



set forth in 37 CFR 5 15 The scope and limitations of this license are set forth in 37 CFR 5 15(a) unless an earlier
license has been issued under 37 CFR 5 15(b) The license is subject to revocation upon written notification The
date indicated is the effective date of the license unless an earlier license of similar scope has been granted under
37 CFR 5 13 or 5 14

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked This license is automatically transferred to any related applications(s) filed under 37 CFR 1 53(d) This
license is not retroactive

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data Licensees should apprise themselves of current regulations especially with
respect to certain countries of other agencies particularly the Office of Defense Trade Controls Department of
State (with respect to Arms Munitions and Implements of War (22 CFR 121 128)) the Bureau of Industry and
Security Department of Commerce (15 CFR parts 730 774) the Office of Foreign AssetsControl Department of
Treasury (31 CFR Parts 500+) and the Department of Energy

NOT GRANTED

No license under 35 U S C 184 has been granted at this time if the phrase IF REQUIRED FOREIGN FILING
LICENSE GRANTED DOES NOT appear on this form Applicant may still petition for a license under 37 CFR 5 12
if a license is desired before the expiration of 6 months from the filing date of the application If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U S C 181 the licensee may foreign file the application pursuant to 37 CFR 5 15(b)

SelectUSA

The United States represents the largest most dynamic marketplace in the world and is an unparalleled location for
business investment innovation and commercialization of new technologies The U S offers tremendous resources
and advantages for those who invest and manufacture goods here Through SelectUSA our nation works to
promote and facilitate business investment SelectUSA provides information assistance to the international investor
community serves as an ombudsman for existing and potential investors advocates on behalf of U S cities states
and regions competing for global investment and counsels U S economic development organizations on investment
attraction best practices To learn more about why the United States is the best country in the world to develop
technology manufacture products deliver services and grow your business visit http //www SelectUSA gov or call
+1 202 482 6800

page 3 of 3
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Electronic Acknowledgement Receipt

EFS ID 14709341

Application Number 13442716

International Application Number

Confirmation Number 6333

Title of Invention
APPARATUS AND METHODS FOR DETECTING A CONDUCTIVE OBJECT AT A
LOCATION

First Named Inventor/Applicant Name Jiang XIAOPING

Customer Number 60909

Filer Larry Joel Johnson/Lauren Navarro

Filer Authorized By Larry Joel Johnson

Attorney Docket Number CD06039C2

Receipt Date 15 JAN 2013

Filing Date 09 APR 2012

Time Stamp 21 54 19

Application Type Utility under 35 USC 111(a)

Payment information

Submitted with Payment yes

Payment Type Deposit Account

Payment was successfully received in RAM $930

RAM confirmation Number 7335

Deposit Account 503781

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows

Charge any Additional Fees required under 37 C F R Section 1 16 (National application filing search and examination fees)

Charge any Additional Fees required under 37 C F R Section 1 17 (Patent application and reexamination processing fees)
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Charge any Additional Fees required under 37 C F R Section 1 19 (Document supply fees)

Charge any Additional Fees required under 37 C F R Section 1 20 (Post Issuance fees)

Charge any Additional Fees required under 37 C F R Section 1 21 (Miscellaneous fees and charges)

File Listing

Document
Number

Document Description File Name
File Size(Bytes)/
Message Digest

Multi
Part / zip

Pages
(if appl )

1 Transmittal Letter
CD06039C2_TransmittalLetter_

01152013 pdf

28720
no 2

66

	

59075718 .8 0636(038970.9 7629
90686

Warnings

Information

2
Information Disclosure Statement (IDS)

Form (5608)
CD06039C2_IDSform_0115201

3 pdf

611592
no 4

06866 23 703d 009369992 65166 275
(6906

Warnings

Information

A U S Patent Number Citation or a U S Publication Number Citation is required in the Information Disclosure Statement (IDS) form for
autoloading of data into USPTO systems You may remove the form to add the required data in order to correct the Informational Message if
you are citing U S References If you chose not to include U S References the image of the form will be processed and be made available
within the Image File Wrapper (IFW) system However no data will be extracted from this form Any additional data such as Foreign Patent
Documents or Non Patent Literature will be manually reviewed and keyed into USPTO systems

3
Request for Continued Examination

(RCE)
CD06039C2_RCE_01152013 pdf

699509
no 3

2931165303924 7 854f1176f81e6d7 035
608

Warnings

Information

4 Non Patent Literature CD06039_NonfinalOA_080520
09 pdf

308482
no 9

814(6 5488 1793410343877004783885
d

	

fd

Warnings

Information

5 Fee Worksheet (5806) fee info pdf
30686

no 2
9f d53342595876348412265d16581970175

Warnings

Information

Total Files Size (in bytes): 1678989
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the Indicated documents,
characterized by the applicant, and including page counts, where applicable It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503

New Applications Under 35 U S C 111
If a new application Is being filed and the application includes the necessary components for a filing date (see 37 CFR
1 53(b) (d) and MPEP 506), a Filing Receipt (37 CFR 1 54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application

National Stage of an International Application under 35 U S C 371
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U S C 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U S C 371 will be issued in addition to the Filing Receipt, in due course

New International Application Filed with the USPTO as a Receiving Office
If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1610), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application
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Application No 13/442,716

Attorney Docket No CD06039C2

Page 1

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of

Jiang XIAOPING

Application No 13/442 716

Filed April 9, 2012

Fol APPARATUS AND METHODS FOR

DETECTING A CONDUCTIVE OBJECT AT A
LOCATION

REQUEST FOR CONTINUED EXAMINATION
AND INFORMATION DISCLOSURE STATEMENT

Commissioner for Patents
P O Box 1450
Alexandria VA 22313-1450

Sir

Applicant hereby submits the Request for Continued Examination to be considered with

the IDS for the above referenced application In compliance with the duty of disclosure under 37

CFR § 1 56 and in accordance with the practice under 37 CFR §§ 1 97 and 1 98 the Examiner's

attention is directed to the documents listed on the enclosed PTO-1449

In accordance with 37 CFR § 1 97(h) this Information Disclosure Statement is not to be

construed as an admission that the Information cited is or is considered to be material to

patentability as defined in 37 CFR § 1 56(b), nor as an admission that the information constitutes

pnor art within the meaning of 35 USC §§ 102 and/or 103

It Is respectfully requested that the information hsted on the PTO 1 .449 be considered by

the Examiner and that an initialed copy of the PTO 1449 be returned Indicating that such

Information was considered

Customer No 60909

Examiner KETEMA BENYAM

Group Art Unit 2696

Confirmation No 6333
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Application No 13/442,716

Attorney Docket No CD06039C2

Page 2

The Commissioner is hereby authorized to charge any appropriate fees under 37 C F R

§§ 1 16, 1 17, 1 18 1 20 and 1 21 that may be required to maintain pendency of the present

application and to credit any overpayments, to Deposit Account No 50 3781

Should the Patent Office have any questions regarding this submission or the application

in general, the Patent Office is urged to contact the Applicant's attorney Larry Johnson, by

telephone at (408) 545 7194 All correspondence should continue to be directed to the address

given below

/

Respectfully submitted,

Date 01/15/2013

	

By /Larry J Johnson/

Cypress Semiconductor Corporation
198 Champion Court
San Jose CA 95134
Facsimile (408) 545-6911
Customer No 60909

Customer No 60909

Larry J Johnson
Attorney foi Applicant
Registration No 56,861
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PTO/SB/06a (01 10)
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DETAILED ACTION

1

	

Claims 1-20 are presented for examination

Information Disclosure Statement

2

	

The information disclosure statement (IDS) submitted on 05/18/2006 and

08/14/2006 has been considered by the examiner

Claim Rejections - 35 USC § 102

3

	

The following is a quotation of the appropriate paragraphs of 35 U S C 102 that

form the basis for the rejections under this section made in this Office action

' A person shall be entitled to a patent unless ,-

. (b) the invention was patented or described in a printed publication in this or a foreign country or in public
use or on sale in this country more than one year pnor to the date of application for patent in the United
States

4

	

Claims 1, 2 4 and ' 18 are rejected under 35 USC 102(b) as being anticipated by

Tsulioka et al (US Pat NO 5 518,078)

As in Claim 1, Tsulloka et at discloses a method (Column 1 line 5-10), comprising

• detecting a presence of a conductive object on a sensing device, (Column 9 line

65- Column 10 line 4)

CY00002151



Application/Control Number 11/437 517

	

Page 3
Art Unit 2629

• recognizing three or more button (Fig 5 item 49, buttons) operations performed

by the conductive object (Fig 5 item 50 & 51 finger or pen) using two sensing

areas of the sensing device (Fig 5 & 6 item 24 & 25, two sensing areas)

As in Claim 2, Tsulioka et al discloses the method (Column 1 line 5-10) of claim 1,

wherein recognizing three or more button operations (Column 9 line 65- Column 10 line

6 and fig 5-8) compnses recognizing on a first sensing area of the two sensing areas of

the sensing device, (Fig 5 and Column 9 line 65- Column 10 line 4) recognizing a

second button operation when the presence of the conductive object rs detected on a

second sensing area of the two sensing areas of the sensing device, (Fig 5 and Column

9 line 65- Column 10 line 4) recognizing one or more button operations when the

presence of the conductive object is detected on the first and second sensing areas

(Fig 5)

As in Claim 4, Tsupoka et al discloses the method (Column 1 line 5-10) of claim 1,

further comprising scanning the two sensing areas of the sensing device (Column 9 line

58 -61) wherein recognizing the three or more button operations comprises recognizing

a first button operation when a first sensing area of the two sensing areas detects the

presence of the conductive object dunng the scanning of the two sensing areas, (Fig 5

7 and 9 and Column 9 line 54- Column 10 line 6) recognizing a second button operation

when a second sensing area of the two sensing areas detects the presence of the

conductive object duntig the scanning of the two sensing areas (Fig . 5 7 and 9 and
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Column 9 line 54 Column 10 line 6) recognizing a third button operation when the first

and second sensing areas detect the presence of the conductive object dung the

scanning of the two sensing areas (Fig 5 7 and 9 and Column 9 line 54- Column 10

line 6) discloses scanning the sensing areas (i e 24 & 25) and recognizing multiple

button (i e 36, 39-42) operation for conductive objects (i e finger or pen)

As in Claim 18, Tsupoka et al discloses an apparatus (Column 1 touch panel),

compnsing

• a first sensing area to detect a presence of a conductive object on a sensing

device, (Fig 9 Item 25)

• a second sensing area to detect the presence of the conductive object on the

sensing device, (Fig 9 item 24)

• means for recognizing three or more button operations (Fig 9 item 39-42)

performed by the conductive object (Fig 5 item 51 or 50 finger or pen) using two

sensing areas on the sensing device (Fig 9 item 24 & 25 two sensing areas)

Claim Rejections - 35 USC § 103

5

	

The following Is a quotation of 35 U S C 103(a) which forms the basis for all

obviousness rejections set forth in this Office action

(a) A patent may not be obtained though the invention is not identically disclosed or described as set
forth in section 102 of this title if the differences between the subject matter sought to be patented and
the prior art are such that the subject matter as a whole would have been obvious at the time the
invention was made to a person having ordinary skill in the art to which said subject matter pertains
Patentability shall not be negatived by the manner in which the invention was made
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6

	

The factual inquiries set forth in Graham v John Deere Co , 383 U S 1, 148

USPQ 459 (1966) that are applied for establishing a background for determining

obviousness under 35 U S C 103(a) are summarized as follows

1

	

Determining the scope and contents of the prior art
2

	

Ascertaining the differences between the prior art and the claims at issue
3

	

Resolving the level of ordinary skill in the pertinent art
4

	

Considering objective evidence present in the application indicating
obviousness or nonobviousness

7

	

Claim 3 is rejected under 35 U S C 103(a) as being unpatentable over Tsupoka

et al (US Pat NO 5 518,078) In view of Collins (PG Pub NO 2004/0239616)

As in Claim 3, Tsujioka at al discloses the method (Column 1 line 5-10) of claim 1 but

fails to disclose determining a capacitance of the conductive object on the sensing

device over time wherein determining the capacitance further comprises determining a

capacitance of the two sensing areas of the sensing device, and wherein recognizing

the button operation is based on the capacitance of the two sensing areas However

Collins discloses determining a capacitance of the conductive object on the sensing

device over time (Paragraph 24 and Fig 2-3) wherein determining the capacitance

further comprises determining a capacitance of the two sensing areas of the sensing

device (Fig 3 item 200-1 & 200-3) and wherein recognizing the button operation is

based on the capacitance of the two sensing areas (Paragraph 24-28 and Fig 3)

discloses operation of buttons is recognized according to a signal produced (i e

capacitance) when the user finger is in contact with sensing area

CY00002154



Application/Control Number 11/437 517

	

Page 6
Art Unit 2629

Tsujioka et at and Collins are analogous art because they are from the common

area of user input device using touch sensor Tsujioka et at discloses an input device

that has multiple sensing areas as well as buttons But fails to disclose capacitance

sensor ; However Collins discloses that capacitance sensors are used to determine the

presence of conductive object (i e finger) on the sensing area in a system similar to that

of Tsujioka et al Therefore it would have been obvious to one of ordinary skill in the art

at the time of the invention to combine Tsujioka et al s sensing area to include Collins s

capacitance sensor because using capacitance sensor or any other form of sensor in

touch panel device would be an alternate design choose

8

	

Claims 19 and 20 are rejected under 35 U S C 103(a) as being unpatentable

over Tsujioka et at (US Pat NO 5 518 078) In view of Gitzinger et at (PG Pub NO

2006/0097992)

As in Claim 19, Tsujioka et al discloses the apparatus (Column 1, touch panel), but

fails to disclose means for reducing a pin count of the sensing device However

Gitzinger et at discloses means for reducing a pin count of the sensing device (Fig 3

and Paragraph 29-32) discloses the reduction of pins by coupling the discrete surfaces

(i e sensing area, 320, 322, 324) together and connecting them to the controller

As In Claim 20, Tsujioka et al discloses the apparatus (Column 1 touch panel) but

fails to disclose mean& for reducing scan time of the sensing device However Gitzinger
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et al discloses means for reducing scan time of the sensing device (fig 3) discloses the

sensing areas are coupled together and connected to the controller rather than being

connected individually therefore it would be obvious to a skilled person that by reducing

the number of connection between the sensing area and controller the scan time would

be increased (faster)

Tsujioka et al and Gitzinger et al are analogous art because they are from the common

area of user input device using touch sensor Tsujioka et al discloses an input device

that has multiple sensing areas as well as buttons But fails to disclose reduction of

connecter pins as well as the effect of scanning time when the numbers of pins are

reduced, However Gitzinger et al discloses in Fig 3 the number of pins have been

reduced in a system similar to that of Tsujioka et al Therefore it would have been

obvious to one of ordinary skill in the art at the time of the invention to combine Tsu~ioka

et al s sensing area to include Gitzinger et al s arrangement of reduced number of pins

in order to reduced coast and material in the manufacturing of said device

Allowable Subject Matter

9

	

Claims 5-17 are allowable over the prior art of record

10 Any inquiry concerning this communication or earlier communications from the

examiner should be directed to BENYAM KETEMA whose telephone number is

(571)270-7224 The examiner can normally be reached on Monday- Friday 8 OOAM -

5 00PM
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If attempts to reach the examiner by telephone are unsuccessful the examiner s

supervisor Shalwala Bipin H can be reached on (571)-272-7681 The fax phone

number for the organization where this application or proceeding is assigned is 571-

273-8300 Information regarding the status of an application may be obtained from the

Patent Application Information Retrieval (PAIR) system Status information for

published applications may be obtained from either Private PAIR or Public PAIR

Status information for unpublished applications is available through Private PAIR only

For more information about the PAIR system, see http //pair-direct uspto gov Should

you have questions on access to the Private PAIR system contact the Electronic

Business Center (EBC) at 866-217-9197 (toll-free) If you would like assistance from a

USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571 272-1000

/BK /

Examiner, Art Unit 2629

/Bipin Shalwala/

Supervisory Patent Examiner, Art Unit 2629
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is voluntary and (3) the principal purpose for which the information is used by the U S Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent If you do not furnish the requested
information the U S Patent and Trademark Office may not be able to process and/or examine your submission which may
result in termination of proceedings or abandonment of the application or expiration of the patent

The information provided by you in this form will be subject to the following routine uses

1

	

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U S C 552) and the Privacy Act (5 U S C 552a) Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s

2

	

A record from this system of records may be disclosed as a routine use in the course of presenting evidence to a
court magistrate or administrative tnbunal including disclosures to opposing counsel in the course of settlement
negotiations

3

	

A record in this system of records may be disclosed as a routine use to a Member of Congress submitting a
request involving an individual to whom the record pertains when the individual has requested assistance from the
Member with respect to the subject matter of the record

4

	

A record in this system of records may be disclosed as a routine use to a contractor of the Agency having need for
the information in order to perform a contract Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974 as amended pursuant to 5 U S C 552a(m)

5

	

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed as a routine use to the International Bureau of the World Intellectual Property Organization pursuant
to the Patent Cooperation Treaty

6

	

A record in this system of records may be disclosed as a routine use to another federal agency for purposes of
National Secunty review (35 U S C 181) and for review pursuant to the Atomic Energy Act (42 U S C 218(c))

7

	

A record from this system of records may be disclosed as a routine use to the Administrator General Services or
his/her designee during an inspection of records conducted by GSA as part of that agency s responsibility to
recommend improvements in records management practices and programs under authority of 44 U S C 2904 and
2906 Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose and any other relevant (i e GSA or Commerce) directive Such disclosure shall not be used to make
determinations about individuals

8

	

A record from this system of records may be disclosed as a routine use to the public after either publication of
the application pursuant to 35 U S C 122(b) or issuance of a patent pursuant to 35 U S C 151 Further a record
may be disclosed subject to the limitations of 37 C FR 1 14 as a routine use to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application an application open to public inspections or an issued patent

9

	

A record from this system of records may be disclosed as a routine use to a Federal State or local law
enforcement agency if the USPTO becomes aware of a violation or potential violation of law or regulation

EFS Web 2 1 17
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Doc code RCEX
Doc description Request for Continued Examination (RCE)

PTO/SB/30EFS (07 09)
Approved for use through 07/3112012 OMB 0651 0031

U S Patent and Trademark Office U S DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995 no persons are n quired to respond to a collection of information unless it contains a valid OMB control number

REQUEST FOR CONTINUED EXAMINATION(RCE)TRANSMITTAL
(Submitted Only via EFS-Web)

Application
Number 13/442 716

Filing
Date

2012 04 09 Docket Number
(if applicable)

CD06039C2 Art
Unit

2696

First Named
Inventor Jiang XIAOPING

Examiner
Name

KETEMA BENYAM

This is a Request for Continued Examination (RCE) under 3r CFR 1 114 of the above identified application
Request for Continued Examination (RCE) practice under 37 CFR 1 114 does not apply to any utility or plant application filed prior to June 8
1995 or to any design application

	

The Instruction Sheet for thi n form is located at WWW USPTO GOV

SUBMISSION REQUIRED UNDER 37 CFR 1 114

Note If the RCE is proper any previously filed unentered amendments and amendments enclosed with the RCE will be entered in the order
in which they were filed unless applicant instructs otherwise If applicant does not wish to have any previously filed unentered amendment(s)
entered applicant must request non entry of such amendment( :)

Previously

	

If

	

final Office

	

filed

	

the final Office

	

may be considered as asubmitted

	

a

	

action is outstanding any amendments

	

after

	

action
this boxsubmission even if

	

is not checked

n

	

Consider the arguments in the Appeal Brief or Reply Brief previously filed on

• Other

©

	

Enclosed

• Amendment/Reply

Information Disclosure Statement (IDS)

Affidavit(s)/ Declaration(s)

• Other

MISCELLANEOUS

Suspension

	

the

	

37 CFR 1 103(c) for a

	

of monthsof action on

	

above identified application is requested under

	

period.

	

3

	

Fee

	

37 CFR 1 17(i)(Period of suspension shall not exceed

	

months

	

under

	

required)

Other

FEES

The RCE fee under 37 CFR 1 17(e) is required by 37 CFR 1 114 when the RCE is filed
©

	

The Director is hereby authorized to charge any underpayment of fees or credit any overpayments to
Deposit Account No

	

503781

SIGNATURE OF APPLICANT ATTORNEY OR AGENT REQUIRED

©

	

Patent Practitioner Signature

Applicant Signature
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Doc code RCEX
Doc description Request for Continued Examination (RCE)

PTO/SB/30EFS (07 09)
Approved for use through 07/31/2012 OMB 0651 0031

U S Patent and Trademark Office U S DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995 no persons are re quired to respond to a collection of information unless it contains a valid OMB control number

Signature of Registered U S Patent Practitioner

Signature /Larry J Johnson! Date (YYYY-MM-DD) 2013 01 15

Name Larry J Johnson Registration Number 56861

This collection of information is required by 37 CFR 1 114 The information is required to obtain or retain a benefit by the public which is to
file (and by the USPTO to process) an application Confidentiality is governed by 35 U S C 122 and 37 CFR 1 11 and 1 14 This collection is
estimated to take 12 minutes to complete including gathering pi eparing and submitting the completed application form to the USPTO Time
will vary depending upon the individual case Any comments on the amount of time you require to complete this form and/or suggestions for
reducing this burden should be sent to the Chief Information Officer U S Patent and Trademark Office U S Department of Commerce
P O Box 1450 Alexandria VA 22313 1450

If you need assistance in completing the form call 1 800 PTO 9199 and select option 2

EFS Web 2 1 15
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Privacy Act Statement

The Privacy Act of 1974 (P L 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent Ac cordingly pursuant to the requirements of the Act please be
advised that (1) the general authority for the collection of this information is 35 U S C 2(b)(2) (2) furnishing of the information
solicited is voluntary and (3) the principal purpose for which the information is used by the U S Patent and Trademark Office
is to process and/or examine your submission related to a patent application or patent If you do not furnish the requested
information the U S Patent and Trademark Office may not be able to process and/or examine your submission which may
result in termination of proceedings or abandonment of the application or expiration of the patent

The information provided by you in this form will be subject to the following routine uses

1

	

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information
Act (5 U S C 552) and the Privacy Act (5 U S C 552a) Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these records

2

	

A record from this system of records may be disclosed as a routine use in the course of presenting evidence to a
court magistrate or administrative tnbunal including disclosures to opposing counsel in the course of settlement
negotiations

3

	

A record in this system of records may be disclosed as a routine use to a Member of Congress submitting a
request involving an Individual to whom the recoi d pertains when the individual has requested assistance from the
Member with respect to the subject matter of the record

4

	

A record in this system of records may be disclosed as a routine use to a contractor of the Agency having need
for the information in order to perform a contract Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974 as amended pursuant to 5 U S C 552a(m)

5

	

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed as a routine use to the Intern rtional Bureau of the World Intellectual Property Organization
pursuant to the Patent Cooperation Treaty

6

	

A record in this system of records may be disclosed as a routine use to another federal agency for purposes of
National Security review (35 U S C 181) and for review pursuant to the Atomic Energy Act (42 U S C 218(c))

7

	

A record from this system of records may be disclosed as a routine use to the Administrator General Services
or his/her designee during an inspection of recoi ds conducted by GSA as part of that agency s responsibility to
recommend improvements in records management practices and programs under authority of 44 U S C 2904 and
2906 Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose and any other relevant (i e GSA or Commerce) directive Such disclosure shall not be used to make
determinations about individuals

8

	

A record from this system of records may be disclosed as a routine use to the public after either publication of
the application pursuant to 35 U S C 122(b) or i ,suance of a patent pursuant to 35 U S C 151 Further a record may
be disclosed subject to the limitations of 37 CFF' 1 14 as a routine use to the public if the record was filed in an
application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application an application open to public inspections or an issued patent

9

	

A record from this system of records may be disclosed as a routine use to a Federal State or local law
enforcement agency if the USPTO becomes aware of a violation or potential violation of law or regulation
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Electronic Patent Application Fee Transmittal

Application Number 13442716

Filing Date 09 Apr 2012

Title of Invention
APPARATUS AND METHODS FOR DETECTING A CONDUCTIVE OBJECT AT A
I OCA11ON

First Named Inventor/Applicant Name Jiang XIAOPING

Filer Larry Joel Johnson/Lauren Navarro

Attorney Docket Number CD06039C2

Filed as Large Entity

Utility under 35 USC 111(a) Filing Fees

Description Fee Code Quantity Amount
Sub Tota ) inl

USD($)

Basic Filing

Pages

Claims

Miscellaneous Filing

Petition

Patent Appeals and Interference

Post Allowance and Post Issuance

Extension of Time
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Description Fee Code Quantity Amount
Sub Total in

USD($)

Miscellaneous

Request for continued examination 1801 1 930 930

Total In USD ($)

	

930
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Transaction History Date 2	 l3 -04-XI

Date information retneved from USPTO Patent
Application Information Retneval (PAIR)

system records at www uspto gov

Application No
13/442 716

Appllcant(s)
XIAOPING JIANG

Notice of Allowability Examiner
BENYAM KETEMA

Art Unit
2696

AIA (Furst Inventor to
File) Status
No

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address
All claims being allowable PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application If not included
herewith (or previously mailed) a Notice of Allowance (PTOL 85) or other appropriate communication will be mailed in due course THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant See 37 CFR 1 313 and MPEP 1308

1 ® This communication is responsive to 01/15/2013

q A declaration(s)/affidavit(s) under 37 CFR 1 130(b) was/were filed on	

2 q An election was made by the applicant in response to a restriction requirement set forth during the interview on

	

the restriction
requirement and election have been incorporated into this action

3 ® The allowed claim(s) is/are 21 40 As a result of the allowed claim(s) you may be eligible to benefit from the Patent Prosecution
Highway program at a participating intellectual property office for the corresponding application For more information please see
h i tp vr~rwL optogov/pa, ents Ina events/pph Ind. < rsp or send an inquiry to PPHfoedbackRuspto gov

4 q Acknowledgment is made of a claim for foreign priority under 35 U S C § 119(a) (d) or (f)

Certified copies

a) q All

	

b) q Some c) q None of the

1 q Certified copies of the priority documents have been received
2 q Certified copies of the priority documents have been received in Application No

3 q Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17 2(a))
Certified copies not received

Interim copies

a) q All b) q Some

	

c) q None of the Interim copies of the priority documents have been received

Applicant has THREE MONTHS FROM THE MAILING DATE of this communication to file a reply complying with the requirements
noted below Failure to timely comply will result in ABANDONMENT of this application
THIS THREE MONTH PERIOD IS NOT EXTENDABLE

5 q CORRECTED DRAWINGS ( as replacement sheets ) must be submitted

q including changes required by the attached Examiners Amendment / Comment or in the Office action of
Paper No /Mail Date

Identifying indicia such as the application number (see 37 CFR 1 84(c)) should be written on the drawings in the front (not the back) of
each sheet Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1 121(d)

6 q DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted Note the
attached Examiners comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL

Attachment(s)
1

	

Notice of References Cited (PTO 892)

	

5 q Examiners Amendment/Comment

2 ® Information Disclosure Statements (PTO/SB/08)

	

6 ® Examiners Statement of Reasons for Allowance
Paper No /Mail Date

3 q Examiners Comment Regarding Requirement for Deposit

	

7 q Other
of Biological Material

4 q Interview Summary (PTO 413)
Paper No /Mail Date

/B K /
Examiner Art Unit 2696

/Bipin Shalwala/

Supervisory Patent Examiner Art Unit 2696

U S Patent and Trademark Office
PTOL 37 (Rev 03 13) Notice of Allowability Part of Paper No /Mail Date 20130405
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Application/Control Number 13/442,716

	

Page 2

Art Unit 2696

DETAILED ACTION

1

	

Claims 21 40 are presented for examination and are allowed

Information Disclosure Statement

2

	

The information disclosure statement (IDS) submitted on 01/15/2013 was

filed after the mailing date of the Notice of Allowance on 12/21/2012 The

submission is in compliance with the provisions of 37 CFR 1 97 Accordingly, the

information disclosure statement is being considered by the examiner

Terminal Disclaimer

3

	

The terminal disclaimer filed on November 16, 2012 disclaiming the

terminal portion of any patent granted on this application which would extend

beyond the expiration date of prior patent No 8,004,497 has been reviewed and

is accepted The terminal disclaimer has been recorded

Specification

4

	

The substitute specification filed November 16, 2012 has been reviewed

and entered
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Application/Control Number 13/442,716

	

Page 3

Art Unit 2696

Examiners Statement of Reasons for Allowance

5

	

The following is an examiners statement of reasons for allowance The

prior art of record fails to disclose the claimed invention The features of

independent claims directed towards allowable subject matter is determining

capacitance variations of a first number of two or more sense elements of a

touch screen device using a processing device to detect a presence of a

conductive object on anyone of a second number of three or more button areas

of the touch screen device, wherein the first number of sense elements is less

than the second number of button areas and recognizing an activation of one of

the three or more button areas using the determined capacitance variations of

the first number of two or more sense elements" Tsupoka et al (US Pat NO

5,518,078) discloses that the presence of users finger (i e conductive object) is

detected by sensing device (col 9- 10), the sensing device comprising at least

two sensing areas each coupled to a capacitance measurement input (fig 5 & 6)

wherein the user can perform multiple input operation using his/her finger or pen

as it is clearly shown in fig 5 in order to perform an input operation But Tsuiioka

et al fails to disclose the first number of sense elements is less than the second

number of button areas, and recognizing an activation of one of the three or

more button areas using the determined capacitance variations of the first

number of two or more sense elements
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Application/Control Number 13/442,716

	

Page 4

Art Unit 2696

Therefore these features in combination with the remaining language of the

claims are not taught by the prior arts of record Therefore claims 21- 40 are

found to be allowable over the prior art of record

Any comments considered necessary by applicant must be submitted no

later than the payment of the issue fee and, to avoid processing delays, should

preferably accompany the issue fee Such submissions should be clearly labeled

Comments on Statement of Reasons for Allowance

Conclusion

6

	

Any inquiry concerning this communication or earlier communications from

the examiner should be directed to BENYAM KETEMA whose telephone number

is (571)270-7224 The examiner can normally be reached on Monday- Friday

8 OOAM - 5 OOPM

If attempts to reach the examiner by telephone are unsuccessful, the

examiners supervisor, Shalwala Bipin H can be reached on 571 272-7681 The

fax phone number for the organization where this application or proceeding is

assigned is 571-273-8300 Information regarding the status of an application may

be obtained from the Patent Application Information Retrieval (PAIR) system

Status information for published applications may be obtained from either Private

PAIR or Public PAIR Status information for unpublished applications Is available

through Private PAIR only For more information about the PAIR system, see
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Application/Control Number 13/442,716

	

Page 5

Art Unit 2696

http //pair-direct uspto gov Should you have questions on access to the Private

PAIR system contact the Electronic Business Center (EBC) at 866-217-9197

(toll free) If you would like assistance from a USPTO Customer Service

Representative or access to the automated information system call 800-786-

9199 (IN USA OR CANADA) or 571-272 1000

/B K /

Examiner, Art Unit 2696

/Bipin Shalwala/

Supervisory Patent Examiner, Art Unit 2696
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Application/Control No

13/442 716

Applicant(s)/Patent Under
Reexamination

Notice of References Cited
XIAOPING JIANG

Examiner

BENYAM KETEMA

Art Unit

2696 Page 1 of 1

U S PATENT DOCUMENTS
* Document Number

Country Code Number Kind Code
Date

MM YYYY Name Classification

* A US 2006/0227117 10 2006 Proctor David W 345/173

* g US 2007/0268265 11 2007 XiaoPing Jiang 345/173

* C US 2008/0278178 11 2008 Philipp Harald 324/662

* D US 2007/0291013 12 2007 WON Jong Sung 345/173

* E US 5 518 078 05 1996 Tsulioka et al 178/18 05

* F US 7 158 125 01 2007 Sinclair et al 345/173

* G US 7 466 307 12 2008 Trent et al 345/173

* H US 2009/0128374 05 2009 REYNOLDS et al 341/33

I US

J US

K US

L US

M US

FOREIGN PATENT DOCUMENTS
* Document Number

Country Code Number Kind Code
Date

MM YYYY Country Name Classification

N

0

P

Q

R

S

T
NON PATENT DOCUMENTS

A copy of this reference is not being furnished with this Office action (See MPEP § 707 05(a) )
Dates in MM YYYY format are publication dates Classifications may be US or foreign

Include as applicable Author Title Date Publisher Edition or Volume Pertinent Pages)

U

V

W

X

U S Patent and Trademark Office
PTO 892 (Rev 01 2001) Notice of References Cited Part of Paper No 20130405
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Doc code IDS

	

PTO/SB/OBa (01 10)

Doc description Information Disclosure Statement (IDS) Filed

	

Approved for use through 07131/2012 0MB 0651-0031
U S Patent and Trademark Office U S DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995 no persons are required to respond to a collection of information unless rt contains a valid OMB control number

Application Number 13442716

INFORMATION DISCLOSURE
Filing Date 2012 04 09

First Named Inventor XiaoPing Jiang
STATEMENT BY APPLICANT

Art Unit 2696
( Not for submission under 37 CFR 9 99)

Examiner Name KETEMA BENYAM

Attorney Docket Number CD06039C2

U S PATENTS

	

Remove

Examiner
Initial'

Cite
No

Patent Number Kind
Code

l Issue Date
Name of Patentee or Applicant
of cited Document

Pages Columns Lines where
Relevant Passages or Relevant
Figures Appear

1

If you wish to add additional U S Patent citation information please click the Add button

	

Add

U S PATENT APPLICATION PUBLICATIONS

	

Remove

Examiner
Initial

Cite No
Publication
Number

Kind
Codei

Publication
Date

Name of Patentee or Applicant
of cited Document

Pages Columns Lines where
Relevant Passages or Relevant
Figures Appear

1

If you wish to add additional U S Published Application citation information please click the Add button

	

Add

FOREIGN PATENT DOCUMENTS

	

Remove

Examiner
Initial"

Cite
No

Foreign Document
Number3

Country
Code 2 I

Kind
Code4

Publication
Date

Name of Patentee or
Applicant of cited
Document

Pages Columns Lines
`'here Relevant
Passages or Relevant
Figures Appear

T5

1

If you wish to add additional Foreign Patent Document citation information please click the Add button

	

Add

NON-PATENT LITERATURE DOCUMENTS

	

Remove

Examiner
Initials'

Cite
No

Include name of the author (in CAPITAL LETTERS) title of the article (when appropnate) title of the item
(book magazine journal serial symposium catalog etc) date pages(s) volume-issue number(s)
publisher city and/or country where published

T5

EFS Web 2 1 17

	

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH /B K /
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Application Number 13442716

Filing Date 2012 04 09

INFORMATION DISCLOSURE First Named Inventor XiaoPing Jiang
STATEMENT BY APPLICANT Art Unit 2696
( Not for submission under 37 CFR 1 99)

Examiner Name KETEMA BENYAM

Attorney Docket Number CD06039C2

1 USPTO Non Final Rejection for Application Number 111437 517 (CD06039) dated 08/0512009 9 pages

If you wish to add additional non-patent literature document citation Information please click the Add button

	

Add

EXAMINER SIGNATURE

Examiner Signature 'Benyam Ketemal (0410512013)
Date Considered 04/052013

*EXAMINER Initial if reference considered whether or not citation is in conformance with MPEP 609 Draw line through a
to applicantcitation if not in conformance and not considered

	

Include copy of this form with next communication

1 See Kind Codes of USPTO Patent Documents at www USPTO GOV or MPEP 901 04 2 Enter office that issued the document by the two letter code (WIPO
Standard ST 3) 9 For Japanese patent documents the indication of the year of the reign of the Emperor must precede the serial number of the patent document

Kind of document by the appropnate symbols as indicated on the document under WIPO Standard ST 16 if possible

	

Applicant is to place a check mark here if
English language translation is attached

EFS Web 2 1 17

	

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH /B K /
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Application Number 13442716

Filing Date 2012 04 09

INFORMATION DISCLOSURE First Named Inventor XiaoPing Jiang
STATEMENT BY APPLICANT Art Unit 2696
( Not for submission under 37 CFR 1 99)

Examiner Name KETEMA BENYAM

Attorney Docket Number CD06039C2

CERTIFICATION STATEMENT

Please see 37 CFR 1 97 and 1 98 to make the appropnate selection(s)

That each item of information contained in the information disclosure statement was first cited in any communication
n

	

from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement See 37 CFR 1 97(e)(1)

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application and to the knowledge of the person signing the certification
after making reasonable inquiry no item of information contained in the information disclosure statement was known to

n

	

any individual designated in 37 CFR 1 56(c) more than three months prior to the filing of the information disclosure
statement See 37 CFR 1 97(e)(2)

n

	

See attached certification statement

n

	

Fee set forth in 37 CFR 1 17 (p) has been submitted herewith

None
SIGNATURE

A signature of the applicant or representative is required in accordance with CFR 1 33 10 18 Please see CFR 1 4(d) for the
form of the signature

Signature /Lang J Johnson/ Date (YYYY MM-DD) 2013 01 15

Name/Pant Larry J Johnson Registration Number 56861

This collection of information is required by 37 CFR 1 97 and 1 98

	

The information is required to obtain or retain a benefit by the
public which is to file (and by the USPTO to process) an application

	

Confidentiality is governed by 35 U S C 122 and 37 CFR
1 14

	

This collection is estimated to take 1 hour to complete including gathering prepanng and submitting the completed
application form to the USPTO Time will vary depending upon the individual case Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden should be sent to the Chief Information Officer U S
Patent and Trademark Office U S Department of Commerce P 0 Box 1450 Alexandna VA 22313 1450 DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS SEND TO Commissioner for Patents, P 0 Box 1450, Alexandria,
VA 22313-1450
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Privacy Act Statement

EFS Web 2 1 17

The Pnvacy Act of 1974 (P L 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent Accordingly pursuant to the requirements of the Act please be advised
that (1) the general authority for the collection of this information is 35 U S C 2(b)(2) (2) furnishing of the information solicited
is voluntary and (3) the principal purpose for which the information is used by the U S Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent If you do not furnish the requested
information the U S Patent and Trademark Office may not be able to process and/or examine your submission which may
result in termination of proceedings or abandonment of the application or expiration of the patent

The information provided by you in this form will be subject to the following routine uses

1

	

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U S C 552) and the Privacy Act (5 U S C 552a) Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s

2

	

A record from this system of records may be disclosed as a routine use in the course of presenting evidence to a
court magistrate or administrative tnbunal including disclosures to opposing counsel in the course of settlement
negotiations

3

	

A record in this system of records may be disclosed as a routine use to a Member of Congress submitting a
request involving an individual to whom the record pertains when the individual has requested assistance from the
Member with respect to the subject matter of the record

4

	

A record in this system of records may be disclosed as a routine use to a contractor of the Agency having need for
the information in order to perform a contract Recipients of information shall be required to comply with the
requirements of the Pnvacy Act of 1974 as amended pursuant to 5 U S C 552a(m)

5

	

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed as a routine use to the International Bureau of the World Intellectual Property Organization pursuant
to the Patent Cooperation Treaty

6

	

A record in this system of records may be disclosed as a routine use to another federal agency for purposes of
National Security review (35 U S C 181) and for review pursuant to the Atomic Energy Act (42 U S C 218(c))

7

	

A record from this system of records may be disclosed as a routine use to the Administrator General Services or
his/her designee during an inspection of records conducted by GSA as part of that agency s responsibility to
recommend improvements in records management practices and programs under authority of 44 U S C 2904 and
2906 Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose and any other relevant (i e GSA or Commerce) directive Such disclosure shall not be used to make
determinations about individuals

8

	

A record from this system of records may be disclosed as a routine use to the public after either publication of
the application pursuant to 35 U S C 122(b) or issuance of a patent pursuant to 35 U S C 151 Further a record
may be disclosed subject to the limitations of 37 CFR 1 14 as a routine use to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application an application open to public inspections or an issued patent

9

	

A record from this system of records may be disclosed as a routine use to a Federal State or local law
enforcement agency if the USPTO becomes aware of a violation or potential violation of law or regulation

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH /B K /
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UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Add as COMMISSIONER FOR PATENTS

P 0 B 1450
Al and a, V gnu 22313 1450
www pt g

NOTICE OF ALLOWANCE AND FEE(S) DUE

60909

	

7590

	

04/22/2013

CYPRESS SEMICONDUCTOR CORPORATION
198 CHAMPION COURT
SAN JOSE CA 95134 1709

EXAMINER

KETEMA BENYAM

ART UNIT

	

PAPER NUMBER

2696

DATE MAILED 04/22/2013

APPLICATION NO

	

FILING DATE

	

FIRST NAMED INVENTOR

	

ATTORNEY DOCKET NO I CONFIRMATION NO

13/442 716

	

04/09/2012

	

Jiang XIAOPING

	

CD06039C2

	

6333

TITLE OF INVENTION APPARATUS AND METHODS FOR DETECTING A CONDUCTIVE OBJECT AT A LOCATION

APPLN TYPE

	

ENTITY STATUS

	

ISSUE FEE DUE

	

PUBLICATION FEE DUE PREV PAID ISSUE FEE I TOTAL FEE(S) DUE

	

DATE DUE

nonprovisional

	

UNDISCOUNTED

	

$1780

	

$0

	

$0

	

$1780

	

07/22/2013

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT
PROSECUTION ON THE MERITS IS CLOSED THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT SEE 37 CFR 1313 AND MPEP 1308

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED THIS
STATUTORY PERIODCANNOTBE EXTENDED SEE 35 U S C 151 THE ISSUE FEE DUE INDICATED ABOVE DOES
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION IF AN ISSUE FEE HAS
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW
DUE

IIOW TO REPLY TO THIS NOTICE

I Review the ENTITY STATUS shown above If the ENTITY STATUS rs shown as SMALL or MICRO verify whether entitlement to that
entity status still applies

If the ENTITY STATUS is the same as shown above pay the TOTAL FEE(S) DUE shown above

If the ENTITY STATUS rs changed from that shown above on PART B FEE(S) TRANSMITTAL complete section number 5 titled
Change in Entity Status (from status indicated above)

For purposes of this notice small entity fees are 1/2 the amount of undiscounted fees and micro entity fees are 1/2 the amount of small entity
fees

II PART B FEE(S) TRANSMITTAL or its equivalent must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required) If you are charging the fee(s) to your deposit account section 4b
of Part B Fee(s) Transmittal should be completed and an extra copy of the form should be submitted If an equivalent of Part B is filed a
request to reapply a previously paid Issue fee must be clearly made and delays rn processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B

III All communications regarding this application must give the application number Please direct all communications prior to Issuance to
Mall Stop ISSUE FEE unless advised to the contrary

IMPORTANT REMINDER Utility patents Issuing on applications filed on or after Dec 12, 1980 may require payment of
maintenance fees It Is patentee's responsibility to ensure timely payment of maintenance fees when due
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PART B FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to Mail Mail Stop ISSUE FEE
Commissioner for Patents
P O Box 1450
Alexandria, Virginia 22313 1450

or Fax (571) 273 2885
INSTRUCTIONS This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required) Blocks 1 through 5 should be completed where
appropriate All further correspondence Including the Patent advance orders and notification of maintenance fees will be mailed to the current correspondence address as
Indicated unless corrected below or directed otherwise in Block 1 by (a) specifying a new correspondence address and/or (b) Indicating a separate FEE ADDRESS for
maintenance fee notifications

Note A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal This certificate cannot be used for any other accompanying
papers Each additional paper such as an assignment or formal drawing must
have its own certificate of mailing or transmission

Certificate of Mailing or Transmission
I hereby certify that this Fee(s) Transmittal is being deposited with the United
States Postal Service with sufficient postage for first class mail in an envelope
addressed to the Mail Stop ISSUE FEE address above or being facsimile
transmuted to the USPTO (571) 273 2885 on the date indicated below

(D Tina(

	

am)

(S go tin)

(Dot )

APPLICATION NO

	

FILING DATE

	

FIRST NAMED INVENTOR

	

ATTORNEY DOCKET NO

	

CONFIRMATION NO

13/442 716

	

04/09/2012

	

Jiang XIAOPING

	

CD06039C2

	

6333

TITLE OF INVENTION APPARATUS AND METHODS FOR DETECTING A CONDUCTIVE OBJECT AT A LOCATION

APPLN TYPE

	

ENTITY STATUS

	

ISSUE FEE DUE

	

PUBLICATION FEE DUE PREY PAID ISSUE FEE I TOTAL FEE(S) DUE

	

DATE DUE

nonprovisional

	

UNDISCOUNTED

	

$1780

	

$0

	

$0

	

$1780

	

07/22/2013

EXAMINER

	

ART UNIT

	

CLASS SUBCLASS

KETEMA BENYAM

	

2696

	

345 173000

CURRENT CORRESPONDENCE ADDRESS (Not Use BI k I for any hang f ddr s)

60909

	

7590

	

04/22/2013

CYPRESS SEMICONDUCTOR CORPORATION
198 CHAMPION COURT
SAN JOSE CA 95134 1709

1 Change of correspondence address or indication of Fee Address (37
CFR 1 363)

q Change of correspondence address (or Change of Correspondence
Address form PTO/SB/122) attached
q Fee Address Indication (or Fee Address Indication form
PTO/SB/47 Rev 03 02 or more recent) attached Use of a Customer
Number is required

2 For printing on the patent front page list
(1)the names of up to 3 registered patent attorneys
or agents OR alternatively
(2)the name of a single firm (having as a member a
registered attorney or agent) and the names of up to
2 registered patent attorneys or agents If no name Is

listed no name will be printed

1	

2

3

3 ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)
PLEASE NOTE Unless an assignee is Identified below no assignee data will appear on the patent If an assignee is Identified below the document has been filed for
recordation as set forth In 37 CFR 3 11 Completion of this form is NOT a substitute for filing an assignment

(A) NAME OF ASSIGNEE

	

(B) RESIDENCE (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent)

	

q Individual q Corporation or other private group entity q Government

4a The following fee(s) are submitted

	

4b Payment of Fee(s) (Please first reapply any previously paid issue fee shown above)
q Issue Fee q A check is enclosed
q Publication Fee (No small entity discount permitted) q Payment by credit card Form PTO 2038 rs attached
q Advance Order # of Copies	 q The Director is hereby authorized to charge the required fee(s) any deficiency or credit any

overpayment to Deposit Account Number	 (enclose an extra copy of this form)
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5 Change to Entity Status (from status Indicated above)
q

	

Applicant certifying micro entity status See 37 CFR 129 NOTE Absent a valid certification of Micro Entity Status (sec form PTO/SB/15A and 15B) issue
fee payment In the micro entity amount will not be accepted at the risk of application abandonment

q

	

Applicant asserting small entity status Sec 37 CFR 1 27 NOTE If the application was previously under micro entity status checking this box will be taken
to be a notification of loss of entitlement to micro entity status

q

	

Applicant changing to regular undiscounted fee status NOTE Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status as applicable

NOTE The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant a registered attorney or agent or the assignee or other party In
interest as shown by the records of the United States Patent and Trademark Office

Authorized Signature 	 	 Date

Typed or printed name 	 	 Registration No

This collection of Information Is required by 37 CFR 1 311 The Information Is required to obtain or retain a benefit by the public which Is to file (and by the USPTO to process)
an application Confidentiality Is governed by 35 U S C 122 and 37 CFR 114 This collection is estimated to take 12 minutes to complete Including gathering preparing and
submitting the completed application form to the USPTO Time will vary depending upon the Individual case Any comments on the amount of time you require to complete
this form and/or suggestions for reducing this burden should be sent to the Chief Information Officer U S Patent and Trademark Office U S Department of Commerce P O
Box 1450 Alexandria Virginia 22313 1450 DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS SEND TO Commissioner for Patents P O Box 1450
Alexandria Virginia 22313 1450
Under the Paperwork Reduction Act of 1995 no persons are required to respond to a collection of information unless it displays a valid OMB control number
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OMB 0651 0033

	

U S Patent and Trademark Office U S DEPARTMENT OF COMMERCE
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UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Add as COMMISSIONER FOR PATENTS
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1450
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and a v g Au 22313
www

	

pto go
1450

FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO CONFIRMATION NO

04/09/2012 Jiang XIAOPING CD06039C2 633313/442 716

APPLICATION NO

60909

	

7590

	

04/22/2013

CYPRESS SEMICONDUCTOR CORPORATION
198 CHAMPION COURT
SAN JOSE CA 95134 1709

EXAMINER

KETEMA BENYAM

ART UNIT

	

PAPER NUMBER

2696

DATE MAILED 04/22/2013

Determination of Patent Term Adjustment under 35 U S C 154 (b)
(application filed on or after May 29 2000)

The Patent Term Adjustment to date is 0 day(s) If the issue fee is paid on the date that is three months after the
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half
months) after the mailing date of this notice the Patent Term Adjustment will be 0 day(s)

If a Continued Prosecution Application (CPA) was filed in the above identified application the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval
(PAIR) WEB site (http //pair uspto gov)

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272 7702 Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1 (888) 786-0101 or (571)-272 4200
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Privacy Act Statement

The Privacy Act of 1974 (P L 93 579) requires that you be given certain information in connection with
your submission of the attached form related to a patent application or patent Accordmgly pursuant to
the requirements of the Act please be advised that (1) the general authority for the collection of this
information is 35 U S C 2(b)(2) (2) furnishing of the information solicited is voluntary and (3) the
principal purpose for which the information is used by the U S Patent and Trademark Office is to process
and/or examine your submission related to a patent application or patent If you do not furnish the
requested information the U S Patent and Trademark Office may not be able to process and/or examine
your subrmssion which may result in termination of proceedings or abandonment of the application or
expiration of the patent

The information provided by you in this form will be subject to the following routine uses

1 The information on this form will be treated confidentially to the extent allowed under the Freedom
of Information Act (5 U S C 552) and the Privacy Act (5 U S C 552a) Records from this system of
records may be disclosed to the Department of Justice to determine whether disclosure of these
records is required by the Freedom of Information Act

2 A record from this system of records may be disclosed as a routine use in the course of presenting
evidence to a court magistrate or administrative tribunal including disclosures to opposing counsel
rn the course of settlement negotiations

3 A record in this system of records may be disclosed as a routine use to a Member of Congress
submitting a request involving an individual to whom the record pertains when the individual has
requested assistance from the Member with respect to the subject matter of the record

4 A record in this system of records may be disclosed as a routine use to a contractor of the Agency
having need for the information in order to perform a contract Recipients of information shall be
required to comply with the requirements of the Pnvacy Act of 1974 as amended pursuant to 5
USC 552a(m)

5 A record related to an International Application filed under the Patent Cooperation Treaty in this
system of records may be disclosed as a routine use to the International Bureau of the World
Intellectual Property Organization pursuant to the Patent Cooperation Treaty

6 A record in this system of records may be disclosed as a routine use to another federal agency for
purposes of National Secunty review (35 U S C 181) and for review pursuant to the Atomic Energy
Act (42 U S C 218(c))

7 A record from this system of records may be disclosed as a routine use to the Administrator
General Services or his/her designee during an inspection of records conducted by GSA as part of
that agency s responsibility to recommend improvements in records management practices and
programs under authority of 44 U S C 2904 and 2906 Such disclosure shall be made in accordance
with the GSA regulations governing inspection of records for this purpose and any other relevant
(i e GSA or Commerce) directive Such disclosure shall not be used to make determinations about
individuals

8 A record from this system of records may be disclosed as a routine use to the public after either
publication of the application pursuant to 35 U S C 122(b) or issuance of a patent pursuant to 35
U S C 151 Further a record may be disclosed subject to the limitations of 37 CFR 1 14 as a
routine use to the public if the record was filed in an application which became abandoned or in
which the proceedings were ternunated and which application is referenced by either a published
application an application open to public inspection or an issued patent

9 A record from this system of records may be disclosed as a routine use to a Federal State or local
law enforcement agency if the USPTO becomes aware of a violation or potential violation of law or
regulation
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Post Card, as described In MPEP 503

New Applications Under 35 U S C 111
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1 53(b) (d) and MPEP 506), a Filing Receipt (37 CFR 1 54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application

National Stage clan International Application under 35 U S C 371
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U S C 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U S C 371 will be issued in addition to the Filing Receipt, In due course

New International Application Filed with the USPTO as a Receiving Office
If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the International filing date of
the application
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Application No 13/442,716
Attorney Docket No CD06039C2

Page 1

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of

Jiang Xiaoping

Application No 13/442 716

Filed Apirl 9 th 2012

For Apparatus and Methods For Detecting
A Conductive Object At A Location

REQUEST FOR CONTINUED EXAMINATION
AND INFORMATION DISCLOSURE STATEMENT

Commissioner for Patents
P O Box 1450
Alexandria, VA 22313 1450

Sir

Applicant hereby submits the Request for Continued Examination to be considered with

the IDS for the above referenced application In compliance with the duty of disclosure under 37

CFR § 1 56 and in accordance with the practice under 37 CFR §§ 1 97 and 1 98, the Examiners

attention is directed to the documents listed on the enclosed PTO 1449

In accordance with 37 CFR § 1 97(h), this Information Disclosure Statement is not to be

construed as an admission that the information cited is or is considered to be material to

patentability as defined in 37 CFR § 1 56(b), nor as an admission that the information constitutes

pnor art within the meaning of 35 USC §§ 102 and/or 103

It is respectfully requested that the information hsted on the PTO-1449 be considered by

the Examiner, and that an initialed copy of the PTO-1449 be returned indicating that such

information was considered

Customer No 60909

Examiner KETEMA BENYAM

Group Art Unit 2696

Confirmation No 6333
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Application No 13/442 716
Attorney Docket No CD06039C2

Page 2

The Commissioner is hereby authorized to charge any appropriate fees under 37 C F R

§§ 1 16, 1 17 1 18 1 20 and 1 21 that may be required to maintain pendency of the present

application, and to credit any overpayments, to Deposit Account No 50 3781

Should the Patent Office have any questions regarding this submission or the application

in general the Patent Office is urged to contact the Applicant ' s attorney, Larry Johnson by

telephone at (408) 545 7194 All correspondence should continue to be directed to the address

given below

/

/

Respectfully submitted,

Date 05/17/2013

	

By /Larry J Johnson/

Cypress Semiconductor Corporation
198 Champion Court
San Jose CA 95134
Facsimile (408) 545-6911
Customer No 60909

Customer No 60909

Larry J Johnson
Attorney for Applicant
Registration No 56,861
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Doc code RCEX
Doc description Request for Continued Examination (RCE)

PTO/SB/30EFS (07 09)
Approved for use through 07/31/2012 OMB 0651 0031

U S Patent and Trademark Office U S DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995 no persons are required to respond to a collection of infonnabon unless it contains a valid OMB control number

REQUEST FOR CONTINUED EXAMINATION(RCE)TRANSMITTAL
(Submitted Only via EFS-Web)

Application
Number 13/442 716

Filing
Date

2012 04 09 Docket Number
(if applicable)

CD06039C2 Art
Unit

2696

First Named
Inventor

Jiang XiaoPing
Examiner
Name

KETEMA BENYAM

This is a Request for Continued Examination (RCE) under 37 CFR 1 114 of the above identified application
Request for Continued Examination (RCE) practice under 37 CFR 1 114 does not apply to any utility or plant application filed prior to June 8
1995 or to any design application The Instruction Sheet for this form is located at WWW USPTO GOV

SUBMISSION REQUIRED UNDER 37 CFR 1 114

Note If the RCE is proper any previously filed unentered amendments and amendments enclosed with the RCE will be entered in the order
in which they were filed unless applicant instructs otherwise If applicant does not wish to have any previously filed unentered amendment(s)
entered applicant must request non entry of such amendment(s)

n Previously submitted If a final Office action is outstanding any amendments filed after the final Office action may be considered as a
submission even if this box is not checked

• Consider the arguments in the Appeal Brief or Reply Brief previously filed on

• Other

©

	

Enclosed

Amendment/Reply

Information Disclosure Statement (IDS)

Affidavit(s)/ Declaration(s)

• Other

MISCELLANEOUS

n

	

Suspension of action on the above identified application is requested under 37 CFR 1 103(c) for a period of months
(Period of suspension shall not exceed 3 months Fee under 37 CFR 1 17(i) required)

Other

FEES

The RCE fee under 37 CFR 1 17(e) is required by 37 CFR 1 114 when the RCE is filed
©

	

The Director is hereby authorized to charge any underpayment of fees or credit any overpayments to
Deposit Account No

	

503781

SIGNATURE OF APPLICANT ATTORNEY OR AGENT REQUIRED

©

	

Patent Practitioner Signature

Applicant Signature

EFS Web 2 1 15
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Doc code RCEX
Doc description Request for Continued Examination (RCE)

PTO/SB/30EFS (07 09)
Approved for use through 07/31/2012 OMB 0851 0031

U S Patent and Trademark Office U S DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995 no persons are required to respond to a collection of information unless It contains a valid OMB control number

Signature of Registered U S Patent Practitioner

Signature /Larry J Johnson! Date (YYYY-MM-DD) 2013 05 17

Name Larry J Johnson Registration Number 56861

This collection of information is required by 37 CFR 1 114 The Information is required to obtain or retain a benefit by the public which is to
file (and by the USPTO to process) an application Confidentiality is governed by 35 U S C 122 and 37 CFR 1 11 and 1 14 This collection is
estimated to take 12 minutes to complete including gathering prepanng and submitting the completed application form to the USPTO Time
will vary depending upon the individual case Any comments on the amount of time you require to complete this form and/or suggestions for
reducing this burden should be sent to the Chief Information Officer U S Patent and Trademark Office U S Department of Commerce
P O Box 1450 Alexandria VA 22313 1450

If you need assistance rn completing the form call 1 800 PTO 9199 and select option 2

EFS Web 2 1 15
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Privacy Act Statement

The Pnvacy Act of 1974 (P L 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent Accordingly pursuant to the requirements of the Act please be
advised that (1) the general authority for the collection of this information is 35 U S C 2(b)(2) (2) furnishing of the information
solicited is voluntary and (3) the principal purpose for which the information is used by the U S Patent and Trademark Office
is to process and/or examine your submission related to a patent application or patent If you do not furnish the requested
information the U S Patent and Trademark Office may not be able to process and/or examine your submission which may
result in termination of proceedings or abandonment of the application or expiration of the patent

The information provided by you in this form will be subject to the following routine uses

1

	

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information
Act (5 U S C 552) and the Privacy Act (5 U S C 552a) Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these records

2

	

A record from this system of records may be disclosed as a routine use in the course of presenting evidence to a
court magistrate or administrative tribunal including disclosures to opposing counsel in the course of settlement
negotiations

3

	

A record in this system of records may be disclosed as a routine use to a Member of Congress submitting a
request involving an individual to whom the record pertains when the individual has requested assistance from the
Member with respect to the subject matter of the record

4

	

A record in this system of records may be disclosed as a routine use to a contractor of the Agency having need
for the information in order to perform a contract Recipients of information shall be required to comply with the
requirements of the Pnvacy Act of 1974 as amended pursuant to 5 U S C 552a(m)

5

	

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed as a routine use to the International Bureau of the World Intellectual Property Organization
pursuant to the Patent Cooperation Treaty

6

	

A record in this system of records may be disclosed as a routine use to another federal agency for purposes of
National Security review (35 U S C 181) and for review pursuant to the Atomic Energy Act (42 U S C 218(c))

7

	

A record from this system of records may be disclosed as a routine use to the Administrator General Services
or his/her designee during an inspection of records conducted by GSA as part of that agencys responsibility to
recommend improvements in records management practices and programs under authority of 44 U S C 2904 and
2906 Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose and any other relevant (i e GSA or Commerce) directive Such disclosure shall not be used to make
determinations about individuals

8

	

A record from this system of records may be disclosed as a routine use to the public after either publication of
the application pursuant to 35 U S C 122(b) or issuance of a patent pursuant to 35 U S C 151 Further a record may
be disclosed subject to the limitations of 37 CFR 1 14 as a routine use to the public if the record was filed in an
application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application an application open to public inspections or an issued patent

9

	

A record from this system of records may be disclosed as a routine use to a Federal State or local law
enforcement agency if the USPTO becomes aware of a violation or potential violation of law or regulation

EFS Web 2 1 15
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Doc code IDS

	

PTOISBI08a (01 10)

Doc description Information Disclosure Statement (IDS)

	

for use through 07/3112012 OMB 0851-0031
) Filed

	

U S Patent and Trademark Office U S DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995 no persons are required to respond to a collection of information unless it contains a valid OMB control number

Application Number 13442716

INFORMATION DISCLOSURE
Filing Date 2012 04 09

First Named Inventor XlaoPing Jiang
STATEMENT BY APPLICANT

Art Unit 2629
( Not for submission under 37 CFR 1 99)

Examiner Name

Attorney Docket Number CD06039C2

U S PATENTS

	

Remove

Examiner
Initial"

Cite
No

Patent Number
Kind
COde1 Issue Date

Name of Patentee or Applicant
of cited Document

Pages Columns Lines where
Relevant Passages or Relevant
Figures Appear

1 6353200 B1 2002 03 05 Schwankhart Gerhard Entire Document

2 3979745 A 1976 09 07 Bishop Entire Document

3 4039940 A 1977 08 02 Butler et al Entire Document

4 4113378 A 1978 09 12 Wirtz John Entire Document

5 4145748 B1 1979 03 20 Eichelberger et al Entire Document

6 4193063 A 1980 03 11 Hitt et al Entire Document

7 4238711 A 1980 12 09 Wallot Entire Document

8 4264903 A 1981 04 28 Bigelow Entire Document

EFS Web 2 1 17
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Application Number 13442716

Filing Date 2012 04 09

INFORMATION DISCLOSURE First Named Inventor XiaoPing Jiang

STATEMENT BY APPLICANT Art Unit 2629
( Not for submission under 37 CFR 1 99)

Examiner Name

Attorney Docket Number CD06039C2

9 4266144 A 1981 05-05 Bristol Entire Document

10 4292604 A 1981 09 29 Embree et al Entire Document

11 4305135 A 1981 12 08 Dahl et al Entire Document

12 4586260 A 1986 05-06 Baxter et al Entire Document

13 4614937 B1 1986 09 30 Poujois Robert Entire Document

14 4728932 B1 1988 03 01 Atherton James H Entire Document

15 4736191 A 1988 04 05 Matzke et at Entire Document

16 4825147 A 1989 04 25 Cook et al Entire Document

17 4831325 A 1989 05-16 Watson Jr Entire Document

18 5008497 A 1991 04 16 Asher Entire Document

19 5214388 B1 1993 05 25 Vranish et al Entire Document

EFS Web 2 1 17
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Application Number 13442716

Filing Date 2012 04 09

INFORMATION DISCLOSURE First Named Inventor XiaoPing Jiang
STATEMENT BY APPLICANT

Art Unit 2629
( Not for submission under 37 CFR 1 99)

Examiner Name

Attorney Docket Number CD06039C2

20 5237879 A 1993 08 24 Speeter Entire Document

21 5305017 A 1994 04 19 Gerpheide Entire Document

22 5323158 B1 1994 06 21 Paul F Ferguson Jr Entire Document

23 5373245 B1 1994 12 13 Vranish et al Entire Document

24 5386219 A 1995 01 31 Greanias et al Entire Document

25 5463388 A 1995 10 31 Bole et al Entire Document

26 5541580 B1 1996 07 30 Gerston et al Entire Document

27 5670915 A 1997 09 23 Cooper et al Entire Document

28 5760852 B1 1998 06 02 Wu et al Entire Document

29 5801340 B1 1998 09 01 Peter Walter H Entire Document

30 5920309 B1 1999 07 06 Bisset et al Entire Document

EFS Web 2 1 17
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Application Number 13442716

Filing Date 2012 04 09

INFORMATION DISCLOSURE First Named Inventor XiaoPing Jiang

STATEMENT BY APPLICANT Art Unit 2629
( Not for submission under 37 CFR 1 99)

Examiner Name

Attorney Docket Number CD06039C2

31 5942733 A 1999 08 24 Allen et al Entire Document

32 6037929 A 2000 03 14 Ogura et al Entire Document

33 6060957 A 2000 05 09 Kodmja et al Entire Document

34 6145850 B1 2000 11 14 Rehm Fritz Entire Document

35 6184871 B1 2001 02 06 Teres et al Entire Document

36 6188391 B1 2001 02 13 Seely et al Entire Document

37 6191723 B1 2001 02 20 Lewis Entire Document

38 6297811 B1 2001 10 02 Kent et al Entire Document

39 6366099 B1 2002 04 02 Redd' M Entire Document

40 6377129 B1 2002 04 23 Rhee et al Entire Document

41 6380931 B1 2002 04 30 Gillespie et al Entire Document
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Application Number 13442716

Filing Date 2012 04 09

INFORMATION DISCLOSURE First Named Inventor XiaoPing Jiang
STATEMENT BY APPLICANT

Art Unit 2629
( Not for submission under 37 CFR 1 99)

Examiner Name

Attorney Docket Number CD06039C2

42 6448911 B1 2002 09 10 Somayajula Shyam S Entire Document

43 6490203 B1 2002 12 03 Tang Entire Document

44 6535200 B2 2003 03 18 Philipp Entire Document

45 6577140 B1 2003 06 10 Wenman Entire Document

46 6583632 B2 2003 06 24 Von Basse et al Entire Document

47 6700392 B2 2004 03 02 Haase Entire Document

48 6781577 B2 2004 08 24 Shigetaka Entire Document

49 6806693 B1 2004 10 19 Bron Ernest Entire Document

50 6825673 B1 2004 11 30 Yamaoka ShuJi Entire Document

51 6838887 B2 2005 01 04 Denen Dennis et al Entire Document

52 6859159 B1 2005 02 22 Michalski Christopher Entire Document

EFS Web 2 1 17
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Filing Date 2012 04 09

INFORMATION DISCLOSURE First Named Inventor XiaoPing Jiang
STATEMENT BY APPLICANT Art Unit 2629
( Not for submission under 37 CFR 1 99)

Examiner Name

Attorney Docket Number CD06039C2

53 6879930 B2 2005 04 12 Sinclair et al Entire Document

54 6882338 B2 2005 04 19 Flowers Entire Document

55 6888536 B2 2005 05-03 Westerman et al Entire Document

56 6891531 B1 2005 05 10 Lin Jaoching Entire Document

57 6914547 B1 2005 07 05 Swaroop et al Entire Document

58 6933873 B1 2005 08 23 Horsley et al Entire Document

59 6940291 B1 2005 09 06 Ozick Entire Document

60 6946853 B2 2005 09 20 Gifford et al Entire Document

61 6958594 82 2005 10 25 Red! et al Entire Document

62 6970120 B1 2005 11 29 Bjomsen Johnny Entire Document

63 6970126 B1 2005 11 29 O Dowd et al Entire Document

EFS Web 2 1 17
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Application Number 13442716

Filing Date 2012 04 09

INFORMATION DISCLOSURE First Named Inventor XiaoPing Jiang
STATEMENT BY APPLICANT Art Unit 2629
( Not for submission under 37 CFR 1 99)

Examiner Name

Attorney Docket Number CD06039C2

64 7006078 B2 2006 02 28 Kim Entire Document

65 7031886 B1 2006 04 18 Hargreaves Kirk Entire Document

66 7032051 B2 2006 04 18 Reay et al Entire Document

67 7046230 B2 2006 05-16 Zadesky Stephen et at Entire Document

68 7068039 B1 2006 06 27 Parker Kenneth P Entire Document

69 7075316 B1 2006 07 11 Umeda et at Entire Document

70 7078916 B1 2006 07 18 Denison Timothy J Entire Document

71 7098675 B2 2006 08 29 Inaba et at Entire Document

72 7129935 B2 2006 10 31 Mackey Bob Entire Document

73 7148704 B2 2006 12 12 Philipp Entire Document

74 7235983 B2 2007 06 26 0 Dowd et al Entire Document

EFS Web 2 1 17
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Filing Date 2012 04 09

INFORMATION DISCLOSURE First Named Inventor XiaoPing Jiang
STATEMENT BY APPLICANT

Art Unit 2629
( Not for submission under 37 CFR 1 99)

Examiner Name

Attorney Docket Number CD06039C2

75 7262609 B2 2007 08 28 Reynolds Entire Document

76 7288946 B2 2007 10 30 Hargreaves et al Entire Document

77 7301350 B2 2007 11 27 Hargreaves et al Entire Document

78 7307485 B1 2007 12 11 Snyder et al Entire Document

79 7323886 B2 2008 01 29 Lee 'ling Entire Document

80 7339580 B2 2008 03 04 Westerman et al Entire Document

81 7359816 B1 2008 04 15 Kumar et al Entire Document

82 7375535 BI 2008 05-20 Kutz et al Entire Document

83 7381031 B2 2008 06 03 Kawaguchi et al Entire Document

84 7382139 B2 2008 06 03 Mackey Bob Entire Document

85 7417411 B1 2008 08 26 Hoffman et al Entire Document
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STATEMENT BY APPLICANT Art Unit 2629
( Not for submission under 37 CFR 1 99)

Examiner Name

Attorney Docket Number CD06039C2

86 7417441 B1 2008 08 26 Reynolds Joseph Kurth Entire Document

87 7423437 B1 2008 09 09 Hargreaves et al Entire Document

88 7449895 B2 2008 11 11 Ely et al Entire Document

89 7450113 B1 2008 11 11 Gillespie et al Entire Document

90 7451050 B1 2008 11 11 Hargreaves Kirk Entire Document

91 7453270 B1 2008 11 18 Hargreaves et al Entire Document

92 7453279 B1 2008 11 18 Corbin Jr et al Entire Document

93 7479788 B1 2009 01 20 Bolender et al Entire Document

94 7495659 B2 2009 02 24 Marriott et al Entire Document

95 7499040 B1 2009 03 03 Zadesky et al Entire Document

96 7521941 B1 2009 04 21 Ely et al Entire Document
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Application Number 13442716

Filing Date 2012 04 09

INFORMATION DISCLOSURE First Named Inventor XiaoPing Jiang
STATEMENT BY APPLICANT Art Unit 2629
( Not for submission under 37 CFR 1 99}

Examiner Name

Attorney Docket Number CDO6039C2

97 7548073 B2 2009 06 16 Mackey Bob et al Entire Document

98 7598822 B1 2009 10 06 Ralagopal et al Entire Document

99 7683641 B1 2010 03 23 Hargreaves et al Entire Document

100 7772514 B2 2010 08 10 Kirmayer Entire Document

101 7821274 B2 2010 10 26 Philipp et al Entire Document

102 7825910 B1 2010 11 02 WON Jong Sung Entire Document

103 8040321 B1 2011 10 18 Peng et al Entire Document

104 8058937 B1 2011 11 15 an et al Entire Document

If you wish to add additional U S Patent citation information please click the Add button

	

Add

U S PATENT APPLICATION PUBLICATIONS

	

Remove

Examiner Publication Kind Publication Name of Patentee or Applicant
Pages Columns Lines where

Initial' Cite No Number Code 1 Date of cited Document
Relevant Passages or Relevant
Figures Appear

1 20030091220 A 2003 05 15 Sato et al Entire Document
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INFORMATION DISCLOSURE First Named Inventor XiaoPing Jiang
STATEMENT BY APPLICANT

Art Unit 2629
( Not for submission under 37 CFR 1 99)

Examiner Name

Attorney Docket Number CD06039C2

2 20040178989 2004 09 16 Shahoian et al Entire Document

3 20040217945 A 2004 11 04 Miyamoto et al Entire Document

4 20050031175 A 2005 02 10 Nara et al Entire Document

5 20050052429 A 2005 03 10 Philipp Entire Document

6 20050159126 Al 2005 07 21 Wang Entire Document

7 20050179672 A 2005 08 18 Chiu et al Entire Document

8 20060016800 A 2006 01 26 Paradiso et al Entire Document

9 20060038793 2006 02 23 Philipp Harald Entire Document

10 20060131159 A 2006 06 22 Kaps et al Entire Document

11 20060197750 A 2006 09 07 Kerr et al Entire Document

12 20060232559 Al 2006 10 19 Chien et al Entire Document
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STATEMENT BY APPLICANT

Art Unit 2629
( Not for submission under 37 CFR 1 99)

Examiner Name

Attorney Docket Number CD06039C2

13 20060262101 A 2006 11 23 Layton et al Entire Document

14 20070076897 Al 2007 04 05 Philipp Entire Document

15 20070247443 A 2007 10 25 Philipp Entire Document

16 20070257894 2007 11 08 Philipp Harald Entire Document

17 20070268273 2007 11 22 Westerman et al Entire Document

18 20070268274 2007 11 22 Westerman et al Entire Document

19 20070268275 A 2007 11 22 Westerman et al Entire Document

20 20070296694 A 2007 12 27 Kim et al Entire Document

21 20070296709 A 2007 12 27 Guanghai Entire Document

22 20080007534 Al 2008 01 10 Peng et al Entire Document

23 20080024455 A 2008 01 31 Lee et al Entire Document

EFS Web 2 1 17

CY00002207



Application Number 13442716

Filing Date 2012 04 09

INFORMATION DISCLOSURE First Named Inventor XiaoPing Jiang
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Examiner Name

Attorney Docket Number CD06039C2

24 20080036473 A 2008 02 14 Jansson Entire Document

25 20080041639 2008 02 21 Westerman et al Entire Document

26 20080041640 2008 02 21 Gillespie et al Entire Document
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28 20080042987 Al 2008 02 21 Westerman et al Entire Document

29 20080042988 2008 02 21 Westerman et al Entire Document

30 20080042989 A 2008 02 21 Westerman et al Entire Document

31 20080042994 2008 02 21 Gillespie et al Entire Document

32 20080068100 2008 03 20 Goodnow et al Entire Document

33 20080111714 A 2008 05-15 Kremin Entire Document

34 20080116904 2008 05-22 Reynolds et al Entire Document
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INFORMATION DISCLOSURE First Named Inventor XiaoPing Jiang
STATEMENT BY APPLICANT

Art Unit 2629
( Not for submission under 37 CFR 1 99)

Examiner Name

Attorney Docket Number CD06039C2

35 20080128182 Al 2008 06 05 Westerman et al Entire Document

36 20080179112 A 2008 07 31 Din et al Entire Document

If you wish to add additional U S Published Application citation information please click the Add button

	

Add

FOREIGN PATENT DOCUMENTS

	

Remove

Examiner
Initial'

Cite
No

Foreign Document
Number 3

Country
Code 2 t

Kind
Code4

Publication
Date

Name of Patentee or
Applicant of cited
Document

Pages Columns Lines
where Relevant
Passages or Relevant
Figures Appear

T 5

1 0574213 EP A 1993 12 15 Miller et al Entire Document

2 GB05000604 GB B2 2005 02 18 Pelikon Entire Document

If you wish to add additional Foreign Patent Document citation information please click the Add button

	

Add

NON PATENT LITERATURE DOCUMENTS

	

Remove

Examiner
Initials*

Cite
No

Include name of the author (in CAPITAL LETTERS) title of the article (when appropnate) title of the item
(book magazine Journal serial symposium catalog etc) date pages(s) volume-issue number(s)
publisher city and/or country where published
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1
The Virtual Keyboard I Tech Bluetooth/Serial Virtual Laser Keyboard Available Nowi The Virtual Laser Keyboard n

(VKB) Online Worldwide Shop <http llwww virtual laser keyboard corn> downloaded 04/13/2006 4 pages

2 Application Number 11/493 350 (CD06097)

	

Technique for Increasing the Sensitivity of Capacitive Sensor Arrays
Lee et al

	

filed on 07/25/2006 48 pages
n

3 Mark Lee

	

CapSense Best Practices

	

Cypress Semiconductor Application Note 10/16/2006 10 pages
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Application Number 13442716

Filing Date 2012 04 09

INFORMATION DISCLOSURE First Named Inventor XiaoPing Jiang

STATEMENT BY APPLICANT Art Unit 2629
( Not for submission under 37 CFR 1 99)

Examiner Name
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The virtual laser keyboard (VKB)
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Welcome to the
Woi Idwide Intci net
Dist, Ibutor of the

Virtual Keyboai d
Sinai phones and PD ,\ otter in
impictitnc amount of computin g power
But in pi icticgl lci ins they ate
not div+ 1% . env to use

I rain h1rn,

Click Hera For
LIVE HELP .'

The Virtual
Keyboard :

Special sale
$199 99 '

Money Back
Guarantee

I-Tech Bluetooth/Serial Virtual Laser
Keyboard available now!

For the first time ever available to
the public in any quantity'

Smart phones and PPAs offer an
Impressive amount of computing
power But In practical terms, they
are not always easy to use Writing
long smalls or other documents can
frankly be a pain

The revolutionary Virtual Keyboard
(VKB) uses the latest Infrared &
laser technology to project a full
size keyboard onto any flat surface
For the first time Users can then
type as normal on this virtual
keyboard (VKB), enabling them to
work quickly and effectively, taking
the pain and frustration out of
minuscule keyboards and
handwriting recognition software
Imagine how much easier It would
be if you had a proper mobile
phone keyboard that fits In your
Podcet

The Virtual Keyboard (VKB) How does it work?

You can use the VKB (Virtual PC Keyboard) with both your laptop and PC and with a compatible
mobile device compatible Smartphone and PDA

The virtual laser keyboard (VKB) works by using both Infrared and laser technology to produce an
Invisible circuit and project a full size virtual QWERTY keyboard on to any surface The virtual PC
keyboard behaves exactly like a real one direction technology based on optical recognition
enables the user to tap the images of the keys complete with realistic lapping sounds('), which
feeds into the compatible PDA Smartphone laptop or PC

TheMilVirtual Keyboard has a wide rartoe of aoolicatipns,
Personal digital assistants
Cellular telephones
Space saving computers
Tablet PCs
Laptops
Industrial environments
Clean rooms
Stenle and medical environments
Test Equipment
Transport (Air Rail Automotive)

Roughly the size of a disposable lighter, (90 x 34 x 24 mm) the VKB enables users to type
email or long text as easily as with a conventional keyboard Imagine how much easkr It would be
If you had a proper mobile phone keyboard that fits in your pocket

http //www virtual-laser-keyboard com/1an=ov&OVRAW=virtual%20keyboard&OVKEy=vutual%20ke 4/13/2006
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The Virtual
Laser Keyboard

(VKB)

$1.9_9_22

Qrder Now' \,

	

•

The VKB works either with your
laptop, your PC or your compatible

Smartphone and PDA

Contactus

USA
13033 Signature Point, #180
San Diego, CA 92130

England
12 Westbourne Street
London W2 2TZ

Virtual PC Keyboard (VKB) Settings

Using the VKB, the following settings can be controlled either via your laptop your PC or your
compatible Smartphone and PDA

Sound Users can control the virtual keyboard sound effects (keyclicks)
Intensity Control the intensity of the projected virtual keyboard
Connection Connection to the appropriate Laptop/PC port
Sensitivity Users can adjust the sensitivity of the virtual keyboard
Timeouts Adjustable timeouts to conserve the virtual keyboards battery life
Auto repeat. Allows the VKB to automatically repeat a key based on prescribed parameters

The Virtual Keyboard uses light to project a full sized computer keyboard onto almost any surface
Used with Smart Phones and PDA s the VKB provides a practical way to do email, word processing
and spreadsheet tasks allowing the user to leave the laptop computer at home VKB observes the
users linger movements to Interpret and record keystrokes Since the virtual keyboard Is an Image
projected in light It completely disappears when not in use

Independent Reviews of the VKB:
www	 moblhtytoday.cpm
wwwtrustedrevievys.com

www pocketpccanada corn
www pocketfreak .dk

South Africa
SA WEB
P 0 Box 7815
Albemarle, 1410

Israel
49 Hasivim st
Petah Tikva,49517

Phones
1 866-2289132 (USA Toll Free)
Direct +972-3-9249992
Fax +972-3-9236807

BEST AVAILABLE COPY

Virtual Keyboard

Supported Models:

02XDAI
02 XDA II
Orange SPV e200
Palm Tungsten T3
QTek 8080 Smartphone
Palm m505
HP2210
HP3417
HP rx3715 (Use HP 5550 Driver)
HP 3800/3900 Series (Use HP 5455 Dnver)
HP54S5
HPS550

Pocket PC 2003
Smartphone 2003
Palm OS5 X
Palm 054 X
Wln XP 2000, NT, 98

http //www virtual-laser-keyboard coml .) an=ov&OVRA W=vit tual%20keyboard&OVKEY=virtual%20ke 4/13/2006
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La tops / Desktops via sepal connector

Virtual Keyboard BlueTooth
Supported Models:

...
Device Compatibility for VKB usage 1 Operating

m

SmartPhorles Pocket PC 2003
Smartphone 2003
Palm 055 X
Win XP, 2000
Mac

Blackberry
7100g 7100t 710017130e 7250 7250 7290 7290 7520 8700c 8700r

HP 6300 Series
HP 6500 Series
Dopod 535 /Qtek 8080 / SPV E200 / Xphone
Audiovox xv6600 / PPC6601 / Harrier
Dopod 565 / i mate 5P3 / Qtek 8010 / SPV C500
Dopod 576 /

	

mate SP31 / Qtek 8020 / SDA / Xphone II
Dopod 585 / Qtek 8100 / SDA Music / Xphone Urn
Dopod 699 / M2500 / Qtek 20201 / XDAI1i
Dopod 700 /

	

mate PDA2K / MDAIII / Qtek 9090 / VPAIII / XDAIIs
Dopod 818 / mate Jam / M500 / MDA Compact / Qtek S100 / XDA Mini
M2000 / MDA II / Qtek 2020 / XDA II
I mate JasJar/sp3
Motorola A1000
Motorola MPx220
Nokia 3650
Nokia 6600
Nokia 6260
Nokia 6630
Nokia 6680
Nokia N70
Nokia 7650
Palm Treo 650
Samsung 1730
Sony Ericsson P800
Sony Ericsson P900
Sony Ericsson P9101
XPlore M68

Acer N50
Asus MyPal A716
Deli Asim 50/X50V
HP 1PAQ H1940
MPIPAQ H2210
HP 1PAQ H2700
HP 1PAQ rx 3417
HP iPAQ rx3715
HP 1PAQ 4700
HP 1PAQ H5550
MIO 336 BT
Palm Tungsten T3
Palm Tungsten T5
Palm Zire 72

Palm TX
Palm Life Drive
Laptops and Desktops

About Us

	

Privacy Policy

	

F A 0 Contact Us
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TECHNIQUE FOR INCREASING THE SENSITIVITY OF CAPACITIVVF SENSOR

ARRAYS

TECHNICAL FIELD

[0001] This disclosure relates generally to user interface devices, and in

particular but not exclusively, relates to capacitive sense user interface devices

BACKGROUND INFORMATION

[0002] Computing devices, such as notebook computers, personal data

assistants (PDAs), and mobile handsets, have user Interface devices, which are also

known as human interface devices ("HID") One type of user interface device that has

become more common is a capacitive sense Interface This technology is often refer red

to as capacitive touch-sense technology, however, this term Is a misguided term since

the user need not actually physically touch the interface to operate the technology

Rather, the user need only bring a conductive object (e g , a finger) in close proximity to

the capacitive sense interface

[0003] Capacitive sense interfaces may assume a variety of shapes and sizes

FIG IA illustrates a conventional circular slider interface 105 having a center

mechanical button 1 .10 The illustrated circular slider interface 105 includes eight radial

capacitive sensors 115 encircling mechanical button 110 and a processing device 120

Processing device 120 monitors capacitive changes in each of capacitive sensors 115 to

register user interactions with circular slider interface 105 Circular sliders may be used

to convey absolute positional information of a conductive object, such as to emulate a

mouse in controlling cursor positioning on a display, or to emulate a scrolling function

CY00002243
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of the mouse, but may also be used to actuate one or more functions associated with the

sensing elements of the sensing device

10004] FIG I B illustrates a conventional linear slider interface 130 Linear

slider interface 130 includes a surface area on which a conductive object may be used to

position a cursor in the x- axis (or alternatively in the y axis) Linear slider interface 130

may include a one-dimensional array of capacitance sensors 135 When making contact

or coming in proximity with a particular portion of linear slider Interface 100, the

individual capacitive sensors 135 will sense capacitive variations that are translated into

absolute or relative user interaction position The capacitance variation may be sent as a

signal to a coupled processing device (not illustrated) for analysis For example, by

detecting the capacitance variation of each sensor element, the positron of the changing

capacitance can be pinpointed In other words, it can be determined which sensor

element has detected the presence of the conductive object, and it can also be determined

the motion and/or the position of the conductive object over multiple sensor elements

[0005] FIG IC illustrates a conventional touch pad interface-140 Touchpad

interface 140 is often used in notebooks'to emulate the function of a personal computer

("PC ') mouse A touch-sensor pad is typically embedded into a PC notebook for built

in portability Touch pad interface 140 can replicate mouse x/y movement by using two

defined axes which contain a collection of sensor elements that detect the position of a

conductive object, such as a finger Mouse rightlleft button clicks can be replicated by

two mechanical buttons, located in the vicinity of the touchpad, or by tapping commands

on touch pad interface 140 itself Touch pad interface 140 provides a user interface

device for performing such functions as positioning a cursor, or selecting an item on a

2

CY00002244



Attorney Docket No 16820P472

	

Express Mail No EVV320125436US

display Touch pad interface 140 may include multi-dimensional sensor arrays for

detecting movement in multiple axes For example, touch pad Interface 140 may be

implemented as a two-dimensional array of linear sliders

100061 As consumer electronic devices continue to shrink so to do their user

interfaces A smaller capacitive sense user interface typically means smaller individual

capacitive sensors within the user interface Shrinking the size of a capacitive sensor

adversely affects its sensitivity, resulting in a detnmental effect on the user experience

Decreased sensitivity due to shrinking sensor size can be partially compensated by

increasing the sampling time of a particular capacitive sensor However, increasing the

sampling time for each capacitive sensor within an array of capacitive sensors reduces

the response time of the user interface-once again with detnmental effects on the user

experience

[00071 As capacitive sense technology is introduced into other more durable

consumer products, such as white goods (e g , kitchen appliances), the overlay material

that protects the capacitive sensors must typically be thicker and more durable to protect

the underlying electronics from harsher environments The thicker dielectric materials _

also adversely impact'the sensitivity of capacitive sense user interfaces
r

3
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BRIEF DESCRIPTION OF THE DRAWINGS

[00081 Non limiting and non-exhaustive embodiments of the invention are

described with reference to the following figures, wherein like reference numerals refer

to like parts throughout the various views unless otherwise specified

[00091 FIG 1 A illustrates a conventional circularslider interface having a

center mechanical button

[00101 FIG 1B illustrates a conventional linear slider interface

[0011] FIG 1 C illustrates a conventional touch pad interface

[00121 FIG 2 illustrates a user finger interacting with a capacitance sensor, in

accordance with an embodiment of the invention

10013] FIG 3 is a diagram illustrating a capacitive sense interface including a

circular slider array, in accordance with an embodiment of the invention

100141 FIG 4 is a diagram illustrating a capacitive sense interface including a

linear slider array, in accordance with an embodiment of the invention

100151 FIG 5 is a flow chart illustrating a process to group scan a capacitive

sense interface, in accordance with an embodiment of the invention

100161 FIG .6A is a diagram illustrating a group scan of a circular slider array,

in accordance with an embodiment of the invention

100171 FIG 6B is a diagram illustrating a group scan of a linear slider array, in

accordance with an embodiment of the invention

100181 FIG 7 is a flow chart illustrating a process to perform quick discrete

scans of a capacitive sense user interface until a user interaction is sensed and then

4
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perform a group scan to more precisely interpolate the location of the user Interaction, in

accordance with an embodiment of the `invention

[0019] FIG 8 is a functional block diagram Illustrating a demonstrative

processing system for implementing a capacitance sense user interface, m accordance

with an embodiment of the Invention

100201 FIG 9 Is a circuit diagram illustrating a demonstrative capacitance

sensor, in accordance with an embodiment of the Invention

5
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DETAILED DESCRIPTION

[0021) Embodiments of a method, apparatus, and system for Implementing a

capacitive sense user interface are described herein In the following description

numerous specific details are set forth to provide a thorough understanding of the

embodiments One skilled in the relevant art will recognize, however, that the

techniques described herein can be practiced without one or more of the specific details,

or with other methods, components, materials, etc In other instances, well-known

structures, materials, or operations are not shown or described in detail to avoid

obscuring certain aspects

'

	

[0022[ Reference throughout this specification to "one embodiment" or "an

embodiment" means that a particular feature, structure, or characteristic described in

connection with the embodiment is included in at least one embodiment of the present

invention Thus, the appearances of the phrases ` in one embodiment ' or "in an

embodiment' in various places throughout this specification are not necessarily all

refemng to the same embodiment Furthermore, the particular features, structures, or

characteristics may b'e combined in any suitable manner in one or more embodiments

[00231 FIG 2 illustrates a user finger 205 interacting with a capacitance sensor

200, in accordance with an embodiment of the invention In short, when a conductive

object, such as user finger 205, is moved into proximity with capacitance sensor 200, its

baseline capacitance is increased, resulting in a measurable capacitance change By

monitoring capacitance sensor 200 for a baseline capacitance deviation QC, capacitive

sensor activations can be determined and registered within software Of course, a user

interaction with capacitance sensor 200 is not limited to a finger Other conductive
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objects may be used to interact with capacitive sensor 200 including, a stylus, a pen, or

any other conductive object

[0024] By grouping a plurality of capacitance sensors 200 into an array of

capacitive & sensors, such as a circular slider array, a linear slider array, a touch pad array,

or the like, a ; variety of user interfaces may be implemented For example, capacitive .

sensor arrays may be used to implement user interfaces of a variety of products

including door switches, white goods (e g , kitchen appliances), laptop computers,

desktop computers, personal digital assistants ( " PDAs"), portable music players (e g ,

MP3 players), wireless telephones, cellular telephones, radios, or the like Capacitive

sensor arrays may also be used to implement position sensors

[0025] FIG 3 is a diagram illustrating a capacitive (CAP) sense interface 300

including a circular slider, in accordance with an embodiment of the invention The

illustrated embodiment of CAP sense interface 300 Includes a capacitance sensor circuit

305, an input/output (` 110") interface 310, and a circular slider array 315 The

illustrated embodiment of circular slider array 315 includes an array of pie slice-shaped

CAP sensors 320A -, 3201, (collectively 320) Although FIG 3 illustrates twelve CAP

sensors 320, i It should be appreciated that other embodiments may include more or less

CAP sensors 320 having regular or irregular sizes and shapes Furthermore, some

embodiments may Include a mechanical/CAP sense button positioned In the center of

circular slider array 315

[0026] 1/0 interface 310 links each CAP sensor 320 to capacitance sensor

circuit 305 In one embodiment, I/0 Interface 310 Is a configurable analog interconnect

between capacitance sensor circuit 305 and circular slider array 315 I/O interface 310
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can be configured on the fly during regular operation to couple capacitance sensor circuit

305 to any one individual CAP sensor 320 at a time or to groups of CAP sensors 320 at a

time Once connected, to an individual CAP sensor 320 or to a group of CAP sensors

320, capacitive sensor circuit 305 can measure the capacitance of the individual or group

of CAP sensors 320 to determine whether its/their capacitance has deviated by a

threshold amount fora threshold period of time, thus indicating that a user activation

should be registered in software (i e , acknowledged in software such that an appropnate

action or function is executed)

[0027] As mentioned, I/O interface 310 can be configured to sequentially

couple capacitance sensor circuit 305 to discrete or individual CAP sensor 320 to

perform a "discrete scan" of circular slider array 315 Alternatively, I/O interface 310

can be configured to sequentially couple capacitance sensor circuit 305 to groups of

CAP sensors 320 at a time (referred to as sensor groups) to perform a "group scan" of

circular slider array 315 Discrete scans can be performed quicker than group scans

since the capacitive load of a single CAP sensor 320 is inherently smaller than a group

of CAP sensors 320 Accordingly, discrete scans may be performed to quickly

approximate the location on circular slider array 315 of a user interaction (e g , finger

touch), while group scans may be performed to more precisely determine the location of

the user interaction Of course, the speed of a group scan can be increased by increasing

the drive current used to measure capacitance changes on the groups of CAP sensors

320 In environments where the signal to noise ratio (` SNR") of the discrete scan is not

sufficient, then the group scans may be performed exclusively Use of the group scan

technique may or may not increase the SNR, however, the absolute value of the signals
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measured from circular slider array 315 will Increase thereby increasing the sensitivity

of CAP sense Interface 300

10028] In one embodiment, CAP sensor circuit 305 includes driver circuitry of

a relaxation oscillator In this embodiment, the driver circuitry within CAP sensor

circuit 305 continually charges and discharges each CAP sensor 320 by reciprocally

driving and discharging a current onto CAP sensors 320 When I/O Interface 310

connects the dnver circuitry to a particular discrete CAP sensor 320 or a sensor group,

the relaxation oscillator circuit Is formed The particular discrete CAP sensor 320 or

sensor group determines the frequency at which the relaxation oscillator circuit will

oscillate To measure a capacitive change AC of a discrete CAP sensor 320 or a sensor

group, capacitance sensor circuit 305 measures either a frequency change or period

change of the oscillation associated with a particular discrete CAP sensor 320 or a

particular sensor group Accordingly, CAP sensor circuit 305 need not actually measure

the absolute capacitance of a discrete CAP sensor 320 or sensor group to register an

actuation, but rather can measure a value Indicative of this capacitance Thus value may

be a simple count deviation from a baseline unactuated count value related to the period

or frequency of oscillation It should be appreciated that CAP sensor circuit 305 may be

Implemented with a variety of other capacitive sense technologies including a current

versus voltage phase shift measurement technique, a resistor capacitor,charge timing

technique, a capacitive bndge divider technique, a charge transfer technique, or the like,

descnbed ►n greater detail below

[0029] Once CAP sensor circuit 305 senses that one or more CAP sensors 320

are being actuated (e g , threshold change in a baseline capacitance fora threshold
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duration), then the physical location of the user Interaction on circular slider array 315

may be determined by analyzing the values measured by CAP sensor circuit 305 to

determine which CAP sensors 320 are being actuated In an embodiment where analog

values are being sequentially sensed for sensor groups, a more precise location may be

Interpolated from the values

[00301 FIG 4 Is a diagram illustrating a CAP sense Interface 400 Including a

hnear,shder, In accordance with an embodiment of the invention The Illustrated

embodiment of CAP sense Interface 400 Includes a CAP sensor circuit 405, an 110

Interface 410, and a linear slider array 415 The Illustrated embodiment of linear slider

array 415 Includes an array of CAP sensors 420A - 320G (collectively 420) Although

FIG 4 illustrates seven CAP sensors 420, it should be appreciated that other

embodiments may include more or less CAP sensors 420 having regular or irregular

sizes and shapes

[0031] CAP sense Interface 400 operates in a similar manner as discussed

above in connection with CAP sense Interface 300, except that it is implemented with a

linear slider array as opposed to a circular slider array As In the case of CAP sensor

305, CAP sensor 40, 5 can perform quick discrete scans of linear slider array 415 or more

sensitive group scans of linear slider array 415 Furthermore, it should be appreciated

that a two dimensional array of linear slider array 415 may be used to Implement a CAP

sense touch pad

10032] FIG 5 Is a flow chart illustrating a process 500 to group scan a CAP

sense interface, In accordance with an embodiment of the Invention Process 500 may

be used in connection with CAP sense interfaces 300, 400, or otherwise Process 500
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will be described with reference to FIGs 5, 6A, and 6B FIG 6A is a diagram

illustrating a group scan of circular slider array 315, while FIG 613 is a diagram

illustrating a group scan of 'a linear slider array 415, in accordance with an embodiment

of the invention

(0033] The processes explained below are described to terms of computer

software and . hardware' The techniques descnbed may constitute machine-executable

instructions embodied within a machine (e g , computer) readable medium, that when

executed by a machine will cause the machine to perform the operations descnbed

Additionally, the processes may be embodied within hardware, such as an application

specific integrated circuit ("ASIC") or the like The order in which some or all of the

process blocks appear in each process should not be deemed limiting Rather, one of

ordinary skill in the art having the benefit of the present disclosure will understand that

some of the process blocks may be executed in a variety of orders not illustrated

(0034] In a process block 505, the group scan is commenced A first group of

CAP sensors (e g , CAP sensors 320 or CAP sensors 420) are selected to be the current

sensor group 605 For the sake of discussion, process 500 will be discussed with

reference to FIG 6A and CAP sense interface 300, however, process 500 is equally

applicable to CAP sense interface 400 and FIG 6B

(0035] FIGS 6A illustrates an embodiment where each sensor group includes

three individual CAP 'sensors 320, however, it should be appreciated that sensor groups

may include two or more CAP sensors 320 A sensor group is defined herein to include

two or more CAP sensors 320 concurrently coupled to CAP sensor circuit 305 at a given

instant in time via I/O interface 310, such that their collective group capacitance can be
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measured Accordingly, FIG 6A illustrates eight different current sensor groups 605

during eight different Instants in time to to t7 Current sensor groups 605 are illustrated

as the shaded pie-sliced CAP sensors 320

[0036] In a decision block 510, a user interacts with CAP sense Interface 300

by bring a conductive object (e g , user's finger) in proximity to circular slider array 315

FiG 6A illustrates the physical location of a user interaction with circular slider array

315 with location circles 610 (only a portion are labeled so as not to clutter the figure)

[0037] In a process block 515, CAP sensor circuit 305 measures the combined

capacitance of current sensor group 605 In one embodiment, CAP sensor circuit 305 in

fact measures a value that is indicative of a combined capacitance or a combined

capacitance deviation from a baseline value for current sensor group 605 Measuring a

threshold capacitance deviation from the baseline value for a threshold period of time is

an indication that a user is interacting with current sensor group 605 As mentioned

above, the measured value is indicative of the capacitance or capacitance

change/deviation and may include a count value related to a relaxation . oscillator

frequency or,penod

[0038] In one embodiment, the combined capacitance of current sensor group

605 is measured by electrically connecting CAP sensors 320 within current sensor group

605 and measunng this combined capacitance Accordingly, the logical groupings of

CAP sensors 320 (i e , the sensor groups) are temporal electrical connections of two or

more CAP sensors 320 to CAP sensor circuit 305 By electrically connected two or

more CAP sensors 320, a larger (and therefore more sensitive) capacitance electrode is

temporally created In one embodiment, the sensor groups are temporally connected

1
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through an analog bus to a shared relaxation oscillator circuit through low Impedance

switches The analog bus conducts an analog value indicative of the combined

capacitance change of all electrically connected CAP sensors 320 within the current

sensor group' 605

[0039] FIG 6A illustrates values 615 measured at different times tO - t7 for

each sensor group At time tO, current sensor group 605 is only partially coincident with

the user interaction location 610 Therefore, at time tO, the current sensor group 605 will

register only a small baseline capacitance deviation, illustrated as value = 0 5 At times

tl, t2, and t3 the measured value Increases as the degree of coincidence between user

interaction location 610 and current sensor groups 605 increases At times t4, t5, t6, and

t7, the degree of coincidence is decreasing with each successive current sensor group

605 and therefore the measured values decrease

100401 In a process block 520, the measured value for current sensor group 605

is buffered In a process block 525, the measured value for the current sensor group 605

is indexed or assigned to a nominal CAP sensor that is a member of the current sensor

group 605 In the illustrated embodiment, the nominal CAP sensor is the particular CAP

sensor 320 that is physically located in the middle of each sensor group FIGs 6A and

6B illustrate the nominal CAP sensor with the darkest shading It should be appreciated

though that the nominal CAP sensor need not be the middle CAP sensor and in the case

where each sensor group Includes an even number of CAP sensors 320 there may not be

a physically middle CAP sensor

100411 In decision block 530, it is determine whether all sensor groups within

circular slider array 315 have been scanned (e g , each combined group capacitance
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deviation value measured) If not, then process 500 continues to a process block 535 In

process block 535, the next sensor group (e g , that Illustrated at time tl) is updated to be

the current sensor group 605 and the next nominal CAP sensor 320 is updated to be the

current nominal CAP sensor 320 It should be appreciated that updating current sensor

group 605 to be the next sensor group may be implemented by reconfiguring I/O

interface 310 to couple CAP sensor circuit 305 to the individual CAP sensors 320

making up the next sensor group Accordingly, the CAP sensors 320 of the current

logical sensor group are disconnected and the CAP sensors 320 of the next logical sensor

group are electrically connected via I/O interface 310 In one embodiment, the

electrically connected CAP sensors 320 of the current logical sensor group are

temporally connected to a single CAP sensor circuit 305 for the next Iteration through

the loop within process 500 Once CAP sensor circuit 305 Is coupled to the next sensor

group to be scanned, process 500 returns to process block 515 and proceeds as described

above

10042] In an alternative embodiment, CAP sensor circuit 305 may Include

multiple relakation oscillators and U0 interface 310 may be capable of coupling each

relaxation oscillator to a different sensor group at the same time In this alternative

embodiment, CAP sensor circuit 305 would be capable of completing a scanning cycle

of the sensor groups in less time than an embodiment where each sensor group Is

sequentially measured

[00431 Returning to decision block 530, If all sensor groups have been scanned

(I e , a capacitance related values for each sensor group has been measured and buffered

in memory), then process 500 continues to a process block 540 In process block 540
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the buffered values are analyzed to determine the physical location and/or the direction

of motion (in the case of scrolling) of physical location 610 In a process block 545,

measured values may be analyzed to Interpolate the location 610 of the user Interaction

to a greater degree of accuracy/precision than the individual CAP sensors 320 using a

discrete scan' could provide To determine the location/motion of physical location 610,

the measured values may be fed into a decision algorithm, which analyses the values,

making use of the fact that each value depends on how centrally located the user

interaction is relative to each sensor group In one embodiment, the decision algorithm

is a software entity

[0044[ Process 500 increases the SNR of a capacitive sense interface by

logically combining discrete physical CAP sensors into sensor groups Values indicative

of a combine group capacitance are then measured for each sensor group and assigned to

a nominal CAP sensor, which is a member of the particular sensor group Since adjacent

sensor groups may include common CAP sensors, the effective size and therefore

resulting capacitance of each nominal CAP sensor is increased, thereby increasing the

SNR To illustrate with reference to FIG 6A, current sensor group 605 at time tO

includes two. common CAP sensors 320 with current sensor group 605 at time tl

Similarly, current sensor group 605 at time tl includes two common CAP sensors 320

with current sensor group 605 at time t2 The increased SNR obtained by the group scan

enables thicker dielectric protective overlays (e g , for use with white goods or other

durable consumer goods) and/or shrinkage of physical CAP sense interfaces for use in

ever smaller ;electronic devices
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[00451 FIG 7 is a flow chart illustrating a process 700 to perform quick

discrete scans of CAP sense interfaces 300 or 400 until a user Interaction is sensed and

then perform a group scan to more precisely interpolate the location of the user

interaction, in accordance with an embodiment of the invention In other words, process

700 implements a coarse, but quick, search function using the discrete scan to determine

an approximate location of a user interaction and then implements a slower, but more

precise, find function using the group scan on a portion of circular slider array 315 to

determine with greater accuracy and sensitivity the location of the user interaction

Again, process 700 is described with reference to circular slider array 315, but is equally

applicable to linear slider array 415 or a planar touch pad array (not illustrated)

[00461 In a process block 705, the individual CAP sensors 320 of circular

slider array 315 are discretely scanned Discretely scanning CAP sensors 320 includes

sequentially measuring a value indicative of a capacitance or capacitance change of each

CAP sensor 320 In one embodiment, this is accomplished by configuring I/O interface

310 to sequentially couple each CAP sensor 320 to CAP sensor circuit 305 to measure

each value in isolation Alternatively, CAP sensor circuit 305 may be capable of

measuring multiple values for discrete CAP sensors 320 concurrently, as discussed

above

[00471 In a decision block 710, if a user interaction with circular slider array

315 is detected, then process 700 continues to a process block 715 In process block

715, an approximate location of the user interaction is determined based on the measured

values obtained from the discrete scan in process block 705 The approximate location

determined via the quick discrete scan may limit the possible location of the user
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interaction to a portion of circular slider array 315, such as for example, the top half, the

top quarter, etc

100481 In d' process block 720, a group scan (see process 500) is performed

only on a portion of CAP sensors 320 localized about the approximate location of the

user Interaction determined in process block 715 The values indicative of the combined

group capacitances or capacitance changes obtained from the localized group scan can

then be used to more precisely, and with greater sensitivity, Interpolate the location of

the user interaction with circular slider array 315

100491 FIG 8 is a functional block diagram illustrating a demonstrative system

800 for implementing a capacitance sense user interface, in accordance with an

embodiment of the invention System 800 includes a processing device 810, a capacitive

sense pad 820, a capacitive sense linear slider 830, a capacitive sense circular slider 840,

a host processor 850, an embedded controller 860, and non-capacitance sensor elements

870 Processing device 810 may include analog and/or digital general purpose

input/output ("GPIO") ports 807 GPIO ports 807 may be programmable GPIO ports

8Q7 may be coupled to a Programmable interconnect and Logic ("PIL"), which acts as

an interconnect between GPIO ports 807 and a digital block array of processing device

810 (not illustrated) The digital block array may be configured to implement a variety

of digital logic circuits (e g , DAC, digital filters, digital control systems, etc ) using, In

one embodiment, configurable user modules ("UMs") The digital block array may be

coupled to a system bus Processing device 810 may also include memory, such as

random access memory (RAM) 805 and program flash 804 RAM 805 may be static

RAM ("SRAM"), and program flash 804 may be a non volatile storage, which may be
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used to store firmware (e g , control algorithms executable by processing core 802 to

Implement operations described herein such as the aforementioned decision algorithm)

Processing device 810 may also include a memory controller unit ("MCU") 803 coupled

to memory and the processmg core 802

[0050] Processing device 810 may also include an analog block array (not

illustrated) The analog block array is also coupled to the system bus The analog block

array also may be configured to Implement a variety of analog circuits (e g , ADC,

analog filters, etc) usmg, In one embodiment, configurable UMs The analog block

array may also be coupled to the GPIO 807

[0051] As Illustrated, capacitance sensor 801 may be integrated Into processing

device 810 Capacitance sensor 801 may Include analog 110 for coupling to an external

component, such as capacitive sense pad 820, capacitive sense linear slider 830,

capacitive sense circular slider 840, and/or other devices Capacitance sensor 801 is

described In more detail below

[0052] Processing device 810 may include Internal oscillator/clocks 806 and

communication block 808 The oscillator/clocks block 806 provides clock signals to one

or more of the components of processing device 810 Communication, block 808 may be

used to communicate with an external component, such as a host processor 850, via host

interface (UF) line 851 Alternatively, processing device 810 may also be coupled to

embedded controller 860 to communicate with the external components, such as host

850 Interfacing to the host 850 can be through various methods In one exemplary

embodiment, interfacing with the host 850 may be done using a standard PS/2 interface

to connect to embedded controller 860, which in turn sends data to the host 850 via low
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pin count (LPC) interface In some instances, it may be beneficial for processing device

810 to do both touch-sensor pad and keyboard control operations, thereby freeing up the

embedded controller 860 for other housekeeping functions In another exemplary

embodiment; interfacing may be done using a universal senal bus (USB) interface

directly coupled to host 850 via host interface line 851 Alternatively, processing device

810 may communicate to external components, such as host 850 using industry standard

interfaces, such as USB, PS/2, inter-integrated circuit (I2C) bus, or system packet

interfaces (SPI) Host 850 and/or embedded controller 860 may be coupled to

processing device 810 with a nbbon or flex cable from an assembly, which houses the

sensing device and processing device

[0053] In one embodiment, processing device 810 is configured to

communicate with embedded controller 860 or host 850 to send and/or receive data The

data may be a command or alternatively a signal In an exemplary embodiment, system

800 may operate in both standard-mouse compatible and enhanced modes The

standard-mouse compatible mode utilizes the HID class drivers already built into the

Operating System (OS) software of host 850 These drivers enable processing device

810 and sensing device to operate as a standard cursor control user interface device, such

as a two-button PS/2 mouse The enhanced mode may enable additiopal features such as

scrolling (reporting absolute position) or disabling the sensing device, such as when a

mouse is plugged into the notebook Alternatively, processing device 810 may be

configured to communicate with embedded controller 860 or host 850, using non OS

drivers, such as dedicated touch-sensor pad dnvers, or other dnvers known by those of

ordinary skill in the art

i
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[0054] Processing device 810 may reside on a common carver substrate such

as, for example, an integrated circuit (IC) die substrate, a multi-chip module substrate, or

the like Alternatively, the components of processing device 810 may be one or more

separate integrated circuits and/or discrete components In one exemplary embodiment,

processing device 810 may be a Programmable System on a Chip (PSOC TM) processing

device, manufactured by Cypress Semiconductor Corporation, San Jose, California

Alternatively, processing device 810 may be one or more other processing devices

known by those of ordinary skill in the art, such as a microprocessor or central

processing unit, a controller, special purpose processor, digital signal processor ("DSP"),

an application specific integrated circuit ("ASIC '), a field programmable gate array

("FPGA"), or the like In an alternative embodiment, for example, processing device

810 may be a network processor having multiple processors including a core unit and

multiple microengines Additionally, processing device 810 may include any

combination of general-purpose processing devices) and special-purpose processing

device(s)

[0055] Capacitance sensor 801 may be integrated into the IC of processing

device 810, or alternatively, in a separate IC Descriptions of capacitance sensor 801

may be generated and compiled for incorporation into other integrated circuits For

example, behavioral level code describing capacitance sensor 801, or portions thereof,

may be generated using a hardware descriptive language, such as VHDL or Venlog, and

stored to a machine-accessible medium (e g , CD-ROM, hard disk, floppy disk, etc )

Furthermore, the behavioral level code can be compiled into register transfer level

("RTL") code, a netlist, or even a circuit layout and stored to a machine-accessible
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medium The behavioral level code, the RTL code, the nethst, and the circuit layout all

represent various levels of abstraction to describe capacitance sensor 801

]0056] In one embodiment, electronic system 800 may be used in a notebook

computer Altematively, system 800 may be used in other applications, such as a mobile

handset, a personal data assistant (PDA), a keyboard, a television, a remote control, a

monitor, a handheld multi-media device, a handheld video player, a handheld gaming

device, or a control panel

100571 In one embodiment, capacitance sensor 801 may be a capacitive switch

relaxation oscillator (CSR) The CSR may have an array of capacitive touch switches

using a current-programmable relaxation oscillator, an analog multiplexer, digital

counting functions, and high-level software routines to compensate for environmental

and physical switch variations The CSR may include physical, electrical, and software

components The physical component may include the physical switch itself, typically a

pattern constructed on a printed circuit board ("PCB") with an insulating cover, a

flexible membrane, or a transparent overlay The electrical component may include an

oscillator or other means to convert a changed capacitance into a measured signal The

electrical component may also include a counter or timer to measure the oscillator

output The software component may include detection, compensation, and decision

software algonthms to convert the count value into a capacitive sensor ;detection

decision

10058] It should be noted that there are various known methods for measuring

capacitance Although the embodiments described herein are described using a

relaxation oscillator, the present embodiments are not limited to using relaxation
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oscillators, but may Include other methods, such as current versus voltage phase shift

measurement, resistor-capacitor charge timing, capacitive bridge divider, charge

transfer, or the like

10059] The current versus voltage phase shift measurement may include

dnving the capacitance through a fixed-value resistor to yield voltage and current

waveforms that are out of phase by a predictable amount The dnve frequency can be

adjusted to keep the phase measurement In a readily measured range The resistor-

capacitor charge timing may Include charging the capacitor through a fixed resistor and

measuring timing on the voltage ramp Small capacitor values may require very large

resistors for reasonable timing The capacitive bridge divider may include driving the

capacitor under test through a fixed reference capacitor The reference capacitor and the

capacitor under test form a voltage divider The voltage signal Is recovered with a

synchronous demodulator, which may be done in processing device 810 The charge

transfer may be conceptually similar to an R-C charging circuit In this method, Cp is the

capacitance being sensed and Csu M is the summing capacitor, into which charge is

transferred on successive cycles At the start of the measurement cycle, the voltage on

CsuM Is reset The voltage on CsuM increases exponentially (and only slightly) with each

clock cycle The time for this voltage to reach a specific threshold is measured with a

counter

]0060) FIG 9 illustrates one possible embodiment of capacitance sensor 801

implemented with a relaxation oscillator circuit 900 The illustrated embodiment of

capacitance sensor 801 includes relaxation oscillator circuit 900, an analog multiplexer

("MUX") bus 901, a sensor array 910, and a digital counter 920 Analog MUX bus 901
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and selection circuit 930 may collectively implement the functionality of I/O

interconnects 310 and 410 The remaining portions of relaxation oscillator 900 and

digital counter 920 may implement the functionality of CAP sensor circuits 305 and 405

Sensor array 910 may represent any of circular slider array 315, linear slider array 415,

or a planar touch pad array

(00611 Relaxation oscillator 900 is formed by the capacitance to be measured

on capacitor sensors 951, a charging current source 952, a comparator 953, and a reset

switch 954 It should be noted that capacitor sensor 951 are representative of the

capacitance measured on a sensor element of a CAP sensor array The relaxation

oscillator is coupled to drive a charging current Ic in a single direction onto a device

under test ("AUT") capacitor, any of capacitor sensors 951 As the Charging current

piles charge onto the capacitor 951, the voltage across the capacitor increases with time

as a function of Ic and its capacitance C Equation (1) describes the relation between

current, capacitance, voltage and time for a charging capacitor

CdV =I dt

	

(1)

[0062] The relaxation oscillator begins by charging the capacitor sensor 951

from a ground potential or zero voltage and continues to pile charge on the capacitor 951

at a fixed charging current Ic until the voltage across the capacitor 951 at node 970

reaches a reference voltage or threshold voltage, VTH 955 At V TH 955 ; the relaxation

oscillator allows the accumulated charge at node 955 to discharge (e g , the capacitor

951 to "relax" back to the ground potential) and then the process repeats itself In

particular, the output of comparator 953 asserts a clock signal Four 956 (e g , FouT 956

goes high), which enables the reset switch 954 This resets the voltage on the capacitor
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at node 970 to ground and the charge cycle starts again The relaxation oscillator

outputs a relaxation oscillator clock signal (Four 956) having a frequency (fRo)

dependent upon capacitance C of the capacitor 951 and charging current Ic

[0063] The comparator trip time of the comparator 953 and reset switch 954

add a fixed delay The output of the comparator 953 is synchronized with a reference

system clock to guarantee that the comparator reset time is long enough to completely

reset the charging voltage on capacitor 955 For example, if capacitance C of the

capacitor 951 changes, then fRo will change proportionally according to Equation (1)

By comparing fRo ofFoul. 956 against a frequency (fREF) of a known reference system

clock signal (REF CLK), the change in capacitance AC can be measured Accordingly,

equations (2) and (3) below describe that a change in frequency between Foul. 956 and

REF CLK is proportional to a change in capacitance of the capacitor 951

ACccl/Af,where

	

(2)

Of - 3 o _JREf

	

(3)

[00641 In one embodiment, a frequency comparator may be coupled to receive

relaxation oscillator clock signal (Four 956) and REF CLK, compare their frequencies

fRo and fREF, ' respectively, and output a signal indicative of the difference Qf between

these frequencies By monitoring 4f one can determine whether the capacitance of the

capacitor 951 has changed

[00651 In one exemplary embodiment, the relaxation oscillator 950 may be

built using a programmable timer (e g, 555 timer) to implement the comparator 953 and

reset switch 954 Alternatively, the relaxation oscillator 900 may be built using other

circuits

24

CY00002266



Atto rney Docket No I6820P472

	

Express Mall No EV320I25436US

[00661 Sensor array 910 Includes a plurality of sensor elements 955(1)-955(N),

where N Is a'positive Integer value that represents the number of capacitive sensors

within any of capacitive sense pad 820, capacitive sense linear slider 830, or capacitive

sense circular slider 840 Relaxation oscillator 900 further Includes a selection circuit

930 Selection circuit 930 Is coupled to the plurality of sensor elements 951(1)-951(N),

the reset switch 954, the current source 952, and the comparator 953 Selection circuit

930 may be used to allow the relaxation oscillator 900 to measure capacitance on

multiple sensor elements (e g , rows or columns) The selection circuit 930 may be

configured to sequentially select a sensor element of the plurality of sensor elements to

provide the charge current and to measure the capacitance of each sensor element In

one embodiment, selection circuit 930 is a multiplexer array of the relaxation oscillator

900 Alternatively, selection circuit may be other circuitry outside the relaxation

oscillator 900, or even outside the capacitance sensor 801 to select the sensor element to

be measured Capacitance sensor 801 may include one relaxation oscillator and digital

counter for the plurality of sensor elements of the sensor array Alternatively,

capacitance sensor 801 may include multiple relaxation oscillators and digital counters

to measure capacitance on the plurality of sensor elements of the sensor array The

multiplexer array may also be used to ground the sensor elements that are not being

measured This may be done in conjunction with a dedicated pin to the GPIO port 807

[00671 In another embodiment, the capacitance sensor 801 may be configured

to simultaneously scan the sensor elements, as opposed to being configured to

sequentially scan the sensor elements as descnbed above For example, the sensing
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device may include a, sensor array having a plurality of rows and columns The rows

may be scanned simultaneously, and the columns may be scanned simultaneously

[0068] In one embodiment, the voltages on all of the rows of the sensor array

are simultaneously moved, while the voltages of the columns are held at a constant

voltage, with the complete set of sampled points simultaneously giving a profile of the

conductive object in a first dimension Next, the voltages on all of the rows are held at a

constant voltage, while the voltages on all the rows are simultaneously moved, to obtain

a complete set of sampled points simultaneously giving a profile of the, conductive object

in the other dimension

10069] In another exemplary embodiment, the voltages on all of the rows of the

sensor array are simultaneously moved in a positive direction, while the voltages of the

columns are moved in a negative direction Next, the voltages on all of the rows of the

sensor array are simultaneously moved in a negative direction, while the voltages of the

columns are moved in a'positive direction This technique doubles the effect of any

transcapacitance between the two dimensions, or conversely, halves the effect of any

parasitic capacitance to the ground In both methods, the capacitive information from

the sensing process provides a profile of the presence of the conductive object to the

sensing device in each dimension Alternatively, other methods for scanning known by

those of ordinary skill in the art may be used to scan the sensing device

[0070] Dtgttal counter 920 is coupled to the output of the relaxation oscillator

900 Digital counter 920 receives the relaxation oscillator output signal 956 (Four)

Digital counter 920 is configured to count at least one of a frequency or a period of the

relaxation oscillator output received from the relaxation oscillator
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[00711 When a finger or conductive object is placed on a sensor element 951,

the capacitance increases so the relaxation oscillator output signal 956 (Four) decreases

The relaxation oscillator output signal 956 (Four) is fed to the digital counter 920 for

measurement There are at least two methods for counting the relaxation oscillator

output signal 956, frequency measurement and period measurement In one

embodiment,' the digital counter 920 may include two multiplexers 923 and 924

Multiplexers 923 and 924 are configured to select the inputs for the PWM 921 and the

timer 922 for the two measurement methods, frequency and period measurement

methods Alternatively, other selection circuits may be used to select the inputs for the

PWM 921 and the time 922 In another embodiment, multiplexers 923 and 924 are not

included in the digital counter, for example, digital counter 920 may be configured in

one, or the other, measurement configuration

[0072) In the frequency measurement method, the relaxation oscillator output

signal 956 is counted for a fixed period of time The counter 922 is read to obtain the

number of counts during the gate time This method works well at low frequencies

where the oscillator reset time is small compared to the oscillator period A pulse width

modulator (PWM) 921 is clocked for a fixed period by a derivative of the system clock,

VC3 926 (which is a divider from system clock 925, e g , 24 MHz) Pulse width

modulation is a modulation technique that generates variable-length pulses to represent

the amplitude of an analog input signal, in this case VC3 926 The output ofPWM 921

enables timer 922 (e g , 16 bit) The relaxation oscillator output signal 956 clocks the

timer 922 The timer' 922 is reset at the start of the sequence, and the count value is read

out at the end of the gate period
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[0073] In the penod measurement method, the relaxation oscillator output

signal 956 gates a timer 922, which is clocked by the system clock 925 (e g , 24 MHz)

In order to improve sensitivity and resolution, multiple penods of the oscillator are

counted with the PWM 921 The output of PWM 921 is used to gate the timer 922 In

this method, the relaxation oscillator output signal 956 dnves the clock input of PWM

921 As previously descnbed, pulse width modulation is a modulation technique that

generates variable-length pulses to represent the amplitude of an analog input signal, in

this case the relaxation oscillator output signal 956 The output of the PWM 921 enables

timer 922 (e g , 16-bit), which is clocked at the system clock frequency 925 (e g , 24

MHz) When the output of PWM 921 is asserted (e g , goes high), the count starts by

releasing the capture control When the terminal count of the PWM 921 is reached, the

capture signal is asserted (e g , goes high), stopping the count and setting the PWM's

interrupt The timer value is read in this interrupt The relaxation oscillator 900 is

indexed to the next capacitive sensor (e g , capacitor 951(2)) to be measured and the

count sequence is started again

[0074] The length of the counter 922 and the detection time required for

capacitance sensor 801 are determined by sensitivity requirements Small changes in the

capacitance on sensor element 951 result to small changes in frequency In order to find

these small changes, it may be necessary to count for a considerable time

[0075] At startup (or boot) the capacitive sensors (e g , sensor elements 951(1)-

(N)) are scanned and ,the count values for each capacitive sensors with no actuation are

stored as a baseline array (Cp) The presence of a finger on the switch ; is determined by

the difference in counts between a stored value for no capacitive sensors actuation and
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A

the acquired value with capacitive sensors actuation, referred to here as An The

sensitivity of a single capacitive sensors is approximately

An Cf

n Cp

The value of An should be large enough for reasonable resolution and clear indication of

capacitive sensors actuation

[0076] Using the multiplexer array 930, multiple sensor elements may be

sequentially scanned to provide current to and measure the capacitance from the

capacitors (e g , sensor elements), as previously descnbed In other words, while one

sensor element is being measured, the remaining sensor elements are grounded using the

GPIO port 807 This dnve and multiplex arrangement bypasses the existing GPIO to

connect the selected pin to an internal analog multiplexer (mux) bus The capacitor

charging current (e g', current source 952) and reset switch 953 are connected to the

analog mux bus This may limit the pin-count requirement to simply the number of

capacitive sensors (e'g' , capacitors 951(1)-951(N)) to be addressed In one exemplary

embodiment, no external resistors or capacitors are required inside or outside the

processing device 910 to enable operation

[0077] The capacitor charging current for the relaxation oscillator 900 is

generated in a register programmable current output DAC (also known as iDAC)

Accordingly the current source 952 is a current DAC or IDAC The IDAC output

current may be set by an 8-bit value provided by the processing device 810, such as from

the processing core 802 The 8-bit value may be stored in a register or in memory

[0078] Estimating and measuring PCB capacitances may be difficult, the

oscillator-reset time may add to the oscillator period (especially at higher frequencies),
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and there may be some variation to the magnitude of the IDAC output current with

operating frequency Accordingly, the optimum oscillation frequency and operating

current for a particular switcli'array may be determined to some degree by

experimentation

100791 The above description of illustrated embodiments of the invention,

including what is des'cnbed in the Abstract, is not intended to be exhaustive or to limit

the invention to the precise forms disclosed While specific embodiments of, and

examples for, the invention are descnbed herein for illustrative purposes, various

modifications are possible within the scope of the invention, as those skilled in the

relevant art will recognize

10080] These modifications can be made to the invention in light of the above

detailed description The terms used in the following claims should not be construed to

limit the invention to the specific embodiments disclosed in the specification Rather,

the scope of the invention is to be determined entirely by the following claims, which are

to be constnied in accordance with established doctrines of claim interpretation
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CLAIMS

Attorney Docket No 16820P472

What is claimed is

1 A method, comprising

logically grouping capacitance sensors of an array of capacitance sensors into

sensor groups, wherein each sensor group includes at least two of the capacitance

sensors,

measuring a value Indicative of a capacitance for each of the sensor groups, and

analyzing the values of the sensor groups to determine a location of a user

Interaction with the array of capacitance sensors

2 The method of claim I, wherein logically grouping the capacitance sensors

comprises sequentially connecting the sensor groups to a shared capacitance sensor

circuit, wherein each of the sensor groups comprises a temporal electrical connection

between a different set of two or more of the capacitance sensors

3 The method of claim 1, further comprising assigning the value measured for

each of the sensor groups to a particular capacitance sensor within each corresponding

one of the sensor groups

4 The method of claim 3, wherein the sensor groups include physically adjacent

capacitance sensors within the array of capacitance sensors
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5 The method ofclaim 4, wherein the sensor groups each cornpnse an odd

number of the capacitance sensors and wherein assigning the value measured for each of

the sensor groups to the particular capacitance sensor within each corresponding one of

the sensor groups comprises assigning the value measured for each of the sensor groups

to a middle capacitance sensor of each corresponding one of the sensor groups

6 The method of claim 4, wherein adjacent sensor groups include at least one

common capacitance sensor

7 The method of claim 1, wherein analyzing the values of the sensor groups

comprises interpolating a center of the location of the user interaction with the array of

capacitance sensors based on the values

8 The method of claim 1, wherein the array of capacitance sensors comprises a

linear slider of a user interface

9 The method of claim 1, wherein the array of capacitance sensors comprises a

circular slider ,of a user interface

10 The method of claim 1, wherein the array of capacitance sensors comprises a

touch pad of a user interface

11 The method of claim 1, further comprising
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discretely scanning each of the capacitance sensors within the array of

capacitance sensors individually, and

determining an approximate location of the user interaction based on the

scanning,

wherein measuring the value indicative of the capacitance for each of the sensor

groups comprises measunng the value Indicative of the capacitance for a portion of the

sensor groups localized about the approximate location to more precisely determine the

location after discretely scanning each of the capacitance sensors,

wherein the portion of the sensor groups is less than all of the sensor groups

within the array of capacitance sensors

12 A machine readable medium that provides instructions that, if executed by a

machine, will cause the machine to perform operations comprising

measuring a value Indicative of a combined capacitance of a sensor group

Including two or more capacitance sensors of an array of capacitance sensors,

scanning the array of' capacitance sensors to obtain a plurality of values

corresponding to a plurality of sensor groups each including two or more capacitance

sensors within the array of capacitance sensors, and

determining a location of a user interaction with the array ofcapacitance sensors

based on the plurality ofvalues

13 The machine-readable medium of claim 12, wherein the sensor groups

include physically adjacent capacitance sensors
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14 The machine-readable medium of claim 13, wherein adjacent sensor groups

include at least one common capacitance sensor

15 The machine-readable medium of claim 12, further providing instructions

that, if executed by the machine, will cause the machine to perform further operations,

compnsing

discretely scanning each of the capacitance sensors within the array of

capacitance sensors individually, and

determining an approximate location of the user interaction based on the

scanning,

wherein scanning the array of capacitance sensors to obtain the plurality of values

comprises scanning a portion of the array of capacitance sensor to obtain the plurality of

values corresponding to sensor groups localized about the approximate location to more

precisely determine the location after discretely scanning each of the capacitance sensors,

wherein the portion of thc sensor groups is less than all of the sensor groups

within the array of capacitance sensors
I,

16 An apparatus, comprising

a processing device,

a user interface including an array of capacitance sensors coupled to the

processing device, and
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a memory unit coupled to the processing device, the memory unit having stored

therein instructions that, if executed by the processing device, will cause the processing

device to perform operations comprising

measuring a value indicative of a combined capacitance of a sensor group

including two or more capacitance sensors within the array of capacitance sensors,

scanning the array of capacitance sensors to obtain a plurality of values

corresponding to a plurality of sensor groups each including two or more capacitance

sensors within the array of capacitance sensors, and

determining a location of a user interaction with the array of capacitance

sensors based on the plurality of values
_J

17 The apparatus of claim 16, wherein the sensor groups include physically

adjacent capacitance sensors and wherein adjacent sensor groups include at least one

common capacitance sensor

18 The apparatus of claim 16, wherein the processing device includes

a capacitance sensor coupled to measure the plurality of values, and

an analog multiplexer bus coupled to sequentially couple the plurality of sensor

groups to the capacitance sensor

19 The apparatus of claim 18, wherein the capacitance sensor includes a

relaxation oscillator circuit
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20 The apparatus of claim 19, wherein the user Interface comprises one of a

linear slider, a circular slider, or a touch pad
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ABSTRACT OF DISCLOSURE

A technique for operating a capacitive sensor array The technique includes

logically grouping capacitance sensors of an array of capacitance sensors into sensor

groups The sensor groups each include at least two capacitance sensors of the array of

capacitance sensors Values indicative of a capacitance for each of the sensor groups are

measured The measured values are then analyzed to determine a location of a user

interaction with the array of capacitance sensors
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CapSense Best Practices

Author Mark Lee
Associated Prolect No

Associated Part Family CY8C20x34 CY8C21x4 CY8C24x94
Software Version PSoC DesignerTM 4 3

Associated Application Notes AN2233a AN2277 AN2292 AN2318 AN2355 AN2360

Abstract
Best Practices for the design of CapSense systems are presented Topics covered include an overview of
sensing methods guidelines for layout and assembly and CapSense tools and techniques

Rev

Introduction
The adoption of capacitive sensing as an interface
technology in high volume high visibility applications such
as portable media players and mobile handsets has
created demand for the same technology in more
conventional consumer electronics This demand has led
to significant innovation and several competitive
technologies are available While these technologies each
have their respective differences the underlying pnnaple
is the measurement of capacitance between a plate (the
sensor) and its environment

Compared to modules and fixed function ICs
programmable ICs allow for more flexibility in design as
custom code can be used to develop solutions PSoC®
CapSense, combines a microcontroller configurable digital
and analog resourcesI on board memory and other
features that allow for the greatest flexibility in capacitive
system design This Application Note gives an overview of
Best Practices for CapSense design

Figure 1 PSoC Analog and Digital Blocks Can Be Configured
for CapSense Plus Other Functions

October 19 2006

The PSoC architecture allows designers to incorporate
multiple capacitive sensing design elements into an
application Buttons sliders touchpads and proximity
detectors ! are supported simultaneously with the same
device in the same circuit Use PSoC to scan capacitive
sensors and use the activation status to drive LEDs
control a motor dnve a speaker etc as shown in Figure
2 A concept called dynamic reconfiguration allows the
CapSense application to make use of greater than 100%
of the system resources by reconfiguring as needed on
the fly

Figure 2 Example Application with CapSensePlus Motor
LED and Speaker with a Single nod
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1 Easy-to-Configure Capacitive Sensing
Solutions
PSoC can Implement different methods of CapSense
configured through firmware (see Reference (1)) Required
features determine the sensing method If the most
important features are maximum battery Ide and operation
at 2 7V then the method called CSA is the clear choice If
it is more Important to have CapSense and other features
high noise immunity and a thick overlay then the CSD
method is the best choice

1 1 CSA Sensing Method
CSA stands for CapSense with Successive
Approximation CSA is only implemented in the
CY8C20x34 PSoC device family

An internal capacitor programmable up to 100 pF can be
used for Crow but a larger external capacitor improves
performance 1000 pF for buttons and sliders and 10 nF
for proximity sensors Senes resistors 560 ohms are
recommended in line with all CapSense Inputs to prevent
RF interference

Figure 4 CSA Waveform Changes With Finger
AbsentlPresent

Finger Absent
r ev -

,1v-

Finger Present
, av

	 /-,sv	
I

	

I
t t

	

r 2

Rev

A block diagram of the CSA configuration is shown in
Figure 3 CSA operates as follows

Switches SW, and SW 2 and the CapSense sensor Cx
form a switched capacitor network with an equivalent
circuit of a resistor to 'ground With the 'DAC set to a
calibrated level and SW1 and SW2 switching the average
voltage on CMOD settles at a level that vanes with the value
of Cx Setting the iDAC to a low current level with SW 2
open the voltage on CMO= ramps up The time for the
ramp voltage on CMOo to reach VREF is an Indication of the
value of Cx The timer on the output of the comparator
converts the ramp time to a digital value

Self calibration of the system is accomplished through a
successive approximation binary search to determine
,DAC setting necessary to keep voltage on CMOO at VREF
when no finger 's present Individual calibrated 'DAC
settings are stored for all sensors

When a finger is present the voltage on Coo settles at a
lower voltage requiring more time to reach the threshold
voltage VREF as shown in Figure 4 If (t2 tt) is long
enough the button state is in Finger Present state
otherwise the button is in the Finger Absent state

1 2 CSD Sensing Method
CSD stands for CapSense with Sigma Delta ND CSD is
Implemented in both the CYBC21x34 and CY8C24x94
PSoC device families

A block diagram of the CSD configuration is shown In
Figure 5 CSD operates as follows

Switches SW, and SW2 and the CapSense sensor Cx
form a switched capacitor network with an equivalent
circuit of a resistor between Voo and CMOD The equivalent
resistor has a value controlled by Cx The switching of
SW, and SW2 Is controlled by the pseudo random
sequence of the PRS generator SW3 operates
asynchronously from SW, and SW2 When Rs is switched
to ground the voltage on CMOO decreases When Rs is
open the voltage on CMOD Increases The comparator
changes state based on the voltage on CMoo relative to
VREF

2October 19 2006
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A Sigma Delta ND is fd'rmed by the addition of a 16 bit
timer to measure comparator high time to comparator low
time

When a finger is present Cx is larger and the equivalent
resistor to Voo is smaller allowing more current to flow into
CMOO The comparator will spend more time in the
CMPHIGH state and less time to CMPLOW If the ratio
CMPHIGH CMPLOW is high enough a button is in the
Finger Present state otherwise the button is in the Finger
Absent state as shown in Figure 6

Figure 6 CSO Waveform Changes With Finger
AbsenUPraaant

PSoC Placement It Is goad practice to minimize the
distance between the PSoC and the sensors Typically the
PSoC is mounted on the bottom layer along with the other
components and the CapSense sensor pads are placed
on the top layer

Board Layers The most common PCB format is two
layers with sensor pads and gndded ground plane on top
and everything else on the bottom Four layer boards are
used when board area must be minimized The typical
stack up involves sensors only on the top layer limited
traces on layer two ground on layer three and everything
else on the bottom layer as shown in Figure 7 Do not
route traces directly under sensor pads

Finger Absent

12

Figure 7 Four-Layer Stack-Up for CapSense Board When
Board Space Is Limited
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The PRS lowers noise susceptibility and radiation
emissions compared to a fixed clock source A Ceco value
of 3900 pF Is recommended Re requires tuning to sensors
for optimal performance somewhere between 5K 10K
Series resistors 560 ohms are recommended in line with
all CapSense inputs to prevent RF interference

2 How to Design CapSense Pnnted
Circuit Boards
In the typical CapSense application the capacitive
sensors are formed by the traces of a punted circuit board
(PCB) The following set of guidelines show how to design
a CapSense PCB (see Reference (2))

2 1 General Layout and Assembly Guidelines
Board Area The area required for CapSense is only
slightly larger than the sensing area itself The electric
fields around the sensors are very localized especially if
the ground plane and sensor pad are placed on the same
PCB layer

Board Thickness FR4 based designs have been found to
perform well with standard board thickness of 0 020 (0 5
mm) 0 047 (1 2 mm) and 0 063 (1 6 mm) How thin can
the board be, A rule of thumb is that the gap between
sensor and ground should be smaller than vertical
distance to ground

Trace Length and Width The parasitic capacitance of the
traces and sensor pad CP must be minimized to make
the dynamic range of the system as large as possible
How tong can the traces be? The longest traces in a
successful CapSense product are 9 (230 mm) for a slider
and 12 (300 mm) for a button (This extreme example
requires large sensing pads and a thin overlay in order to
maximize the signal from the sensor ) Trace width adds to
the sensor Cp and increases coupling to elements on
other layers Trace widths of0 0065 0 008 (0 17 0 20
mm) suffice for most applications

Vias Use the minimum number of vias consistent with
routing of the CapSense inputs to minimize Cp The
placement of the via can be done at any location on the
sensor pad as shown in Figure 8

Figure 8 Via to Sensor Pad can be Anywhere on the Pad
(Trace on Bottom Layer Sensor Pad on Top Layer)

Vla In center looks symmetrical

	

Vla at edge same function,
Mui nicee trace length

3October 19 2006
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Communication Lines Do not run capacitive sensing
traces in close proximity with and parallel to high
frequency communication lines such as an I2C or SPI
master If it is necessary to cross communication lines with
sensor pins- be sure the intersection is orthogonal One
effective method for reducing the interaction between
communication traces and sensor .traces is to isolate each
by port assignment Port pins P1[0] and Pi[l] are used for
programming and 12C and should only be used for
CapSense if no other pins are available

Ground Fill, To minimize Cv a 40% fill is recommended on
the sensor ,layer and 60 80% fill on non sensor layers

40%

	

80%

Overlay Thickness Table 1 lists the recommended
maximum overlay thicknesses for PSoC CapSense
applications (plastic overlay) The dielectric constant plays
a role in how thick the overlay can be Common glass has
a dielectnc constant around Era 8 while plastic is around
er a 2 5 The ratio of a,! 2 5 is an estimate of how thick the
overlay can be relative to plastic for the same level of
sensitivity Using this rule of thumb a common glass
overlay can be about three times as thick as a plastic
overlay for the same sensitivity

Table 1 Recommended Plastic Overlay Thickness for
CapSense

Poston Element
Button
Slider

	

<1mm
Touchpad

	

'<05mm

Both signal and noise are affected by the overlay
properties As the thickness of the overlay increases
signal and noise both decrease A representative plot is
shown in Figure 10 Signal is defined as the difference in
average sensor output between the Finger Absent and
Finger Present states Noise is defined in the peak to
peak deviation in sensor output in the Finger Absent stale

Figure 10 Signal Level Drops Off as Overlay Thickness
Increases
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Overlay Adhesive Overlay matenals must have good
mechanical contact with the sensing PCB Two widely
used nonconductive adhesives for overlays are 467MP
and 468MP made by 3M

Gloves If the sensors must work with a gloved hand then
add the thickness of the gidve material to the total overlay
stack up when sizing the buttons Dry leather and rubber
are similar to plastic with a dielectric constant of 2 5-3 5
Ski gloves have a dielectnc constant of 2 or less
depending on the air content of glove s thermal insulation

LED Backlighting CapSense works well with LED
backlighting Just cut a hole in the sensor pad Keep LED
traces on the bottom side of the board

Multiple PSoC s on One PCB For systems with many
buttons such as a keyboard the system design may
require two or more PsoCs dedicated to CapSense If this
is the case partition buttons so that a ground fill area
separates the traces of each button group This will
prevent coupling between the independent CapSense
groups

2 2 Buttons
The function of a button is to determine the presence or
absence of a conductive object A typical application of a
CapSense button is to sense the presence of a finger

Shape The recommended shape for sensing a finger
press is a solid round pattern as shown In Figure 11

Overlay Thickness
<3mm

October 19 2008
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3

The capacitance Car decreases as the clearance
surrounding the button is increased An example of this
dependence of CP on the gap is shown in Figure 12 for
three button sizes (5 mm 10 mm '15 mm diameter)

Figure 12 Ca as a function of Button-Ground Clearance and
Button Diameter (0 082 Thick FR4)

mm
130

115

120
0

	

2

	

3

	

4 mm s
tureen Oreund clearance Vim)

The thicker the protective overlay the larger the button
diameter should be Figure 13 shows a button diameter
guideline For a 1 mm thick acrylic overlay the
recommended button diameter rs 9 mm

0

2 3 Sliders
A slider is a sensor array Changes between adjacent
capacitive elements are used to determine the positron of
a conductive object Position is determined in firmware
using a centrold (center of mass) calculation

The slider segments must be small enough so that
multiple segments couple with each finger position yet
large enough to produce the required signal level through
the overlay A sawtooth pattern works well for sliders with
a minimum of five segments The maximum length of the
slider is only limited by the available 10 pins of the PSoC
A typical slider pattern is shown in Figure 14 The sensor
output rs represented by a bar graph above each slider
segment

Figure 14 Sawtooth Pattern Used With Slider Sensor Pattern

Sumo aamwr

tsnm

f 0mm

Slider Diplexing If 10 pins are at a premium connecting
two slider segments to a single PSoC pin increases the
number of slider segments, that can be sensed by the
PSoC by two fold The CapSense User Module Wizard
allows the user to select this as an option for pin
assignment and the User 'Module API determines the
correct half of the slider that the finger is touching Be
aware that connecting each CapSense input pin to two
slider elements will double C, without any increase in
signal
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2 4 Touchpads
The CapSense User Module does not directly support
touchpads Touchpads, are Implemented as two
independent sliders All the guidelines that apply to sliders
also apply to touchpads

Figure 1S Touchpads are Implemented Using Two CapSense
Sliders One For X and One For Y

An example of a good CapSense touchpad is a
commercially successful design with 20 position column
slider (X) and 10 position row slider (Y) A total of 30 pins
are assigned as CapSense inputs The dimensions of the
active area are 3 9 x 1 (99 mm x 47 mm) The overlay
ns 0 010 (0 25 mm) ABS plastic The row and column
sensors are spaced with a pitch of 0 2 (5 mm) The
baseline noise level is a single count in the Finger Absent
state A finger on the touchpad produces a difference
signal of 15 counts which results rn a signal to noise ratio
(SNR) of 24 dB Setting the centred algorithm to resolve
20 positions between each row pair and each column pair
this touchpad system has a resolution of 100 counts per
inch

2 5 Proximity Sensors
The CapSense User Module does not directly support
proximity sensors A proximity sensor rs Implemented as a
CapSense button with large Ce and small difference
counts A dedicated proximity sensor ns best implemented
as . a single length of wire as demonstrated in Figure 16
Connecting button and slider sensors already on the
CapSense PCB into a single large sensor is another
technique for implementing a proximity sensor

October 19 2006

2 6 Flex Circuits
Flex circuits work well with CapSense AU of the same
guidelines presented for pnnted circuit boards also apply
to flex A flex circuit is typically much thinner than a PCB
Limit Cr by making the flex circuit no thinner than 0 01
(0 25 mm) and limning trace lengths to a few inches One
good feature of flex is the high breakdown voltage
provided by the Kapton material (290 KV/mm)

2 7 ITO Touch Screens
ITO is an acronym for Indium Tin Oxide Films of this
ceramic matenal are both electncally conductive and
visually transparent An example ITO touch screen is
shown in Figure 17 Sheet resistivity of ITO films range
from 0 25 1000 ohms/square with the typical value of
100 500 ohms/square Thickness determines the sheet
resistivity Thinner matenal passes more light and has
higher resistance Thicker matenal blocks more light and
has lower resistance

Touch screens can operate in either resistive or capacitive
modes Both modes have their niche markets Resistive
mode requires pressure for contact between conductive
layers and is prone to wear tear and breakage Resistive
mode is a four layer solution with poor transparency
(<75%) Capacitive mode makes use of the finger as a
conductive object Capacitive mode is a one layer or two
layer solution with high transparency (>90%) Cypress
supports both touch screen technologies

6
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3 From Concept to Production
CapSense Tools and Techniques

3 1 Evaluati n Boards and Example Firmware

Figure 18 :CY3212-CapSense Training Evaluation Board

The CY3212 board shown In Figure 18 is an evaluation
board for development of CapSense applications
Application firmware is wntten In C' A library of common
functions makes development of protects as simple as
writing a few lines of code

Here is an example of, the code required to scan two
sensors in an array of buttons and save the result in an
l2C array

Code 1

,r n u+tang vtcl. a ancore ..an

	

ee'.aor ., sa-g 1 1 s an
mod
SanaorArray Scartscanl0 2 0)

//scan consul [-
whsle 1 tSensorArray_GefOcanscatunll 6

SenaorArraz_SCAM;SST COMPi.sTS)t

/ ax snnaoar a ae sot r+suits afl I as i v
anfo aRawCount lot SenforArray_vaSnsResu1t 101
Info aRawCOuntlll,

	

seneornrray_tvasnaxesult ill,

3 2 Baseline Technique
The baseline is the reference for CapSense
measurements Each capacitive sensor has its own
baseline The baseline is a trend line for the capacitive
sensor data that is computed by the Baseline function of
the CapSense User Module The raw count data is
processed using an Infinite Impulse Response (IIR) low
pass filter as shown in Figure 19 High level decisions
such as Finger Present and Finger Absent states are
based on the reference level established by the baseline

Figure 19 Baseline Is Trend In CapSense Data that Is
Continuously Updated

3 3 Environmental Effects
Temperature and Humidity Temperature and humidity
both cause the baseline counts to drift over time The
CapSense User Module is characterized from -40°C to
+85°C as shown in Figure 20 The trend that is tracked by
the baseline automatically compensates for the effects of
temperature and humidity

Figure 20 Temperature Variation
(Raw Counts Drift Over Temp Humidity has Similar Effect)

T .mpnlSu. .ra.tlan a rw tpanb iCSAM.e .e

Sm
1w
too
'oo

0 160

E 17s
1'A
166
no

Water CapSense can function well in the presence of
water as long as it is in the form of a mist settling on the
overlay or small drops of water splashing on the sensors
Water can be managed through smart mechanical design
of the assembly Mount the sensors either vertically or at
an angle to allow water to run off the surface Add
channels to the overlay in areas that are free of sensors to
assist the run off Construct bumps over buttons to
prevent puddles from forming

CapSense will not work underwater or with a constant
stream of water running over the sensors

-

	

- Raw Count
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Threshold
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- Noise
Threshold
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3 4 Power Consumption and Sleep
Battery life is determined by mA hours The lower the
average current the longer CapSense operates between
recharges (see Reference [3)) The PSoC can be
programmed so that n has different modes of power
consumption

• A fast response mode dunng intervals of constant
button presses

• A power saving slow response mode after a penod of
inactivity

• A deep sleep mode after a longer penod of inactivity

One of the strengths of PSoC as compared to other
capacitive sensing solutions is its programmability The
user can make the power saving modes of CapSense as
sophisticated as required CapSense buttons are fast
taking as little as 200 microseconds for each button
scanned This high scan speed can be combined with a
low sleep current to achieve very low average currents
One example of the real CapSense system is power
saving slow response mode using a three button scan
every 100 milliseconds while consuming less than 50 pA
of average current

3 5 Noise Filtering
Noise is introduced into the CapSense system through
both conductive and radiated sources Conductive noise
enters the 'system through power and signal lines
Radiated sources such as cell phones or fluorescent lamp
ballasts introduce noise through the air Filtering
techniques in firmware can be used to increase the signal
to noise ratio of the CapSense system in the presence of
both types of noise PSoC can implement Finite Impulse
Response (FIR) and Infinite Impulse Response (IIR) digital
filters with only a few lines of code

FIR Filter The frequency of finger pressing events is low
compared to the frequency of power line noise A low pass
fitter (LPF) is an effective noise filtering solution for this
situation An FIR LPF is defined by

y = (xl+x2+ +xN)/N

	

(1)

Raw counts are sampled N times per cycle of the noise
The N samples are combined together per Equation (1)
With 50 Hz noise the sample penod must be 18 ms/N
The performance of the FIR filler increases with N so
make N as large as the system will allow

IIR Filter An FIR filter has a disadvantage in that it needs
to be a much higher order than an IIR filter to get the same
result It may also be difficult to adjust the sample rate to
fit the period of the nisi So in some cases an IIR filter
is a more appropriate choice ; for the LPF Table 2
compares the FIR and IIR filters

3 6 RF Immunity Considerations
RF can interfere with the operation of any capacitive
sensing system including CapSense (see Reference (4))
Where the electnc field strength is high enough RF
interference can cause false button presses or prevent
real button presses from being sensed A cell phone is a
good example of where an RF transmitter and buttons are
purposely combined in close proximity

The electric field strength at a distance greater than 116 of
a wavelength from a transmder is approximated by
Equation (2)

E=685+
] 0 (P f I0)

D

• E [volts/meter] = electric field
• P (dBm] = RF power fed to antenna
• D [inches) = distance from antenna to field sensor

For an 800 MHz cell phone transmitting at +28 dBm
(0 6W) the electric field 3 from the antenna is estimated
to be around 60 Vim

Figure 21 shows the equivalent circuit of the RF
interference scenario with the PSoC configured to run
CapSense Internal diodes protect the PSoC from ESD
events up to 2 KV

The resonant effects of a circuit trace form the receiver
antenna A quarter wavelength trace is an efficient
antenna Figure 22 shows the length of a quarter
wavelength antenna versus frequency

(2)
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Figure 22 Quarter Wavelength Trace Is an Efficient Antenna
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For a low level RF signal the CapSense circuit operates
with no effect on the digital output of the system since low
levels of RF look like background noise and are ignored by
the system When the RF power increases the CapSense
counts are offset a constant amount that is set by the
power level of the interference The RF signal is AC but
the effect on CapSense counts is DC due to the diodes on
the CapSense input A positive shift in counts can cause
false button presses A negative shift can prevent real
button presses from being sensed The Finger and Noise
Thresholds of the CapSense User Module allow normal
operation in the presence of small shifts in the counts For
higher levels of RF interference other measurements
need to be taken Following are two solutions

• RF Solution #1 Coordinate RF and CepSense If the
source of the interference is part of the same system
in which CapSense is embedded then disable
CapSense when RF is transmitting One pin on the
PSoC I is assigned ; to monitor a Transmit Enable
signal CapSense ,counts would continue to be
effected by the high power RF but counts would only
be valid with the transmitter turned off

• RF Solution #2 Damp the Resonance Resistors
placed in series with the CapSense input will damp
the resonance of each trace The recommended
series resistance added to the CapSense inputs is
560 ohms Communication Imes l2C and SPI benefit
from 300 ohms in senes

3 T ESD Considerations
The electrostatic voltage on the human body can reach 15
KV when the humidity is low The type of clothes worn by
the CapSense user makes a difference as shown in
Figure 23

Figure 23 Electrostatic Voltage on a Human Body Versus
Relative Humidity and Material Type
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Table 3 shows the minimum thickness required to
withstand 12 KV for common overlay matenals The
overlay in the CepSense system will protect the PSoC
from permanent damage when the thickness guidelines of
the table are followed A layer of Kepton tape works well in
applications needing extra ESD protection

Table 3 Breakdown Voltage of Overlay Materials and
Minimum Thickness to Prevent Breakdown

Material
Breakdown

Voltage
mm

Min Overlay
Thickness at
12 KV mm

1200-28 1 0
7900
13
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Conclusion
The Best Practices for CapSense designs presented in
this Appbcabon Note enable engineers to successfully add
capacitive sensing features to their products
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comparable to dual or multiple trace operation of the
(b1flectton amplifier (IM) 311 1970w
inpitime (acoustically tunable optical filter) The time to con
~enualy tune the filter Over its spectral range
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(UFFC) [171
eatan time division (spectrum analyzer) The nominal time
tp squired teethe spot in the reference coordinate to move from
b one graticuledtvisionto the next Also the name of the control
round to select this time (IM) 746 1979w
swell (1) A momentary increase in the power frequency voltage
eWabvered by the mains outside of the normal tolerances with
(a duration of more than one cycle and less than a few seconds

See also surge (SPD/PE) C62 48 1995 C62 41 199l r
t6(2) An rots Increase in the ac voltage at the power frequency
,wfor durations from a half cycle to a few seconds See also
A avervoltage surge (PB/T&D) 1250 1995

43) An increase to nna voltage or current at the power fie
glgoeney for durations from 0 5 cycles to 1 mm Typical values
(b are I 1 to 18 pu See the figure below
s _ (SCC221IA/PSE) 1346 1998 1100 1999
mailable pbwder A powder that swells upon contact with mots
dptre A Jelly like matenal is formed to block the longitudinal
loam smis{ion of moisture (PE/IC) 1142 1995
swim The *seal misrepresentation that occurs when Images on
s e a display hurface appeer to move 'bout their normal peal [Ions
2pvt (C) 6106I991w
:Ong A tritistent power flow due to change In relative angles

rl of generation on the system caused by a change in transmits
piston or generation configuration (PFIPSR) C37 113 1999
swinging compass (navigation and terms) An accurate pow
s' table magnetic compacts used to indicate magnetic headings

i duong arrealt magnum compass calibration
(AES/GCS) 172 1983w

a
A

swangout panel (packaging m chinery) A panel that ts)iinge
mounted to such a manner

	

the back of the panel may be
made accessible from the

	

t of the enclosure
(7A/PKG) 333 1980w

swing rack cabinet An assembly enclosed at the top side and
rear with front hinged door for front access having a swing
open frame for equipment mounting (e g nominal 19 Inch
wide chassis and subpenel assemblies)

(SWG/PE) C37 100 1992 C37 21 1985r
switch (1) (telephone loop performance) (switching system)

A system that establishes communication channels among
two or more of its Interfaces at customers demand

(COMffA) 820 1984r
(2)(high voltage switchgear) A device designed to close or
open of both one or more electric circuits See also switch
mg device

	

(SWG/PE) C37 40 1993
(3)(computers) A device or programming technique for
malting a selection for example a toggle a conditional jump

(C) (201 [851
(4)(electric and electronics parts and equipment) A device
for making breaking or changing the connections man elec
me circuit Note a swtteh may be operated by manual me
chanwal hydraulic thermal barometric or gravitational
means or by electromeehanteal means not falling within the
deflnttion of relay

	

(GSD) 200 1975w
(5)A device that connects ringlets and has queues It can
behave as a consumer (when accepting remote sabactions)
and as a producer (when forwarding the subacuon to another
ringlet) It may be vtsibk as a node with a nodeld or be
transparent with no nodeld A switch differs from a bndge
an that a switch may connect more than two ringlets but a
bridge connects only two A switch is generally assumed to
connect multiple Instances of the same bus standard while a
bridge may connect different bus standards

(CIMM) 1596 1992
(6)A routing device (for example a box or board) providing
a set of numbered node interfaces constructed from one or
more switch chips (or by other methods) See also switch
chip fabric node interface

	

(C/BA) 1355 1995
(7) (A) An electrical or mechanical device used for opening
closing or changing the connection of a circuit Synonym
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switch base

	

1134

switchpoint See also DIP switch display switch sense
swatch function switch relay (B) To open close or change
the connection of a circuit as in definition (A) (C) A device
used for making a selection as in a toggle

(C) 610 10 1994
(B) A device for opening and closing or for changing the con
neaten of a circuit In these rules a switch is understood to
be manually operable unless otherwise stated

(NESC/I &D) C2 1997 C2 2 1960
(9)In a propulsion system the historic name for the lowest
level of positive tractive effort and power so called because
It is typically utilized for slow speed switching movements
such as yard moves trim makeup etc

	

(VT) 1475 1999
(10)A layer 2 interconnection device that conforms to the
ISQ/IEC 10038 (ANSI/IEEE 802 ID 1990) International
Standard S)norryar bridge

	

(C/LM) 802 3 1998
(11)An electronic device connected between two data Innes
A switch can exist rn one of two states referred to as open
and closed The state at any time depends on a digital con
trot variable When the switch Is open the pathway between
the two dare lines Ins a very high impedance (ideally infinite)
so that signals appearing on the data lines should be cont
pletely independent When the switch Is closed the pathway
between the two data tined hits a very low impedance (ideally
zero) so that signals on the two data Ines should be identical
Notes 1 Practical electronc switches implemented in silicon
depart from the ideal in at least three ways
a)In the on slate the pathway between the two data lanes

may have significant impedance or the relationship be
tween voltage and current may be nonlinear (e g a volt
age dependent Impedance )

b)In the off. state there may be significant interaction be
tween the signals on the two data lines due to for example
stray capacitance

c)In either state there may be significant leakage pathways
through which current can pass from the data lanes to the
surrounding circuitry or vice versa

The effects of all these characteristics will need to be conned
cred as pan of the detailed implementation especially In a
system containing multiple switch networks 2 A switching
action effectively in series with the function signal pathway
can sometimes be obtained without a physically separate do
vice by incorporating a high Z or enable facility Into the funs
tional circuitry 3 Data transmission through a switch is nor
molly assumed to be bidirectional (as wiih electromechanical
devices such as relays or semiconductor switches such as
transmission gates) Some forms of switch can Implement
only unidirectional voltage or current dependence See also
conceptual switch high Z

	

(CRT) 1149 4 1999
switch base The main members to which the insulator units are

attached

	

(SW0/PE) C3730I992s
switchboard (I) (electric power system) A large single panel

s frame or assembly of panels on which are mounted on the
face or back or bah switches overcurrent and other protec
tire devices buses and usually Instruments Note Switch
boards are generally accessible from the rear as well as from
the front and are not intended to be installed to cabinets See
also panelboard center of distnbutton distribution center

(NESC) (861
(2) A type of yawitchgear assembly that consists of one or
more panels with electric, devices mounted thereon and as
socrated framework Nate 'Switchboards maybe classified by
function that is power switchboards or control switchboards
Both power and control switchboards may be further classy
fled by contraction as defined

(SWO/PE/NESC) C37100. 1992 C2 1997
(3)When referred to in connection with supply of electricity
a large single pones frame or assembly of panels on which
are mounted (o6 the face or back or both) switches fuses
buses and usually mstrumenta (T&D) C2 2 1960

switchboard cord A cord that is used an conjunction with
switchboard apparatus to complete or build up a telephone
connection

	

(EEC/PE) [119)

switched virtual mom

switchboard lamp (switchboard) A small electric lamp a ts&
elated with the wrong to such a way as to give a visual In
dtcanon of the status of a call or to give information con
ceming the condition of rinks subscriber lines and
apparatus

	

(EEC/PE) [119)
switchboard position (telephone switching systems) That per

non of a manual switchboard normally provided for the use
of one operator

	

(COM) 312 1977w
switchboards and panels (electric installations on shipboard)

A generator and distnbutton switchboard receives energy
from the generating plant and distributes directly or indirectly
to all equipment supplied by the generating plant A subdis
tnbution switchboard is essentially a section of the generator
and distribution switchboard (connected thereto by a bus
feeder and remotely located for reasons of convenience or
economy) that distributes energy for lighting heating aril
power circuits an a certain section of the vessel A distnbutmn
panel receives energy from a distribution or subdtstnbutton
switchboard and distributes energy to energy consuming de
vices or other drsmbuuon panels or panelboards A panel
board is a distribution panel enclosed in a metal cabinet

(IA/MT) 45 1983s
switchboard section (telephone switching systems) A shut

tural unit providing for one or more operator positions A
complete switchboard may consist of one or more sections

(COM) 312 I977w
switchboard supervisory lamp (cord circuit or trunk cirout)

A lamp that is controlled by one or other of the users to attract
the attention of the operator

	

(EEC/PE) [119)
switchboard supervisory relay A relay that controls a switch

board supervisory lamp (EEC/PE) [119)
switch chip A VLSI integrated circuit with two or morehnk

interfaces between which it provides packet routing ', Wee
also link switch (C/BA) 1355 i1, 995,t

switch compartment (metal enclosed interrupter smteb'
gear) That portion of the switchgear assembly that contains,
one switching device such as an interrupter switch power
fuse interrupter switch combination etc and the associated
pnmary conductors

	

(SWG/PE) C37 20 3 1926
switch core A magnetic core in which the core matenal tgen•

orally has a high residual flux density and a high rattoai),
residual to saturated flux density Switching does not 07%
when the magnetic force Imposed on the core is below al
threshold value

	

(C) 610 10-114A
switched bank A capacitor bank designed for controlled operA

anon power systems relaying

	

~4p
(T&D/PE) 1036 1992 C37 99 20001

switched current The prospective current to be broken dip[O
a switching operation by each set of main switching or el,,
salon contacts (resistance type LTC) or transfer contacts,,
actance type LTC) incorporated in the arcing switch or arcing
tap switch (PEJIR) C57 fat t1995t

switched network (1) A computer mtercorweot ihat1
switches to allow mtennodule communications

(C/BA) 145361 1
(2) A network using a switching technique to direct ai
ges from the sender to the ultimate recipient See also cue
switched network store and forward switched network

(C) 610 7'
switched service network (telephone switching system1)

arrangement of dedicated switching facilities to provide'
communications services for a specific customer a q(COM) 312

switched virtual circuit A virtual circuit that is establ
an as needed basis to interconnect any two end users
to a network Note SVC service requires the defim
some call control procedures for the catablishment
nance and termination of the virtual circuit An SVO
not be available when the user wants if too many S I
open at once See also permanent virtual circuit

(C) 6107

switched way

switched way (t)
pole group Opel
(2)A way corm

(3)A w 1y tonne
operated switch

smichgear (I) A
rupting devices a
instmmentanon
also assemblies t
Irons accessone
connection with
and conversion c

(SO
C3

(2) (hydroelecln
used to switch al

swttdrgear assert*
door) Including 1
mg categories s
hon metering p
with their supper
local Intcrconncc
(SWG/PE) C37

stotchgear Wheal
where the inside
It may bean Indo

,modified by save
,carrying pans ant
the higher opera')

smlchgear protect
notch hook (hook

cimed with the sl
It Is operated by
or handset on the
stick

switch indicator (1
to indium the pit

(2) An indicator
flag

switching (t) The p
is reversed (or re
equal and oppose
fields or mechamt
(2)(single phase
at which the stats
connection arrang
machine
(3)(lest measure
of manually meet
for opening or do
(4)In networking
lashed by closing
sage switching di

(5)The process of
Mulching amplifier

in that its output
dependent upon tl
feedbacktontrol s

tmtchrng array (tel.
of multipled cross)

twitching branch (a
c ircuit Including a
tee principal let
chide one or me
wi nching element
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Advisory Action
Before the Filing of an Appeal Brief

Application No

11/230 719

Examiner
Vincent Q Nguyen

Applicant(s)

KUTZ ET AL

' Art Unit

2858

The MAILING DATE of this communication appears on the cover sheet with the correspondence address
THE REPLY FILED 07November 2007 FAILS TO PLACE THIS APPLICATION IN CONDITION FOR ALLOWANCE
1 ® The reply was filed after a final rejection but prior to or on the same day as filing a Notice of Appeal To avoid abandonment of

this application applicant must timely file one of the following replies (1) an amendment affidavit or other evidence which
places the application in condition for allowance (2) a Notice of Appeal (with appeal fee) in compliance with 37 CFR 41 31 or (3)
a Request for Continued Examination (RCE) In compliance with 37 CFR 1 114 The reply must be filed within one of the following
time penods

a) q The period for reply expires

	

months from the mailing date of the final rejection
b) The period for reply expires on (1) the mailing date of this Advisory Action or (2) the date set forth in the final rejection whichever is later In

no event however will the statutory period for reply expire later than SIX MONTHS from the mailing date of the final rejection
Examiner Note If box 1 is checked check either box (a) or (b) ONLY CHECK BOX (b) WHEN THE FIRST REPLY WAS FILED WITHIN
TWO MONTHS OF THE FINAL REJECTION See MPEP 708 07(f)

Extensions of time may be obtained under 37 CFR 1 136(a) The date on which the petition under 37 CFR 1 136(a) and the appropnate extension fee
have been filed is the date for purposes of determining the period of extension and the corresponding amount of the fee The appropriate extension fee
under 37 CFR 1 17(a) is calculated from (1) the expiration date of the shortened statutory period for reply onginally set in the final Office action or (2) as
set forth in (b) above if checked Any reply received by the Office later than three months after the mailing date of the final rejection even if timely filed
may reduce any earned patent term adjustment See 37 CFR 1 704(b)
NOT(CE OF APPFrAL
2 qThe Notice of Appeal was filed on _ A bnef in compliance with 37 CFR 41 37 must be filed within two months of the date of

filing the Notice of Appeal (37 CFR 41 37(a)) or any extension thereof (37 CFR 41 37(e)) to avoid dismissal of the appeal Since
a Notice of Appeal has been filed any reply must be filed within the time period set forth in 37 CFR 41 37(a)

AMENDMENTS'
3 0 The proposed amendment(s) filed after a final rejection but pnor to the date of filing a bnef will jQ be entered because

(8)0 They raise new issues that would require further consideration end/or search (see NOTE below)(b)0 They raise the issue of new matter (see NOTE below)
(c)q They are not deemed to place the application in better form for appeal by matenally reducing or simplifying the Issues for

appeal and/or
(d)q They present additional claims without canceling a corresponding number of finally rejected claims

NOTE

	

(See 37 CFR 1 116 and 41 33(a))
4 q The amendments are not in compliance with 37 CFR 1 121 See attached Notice of Non Compliant Amendment (PTOL 324)
5 q Applicants reply has overcome the following rejecbon(s) T
6 q Newly proposed or amended claim(s)

	

would be allowable if submitted in a separate timely filed amendment canceling the
non allowable claim(s)

7

	

For purposes of appeal the proposed amendment(s) a) ® will not be entered or b) q will be entered and an explanation of
how the new or amended claims would be rejected is provided below or appended
The status of the claim(s) is (or will be) as follows
Claim(s) allowed 15-17.19and20
Claim(s) objected to 4.5.9.10.12and 13
Claim(s) rejected 1 .2.6 8.11 and 14
Claim(s) withdrawn from consideration	

AFFIDAVIT OR OTHER EVIDENCE
8

	

The affidavit or other evidence filed after a final action but before or on the date of filing a Notice of Appeal will 3 be entered
because applicant failed to provide a showing of good and sufficient reasons why the affidavit or other evidence is necessary and
was not earlier presented See 37 CFR 1 116(e)

9 q The affidavit or other evidence filed after the date of filing a Notice of Appeal but pnor to the date of filing a brief will ra be
entered because the affidavit or other evidence failed to overcome all rejections under appeal and/or appellant fails to provide a
showing a good and sufficient reasons why it is necessary and was not earlier presented See 37 CFR 41 33(d)(1)

10 q The affidavit or other evidence Is entered An explanation of the status of the claims after entry is below or attached
REQUEST FOR RECONSIDERATION/OTHER
11 0 The request for reconsideration has been considered but does NOT place the application in condition for allowance because

12 q Note the attached Information Disclosure Statement(s) (PTOISB/08) Paper No(s) T
13 ® Other See Continuation Sher

U S Patent and Trademark Office
PTOL 303 (Rev 08 06) Advisory Action Before the Filing of an Appeal Brief Pert of Paper No 20071122
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Advisory Action
Before the Filing of an Appeal Brief

Application No

11/395 417

Appllcant(s)

SEGUINE DENNIS

Art Unit
2856

Examiner
John Zhu

The MAILING DATE of this communication appears on the cover sheet with the correspondence address

THE REPLY FILED 22 June 2907 FAILS TO PLACE THIS APPLICATION IN CONDITION FOR ALLOWANCE
1 ® The reply was filed after a final rejection but prior to or on the same day as filing a Notice of Appeal To avoid abandonment of

this application applicant must timely file one of the following replies (1) an amendment affidavit or other evidence which
places the application in condition for allowance (2) a Notice of Appeal (with appeal fee) In compliance with 37 CFR 41 31 or (3)
a Request for Continued Examination (RCE) in compliance with 37 CFR 1 114 The reply must be filed within one of the following
time periods

a) q The period for reply expires

	

months from the mailing date of the final rejection
b) The penod for reply expires on (1) the mailing date of this Advisory Action or (2) the date set forth in the final rejection whichever is later In

no event however will the statutory penod for reply expire later than SIX MONTHS from the mailing date of the final rejection
Examiner Note If box 1 is checked check either box (a) or (b) ONLY CHECK BOX (b) WHEN THE FIRST REPLY WAS FILED WITHIN
TWO MONTHS OF THE FINAL REJECTION See MPEP 706 07(f)

Extensions of time may be obtained under 37 CFR 1 136(a) The date on which the petition under 37 CFR 1 138(a) and the appropriate extension fee
have been filed is the date for purposes of determining the penod of extension and the corresponding amount of the fee The appropriate extension fee
under 37 CFR 1 17(a) is calculated from (1) the expiration date of the shortened statutory period for reply originally set in the final Office action or (2) as
set forth in (b) above If checked Any reply received by the Office later than three months after the mailing date of the final rejection even if timely filed
may reduce any earned patent term adjustment See 37 CFR 1 704(b)
NOTICE OF APPEAL
2 q The Notice of Appeal was filed on _ A brief in compliance with 37 CFR 41 37 must be filed within two months of the date of

filing the Notice of Appeal (37 CFR 41 37(a)) or any extension thereof (37 CFR 41 37(e)) to avoid dismissal of the appeal Since
a Notice of Appeal has been filed any reply must be filed within the time penod set forth In 37 CFR 41 37(a)

AMgNDMENTS
3 ® The proposed amendment(s) filed after a final rejection but prior to the date of filing a brief will no be entered because

(a)® They raise new issues that would require further consideration and/or search (see NOTE below)
(b)q They raise the issue of new matter (see NOTE below)
(c) ® They are not deemed to place the application in better form for appeal by materially reducing or simplifying the issues for

appeal and/or
(d)q They present additional claims without canceling a corresponding number of finally rejected claims

NOTE See Cont1nuahon Sheet (See 37 CFR 1 116 and 41 33(a))
4 q The amendments are not in compliance with 37 CFR 1 121 See attached Notice of Non Compliant Amendment (PTOL 324)
5 0 Applicant s reply has overcome the following rejection(s)
6 0 Newly proposed or amended claims) _ would be allowable If submitted in a separate timely filed amendment canceling the

non allowable claims)
7 ® For purposes of appeal the proposed amendments) a) ® will not be entered or b) q will be entered and an explanation of

how the new or amended claims would be rejected is provided below or appended
The status of the claim(s) is (or will be) as follows
Claim(s) allowed
Claims) objected to
Claims) rejected IS.
Claim(s) withdrawn from consideration 10 20

AFFIDAVIT OR OTHElj E) IpENCE

	

s
8 q The affidavit or other evidence filed after a final action but before or on the date of filing a Notice of Appeal will no be entered

because applicant failed to provide a showing of good and sufficient reasons why the affidavit or other evidence is necessary and
was not earlier presented See 37 CFR 1 116(e)

9 0 The affidavit or other evidence filed after the date of filing a Notice of Appeal but prior to the date of filing a brief will not be
entered because the affidavit or other evidence failed to overcome 2i) rejections under appeal and/or appellant fails to provide a
showing a good and sufficient reasons why it is necessary and was not earlier presented See 37 CFR 41 33(d)(1)

10 q The affidavit or other evidence is entered An explanation of the status of the claims after entry Is below or attached
REQUEST FOR RECONSIDERATION/OTHER
11 q The request for reconsideration has been considered but does NOT place the application in condition for allowance because

12 q Note the attached Information Disclosure Statement(s) (PTO/SB/08) Paper No(s)
13 0 Other -

U S Patent and Trademark Office ,
PTOL 303 (Rev 08 06) Advisory Action Before the Filing of an Appeal Brief Part of Paper No 20070703
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Advisory Action
Before the piling of an Appeal Brief

Application No

11/437 517

Examiner

BENYAM KETEMA

Applicant(s)

XIAOPING JIANG

' Art Unit

2629

The MAILING DATE of this communication appears on the cover sheet with the correspondence address

THE REPLY FILED 26 fvlarch 2010 FAILS TO PLACE THIS APPLICATION IN CONDITION FOR ALLOWANCE
1 ® The reply was filed after a final rejection but prior to or on the same day as filing a Notice of Appeal To avoid abandonment of this

application applicant must timely file one of the following replies (1) an amendment affidavit or other evidence which places the
application In condition for allowance (2) a Notice of Appeal (with appeal fee) in compliance with 37 CFR 41 31 or (3) a Request
for Continued Examination (RCE) in compliance with 37 CFR 1 114 The reply must be filed within one of the following time
periods

a) q The period for reply expires	 .	 months from the mailing date of the final rejection
b) ® The period for reply expires on (1) the mailing date of this Advisory Action or (2) the date set forth in the final rejection whichever is later In

no event however will the statutory period for reply expire later than SIX MONTHS from the mailing date of the final rejection
Examiner Note If box 1 is checked check either box (a) or (b) ONLY CHECK BOX (b) WHEN THE FIRST REPLY WAS FILED WITHIN TWO
MONTHS OF THE FINAL REJECTION See MPEP 706 07(f)

Extensions of lime may be obtained under 37 CFR 1 136(a) The date on which the petition under 37 CFR 1 136(a) and the appropriate extension fee
have been filed is the date for purposes of determining the period of extension and the corresponding amount of the fee The apprppnate extension fee
under 37 CFR 1 17(a) is calculated from (1) the expiration date of the shortened statutory period for reply ongrnally set in the final Office action or (2) as
set forth in (b) above if checked Any reply received 4y the Office later than three months after the mailing date of the final rejection even if timely filed
may reduce any earned patent tern adjustment See 37 CFR 1 704(b)
NOTICE OF APPEAL
2 q The Notice of Appeal was filed on _ A brief in compliance with 37 CFR 41 37 must be filed within two months of the date of

filing the Notice of Appeal (37 CFR 41 37(a)) or any extension thereof (37 CFR 41 37(e)) to avoid dismissal of the appeal Since a
Notice of Appeal has been filed any reply must be filed within the time period set forthin 37 CFR 41 37(a)

AMENDMENTS
3 q The proposed amendment(s) filed after a final rejection but prior to the date of filing a brief will NI be entered because

(a)q They raise new issues that would require further consideration and/or search (see NOTE below)
(b)q They raise the issue of new matter (see NOTE below)
(c) q They are not deemed to place the application in better form for appeal by materially reducing or simplifying the issues for

appeal and/or
(d)q They present additional claims without canceling a corresponding number of finally rejected claims

NOTE

	

(See 37 CFR 1 116 and 41 33(a))
4 q The amendments are not in compliance with 37 CFR 1 121 See attached Notice of Non Compliant Amendment (PTOL 324)

	

5 q Applicants reply has overcome the following rejection(s) 	
6 q Newly proposed or amended claim(s) _ would be allowable if submitted in a separate timely filed amendment canceling the

non allowable claim(s)
7 Z For purposes of appeal the proposed amendment(s) a) q will not be entered orb) ® will be entered and an explanation of

how the new or amended claims would be rejected is provided below or appended
The status of the claim(s) is (or will be) as follows
Claim(s) allowed _
Claim(s) objected to 5 17
Claim(s) rejected 14and 1820
Claim(s) withdrawn from consideration	

AFFIDAVIT OR OTHER EVI9ENCE
8 q The affidavit or other evidence filed after a final action but before or on the date of filing a Notice of Appeal will not be entered

because applicant failed to provide a showing of good and sufficient reasons why the affidavit or other evidence is necessary and
was not earlier presented See 37 CFR 1 116(e)

9 q The affidavit or other evidence filed after the date of filing a Notice of Appeal but prior to the date of filing a brief will ng,t be
entered because the affidavit or other evidence failed to overcome all rejections under appeal and/or appellant fails to provide a
showing a good and sufficient reasons why it is necessary and was not earlier presented See 37 CFR 41 33(d)(1)

10 q The affidavit or other evidence is entered An explanation of the status of the claims after entry is below or attached
REQUESTFOR RECONSIDERATION/OTHER
11 ® The request for reconsideration has been considered but does NOT place the application In condition for allowance because

Examiner disagrees with the assertion of Tsurioka not disclosing 	 three or more button operatons	 using two areas 9f the
sensing device as it is recited in claim 1 Tsufoka (fia5) discloses two sensin g area (24 and 25). further more (Fig .5) discloses
three or more button i pergtipns (49 and input 50) Therefore one can see that multi ple input operations (i e button operations)
are done usmq two areas (24 and 25) of the sensing device (iein p ut device 21)

12 q Note the attached Information Disclosure Statements) (PTO/SB/0B) Paper No(s) -
13 q Other T

/Bipin Shalwalal
Supervisory Patent Examiner Art Unit 2629

U S Patent and Trademark Office
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Advisory Action
Before the Filing of an Appeal Brief

Application No

11/477 1 79

Applicant(s)

GUANGHAI LI

Examiner
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The MAILING DATE of this communication appears on the cover sheet with the correspondence address -

THE REPLY FILED 2SMpv 2Q10, FAILS TO PLACE THIS APPLICATION IN CONDITION FOR ALLOWANCE
1

		

The reply was filed after a final rejection but prior to or on the same day as filing a Notice of Appeal To avoid abandonment of this
application applicant must timely file one of the following replies (1) an amendment affidavit or other evidence which places the
application in condition for allowance (2) a Notice of Appeal (with appeal fee) in compliance with 37 CFR 41 31 or (3) a Request
for Continued Examination (RCE) in compliance with 37 CFR 1 114 The reply must be filed within one of the following time
periods

a) q The period for reply expires

	

months from the mailing date of the final rejection
b) The penod for reply expires on (1) the mailing date of this Advisory Action or (2) the date set forth in the final rejection whichever is later In

no event however will the statutory period for reply expire later than SIX MONTHS from the mailing date of the final rejection
Examiner Note If box 1 is checked check either box (a) or (b) ONLY CHECK BOX (b) WHEN THE FIRST REPLY WAS FILED WITHIN TWO
MONTHS OF THE FINAL REJECTION See MPEP 706 07(f)

Extensions of time may be obtained under 37 CFR 1 136(a) The date on which the petition under 37 CFR 1 136(a) and the appropnete extension fee
have been filed is the date for purposes of determining the penod of extension and the corresponding amount of the fee The appropnate extension fee
under 37 CFR 1 17(a) is calculated from (1) the expiration date of the shortened statutory penod for reply originally set in the final Office action or (2) as
set forth rn (b) above if checked Any reply received by the Office later than three months after the mailing date of the final rejection even if timely filed
may reduce any earned patent term adjustment See 37 CFR 1 704(b)
(IOTICE OF APPEAL
2 qThe Notice of Appeal was filed on A brief rn compliance with 37 CFR 41 37 must be filed within two months of the date of

filing the Notice of Appeal (37 CFR 41 37(a)) or any extension thereof (37 CFR 41 37(e)) to avoid dismissal of the appeal Since a
Notice of Appeal has been filed any reply must be filed within the time period set forth in 37 CFR 41 37(a)

AMENDMENTS
3 q The proposed amendment(s) filed after a final rejection but prior to the date of filing a brief will Dg,) be entered because

(a)q They raise new issues thatwpuld require further consideration and/or search (see NOTE below)
(b)q They raise the issue of new matter (see NOTE below)
(c) q They are not deemed to place the application in better form for appeal by materially reducing or simplifying the issues for

appeal and/or
(d)q They present additional claims without canceling a corresponding number of finally rejected claims

NOTE	 (See 37 CFR 1 116 and 41 33(a))
4

	

The amendments are not in compliance with 37 CFR 1 121 See attached Notice of Non Compliant Amendment (PTOL 324)
5 q Applicant s reply has overcome the following rejection(s)
6 q Newly proposed or amended claim(s)

	

would be allowable If submitted in a separate timely filed amendment canceling the
non allowable claim(s)

7 ® For purposes of appeal the proposed amendment(s) a) q will not be entered orb) ® will be entered and an explanation of
how the new or amended claims would be rejected is provided below or appended
The status of the claim(s) is (or will be) as follows
Claim(s) allowed
Claim(s) objected to
Claim(s) rejected 22 and 24 31
Claim(s) withdrawn from consideration	

AFFIDAVIT QR OTHER EVIDENCE
8 q The affidavit or other evidence filed after a final action but before or on the date of filing a Notice of Appeal will rig) be entered

because applicant failed to provide a showing of good and sufficient reasons why the affidavit or other evidence is necessary and
was not earlier presented See 37 CFR 1 116(e)

9 q The affidavit or other evidence filed after the date of filing a Notice of Appeal but prior to the date of filing a brief will not be
entered because the affidavit or other evidence failed to overcome all rejections under appeal and/or appellant fails to provide a
showing a good and sufficient reasons why it is necessary and was not earlier presented See 37 CFR 41 33(d)(1)

10 q The affidavit or other evidence is entered An explanation of the status of the claims after entry is below or attached
REQUEST FOR RECONSIDER/{TION/OTHER
11 ® The request for reconsideration has been considered but does NOT place the application in condition for allowance because

See Continuation Sheet

12 q Note the attached Information Disclosure Statement(s) (PTO/SB/08) Paper No(s) _
13 q Other

/Amare Mengistu/
Supervisory Patent Examiner Art Unit 2629

U S Patent and Trademark Office
PTOL 303 (Rev 08 06) Advisory Action Before the Filing of an Appeal Brief Part of Paper No 20100601
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Continuation Sheet (PTOL 303)

	

Application No

Continuation of 11 does NOT place the application in condition for allowance because On pages 5 7 of the response the Applicant argues
against the combination of Chien and Gitzinger to teach the claimed limitations The Applicant first argues Gitzinger fads to disclose the
feature of a pad layer that does not directly contact the routing layer when the particular key is pressed as recited in claim 22 The
Applicant then argues Gitizinger fads to to disclose that the insulting layer is disposed between the routing layer and the pad layer as set
forth in claim 22 The Examiner respectfully disagrees with this argument As can be seen from Fig 15 of Chien Chien discloses a pad
layer comprising conductive material that corresponds tto a plurality of keys (conductor 954 are corresponding to keys 1 2 3 see [0031])
Chien further discloses an insulting layer is disposed between the routing layer and a pad layer (e g insulting layer 956 separates the pad
layer 954 and routing layer 9682) The invehtion disclosed by Chien is missing only the limitation wherein the pad layer does not directly
contact the routing layer when a particular key is pressed as recited in claim 22 However Gitizinger discloses a keypad wherein an
insulting layer (e g plastic housing member 722 Fig 8) is disposed between a conductive object (e g a finger) and a routing layer (e g
826 828 and 830 Fig 8) and the conductive object does not directly contact the routing layer when a particular key is pressed Gitzinger
teaches that by providing a routing layer with different discrete surfaces the processing device of the keypad would distiguish a particular
key operation when faced in close proximity by a conductive object based on different capacitance produced by the discete surface thus if
the invention of Chien is modified with the features of the insulting layer the routing layer and the processing device of Gitizinger then the
keypad would have a simpler interconenct lower weight and more reliability thus one of ordinary skill in the art would have motivated to
combine the references to obtain the invention as claimed in claim 22 Thus the rejection is maintained

2

CY00002315



12/367 279

l APPLICATION NO

UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTMENT OP COMMLRiIE
United Slates Patent and Trademark Office
Add, n COMMISSIONER FOR PATENTS

POB

	

1650
AI

	

ends AV s n 22313 1450
www

	

pt g

FILING DATE FIRST NAMED INVENTOR J ATTORNEY DOCKET NO

	

CONFIRMATION NO

02/06/2009 Dennis Segume CDO5044DIV

	

9537

60909

	

7590

	

06/25/2010

CYPRESS SEMICONDUCTOR CORPORATION
198 CHAMPION COURT
SAN JOSE CA 95134 1709

ZHU JOHN X

ART UNIT

	

PAPER NUMBER

1EXAMINER

2831

MAIL DATE
	 I	

DELIVERY MODE
	 1

I W2512010

	

PAPER

Please find below and/or attached an Office communication concerning this application or proceeding

The time penod for reply If any Is set In the attached communication

P70L 90A (Rev 04/07)

/

CY00002316



Advisory Action
Before the Filing of an Appeal Brief

Application No

12/367 279

Applicant(s)

SEGUINE DENNIS

Art Unit

2831

Examiner

JOHN ZHU

-The MAILING DATE of this communication appears on the cover sheet with the correspondence address

THE REPLY FILED 01 June 2010 FAILS TO PLACE THIS APPLICATION IN CONDITION FOR ALLOWANCE
1 The reply was filed after a final rejection but prior to or on the same day as filing a Notice of Appeal To avoid abandonment of this

application applicant must timely file one of the following replies (1) an amendment affidavit or other evidence which places the
application in condition for allowance (2) a Notice of Appeal (with appeal fee) in compliance with 37 CFR 41 31 or (3) a Request
for Continued Examination (RCE) in compliance with 37 CFR 1 114 The reply must be filed within one of the following time
periods

a) q The period for reply expires

	

months from the mailing dale of the final rejection
b) The period for reply expires on (1) the mailing date of this Advisory Action or (2) the date set forth in the final rejection whichever is later In

no event however will the statutory period for reply expire later than SIX MONTHS from the mailing date of the final rejection
Examiner Note If box 1 is checked check either box (a) or (b) ONLY CHECK BOX (b) WHEN THE FIRST REPLY WAS FILED WITHIN TWO
MONTHS OF THE FINAL REJECTION See MPEP 706 07(f)

Extensions of time may be obtained under 37 CFR 1 136(a) The date on which the petition under 37 CFR 1 136(a) and the appropnate extension fee
have been filed is the date for purposes of determining the penod of extension and the corresponding amount of the fee The appropnate extension fee
under 37 CFR 1 17(a) is calculated from (1) the expiration date of the shortened statutory period for reply originally set in the final Office action or (2) as
set forth in (b) above if checked Any reply received by the Office later than three months after the mailing date of the final rejection even if timely filed
may reduce any earned patent term adjustment See 37 CFR 1 704(b)
NOTICE OF APPEAL
2 q The Notice of Appeal was filed on _ A brief in compliance with 37 CFR 41 37 must be filed within two months of the date of

filing the Notice of Appeal (37 CFR 41 37(a)) or any extension thereof (37 CFR 41 37(e)) to avoid dismissal of the appeal Since a
Notice of Appeal has been filed any reply must be filed within the time period set forth In 37 CFR 41 37(a)

AMENDMENTS
3 q The proposed amendment(s) filed after a final rejection but prior to the date of filing a brief will not be entered because

(a) q They raise new issues that would require further consideration and/or search (see NOTE below)
(b) q They raise the issue of new matter (see NOTE below)
(c) q They are not deemed to place the application in better form for appeal by materially reducing or simplifying the issues for

appeal and/or
(d)q They present additional claims without canceling a corresponding number of finally rejected claims

NOTE

	

(See 37 CFR 1 116 and 41 33(a))
4 q The amendments are not in compliance with 37 CFR 1 121 See attached Notice of Non Compliant Amendment (PTOL 324)
5 q Applicants reply has overcome the following rejection(s) 	
6 q Newly proposed or amended claim(s)Twould be allowable if submitted in a separate timely filed amendment canceling the

non allowable claim(s)
7 ® For purposes of appeal the proposed amendment(s) a) q will not be entered orb) ® will be entered and an explanation of

how the new or amended claims would be rejected is provided below or appended
The status of the claim(s) is (or will be) as follows
Claim(s) allowed 10 18.21,22 and 28
Claim(s) objected to
Claim(s) rejected 23 27
Claim(s) withdrawn from consideration	

AFFIDAVIT OR OTHER EVIDENCE

	

i
8 q The affidavit or other evidence filed after a final action but before or on the date of filing a Notice of Appeal will jQ be entered

because applicant failed to provide a showing of good and sufficient reasons why the affidavit or other evidence is necessary and
was not earlier presented See 37 CFR 1 116(e)

9 q The affidavit or other evidence filed after the date of filing a Notice of Appeal but prior to the date of filing a bnef will not be
entered because the affidavit or other evidence failed to overcome 1 rejections under appeal and/or appellant fails to provide a
showing a good and sufficient reasons why it is necessary and was not earlier presented See 37 CFR 41 33(d)(1)

10 q The affidavit or other evidence is entered An explanation of the status of the claims after entry is below or attached
REQUEST FOR RECONSIDERATIQN/OTHER
11 ® The request for reconsideration has been considered but does NOT place the application in condition for allowance because

See Continuation Sheet
12 q Note the attached Information Disclosure Statement(s) (PTO/SBI08) Paper No(s) -
13 ® Other As the double patentin9relection stands because of the improper Terminal Disclaimer. the application is not in condition
for allowance The chanqes to the claims are minor and rejlard to issues not affecting the scope of the invention, and thus will be
entered

/Diego Gutierrez/
Supervisory Patent Examiner Art Unit 2831

/John Zhu/
Examiner Art Unit 2831

U S Patent and Trademark Office
PTOL 303 (Rev 08 06) Advisory Action Before the Filing of an Appeal Brief Part of Paper No 20100622
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Continuation of 11 does NOT place the application in condition for allowance because the Terminal Disclaimer filed on 611110 is not
approved because it failed to state capacity to sign on behalf of assignee

2

CY00002318



APPLICATION NO ' I

	

FILING DATE

PO 13

	

1450
AI

	

dr

	

V

	

.32313
Wvr P 5

1450

FIRST NAMED INVENTOR 1 ATTORNEY DOCKET NO I CONFIRMATION NO

Harold Kula CO05060 4591

UNITED STATES PATENT AND TRADEMARK OFFICE 	 it h
UNITED STATES DEPARTMENT OF COMMERCE
United Staler atent and
Ad& COMMISSIONER FOR

	

M.

111230 719 09/19/2005

299A~0o

	

759D

	

0910712007
HAVERSTOCK & OWENS LLP
162 N WOLFE ROAD
SUNNYVALE CA 94086

EXAMINER

NGUYEN VINCENT Q

ART UNIT

	

PAPER NUMBER

2858

MAIL DATE

	

DELIVERY MODE

09/07/2007

	

PAPER

Please find below and/or attached an Office communication concerning this application or proceeding

The time period for reply if any is set in the attached communication

PTOL 90A (Rev 04107)

CY00002319



Application No
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Applicant(s)

KUTZ ET AL

Office Action Summary Examiner

Vincent Q Nguyen

Art Unit

2858
- The MAILING DATE of this communication appears on the cover sheet with the Correspondence address -

Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 2 MONTH(S) OR THIRTY (30) DAYS
WHICHEVER IS LONGER FROM THE MAILING DATE OF THIS COMMUNICATION

Extensions Mime may be available under the provisions of 37 CFR 1 136(a) In no event however may a reply be timely filed
after SIX (6) MONTHS from the mailing date of this communication
B NO period for reply is specified above the maximum statutory period w/l apply and will expire SIX (6) MONTHS from the mailing date of this communication
Failure to reply within the set or extended period for reply wall by statute cause the application to become ABANDONED (35 USC § 133)
Any reply received by the Office later than three months after the mailing date of this communication even if timely tiled may reduce any
earned patent term adjustment See 37 CFR 1 704(b)

Status

1)® Responsive to communication(s) filed on 27Auvust 2007

2a)® This action Is FINAL

	

2b)0 This action is non final

3)0 Since this application Is in condition for allowance except for formal matters prosecution as to the merits is

closed in accordance with the practice under Ex parte Quayle 1935 C D 11 453 O G 213

Disposition of Claims

4)® Claim(s) 1 .2.4-17 1̀9 and20 Islare pending in the application

4a) Of the above claim(s)

	

Islare withdrawn from consideration

5)® Claim(s) 15-17.19and 20 Islare allowed
6)® Claim(s) 1,2,6-8,11and14 is/are rejected

7)® Claim(s) 44 5,9.10,12.13 islare objected to

8)q Claim(s)

	

are subject to restriction and/or election requirement

Application Papers

9)0 The specification is objected to by the Examiner

10)0 The drawing(s) filed on

	

Ware a)q accepted or b)q objected to by the Examiner

Applicant may not request that any objection to the drawing(s) be held in abeyance See 37 CFR 1 85(a)

Replacement drawing sheet(s) Including the correction is required if the drawing(s) is objected to See 37 CFR 1 121(d)

11)0 The oath or declaration is objected to by the Examiner Note the attached Office Action or form PTO 152

Priority under 35 U S C § 119

12)0 Acknowledgment is made of a claim for foreign prionty under 35 U S C § 119(a) (d) or (f)

a)q All b)q Some a c)q None of

1 q Certified copies of the priority documents have been received

2 q Certified copies of the priority documents have been received in Application No	

3 q Copies of the certified copses of the priority documents have been received in this National Stage

application from the International Bureau (PCT Rule 17 2(a))

See the attached detailed Office action for a list of the certified copies not received

Attachment(s)
1)q Notice of References Cited (PTO 892)
2) q Notice of Draftsperson s Patent Drawing Review (PTO 94B)
3) q Information Disclosure Statements) (PTO 1449 or PTO/SB/08)

Paper No(s)/Mad Date

4)q Interview Summary (PTO-413)
Paper No(s)lMail Date _

5)q Notice of Informal Patent Application (PTO 152)
6)q Other

U 6 Petrel and Trademark Oake
PTOL 326 (Rev 7 05) Office Action Summary Part of Paper No !Mail Date 20070830
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DETAILED ACTION

Objections

1 With respect to the amendments (cancellations) of claims 3 and 18, the text of

the claims must not be presented (See 37 CFR 1 121) In addition, the identifiers are

misspelling Appropriate correction is required

Claim Rejections - 35 USC § 102

2

		

The following is a quotation of the appropriate paragraphs of 35 U S C 102 that

form the basis for the rejections under this section made in this Office action

A person shall be entitled to a patent unless -

(e) the invention was described in (1) an application for patent published under section 122(b) by
another filed in the United States before the invention by the applicant for patent or (2) a patent
granted on an application for patent by another filed in the United States before the invention by the
applicant for patent except that an international application filed under the treaty defined in section
351(a) shall have the effects for purposes of this subsection of an application filed in the United States
only if the international application designated the United States and was published under Article 21(2)
of such treaty in the English language

3

	

Claims 1, 6-9, 14 are rejected under 35 U S C 102(e) as being anticipated by

Hara (2005/0031175)

	

-

With respect to claims 1, 6, Hara discloses a method comprising the steps of

sequentially connecting different sets of N capacitive sensor inputs (31) to a common

sense node (38), where N is an integer greater than 1 and for each set of N capacitive

sensor inputs (Any combination of elements 38 selected by element 10), detecting if a

capacitance at the N capacitive sensor inputs (31) is within a predetermined range

(Paragraphs 12-17 and 76-79)

With respect to claim 7 Hara discloses a plurality of switch devices (14) that

connect capacitive sensor inputs (31) to a common node (38) when enabled a
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measuring circuit (Figure 4) coupled to the common node (38) that determines when the

capacitance at the common node is outside of a predetermined range, a switch

controller (51) that sequentially enables different sets of N switch devices essentially

simultaneously

With respect to claim 8 Hara discloses a capacitive sensor coupled to each

capacitive sensor input {31), the capacitive sensors arranged into an array for sensing

the position of an object with respect to the array (Figure 1)

With respect to claim 9, Nara discloses each capacitive sensor comprises a

single sensor plate (31) coupled to a corresponding switch device (14) and separated

from an adjacent sensor plate by a ground plate that is essentially coplanar to the

sensor plate and adjacent sensor plate (The limitations such as plates coplanar are

principle structure of the capacitor and is inherent in figure 1)

With respect to claim 14, Hara discloses the switch controller (51) sequentially

enables different sets of M switch devices (14) in a second mode (Register mode, Para

64) where M < N (Decoder 51 can select any combination of the switches 14)

Allowable Subject Matter

4

	

Claims 15-17, 19, 20 are allowed

5 Claims 2, 4-5, 10-13, are objected to as being dependent upon a rejected base

claim, but would be allowable if rewritten in independent form including all of the

limitations of the base claim and any intervening claims
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Response to Arguments

6

	

Applicant's arguments filed 8/27/2007 have been fully considered but they are

not persuasive

a) In response to Applicants argument that Accordingly, because Hara et

al only teaches the measurement of a current for one sensing circuit, Applicants do not

believe the reference can show or suggest "detecting if a capacitance at " multiple

"sensor inputs is within a predetermined range", as recited in claim 1 "

Contrarily to Applicant's belief Hara et al explicitly disclose "detecting if a

capacitance at " multiple "sensor inputs is within a predetermined range" as recited in

claim 1 ' In particular, Hara et al disclose multiple sensor inputs (Elements 31) (Figure

1) are selected to read the detected information (The information is the scanned

capacitance, see Hera et al 's para 07) from all sensor cells to determine particular

sensor cells to be selected and then in the post processing device to read the detected

information from the determined particular sensor cells in the second and the

subsequent field scans " (Hara et al 's para 12, 15) Accordingly, the steps of

"detecting if a capacitance at multiple inputs is within a predetermined range" is

adequately read on Hara et al

b) In response to Applicant's argument that 'Applicants do not believe a

prima facie showing has been presented as the limitations of claim 6 were not

addressed by the rejection " For this reason alone the rejection of claim 6 is traversed

In addition or alternatively, claim 6 recites that the method further includes

sequentially connecting M capacitive sensor inputs to a common sense node, where M
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is less than N Further, for each M capacitive sensor inputs, detecting if a capacitance

at the M capacitive sensor inputs is within another predetermined range

It is noted that the claim does not recite how many inputs for M and/or how

many inputs for N, the number of Inputs M or N are the inputs selected by the decoder

51, 52 The number of M and N are selected and performed in the steps of

preprocessing and the postprocessing (Hara et al 's para 12, 15)

c) In response to Applicants argument that "Applicants agree that Hara et

el teaches a data decoder circuit (51) that enables switch elements (14) However as

noted by the emphasis Hara et al never shows the enabling of multiple switching

dements "essentially simultaneously", as the selection is explicitly indicated as being

sequential

Accordingly because the cited reference does not show or suggest all the

limitations of claim 7, this ground for rejection is traversed

It is not necessary for Hara et al to explicitly disclose the enabling of multiple

switching dements "essentially simultaneously", as the selection is explicitly indicated

as being sequential " because it is the principle of the decoder (Elements 51, 52) It is

well known in the art that the decoder decodes to select any arbitrary switch, switches,

or set of switches sequentially or simultaneously Accordingly, the limitations as

recited in the claim "essentially simultaneously" adequately read on Hara et at

d) In response to Applicants argument that "The reference shows only a

general position for sensing circuits (3), and not the physical structure of such circuits

Applicant also , requests the examiner 'to provide a basis in fact and/or technical
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reasoning to reasonably support the determination allegedly inherent characteristic

necessanly flows from the teachings of the applied prior art "

The switches (See the legend above) couple the sensor plate to a

corresponding switch (Element 14 or any switch selected by the decoder 51 or 52)

e) In 'response to Applicant response that 'Applicants' claim 15 invention

includes 'charging and discharging the common node within a given time period to

generate a count value corresponding to the capacitance" and alleges that tiara does

not teach or suggest the features

Applicant's argument is persuasive, accordingly the claim 15 is allowed Claims

16, 17, 19 20 are allowed for being dependent upon claim 15

Prior Art (Figure 2) Claimed Invention

9 (Original) The system of claim 8

wherein

each capacitive sensor comprises a single

sensor plate coupled to a corresponding

switch device and separated from an

adjacent sensor plate by a ground plate

that is essentially coplanar to the sensor

plate and adjacent sensor plate
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Conclusion

7

	

THIS ACTION IS MADE FINAL Applicant is reminded of the extension of time

policy as set forth in 37 CFR 1 136(a)

A shortened statutory period for reply to this final action is set to expire THREE

MONTHS from the mailing date of this action In the event a first reply is filed within

TWO MONTHS of the mailing date of this final action and the advisory action is not

mailed until after the end of the THREE-MONTH shortened statutory period then the

shortened statutory period will expire on the date the advisory action is mailed, and any

extension fee pursuant to 37 CFR 1 136(a) will be calculated from the mailing date of

the advisory action In no event however will the statutory period for reply expire later

than SIX MONTHS from the mailing date of this final action

Contact Information

8 Any inquiry concerning this communication or earlier communications from the

examiner should be directed to Vincent Q Nguyen whose telephone number is (571)

272-2234 The examiner can normally be reached on 8 30-5 00

If attempts to reach the examiner by telephone are unsuccessful the examiner's

supervisor, Andrew Hirshfeld can be reached on (571) 272-2168 The fax phone

number for the organization where this application or proceeding is assigned is 703-

872-9306
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Information regarding the status of an application may be obtained from the

Patent Application Information Retrieval (PAIR) system Status information for

published applications may be obtained from either Private PAIR or Public PAIR

Status information for unpublished applications is available through Private PAIR only

For more information about the PAIR system, see http //pair-direct uspto gov Should

you have questions on access to the Private PAIR system contact the Electronic

Business Center (EBC) .at 866-217-9197 (toll-free)

Vincent Q Nguyen
Primary Examiner
Art Unit 2858

September 3, 2007

VINCENT() NGUYEN
PRIMARY EXAMINER
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111273 708

Appltcant(s)

SNYDER ET AL

Office Action Summary Art Unit

: 2817

Examiner

Levi Gannon

The MAILING DATE of this communication appears on the cover sheet with the correspondence address

' Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS
WHICHEVER IS LONGER FROM THE MAILING DATE OF THIS COMMUNICATION

Extensions of lime may be available under the provisions of 37 CFR 1 136(a) In no event however may a reply be timely filed
alter SIX (6) MONTHS from the mailing date of this communication
If NO penod for reply is specified above the maximum statutory penod will apply and will expire SIX (6) MONTHS from the mailing dale of this communication
Failure to reply within the set or extended penod for reply will by statute cause the application to become ABANDONED (35 U S C § 133)
Any reply received by the Office later than three months after the mailing date of this communication even if timely filed may reduce any
earned patent term adjustment See 37 CFR 1 704(b)

Status

1)® Responsive to communication(s) filed on 11 April 2007

2a)® This action is FINAL

	

2b)D This action is non final

3}q Since this application is in condition for allowance except for formal matters prosecution as to the merits is

closed in accordance with the practice under Ex parts Quayle 1935 C D 11 453 O G 213

Disposition of Claims

4)~ Claim(s) 1-21 islare pending in fhe application

4a) Of the above clasm(s)

	

is/are withdrawn from consideration

5)® Claim(s)

	

is/are allowed

6}® Claims) 14 .18 and 21 islare rejected

7)® Claim(s) 15 17. 19.and20 islare objected to

8)0 Claim(s)	 are subject to restriction and/or election requirement

Application Papers

9)0 The specification is objected to by the Examiner

10)0 The drawing(s) filed on

	

islare a)D accepted or b)q objected to by the Examiner

Applicant may not request that any objection to the drawing(s) be held in abeyance See 37 CFR 1 85(a)

Replacement drawing sheet(s) including the correction is required if the drawing(s) Is objected to See 37 CFR 1 121(d)

11)0 The oath or declaration is objected to by the Examiner Note the attached Office Action or form PTO 152

Pnonty under 35 U S C § 119

12)0 Acknowledgment* made 'of a claim for foreign priority under 35 U S C § 119(a) (d) or (f)

a)q All ' b)q Some' c)q None of

1 q Certified copies of the pnonty documents have been received

2 q Certified cbpies of the priority documents have been received in Application No

3 q Copies of the certified copies of the priority documents have been received in this National Stage

application from the International Bureau (PCT Rule 17 2(a))

See the attached detailed Office action for a list of the certified copies not received

Attachment(s)
1) ® Notice of References Cited (PTO 892) 4) q

	

Interview Summary (PTO-413)
2) q Notice of Draftsperson s Patent Drawing Review (PTO 948) Paper No(s)/Mail Date

3) ® Information Disclosure Statement(s) (PTO/SBI08) 5) q

	

Notice of Informal Patent Application

Paper No(s)/Mail Date 4/11/07 6) q

	

Other

U S Pslsnl and Trademark 0 os
PTOL 326 (Rev 08-06) Office Action Summary Part of Paper No /Mall Date 20070702R
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DETAILED ACTION

Claim Rejections - 35 USC § 103

The following is a quotation of 35 U S C 103(a) which forms the basis for all

obviousness rejections set forth in this Office action

(a) A patent may not be obtained though the invention is not identically disclosed or descnbed as set
forth in section 102 of this title if the differences between the subject matter sought to be patented and
the pnor art are such that the subject matter as a whole would have been obvious at the tune the
invention was made to a person having ordinary skill in the art to which said subject matter pertains
Patentability shall not be negatived by the manner in which the Invention was made

Claims 14, 18, and 21 are rejected under 35 U S C 103(a) as being

unpatentable over Kitano et al,(hereinafter Kitano) (US Patent 7 119,550) in view of

Copper et al (hereinafter Cooper) (US Patent 5,670,915)

Regarding claim 14, Kitano teaches a capacitance sensor (figure 4), comprising

a first oscillator (30) coupled to charge and discharge a reference capacitor (Cl) with a

first drive current (current produced by oscillator of figure 5) at a first frequency

(frequency of FA), a second oscillator (32) to charge and discharge a device under test

("DUT") capacitor (C2) with a second drive current (current produced by oscillator of

figure 5) at a second frequency (frequency of FB), and a frequency comparator (38)

coupled to the first and second oscillators (30, 32) to output a signal (VCMP) indicative

of a capacitance change across the DUT capacitor (C2) based on a frequency

difference between the first and second frequencies (column 7 lines 39-44)

Kitano does not teach a voltage source to generate a reference voltage and a

voltage scaler coupled ' to scale the reference voltage to generate a low voltage

reference and a high voltage reference the voltage scaler coupled to provide the low
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and high voltage references to the first and second oscillators, wherein the first and

second , oscillators are coupled to oscillate the reference capacitor and the DUT

capacitor between the low and high voltage references

Cooper teaches an oscillator with voltage control comprising a voltage source to

generate a reference voltage (VDD), and a voltage scaler (voltage divider, R1-R3 30,

38 40, 28, 36) coupled ,to scale the reference voltage (VDD) to generate a low voltage

reference (VL) and a high voltage reference (VH), the voltage scaler coupled to provide

the low and high voltage references (VH, VL) to the oscillator (12-22) wherein the

oscillator is coupled to oscillate a capacitor between the low and high voltage

references (VH, VL) (see abstract)

It would have been obvious to one of ordinary skill in the art at the time of the

invention to replace the oscillator of Kitano with the well-known oscillator of Cooper

because such a modification would have been a mere substitution of art recognized

equivalent oscillator circuits

As for claim 18, Kitano discloses the capacitance sensor of claim 14, but fails to

expressly teach "the frequency comparator including a divider circuit coupled to receive

a clock signal from the second oscillator having the second frequency and to divide the

clock signal by 2N to generate a divided clock signal and an N-bit register counter

coupled to count a number pulses of the divided clock signal that occur dunng a single

pulse of a reference clock signal generated by the first oscillator and having the first

frequency
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However, this type of frequency comparison circuit used for determining the

difference between two frequencies is a well-known frequency comparison circuit to

those of ordinary skill in the art

Therefore, it would have been obvious to one of ordinary skill in the art at the

time of the invention to replace the frequency comparator of Kitano with a frequency

comparator including a divider circuit coupled to receive a clock signal from the second

oscillator having the second frequency and to divide the clock signal by 2N to generate

a divided clock signal and an N-bit register counter coupled to count a number pulses

of the divided clock signal that occur during a single pulse of a reference clock signal

generated by the first oscillator and having the first frequency because such a

modification would have been a mere substitution of a well known frequency

comparator circuit

In terms of claim 21, Kitano modified by Cooper teaches the first and second

drive currents are each asymmetncal for charging and discharging (replacing the

oscillators of Kitano with the oscillator of Cooper would provide identical oscillators with

identical drive currents)

Response to Arguments

'Applicants arguments, see pages 12 and 13 filed 4/11/07, with respect to claims

1 and 7 have been fully considered and are persuasive The rejection of claims 1 and 7

has been withdrawn
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Applicant's arguments filed 4/11/07 have been fully considered but they are not

persuasive Regarding Applicant's comment directed to claim 14, Applicant states,

Finally, it is noted that independent claim 14 has been amended to include subject

matter of allowable claim 15 As such it is believed that claim 14 now includes subject

matter already deemed allowable by the Examiner "

However, this argument is not persuasive because the allowable subject matter

set forth by the Examiner in the office action mailed 3/19/07 was directed to the current

scaler coupled to the first and second oscillators

Allowable Subject Matter

Claims 1-13 are allowed

Claims 15-17, 19 and 20 are objected to as being dependent upon a rejected

base claim, but would be allowable if rewritten in independent form including all of the

limitations of the base claim and any intervening claims

The following is a statement of reasons for the indication of allowable subject

matter The best art of record, Dening, does not teach a digital current control signal as

set forth in claim 1

The following is a statement of reasons for the indication of allowable subject

matter The best art of record, Kitano, does not teach scaling from a common reference

current as set forth in claim 7, a current scaler coupled to scale the first reference

current to generate second'and third reference currents wherein the first and second

oscillators mirror the second and third reference currents respectively, to generate the

CY00002333



Apphcation/Control Number 11/273 708

	

i

	

Page 6

Art Unit 2817

first and second drive currents, respectively, as set forth in claim 15, or a current driver,

as set forth in claim 19

Conclusion

THIS ACTION IS MADE FINAL Applicant is reminded of the extension of time

policy as set forth in 37 CFR 1 136(a)

A shortened statutory period for reply to this final action is set to expire THREE

MONTHS from the mailing date of this action In the event a first reply is filed within

TWO MONTHS of the mailing date of this final action and the advisory action is not

mailed until after the end of the THREE-MONTH shortened statutory period, then the

shortened statutory period will expire on the date the advisory action is mailed, and any

extension fee pursuant to 37 CFR 1 136(a) will be calculated from the mailing date of

the advisory action In no event, however, will the statutory period for reply expire later

than SIX MONTHS from the mailing date of this final action

Any inquiry concerning this communication or earlier communications from the

examiner should be directed to Levi Gannon whose telephone number is (571) 272-

7971 The examiner can normally be reached on Monday-Friday 9 30AM-6 00 PM

If attempts to reach the examiner by telephone are unsuccessful the examiner s

supervisor Robert Pascal can be reached on (571) 272-1789 The fax phone number

for the organization where this application or proceeding is assigned is 571-273-8300
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Information regarding the status of an application may be obtained from the

Patent Application Information Retrieval (PAIR) system Status information for

published applications may be obtained from either Private PAIR or Public PAIR

Status information for unpublished applications is available through Pnvate PAIR only

For more information about the PAIR system, see http //pair-direct uspto gov Should

you have questions on access to the Private PAIR system, contact the Electronic

Business Center (EBC) at 866-217-9197 (toll-free) If you would like assistance from a

USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000

LG

J
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DETAILED ACTION

1

	

Response to communications filed on 1/30/2007

Electron/Restrictions

2

	

Applicant's election without traverse of group I claims 1-9 in the reply filed on

1/30/2007 is acknowledged

Claim Rejections - 35 USC § 112

3

	

The following is a quotation of the first paragraph of 35 U S C 112

The specification shall contain a wntten descnption of the invention and of the manner and process of
making and using it in such full clear concise and exact terms as to enable any person skilled in the
art to which it pertains or with which it is most nearly connected to make and use the same and shall
set forth the best mode contemplated by the inventor of carrying out his invention

4

	

Claims 5-9 are rejected under 35 U S C 112, first paragraph, as failing to comply

with the written description requirement The claim(s) contains subject matter which

was not described in the specification in such a way as to reasonably convey to one

skilled in the relevant art that the inventor(s), at the time the application was filed had

possession of the claimed invention

More specifically there seems to be a lack of support for the newly added

limitation in claim 5, which states "the counter circuit generating count values

corresponding to each capacitance source in the initial mode"
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Claim Rejections - 35 USC § 102

5

	

The following is a quotation of the appropriate paragraphs of 35 U S C 102 that

form the basis for the rejections under this section made in this Office action

A person shall be entitled to a patent unless -

(b) the invention was patented or descnbed in a pnnted publication in this or a foreign country or in public
use or on sale in this country more than one year prior to the date of application for patent in the United
States

6

	

Claim 1 is rejected under 35 U S C 102(b) as being anticipated by Kim (US PG

Pub no 2003/0210809 Al)

With respect to claim 1, Kim discloses a circuit, comprising

a plurality of input switches (Fig 11 sensing points SP 65 66), each coupled

between a corresponding capacitance source (C5) and a common node (node P4),

each capacitance source having an essentially constant value in an initial mode and

subject to potential variation in a run-time mode (runtime mode occurs when object is in

proximity)

a common current source (13) coupled to the common mode, and

a comparator circuit (61) having a first input coupled to the common mode (node

P4) and a second input coupled to a reference value (Vm) that compares capacitance

values corresponding to, each capacitance source to the reference value in the initial

mode and subsequently compares capacitance values corresponding to each

capacitance source to the reference value in the run-time mode
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Claim Rejections - 35 USC § 103

7

	

The following is a quotation of 35 U S C 103(a) which forms the basis for all

obviousness rejections set forth in this Office action

(a) A patent may not be obtained though the invention is not identically disclosed or described as set
forth in section 102 of this title if the differences between the subject matter sought to be patented and
the prior art are such that the subject matter as a whole would have been obvious at the time the
invention was made to a person having ordinary skill in the art to which said subject matter pertains
Patentability shall not be negatived by the manner in which the invention was made

B

	

Claims 2 and 3 are rejected under 35 U S C 103(a) as being unpatentable over

Kim and Miller et al (5,841,078)

With respect to claims 2 and 3, Kim discloses all aspects of the claim including

the comparator having an output (Fig 11, element 300) and the common current source

is coupled between a high power supply node 200 and the common node P4

Kim does not explicitly disclose a common node set switch coupled between the

common node and a predetermined voltage node that is enabled in response to the

output of the comparator or the switch is coupled between the common node and a low

power supply node

Miller disclose a feedback component, including a common node set switch (Fig

6A, element 102) coupled between the common node and a predetermined voltage

node that is enabled in response to the output of the comparator (element 72) and that

the switch is coupled between the common node (V- of the amp 72) and a lower power

supply node 104

Accordingly it would have been obvious to one of ordinary skill in the art at the

time the inventidn was made to modify Kim to include the feedback component with the
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common node set switch coupled between a common node and a lower power supply

node as taught by Miller for the purpose of resetting the amplifier

9

	

Claim 4 is rejected under 35 U S C 103(a) as being unpatentable over Kim in

view of Von Basse et at (6,583 632 B2)

With respect to claim 4 Kim does not explicitly disclose a counter circuit coupled

to an output of the comparator that generates a count value corresponding to each

capacitance source based on transitions in the output of the comparator circuit

Von Basse discloses a circuit with a counter circuit (Fig 2, element Ct) coupled

to an output of the comparator K that generates a count value corresponding to each

capacitance source Cs based on transitions in the output of the comparator circuit

Accordingly it would have been obvious to one of ordinary skill in the art at the

time the invention was made to modify Kim to include the counter circuit of Von Basse

for the'purpose of accounting of the number of cycles necessary to charge the capacitor

to a predetermined reference voltage

Allowable Subject Matter

10

	

Claims 5-9 would be allowable if rewritten to overcome the rejection(s) under 35

U S C 112, 1 st paragraph, set forth in this Office action and to include all of the

limitations of the base claim and any intervening claims

11

	

The following is a statement of reasons for the indication of allowable subject

matter claim 5 would be allowable over the art of record because the prior art does not

CY00002341



Application/Control Number 11/395,417

	

Page 6

Art Unit 2858

teach or render obvious the entire combination including specifically a circuit comprising

a counter circuit generating count values corresponding to each capacitance source in

initial mode and a computation circuit that generates a correction factor based on the

generated count values

Claims 6-9 are allowable as they depend from claim 5

Response to Arguments

12

	

Applicant's arguments filed 1/30/2007 have been fully considered but they are

not persuasive

In response to applicant's argument that Kim ('809) does not teach the input

switches of the application (Response to Office Action, page 13-14), the examiner

respectfully disagrees and contends input switches are taught As applicant points out,

Kim discloses

"Ifsensing point 37 connected to selecting node 33 is in contact with a human

body part, then the process just descnbed with respect to selecting node 32 repeats for

selecting node 33 However, if activated selected node 33 is not in contact with the

human body, then additional voltage has been applied to node p3 "(Paragraph 0045)

Hence the sensing points are read as input switches as it controls the voltage

supplied from nodes 32-35 to common node P3

IEEE Standards define a switch as "an electrical or mechanical device used for

opening, closing or changing the connection of a circuit ' (Page 1133, Switch,

paragraph 7) and can include devices such as a sense switch' (Page 1134 column 1,
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line 1) Under this definition, the sensing point of Kim is read as a switch because in the

presence of a human body, the connection between the input and output is changed

(i e a capacitance is added which changes the flow of the circuit)

Furthermore it is noted applicants own disclosure supports that sensing

elements such as capacitive sensors could be considered switches (Page 2 lines 8-

18)

Applicant's argument regarding claims 2-3 (Pages 14-17) have been considered

but are moot in view of the new ground of rejection

13

	

Applicant's submission of an information disclosure statement under 37 CFR

1 97(c) with the fee set forth in 37 CFR 1 17(p) on 1/30/2007 prompted the new

ground(s) of rejection presented in this Office action Accordingly, THIS ACTION IS

MADE' FINAL See MPEP § 609 04(b) Applicant is reminded of the extension of time

policy as set forth in 37 ,CFR 1 136(a)

A shortened statutory period for reply to this final action is set to expire THREE

MONTHS from the mailing date of this action In the event a first reply is filed within

TWO MONTHS of the mailing date of this final action and the advisory action is not

mailed until after the end of the THREE-MONTH shortened statutory period then the

shortened statutory period will expire on the date the advisory action is mailed, and any

extension fee pursuant to 37 CFR 1 136(a) will be calculated from the mailing date of
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the advisory action In no event, however, will the statutory period for reply expire later

than SIX MONTHS from the mailing date of this final action

Any inquiry concerning this communication or earlier communications from the

examiner should be directed to John Zhu whose telephone number is (571) 272-5920

The examiner can normally be reached on M-F, 8-4 30

If attempts to reach the examiner by telephone are unsuccessful, the examiner s

supervisor, Andrew Hirshfeld can be reached on (571) 272-2168 The fax phone

number for the organization where this application or proceeding is assigned is 571-

273-8300

Information regarding the status of an application may be obtained from the

Patent Application Information Retrieval (PAIR) system Status information for

published applications may be obtained from either Private PAIR or Public PAIR

Status information for unpublished applications is available through Private PAIR only

For more information about the PAIR system, see http I/pair-direct uspto gov Should

you have questions on access to the Private PAIR system, contact the Electronic

Business Center (EBC) at 866-217-9197 (toll-free) If you would like assistance from a

USPTO Customer Service Representative or access to the automated information

system call 800-788-9199 (IN USA OR CANADA) or 571-272-1000

ANDREW H ' HI
SUPERVISORY PATENT EXAMINER

TECHNOLOGY CENTER 2800

JZ
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DETAILED ACTION

Response to Amendment

1

	

In an amendment dated, November 5, 2009, claims 1-20 are presented

for examination

2

	

Applicant's arguments with respect to claims 1-4 and 18- 20 have been

considered but is not persuasive

On page 8 and 9 of the Remarks, the Applicants argue that Tsuiioka et al fails to

teach the claimed feature of detecting a presence of a conductive object on a

sensing device "as recited in independent Claims 1 and 18 The Examiner must

respectfully disagree Tsuiioka et al discloses that as the user (i a operator) presses any

one of the input region using his/her finger the corresponding signal that is associated

with anyone of the input region is converted into digital signal and fed into the control

device so that the appropriate action (command) would be initiated This process would

show that the device had to detect operators finger (i e conductive object) in order to

process inputted information Further more applicants discloses that conductive

object" as being user finger (Paragraph 50 & 51) Therefor one can see Tsupoka s

device detects users finger (conductive object) as it is used to input information or

command on any one of the pressing regions (Fig 5)
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Claim Rejections - 35 USC § 102

3

	

The following Is a quotation of the appropriate paragraphs of 35 U S C 102

that form the basis for the rejections under this section made In this Office action

A person shall be entitled to a patent unless -

(b) the invention was patented or described in a printed publication in this or a foreign country or in
public use or on sale in this country more than one year prior to the date of application for patent in
the United States

4

	

Claims 1 2, 4 and 18 are rejected under 35 U S C 102(b) as being

anticipated by Tsulioka et al (US Pat NO 5 518 078)

As in Claim, I, Tsujioka et al discloses a method (Column 1 line 5-10)

compnsrng

• detecting a presence of a conductive object on a sensing device, (Column

9 line 65- Column 10 line 4)

• recognizing three or more button (Fig 5 Item 49, buttons) operations

performed by the conductive object (Fig 5 item 50 & 51 finger or pen)

using two sensing areas of the sensing device (Fig 5 & 6 Item 24 & 25

two sensing areas)

As in Claim ' 2, Tsupoka et al discloses the method (Column 1 line 5-10) of claim

1, wherein recognizing three or more button operations (Column 9 line 65-

Column 10 line 6 and fig 5-8) comprises recognizing on a first sensing area of

CY00002348



Application/Control Number 11/437,517

	

Page 4
Art Unit 2629

the two sensing areas of the sensing device (Fig 5 and Column 9 line 65-

Column 10 line 4) recognizing a second button operation when the presence of

the conductive object is detected on a second sensing area of the two sensing

areas of the sensing device (Fig 5 and Column 9 line 65- Column 10 line 4)

recognizing one or more button operations when the presence of the conductive

object is defected on the first and second sensing areas (Fig 5)

As In Claim 4, Tsulioka et al discloses the method (Column 1 line 5-10) of claim

1 further comprising scanning the two sensing areas of the sensing device,

(Column 9 line 58 -61) wherein recognizing the three or more button operations

compnses recognizing a first button operation when a first sensing area of the

two sensing areas detects the presence of the conductive object dung the

scanning of the two sensing areas (Fig 5 7 and 9 and Column 9 line 54- Column

10 line 6) recognizing a second button operation when a second sensing area of

the two sensing areas detects the presence of the conductive object dunng the

scanning of the two sensing areas, (Fig 5 7 and 9 and Column 9 line 54- Column

10 line 6) recognizing a third button operation when the first and second sensing

areas detect the presence of the conductive object during the scanning of the two

sensing areas (Fig 5, 7 and 9 and Column 9 line 54- Column 10 line 6) discloses

scanning the sensing areas (i e 24 & 25) and recognizing multiple button (i e 36

39-42) operation for conductive objects (i e finger or pen)
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As in Claim 18, Tsujioka et al discloses an apparatus (Column 1, touch panel)

comprising

• a first sensing area to detect a presence of a conductive object on a

sensing device (Fig 9 item 25)

• a second sensing area to detect the presence of the conductive object on

the sensing device (Fig 9 item 24)

• means for recognizing three or more button operations (Fig 9 item 39-42)

performed by the conductive object (Fig 5 item 51 or 50, finger or pen)

using two sensing areas on the sensing device (Fig 9 item 24 & 25, two

sensing areas)

Claim Rejections - 35 USC § 103

5

	

The following is a quotation of 35 U S C 103(a) which forms the basis for

all obviousness rejections set forth in this Office action

(a) A patent may not be obtained though the invention is not identically disclosed or described
as set forth in section 102 of this title if the differences between the subject matter sought to
be patented and the prior art are such that the subject matter as a whole would have been
obvious at the time the invention was made to a person having ordinary skill in the art to which
said subject matter pertains Patentability shall not be negatived by the manner in which the
invention was made

6

	

The factual inquiries set forth in Graham v John Deere Co , 383 U S 1,

148 USPQ 459 (1966), that are applied for establishing a background for

determining ,obviousness under 35 U S C 103(a) are summarized as follows

1

	

Determining the scope and contents of the prior art
2

	

' Ascertaining the differences between the prior art and the claims at
issue .

3

	

Resolving the level of ordinary skill in the pertinent art
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4

	

Considering objective evidence present in the application indicating
obviousness or nonobviousness

7

	

Claim; 3 is rejected under 35 U S C 103(a) as being unpatentable over

Tsuiioka et al (US Pat NO 5,518,078) In view of Collins (PG Pub NO

2004/0239616)

As in Claim 3, Tsupoka et al discloses the method (Column 1 line 5-10) of claim

1 but fails to disclose determining a capacitance of the conductive object on the

sensing device over time, wherein determining the capacitance further comprises

determining a capacitance of the two sensing areas of the sensing device and

wherein recognizing the button operation is based on the capacitance of the two

sensing areas However Collins discloses determining a capacitance of the

conductive Object on the sensing device over time (Paragraph 24 and Fig 2-3)

wherein determining the capacitance further compnses determining a

capacitance of the two sensing areas of the sensing device, (Fig 3 item 200 1 &

200-3) and wherein recognizing the button operation is based on the capacitance

of the two sensing areas (Paragraph 24-28 and Fig 3) discloses operation of

buttons is recognized (according to a signal produced (i e capacitance) when the

user finger i in contact with sensing area

Tsupoka et al and Collins are analogous art because they are from the

common area of user input device using touch sensor Tsujioka et al discloses an

input device that has multiple sensing areas as well as buttons But fails to
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disclose capacitance sensor However Collins discloses that capacitance

sensors are used to determine the presence of conductive object (i e finger) on

the sensing area in a system similar to that of Tsulioka et al Therefore it would

have been obvious to one of ordinary skill in the art at the time of the invention to

combine Tsuiioka et al s sensing area to include Collins s capacitance sensor

because using capacitance sensor or any other form of sensor in, touch panel

device would be an alternate design choose

8

	

Claims 19 and 20 are rejected under 35 U S C 103(a) as being

unpatentable over Tsupoka et al (US Pat NO 5 518 078) In view of Gitzinger et al

(PG Pub NO 2006/0097992)

r
As in Claim 19, Tsuiioka at al discloses the apparatus (Column 1 touch panel)

but fails to disclose means for reducing a pin count of the sensing device

However Gitzinger et al discloses means for reducing a pin count of the sensing

device (Fig 3 and Paragraph 29-32) discloses the reduction of pins by coupling

the discrete surfaces (i e sensing area 320 322, 324) together and connecting

them to the controller

Tsulioka eUal and Gitzinger et al are analogous art because they are from the

common area of user input device using touch sensor Tsupoka at al discloses an

input deviceithat has multiple sensing areas as well as buttons But fails to

disclose reduction of connecter pins as well as the effect of scanning time when

the numbers of pins are reduced, However Gitzinger et al discloses in Fig 3 the
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number of pins have been reduced in a system similar to that of Tsupoka et al

Therefore it would have been obvious to one of ordinary skill in the art at the time

of the invention to combine Tsupoka et at s sensing area to include Gitzinger et

at s arrangement of reduced number of pins in order to reduced coast and

material in the manufacturing of said device

As in Claim 2D, Tsujioka et at discloses the apparatus (Column 1, touch panel),

but fails to disclose means for reducing scan time of the sensing device

However Gitzinger et al discloses means for reducing scan time of the sensing

device (fig 3) discloses the sensing areas are coupled together and connected to

the controller rather than being connected individually, therefore it would be

obvious to a skilled person that by reducing the number of connection between

the sensing area and controller the scan time would be increased (faster)

Allowable Subject Matter

9

	

Claims 5-17 are allowable over the prior art of record

10

	

Applicant's amendment necessitated the new ground(s) of rejection

presented in this Office action Accordingly, THIS ACTION IS MADE FINAL

See MPEP § 706 07(a) Applicant is reminded of the extension of time policy as

set forth in 37 CFR 1 136(a)

A shortened statutory period for reply to this final action is set to expire

THREE MONTHS from the mailing date of this action In the event a first reply , is

J
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filed within TWO MONTHS of the mailing date of this final action and the advisory

action is not mailed until after the end of the THREE-MONTH shortened statutory

period then the shortened statutory period will expire on the date the advisory

action is mailed, and any extension fee pursuant to 37 CFR 1 136(a) will be

calculated from the mailing date of the advisory action In no event however will

the statutory period for reply expire later than SIX MONTHS from the date of this

final action

11 Any inquiry concerning this communication or earlier communications

from the examiner should be directed to BENYAM KETEMA whose telephone

number is (571)270-7224 The examiner can normally be reached on Monday-

Friday 8 OOAM - 5 00PM

If attempts to reach the examiner by telephone are unsuccessful, the

examiners supervisor, Shalwala Bipin H can be reached on (571)-272-7681

The fax phone number for the organization where this application or proceeding

is assigned is 571-273-8300 Information regarding the status of an application

may be obtained from the Patent Application Information Retrieval (PAIR)

system Status information for published applications may be obtained from

either Private PAIR or Public PAIR Status information for unpublished

applications is available through Private PAIR only For more information about

the PAIR system see http //pair-direct uspto gov Should you have questions on

access to the Private PAIR system contact the Electronic Business Center

(EBC) at 866-217-9197 (toll-free) If you would like assistance from a USPTO
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Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000

/BK /

Examiner, Art Unit 2629

/Bipin Shalwala/

Supervisory Patent Examiner Art Unit 2629
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