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7339580 |
7381031 |
7417441 |
7450113 |
7453279 |
7521941 |
7683641 ) PN
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123

280

( 20030091220
| 20040178989
| 20050031175
| 20080097992
| 20060038793
| 20060232559
| 20070291013
| 20070247443
| 20070268265
| 20070268274
| 20070296709
| 20080024455
| 20080041639
| 20080042986
| 20080042988

| 20080042994 |

| 20040239616
| 20040217945
| 20050159126
20060227117
20060197750
20060262101
20070076897
20070257894
| 20070268273
20070268275
20080007534
| 20080036473
20080041640
| 20080042987
| 20080042989
20080068100

20080111714 | 20080116904
| 20080128182 | 20080179112

| 20080278178 | 3979745 | 4039940 |

4113378 | 4145748 | 4193063 |
4238711 | 4264903 | 4266144
| 4292604 | 4305135 | 4586260
| 4614937 | 4728932 | 4736191 |
4825147 | 4831325 | 4831325

| 5305017 | 5518078 |
| 5214388 | 5237879 |
| 5373245 | 5386219 |
| 5670915 | 5760852 |
| 5920309 | 5942733 |
| 6380931 | 6037929 |
| 6145850 | 6184871 |
| 6297811 | 6353200 |
| 6366099 | 6377129 |
| 6448911 | 6490203 |
| 6577140 | 6583632 |
| 6781577 | 6806693 |
| 6838887 | 6859159 |
| 6891531 | 6940291 |
| 6970120 | 6970126 |
| 7466307 | 7495650 |
| 7031886 | 7046230 |
| 7075316 | 7078916 |
| 7129935 | 7148704 |
| 7253643 | 7262609 |
| 7301350 | 7307485 |

5008497
5323158
5541580
5801340
6188391
6060957
6191723
6353200
6448911
6535200
6700392
6825673
6882338
6946853
7158125
7006078
7088039
7098675
7235983
72883946
7339580

US-PGPUB
USPAT
USOCR
FPRS
EFO JFO
DERWENT
IBM_TDB

ADJ

2012/12/12
18 31

CY00001932
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| 7359816 | 7375535 | 7381031 |
7382139 | 7417411 | 7417441

| 7423437 | 7449895 | 7450113

| 7451050 | 7453270 | 7453279

| 7479788 | 7499040 | 7521941

| 7548073 | 7598822 | 7683641 ) PN

St

13442716

US-PGPUB
USPAT
USCCR
FPRS

EPO JPO
DERWENT
IBM_TDB

ADJ

ON

2012/09/04
18 03

17

XIAOPING-JIANG 1n

US-PGPUB
USPAT
USOCR
FPRS

EPO JPO
DERWENT
|BM_TDB

ADJ

2012/09/05
16 30

XIAOPING-JIANG in and (( first and
sensing ad) areas) cim and(second and
sensing ad) areas) ¢lm )

US-PGPUB
USPAT
USOCR
FPRS

EPO JPO
DERWENT
IBM_TDB

ADJ

2012/09/05
16 30

S10

i

90

345/173 ccls and capacitance and button
and (sensing ad) areas)

US-PGPUB
USPAT
USCCR
FPRS

EPO JPO
DERWENT
{BM_TDB

ADJ

2012/09/06
16 31

56

345/173 ccls and capacitance and button
and (sensing ad) areas) and (touch ad|
pad)

US-PGPUB
USPAT
USOCR
FPRS

EPO JPO
DERWENT
(BM_TDB

ADJ

2012/09/05
16 31

98

(Capacitive and sensor) and (sensing near
areas) same buttons

US-PGPUB
USPAT
USOCR
FPRS

EPO JPO
DERWENT
IBM_TDB

ADJ

2012/09/05
16 31

S13
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198

cypress as and (Capacitive and sensor)

US-PGPUB
USPAT
USOCR
FPRS

EPO JPO
DERWENT
IBM_TDB

ADJ

2012/09/05
16 32

S14

3034

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

US-PGPUB
USPAT
USOCR
FPRS

EFO JPO
DERWENT

ADJ

ON

2012/09/05
16 32

CY00001933
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IBM_TDB

S15

60

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

US-PGPUB
USPAT
USOCR
FPRS

EPO JPO
DERWENT
|BM_TDB

ADJ

2012/09/05
16 32

S16

1051

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

US-PGPUB
USPAT
USOCR
FPRS

EFO JPO
DERWENT
IBM_TDB

ADJ

2012/09/05
16 33

S17

164

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

Us-PGPUB
USPAT
USOCR
FPRS

EFO JPO
DERWENT
IBM_TDB

ADJ

2012/09/05
16 33

S18°

69

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

US-PGPUB
USPAT
USCCR
FPRS

EPO JPO
DERWENT
IBM TDB

ADJ

ON

2012/09/05
16 33

519

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

2012/09/05
16 34

S20

987

(touch near screen or pad) same

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

US-PGPUB
USPAT
USOCR
FPRS

EPO JPO
DERWENT
IBM_TDB

ADJ

5012/09705
16 34

821

180

345 /$ 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 34

22

82

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

US-PGPUB
USPAT
USOCCR
FPRS

EPO JPO
DERWENT
IBM_TDB

ADJ

ON

2012/09/05
16 35

S23
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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

24

64

( sens$4 near button$2) same (touch near
screen) same ( capacit$4)

US-PGPUB
USPAT
USOCR
FPRS

EFO JPO
DERWENT
|BM_TDB

ADJ

2012/09/05
16 36

12/12/2012 6 34 15 PM
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EAST Search History

EAST Search History (Prior Art)

Ref
#

L1 {0

Hits

Search Query

DBs

Default
Operator

Plurals

Time
Stamp

134427186

US-PGPUB
USPAT
USOCR
FPRS

EPO JPO
DERWENT
|BM_TDB

ADJ

ON

2013/04/05
18 12

L7

( 20060097992 | 7158125 | 5518078 |
20060227117 | 20040239616 |
7253643 ) PN

US PGPUB
USPAT
USOCR
FPRS

EFO JPO
DERWENT
|BM_TDB

ADJ

OFF

2013/04/05
18 21

( 20060097992 | 7158125 | 5518078 |
20060227117 | 20040239616 |
7253643 ) PN

US-PGPUB
USPAT
USOCR
FPRS

EPO JPO
DERWENT
IBM_TDB

ADJ

OFF

2013/04/05
18 22

L10

20060097992

US-PGPUB
USPAT
USCCR
FPRS

EPO JPO
DERWENT
IBM_TDB

ADJ

OFF

2013/04/05
18 22

L11

( 20060097992 | 7158125 | 5518078 |
20060227117 | 20040239616 |
7253643 ) PN

US-PGPUB
USPAT
USOCR
FPRS

EPO JFO
DERWENT
IBM_TDB

ADJ

OFF

2013/04/05
18 23

L2

15

7158125

US-PGPUB
USPAT
USCCR
FPRS

EPO JPO
DERWENT
IBM_TDB

ADJ

OFF

2013/04/05
18 23

L13

43

5518078

US-PGPUB
USPAT
USOCR
FPRS

EPO JFO
DERWENT
IBM_TDB

ADJ

OFF

2013/04/05
1823

tLM

Ez

20060227117

US-PGPUB

ADJ

OFF

2013/04/05
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USPAT 18 23
USCCR
FPRS
EPO JPO
DERWENT
IBM_TDB
(15 2 20040239616 US-PGPUB [ADJ OFF  |2013/04/05
USPAT 18 24
USOCR
FPRS
EPO JPO
DERWENT
IBM_TDB
16 fa0 [ 7253643 US-PGPUB JADJ OFF  |2013/04/05
USPAT 18 24
USCCR
FPRS
EPO JPO
DERWENT
IBM _TDB
(17 [139 | 20030091220 | 20040178989 | US-PGPUB JADJ OFF  [2013/04/05
20040217945 | 20040239616 | USPAT 18 27
20050031175 | 20050159126 | USOCR
20060038793 | 20060097992 |
20060197750 | 20060227117 |
20060232559 | 20060262101 |
20070076897 | 20070247443 |
20070257894 | 20070268265 |
20070268273 | 20070268274 |
20070268275 | 20070291013 |
20070296709 | 20080007534 |
20080024455 | 20080036473 |
20080041639 | 20080041640 |
20080042986 | 20080042987 |
20080042988 | 20080042989 |
20080042994 | 20080068100 |
20080111714 | 20080116904 |
20080128182 | 20080179112 |
20080278178 | 3979745 | 4039940 |
4113378 | 4145748 | 4193063 |
4238711 | 4264903 | 4266144 |
4292604 | 4305135 | 4586260 |
4614937 | 4728932 | 4736191 |
4825147 | 4831325 | 5008497 |
5214388 | 5237879 | 5305017 |
5323158 | 5373245 | 5386219 |
5518078 | 5541580 | 5670915 |
5760852 | 5801340 | 5920309 |
5042733 | 6037929 | 6060957 |
6145850 | 6184871 | 6188391 |
6191723 | 6297811 | 6353200 |
8366099 | 6377129 | 6380931 |
6448911 | 6490203 | 6535200 |
6577140 | 6583632 | 6700392 |
6781577 | 6806693 | 6825673 |
5838887 | 6859159 | 6882338 |
6888536 | 6891531 | 6914547 |
6933873 | 6940291 | 6946853 |
6958594 | 6970120 | 6970126 |
7006078 | 7031886 | 7032051 |
7046230 | 7068039 | 7075316 |
7078916 | 7098675 | 7129935 |
7148704 | 7158125 | 7235983 |
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7253643 ) PN OR ( 7262609 |
7288946 | 7301350 | 7307485 |
7339580 | 7359816 | 7375535 |
7381031 | 7382139 | 7417411 |
7417441 | 7423437 | 7449895 |
7450113 | 7451050 | 7453270 |
7453279 | 7466307 | 7479788 |
7495659 | 7499040 | 7521941 |
7548073 | 7598822 | 7683641 |
7821274 ) PN CR ( 8004497 ) URPN
18 |42 | 5518078 US-PGPUB [ADJ OFF  [2013/04/05
USPAT 18 43
USCCR
179 |1 20040239616 US-PGPUB [ADJ OFF  [2013/04/05
USPAT 19 04
USOCR
St {0 13442716 US-PGPUB {ADJ ON 2012/09/04
USPAT 18 03
USCCR
FPRS
EPO JPO
DERWENT
IBM_TDB
S8 17 XI AOPING-JIANG In US-PGPUB {ADJ ON 2012/09/05
USPAT 16 30
USOCR
FPRS
EPO JPO
! DERWENT
iBM_TDB
S9 13 XIAOPING-JIANG In and (( first and US-PGPUB {ADJ ON 2012/09/05
sensing ad) areas) c/m and(second and USPAT 16 30
sensing ad| areas) ¢lm ) USCCR
FPRS
EPO JPO
DERWENT
1BM_TDB
S10 Jo0  |345/173 ccls and capacitance and button  JUS-PGPUB [ADJ ON 2012/09/05
and (sensing ad] areas) USPAT 16 31
USOCR
FPRS
EPO JPO
DERWENT
IBM_TDB
S11 {56 345/173 ccls and capacitance and button {US-PGPUB |ADJ ON 2012/09/05
and (sensing ad) areas) and (touch ad) USPAT 16 31
pad) USOCR
FPRS
EPO JPO
DERWENT
IBM_TDB
S12 {98 (Capacitive and sensor) and (sensing near jUS-PGPUB |[ADJ ON 2012/09/05
areas) same buttons USPAT 16 31
USCCR
FPRS
EPO JPO
DERWENT
IBM_TDB
S13 [198 icypress as and (Capacitive and sensor) US-PGPUB {ADJ ON 2012/09/05
USPAT 16 32
USCCR
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FPRS

EPC JPO
DERWENT
IBM_TDB

S14

3034

(touch near screen or pad) and (capacit$t
and sens$3 and button) and (sens$3 and
area) and 345 /$ ccls and portable

US-PGPUB
USPAT
USCCR
FPRS

EPO JPO
DERWENT
|BM_TDB

ADJ

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

2012/09/05
16 32

S16

518

1051

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

US-PGPUB
USPAT
USOCR
FPRS

EPO JPO
DERWENT
IBM_TDB

AD

2012/09/05
16 33

164

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

US-PGPUB
USPAT
USOCR
FPRS

EPO JPO
DERWENT
|BM_TDB

ADJ

2012/09/05
16 33

69

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

US-PGPUB
USPAT
USOCR
FPRS

EPO JPO
DERWENT
IBM TDB

ADJ

2012/09/05
16 33

S19

S20

S21

259

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

US-PGPUB
USPAT
USOCR
FPRS

EFO JFO
DERWENT
IBM_TDB

ADJ

ON

2012/09/05
16 34

987

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

US-PGPUB
USPAT
USOCR
FPRS

EPO JPO
DERWENT
{BM_TDB

ADJ

ON

2012/09/05
16 34

180

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

US-PGPUB
USPAT
USCCR
FPRS

EFO JPO
DERWENT
/BM_TDB

ADJ

ON

2012/09/05
16 34

22

82

345 /173 ccls and (touch (screen or

US-PGPUB

ADJ

ON

2012/08/05
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pad)) same (capacit$6 sens$3) same
(button)

USPAT
USCCR
FPRS

EPO JPO
DERWENT
|BM_TDB

16 35

823

S25

S24

507

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

US-PGPUB
USPAT
USOCR
FPRS

EPO JPO
DERWENT
|BM_TDB

ADJ

2012/09/05
16 35

64

( sens$4 near button$2) same (touch near
screen) same ( capacit$4)

US-PGPUB
USPAT
USCCR
FPRS

EPO JPO
DERWENT
IBM_TDB

ADJ

2012/09/05
16 36

XIAOPING-JIANG in and (( first and
second) and (sensing ad) areas))

US-PGPUB
USPAT
USOCR
FPRS

EPO JPO
DERWENT
IBM_TDB

ADJ

ON

2012/12/12
1810

S26

S28

27"

985

(( first and sensing adj areas) cm
and(second and sensing ad) areas) ¢im )

US-PGPUB
USPAT
Uusocr
FPRS

EFC JPO
DERWENT
{BM_TDB

ADJ

2012/12/12
18 11

599

(( first and sensing ad) areas) cim
same(second and sensing ad) areas) clm )

US-PGPUB
USPAT
USOCR
FPRS

EFO JFO
DERWENT
IBM_TDB

ADJ

ON

2012/12/12
18 11

598

(( first and sensing ad) areas) clm same
(second and sensing ad) areas) clm )

US-PGPUB
USPAT
USOCR
FPRS

EPO JPO
DERWENT
IBM_TDB

ADJ

ON

2012/12/12
1812

29

30

101

345 clas and ({ first and sensing ad
areas) clm same (second and sensing ad)
areas) clm )

US-PGPUB
USPAT
USOCR
FPRS

EPO JPO
DERWENT
IBM_TDB

ADJ

ON

2012/12/12
18 12

Al

( sens$4 near button$2) same (touch near
screen) same { capacit$4)

US-PGPUB
USPAT
USOCR
FPRS

EPO JPO
DERWENT

ADJ

ON

2012/12/12
18 13
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|BM_TDB

S31 184

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

US-PGPUB
USPAT
USOCR
FPRS

EFO JPO
DERWENT
|BM_TDB

ADJ

2012/12/12
18 15

S32 |120

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

US-PGPUB
USPAT
USOCR
FPRS

EFO JPO
DERWENT
IBM_TDB

ADJ

2012/12/12
18 15

S33 (122

178/18 01 18 11 ccls and capacit$é same
sens$3 near (second or third)

US-PGPUB
USPAT
USOCR
FPRS

EPO JFO
DERWENT
{BM_TDB

ADJ

ON

2012/12/12
18 18

S34 {82

(Capacit$6 and sens$3) and (sensing near
areas) and (input near button)

US-PGPUB
USPAT
USOCR
FPRS

EFO JFO
DERWENT
{BM_TDB

ADJ

2012/12/12
18 18

S35 145

345/173 ccls and cypress as

US-PGPUB
USPAT
USOCR
FPRS

EPO JFO
DERWENT
IBM_TDB

ADJ

ON

2012/12/12
18 19

S36 |4

(Multiple near sens$4 near button$2) and
(capacitance)

US-PGPUB
USPAT
USOCR
FPRS

EPO JPO
DERWENT
IBM_TDB

ADJ

ON

2012/12/12
18 20

S35 and S36

US-PGPUB
USPAT
USCCR
FPRS

EPO JPO
DERWENT
IBM_TDB

ADJ

ON

2012/12/12
18 21

338 (3251

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

US-PGPUB
USPAT
USOCR
FPRS

EPC JPO
DERWENT
|BM_TDB

ADJ

ON

2012/12/12
18 22

39 286

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

Us-PGPUB
USPAT
USOCR
FPRS

ADJ

ON

2012/12/12
18 22
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. EPO JPO
DERWENT
IBM_TDB |
40 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
(sens$3 and area) and 345 /$ccls and  {USOCR
portable FPRS
EPO JPO
DERWENT
|BM_TDB
A1 §2 20080074398 US-PGPUB {ADJ ON 2012/12/12
USPAT 18 24
USCCR
FPRS
EPO JPO
DERWENT
IBM_TDB
42 16 ( 2008/0074398 ) URPN USPAT ADJ ON 2012/12/12
18 25
43 147 }( 20040017362 | 20040090429 | US-PGPUB {ADJ ON 2012/12/12
20040239650 | 20050073507 | USPAT 18 25
20050083307 | 20060026521 | USOCR
20060097991 | 20060197753 |
20070008299 | 20070247443 |
20080074398 | 20080158181 |
20080264699 | 20080277259 |
20080309633 | 20080309635 |
20090002337 | 20090019344 |
20090054107 | 20090091551 |
20090236151 | 20090242283 |
20090267902 | 20090309850 |
20090314621 | 20090315854 |
20100149108 | 20110007020 |
4304976 | 4659874 | 5194862 |
5317919 | 5459463 | 5483261 |
5488204 | 5825352 | 5835079 |
5880411 | 6188391 | 6310610 |
6323846 | 6690387 | 7015894 |
7129935 | 7184064 | 7538760 |
7663607 ) PN OR ( 8319747 ) URPN
S44 1132 {( 20030091220 | 20040239616 | US-PGPUB |ADJ ON 2012/12/12
20040178989 | 20040217945 | USPAT 18 28
20050031175 | 20050159126 | USCCR
20060097992 | 20060227117 |
20060038793 | 20060197750 |
20060232559 | 20060262101 |
20070291013 | 200700768397 |
20070247443 | 20070257894 |
20070268265 | 20070268273 |
20070268274 | 20070268275 |
20070296709 | 20080007534 |
20080024455 | 20080036473 |
20080041639 | 200800416840 |
20080042986 | 20080042987 |
20080042988 | 20080042989 |
20080042994 | 20080068100 |
20080111714 | 20080116904 |
20080128182 | 20080179112 |
20080278178 | 3979745 | 4039940 |
4113378 | 4145748 | 4193083 |
4238711 | 4264903 | 4266144 |
4292604 | 4305135 | 4586260 |
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45

20080111714 | 20080116904
| 20080128182 | 20080179112

| 20080278178 | 3979745 | 4039940 |

4113378 | 4145748 | 4193063 |

4238711

| 4264903 | 4266144

| 4292604 | 4305135 | 4586260
| 4614937 | 4728932 | 4738191 |
4825147 | 4831325 | 4831325

| 5305017 | 5518078 |
| 5214388 | 5237879 |
| 5373245 | 5386219 |
| 5670915 | 5760852 |
| 5920309 | 5942733 |
| 6380931 | 6037929 |
| 6145850 | 6184871 |
| 6297811 | 6353200 |
| 6366099 | 6377129 |
| 6448911 | 6490203 |
| 6577140 | 6583632 |

5008497
5323158
5541580
5801340
6188391
6060957
6191723
6353200
6448911
6535200
6700392

4614937 | 4728932 | 4736191 |
4825147 | 4831325 | 4831325 |
5305017 | 5518078 | 5008497 |
5214388 | 5237879 | 5323158 |
5373245 | 5386219 | 5541580 |
5670915 | 5760852 | 5801340 |
5920309 | 5942733 | 6188391 |
6380931 | 6037929 | 6060957 |
6145850 | 6184871 | 6191723 |
6297811 | 6353200 | 6353200 |
6366099 | 6377129 | 6448911 |
6448911 | 6490203 | 6535200 |
6577140 | 6583632 | 6700392 |
6781577 | 6806693 | 6825673 |
6838887 | 6859159 | 6882338 |
6891531 | 6940291 | 6946853 |
6970120 | 6970126 | 7158125 |
7466307 | 7495659 | 7006078 |
7031886 | 7046230 | 7068039 |
7075316 | 7078916 | 7098675 |
7129935 | 7148704 | 7235983 |
7253643 | 7262609 | 7288946 |
7301350 | 7307485 | 7339580 |
7359816 | 7375535 | 7381031 |
7382139 | 7417411 | 7417441 |
7423437 | 7449895 | 7450113 |
7451050 | 7453270 | 7453279 |
7479788 | 7499040 | 7521941 |
7548073 | 7598822 | 7683641 ) PN
280 |( 20030091220 | 20040239616 USPGPUB {ADJ 2012/12/12
| 20040178989 | 20040217945 USPAT 18 31
| 20050081175 | 20050159126 USOCR
| 20080097992 | 20060227117 FPRS
| 20060038793 | 20080197750 EFO JPO
| 20060232559 | 20060262101 DERWENT
| 20070291013 | 20070076897 IBM_TDB
| 20070247443 | 20070257894
| 20070268265 | 20070268273
| 20070268274 | 20070268275
| 20070296709 | 20080007534
| 20080024455 | 20080036473
| 20080041639 | 20080041640
| 20080042986 | 20080042987
| 20080042988 | 20080042989
| 20080042994 | 20080068100
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| 6781577 | 6806693 | 6825673

| 6838887 | 6859159 | 6882338

| 6891531 | 6940291 | 6946853

| 6970120 | 6970126 | 7158125

| 7466307 | 7495659 | 7008078

| 7031886 | 7046230 | 7068039

| 7075316 | 7078916 | 7098675

| 7129935 | 7148704 | 7235983

| 7253643 | 7262609 | 7288946

| 7301350 | 7307485 | 7339580

| 7359816 | 7375535 | 7381031 |

7382139 | 7417411 | 7417441

| 7423437 | 7449895 | 7450113

| 7451050 | 7453270 | 7453279

| 7479788 | 7499040 | 7521941

| 7548073 | 7598822 | 7683641 ) PN

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)

Ref
#

L1

Hits {Search Query DBs Default |[Plurals {Time
Operator Stamp
318 |( 20060097992 | 20070288265 | US-PGPUB |ADJ OFF 2013/06/ 11
20050179672 | 20060016800 | USPAT 16 09
20080041640 | 4193063 | 4831325 | jUSCCR
5670915 | 6037929 | 6188391 | FPRS
6448911 | 7075316 | 7339580 | EPO JPO
7450113 | 7495659 | 7158125 | DERWENT
5518078 | 20090128374 | |BM_TDB

20070268274 | 20070296709 |
20080042989 | 4586260 | 4614937 |
4736191 | 5305017 | 6577140 |

6583632 | 6891531 | 6940291 |

7032051 | 7129935 | 7417411 |

200680227117 | 20060131159 |
20070076897 | 20070268275 |
20080007534 | 20080036473 |
20080041639 | 20080042987 |
4039940 | 4113378 | 5373245
5463388 | 6207811 | 6377129
6490203 | 6946853 | 7046230
7449895 | 7453279 | 7548073
7821274 | 20040239616 |

20030091220 | 20050159126 |
20060038793 | 20060262101 |
20080024455 | 20080068100 |
4305135 | 5541580 | 5942733 |
6191723 | 6380931 | 6859159 |
6933873 | 7031886 | 7068039
7262609 | 7381031 | 7382139 |

7417441 | 20070291013 | 7466307 |
20040217945 | 20050031175 |
20050052429 | 20070268273 |
20070296694 | 20080042988 |
3979745 | 4238711 | 5214388
5386219 | 5920309 | 6145850

! |
6353200 | 6882338 | 6888536
6958594 | 7307485 | 7359816
7453270 | 7479788 | 7499040

7825910 | 8040321 | 7253643
20080278178 | 20060232559 |
20070247443 | 20080042994 |
20080116904 | 20080179112 |
4266144 | 5008497 | 6060957 |
6914547 | 6970126 | 7423437 |
7451050 | 7772514 | 20040178989 |
20060197750 | 20080111714 |
4145748 | 4292604 | 5237879 |
5323158 | 5760852 | 5801340 |
6184871 | 6366099 | 6825673 |
7235983 | 7288946 | 7301350 |
7598822 | 20070257894 |
20080042986 | 20080128182 |
4264903 | 4728932 | 4825147 |
6535200 | 6700392 | 6781577 |

CY00001945



EAST Search History

6806693 | 6838887 | 6879930 |
6970120 | 7006078 | 7078916 |
7098675 | 7148704 | 7323886 |
7375535 | 7521941 | 7683641 |
8058937 ) PN
2 {0 { 2009/0128374 ) URPN USPAT ADJ OFF 2013/06/11
16 46
L3 {150 {( 20020000978 | 20020145566 | US-PGPUB {ADJ OFF 2013/06/11
20020191029 | 20030048262 | USPAT 16 47
20030076301 | 20030076303 | USOCR
20030076306 | 20030095096 |
20030164818 | 20030210288 |
20040021694 | 20040055446 |
20040104898 | 20050156898 |
3234512 | 3478220 | 4103252 |
4110749 | 4177421 | 4246452 |
4264903 | 4386346 | 4550221 |
4571149 | 4595913 | 4736191 |
4777328 | 4951036 | 5159159 |
5305017 | 5438331 | 5453761 |
5472116 | 5485171 | 5508703 |
5518078 | 5543591 | 5546106 |
5565658 | 5736865 | 5743185 |
5781178 | 5808602 | 5825352 |
5844506 | 5861875 | 5903229 |
5907472 | 5914465 | 5933102 |
5941122 | 5943052 | 6057826 |
6067075 | 6088023 | 6137427 |
6163312 | 6259432 | 6262717 |
6266050 | 6300939 | 6473069 |
6556222 | 6570557 | 6639584 |
6744427 | 6771280 | 6781576 |
6788288 | 7233316 | D457149 |
D469109 | D472245 ) PN OR
( 7466307 ) URPN
St {0 13442716 US-PGPUB {ADJ ON 2012/09/04
USPAT 18 03
USOCR
FPRS
EPO JPO
DERWENT
1BM_TDB
S8 (17 [XIAOPING-JIANG In US-PGPUB {ADJ ON 2012/09/05
USPAT 16 30
USCCR
FPRS
EPC JPO
DERWENT
IBM_TDB
SO 13 XIAOPING-JIANG in and (( first and US-PGPUB |ADJ ON 2012/09/05
sensing ad) areas) cim and(second and USPAT 16 30
sensing ad) areas) clm ) USCCR
FPRS
EPO JPO
DERWENT
{BM_TDB
S10 (90  {345/173 cols and capacitance and button {US-PGPUB {ADJ ON 2012/09/05
and (sensing ad; areas) USPAT 16 31
USOCR
FPRS
EPC JPO
DERWENT

file ///Cl/Users/bketema/Documents/e Red%20Folder/13442716/EASTSearchHistory 13442716_AccessibleVersion htm[6/11/2013 4 59 28 PM]

CY00001946



EAST Search History

IBM_TDB |

S

56

345/173 ccls and capacitance and button
and (sensing ad) areas) and (touch ad)
pad)

US-PGPUB
USPAT
USOCR
FPRS

EPO JPO
DERWENT
{BM_TDB

ADJ

2012/09/05
16 31

S12

513

S14

98

(Capacitive and sensor) and (sensing near
areas) same buttons

US-PGPUB
USPAT
USOCR
FPRS

EPO JPO
DERWENT
1BM_TDB

ADJ

2012/09/05
16 31

198

cypress as and (Capacitive and sensor)

US-PGPUB
USPAT
USOCR
FPRS

EFO JPO
DERWENT
IBM_TDB

ADJ

2012/00/05
16 32

3034

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

US-PGPUB
USPAT
USOCR
FPRS

EPO 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

2012/09/05
16 32

1051

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

US-PGPUB
USPAT
USOCR
FPRS

EFO JPO
DERWENT
IBM_TDB

ADJ

ON

5012/ 09705
16 33

S17

164

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

US-PGPUB
USPAT
USOCR
FPRS

EFO JFO
DERWENT
IBM_TDB

ADJ

ON

2012/09/05
16 33

S18

69

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

US-PGPUB
USPAT
USOCR
FPRS

EPO JPO
DERWENT
IBM_TDB

ADJ

ON

2012/09/05
16 33

S19

259

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

US-PGPUB
USPAT
USCCR
FPRS

ADJ

ON

2012/09/05
16 34

file ///Cl/Users/bketema/Documents/e Red%20Folder/13442716/EASTSearchHistory 13442716_AccessibleVersion htm[6/11/2013 4 59 28 PM]

CY00001947



EAST Search History

S20

EFO JPO
DERWENT
IBM_TDB

987

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

US-PGPUB
USPAT
USOCR
FPRS

EFO JFO
DERWENT
IBM_TDB

ADJ

ON

2012/09/05
16 34

821

180

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

US-PGPUB
USPAT
USOCR
FPRS

EPO JPO
DERWENT
IBM_TDB

ADJ

2012/08/05
16 34

S22

24

S23

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

2012/09/05
16 35

507

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

US-PGPUB
USPAT
USOCR
FPRS

EFO JFO
DERWENT
IBM_TDB

ADJ

ON

2012/09/05
16 35

64

( sens$4 near button$2) same (touch near
screen) same ( capacit$4)

US-PGPUB
USPAT
USOCR
FPRS

EFO JFPO
DERWENT
IBM_TDB

ADJ

ON

2012/09/05
16 36

25

XIAOPING-JIANG In and (( first and
second) and (sensing ad) areas))

US-PGPUB
USPAT
USOCR
FPRS

EPO JPO
DERWENT
|BM_TDB

ADJ

ON

2012/12/12
1810

26

27

985

(( first and sensing ad] areas) clm
and(second and sensing ad) areas) ¢im )

US-PGPUB
USPAT
USOCR
FPRS

EPO JPO
DERWENT
|BM_TDB

ADJ

ON

2012/12/12
18 11

599

(( first and sensing ad) areas) clm
same(second and sensing ad] areas) clm )

US-PGPUB
USPAT
USOCR
FPRS

EPO JPO
DERWENT
{BM_TDB

ADJ

ON

2012/12/12
18 11

828

599

(( first and sensing ad) areas) cim same

(second and sensing ad) areas) c¢lm )

US-PGPUB
USPAT

ADJ

ON

2012/12/12

18 12
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USCCR
FPRS

EPO JPO
DERWENT
|BM_TDB

828

330

101

345 clas and ({ first and sensing adj
areas) clm same (second and sensing adj
areas) ¢im)

US-PGPUB
USPAT
USOCR
FPRS

EFO JPO
DERWENT
IBM_TDB

ADJ

2012/12/12
1812

71

( sens$4 near button$2) same (touch near
screen) same { capacit$4)

US PGPUB
USPAT
USOCR
FPRS

EFO JPO
DERWENT
1BM_TDB

ADJ

ON

2012/12/12
18 13

S31

84

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

US-PGPUB
USPAT
USOCR
FPRS

EFO JFPO
DERWENT
|BM_TDB

ADJ

ON

2012/12/12
18 15

S32

120

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

US PGPUB
USPAT
USOCR
FPRS

EPO JPO
DERWENT
|BM_TDB

ADJ

ON

2012/12/12
18 15

833

34

122

178/18 01 18 11 ccls and capacit$6 same
sens$3 near (second or third)

US-PGPUB
USPAT
USOCR
FPRS

EPO JPO
DERWENT
IBM_TDB

ADJ

ON

2012/12/12
1818

82

(Capacit$6 and sens$3) and (sensing near
areas) and (input near button)

US-PGPUB
USPAT
USOCR
FPRS

EFO JFO
DERWENT
IBM_TDB

ADJ

ON

2012/12/12
18 18

35

45

345/173 ccls and cypress as

US-PGPUB
USPAT
USOCR
FPRS

EPO JPO
DERWENT
IBM_TDB

ADJ

ON

2012/12/12
18 19

836

(Multiple near sens$4 near button$2) and
(capacitance)

US-PGPUB
USPAT
USOGCR
FPRS

EPO JPO
DERWENT
|BM_TDB

ADJ

ON

12012/12/12

18 20
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(87 [0 |35 and S36 US-PGPUB [ADJ ON 2012/12/12
USPAT 18 21
USOCR
FPRS
EPO JPO
DERWENT
IBM_TDB
838 {3251 |(touch near screen or pad) and (capacit$6 {US-PGPUB |ADJ ON 2012/12/12
and sens$3 and button) and (sens$3 and  |USPAT 18 22
area) and 345 /$ ccls and portable USOCR
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
EPO JPO
DERWENT
IBM_TDB
$40 11070 {(touch near screen or pad) same US-PGPUB |ADJ ON 2012/12/12
{capacit$6 and sens$3 and button) and USPAT 18 23
(sens$3 and area) and 345 /§ ccls and  JUSOCR
portable FPRS
EPO JPO
DERWENT
IBM_TDB
341 |2 20080074398 US-PGPUB {ADJ ON 2012/12/12
USPAT 18 24
USOCR
FPRS
EPO JPO
DERWENT
IBM_TDB
A2 |6 ( 2008/0074398 ) URPN USPAT ADJ ON 2012/12/12
18 25
343 a7 ( 20040017362 | 20040090429 | US-PGPUB {ADJ ON 2012/12/12
20040239650 | 20050073507 | USPAT 18 25
20050083307 | 20060026521 | USOCR
20060097991 | 20060197753 |
20070008299 | 20070247443 |
20080074398 | 20080158181 |
20080264699 | 20080277259 |
20080309633 | 20080309635 |
20090002337 | 20090019344 |
20090054107 | 20090091551 |
20090236151 | 20090242283 |
20090267902 | 20090309850 |
20090314621 | 20090315854 |
20100149108 | 20110007020 |
4304976 | 4659874 | 5194862 |
5317919 | 5459463 | 5483261 |
5488204 | 5825352 | 5835079 |
5880411 | 6188391 | 6310610 |
6323846 | 6690387 | 7015894 |
7129935 | 7184064 | 7538760 |
7663607 ) PN OR ( 8319747 ) URPN
S44 1132 {( 20030091220 | 20040239616 | US-PGPUB |ADJ ON 2012/12/12
20040178989 | 20040217945 | USPAT 18 28
20050031175 | 20050159126 | USOCR
20060097992 | 20080227117 |
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545

20060038793
20080232559
20070291013
20070247443
20070268265
20070268274
20070296709
20080024455
20080041639
20080042986
20080042988
20080042994
20080111714 |
20080128182 |
20080278178 |
4113378
4238711
4292604
4614937
4825147
5305017
5214388
5373245
5670915
5920309
6380931
145850
6297811
6366099
8448911

6781577
6838887
6891531
6970120
7466307
7031886
7075316
7129935
7253643
7301350
7359816
7382139
7423437

7479788
7548073

4145748
4264903
4305135
4728932
4831325
5518078
5237879
5386219
5760862
5942733
6037929
6184871
6353200

|

|

|

|

!

|

|

|

|

|

|

|

| 6490203
6577140 | 6583632

| 6806693

| 6859159

| 6940291

| 6970126

| 7495659

| 7046230

| 7078916

| 7148704

| 7262609

| 7307485

| 7375535

| 7417411

| 7449895

| 7453270 |

| 7499040 |

| 7598822 | 7683641 ) PN

20060197750
20060262101
20070076897
20070257894
20070268273
20070268275
20080007534
20080036473
20080041640
20080042987
20080042989
20080068100
20080116904
20080179112

3979745 | 4039940 |
4193063
| 4266144
| 4586260
| 4736191
| 4831325
| 5008497
| 5323158
| 5541580
| 5801340
| 6188391
| 6060957
| 6191723
| 6353200
6377129 | 6448911
1
|
|
|
|
|
|
!
|
|
|
|
|
|
|

I
|
|
|
|
|
|
|
|
|
|
|
6535200 |
|
|
|
1
|
|
|
|
|
I
|
|
|
|

6700392
6825673
6882338
6946853
7158125
7006078
7068039
7098675
7235983
7288946
7339580
7381031
7417441
7450113
7453279
7521841

280

( 20030091220
| 20040178989
| 20050031175
| 20060097992
| 20060038793
| 20060232559
| 20070291013
| 20070247443
| 20070268265
| 20070268274
| 20070296709
| 20080024455
| 20080041639
| 20080042986
| 20080042988
| 20080042994
20080111714 |

20040239616
| 20040217945
| 20050159126
| 20080227117
| 20060197750
| 20060262101
| 20070076897
| 20070257894
| 20070268273
| 20070268275
| 20080007534
| 20080036473
| 20080041640
| 20080042987
| 20080042989
20080068100
20080116904

US-PGPUB
USPAT
USOCR
FPRS
EPO JPO
DERWENT
IBM_TDB

ADJ

2012/12/12
18 31
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| 20080128182 | 20080179112

| 20080278178 | 3979745 | 4039940 |
4113378 | 4145748 | 4193063 |
4238711 | 4264903 | 4266144

| 4292604 | 4305135 | 4586260

| 4614937 | 4728932 | 4736191 |
4825147 | 4831325 | 4831325

| 5305017 | 5518078 | 5008497
| 5214388 | 5237879 | 5323158
| 5373245 | 5386219 | 5541580
| 5670915 | 5760852 | 5801340
| 5920309 | 5942733 | 6188391
| 6380931 | 6037929 | 6060957
| 6145850 | 6184871 | 6191723
| 6297811 | 6353200 | 6353200
| 6366099 | 6377129 | 6448911
| 6448911 | 6490203 | 6535200
| 6577140 | 6583632 | 6700392
| 6781577 | 6806693 | 6825673
| 6838887 | 6859159 | 6882338
| 6891531 | 6940291 | 6946853
| 8970120 | 6970126 | 7158125
| 7466307 | 7495659 | 7006078
| 7031886 | 7046230 | 7068039
| 7075316 | 7078916 | 7098675
| 7129935 | 7148704 | 7235983
| 7253643 | 7262609 | 7288946
| 7301350 | 7307485 | 7339580
| 7359816 | 7375535 | 7381031 |

7382139 | 7417411 | 7417441
| 7423437 | 7449895 | 7450113
| 7451050 | 7453270 | 7453279
| 7479788 | 7499040 | 7521941
| 7548073 | 7598822 | 7683641 ) PN

548

S50

13442716

US-PGPUB
USPAT
USOCR
FPRS
EPO JPO
DERWENT
{BM_TDB

ADJ

2013/04/05
1812

$49

( 20060097992 | 7158125 | 5518078 |
20060227117 | 20040239616 |
7253643 ) PN

US-PGPUB
USPAT
USOCR
FPRS
EFO JPO
DERWENT
IBM_TDB

ADJ

OFF

2013/04/05
18 21

(20060097992 | 7158125 | 5518078 |
20080227117 | 20040239616 |
7253643 ) PN

US-PGPUB
USPAT
USCCR
FPRS

EPO JPO
DERWENT
IBM_TDB

ADJ

OFF

2013/04/05
18 22

S51

-

20060097992

US-PGPUB
USPAT
USOCR
FPRS

EFO JPO
DERWENT
|IBM_TDB

ADJ

OFF

2013/04/05
18 22
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52 J0 |( 20060097992 | 7158125 | 5518078 | JUS-PGPUB JADJ OFF  |2013/04/05
20060227117 | 20040239616 | USPAT 18 23
7253643 ) PN USOCR
FPRS
EPO JPO
DERWENT
{BM_TDB
53 [15 | 7158125 USPGPUB JADJ OFF  |2013/04/05
USPAT 18 23
USOCR
FPRS
EPO JPO
DERWENT
|BM_TDB
S54 |43 | 5518076 US-PGPUB {ADJ OFF  |2013/04/05
USPAT 18 23
USOCR
FPRS
EFO JFO
DERWENT
IBM_TDB
55 12 20060227117 US-PGPUB [ADJ OFF  [2013/04/05
USPAT 1823
USOCR
FPRS
EPO JPO
DERWENT
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1
APPARATUS AND METHODS FOR
DETECTING A CONDUCTIVE OBJECT AT A
LOCATION

RELATED APPLICATIONS

This apphication 1s a continuation of U S patent applica
tion Ser No 13/204 543 filed Aug 5 2011 now US Pat
No 8 174 507 1ssued May 8 2012 whuch 1s acontinvation of
US patent application Ser No 11/437 517 filed May 18
2006 now U S Pat No 8 004 497 1ssued Aug 23 2011

TECHNICAL FIELD

This mvention relates to the field of user interface devices
and 1n particular to touch sensing devices

BACKGROUND

Computing devices suchas 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 1s common is a touch
sensor button A basis touch sensor button emulates the fnc
tion of a mechanical button Touch sensor buttons may be
embedded mto different types of operational panels of elec
tromic devices For example touch sensor buttons may be
used on operational or control panels of household appls
ances consumer electrorucs mechanical devices and the
Iike Touch sensor buttons may also be used 1n conjunction
with or 1 place of other user input devices such as key
boards muice trackballs or the Iike

FIG 1A 1llustrates a conventional sensing device having
three touch sensor buttons Conventional sensing device 100
mcludes 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 15 used to detect whether a con
ductive object 1s present on erther or none of the touch
sensor buttons 101 103 To detect the presence of the conduc
tive 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
cessing device are coupled to the touch sensor buttons 1n a
one to one configuration Accordingly the processing device
110 scans the touch sensor buttons 101 103 using the capaci
tance scnsors 104 106 and measures the capacitance on the
touch sensor buttons 101 103

Each of the conventional touch sensor buttons 101 103
may be made of a sensor element of conductive material such
as copper clad The conductive matenial may be form shaped
m a circular shape (dlustrated in FIG 1A) or even 1n a
rectangular shape (1llustrated in FIG 1B) The touch sensor
buttons may be capacitance sensor buttons which may be
used as non contact switches These switches when pro
tected by an nsulating layer offer resistance to severe envi
ronments

It should be noted that the conventional configuration of
FIG 1B includes a one to one configuration of touch sensor
buttons to capacilance sensors There are other conventional
configurations that may use less capacitance sensors to mea
sure 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 Accord

=3

n

o
by

6

k=3

2

mgly 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 Sumilarly by increasing the
pincount the scan time to scan the sensor elements 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) 1ncreases by increasing the pin count

BRIEF DESCRIPTION OF THE DRAWINGS

The present mvention 1s 1llustrated by way of example and
not by way of houtation 1n the figures of the accompanying
drawings

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

FIG 1B 1illustrates a conventional sensmg device of threc
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 1llustrates one embodiment of a relaxation oscil
lator

FIG 41llustraies a block diagram of one embodiment of a
capacitance sensor mcluding a relaxation oscillator and digt
tal counter

FIG SA 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 pad

FIG 5B 1illustrates a top side view of one embodiment ofa
sensor array having a plurality of sensor elements for detect
1ng a presence of a conductive object on the sensor array of a
touch sensor shder

FIG 5C 1llustrates a top side view of one embodiment ofa
two layer touch sensor pad

FIG 5D 1illustrates a side view of one embodiment of the
twa layer touch sensor pad of FIG 5C

FIG 6A 1llustrates 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 1llustrates another embodiment of a sensing device
having three touch sensor buitons

FIG 6D 1llustrates 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 7B1illustrates another embodiment of a sensing device
having five touch sensor buttons

DETAILED DESCRIPTION

Described heremn 1s 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 spe
cific details such as examples of specific systems compo
nents methods and so forth 1n order to provide a good
understanding of several embodiments of the present wven
tion It will be apparent to one skilled 1n the art however that
at least some embodiments of the present mvention may be
practiced without these specific details In other mstances
well known components or methods are not described n
detail or are presented i sumple block diagram format 1n
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order to avoid unnecessanly obscuring the present mvention
Thus the specific details set forth are mercly exemplary
Particular implementations may vary from these exemplary
details and still be contemplated to be withun the spint and
scope of the present invention

Embodiments of a method and apparatus are described to
recognize three or more button operations performed by the
conductive object on threc or more sensor elements that are
coupled to two pis of a processing device In one embods
ment the apparatus may include asensing 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 1solated from one another

The embodiments describe herem 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
pms the scan time does not mcrease by adding additional
buttons to implement three or more buttons on the sensing
device By maintaining two pns for three or more buitons the
scan time to scan the sensor elements 1s not ncreased Inother
words more buttons may be implemented without increasing
the total scan time of the sensing device Similarly the
memory of the processing device 15 not increased to accom
modate additional program data and/or temporary data (e g
raw measuremment data differential counts baseline measure
ment 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 Forexample 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 Thesub bars of
the two sensing areas are interleaved and are electrically
1solated In other words onc set of mterconnected sub bars
are connected to one pin while the other set 1s coupled to the
otherpin 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
mclude two or more bars of conductive matenial with or
without several interconnected sub bars

For example a three button scheme using two pmns
mcludes 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 thurd sensor
element has 100% of the second sensing area Accordingly
by scanning and measuring the capacitance (e g capacitance
vanation of the capacitance minus the baseline as described
below) on the two pins to detect the presence of the conduc
tive object the processing device can distinguish between the
presence of the conductive object on the first second and
third sensor elements For example 1f the capacitance varia
tion d, measured on the first pin 1s greater than zero and the
capacitance variation 8, measured on the second pin1s equal
to approximately zero then the first button has been pressed
Simlarly 1f the capacitance variation 8, measured on the
first pin 1s equal to the capacitance variation 8, measured on
the second pin then the second button has been pressed Ifthe
capacitance variation &, measured on the first pin 1s equal to
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approximately zero and the capacitance variation 8, mea
sured on the second pin 15 greater than zero then the third
button has been pressed

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 functional
ity shider functionality or the like Furthermore the embod:
ments may be beneficial to help reduce the scan time of the
sensmg device Using two pins of the processing device to
measure the capacitance on two sensing areas to realize three
or more buttons 1s faster than measuring the capacitance on
three or more touch sensor butions of the conventional con
figuration (e g one to one configuration) In addition using
two pins reduces the RAM/FLASH space needed in the sens
g device as compared to the conventional configuration

‘The embodiments described herein may be used mn differ
ent types of operational panels of electronic devices For
example touch sensor buttons may be used on operational or
control panels of household apphances consumer electron
1cs mechanical devices and the like Touch sensor buttons
may also be used 1n conjunction with orin placeof otheruser
wput devices such as keyboards mice trackballs orthe like

FIG 21llustrates a block diagram of one embodiment of an
electronic system having a processing device for detecting a
presence of a conductive object Electromic system 200
includes processing device 210 touch sensor pad 220 touch
sensor shder 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 mput/output ( GPIO ) ports
207 GPIO ports 207 may be programmable GPIO ports 207
may be coupled to a Programumable Interconnect and Logic
( PIL ) which acts as an mterconnect between GPIO ports
207 and a digatal block array of the processing device 210 (not
1lustrated) The digital block array may be configured to
implement a variety of digital logic circunts (e g DAC digy
tal filters digital control systems etc ) using 1n one embod:
ment 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 may also
include a memory controller unit (MCU) 203 coupled to
memory and the processing core 202

The processing device 210 may also mclude an analog
block array (not illustrated) The analog block array 1s 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
urable UMs The analog block array may also be coupled to
the GPIO 207

As 1llustrated capacitance sensor 201 may be integrated
mto processing device 210 Capacitance sensor 201 may
include analog VO for coupling to an external component
suchas touch sensorpad 220 touch sensor shder 230 touch
sensor buttons 240 and/or other devices Capacitance sensor
201 and processing device 202 are described in more detarl
below

Tt should be noted that the embodiments described herein
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 shder 230 or a touch sensor button 240 (eg
capacitance sensing button) Sumlarly the operations
described herewn are not limited to notcbook cursor opera
tions but can include other operations such as ighting con
trol (dimmer) volume control graphc equalizer control
speed control or other control operations requiring gradual
adjustments It should also be noted that these embodiments
of capacilive sensing implementations may be used i con
Junction with non capacitive sensing elements including but
not hmited to pick buttons shders (ex display brightness and
contrast) scroll wheels multi media control (ex volume
track advance etc) handwriting recogmition 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 multt
dimension sensor array The multi dimension sensor array
comprises a plurality of sensor elements orgamzed as rows
and columns In another embodiment the electronic system
200 includes a touch sensor shider 230 coupled to the pro
cessing device 210 via bus 231 Touch sensor shder 230 may
include a single dumension sensor array The single dimen
sion sensor array comprises a plurality of sensor elements
organized as rows or alternatively as columns In another
embodiment the electronic system 200 mcludes 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 multt dimension sensor array The single or
mult: 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 Inone 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 msulating 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 shder
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
mclude buttons ight emutting diodes (LEDs) and other user
mterface devices such as a mouse a keyboard or other
functonal keys that do not require capacitance sensing In
one embodiment buses 271 241 231 and 221 may be a
smgle bus Alternatively these buses may be configured nto
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 /O as illustrated as non capact
tance sensor elements 270 Non capacitance sensor elements
270 are coupled to the GPIO 207

Processing device 210 may include internal oscillator/
clocks 206 and commumcation 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 Alternatvely processing block 210 may also be coupled
to embedded controller 260 to commumcate with the external
components such ashost 250 Interfacing to the host 250 can
be through various methods In one exemplary embodiment
mterfacing with the host 250 may be done using a standard
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PS/2 mterface to connect to an embedded controller 260
which 1n tumn sends data to the host 250 via low pmn count
(LPC) interface In some imstances 1t may be beneficial for
the processing device 210 to do both touch sensor pad and
keyboard control operations thereby freemg up the embed
ded controller 260 for other housekeeping functions In
another exemplary embodunent mterfacing may be done
using a universal serial bus (USB) interface directly coupled
to the host 250 via host interface line 251 Alternatively the
processing device 210 may communicate to external conipo
nents such as the host 250 using industry standard mterfaces
such as USB PS/2 inter mtegrated circunt (I2C) bus or sys
tem 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

In one embodiment the processing device 210 1s config
ured 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 embodi
ment 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
nto the Operating System (OS) software of host 250 These
drivers enable the processing device 210 and sensing device
1o operate as a standard cursor control user mterface device
such as a two button PS/2 mouse The enhanced mode may
enable additional features such as scrolling (reporting abse
lute position) or disabling the sensing device such as whena
mouse 1s plugged into the notebook Alternatively the pro
cessing 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 n the art

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 com
mumcated directly to the processing device of the host 250
such as a host processor or alternatively may be commum
cated to the host 250 via drivers 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
processing device 210 mcludes click double click move
ment of the cursor scroll up scroll down scroll left scroll
right step Bach and step Forward Alternatively other user
nterface 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
recogiuzed by the processing device such as tap push hop
and zigzag gestures Alternatively other commands may be
recognized Sumlarly signals may be sent that indicate the
recognition of these operations

In particular a tap gesture for example may be when the
finger (e g conductive object) 1s on the sensing device for
less than a threshold time If the time the finger 1s placed on
the touchpad 1s greater than the threshold time 1t may be
constdered to be amovement of the cursor mthex ory axes
Scroll up scroll down scroll left and scroll night step back
and step forward may be detected when the absolute position
of the conductive object 1s within a pre defined area and
movement of the conductive abject 1s detected

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 hike Alterna
tively 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 Clup (PSoC™) pro
cessing device manufactured by Cypress Semuconductor
Corporation SanJose Calif Alternatively processing device
210 may be one or more other processing devices known by
those of ordinary skill i the art such as a microprocessor or
central processing unit a controller special purpose proces
sor digatal signal processor (DSP) an application specific
mtegrated 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 umt and multiple
microengines  Additionally the processing device may
mclude any combmation 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 oralternatively maseparateIC Alter
natively descriptions of capacitance sensor 201 may be gen
erated and compiled for incorporation mto other integrated
cwcuits  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 1nto register transfer
level ( RTL ) code a netlist or even a circuit layout and
stored to a machine accessible medium The behavioral level
code the RTL code the nethst and the circwt layout all
represent various levels of abstraction to describe capacitance
sensor 201

1t should be noted that the components of electronic system
200 may mnclude all the components described above Alter
natwely electromic system 200 may include only some of the
components described above

In one embodiment electronic system 200 may be used 1n
a notebook computer Alternatively the electromc device
may be used 1n other applications such as a mobile handset
a personal data assistant (PDA) a keyboard a television a
remote control a momtor a handheld multi media device a
handheld video player ahandheld gaming device oracontrol
panel

In one embodiment capacilance 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
digatal counting functions and mgh level software routines to
compensate for environmental and physical switch varia
tions The switch array may include combinations of inde
pendent switches shiding switches (e g touch sensor shider)
and touch sensor pads implemented as a pair of orthogonal
shiding switches The CSR may mclude physical electrical
and softwarc components The physical component may
include the physical switch itself typically a pattern con
structed on a printed circuit board (PCB) with an wasulatmg
cover a flexible membrane or a transparent overlay The
electrical component may clude an oscillator or other
means to convert a changed capacitance nto a measured
signal The electnical component may also mclude a counter
or tuner to measure the oscillator output The software com
ponent may mclude detection and compensation software
algonthms to convert the count value nto a switch detection
decision For example 1n the case of slide switches or X Y
touch sensor pads a calculation for finding position of the
conductive obyect to greater resolution than the physical pitch
of the switches may be used
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It should be noted that there are various known methods for
measuring capacitance Although the embodiments described
herein are described vsing a relaxation oseillator the present
embodiments are not limited to using relaxation oscillators
but may include other methods such as current versus voltage
phase shift measurement resistor capacitor charge tuming
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 yield voltage and current wavetorms that are out of phase
by a predictable amount The dnive frequency can be adjusted
to keep the phase measurement 1n 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 iming 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
1s recovered with a synchronous demodulator which may be
done inthe processing device 210 The charge transfer may be
conceptually sumilar to an R C charging cirewt In this
method Cp is the capacitance being sensed Cg,,, 15 the
summing capacttor into which charge 1s transferred on suc
cessive cycles At the start of the measurement cycle the
voltage on Cgpp, 18 reset The voltage on Cgyp,, Increases
exponentially (and only shghtly) with each clock cycle The
tume for thus voltage to reach a specific threshold 1s 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 embod:
ments for measuring capacitance are known by those ol ordi
nary skill i the art

FIG 3A illustrates a varying switch capacitance In 1ts
basic form a capacitive switch 300 1s a pawr of adjacent plates
301 and 302 There 1s a small edge to edge capacitance Cp
but the intent of switch layout 1s to nunimize the base capaci
tance Cp between these plates When a conductive object 303
(e g finger) 1s placed 1n proximity to the two plate 301 and
302 there 1s a capacitance 2*Cf between one electrode 301
and the conductive object 303 and a simmlar 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 1n parallel to the base capacitance Cp between the plates
301 and 362 resulting in a change of capacitance Cf Capaci
tive switch 300 may be used in a capacitance switch array The
capacitance switch array 1s a set of capacitors where one side
ofeeachis grounded Thus the active capacitor (as represented
i FIG 3B as capacitor 351) has only one accessible side The
presence of the conductive object 303 increases the capaci
tance (Cp+Cf) of the switch 300 to ground Determiing
switch activation 1s then a matter of measuring change in the
capacitance (Cf) Switch 300 1s also known as a grounded
variable capacitor In one exemplary embodiment Cf may
range from approximately 10 30 picofarads (pF) Alterna
tively other ranges may be used

The conductive object 1n thus case 1s a finger alternatively
this technique may be applied to any conductive object for
example a conductive door switch position sensor or con
ductive pen 1n a stylus tracking system

FIG 3B illustrates one embodiment of a relaxation oscil
lator The relaxation oscillator 350 15 formed by the capact
tance 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 1s representative of the
capacitance measured on a sensor element of a sensor array
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The relaxation oscillator 1s coupled to drive a charging cur

rent (Ic) 357 m 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 ime as a function of Ic 357 and 1ts
capacitance C Equation (1) describes the relation between
current capacitance voltage and time for a charging capaci

tor

Cav=idt O]

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 V., 355 At
V. 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 1tself In particular the output of comparator 353
asserts a clock signal For7 356 (e g Fopr 356 goes gh)
which enables the reset switch 354 This resets the voltage on
the capacitor at node 355 to ground and the charge cycle starts
agan The relaxation oscillator outputs a relaxation oscitlator
clock signal (F 57 356) having a frequency (fz) 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 1s synchromzed with a reference system clock to guaran
tee that the comparator reset tune 1s long enough to com
pletely reset the charging voltage on capacitor 355 Thus sets
a practical upper hmit to the operating frequency For
example 1f capacitance C of the capacitor 351 changes then
fro Will change proportionally according to Equation (1) By
comparing f, of F . 356 against the frequency (fzz,) of a
known reference system clock signal (REF CLK) the change
n capacitance AC can be measured Accordingly equations
(2) and (3) below describe that achange 1n frequency between
F 51,7356 and REF CLK 18 proportional to a change 1n capact
tance of the capacitor 351

AC=Af where ¢)]

AfFrofrer 3

In one embodiment a frequency comparator may be
coupled to receve relaxation oscillator clock signal (Fop
356) and REF CLK compare therr frequencies fr, and fi -
respectively and output a signal mdicative of the difference
Af between these frequencies By monttoring Af one can
determine whether the capacitance of the capacitor 351 has
changed

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 swatch 354 Alter
natively the relaxation oscillator 350 may be builtusing other
circuiting  Relaxation oscillators are known m 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

FIG 4 1illustrates a block diagram of one embodiment of a
capacitance sensor including a relaxation oscillator and digt
tal counter Capacitance sensor 201 of FIG 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 1s a positive mteger value that represents the number of
rows (or alternatively columns) of the sensor array 410 Each
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sensor element 1s represented as a capacitor as previously
described with respect to FIG 3B The sensor array 410 1s
coupled to relaxation oscillator 350 via an analog bus 401
having a plurality of pins 401(1) 401(N) Inone embodiment
the sensor array 410 may be a single dimension sensor array
mcluding the sensor elements 355(1) 355(N) where N 1s a
positive mteger 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 (eg via lines 231)
Alternatively the sensor array 410 may be a multi dimension
sensor array mcluding the sensor elements 355(1) 355(N)
where N 1s a positive integer value that represents the number
of sensor elements of the mult1 dimension sensor array The
mult dimension sensor array 410 provides output data to the
analog bus 401 of the processing device 210 (eg via bus
221)

Relaxation oscillator 350 of FIG 4 includes all the com
ponents described with respect to FIG 3B and a selection
circutt 430 The selection circuit 430 1s coupled to the plural
1ty 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 multtple sensor elements (e g

s rows or columns) 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 circurt 430 1s a multiplexer array
of the relaxation oscillator 350 Alternatively selection cir
cutt may be other circuitry outside the relaxation oscillator
350 or even outside the capacilance sensor 201 to select the
sensor element to be measured Capacitance sensor 201 may
melude one relaxation oscillator and digital counter for the
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
that are not berng measured This may be done 1n conjunction
with a dedicated pin in the GP10 port 207

In another embodiment the capacitance scnsor 201 may be
configured to simultaneously scan the sensor elements as
opposed to being configured to sequentially scan the sensor
elements as described above For example the sensing device
may nclude a sensor array having a plurahty of rows and
columns The rows may be scanned simultaneously and the
columns may be scanned simultaneously

In one exemplary embodiment the voltages on all of the
rows of the sensor array are simuitaneously moved, while the
voltages of the columns are held at a constant voltage with
the complete set of sampled points sumultaneously giving a
profile of the conductive object n a first dumension 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 giv
g a profile of the conductive object 1n the other dimension

In another exemplary embodiment the voltages on all of
the rows of the sensor array are simultaneously moved 1 a
positive direction while the voltages of the columns are
moved 1n a negative direction Next the voltages on all of the
rows of the sensor array are sumultaneously moved in a nega
tive direction while the voltages of the columns are moved in
a positive direction Thus techmuque 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
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process provides a profile of the presence of the conductive
object to the sensing device 1n each dimension Alternatively
other methods for scanning known by those of ordinary skill
1 the art may be used to scan the sensing device

Digital counter 420 1s coupled to the output of the relax
ation oscillator 350 Digutal counter 420 receives the relax
ation oscillator output signal 356 (F ) Digital counter 420
1s configured to count at least one of a frequency or a period
of the relaxation oscillator output recetved from the relax
ation oscillator

As previously described with respect to the relaxation
oscillator 350 when a finger or conductive object 1s placed on
the switch the capacitance mcreases from Cp to Cp+Cfso the
relaxation oscillator output signal 356 (F ,,,7) decreases The
relaxation oscillator output signal 356 (F,,;) 15 fed to the
digatal 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 1nclude two mult
plexers 423 and 424 Multiplexers 423 and 424 are configured
to select the mputs for the PWM 421 and the timer 422 for the
two measurement methods frequency and period measure
ment methods Alternatively other selection circuts may be
used to select the mputs for the PWM 421 and the time 422
In another embodiment multiplexers 423 and 424 are not
meluded 1n the digital counter for example the digital
counter 420 may be configured in one or the other measure
ment configuration

In the frequency measurement method the relaxation
oscillator output signal 356 1s counted for a fixed period of
time The counter 422 1s read to obtain the number of counts
during the gate tme This method works well at low frequen
cies where the oscillator reset time 1s small compared to the
oscillator period A pulse width modulator (PWM) 441 15
clocked for a fixed period by a derivative of the system clock
VC3 426 (which 1s a divider from system clock 425 eg 24
MHz) Pulse width modulation 1s a modulation technuque that
generates variable length pulses to represent the amphtude of
an analog mput signal m this case VC3 426 The output of
PWM 421 enables timer 422 (e g 16 bit) The relaxation
oscillator output signal 356 clocks the tuner 422 The timer
422 15 reset at the start of the sequence and the count value 1s
read out at the end of the gate period

In the period measurement method the relaxation oscilla
tor output signal 356 gates a counter 422 which1s clocked by
the system clock 425 (eg 24 MHz) In order to improve
sensitivity and resolution multiple pertods of the oscillator
are counted with the PWM 421 The output of PWM 421 15
used to gate the imer 422 In this method the relaxation
oscullator output signal 356 drives the clock input of PWM
421 As previously described pulse width modulation 1s a
modulation technique that generates variable length pulses to
represent the amphtude of an analog 1nput signal 1n this case
the relaxation oscillator output signal 356 The output of the
PWM 421 enables timer422 (e g 16 bit) whichisclockedat
the system clock frequency 425 (e g 24 MHz) When the
output of PWM 421 15 asserted (e g goes high) the count
starts by releasing the capture control When the terminal
count of the PWM 421 15 reached the capture signal 1s
asserted (e g goes lugh) stopping the count and setting the
PWM snterrupt The timer value 1s read 1n this interrupt The
relaxation oscillator 350 1s indexed to the next switch (e g
capacitor 351(2)) to be measured and the count sequence 1s
started again

The two counting methods may have equivalent perfor
mance 1n sensitivity and signal to noise ratio (SNR) The
period measurement method may have a slightly faster data

w

40

=Y

0

12

acquisttion rate but thus rate 1s 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
ments Small changes in the capacitance on capacitor 351
result 1 small changes mn frequency In order to find these
small changes 1t may be 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 15 determined by the difference m
counts between a stored value for no switch actuation and the
acquured value with switch actuation referred to here as An
The sensitivity of a smgle switch 1s approximately

An _ cf @

n Cp

The value of An should be large enough for reasonable
resolution and clear indication of switch actuation This
dnives 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 20 Alterna
tively other fractions may be used for Cf/Cp Since Cf 15
determined by finger area and distance from the finger to the
switch s conductive traces (through the over lying msulator)
the baseline capacitance Cp should be minimized The base
line capacitance Cp includes the capacitance of the switch
pad plusany parasttics including routing and chip pin capact
tance

In switch array applications variations n sensitivity
should be mummuzed 1f there are large differences i An one
switch may actuate at 1 0 cm while another may not actuate
unt1] direct contact This presents a non 1deal user interface
device There are numerous methods for balancing the sensi
tivity These may include precisely matching on board
capacitance with PC trace length modification addng bal
ance capacttors on each switch s PC board trace and/or
adapting a calibration factor to each switch to be applied each
tume the switch 1s tested

In one embodiment the PCB design may be adapted to
minimize capacitance including thicker PCBs where pos
sible Inone exemplary embodiment a 0 062 inch thick PCB
15 used Altematively other thicknesses may be used for
example a 0015 inch thuck PCB

1t should be noted that the count window should be long
enough for An to be a significant number In one embodi
ment the sigmficant number canbe as little as 10 or alter
nattvely as much as several hundred In one exemplary
embodiment where Cf 15 10% of Cp (a typical weak
switch) and where the switch threshold 1s set at a count value
0f 20 n1s found to be

S
n=an L 2000 ®
Cp

Adding some margn to yield 2500 counts and running the
frequency measurement method at 1 0 MHz the detection
time for the switch 1s approximately 2 5 mucroseconds Inthe
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frequency measurement method the frequency difference
between a switch with and without actuation (1 6 CP+CF vs
CP) 15 approximately

r . Cf (6
Vi Cp*

Thas shows that the sensitivity variation between one chan
nel and another 1s a function of the square of the difference 1n
the two channels static capacitances This sensitivity differ
ence can be compensated using routines 1n the high level
Application Programmung Interfaces (APIs)

In the penod measurement method the count difference
between a switch with and without actuation 1 ¢ CP+CF vs
CP) 15 approximately

of Vmy M

an=Np o Ssy cu

The charge currents are typically lower and the period 1s
longer to crease sensitivity or the number of periods for
whichf, -, 15 counted can be increased Ineithermethod by
matching the static (parasitic) capacitances Cp of the indi
vidual switches the repeatability of detection increases mak
ing all switches work approximately at the same difference
Compensation for thus variation can be done in software at
runtime The compensationalgorithms for both the frequency
method and period method may be mncluded mn the high level
APIs

Some 1mplementations of this circuit use a current source
programmed by a fixed resistor value If the range of capaci
tance to be measured changes external components (1€ 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 1s 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
nect the selected pin to an interal analog multiplexer (mux)
bus The capacitor chargmg current (e g current source 352)
and reset switch 353 are connected to the analog mux bus
Thus may lunit the pin count requirement to simply the num
ber of switches (eg 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 15 generated i a register programmable current output
DAC (also known as IDAC) Accordingly the current source
35215 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 1n a register or in memory

Estimating and measuring PCB capacitances may be dif
ficult the oscillator reset ime 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 oscilla
tion frequency and operating current for a particular switch
array may be determined to some degree by experumentation
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In many capacitive switch designs the two plates (eg
301 and 302) of the sensing capacitor are actually adjacent
sensor elements that are electrically 1solated (e g PCB pads
or traces) as ndicated 1n FIG 3A Typically one of these
plates 1s grounded Layouts for touch sensor shider (e g lIin
ear slide switches) and touch sensor pad applications have
switches that are immediately adjacent In thus 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
actual capacitance between adjacent plates 1s small (Cp) but
the capacitance of the active plate (and 1ts 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 1s
given by the following equation

A A 8
C=¢g & E:sR 885 EpF/m ®

The dimensions of equation (8) are in meters This 1s a very
simple model of the capacitance The reality 1s that there are
frmging effects that substantially increase the switch to
ground (and PCB trace to ground) capacitance

Switch semsitivity (1e actuation distance) may be
increased by one or more of the following 1) mcreasing
board thickness to increase the distance between the active
switch and any parasttics 2) mimmmizing PC trace routing
underneath switches 3) utihizing a gnided ground with 50% or
less fill if use of a ground plane 1s absolutely necessary 4)
ncreasing the spacing between switch pads and any adjacent
ground plane 5) mcreasing pad area 6) decreasing thickness
of any msulating overlay or 7) verifying that therc 1s no
air gap between the PC pad surface and the touching finger

There 1s some variation of switch sensitivity as a result of
environmental factors A baseline update routine whichcom
pensates for this vaniation may be provided in the lugh level
APIs

Shding switches are used for control requinng gradual
adjustments Examples clude a highting control (dimmer)
volume control graphic equalizer and speed control These
switches are mechanically adjacent to one another Actuation
of one switch results 1n partial actuation of physically adja
cent switches The actual position in the sliding switch 1s
found by computing the centroid location of the set of
swilches activated

In apphcations for touch sensor shders (eg shiding
switches) and touch sensor pads 1t 15 often necessary to deter
mine finger (or other capacitive object) position to more reso
lution than the native pitch of the individual switches The
contact area of a finger on a shding switch or a touch pad 1s
often larger than any single switch In one embodiment 1n
order to calculate the interpolated position using a centroid
the array 1s first scanned to venfy that a given switch location
15 valid The requirement 1s for some number of adjacent
switch signals to be above a noise threshold When the stron
gest signal 1s found this signal and those immediately adja
cent are used to compute a centrord

noy (i=D+ni+n | (1+1) 9
noi+ni+n g

Centrod =

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

CY00001974



US 8,519,973 B1

15

may be multiplied by a calculated scalar It may be more
efficient to combine the nterpolation and scaling operations
mnto a single calculation and report this result directly n the
desired scale This may be handled 1n the high level APIs
Alternatively other methods may be used to nterpolate the
position of the conductive object

A physical touchpad assembly 1s amult: layered moduleto
detect a conductive object In one embodiment the multi
layer stack up of a touchpad assembly includes a PCB an
adhesive layer and an overlay The PCB mncludes the process
ing 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  Altemnatively
other multi layer stack ups may be used 1 the touchpad
assembly

The PCB may be made of standard matenials such as FR4
or Kapton™ (e g flexible PCB) In either case the process
g 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 varies depending on multiple van
ables mcluding height restrictions and sensitivity require
ments In one embodiment the PCB thickness 1s at least
approximately 0 3 millimeters (mm) Alternatively the PCB
may have other thicknesses It should be noted that thicker
PCBs may yield better resuits The PCB length and width 15
dependent on ndividual design requirements for the device
on which the sensing device 1s mounted suchas anotebook or
mobile handset

The adhestve layer 1s directly on top of the PCB sensing
array and 1s used to affix the overlay to the overall touchpad
assembly Typical material used for connecting the overlay to
the PCB 1s non conductive adhesive such as 3M 467 or 468
In one exemplary embodiment the adhesive thickness 1s
approximately 0 05 mm Alternatively other thicknesses may
be used

The overlay may be non conductive matenal used to pro
tect the PCB circutiry to environmental elements and to mnsu
late the user s finger (¢ g conductve object) from the cir
cuitry Overlay can be ABS plastic polycarbonate glass or
Mylar™ Alternatively other matersals known by those of
ordinary skill in the art may be used In one exemplary
embodument the overlay has athickness of approximately 1 0
mm In another exemplary embodiment the overlay thick
ness has a thickness of approximately 2 0 mm Altematively
other thicknesses may be used

The sensor array may be a grid like pattem of sensor ele
ments (e g capacitive elements) used tn conjunction with the
processing device 210 to detect a presence of a conductive
object such as finger to a resolution greater than that which
15 native The touch sensor pad layout pattern maximizes the
area covered by conductive material such as copper n rela
tion to spaces necessary to define the rows and columns of the
SEeNsor array

FIG 5Allustrates atop side view of one embodiment of a
sensor array having a plurality of sensor elements for detect
g 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 1s a positive teger value representative of the
number of rows and M 1s a positive integer value representa
tive of the number of columns Each row includes a plurality
of sensor elements 503(1) 503(K) where K 15 a positive
nteger value representative of the number of sensor elements
1n the row Each column includes a plurality of sensor ele
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ments 501(1) 501(L) where L 1s a positive nteger value
representative of the number of sensor elements 1 the col
umn Accordingly sensor array 1s an NxM sensor matrix The
NxM sensor matrix m conjunction with the processing
device 210 1s configured to detect a position of a presence of
the conductive object 303 in the x and y directions

FIG 5B 1illustrates a top side view of one embodiment of a
sensor array having a plurahty of sensor elements for detect
1ng a presence of a conductive object 303 on the sensor array
550 of a touch sensorshider Touch sensor shider 230 includes
a sensor array 550 Sensor array 550 ncludes a plurality of
columns 504(1) 504(M) where M 1s a positive integer value
representative of the number of columns Each column
includes a plurality of sensor elements 501(1) 501(L) where
L 15 a positive integer value representative of the number of
sensor elements 1n the column Accordingly sensor array 1s a
1xM sensor matrix The 1xM sensor matrix n conjunction
with the processing device 210 1s configured to detect a
position of a presence of the conductive object 303 1n the
x direction It should be noted that sensor array 500 may be
configured to function as a touch sensor shider 230

Alternating columns mn FIG 5A correspond to x and
y axis elements The y axis sensor elements 503(1) 503(K)
are 1llustrated as black diamonds 1 FIG 5A and the X axis
sensor elements 501(1) 501(L) are 1llustrated as white dia
monds 1n FIG 5A and FIG 5B It should be noted that other
shapes may be used for the sensor elements In another
embodiment the columns and row may mclude vertical and
horizontal 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 1n contact with one another

FIGS 5C and 5D 1llustrate top side and side views of one
embodiment of a two layer touch sensor pad Touch sensor
pad as 1llustrated m FIGS 5C and 5D 1nclude the first two
columns 505(1) and 505(2) and the first four rows $04(1)
504(4) of sensor array 500 The sensor elements of the first
column 501(1) are connected together in the top conductive
layer 575 1llustrated as hashed diamond sensor elements and
connections The diamond sensor elements of each column
meffect forma chain of elements The sensor elements of the
second column 501(2) are sinularly connected 1n the top
conductive layer 575 The sensor elements of the first row
504(1) are connected together m the bottom conductive layer
575 using vias 577 llustrated as black diamond sensor ele
ments and connections The diamond sensor elements of each
row 1 effect form a cham of elements The sensor elements
of the second third and fourth rows 504(2) 504(4) are sum
larly connected 1n the bottom conductive layer 576

As 1llustrated 1n FIG 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 sensor 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 i the
top conductive layer 575 The conductive paths between the
sensor elements of the rows use vias 577 to connect to one
another 1 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 apphed to the surfaces opposite to the surfaces thatare
coupled to the dielectric layer 578 on both the top and bottom
conductive layers 575 and 576

It should be noted that the space between coating layers
579 and 589 and dielectric layer 578 which does not include
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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

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 376 but may include
connecting the sensor elements of the columns using vias to
the bottom conductive layer 576 Furthermore the present
embodiments are not hmited two layer configurations but
may include disposing the sensor elements on multiple layers
such as three or four layer configurations

When pins are not being sensed (only one pin 1s sensed at
atume) they are routed to ground By surrounding the sensing
device (e g touch sensor pad) with a ground plane the exte
rior elements have the same fringe capacitance to ground as
the interior elements

In one embodiment an IC including the processing device
210 may be dwrectly placed onthe non sensor sideof the PCB
This placement does not necessary have to be m 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

FIG 6A illustrates one embodiment of a sensing device
having three touch sensor buttons Sensing device 240 of
FIG 6A wcludes buttons 601 602 and 603 These three
buttons may be used for user input using a conductive ohject
such as a finger

FIG 6B illustrates one embodiment of the sensing device
of FIG 6A coupled to a processing device 210 Processing
device 210 15 used to detect whether a conductive object 18
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 capacitance sensors 201
(1) and 201(2) which are coupled to buttons 601 603 In
particular button 601 1s coupled to capacitance sensor 201
(1) button 603 1s coupled to capacitance sensor 201(2) and
button 602 1s coupled to both capacitance sensor 201(1) and
201(2)

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 (1lustrated 1n FIGS 6A 6D) 1 a rectangular
shape orn a square shape (1llustrated 1n FIGS 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 nsulating layer offer resistance to
severe environments

The sensmg device of FIG 6B includes two sensing areas
613 and 614 of conductive matenal that are electrically 150
lated The sensing areas of conductive area are vsed to make
up the three buttons 601 603 In particular button 601
mcludes a sensor element having a surface area of one con
ductive material (1ilustrated as white surface area of button
601) Similarly button 603 includes a sensor element having
a surface area of another conductive material (itlustrated as
hashed surface area of button 603) The conductive materials
may be stmilar or dissimilar materials but more importantly
are electrically 1solated from one another For example but
ton 601 1s coupled to a first pin 609 and button 603 15 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 (1llustrated as white and hashed
surface areas of button 603) that are electrically 1solated A
portion first portion 604 of the sensor element of button 602
15 coupled to the conductive material of button 601 and
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another portion second portion 605 1s coupled to the con
ductive material of button 603

In one embodiment first portion 604 1s coupled to the
sensor element of button 601 using a conductive line 606 and
second portion 605 1s 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 processing device
210

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 conduc
tive material that realize the touch sensor buttons 601 603
The processing device 1s operable to recogmze a first button
operation on the first sensor element a second button opera
tion 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 1n a one to one
configuration like that of the conventional sensing device

In another embodiment the processmg device 210 may
mclude only one capacitance sensor 201 that 1s coupled to a
selection circunt The selection circuit operates to select one
conductive path to scan and measure The processing device
210 mcludes 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 circunt that 1s
external to the processing device that selects between the two
sensing areas of conductive material

In one embodiment the processing device that 1s 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 1f the capacitance variation §;
measured on the first pin 609 15 greater than zero and the
capacitance variation 8, measured on the second pmn 610 15
cqual to approximately zero then the first button 601 has been
pressed Simularly if the capacitance variation §, measured
on the first pin 609 15 equal to the capacitance vanation 8,
measured on the second pin 610 then the second button 602
has been pressed If the capacitance variation 8; measured on
the first pin 609 1s equal to approximately zero and the
capaciiance varation §, measured on the second pin 610 15
greater than zero then the thurd button 603 has been pressed

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 simular to the relaxation
oscillator described above which includes a current source a
selection cireutt a comparator and a reset switch The relax
ation oscillator may be coupled to a digital counter that 1s
operable to count at least one of a frequency or a period of a
relaxation oscillator output recerved from the relaxation
oscillator

In one embodiment the method may be performed by
detecting a presence of a conductive object on a sensing
device and recogmizing three or more button operations per
formed by the conductive object using two sensing areas of
the sensing device In one embodiment the operation of
recogniZing the three or more button operations may mclude
recogrzing a first button operation when the presence of the
conductive object 1s detected on a first sensing area 613 of the
two sensing areas of the sensing device recogmzing a second
button operation when the presence of the conductive object
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1s 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
1s detected on the first and second sensing areas 613 and 614

The method may nclude the operation of determmmng a
capacitance on cach of the two sensing areas and determining
the three or more button operations based on the determmed
capacitance The sensing arcas 613 and 614 may be scanned
sequentially oralternatively may be scanned simultaneously
by one or more capacitance sensors of the processing device
210

In one embodiment the two sensing areas may be used to
realize three buttons as illustrated i FIGS 6A 6D Alterna
tively the two sensing areas may be used to realize more than
three button areas Inone embodiment the sensor elements of
the touch sensor buttons may be circular shaped as 1illus
trated m FIGS 6A 6D Alternatively the sensor elements
may have other shapes such as rectangles squares ovals
hexagon octagons or the like

In one embodiment portions 613 and 614 are substantially
equal 1 surface area of the sensor element of button 602
Alternatively portions 613 and 614 are not equal n surface
area In one embodiment the portions of sensor element of
button 602 are sem circularly shaped Alternatively the por
tions of the sensor element may have other shapes

FIG 6Cillustrates another embociment of a sensing device
having three touch sensor buttons Sensing device 600
includes three touch sensor buttons that are simlar to the
touch sensor buttons 601 603 of FIG 6B except the portions
of the second sensor element of the second button 602 are
dissimularly shaped than the portions of FIG 6B First portion
604 of FIG 6C has a shape of two pie shapes Similarly
second portion 605 of FIG 6C has a shapc of two p1e 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 1n a single layer wiule the
other two pie shapes are coupled together i a second con
ductive layer using vias as described with respect to FIGS
5C & 5D Alternatively the conductive material of one por
tion 1s coupled together using other methods known by those
of ordinary skill 1n the art

In the embodiment of FIG 6C conductive lines 606 and
607 are conductive traces that couple the first and second
portions 604 and 605 to the first and thurd sensor elements of
button 601 and 603 respectively The conductive lines 607
and 608 may be comprised of similar or dissinular 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 1solated from second por
tion 605 scnsor element of button 603 and conductive line
607 Accordingly the two sensing areas (e g 613 and 614)
are comprised of these electrically 1solated conductive mate
rials

In one embodiment the first and second portions 604 and
605 each have a surface area that s substantially equal Alter
natively the portions may have surface areas in other propor
tions

FIG 6D 1illustrates another embodiment of a sensing
device having three touch sensor buttons Sensing device 650
mncludes three touch sensor buttons that are similar to the
touch sensor buttons 601 603 of FIG 6B except the portions
of the second sensor element of the second button 602 are
dissimilarly shaped than the portions of FIG 6B First portion
604 0f FIG 6C has multiple arc shapes of conductive material
that are electrically 1solated from multiple arc shapes of
another conductive matenal of second portion 605 The mul
tiple arc shapes of both the first and second portions 604 and
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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 whle the other two p1e
shapes are coupled together m a second conductive layer
using vias as described with respect to FIGS 5C & 5D
Alternatively the conductive material of one portion 1s
coupled together using other methods known by those of
ordmnary skill in the art

In the embodiment of FIG 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 comprised of similar or dissumilar 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 1solated from second por
tion 605 sensor element of button 603 and conductive hine
607 Accordingly the two sensing areas (e g 613 and 614)
are comprised of these electrically 1solated conductive mate
nals

In one embodiment the first and second portions 604 and
605 each have a surface area that 1s substantially equal Alter
natively the portions may have surface areas in other propor
tions

The shapes of the sensor elements and the portions of the
sensor elements are not limuted to the shapes illustrated and
described hetein but may include other shapes For example
FIGS 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
1n the sensing device 1s not imited to three but may be greater
than three For example FIGS 7A and 7B illustrate embod:
ments of four and five touch sensor buttons however more
sensor elements than five may also be used

FIG 7A illustrates another embodiment of a sensing
device having four touch sensor buttons Sensing device 700
mcludes four touch sensor buttons 701 704 Each of the con
ventional touch sensor buttons 701 704 may be made of a
sensor element of conductive matenal such as copper clad
The sensor elements 1n this embodiment are square shaped
The touch sensor buttons may be capacitance sensor buttons
which may be used as non contact switches

The sensing device 700 of FIG 7A includes two sensing
areas of conductive material that are electrically 1solated The
sensing areas of conductive area are used to make up the four
buttons 701 704 In particular button 701 mncludes a sensor
element having a surface area of one conductive materal
(1llustrated as white surface area of button 701) Simularly
button 704 includes a sensor element having a surface area of
another conductive material (llustrated as hashed surface
area of button 704) The conductive materials may be sumilar
or dissimilar materials but more importantly are electrically
1solated from one another Forexample button 701 1s coupled
to afirst pin 609 and button 704 1s 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 con
ductive materials (illustrated as white and hashed surface
areas of buttons 702 and 703) that are electrically 1solated A
portion first portion 710 of the sensor elements of buttons
702 and 703 15 coupled to the conductive material of button
701 and another portion second portion 711 1s coupled to
the conductive matenal of button 704

In one embodiment first portion 710 1s coupled to the
sensor element of button 701 using a conductive line 706 and
second portion 711 1s coupled to the sensor element button
704 using aconductive line 707 The conductive lines 706 and
707 may be conductive traces printed on the surface of the
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PCB Alternatively conductive hines 706 and 707 may be
conductive paths of conductive material that coupled the con
ductive matenial of the sensor elements and to the pins of the
processing device 210

In one embodunent each sensor element of buttons 702
and 703 comprises two surface arcas 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 altematively the surface areas may be mterleaved sub
traces For example the first conductive line 706 1s a first
conductive trace and the first conductive trace has one or
more sub traces (e g 708(1) 708(7)) and the second con
ductive line 707 1s a second conductive trace that has one or
more sub traces (e g 709(1) 709(7)) Inone embodiment at
least one sub trace of the first conductive trace 706 15 inter
leaved 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 mterleaved

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 1s approximately 25% of the
first portion 710 to approximately 75% of the second portion
711 (25/75) The surface area ratio of button 703 1s approx
mately 75% of the first portion 710 to approximately 25% of
the second portion 711 (75/25) Alternatively the surface area
ratios of buttons 702 and 703 may be switched 1n 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

1n the embodiment of FIG 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 Bution
703 includes three sub traces 708(5) 708(7) of the first por
tion 710 and four sub traces 709(4) 709(7) of the second
portion 711 Accordingly the surface area ratio of button 702
15 4/7 of the first portion 710 to 3/7 of the second portion 711
and the surface area ratio of button 703 1s 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

FIG 7Billustrates another embodiment of a sensing device
having five touch sensor buttons Sensing device 750
mncludes five touch sensor buttons 701 705 Thetouch sensor
buttons of sensing device 750 are sumilar to those of sensing
device 700 expect there 1s one additional sensor element and
there are eight sub traces per sensor element for buttons 702
704 which consequently changes the surface area ratios

The sensing device 750 of FIG 7B includes two sensing
areas (illustrates a white and hashed surface areas) of con
ductive matenal that are electrically 1solated The sensing
areas of conductive area are used to make up the five buttons
701 705

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 imterleaved sub
traces For example the first conductive line 706 15 a first
conductive trace and the first conductive trace has twelve
sub traces 708(1) 708(12) and the second conductive line
707 1s a second conductive trace that has twelve sub traces
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709(1) 709(12) At least two sub traces of both the first and
second conductive traces are mterleaved 1n each sensor ele
ment

In this embodiment the surface area ratio of button 702 1s
approximately 6/8 of the first portion 710 to approximately
2/8 of the second portion 711 The surface area ratio of button
703 15 approximately 4/8 (25%) of the first portion 710 lo
approximately 4/8 (50%) of the second portion 711 The
surface area ratio of button 704 1s approximately 2/8 of the
first portion 710 to approximately 6/8 of the second portion
711

In another embodiment the surface area ratio of button 702
1s approximately 25% of the f{irst portion 710 to approxi
mately 75% of the second portion 711 The surface area ratio
of button 703 15 approximately 50% of the first portion 710 to
approximately 50% of the second portion 711 The surface
area ratio of button 704 1s approximately 75% of the first
portion 710 to approximately 25% of the second portion 711

In another embodiment the surface area ratio of button 702
15 approximately 33% of the first portion 710 to approxi
mately 67% of the second portion 711 The surface area ratio
of button 703 1s approximately 50% of the first portion 710 to
approxiumately 50% of the second portion 711 The surface
area ratio of button 704 1s approximately 67% of the first
portion 710 to approximately 33% of the second portion 711

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 con
ductive materials

As described with respect to the embodiments above the
processing device 210 can scan the touch sensor buttons 701
704 of FIG 7A (or the touch sensor buttons 701 705 of FIG
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 1s 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 fifih sensor ele
ments)

Tt should be noted that although the sensor elements that
include the two portions are tllustrated and described as being
nside or 1n between the two sensor elements that are coupled
to the pins the sensor elements that include the two portions
may be disposed 1n other positions with respect to the other
two sensor elements

Embodiments of the present invention described heren
mclude various operations These operations may be per
formed by hardware components softwarc firmware or a
combination thereof As used herem the term coupled to
may mean coupled directly or indirectly through one or more
intervening, components Any of the signals provided over
various buses described herein may be time multiplexed with
other signals and provided over one or more common buses
Additionally the nterconnection between circuit compo
nents or blocks may be shown as buses or as single signal
lines Each of the buses may alternatively be one or more
single signal hines and each of the single signal lines may
alternatively be buses

Certain embodiments may be miplemented as a computer
program product that may mclude mstructions stored on a
machime 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 meludes any mechamsm for storing or transnutting
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information ina form (e g software processing apphication)
readable by a machine (¢ g acomputer) The maclune read
able medium may 1nclude but 1s not limited to magnetic
storage medium (eg floppy diskette) optical storage
medium (e g CD ROM) magneto optical storage medium
read only memory (ROM) random access memory (RAM)
erasable programmable memory (¢eg 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 swit
able for storing electronic mstructions

Additionally some embodiments may be practiced 1n dis
tributed computing environments where the machine read
able medium 1s 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

Although the operations of the method(s) herein are shown
and described 1n a particular order the order of the operations
of each method may be altered so that certain operations may
be performed 1 an 1nverse order or so that certamn operation
may be performed at least in part concurrently with other
operations In another embodiment mstructions or sub op
erations of distinct operations may be 1n an mtermittent and/
or alternating manner

In the foregomg specification the mvention has been
described with reference to specific exemplary embodiments
thereof It will however be evident that various modifica
tions and changes may be made thereto without departing
from the broader spirit and scope of the mvention as set forth
m the appended claims The specification and drawings are
accordingly to be regarded i an illustrative sense rather than
a restrictive sense

‘What 15 claimed 1s

1 A method comprising

deternuning capacitance variations of a first number of two
or more sense elements of a touch screen device usmg 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 wherem the first
number of sense elements 1s less than the second number
of button areas and

recogmzing 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 clarm 1 wherein the first number 1s two

and the second number 15 three and wherein the recogmzing
comprises

detecting the presence of the conductive object at a first
button area when the capacitance variation of a first
sense element 1s greater than a reference value and the
capacitance variation of a second sense clement 1s not
greater than the reference value

detecting the presence of the conductive object at a second
button area when the capacttance vanation of the first
sense element 1s not greater than the reference value and
the capacitance variation of the second sense element 15
greater than the reference value and

detecting the presence of the conductive object at a thurd
button area when the capacitance variation of the first
sense element and the capacitance vanation of the sec
ond sense element are both greater than the reference
value
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3 The method of claim 2 wherein the determining the
capacitance variations comprises measunng a first capac
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 pin 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 recogmzing com
prises

determumng a combination of the capacitance variations of

the first number of two or more sense ¢lements and
recognizing the activation using the determined combina
tion

6 The method of claim 1 wherein the second number 1s
nine and wherein the recogmzing comprises recogmzing the
activation of one of the nine button areas using the determimed
capacilance 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 1s configured to determine capaci
tance 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 butions
areas of the touch screen device wherein the first num
ber of sense elements 1s less than the second number of
button areas and wherein the processing device 1s con
figured to recogmze 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 1s two
and the second number 15 three and wherem the processing
device 1s configured to

detect the presence of the conductive object at a first button

area when the capacitance variation of a first sense ele
ment 1s greater than a reference value and the capaci
tance variation of a second sense element 1s 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 1s not greater than the reference value and
the capacitance variation of the second sense element 15
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 sec

ond sense element are both greater than the reference
value

9 The apparatus of claim 7 wherein the processing device
comprises

a capacitance sensmng circuit and

a selection circut coupled to the capacitance sensing cir

cuit and the first number of two or more sense elements

10 The apparatus of claim 7 wherem 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 cir
curt and a second capacitance sensing circuit wherein
the selection circuit 1s configured to selectively couple
the capacitance sensing circuit to one of the first number
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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 15
two and the second number 1s three and wherein the process
g device 15 configured to
detect a conducltive object proximate to a first button area
based on a first change 1n capacitance of a first sense
element
detect the conductive object proximate to a second button
area based on a first change 1 capacitance ol a second
sense element and
detect the conductive object proximate to a second button
area based on a second change 1n capacitance of the first
sense element and a second change 1n 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
capacttance sensig 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 wheren 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 sens
g circuts
15 The apparatus of claim 7 wherein the processing
device 1s configured to determme a combination of the
capacitance vanations of the first number of two or more
sense elements and to recognize the activation using the deter
mined combination
16 The apparatus of claim 7 wherein the second number 1s
nine and wherein the processing device 15 configured 10
recognize the activation of one of the nine button areas using
the determined capacitance vanations of the first number of
two or more sense elements
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17 A syslem comprising
a touch screen device compnising 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 1s less than the second number of button areas
and
a processing device coupled to the touch screen device
wherein the processing device 1s configured to deter
mine capacitance vaniations of the two or more sense
elements of the touch screen device and to recogmze an
activation of one of the three or more buttons areas using
the capacitance variations of the two or more sense ele
ments
18 Thesystemof claim 17 wherem the first number 1s two
and the second number 1s three and wherem the processing
device 1s configured to
detect the presence of the conductive object at a first button
area when the capacitance variation of a first sense ele
ment 1s greater than a reference value and the capaci
tance variation of a second sense element 1s 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 1s not greater than the reference value and
the capacitance variation of the second sense element 1s
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
ond sense element are both greater than the reference
value
19 The system of claum 17 wherein the processing device
1s configured to
determine a combination of the capacitance vanations of
the two or more sense elements and
recognize the activation using the determined combina
tion
20 The system of clatm 17 wherein the second number 1s
nme and wherein the processing device 1s configured to
recogmize the activation of one of the nine button areas using
the determined capacitance vanations of the two or more
sense elements

CY00001980



Page 1 of 1

UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
Umted States Patent and Trademark Office
Add COMMISSIONER FOR PATENTS

PO B 1450

Al andna, V gm 22313 1450

www pt g

BIB DATA SHEET
CONFIRMATION NO 6333

SERIAL NUMBER FILIN(E',:‘nA?rrE 371(c) CLASS GROUP ART UNIT ATTORNEg DOCKET
13/442 716 04/09/2012 345 2696 CD0B039C2
RULE
APPLICANTS

Jiang XIAOPING Shanghai CHINA

** CONTINUING DATA
This apphcation 1s a CON of 13/204 543 08/05/2011 PAT 8174507
which 1s a CON of 11/437 517 05/18/2006 PAT 8004497

** FOREIGN APPLICATIONS
** |F REQUIRED, FOREIGN FILING LICENSE GRANTED **

04/20/2012
Foreign Priorty claimed U ves Wno STATEOR | SHEETS TOTAL |{INDEPENDENT
35 USC 119(a d) conditions met D Yes ENO D X'Ileotv?:r?ée COUNTRY DRAWINGS CLAIMS CLAIMS
Pkl S e SIS T CHINA 10 20 3
ADDRESS
CYPRESS SEMICONDUCTOR CORPORATION
198 CHAMPION COURT

SAN JOSE CA 95134 1709
UNITED STATES

TITLE

APPARATUS AND METHODS FOR DETECTING A CONDUCTIVE OBJECT AT A LOCATION
O All Fees
U 116 Fees (Filing)

FILING FEE FEES Authority has been given in Paper

RECEIVED |No to charge/credit DEPOSIT ACCOUNT Q117 Fees (Processing Ext of time)
1380 No for following 1118 Fees (Issue)
J Other
Q Creait

BIB (Rev 05/07)

CY00001981



Page 1 of 1

UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
Unmited States Patent and Trademark Office
Addes COMMISSIONER FOR PATENTS

PO B 1450

Al andna, V gm 22313 1450

www  pt g

BIB DATA SHEET
CONFIRMATION NO 6333

SERIAL NUMBER FILINg-AgrE 371(c) CLASS GROUP ART UNIT ATTORN% DOCKET
13/442716 04/09/2012 345 2696 CD06039C2
RULE
APPLICANTS

Jiang XIAOPING Shanghai CHINA

** CONTINUING DATA
This application 1s a CON of 11/437 517 05/18/2006 PAT 8 004 497
and 1s a CON of 13/204 543 08/05/2011 PAT 8 174 507
( )Data provided by applicant 1s not consistent with PTO records

** FOREIGN APPLICATIONS
** |F REQUIRED, FOREIGN FILING LICENSE GRANTED **
04/20/2012
Foreign Prionty clamed O ves Wno STATEOR | SHEETS | TOTAL [INDEPENDENT
35 USC 119(a d) conditions met D Yes QNO D m%v?;tﬁée COUNTRY DRAWINGS CLAIMS CLAIMS
Mehouiodged  EmmrerSee— T CHINA 10 20 3
ADDRESS

CYPRESS SEMICONDUCTOR CORPORATION
198 CHAMPION COURT

SAN JOSE CA 95134 1709

UNITED STATES

TITLE

APPARATUS AND METHODS FOR DETECTING A CONDUCTIVE OBJECT AT A LOCATION
U All Fees
Q1 16 Fees (Filing)

FILING FEE FEES Authority has been given in Paper

RECEIVED |No to charge/credit DEPOSIT ACCOUNT || 1 17 Fees (Processing Ext of time)
1380 No for following () 1 18 Fees (Issue)
Q Other
Q Credit

BIB (Rev 05/07)

CY00001982



: UNITED STATES PATENT AND TRADEMARK OFFICE

Page 1 of 1

BIB DATA SHEET

United
Addres

UNITED STATES DEPARTMENT OF COMMERCE

States Patent and Trademark Office
COMMISSIONER FOR PATENTS

PO B 1450

Al and a, V gm 22313 1450

www pt g

CONFIRMATION NO 6333

04/20/2012

** FOREIGN APPLICATIONS
** IF REQUIRED, FOREIGN FILING LICENSE GRANTED **

Jiang XIAOPING Shanghai CHINA

** CONTINUING DATA
This application 1s a CON of 11/437 517 05/18/2006 PAT 8 004 497
and 1s a CON of 13/204 543 08/05/2011 PAT 8 174 507
(*)Data provided by apphcant is not consistent with PTO records

SERIAL NUMBER FlLlNgA%I'E 371(c) CLASS GROUP ART UNIT ATTORNI‘IIECY) DOCKET
13/442716 04/09/2012 345 2629 CD06039C2
RULE
APPLICANTS

D Yes aNo

CYPRESS SEMICONDUCTOR CORPORATION
198 CHAMPION COURT
SAN JOSE CA 95134 1709
UNITED STATES

Foreign Priorty claimed STATE OR SHEETS TOTAL [INDEPENDENT

35 USC 119(a d) conditions met D Yes aNo D %I%m?;‘r?ée COUNTRY DRAW'NGS CLAIMS CLA'MS

Aowiatged | PamiSeme— | CHINA 10 20 3
ADDRESS

TITLE

APPARATUS AND METHODS FOR DETECTING A CONDUCTIVE OBJECT AT A LOCATION

RECEIVED |No
1380 No

for following

FILING FEE FEES Authonty has been given in Paper
to charge/credit DEPOSIT ACCOUNT

U Al Fe

]

0 1 16 Fees (Filing)

0O 1 17 Fees (Processing Ext of time)

0 1 18 Fees (Issue)

Q Other

Q Credit

BIB (Rev 05/07)

CY00001983



Electronic Acknowledgement Receipt

EFSID 12502370
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 XiacPing

Customer Number

60909

Filer

Larry Joel Johnson/YING JIANG

Filer Authonized By

Larry Joel Johnson

Attorney Docket Number CD06039C2
Receipt Date 09 APR 2012
Filing Date
Time Stamp 192105

Application Type

Utility under 35 USC 111(a}

Payment information

Submitted with Payment

no

File Listing

Document File Size(Bytes)/ Multi Pages
Document D t File N
Number nt Description le Rame Message Digest | Part/zip| (ifappl)
1089384
1 Application Data Sheet CD06039C2ADS04092012 pdf no 4
d74caded130  99b231d7d0bf3 25a40ef)
b9b97

Warnings

Information

CY00001984



614076
2 Drawings only black and white line CD06039C2_FIGS_04092012 no 10
drawings pdf
165 8903d2ff7ed 141 7555070873988d6bf
&of
Warnings
Information
2020852
3 CD06039C2_SpecClaimAbs_04 es 55
092012 pdf 4
78 b 494d 952b68 509669 06 1 3¢5 |
9d88
Multipart Description/PDF files in zip description
Document Description Start End
Specification 1 49
Claims 50 54
Abstract 55 55
Warnings
Information
CD06039C2_Prel Amen 0172
_Freliminary
4 Preliminary Amendment dment_04092012 pdf no 3
196791d6092540a3 6167 508 16a {3963)
462
Warnings
Information
Total Files Size (in bytes):! 3744484

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 Under35US 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 under35U S € 371

If a timely submission to enter the national stage of an international application 1s comphant with the conditions of 35
U S C 371 and other apphicable requirements a Form PCT/DO/E0/903 indicating acceptance of the application as a
national stage submission under 35 U S C 371 will beissued 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/R0/105) 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

CY00001985



PTO/SB/4 (11 08)

Approved for use through 01/31/2014 OMB 0651 0032

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

Attorney Docket Number | CD06039C2
Apphcation Data Sheet 37 CFR 1 76

Application Number

Title of Invention | APPARATUS AND METHODS FOR DETECTING A CONDUCTIVE OBJECT AT A LOCATION

The application data sheet 1s part of the provisional or nonprovistonal application for which it is being submitted The followang form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outiined in 37 CFR 176
This document may be completed electronically and submitted to the Office In electronic format using the Electronic Filing System (EFS) or the

document may be pnnted and included in a paper filed application

Secrecy Order 37 CFR § 2

Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
37 CFR 52 (Paper filers only Applications that fall under Secrecy Order may not be filed electronically )

Applicant Information

Applicant 1

Applicant Authority (®Inventor l (OlLegal Representative under 35U S C 117 |OPar1y of Interestunder 35U S C 118

Prefix| Given Name Middle Name Family Name Suffix
JIANG XIAOPING

Residence Information (Select One) (O US Residency  (¢) Non US Residency {0 Active US Military Service

City | Shanghai Country Of Residencel | CN

Citizenship under 37 CFR 1 41(b)! CN
Mailing Address of Applicant

Address 1 Room 06 07 26F 1Gateway Plaza No 1 HongQiao Rd
Address 2

City Shanghal l State/Province
Postal Code | 200030 | country | on

All Inventors Must Be Listed - Additional inventor information blocks may be
generated within this form by selecting the Add button

Correspondence Information

Enter either Customer Number or complete the Correspondence Information section below
For further information see 37 CFR 1 33(a)

[ An Address is being provided for the correspondence Information of this apphcation

Customer Number 60909

Email Address LARZ@CYPRESS COM | [Addemar ]  [RemoveEmai]

Apphication Information

Title of the Invention APPARATUS AND METHODS FOR DETECTING A CONDUCTIVE OBJECT AT A LOCATION
Attorney Docket Number| CD06039C2 l Small Entity Status Claimed [ ]
Apphcation Type Nonprovisional
Subject Matter Utility
Suggested Class (if any) | Sub Class (if any)
Suggested Technology Center (if any)
Total Number of Drawing Sheets (if any) 10 ‘ Suggested Figure for Publication (if any)
EFS Web222

CY00001986



PTOISBIM4 (11 08)

Approved for use through 01/31/2014 OMB 0851-0032

US Patent and Trademark Office US DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995 no pessons are required to respond to a collection of information unless it contains a valiid OMB control number

Attorney Docket Number | CD06039C2

Apphication Data Sheet 37 CFR 176
Application Number

Title of Invention | APPARATUS AND METHODS FOR DETECTING A CONDUCTIVE OBJECT AT A LOCATION

Publication Information

[[] Request Early Publication (Fee required at time of Request 37 CFR 1 219)

Request Not to Publish 1 hereby request that the attached application not be published under 35 U S

C 122(b) and certify that the invention disclosed In the attached application has not and will not be the subject of
an application filed in another country or under a multilateral international agreement that requires pubhcation at

eighteen months after filing

Representative Information

Representative information should be prowided for ali practitioners having a power of attomey in the applicaton Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application {see 37 CFR 1 32)
Enter ether Customer Number or complete the Representative Name secton below If both
are completed the Customer Number will be used for the Representative Information during processing

sections

Please Select One (® Customer Number | (O US Patent Practitioner I (O Limited Recognition (37 CFR 11 9)

Customer Number 60909

Domestic Benefit/National Stage Information

This section allows for the applicant to either claim benefit under 35 U S C 118(e) 120 121 or 365(c) or indicate National Stage
entry from a PCT application Providing this information in the application data sheet constitutes the specific reference required by
35U S C 119(e) or 120 and 37 CFR 1 78(a)(2) or CFR 1 78(a)(4) and need not otherwise be made part of the specification

Pnior Application Status | Patented Remove
Aﬁﬂ:ﬁzt;n Continuity Type Pnohﬁ‘:’gg?tlon (Y\'(:$¢QMDMatI§D) Patent Number (meMlﬁtSD)
Continuation of 11437517 2006 05 18 8004497 2011 08 23
Prior Application Status | Pending
Application Number Continuity Type Prior Application Number Filing Date (YYYY MM DD)
Continuation of 13204543 2011 08 05
Additional Domestic Benefit/National Stage Data may be generated within this form =

by selecting the Add button

Foreign Priority Information

This section allows for the applicant to claim benefit of foreign pnonty and to identify any prior foreign application for which priority 1s
not clamed Providing this information in the application data sheet constitutes the claim for priority as required by 35 U S C 119(b)
and 37 CFR 1 55(a)

| Remove |
Application Number Country | Parent Filing Date (YYYY MM DD} Priority Claimed
O Yes (& No
Additional Foreign Priority Data may be generated within this form by selecting the
Add button
EFS Web222

CY00001987



PTO/SB/M4 {11 08)

Approved for use through 01/31/2014 OMB 0651 0032

U § Patent and Trademark Office US 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

Attorney Docket Number | CD08039C2

Application Data Sheet 37 CFR 1 76

Application Number

Title of Invention | APPARATUS AND METHODS FOR DETECTING A CONDUCTIVE OBJECT AT A LOCATION

Assignee Information

Providing this information In the application data sheet does not substitute for compliance with any requirement of part 3 of Title 37
of the CFR to have an assignment recorded in the Office

Assignee 1 Remove

If the Assignee 1s an Organization check here

Organization Name CYPRESS SEMICONDUCTOR CORPORATION

Mailing Address Information

Address 1 198 CHAMPION CT

Address 2

City SAN JOSE State/Province CA

Country || US Postal Code 95134

Phone Number (408)545 7194 Fax Number (408)545-6911

Email Address LARZ@CYPRESS COM

thct’g:nal Assignee Data may be generated within this form by selecting the Add
Signature

A signature of the applicant or representative 1s required in accordance with 37 CFR 1 33 and 10 18 Please see 37
CFR 1 4(d) for the form of the sighature

Signature |/LARRY JOHNSON/ Date (YYYY MM DD)| 201204 09

First Name | LARRY Last Name | JOHNSCN Registration Number | 56861

This collection of iInformation is required by 37 CFR 1 76 The information is required to obtain or retain a benefit by the public which
s to file (and by the USPTO to process) an application Confidentiality 1s governed by 35U S C 122 and 37 CFR 114 This
collection 1s estimated to take 23 minutes to complete ncluding gathenng prepanng and submitting the completed application data
sheet form to the USPTC  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 DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS SEND TO Commissioner for Patents P O Box 1450 Alexandna VA 22313 1450

EFSWeb222

CY00001988



Privacy Act Statement

1

The Privacy Act of 1974 (P L 93 579) requires that you be given certain information in connection with your subimission of the attached form related to
a patent application or patent Accordingly pursuant to the requirements of the Act please be adwised that (1) the general authonty for the collection
of this information 1s 35 U S C 2(b)(2) (2) furmishing of the information solicited 1s voluntary and (3) the principal purpose for which the information 1s
used by the U S Patent and Trademark Office Is to process and/or examine your submussion related to a patent application or patent If you do not
furmish 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 preceedings 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

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 Pnvacy Act (5 U S C 552a) Records from this system of records may be disclosed to the Department of Justice to detenmine
whether the Freedom of Information Act requires disclosure of these records

A record from this system of records may be disclosed as a routine use in the course of presenting evidence to a court magstrate or
adminustrative trbunal including disclosures to opposing counsel in the course of settiement negotiations

A record in this system of records may be disclosed as a routine use to a Member of Congress submitting a request involving an
indmvidual to whom the record pertans when the individual has requested assistance from the Member with respect to the subject matter of
the record

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 Pnivacy Act of 1974 as
amended pursuantto 5 U S C 552a(m)

A record related to an Intemational 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

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 (42U S C 218(c))

A record from this system of records may be disclosed as a routine use to the Administrator General Services or his/her designee
dunng 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 (| e GSA or Commerce) directive Such
disclosure shall not be used to make determinations about individuals

A record from this system of records may be disclosed as a routine use {o the public after either publication of the application pursuant]
to 35 U S C 122(b) or issuance of a patent pursuantto 35 U S C 151 Further a record may be disclosed subject to the kmitations of 37
CFR 114 as aroutine use to the pubhc if the record was filed 1n an application which became abandoned or in which the proceedings were
terminated and which application I1s referenced by either a published application an application open to public inspections or an issued
patent

A record from this system of records may be disclosed as a routine use to a Federa! 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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APPARATUS AND METHODS FOR DETECTING A CONDUCTIVE OBIJECT AT A
LOCATION

RELATED MATTERS
[0001] This application 1s a continuation of U § Patent Application No

11/437 517, filed May 18 2006 which 1s incorporated herein by reference 1n its entirety

TECHNICAL FIELD
[0002] This invention relates to the field of user interface devices and 1n

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 1s common 1s a touch-
sensor button A basis touch-sensor button emulates the function of a mechanical button
Touch-sensor buttons may be embedded 1nto 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 ike Touch-sensor buttons may also be used 1n conjunction with, or 1n place of other
user wnput devices, such as keyboards muce trackballs or the hke

[0004] Figure 1A 1llustrates 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 1nput using a conductive object such as a finger

Cypress Ref No CD06039C1 1
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[0005] Figure 1B 1llustrates a conventional sensing device of three touch-sensor
buttons 101 103 coupled to a processing device 110 Processing device 110 15 used to
detect whether a conductive object 1s present on erther 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 material such as copper clad The conductive material may
be form shaped 1n a circular shape (1llustrated 1n Figure 1A), or even 1n a rectangular
shape (illustrated 1n 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

Simularly by increasing the pin count the scan tume 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 1s 1llustrated by way of example, and not by way of

limitation, 1n the figures of the accompanying drawings

[0009] Figure 1A 1llustrates a conventional sensing device having three touch
sensor buttons
[0010] Figure 1B 1llustrates a conventional sensing device of three touch-sensor

buttons coupled to a processing device
[0011] Figure 2 llustrates 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 1illustrates a varying switch capacitance
[0013] Figure 3B 1llustrates one embodiment of a relaxation oscillator
[0014] Figure 4 1illustrates a block diagram of one embodiment of a capacitance

sensor including a relaxation oscillator and digital counter

[0015] Figure 5A 1llustrates 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 1llustrates 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 shder

[0017] Figure 5C illustrates a top-side view of one embodiment of a two-layer
touch sensor pad

[0018] Figure 5D 1illustrates a side view of one embodiment of the two layer

touch sensor pad of Figure 5C
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[0019] Figure 6A 1llustrates one embodiment of a sensing device having three
touch-sensor buttons

[0020] Figure 6B 1llustrates one embodiment of the sensing device of Figure 6A
coupled to a processing device

[0021] Figure 6C 1illustrates another embodiment of a sensing device having three
touch-sensor buttons

[0022] Figure 6D 1llustrates another embodiment of a sensing device having three
touch-sensor buttons

[0023] Figure 7A 1llustrates another embodiment of a sensing device having four
touch-sensor buttons

[0024] Figure 7B 1llustrates another embodiment of a sensing device having five

touch sensor buttons
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DETAILED DESCRIPTION

[0025] Described heiein 1s 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, 1n order to provide a good understanding of
several embodiments of the present invention It will be apparent to one skilled 1n 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 described 1n detail or are presented 1n simple block diagram format 1n 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 sti1l] be contemplated to be within the spuit and scope of the present invention

[0026] Embodiments of a method and apparatus are described 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 furst 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 1solated 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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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 1s not increased In other words, more
buttons may be implemented without increasing the total scan time of the sensing device
Simularly, the memory of the processing device 1s 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 ateas Each
sensing area may 1nclude a bar of conductive material and several iterconnected sub-
bars The sub-bars of the two sensing areas are interleaved and are electrically 1solated

In other words one set of interconnected sub bars are connected to one pin, while the
other set 1s 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 material 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

Cypress Ref No CD06039C1 -7

CY00002007



100% of the second sensing atea 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 1f the capacitance vanation 9,
measured on the first pin 1s greater than zero, and the capacitance variation §, measured
on the second pin 1s equal to approximately zero, then the first button has been pressed

Simlarly 1f the capacitance vatation §,, measured on the first pin, 15 equal to the
capacitance variation J,, measured on the second pin, then the second button has been
pressed If the capacitance variation §, measured on the first pin 1s equal to
approximately ze1o, and the capacitance variation &,, measured on the second pin 1s

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, shder 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 moie buttons 1s 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 1n the

sensing device as compared to the conventional configuration
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[0031] The embodiments described herein may be used 1n 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 1n conjunction
with or 1n place of, other user input devices such as keyboards, mice trackballs, or the
like

[0032] Figure 2 1llustrates 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 1llustrated) The digital block array may be
configured to implement a variety of digital logic circuits (e g , DAC digtal filters
digital control systems etc ) using 1n 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 progiam 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 atray 1s 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 1llustrated capacitance sensor 201 may be integrated mto processing
device 210 Capacitance sensor 201 may include analog /O 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 1n 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 1n other capacitive
sensing mmplementations, for example, the sensing device may be a touch sensor shder
230, o1 a touch sensor button 240 (e g , capacitance sensing button) Simularly 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 1n conjunction with non capacitive sensing elements, including but not linmted to

pick buttons slhiders (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 comprses 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 ariay comprises a plurality of sensor elements, organized as
rows or alternatively, as columns In another embodiment, the electronic system 200
mcludes a touch sensor button 240 coupled to the processing device 210 via bus 241
Touch sensor button 240 may include a single dimension or mult1 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 senso1 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 wnsulating 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 shder 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 /O as
1llustrated 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 1n turn sends data to the host 250 via low
pin count (LPC) interface In some 1instances, 1t 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 1interfacing may be done using a untversal serial 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 1s 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 1 both standaid-mouse compatible and enhanced
modes The standard-mouse compatible mode utilizes the HID class drivers already built
mto the Operating 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 1s 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 1n the art

[0041] In other words the pirocessing 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
10042} 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
recogmzed 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) 1s on the sensing device for less than a threshold time  If the time the
finger 1s placed on the touchpad 1s greater than the thieshold time 1t may be considered to
be a movement of the cursor, 1n 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 1s within a pre-defined area and movement of the conductive object
15 detected

[0044] Processing device 210 may reside on a common carrer substrate such as
for example, an integrated circuit (IC) die substrate a multi chip module substrate or the
hke 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™) 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, spectal-purpose processor digital signal processor (DSP), an application
specific mtegrated 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 icluding 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 1nto the IC of the processing
device 210 or alternatively, n a separate IC  Alternatively, descriptions of capacitance
senso1 201 may be generated and compiled for incorporation mto 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 1nto register transfer
level (“RTL”) code a nethist, or even a circuit layout and stored to a machine accessible
medrum The behavioral level code the RTL code the netlist, and the circuit layout all
represent various levels of abstraction to describe 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 electromc device may be used 1n other applications such as
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a mobile handset a personal data assistant (PDA), a keyboard a television, a iemote
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 oseillator (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 swatch array may mclude combimations 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 membiane, 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 and compensation software algorithms to
convert the count value into a switch detection decision  For example 1 the case of
shide 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] 1t should be noted that there are various known methods for measuring
capacitance Although the embodiments described herein are descrnibed 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 chaige transfer, or the Iike
[0050] The current versus voltage phase shift measurement may include driving
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 1n 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 drniving the capacitor under test
through a fixed reference capacitor The reference capacitor and the capacitor under test
form a voltage divider The voltage signal 1s recovered with a synchronous demodulator
which may be done 1n the processing device 210 The charge transfer may be
conceptually similar to an R-C charging circuit  In this method, Cp1s the capacitance
being sensed Csyy is the summing capacitor into which charge 1s transfened on
successive cycles At the start of the measurement cycle the voltage on Csymis reset The
voltage on Cgym increases exponentially (and only shghtly) with each clock cycle The
time for this voltage to reach a specific threshold 1s 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 1llustrates a varying switch capacitance In 1ts basic form, a
capacitive switch 300 1s a pair of adjacent plates 301 and 302 There 1s a small edge-to

edge capacitance Cp but the intent of switch layout 1s to minimize the base capacitance
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Cp between these plates  When a conductive object 303 (e g , finger) 1s placed i
proximity to the two plate 301 and 302 there 1s 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 1n parallel to the base
capacitance Cp between the plates 301 and 302 resulting 1n a change of capacitance Cf
Capacitive switch 300 may be used 1n a capacitance switch array The capacitance switch
array 1s a set of capacitors where one side of each 1s grounded Thus the active capacitor
(as 1epresented 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 1s then a matter of measuring change in the
capacitance (Cf) Switch 300 1s also known as a grounded vanable capacitor In one
exemplary embodiment Cf may range from approximately 10-30 picofarads (pF)
Alternatively other ranges may be used

[0052] The conductive object 1n this case 1s a finger alternatively, this techmque
may be applied to any conductive object for example a conductive door switch, position
sensor, o1 conductive pen 1n a stylus tracking system

[0053] Figure 3B illustrates one embodiment of a relaxation oscillator The
relaxation oscillator 350 1s 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 1s representative of the capacitance measured on a sensor element of a
sensor artay The relaxation oscillator 1s coupled to drive a charging current (Ic) 357 1n 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 1ts capacitance C  Equation (1) describes
the relation between current, capacitance, voltage and time for a charging capacitor

Cdv =1 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 ata
fixed charging current Ic 357 until the voltage across the capacitor 351 at node 355
reaches a reference voltage or threshold voltage Vry 355 At Vi 3595, 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 1s synchronized with a reference system
clock to guarantee that the comparator reset time 1s long enough to completely reset the
charging voltage on capacitor 355 This sets a practical upper limit to the operating
frequency For example 1f capacitance C of the capacitor 351 changes then fro will
change proportionally according to Equation (1) By comparing fro of Four 356 against
the frequency (frer) 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
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a change 1n frequency between Four 356 and REF CLK 1s proportional to a change 1n

capacitance of the capacitor 351

AC o< Af  where @)
Afszo = J e 3)
[0056} In one embodiment, a frequency comparator may be coupled to receive

relaxation oscillator clock signal (Four 356) and REF CLK, compare therr frequencies fro
and frzr, respectively, and output a signal indicative of the difference Af between these
frequencies By monitoring Af one can determmune 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
circmiting  Relaxation oscillators are known 1n 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

10058} Figure 4 1llustrates a block diagram of one embodiment of a capacitance
sensor mcluding 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 1s a positive integer value that represents the number of rows (or
alternatively columns) of the sensor array 410  Each sensor element 1s represented as a
capacitor, as previously described with respect to Figure 3B The sensor array 410 1s

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 15 a positive mteger
value that represents the number of senso1 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 1s 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 osallator 350 of Figure 4 includes all the components
described with respect to Figure 3B and a selection circuit 430 The selection circuit 430
15 coupled to the plurality of sensor elements 355(1)-355(N) the reset switch 354 the
current source 352 and the comparator 353 Selection cireuit 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 cach sensor element In one exemplary embodiment, the
selection circut 430 15 a multiplexer array of the relaxation oscillator 350  Alternatively,
selection circurt may be other circuatry 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 nclude 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 1n
conjunction with a dedicated pin in the GP10 port 207

[0060] In another embodiment the capacitance sensor 201 may be configured to
sumultaneously scan the sensor elements, as opposed to being configured to sequentially
scan the sensor elements as described above For example the sensing device may
include a sensor array having a plurality of rows and columns The rows may be scanned
sumultaneously 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 1n 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 1n the other dimension

[0062] In another exemplary embodument, the voltages on all of the rows of the
sensor array aie stmultaneously moved 1n a positive direction while the voltages of the
columns are moved 1n a negative direction Next the voltages on all of the 1ows of the
sensor array are simultaneously moved 1n a negative direction, while the voltages of the
columns are moved 1n 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 1n the art may be used to scan the sensing device

[0063] Digital counter 420 1s coupled to the output of the relaxation oscillator
350 Dugital counter 420 recerves the relaxation oscillator output signal 356 (Fouyr)
Digital counter 420 1s 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 1s placed on the switch the capacitance increases from Cp to
Cp + Cf so the relaxation oscillator output signal 356 (Four) decreases The relaxation
oscillator output signal 356 (Fouyr) 1s fed to the digital counter 420 for measurement
There are two methods for counting the relaxation oscillator output signal 356 frequency
measurement and period measurement In one embodiment the digital counter 420 may
include two multiplexers 423 and 424 Multiplexeis 423 and 424 are configured to select
the inputs for the PWM 421 and the timer 422 fo1 the two measurement methods,
frequency and period measurement methods Alternatively other selection circuts may
be used to select the iputs for the PWM 421 and the time 422 In another embodiment,
multiplexers 423 and 424 are not included 1n the digital counter for example the digital
counter 420 may be configured 1n one or the other measurement configuration

[0065] In the frequency measurement method the relaxation oscillator output
signal 356 1s counted for a fixed period of time The counter 422 15 read to obtain the
number of counts during the gate time This method works well at low frequencies where
the oscillator reset time 1s small compared to the oscillator period A pulse width

modulator (PWM) 441 1s clocked for a fixed period by a derivative of the system clock,
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VC3 426 (which 1s a divider from system clock 425, e g, 24 MHz) Pulse width
modulation 1s a modulation technique that generates variable-length pulses to represent
the amplitude of an analog input signal 1n this case VC3 426 The output of PWM 421
enables timer 422 (e g 16 bit) The 1elaxation oscillator output signal 356 clocks the
timer 422 The timer 422 15 reset at the start of the sequence and the count value 1s 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 1s clocked by the system clock 425 (e g, 24 MHz) In
order to improve sensitivity and resolution multiple periods of the oscillator aie counted
with the PWM 421 The output of PWM 421 1s used to gate the tuimer 422 In this
method, the relaxation oscillator output signal 356 drives the clock input of PWM 421

As previously described pulse width modulation 1s 2 modulation technique that generates
variable-length pulses to represent the amplitude of an analog input signal 1n this case the
relaxation oscillator output signal 356 The output of the PWM 421 enables tumer 422

(e g, 16-bat), which 1s clocked at the system clock frequency 425 (e g 24 MHz) When
the output of PWM 421 15 asserted (e g, goes high) the count starts by releasing the
captuie control When the terminal count of the PWM 421 1s reached, the capture signal
1s asserted (e g goes high), stopping the count and setting the PWM s interrupt  The
timer value 1s read 1n this interrupt  The relaxation oscillator 350 1s indexed to the next
switch (e g , capacitor 351(2)) to be measured and the count sequence 1s started again
[0067] The two counting methods may have equivalent performance 1n sensitivity
and signal-to noise ratio (SNR) The period measurement method may have a slightly

faster data acquisition rate but this rate 1s 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
capacttor 351 result in small changes 1n frequency In order to find these small changes
1t 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 swatch 1s determined by the difference 1n 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 1s approximately

o= @
[0070] The value of An should be large enough for reasonable resolution and clear ,
indication of switch actuation This drives 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 -
20 Alternatively other fractions may be used for Cf/Cp Since Cf 1s determined by
finger area and distance from the finger to the switch s conductive traces (through the
over-lying msulator), the baseline capacitance Cp should be munimzed The basehine
capacitance Cp wcludes the capacitance of the switch pad plus any parasitics, mcluding

routing and chip pin capacitance
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[0072] In switch array applications, variations 1n sensitivity should be minimized
If there are large differences 1n An, one switch may actuate at 1 0 cm, while another may
not actuate until direct contact This presents a non 1deal user interface device There are
numerous methods for balancing the sensitivity These may include precisely matching
on-boaid capacitance with PC trace length modification adding balance capacitors on
each switch's PC board trace and/or adapting a calibration factor to each swatch to be
applied each time the switch 1s tested

[0073] In one embodiment the PCB design may be adapted to minimize
capacitance including thicker PCBs where possible In one exemplary embodiment, a

0 062 inch thick PCB 1s 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 hittle
as 10 or alternatively, as much as several hundred In one exemplary embodiment where
Cf1s 1 0% of Cp (a typical "weak" switch), and where the switch threshold 1s set at a
count value of 20 n1s found to be

n=An % =2000 (5)

P
[0075] Adding some margin to yield 2500 counts and running the frequency
measurement method at 1 0 MHz, the detection time for the switch 1s approximately 2 5
microseconds In the frequency measurement method the frequency difference between a

switch with and without actuation (1 ¢, CP + CF vs CP) 1s approximately

An = tcatml lt C_f2 (6)
Vip Cp
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[0076] This shows that the sensitivity vanation between one channel and another
1s 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 (1 e , CP+CF vs CP) 15 approximately

o v,
An = NPerlads fl = fSysClk (7)
C
[0078] The charge currents are typically lower and the period 1s longer to increase

sensitivity, or the number of periods for which fgyci 1 counted can be mcreased 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 1n software at
runtime The compensation algorithms for both the frequency method and period method
may be included 1n the high level APIs

[0079] Some implementations of this circuit use a current source programmed by
a fixed-resistor value If the range of capacitance to be measured changes, external
components (1 e, the resistor) should be adjusted

[0080] Using the multiplexer array 430 multiple sensor elements may be
sequentially scanned to provide curient to and measure the capacitance from the
capacitors (e g sensor elements) as previously described In other words, while one
sensor element 18 being measured the remamning 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 aie 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 1nside or outside the
processing device 210 to enable operation

[0081] The capacitor charging current for the relaxation oscillator 350 1s
generated n a register progtammable current output DAC (also known as IDAC)
Accordingly the current source 352 1s 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 1n a register or 1n 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 array 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 electrically 1solated
(e g PCB pads or traces) as indicated in Figuie 3A Typically, one of these plates 18
grounded Layouts for touch sensor slider (e g linear slhide 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 1s small (Cp)
but the capacitance of the active plate (and 1ts PCB trace back to the processing device
210) to ground, when detecting the presence of the conductive object 303, may be
considerably mgher (Cp + Cf) The capacitance of two parallel plates 1s given by the

following equation
C=¢, & §=£R 885 %pF/m (8

[0084] The dimensions of equation (8) are 1n meters This 1s a very simple model
of the capacitance The reality 1s that there are fringing effects that substantially increase
the switch-to ground (and PCB trace to-ground) capacitance

[0085] Switch sensttivity (1 e , actuation distance) may be increased by one or
more of the following 1) increasing board thickness tc increase the distance between the
active switch and any parasitics 2) munimizing PC trace routing underneath switches 3)
utilizing a gnded ground with 50% or less fill 1f use of a ground plane 1s absolutely
necessary, 4) increasing the spacing between switch pads and any adjacent ground plane
3) increasing pad area, 6) decreasing thickness of any msulating overlay, or 7) verifying
that there 1s no air gap between the PC pad surface and the touching finger

{00861 There 1s some variation of switch sensitivity as a result of environmental
factors A baseline update routine which compensates for this variation, may be provided
1n the high level APIs

[0087] Shiding 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 1n partial actuation of physically adjacent switches The actual position 1n
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the sliding switch 1s found by computing the centroid location of the set of switches
activated

[0088] In applications for touch-sensor shiders (e g , sliding switches) and touch
sensor pads 1t 1s often necessary to determine finger (o1 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 1s often larger than any single switch In one
embodiment 1n order to calculate the interpolated position using a centroid, the array 1s
first scanned to verify that a given switch location 1s valid The requirement 1s for some
number of adjacent switch signals to be above a noise threshold When the strongest

signal 1s found, this signal and those immediately adjacent are used to compute a

centroid
-D+nz+ +1
Centrowd =2, (Dtni+m, G+ ®
n_ +ni+n,
[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
1esult directly 1n the desired scale This may be handled 1n the high-level APIs
Alternatively, other methods may be used to interpolate the position of the conductive
object

[06090] A physical touchpad assembly 1s a multi-layered module to detect a
conductive object In one embodiment the mult: 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 mult1 layer stack ups may be used in the touchpad
assembly

[0091] The PCB may be made of standard materials such as FR4 or Kapton™

(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 varies depending on multiple variables 1ncluding height restrictions
and sensitivity requirements In one embodiment, the PCB thickness 1s at least
approximately O 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 1s dependent on individual design requirements for the device on which
the sensing device 1s mounted such as a notebook or mobile handset

[0092] The adhesive layer 1s directly on top of the PCB sensing array and 1s 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 1s 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 nsulate the user s finger (e g conductive
object) from the circuitry Overlay can be ABS plastic, polycarbonate glass, or Mylar™

Alternatively other matenials known by those of ordinary skill 1n 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
20 mm Alternatively, other thicknesses may be used

[0094] The sensor array may be a grid like pattern of sensor elements (e g,
capacttive 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 1s
native The touch sensor pad layout pattern maximizes the area covered by conductive
material, such as copper, 1n relation to spaces necessary to define the rows and columns
of the sensor array

[0095] Figure 5A 1llustrates 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 plurahty of
columns 505(1)-505(M), where N 1s a positive integer value representative of the number
of rows and M 1s a positive integer value representative of the number of columns Each
row includes a plurality of sensor elements 503(1) 503(K), where K 1s a positive integer
value representative of the number of sensor elements 1n the row Each column 1ncludes
a plurality of sensor elements 501(1) 501(L) where L 1s a positive integer value
representative of the number of sensor elements 1n the column Accordingly sensor array
1s an N x M sensor matrix The N x M sensor matrx, in conjunction with the processing
device 210, 1s configured to detect a position of a presence of the conductive object 303

i the x and y directions
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[0096] Figure 5B 1llustrates 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 shder Touch-sensor shider 230 includes a
sensor array 550 Sensor array 550 includes a plurality of columns 504(1)-504(M) where
M 15 a positive integer value representative of the number of columns Each column
mncludes a plurality of sensor elements 501(1)-501(L) where L 1s a positive integer value
representative of the number of sensor elements in the column Accordingly sensor array
1s a 1 x M sensor matnix The 1 x M sensor matrix, in conjunction with the processing
device 210, 1s configured to detect a position of a presence of the conductive object 303
1n the x-direction It should be noted that sensor array 500 may be configured to function
as a touch-sensor shder 230

[0097] Alternating columns 1n Figure 5A cortespond to x and y axis elements
The y-axis sensor elements 503(1) 503(K) are illustrated as black diamonds in Figure SA
and the x-axis sensor elements 501(1) 501(L) ate 1tlustrated as white diamonds 1n 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
horizontal 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 dlustrate top-side and side views of one embodiment of
a two layer touch sensor pad Touch sensor pad, as illustrated 1n 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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i the top conductive layer 575 1llustrated as hashed diamond sensor elements and
connections The diamond sensor elements of each column 1n effect, form a chain of
elements The sensor elements of the second column 501(2) are sumlarly connected 1n
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 tllustrated as black diamond
sensor elements and connections The diamond sensor elements of each row 1n 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 1llustrated 1n Fagure 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 mcludes the conductive paths that connect the sensor elements of
the rows that reside 1n the top conductive layer 575 The conductive paths between the
sensor elements of the rows use vias 577 to connect to one another 1n 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 layets 575 and 576

[00100] 1t 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 1t 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 Iumted 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 1s sensed at a tume), they are
1outed to ground By surrounding the sensing device (e g touch-sensor pad) with a
ground plane, the exterior elements have the same fringe capacitance to ground as the
nteror 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 necessaty
have to be 1n the center The processing device IC 1s 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 1llustrates 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 1llustrates one embodiment of the sensing device of Figure 6A
coupled to a processing device 210 Processing device 210 1s used to detect whether a
conductive object 1s present on etther 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 1s coupled to capacitance sensor 201(1), button 603 1s coupled to
capacitance sensor 201(2) and button 602 1s 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 1n a circular shape (1llustrated in Figures 6A 6D), 1n a rectangular shape or 1n
a square shape (1llustrated i Figures 7A and 7B) The touch-sensor buttons may be
capacttance sensor buttons which may be used as non contact switches These switches
when protected by an msulating 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 (1llustrated as white surface area
of button 601) Simularly button 603 includes a sensor element having a surface area of
another conductive material (1llustrated as hashed surface area of button 603) The
conductive materials may be similar or dissimilar materials, but more importantly are
electrically 1solated from one another For example, button 601 1s coupled to a first pin
609 and button 603 1s 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 (1llustrated as white and hashed surface areas of button 603) that are electrically

1solated A portion first portion 604 of the sensor element of button 602 1s coupled to
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the conductive material of button 601, and another portion second portion 605 1s
coupled to the conductive material of button 603

[00108] In one embodiment, furst portion 604 1s coupled to the sensor element of
button 601 using a conductive line 606 and second portion 605 15 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 material that coupled the conductive material of
the sensor elements and to the pins of the processing 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 material that realize the touch-sensor buttons 601 603 The
processing device 1s operable to recognize a first button operation on the first sensor
element a second button operation on the second sensor element and third button
opetation 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 1s 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 circurt that 1s external to the processing

device that selects between the two sensing areas of conductive material
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[00111] In one embodiment the processing device that 1s coupled to the sensing
device of three or more touch sensor buttons includes one more capacitance sensols
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 1f

the capacitance variation &), measured on the first pin 609, 1s greater than zero and the
capacitance variation J,, measured on the second pin 610 1s equal to approximately zero
then the first button 601 has been pressed Simulaily, 1f the capacitance variation &,
measured on the first pin 609, 1s equal to the capacitance variation J,, measured on the
second pin 610, then the second button 602 has been pressed If the capacitance variation
0, measured on the first pin 609, 1s equal to approximately zero and the capacitance
variation &, , measured on the second pin 610 1s 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 1nclude a relaxation osciltator The relaxation oscillator may be simuilar to
the 1elaxation 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 1s 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 aieas of the sensing

device Inone embodiment the operation of recognizing the three or more button
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operations may imnclude recognizing a first button operation when the presence of the
conductive object 1s 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 1s 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 1s 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 determiming the three or more button operations based
on the determined 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 1llustrated 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 1n
surface area of the sensor element of button 602 Alternatively, portions 613 and 614 are
not equal 1n surface area In one embodiment the portions of sensor element of button
602 are sem circularly shaped Alternatively the portions of the sensor element may

have other shapes
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[00117] Figure 6C 1llustrates another embodiment of a sensing device having three
touch sensor buttons Sensing device 600 includes three touch-sensor buttons that are
simular to the touch-sensor buttons 601-603 of Figure 6B except the portions of the
second sensor element of the second button 602 are dissimularly 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 1n a single layer while the other two pie
shapes are coupled together 1n a second conductive layer using vias as described with
respect to Figures 5C & 5D Alternatively the conductive matenal of one portion 1s
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 simlar 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 1solated 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 1solated conductive materials

[001191 In one embodiment the first and second portions 604 and 605 each have a
surface area that 1s substantially equal Alternatively the porttons may have surface areas

m other proportions
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[00120] Flgure\: 6D 1illustrates 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 Frst portion 604 of Figure 6C has multiple arc shapes of conductive
material 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 1n a single
laye1, while the other two pie shapes are coupled together 1n a second conductive layer
using vias as described with respect to Figures SC & 5D Alternatively the conductive
material of one portion 1s coupled together using other methods known by those of
ordinary skill 1n the art

[00121] In the embodiment of Figure 6D, conductive Iines 606 and 607 are
conductive traces that couple the first and second portions 604 and 605 to the fiist and
third sensor elements of button 601 and 603 respectively The conductive lines 607 and
608 may be comprised of sumilar 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 1solated 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 1solated conductive materials
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[00122]} In one embodiment the first and second portions 604 and 605 each have a
surface area that 1s substantially equal Alternatively the portions may have surface areas
1n other proportions

[00123] The shapes of the sensor elements and the portions of the sensor elements
are not limited to the shapes 1llustrated 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 1n the sensing device 1s not limited to thiee but may be
greater than three For example, Figures 7A and 7B 1illustrate embodiments of four and
five touch sensor buttons however, more sensor elements than five may also be used
[00124] Figure 7A 1illustrates 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, 1n 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 mcludes two sensing areas of
conductive material that are electrically 1solated 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 (1llustrated as white surface area
of button 701) Similarly, button 704 includes a sensor element having a surface area of
another conductive material (1ltustrated 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 1s coupled to a first pin
609 and button 704 1s 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
matenials (1llustrated as white and hashed surface areas of buttons 702 and 703) that are
electrically 1solated A portion, first portion 710 of the sensor elements of buttons 702
and 703 1s coupled to the conductive material of button 701 and another portion, second
portion 711, 1s coupled to the conductive material of button 704

[00126] In one embodiment, first portion 710 1s coupled to the sensor element of
button 701 using a conductive line 706 and second portion 711 1s coupled to the sensor
element button 704 using a conductive line 707 The conductive hines 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 sohd shape, or
alternatively the surface areas may be interleaved sub-traces For example, the first
conductive line 706 1s 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 1s 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 1s 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 1s approximately 25% of the first
portion 710 to approximately 75% of the second portion 711 (25/75) The surface area
ratio of button 703 1s approximately 75% of the first portion 710 to approximately 25% of
the second portion 711 (75/25) Alternatively the surface area ratios of buttons 702 and
703 may be switched 1n surface area ratios, € 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 rati0s, 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 1s 4/7 of the fust portion 7\10 to 3/7
of the second portion 711 and the surface area ratio of button 703 1s 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 rat1os p

[00130] Figure 7B 1llustrates 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 1s 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
(llustrates a white and hashed surface areas) of conductive material that are electrically
1solated 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 portton 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 1s a first conductive trace, and the first conductive trace has twelve
sub-traces 708(1)-708(12), and the second conductive line 707 1s 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 1s approximately
6/8 of the first portion 710 to approximately 2/8 of the second portion 711 The surface
area ratio of button 703 1s 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
15 approximately 2/8 of the first portion 710 to approximately 6/8 of the second portion
711

[00134] In another embodiment the surface area 1atio of button 702 1s
approximately 25% of the first portion 710 to approximately 75% of the second portion

711 The surface area ratio of button 703 1s 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 1s
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 1s
approximately 33% of the furst portion 710 to approximately 67% of the second portion
711 The surface area ratio of button 703 1s approximately 50% of the first portion 710 to
approximately 50% of the second portion 711 The surface area ratio of button 704 1s
approximately 67% of the furst 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 1s 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 fousth 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 1llustrated and described as being inside or 1n 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 1n 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 various buses described herein may be time multiplexed with other
stgnals 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 1nstructions
may be used to program a general-purpose or special-purpose processor to perform the
described operations A machine-readable medium includes any mechamsm for storing
or transmutting information in a form (e g, software, processing application) readable by
a machine (e g, a computer) The machine-readable medium may include but 1s 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 (¢ g , EPROM and EEPROM) flash
memory electiical optical acoustical or other form of propagated signal (e g , carmer
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 1n distributed
computing environments where the machine readable medium 1s 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
m a particular order the order of the operations of each method may be altered so that
certain operations may be performed 1n an 1nverse order or so that certain operation may
be performed, at least i part, concurrently with other operations In another
embodiment 1nstructions or sub-operattons 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
vartous modifications and changes may be made thereto without departing from the
broader spirit and scope of the mnvention as set forth 1n the appended claims The
specification and drawings are accordingly, to be regarded 1n an illustrative sense rather

than a restrictive sense
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CLAIMS
What 15 claimed 1s
1 A method comprising

determining a capacitance variation of a first sensor element and a capacitance variation
of a second sensor element

detecting a touch at a first location 1f the capacitance variation of the first sensor element
1s greater than a reference value and the capacitance variation of the second sensor element 1s not
greater than the reference value

detecting the touch at a second location 1f the capacitance variation of the first sensor
element 13 not greater than the reference value and the capacitance variation of the second sensor
element 1s greater than the reference value and

detecting the touch at a third location 1f the capacitance variation of the first sensor
element and the capacitance variation of the second sensor element are both greater than the

reference value

2 The method of claim 1 wherein the deternuning of the capacitance variation 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 1ncludes 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 1s measured through the first conductive path and the capacitance of the second sensor

element 1s 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 sccond 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 deternunming 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 <latm 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 sensor element
a second sensor element that 1s electrically 1solated from the first sensor element and
a processing device coupled with the first sensor element and the second sensor element
wherein the processing device 1s configured to
dutect a presence at a first location based on a first change 1n capacitance of the

first sensor element
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detect the presence at a second location based on a first change 1n capacitance of
the second sensor element and

detect the presence at a third location based on a second change 1n capacitance of
the first sensor element and a second change 1n capacitance of the second sensor

element

9 The apparatus of claim § wherein the processing device comprises one or more capacitance
sensors configured to measure capacitance of the furst 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 1s configured to measure a capacitance of the first sensor element through the

first pin and measure a capacitance of the second sensor clement through the second pin

A
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 1s
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

Cypress Ref No CD06039C1 -51

CY00002051



13 The apparatus of claim 12 wherein the processing device 1s configured to use a selection
circunt 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 dimenstonal sensor array responsive
to the capacitance variation of the first sensor element being greater than a reference
value and the capacitance varation 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
responstve to the capacitance variation of the first sensor element and the capacitance

variation of the second sensor element both being greater than the refercnce value

15 The system of claim 14 wherein the processing device 1s 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 deternunation 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 1s configured to use a selection
circunt to select a first conductive path coupled to the first sensor element and (o select a second
conductive path coupled to the second sensor element wherein the processing device 1s
configured to measure the capacitance of the first sensor element through the first conductive
path and measure the capacitance of the second scnsor element through the second conductive

path

17 The system of claim 15 wherein the processing device 1s configured to use a selection

circuit to select the furst 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 clarm 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 vartation 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 1s greater than a reference value and the
capacitance variatton of the second sensor element 1s not greater than the reference value
The method and apparatus detects the touch at a second location 1f the capacitance
varniation of the first sensor element 15 not greater than the reference value and the
capacitance variation of the second sensor element 1s greater than the reference value The
method and apparatus detects the touch at a third location 1f 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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Cypress Semconductor
198 Champion Court
San Jose, CA 95134
Customer No 60909

Respectfully submutted
For Jiang XiaoPing
by his representative,

/Larry J Johnson/
Larry J Johnson
Reg No 56,861
(408) 545-7194
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CYPRESS SEMICONDUCTOR CORPORATION

756 CHAMPION COURT AL A
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Recelpt 1s 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 US 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 SanJose CA
Power of Attorney None

Domestic Priority data as claimed by applicant
This apphication 1s a CON of 11/437 517 05/18/2006 PAT 8004497
and 1s a CON of 13/204 543 08/05/2011 PAT 8174507
(*)Data provided by applicant 1s not consistent with PTO records

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the
USPTO Please see hitp //www uspto gov for more information )

If Required, Foreign Filing License Granted 04/20/2012

The country code and number of your prnionty application to be used for filing abroad under the Pans Convention
is US 13/442,716

Projected Publication Date Request for Non Publication Acknowledged
Non Publication Request Yes

Early Publication Request No

page 1of 3

CY00002058



Title

APPARATUS AND METHODS FOR DETECTING A CONDUCTIVE OBJECT AT A LOCATION
Prehminary Class

345

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the nghts 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 fiing 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 eiminate the need of applicants to file additional documents and fees in countries where patent
protection 1s desired

Almost every country has its own patent law and a person desinng 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 countnies differ
In vanous respects from the patent law of the United States applicants are advised to seek guidance from specific
foreign countnies 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
1Issue a license before applicants can apply for a patent in a foreign country The filng 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 applicant s hicense 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 1s available either by contacting the USPTO Contact Center at 800 786 9199 or it
can be viewed on the USPTO webstite at http /www uspto gov/web/offices/pac/doc/general/index htmi

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 iIssues applicants may
call the US 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 SC 184 if the phrase IF REQUIRED FOREIGN FILING
LICENSE GRANTED followed by a date appears on this form Such licenses are 1ssued in all applications where
the conditions for 1Issuance of a license have been met regardless of whether or not a license may be required as
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set forth in 37 CFR 5 15 The scope and mitations of this license are set forth in 37 CFR 5 15(a) unless an earlier
license has been 1ssued under 37 CFR 5 15(b) The hicense 1s subject to revocation upon written notification The
date indicated 1s the effective date of the icense unless an earler license of similar scope has been granted under
37CFR5130r5 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
it1s revoked This license Is automatically transferred to any retated 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 nationai
security or the export of technical data Licensees should apprise themselves of current regulations especiaily with
respect to certain countries of other agencies particularly the Office of Defense Trade Controls Depariment 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 Apphcant may still petition for a license under 37 CFR 5 12
if a license 1s 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 applhication 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 gov
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NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION

FILED UNDER 37 CFR 1 53(b)
Filing Date Granted

ltems Required To Avoid Abandonment

An application number and filing date have been accorded to this application The item(s) indicated below
however are missing Applicant is given TWO MONTHS from the date of this Notice within which to file all
required items below to avoid abandonment Extensions of ime 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 1s missing

Applicant must submit $380 to complete the basic filing fee for a non small entity If appropnate applicant may
make a written assertion of entitiement to small enhty status and pay the smail entity filing fee (37 CFR 1 27)
The oath or declaration 1s missing

A properly signed oath or declaration in comphance with 37 CFR 1 63 identfying the application by the above
Application Number and Filng Date s required

Note If a petition under 37 CFR 1 47 is being filed an oath or declaration m compliance with 37 CFR 1 63
signed by all available joint inventors or if no inventor 1s available by a party with sufficient proprietary interest
1s required

The applicant needs to satisfy supplemental fees problems indicated below
The required tem({s) identified below must be timely submitted to avoid abandonment

A surcharge (for late submussion of filing fee seargh fee examination fee or oath or declaration) as set forth in
37 CFR 1 16(f) of $130 for a non small entity must be submitted

SUMMARY OF FEES DUE

Total fee(s) required within TWO MONTHS from the date of this Notice 1s $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 exammation
fee for a non small enbty
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Replies should be mailed to

Mail Stop Missing Parts
Commuissioner for Patents
P O Box 1450

Alexandna VA 22313 1450

Registered users of EFS Web may alternatively submit their reply to this notice via EFS Web
https //sportal uspto gov/authenticate/AuthenticateUserl ocalEPF 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 submut your reply, you must include a copy of this notice

/mgabre/

Office of Data Management Application Assistance Unit (571) 272 4000 or (571) 272 4200 or 1 888 786 0101
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Attorney Docket No  CD06039C2 PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In Re Patent Application of
Confirmation No 6333
Jiang Xi1aoPing

Application No 13/442 716

CERTIFICATE OF TRANSMISSION
Fﬂlng Date Aprﬂ 9 2012 L hereby certify that this correspondence 1s
being subnutted electronically via EFS Web on
the date shown below

Artunit 2838
/Kitty Yuen/ May 31,2012

Examiner Not Yet Assigned Name Date

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

Mail Stop Amendment
Commussioner for Patents

P O Box 1450

Alexandria VA 22313-1450

PRELIMINARY AMENDMENT

Sir/Madam

Prior to an examination of the above 1dentified apphication, Applicants respectfully
request the Examiner to enter the following preliminary amendments and to consider the
following remarks

Amendments to the Abstract 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 7 of this paper

Apphication No  13/442 716 1 Attorney Docket No  CD06039C2
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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 1s 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 15 less than the second
number of button areas The processing device 1s further configured to recogmize 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

Application No  13/442 716 2 Attorney Docket No  CD06039C2
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IN THE CLAIMS

The claims are amended as follows

1-20 (Canceled)

21 (New) 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 moie button areas of the touch screen device
wherein the first number of sense elements 15 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 1s two and the second
number 15 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 1s greater than a reference value and the
capacttance variation of a second sense element 1s 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 1s not greater than the 1eference value and the
capacitance variation of the second sense element 1s 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 first sense element and a second capacitance

of the second sense element

Application No  13/442 716 3 Attorney Docket No  CD06039C2
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24 (New) The method of claim 22, wheretn 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 (New) The method of claim 21, wherein the recognizing comprises
determuming 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 1s nine, and wherein the
tecognizing comprises recognizing the activation of one of the nine button areas using the

determuned 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 1s 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 1s less than the second number of
button areas, and wherein the processing device 1s 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 1s two and the second
number 1s three and wherein the processing device 1s configured to

detect the presence of the conductive object at a first button area when the
capacitance variation of a first sense element 1s greater than a reference value and the
capacitance variation of a second sense element 1s not greater than the reference value

detect the presence of the conductive object at a second button atea when the

Application No  13/442 716 4 Attorney Docket No  CD06039C2
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capacitance variation of the first sense element 1s not greater than the reference value and the

capacitance variation of the second sense element 1s 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 circurt and the first number of

two or more sense elements

30 (New) The apparatus of claim 27 wherein the processing device comprses

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 18 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 1s two and the second
number 1s three and wherein the processing device 1s configured to

detect a conductive object proximate to a first button area based on a first change 1n
capacitance of a first sense element

detect the conductive object proximate to a second button area based on a first change
1n capacitance of a second sense element, and

detect the conductive object proximate to a second button area based on a second
change 1n capacitance of the first sense element and a second change in capacitance of the

second sense element

Application No  13/442 716 5 Attorney Docket No  CD06039C2
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32 (New) The apparatus of claim 27, 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

33 (New) The apparatus of claim 32, wheiein 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 1s 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, wheiein the second number 15 nine, and wherein
the processing device 1s 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 comprsing 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 1s 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 1s two and the second

number is thiee and wherein the processing device 1s configured to
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detect the presence of the conductive object at a first button aiea when the
capacitance vauation of a first sense element 1s greater than a reference value and the
capacitance variation of a second sense element 15 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 1s not gieater than the reference value and the
capacitance varation of the second sense element 1s greater than the 1eference 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 refeience value

39 (New) The system of claim 37, wherein the processing device 1s 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 1s mne and wherein the
processing device 1s configured to recognize the activation of one of the nine button areas

using the determined capacitance variations of the two or more sense elements

Applicaion No  13/442 716 7 Attorney Docket No  CD06039C2
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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 Examuner 1s mvited to contact Larry Johnson by telephone at (408) 545-
7194

Please charge any additional fees under 37 CFR §§ 116,117,118 120and 121
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 O Grange/
Kevin O Grange
Reg No 60793

Customer No 60909
390 Lytton Avenue
Palo Alto CA 94301
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If this patent application 1s assigned then the undersigned hereby authorizes the patent attorneys and patent
agents named herein to accept and follow instructions from the assignes(s) as to any action to be taken in the
United States Patent and Trademark Office regarding this apphication without direct communication between
the patent attomeys and patent agents and the undersigned In the event of a change In the persons from
whom mnstructions may be taken, at least one patent attorney or patent agent named herein will be so notified

by the undersigned

Direct alt correspondence to (check one)
X . Customer Number 08791 OR

Correspondence Address Below

{Name of Attorney or Agent}

BLAKELY, SOKOLOFF, TAYLOR & ZAFMAN LLP
12400 Wiishire Boulevard

Seventh Floor

Los Angeles, Califorria 96025 U S A

Telephone (408) 720-8300

Fax (408) 720-8383

BSTZ ONLY (LONG FORM) -2-
Rev 07/01/04

BEST AVAILABLE COPY
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| hereby declare that ail 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 knowiedge that wiliful false statements and the hke so made are
punishable by fine or imprisonment, or both, under 18 U S C 1001 and that such wiliful false
statements may jeopardize the validity of the application or any patent 1ssued thereon

NAME OF SOLE OR FIRST INVENTOR [T] A petiion has been filed for this unsigned inventor

Full Name __u X

(Given Name (First and Middie if any}) Family Name (er Sumame) end Suffix fif any])

Inventor's Signature _ltaga_xtgf:‘nﬁﬁ Date Mﬂ‘l‘ (8, 2006

Residence _Shanghal, P.R China Chtizenship _China
(Clty State Ceountry) {Country}

Mailing Address _Room 08 07, 26F, 1 Gateway Plaza, No. 1 Hopa Qlao Road
Shanghai, P.R, China 200030

BSTZ ONLY (LONG FORM) 3-
Rev 07/01/04

BEST AVAILABLE COPY
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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 Examuner Unknown

Application No  13/442 716 Gtoup Art Unit 2629

Fied April 09,2012 Confirmation No 6333

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

N

RESPONSE TO MISSING PARTS and INCOMPELTE REPLY

Commussioner for Patents
P O Box 1450
Alexandrnia VA 22313 1450

Sir

Applicant hereby responds to the NOTICE TO FILE MISSING PARTS OF
NONPROVISIONAL APPLICATION FILED UNDER 37 CF 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 Commussioner 1s hereby authorized to charge any appropriate fees under 37 CFR
§8§116 117,118 120and 121 that may be required to maintain pendency of the present
apphcation, 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 1n
general the Patent Office 1s 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 submutted,
Date 06/18/2012 By [Larry 1. Johnson/
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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UNr1ED STATES PATENT AND TRADEMARK OFFIGE

UNTTFD STATFS DFPARTMFNT OF COMMFRCF
Umited States Patent and Trademark Office
Addy g(O\NE[lMIISAs%)OVEE FOR PATENTS

Al andna Vg 2 313 1450
www splog

[ APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY DOCKET NO /TITLE ]
13/442 716 04/09/2012 Tang XTAQPING CD06039C2
CONFIRMATION NO 6333
60909 FORMALITIES LETTER

CYPRESS SEMICONDUCTOR CORPORATION

o6 CHAMPION GOURT T

SAN JOSE CA 95134 1709
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
Commisstoner for Patents P O Box 1450 Alexandria VA 22313 1450

Applicant 1s 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 1s missing

Applicant must submit $380 to complete the basic filing fee for a non small entity If appropriate applicant may
make a wnitten assertion of entitlement to small entity status and pay the small entity filing fee (37 CFR 1 27)
The oath or declaration 1S missing

A properly signed oath or declaration in compliance with 37 CFR 1 63 identifying the application by the above
Appilication Number and Filing Date 1s required

Note If a petition under 37 CFR 1 47 1s being filed an oath or declaration in comphance with 37 CFR 1 63
signed by all available joint inventors or If no inventor is available by a party with sufficient proprietary interest
18 required

Surcharge (for late submussion of filing fee search fee examination fee or oath or declaration) as set forth in

37 CFR 1 16(f) of $130 was not recewved
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 1s $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 1of 2
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Replies should be mailed to

Mail Stop Missing Parts
Commussioner for Patents
P O Box 1450

Alexandrnia VA 22313 1450

Registered users of EFS Web may alternatively submit their reply to this notice via EFS Web
https //spartal uspto gov/authenticate/AuthenticateUserl ocalEPF 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 1eply you must include a copy of this notice

/kgebremichael/

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 Sut)js"l'g(t;)l n
Basic Filing
Utility application filing 1011 1 380 380
Utilty Search Fee 1111 1 620 620
Utility Examination Fee 131 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 Sut g;:;; in
Patent Appeals and Interference
Post Allowance and Post Issuance
Extension of Time
Miscellaneous
Total iIn USD ($) 1380
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATFS DFPARTMFENT OF COMMFRCF
United States Patent and Tradema k Office
Adds ggb&MIﬁSﬁIO\H‘:R FOR PATENTS

Al xandma Virgnu 2 313 1450
wwwuspt g

APPLICATION FILING or GRP ART
NUMBER I 371(c) DATE UNIT I FIL FEE REC D I ATTY DOCKET NO ITOT CLA[MSIIND CLAIMSl
13/4427716  04/09/2012 2629 1380 CD06039C2 20 3
CONFIRMATION NO 6333
60909 UPDATED FILING RECEIPT

CYPRESS SEMICONDUCTOR CORPORATION

o8 CLAMPION GOURT T

SAN JOSE CA 95134 1709
Date Mailed 06/22/2012

Receipt 1s 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 identfication 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 1s 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 SanJose CA
Power of Attorney The patent practitioners associated with Customer Number 08791

Domestic Priority data as claimed by applicant
This application 1s a CON of 11/437 517 05/18/2006 PAT 8004497
and is a CON of 13/204 543 08/05/2011 PAT 8174507
{(*)Data provided by applicant 1s not consistent with PTO records

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the
USPTO Please see hitp //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 Pans Convention
1s US 13/442,716

Projected Publication Date Request for Non Publication Acknowledged
Non Publcation 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 nghts granted by a U S patent extend only throughout the ternitory 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 1s 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 hcense before applicants can apply for a patent in a foreign country The filng 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 applicant s license for foreign filing

Applicants may wish to consult the USPTO booklet General Information Concerning Patents (specifically the
section entitted 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 hitp //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 inthiative
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 1ssues applicants may
callthe US 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 ail applications where
the conditions for 1Issuance of a license have been met regardless of whether or not a license may be required as

page 2of 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 1s 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 CFR5130r5 14

This license Is to be retained by the hicensee and may be used at any time on or after the effective date thereof unless
it 1s revoked This license is automatically transferred to any related applications(s) filed under 37 CFR 1 53(d) This
license 1s 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
Securtty 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 hicense under 37 CFR 5 12
if a icense 1s 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 1s 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 s the best

country in the world to develop technology manufacture products and grow your business wisit SelectUSA gov

page 3 of 3
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
Umited States Patent and Trademark Office
Address COMMISSIONER FOR PATENTS

PO B 1430

Al andra,V gim 22313 1450

www spt g

APPLICATION NO I FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO CONFIRMATION NO ]
13/442 716 04/09/2012 Jiang XTAOPING CD06039C2 6333
60909 7590 09/19/2012
CYPRESS SEMICONDUCTOR CORPORATION l EXAMINER |
198 CHAMPION COURT KETEMA BENYAM
SAN JOSE CA 95134 1709 .
I ART UNIT | PAPER NUMBER |
2629
| MAIL DATE I DELIVERY MODE l
09/19/2012 PAPER

Please find below and/or attached an Office communication concerning this apphication or proceeding

The time period for reply, 1f any 1s set in the attached communication

PTOL 90A (Rev (4/07)
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Application No Applicant(s}

13/442 716 XIACPING JIANG
Office Action Summary Exammer AR UNIL

BENYAM KETEMA 2629

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 ime may be available under the provisions of 37 CFR 1 136(a) In no event however may a reply be tmely filed

after SIX (6) MONTHS from the mailing date of this communication

tf NO pericd for reply is specified above the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication
Fallure to reply within the set or extended period for reply will by statute cause the apptication to become ABANDONED (35U S C §133)

Any reply received by the Office later than three months after the mailing date of this communication even if timely hled may reduce any

earned patent term adjustment See 37 CFR 1 704(b)

Status

1)[X] Responsive to communication(s) filed on 31 May 2012
2a)[] This action 1s FINAL 2b)[X This action 1s non final

the restrictton requirement and election have been incorporated into this action
4)[J Since this application 1s in condition for allowance except for formal matters prosecution as to the merits 1s
closed In accordance with the practice under Ex parte Quayle 1935CD 11 45630 G 213

Disposition of Claims

5)X Claim(s) 21 40 1s/are pending in the application
5a) Of the above claim(s) 1s/are withdrawn from consideration
6)[] Clam(s) ____ 1s/are allowed
7)) Claim(s) 21 40 s/are rejected
8)[] Clam(s) ____1s/are objected to
9] Claim(s) ____ are subject to restriction and/or election requirement

Application Papers

10)[] The specification 1s objected to by the Examiner
11)X The drawing(s) filed on 04/09/2012 1s/are  a)[X] accepted or b)[] objected to by the Examiner

Applicant may not request that any objection to the drawing(s) be heid 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)["] The oath or declaration I1s objected to by the Examiner Note the attached Office Action or form PTO 152

Prionity under 35US C § 119

13)[] Acknowledgment 1s made of a claim for foreign prionity under 35 U S C § 119(a) (d) or (f)
a)J Al b)[]JSome * c)[] None of
1 [J Certified copies of the priority documents have been received
2 [ Certified copies of the priorty documents have been received in Applicaton No
3 [ 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

3)O An election was made by the applicant in response to a restriction reguirement set forth during the interview on

Attachment(s)
1) E Notice of References Cited (PTO 892) 4) |:| Interview Summary (PTQ 413)
2) [ Notice of Draftsperson s Patent Drawing Review (PTO 948) Paper No(s)/Mail Date _
3) [ ] Information Disclosure Statement(s) (PTO/SB/08) 5) L] Notice of Informal Patent Application
Paper No(s)/Mail Date 6) [] 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 i1s continuation of US Patent Application
Number 11/437,517 filed May 18, 2006, now US Patent Number 8,004 497, 1ssued

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 nght to exclude' granted by a patent and to
prevent possible harassment by multiple assignees A nonstatutory obviousness-type
double patenting rejection 1s appropniate 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 Longi, 759 F 2d 887, 225 USPQ 645 (Fed Cir 1985), Inre Van Ornum,

686 F 2d 937, 214 USPQ 761 (CCPA 1982) In re Vogel, 422

CY00002089



Application/Control Number 13/442,716 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 (¢) 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 1s 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 claims1 5,11, and 15-18 of U S Patent No 8,004,487 since the claims, If
allowed, would improperly extend the "nght to exclude" already granted in the patent

The subject matter claimed in the instant application 1s fully disclosed in the patent
and i1s 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 I1s less
than the number of button areas Although the patent document contains more imitations
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 i1s 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 imitations of claim 2 with the exception of "reference value" However it1s

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
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 I1s
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

1 A method comprising, detecting a
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 1s 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 1s 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 vanation

2 The method of claim 1, wherein recognizing the
pluralty of button activations comprises

recognizing a first activated button when the
presence of the conductive object 1s detected on a
first sensing area of the at least two
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Application/Control Number 13/442,716
Art Unit 2629

Page 5

of a first sense element

Is greater than a reference value and the
capacitance variation of a second sense
element 1s 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 1s 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 1s 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 1s detected on the
first and second sensing areas

23 The method of clam 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 compnising
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 1s based on the
measured capacitance of the at least two sensing
areas

24 The method of claim 22, wherein the
determining the capacitance vanations
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 1s coupled to the
first sensor element, and wherein the second pin
1s 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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Apphication/Control Number 13/442,716
Art Unit 2629

Page 6

25 The method of claim 21, wherein the
recognizing comprises

determining a combination of the capacitance
vanations of the first number of two or more
sense elements and recognizing using the

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

determined combination sensing areas of the sensing device, and wherein
recognizing the activated buttons 1s based on the
measured capacitance of the at least two sensing
areas

Furthermore, there 1s 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 i1s (571)270-
7224 The examiner can normally be reached on Monday- Friday 8 00AM - 5 00PM

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 apphcation or proceeding 1s assigned I1s 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 1s 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-
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Apphcation/Control Number 13/442,716 Page 7
Art Unit 2629

217-9197 (toll-free) If you would ke 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 Shalwala/

Supervisory Patent Examiner, Art Unit 2629
09/05/2012
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Application/Control No

Applicant(s)/Patent Under
Reexamtnation

13z 716 XIAOPING JIANG
Examiner Art Unit
BENYAM KETEMA 2629 Page 1 of 1

U S PATENT DOCUMENTS

Document Number Date
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Mail Stop Amendment
Commussioner for Patents

P O Box 1450

Alexandna, VA 22313-1450

AMENDMENT AND RESPONSE TO OFFICE ACTION

Siu/Madam

In response to the Office Action mailed on September 19, 2012, Applicants
respectfully requests that the Examination enter the following amendments and consider the
following remarks

Amendments to the Specification being on page 2 of this paper

Amendments to the Claims are reflected 1n 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 1s a contiuation of U S Patent Application number
13/204,543, filed August 5 2011 now U S Patent No 8,174,507 1ssued May § 2012

which 15 a continuation of U S Patent Application number 11/437 517 filed May 8, 2006,
now U S Patent No 8,004 497 1ssued August 23 2011

Application No  13/442 716 2 Attorney Docket No  CD06039C2
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Amendments to the Claims
This Listing of claims will replace all prior versions, and listings of the claims in 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 piesence of a conductive object
on any one of a second number of three or more button areas of the touch screen device
wherem the first number of sense elements 15 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 1s
two and the second number 1s three, and wheremn the recogmzing comprises

detecting the presence of the conductive object at a first button area when the
capacitance variation of a first sense element 1s greater than a reference value and the
capacitance variation of a second sense element 15 not greater than the reference value

detecting the presence of the conductive object at a second button area when the
capacitance vartation of the first sense element 1s not greater than the reference value and the
capacitance vanation of the second sense element 1s 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

Apphication No 13/442 716 3 Attorney Docket No  CD06039C2
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24 (Previously presented) The method of clatm 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
comprises

determming 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 15
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 (Previously presented) An apparatus comprising

a processing device coupled to a fust number of two or more sense elements of a
touch screen device, wherein the processing device 1s 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 numbe: of three or more buttons areas of the touch
screen device, wherein the first number of sense elements 1s less than the second number of
button areas, and wherein the processing device 1s 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 18
two and the second number 1s three, and wheiein the processing device 1s configured to
detect the presence of the conductive object at a first button area when the

capacitance variation of a first sense element 1s greater than a reference value and the

Application No 13/442 716 4 Attorney Docket No CDO06039C2
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capacitance varation of a second sense element 1s 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 1s not greater than the reference value and the
capacitance variation of the second sense element 1s 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

29 (Previously presented) The apparatus of claim 27 wherein the processing
device compiises

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 wheremn the processing
device comprises

a first capacitance sensing circutt,

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 1s configured to selectively couple the capacitance sensing circuit to one of the fust
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 15
two and the second number 1s three, and wherein the processing device 1s 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

1n capacitance of a second sense element and

Application No  13/442 716 5 Attorney Docket No  CD06039C2
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detect the conductive object proximate to a second button area based on a second
change 1n 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, whetein 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 1s configured to determine a combination of the capacitance varations of the first
number of two or more sense elements and to recogmze the activation using the determined

combination

36 {Previously presented) The apparatus of clarm 27, wheren the second number
15 nine, and wherein the processing device 1s configured to recognize the activation of one of
the nine batton 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 1s
less than the second number of button ateas and

a processing device coupled to the touch screen device, wherein the processing

device 1s configured to determune capacitance vatiations of the two or more sense elements

Application No  13/442 716 6 Attorney Docket No  CD06039C2
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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 1s
two and the second number 1s three, and wherein the processing device 1s configured to

detect the presence of the conductive object at a first button area when the
capacitance variation of a first sense element 1s greater than a reference value and the
capacitance variation of a second sense element 1s not greater than the reference value

detect the presence of the conductive object at a second button atea when the
capacitance variation of the first sense element 1s not greater than the 1eference value and the
capacitance variation of the second sense element 1s 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 ate both greater than the reference value

39 (Previously presented) The system of claim 37 wherein the processing device
15 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 wheiein the second number 15
mine and wherein the processing device 1s configured to recognize the activation of one of
the nine button areas using the determined capacitance varations of the two or more sense

elements

Application No  13/442 716 7 Attorney Docket No  CD06039C2
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REMARKS
Applicants request reconsideration of this application 1 view of the following
rematks For the Examiner’s convenience and reference, Apphicants’ remarks are presented
1n substantially the same order 1n which the corresponding 1ssues were raised 1n the Office

Action

Summary of the Office Action

The specification 15 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 submuts 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 admutting the validity of the obviousness-type double patenting
rejection, Applicant 1s submitting herewith the appropriate terminal disclaimer in compliance
with 37 CFR § 1 1321 to overcome the rejection of claims 21-25 and 27-39 Please note
that the Applicant submutted a Power of Attorney by facsimile November 8, 2012 indicating
the requestor have Power of Attorney Applicant intended to file the termunal disclaimer via
EFS E terminal disclaimer, but PAIR has not been updated to reflect the updated Power of

Attorney As such, Apphcant submits herewith a paper terminal disclaimer

Application No  13/442 716 8 Attorney Docket No  CD06039C2
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RESERVATION OF RIGHTS

Applicants believe every assertion by the Office Action has been addressed however
n the mterest of clarity and brevity, Applicants may not have asserted every available
argument for each assertion made in the Office Action Applicants reserve all rights not
exercised 1n 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 CFR §1 131 or otherwise, or
the right to assert co-ownership of any cited reference Applicants do not admut that any of
the cited references or any othei references of record 1s relevant to the present claims, o1 that
they constitute prior art To the extent that any rejection or assertion 1s based upon the
Examuner’s personal knowledge rather than any objective evidence of record as mamfested
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

Application No  13/442 716 9 Attorney Docket No  CD06039C2
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CONCLUSION

It 1s respectfully submutted 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 Examuner 1s invited to contact Larry
Johnson, by telephone at (408) 545 7194

Please charge any additional fees under 37 CFR §§ 116 117 118,120 and 121
that may be required to maintain pendency of the present application or apply any credits to

our PTO deposit account number 501358

Respectfully submutted,
LOWENSTEIN SANDLER LLP
Date Nov_ 162012 /Kevin O Grange/

Kevin O Grange
Reg No 60,793

Customer No 60909
Lowenstein Sandler LLP
390 Lytton Avenue

Palo Alto, CA 94301
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REMARKS
Apphcants request reconsideration of this application i view of the following
remaiks For the Examiner s convenience and reference, Applicants’ remarks are presented
1n substantially the same order 1n which the corresponding 1ssues were raised 1n the Office

Action

Summary of the Office Action

The specification 1s objected to for informalities

Claims 21 25 and 27 39 stand rejected on the giound 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 submts that paragraph 001 has been amended as suggested by
the examuner 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 1s submutting herewith the appropriate terminal disclaimer 1n comphance
with 37 CFR § 1 1321 to overcome the rejection of claims 21-25 and 27 39 Please note
that the Apphicant submutted 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 submuts herewith a paper terminal disclaimer
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RESERVATION OF RIGHTS

Applicants believe every assertion by the Office Action has been addressed howevel
in the interest of clarity and brevity Applicants may not have asserted every available
argument for each assertion made 1n the Office Action Apphlcants reserve all nghts not
exercised 1n 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 CFR §1 131 or otherwise, or
the right to assert co-ownership of any cited reference Applicants do not admat that any of
the cited references or any other references of record 1s relevant to the present claims, or that
they constitute prior art To the extent that any rejection or assertion 1s based upon the
Examimner’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 1n a subsequent patent application claimng the benefit of prionty of the
present patent applicatton, and to request rejoinder of any withdrawn claim as required by

MPEP §821 04

Application No  13/442 716 9 Attorney Docket No  CD06039C2
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CONCLUSION

It 15 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 1s invited to contact Larry
Johnson by telephone at (408) 545-7194

Please chaige any additional fees under 37 CFR §§ 116 117,118 120and 121
that may be required to maintain pendency of the present application, or apply any credits to

our PTO deposit account number 501358

Respectfully submutted
LOWENSTEIN SANDLER LLP
Date Nov 162012 /Kevin O Grange/

Kevin O Grange
Reg No 60793

Customer No 60909
Lowenstein Sandler LLP
390 Lytton Avenue

Palo Alto, CA 94301

Application No  13/442 716 10 Attorney Docket No CD06039C2
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REMARKS
Applicants request reconsideration of this application 1n view of the following
remarks For the Examiner’s convenience and reference, Applicants remarks are presented
1n substantially the same order in which the corresponding 1ssues were raised 1n the Office

Action

Summary of the Office Action

The specification 1s 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 & 004,497

Response to Objection

Applicant respectfully submuts that paragraph 001 has been amended as suggested by
the examiner Applicant appreciates the examuiner 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 bemng unpatentable over claims 1 5, 11 and 15-18 of U § Patent
No 8,004,497 Without admutting the validity of the obviousness type double patenting
rejection Applicant 18 submitting herewith the appropriate terminal disclaimer in compliance
with 37 CFR § 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 § 2012 indicating
the requestor have Power of Attorney Applicant intended to file the terminal disclaimer via
EFS E termunal disclaimer but PAIR has not been updated to reflect the updated Power of

Attorney As such Applicant submits herewith a paper termunal disclaimer

Application No  13/442 716 8 Attorney Docket No  CD06039C2
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RESERVATION OF RIGHTS

Applicants believe every assertion by the Office Action has been addressed, however
i the interest of clarty and brevity Applicants may not have asserted every z;vallable
argument for each assertion made 1n the Office Action Applicants reserve all nights not
exercised 1n 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 nght 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 CFR §1 131 or otherwise, or
the right to assert co ownership of any cited reference Applicants do not admut that any of
the cited references or any other references of record 1s relevant to the present claims or that
they constitute prior art To the extent that any rejection or assertion 1s based upon the
Examner’s personal knowledge, rather than any objective evidence of record as mamfested
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 1 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

Application No  13/442 716 9 Attorney Docket No  CD0O6039C2
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CONCLUSION

It 1s 1espectfully submutted that in view of the amendments and remarks set forth
herein the 1ejections have been overcome If the Examiner believes a telephone interview
would expedite the prosecution of this application the Examiner 1s invited to contact Larry
Johnson by telephone at (408) 545 7194

Please charge any additional fees under 37 CFR §§ 116 117,118 120 and 121
that may be required to maintain pendency of the present application, or apply any credits to

our PTO deposit account number 501358

Respectfully submutted,
LOWENSTEIN SANDLER LLP
Date Nov 162012 /Kevin QO Grange/

Kevin O Grange
Reg No 60,793

Customer No 60909
Lowenstein Sandler LLP
390 Lytton Avenue

Palo Alto CA 94301

Application No  13/442 716 10 Attorney Docket No  CD06039C2
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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 US DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1895 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 Docket Number (Optional)
REJECTION OVER A “PRIOR” PATENT CD08039C2

In re Appiication of Jiang XiaoPing
Application No  13/442 716

Filed Apnl9 2012
For APPARATUS AND METHODS FOR DETECTING A CONDUCTIVE OBJECT AT A LOCATION

The owner _CYPRESS SEMICONDUCTOR CORPORATION  of 100 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 pnor patent No 8,004,497 as the term of said prior patent 1s 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 penod 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 1s presently shortened by any
terminal disclaimer in the event that said prior patent later

expires for fallure to pay a mamntenance fee

1s held unenforceable

1s found invalid by a court of competent junsdiction

1s statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1 321

has all claims canceled by a reexamination certificate

1s reissued or

1s tn any manner termmated 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 D For submissions on behalf of a businessforganization (e g corporation partnership university government agency
etc ) the undersigned is empowered to act on behalf of the business/organization

| hereby declare that all statements made herein of my own knowledge are frue and that all statements made on information and
behef 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 impnsonment 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 i1ssued thereon

2 The undersigned is an attorney or agent of record Reg No 60793

/Kevin O Grange/ November 16 2012
Signature Date

Kevin O 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 pubhic Credit card information should not
be included on this form Provide credit card information and authonzation on PTO 2038

Statement under 37 CFR 3 73(b) 1s required If terminal disclaimer is signed by the assignee (owner)
Form PTO/SB/96 may be used for making this certficaton See MPEP § 324

This collection of information is required by 37 CFR 1 321 The information 1s required to obtain or retain a benefit by the public which 1s to file (and by the USPTO
to process) an apphcation Confidentahty 1s governed by 35U S C 122 and 37 CFR 111 and 114 This collection 18 eshmated 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 Alexandna VA 22313 1450 DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS SEND TC Commissioner for Patents P O Box 1450 Alexandna VA 22313 1450

If you need assistance n 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 1s 35 U S C 2(b)(2) (2) furnishing of the information solicited I1s voluntary
and (3) the principal purpose for which the information 1s used by the U S Patent and Trademark
Office 1s to process and/or examine your submission related to a patent application or patent if you do
not furnish the requested information the U 8 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 (6 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 I1s required by the Freedom of Information Act

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

A record 1n 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

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 pursuantto 5 U S C 552a(m)

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

A record in this system of records may be disclosed as a routine use to another federal
agency for purposes of National Security review (35U S C 181) and for review pursuant to
the Atomic Energy Act (42U S C 218(c))

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 authonty 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 (1e GSA or Commerce) directive Such disclosure shall not
be used to make determinations about individuals

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 36 U S C 122(b) or issuance of a patent
pursuant to 35U S C 151 Further a record may be disclosed subject to the imitations 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 i1s
referenced by either a published application an application open to public inspection or an
1ssued patent

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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Filing Date

09 Apr 2012

Title of Invention

APPARATUS AND METHODS FOR DETECTING A CONDUCTIVE CBJECT AT A
LOCATION

First Named Inventor/Applicant Name

Jiang XIACPING

Filer

Kevin Grange/Kitty Yuen

Attorney Docket Number

CD06039C2
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Transaction History Date 201 3. |\ =3
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Application Information Retrieval (PAIR)
system records at www uspto gov

Application Number Application/Control No Applicant(s)/Patent under
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e
Document Code - DISQ Internal Document — DO NOT MAIL
TERMINAL
DISCLAIMER X APPROVED (] DISAPPROVED

Date Filed 11/16/12

This patent 1s subject
to a Terminal
Disclaimer

Approved/Disapproved by

Jean proctor

U'S Patent and Trademark Office
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UniTED STATES PaTENT AND TRADEMARK OFFIGE

UNTTFD STATFS DFPARTMFNT OF COMMFRCF
United States Patent and Trademark Office

Add COMMISSIONER FOR PATENTS
PO B 1450

Qlwum:;a,g\uyn 2 313 1450
| APPLICATION NUMBER —j FILING OR 371(C) DATE | FIRST NAMED APPLICANT l ATTY DOCKET NO /TITLE |
13/442 716 04/09/2012 Jang XIAQPING CD06039C2
CONFIRMATION NO 6333
60909 POA ACCEPTANCE LETTER
CYPRESS SEMICONDUCTOR CORPORATION

198 CHAMPION COURT

138 CHAVMON COUAT e

Date Mailed 11/30/2012

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY
This 1s In response to the Power of Attorney filed 11/08/2012

The Power of Attorney in this application 1s accepted Correspondence n this application will be mailed to the
above address as provided by 37 CFR 1 33

lagizaw/

Office of Data Management Application Assistance Unit (571) 272 4000 or (571) 272 4200 or 1 888 786 0101

page 1 of 1
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UNITED STATES PaTENT AND TRADEMARK OFFIGE

UNTTFD STATFS DFPARTMFNT OF COMMFRCF
Umited States Patent and Trademark Office
Addt  COMMISSIONER FOR PATENTS

PO B 1450

Al andna, Vg 2 313 1450

Wwn uspto g

| APPLICATION NUMBER l FILING OR 371(C) DATE ] FIRST NAMED APPLICANT | ATTY DOCKET NO /TITLE |
13/442 716 04/09/2012 Tang XIAQPING CD06039C2
CONFIRMATION NO 6333
60909 POWER OF ATTORNEY NOTICE

CYPRESS SEMICONDUCTOR CORPORATION

06 ClAMPION COURT WL

SAN JOSE CA 95134 1709
Date Mailed 11/30/2012

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY
This 1s 1n 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)

Jagizaw/

Office of Data Management Application Assistance Unit (571) 272 4000 or (571) 272 4200 or 1 888 786 0101

page 1of 1
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Transaction History Date 3012= {22 !

Date information retnieved from USPT1O Fatent
Apphcation information Retneval (PAIR}
system records at www uspto gov

Application No Applicant(s)

13/442 716 XIAOPING JIANG
Notice of Allowability Examiner 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 n 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 i1s subject to withdrawal from issue at the intiative
of the Office or upon petition by the applicant See 37 CFR 1 313 and MPEP 1308

1 B This communication is responsive to 17/16/2012

2 [ 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 X The allowed claim(s) 1s/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
hitp /www uspto gos/patents init_events ppr/index jsp or send an inquiry to PPHfeedback@uspto dov

4 [ Acknowledgment is made of a claim for foreign priority under 35 U S C § 119(a) (d) or (f)
ayd Al b)OSome c)[INone ofthe
1 [ Certified coples of the priority documents have been received
2 [ Certified coples of the prionity documents have been received in Application No

3 [ 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 requirements

noted below Failure to imely comply will resuit in ABANDONMENT of this application
THIS THREE MONTH PERIOD IS NOT EXTENDABLE

5 [J CORRECTED DRAWINGS ( as replacement sheets ) must be submitted
[ including changes required by the attached Examiner s 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 [ DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted Note the
attached Examiner s comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL

Attachment(s)

1 [ Notice of References Cited (PTO 892) 5 [ Examiner s Amendment/Comment

2 [ Information Disclosure Statements (PTO/SB/08) 6 [X] Examiners Statement of Reasons for Allowance
Paper No /Mail Date

3 [ Examiners Comment Regarding Requirement for Deposit 7 O other

of Biological Material
4 [ Interview Summary (PTO 413)
Paper No /Mail Date

B K/
Examiner Art Unit 2696

U'S Patent and Trademark Office
PTOL 37 (Rev 09 12) Notice of Allowability Part of Paper No /Mail Date 20121 12
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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

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 1s 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 I1s an examiner s 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 1s 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

CY00002126



Application/Control Number 13/442,716 Page 3
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” Tsujioka et
al (US Pat NO 5,518,078) discloses that the presence of users finger (1 e conductive
object) 1s 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 1s
clearly shown in fig 5 1n order to perform an input operation But Tsujioka 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 clams 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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Application/Control Number 13/442 716 Page 4
Art Unit 2696

Conclusion

4 Any inquiry concerning this communication or earlier communications from the
examiner should be directed to BENYAM KETEMA whose telephone number 1s
(5671)270-7224 The examiner can normally be reached on Monday- Friday 8 00AM -
5 00PM

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 I1s assigned 1s 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 apphications i1s 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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Application/Control Number 13/442,716 Page 5
Art Unit 2696

/B K/

Examiner, Art Unit 2696

/Bipin Shalwala/

Supervisory Patent Examiner Art Unit 2696
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Application/Control No Applicant(s)/Patent Under
Reexamination
13/442716 XIAOPING JIANG
Notice of References Cited
Examiner Art Unit
BENYAM KETEMA 2696 Page 1 of 1
U'S PATENT DOCUMENTS
* Document Number Date Name Classification
Country Code Number Kind Code MM YYYY
* | a | US 2004/0239616 12 2004 Collins Ryan V 345/166
*| B |US7158125 01 2007 Sinclar et al 345/173
* 1 ¢ | US 7253643 08 2007 Seguine Ryan D 324/686
*| p |US5518078 05 1996 Tsujioka et al 178/18 05
* | e | US 2006/0097992 05 2006 Gitzinger et al 345/173
* | F | US 2006/0227117 10 2006 Proctor David W 345/173
G | US
H | US
| us
J | Us
K | US
L |Us
M | US
FOREIGN PATENT DOCUMENTS
> County Gad amber Kod Code | MM Yy Country Name Classcation
N
O
P
Q
R
S
T
NON PATENT DOCUMENTS
* Include as applicable Author Tile Date Publisher Edition or Volume Pertinent Pages)
U
v
w
X

A copy of this reference I1s 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

U S Patent and Trademark Office
PTO 892 (Rev 01 2001)

Notice of References Cited

Part of Paper No 20121212
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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, Vugim 22313 1450

www pl g

NOTICE OF ALLOWANCE AND FEE(S) DUE

60909 7590 1242172012 | EXAMINER I
CYPRESS SEMICONDUCTOR CORPORATION KETEMA BENYAM
198 CHAMPION COURT
SAN JOSE CA 95134 1709 [ arrosm [ parrNuMBER |
2696
DATE MAILED 12/21/2012
I APPLICATION NO I FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO l CONFIRMATION NO
13/442 716 04/09/2012 Jiang XIAOPING CD06035C2 6333

TITLE OF INVENTION APPARATUS AND METHODS FOR DETECTING A CONDUCTIVE OBJECT AT A LOCATION

I APPLN TYPE SMALL ENTITY I ISSUE FEE DUE I PUBLICATION FEE DUE | PREV PAID ISSUEFEE | TOTAL FEE(S) DUE DATEDUE

nonprovisional 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
STATUTQRY PERIOD CANNOT BE EXTENDED SEE 35 US 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

HOW TO REPLY TO THIS NOTICE
I Review the SMALL ENTITY status shown above

If the SMALL ENTITY 1s shown as YES verify your current If the SMALL ENTITY 1s shown as NO

SMALL ENTITY status

A If the status 1s the same pay the TOTAL FEE(S) DUE shown A Pay TOTAL FEE(S) DUE shown above or

above

B If the status above 1s to be removed check box 5b on Part B B If applicant claimed SMALL ENTITY status before or 1s now

Fee(s) Transmittal and pay the PUBLICATION FEE (if required) clamming SMALL ENTITY status check box 5a on Part B Fee(s)

and twice the amount of the ISSUE FEE shown above or Transmuttal and pay the PUBLICATION FEE (if required) and 1/2
the ISSUE FEE shown above

II PART B FEE(S) TRANSMITTAL or 1ts equivalent must be completed and returned to the Umited 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) Transmuttal should be completed and an extra copy of the form should be submutted If an equivalent of Part B 1s filed a
request to reapply a previously paid issue fee must be clearly made and delays mn processing may occur due to the difficulty n recognizing
the paper as an equivalent of Part B

III All communications regarding this application must give the application number Please direct all commumcations prior to 1ssuance to
Mail Stop ISSUE FEE unless advised to the contrary

IMPORTANT REMINDER Utlity patents issuing on apphcations filed on or after Dec 12, 1980 may require payment of
maintenance fees It i1s patentee's responsibility to ensure timely payment of maintenance fees when due

Page 1 of 3
PTOL 85 (Rev 02/11)
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PART B FEL(S) TRANSMITTAL

Complete and send this form, together with apphicable fee(s), to Mail Mail Stop ISSUE FEE
Comnussioner for Patents
P O Box 1450
Alexandria, Virgima 22313 1450
or Eax (571) 273 2885

INSTRUCTIONS This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (f 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
mcﬂcaled unless corrected below or directed otherwise 1n Block 1 by (a) specifying a new correspondence address and/or (b) indicating a separate FEE ADDRESS for
maintenance fee notifications

CURRENT CORRESPONDENCE ADDRESS (Nt Use Bt k1f any hang f ddr ) Note A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmuttal This cemﬁcale cannot be used for any other accompanying
apers Each additional paper such as an assignment or formal drawing must

Rave 1ts own certificate of mailing or transmission

60909 7590 1272172012
CYPRESS SEMICONDUCTOR CORPORATION Certficate of Marhng or Transmission
198 CHAMPION COURT Stages ostal Service with sufbictont postage. For st iaee mail 1 an gavelope
SANJOSE CA 95134 1709 imsmted to he DSPTO (571 373 2685 on the date wdicned bt~
(D post am )
(Segnt )
@)
| APPLICATION NO FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO CONFIRMATION NO I
13/442 716 04/09/2012 Jiang XTAOPING CDO06039C2 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 I PREV PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional NO $1770 30 30 $1770 03/21/2013
| EXAMINER | ARTUNIT [ crasssuscrass |
KETEMA BENYAM 2696 345 173000
(I:F%hzllnSgGeS())f correspondence address or indication of Fee Address (37 2 For printing on the patent front page list

(1) the names of up to 3 registered patent attorneys 1
[ Change of correspondence address (or Change of Correspondence or agents OR alternatively
Address form PTO/SB/122) attached

(2) the name of a single firm (having as a member a2

D Fee Address 1ndication (or Fee Address Indication form registered attorney or agent) and the names of up to
PIO/SB/47 Rev 03 02 or more recent) attached Use of a Customer 2 registered patent attorneys or agents If nonameis 3
Number 1s required histed no name will be printed

3 ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT {print or type)

PLEASE NOTE Unless an assignee is 1dentified below no assignee data will appear on the patent If an assignee 1s identified below the document has been filed for
recordation as set forth 1n 37 CFR 3 11 Completion of thts form i1s NOT a substitute for filing an asstgnment

(A) NAME OF ASSIGNEE (B) RESIDENCE (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categones (will not be printed on the patent) (J Individual (3 Corporation or other private group entity {d Government

4a The following fee(s) are submitted 4b Payment of Fee(s) (Please first reapply any previously paid issue fee shown above)
{J Issue Fee [ A check 15 enclosed
d publication Fee (No small entity discount pernutted) a Payment by credit card Form PTO 2038 1s attached
Advance Order # of Copies [ The Director 1s hereby authorized to charge the required fee(s) any deficiency or credit any
overpayment to Deposit Account Number (enclose an extra copy of thts form)

5 Change n Entity Status (from status indicated above)
da Applicant claims SMALL ENTITY status See 37 CFR 1 27 db Applicant 1s no longer claiming SMALL ENTITY status See 37 CFR 1 27(g)(2)

NOTE The [ssue Fee and Publication Fee (f required) will not be accepted from anyone other than the apphcant a registered altorney or agent or the assignee or other party mn
nterest as shown by the records of the United States Patent and Trademark Office

Authonzed S ture Date

Typed or pnnted name Registration No

This collection of information 1s required by 37 CFR. 1 311 The information 1s required to obtain or retain a benefit by the public which 1s to file (and by the USPTO to process)
an application Confidentiality is governed by 35 U § C 122 and 37 CFR 1 14 This collection 1s estimated to take 12 miutes 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 complele
this form and/or suggestions for reducing this burden should be sent mafhye 1ef Information Officer U S Patent and Trademark Office U S Department of Commerce P O
Box 1450 Alexandra Virgima 22313 1450 DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS SEND TO Commussioner for Patents P O Box 1450
Alexandna Virgima 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 US Patent and Trademark Office U S DEPARTMENT OF COMMERCE

CY00002132



UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
Umnited States Patent and Trademark Office
Addres  COMMISSIONER FOR PATENTS
PO B 1450
Al andna, V gm 22313 1450
I3

www  pl

[ APPLICATION NO I FILING DATE | FIRST NAMED INVENTOR I ATTORNEY DOCKET NO CONFIRMATION NO I
13/442716 04/09/2012 hang XIAOPING CD06039C2 6333
60909 7590 12212012 | EXAMINER |
CYPRESS SEMICONDUCTOR CORPORATION KETEMA BENYAM
198 CHAMPION COURT
SAN JOSE CA 95134 1709 { ART UNIT PAPERNUMBER |

2696

DATE MAILED 12/21/2012

Determuination of Patent Term Adjustment under 35U S C 154 (b)
(application filed on or after May 29, 2000)

The Patent Teim Adjustment to date 1s O day(s) If the 1ssue fee 1s paid on the date that 1s three months after the
mailing date of this notice and the patent 1ssues on the Tuesday before the date that 1s 28 weeks (six and a half
months) after the mailing date of this notice, the Patent Term Adjustment wall be 0 day(s)

If a Continued Prosecution Apphcation (CPA) was filed 1n the above-identified application the filing date that
determines Patent Term Adjustment 1s 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 Adminsstration at (571)-272-7702 Questions relating to 1ssue 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
PTOL 85 {Rev 02/11)

CY00002133



Privacy Act Statement

The Privacy Act of 1974 (P L 93 579) requires that you be given certain information 1n connection with
your submussion 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 authonity for the collection of this
information 1s 35 US C 2(b)(2) (2) furmishing of the mformation solicited 1s voluntary and (3) the
principal purpose for which the information 1s used by the U S Patent and Trademark Office 1s to process
and/or examine your submussion 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 subnussion which may resull 1n termination of proceedings or abandonment of the application or
expiration of the patent

The information provided by you 1n 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 US 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 determune whether disclosure of these
records 18 required by the Freedom of Informatton Act

A record from this system of records may be disclosed as a routine use 1n the course of presenting
evidence to a court magistrate or administrative tribunal 1ncluding disclosures to opposing counsel
1n the course of settlement negotiations

A record 1n this system of records may be disclosed as a routine use to a Member of Congress
submitting a request wnvolving 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

A record 1n this system of records may be disclosed as a routine use to a contractor of the Agency
having need for the mformation 1n 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 o 5
US C 552a(m)

A record related to an International Application filed under the Patent Cooperauon Treaty 1n 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

A record 1n 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 (42U S C 218(c))

A record from this system of records may be disclosed as a routine use to the Adnumstrator
General Services or lis/her designee during an 1nspection of records conducted by GSA as part of
that agencys responsibility to recommend improvements i records management practices and
programs under authority of 44 U S C 2904 and 2906 Such disclosure shall be made 1n accordance
with the GSA regulations governing inspection of records for this purpose and any other relevant
(1e GSA or Commerce) directive Such disclosure shall not be used to make determinations about
individuals

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 1ssuance of a patent pursuant to 35
USC 151 Further a record may be disclosed subject to the lumitations of 37 CFR 114 as a
routine use to the public if the record was filed 1n an apphcation which became abandoned or in
which the proceedings were ternunated and which application 1s referenced by either a published
application an application open to public mspection or an 1ssued patent

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 Stares Patent aND TRADEMARK OFFICE

UNITFD STATFS DFPARTMFNT OF COMMFRCF
United States Patent and Trademark Office
Add g?‘l\gMIlSASS{]OVER FOR PATENTS

Al andna Virgm 2 313 1450
WWW USpL g

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE I UNIT I FIL FEE REC D l ATTY DOCKET NO ITOT CLAIMSIIND CLAIMSl
13/442716  04/09/2012 2696 1380 CD06039C2 20 3
CONFIRMATION NO 6333
60909 CORRECTED FILING RECEIPT

CYPRESS SEMICONDUCTOR CORPORATION

198 CHAMPION COURT LT DRI

SAN JOSE CA 95134 1709

T

Date Mailed 01/08/2013

Recept 1s 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 Recelpt 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 assoctated with Customer Number 60909

Domestic Priority data as claimed by applicant
This application 1s a CON of 13/204 543 08/05/2011 PAT 8174507
which s a CON of 11/437 517 05/18/2006 PAT 8004497

Foreign Applications for which priority 1s claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO Please see http //www uspto gov for more information ) None

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign prionty See 37 CFR 1 55and 176

If Required, Foreign Filing License Granted 04/20/2012

The country code and number of your prionty application to be used for filing abroad under the Pans Convention
is US 13/442,716

Projected Publication Date Request for Non Publication Acknowledged
Non Publication Request Yes

Early Publication Request No
page 1of 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 filng of an international
application under the Patent Cooperation Treaty (PCT) Aninternational (PCT) application generally has the same
effect as a regular national patent application in each PCT member country The PCT process simplifies the fihng
of patent applications on the same invention In member countries but does not result in a grant of an internationai
patent and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection 1s 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 countnes differ
In various respects from the patent law of the United States applicants are advised to seek guidance from spectfic
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
1Issue a license before applicants can apply for a patent in a foreign country The fillng of a U S patent application
serves as a request for a foreign filing icense The applications filing receipt contains further information and
guidance as to the status of applicant s license for foreign filing

Applicants may wish to consult the USPTO booklet General Information Concerning Patents (specifically the
section entitled Treahes 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 gwving innovators guidance on how to protect intellectual property i specific
countries such as China Korea and Mexico For questions regarding patent enforcement issues applicants may
call the US 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 SC 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 1ssuance of a license have been met regardless of whether or not a license may be required as

page 2of 3
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set forth in 37 CFR 5 15 The scope and imitations of this license are set forth in 37 CFR 5 15(a) unless an earler
license has been issued under 37 CFR 5 15(b) The license Is subject to revocation upon written notification The
date indicated 1s the effective date of the license unless an earlier license of similar scope has been granted under
37CFR5130r5 14

This license 1s to be retained by the licensee and may be used at any time on or after the effective date thereof unless
itis revoked This license is automatically transferred to any related applications(s) filed under 37 CFR 1 63(d) This
license 1s 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 especiaily with
respect to certain countrnies 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 1f the phrase |F REQUIRED FOREIGN FILING
LICENSE GRANTED DOES NOT appear on this form Applicant may still petition for a hcense under 37 CFR 5 12
if a license 1s desired before the expiration of 8 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 1s an unparalleled location for
business investment innovation and commerciahization 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 onbehalfof U S cities states
and regions competing for giobal nvestment and counsels U S economic development organizations on investment
attraction best practices To learn more about why the United States 1s the best country in the world to develop
technology manufacture products deliver services and grow your business vistt http /www SelectUSA gov or call
+1 202 482 6800

page 3of 3
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Electronic Acknowledgement Receipt

EFSID 14709341
Application Number 13442716
International Application Number
Confirmation Number 6333
APPARATUS AND METHODS FOR DETECTING A CONDUCTIVE OBJECT AT A
Title of Invention
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 215419
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 116 (National application filing search and examination fees)

Charge any Additional Fees required under 37 CF R Section 117 (Patent application and reexamination processing fees)
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Charge any Additional Fees required under 37 CF R Section 1 19 (Document supply fees)

Charge any Additional Fees required under 37 CF R Section 120 (Post Issuance fees)

Charge any Additional Fees required under 37 CF R Section 1 21 (Miscellaneous fees and charges)

File Listing
Document File Size{Bytes)/ Multi Pages
Docume tion
Number nt Descnip File Name Message Digest | Part/zip| (if appl)
CD06039C2_T mittalLett 28720
_Trans a er_|
1 Transmittal Letter 01152013 pdf no 2
b6 59d75718a8 063bf(038970a% 7b29|
Warnings
Information
611592
Information Disclosure Statement (IDS) [ CD06039C2_IDSform_0115201
2 no 4
Form {SBOB) 3 pdf
0686b 23 703d 00969992 b5166 275
f69db
Warnings
Information

A US Patent Number Citation ora U S Publication Number Citation 1s 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 inciude 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

R for Cont d E t 699509
3 equest for °'2R'2;)e Xxamination | ¢ bos039C2_RCE_01152013 pd no 3
29111b53ed9d4 7 85dff1{76f81e6d7 035
Warnings
Information
308482
CD06039_NonfinalQA_080520
4 Non Patent Literature ne 9
09 pdf
8146 5488 17934103dd877{d4783885
d fd
Warnings
Information
30686
5 Fee Worksheet (SB06) fee info pdf no 2
9f d53d42595B8763484122b5d bSFO70f79Y
al
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 recelpt similar to a
Post Card, as described in MPEP 503

New ApplicationsUnder35USC 111

If a new application 1s 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 1ssued 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 35U S € 371

If a timely submission to enter the national stage of an Iinternational application i1s 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 asa
national stage submission under 35 U S C 371 will be 1ssued 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 i1s 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/R0O/105) will be 1ssued 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
Examiner KETEMA BENYAM
Jiang XIAOPING

Group Art Unit 2696
Application No  13/442 716

Confirmation No 6333
Filed April9, 2012

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

RN N N N NN

REQUEST FOR CONTINUED EXAMINATION
AND INFORMATION DISCLOSURE STATEMENT

Commussioner for Patents
P O Box 1450
Alexandria VA 22313-1450

Sir

Applicant hereby submuts 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 1n accordance with the practice under 37 CFR §§ 197 and 1 98 the Examuner's
attention 1s directed to the documents listed on the enclosed PTO-1449

In accoidance with 37 CFR § 1 97(h) this Information Disclosure Statement 1s not to be
construed as an admussion that the information cited 1s or s considered to be material to
patentability as defined 1n 37 CFR § 1 56(b), nor as an admussion that the information constitutes

f prior art within the meaning of 35 USC §§ 102 and/or 103

It 1s respectfully requested that the information listed on the PTO 1449 be considered by

the Examuner and that an 1mtialed copy of the PTO 1449 be returned indicating that such

information was considered

Customer No 60909
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The Commussioner 1s hereby authorized to charge any appropriate fees under 37 CFR

Application No 13/442,716
Attorney Docket No CD06039C2

Page 2

§8§116,117,118 120and 121 that may be required to maintain pendency of the present

apphcation and to credit any overpayments, to Deposit Account No 50 3781

Should the Patent Office have any questions regarding this submission or the application

1n 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
/

/

Date 01/15/2013

Cypress Semiconductor Corporation
198 Champion Court

San Jose CA 95134

Facsimile (408) 545-6911
Customer No 60909

Customer No 60909

Respectfully submutted,

By /LarryJ Johnson/

Larry J Johnson
Attorney for Applicant
Registration No 56,861
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Doc code IDS

Doc description Information Disclosure Statement (IDS) Filed

PTO/SB/08a (01 10)

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 contains a valid OMB control number

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1 99)

Application Number 13442716
Filing Date 2012 04 09
First Named Inventor l XiaoPing Jiang

Art Unit | 2696
Examiner Name [KETEMA BENYAM
Attorney Docket Number |CD0603902

U S PATENTS

Remove

Pages Columns Lines where

Examiner] Cite Kind Name of Patentee or Applicant
Intial® No Patent Number Code! Issue Date of cited Document Relevant Passages or Relevant
Figures Appear
1
If you wish to add additional U § Patent citation information please click the Add button Add
U S PATENT APPLICATION PUBLICATIONS Remove

Examiner|
Inihial*

Cite No

Publication
Number

Kind
Code!

Publication
Date

Name of Patentee or Applicant
of cited Document

Pages Columns Lines where
Relevant Passages or Relevant
Figures Appear

If you wish to add additional U S Published Application citation information please click the Add button

Add

FOREIGN PATENT DOCUMENTS

Remove

Name of Patentee or

Pages Columns Lines

Examiner]| Cite | Foreign Document | Country Kind | Pubhlcation Applicant of cited where Relevant TS
Initial* No | Number3 Code2 | Code#| Date PP Passages or Relevant
Document
Figures Appear
1 ]
If you wish to add additional Foreign Patent Document citation information please click the Add button ~ Add
NON PATENT LITERATURE DOCUMENTS Remove
Include name of the author (In CAPITAL LETTERS) title of the article (when appropnate) title of the item
Examiner| Cite
Intials® | No (book magazine journal senal symposium catalog etc) date pages(s) volume-issue number(s) T8

publisher city and/or country where published

EFS Web 2117
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Application Number

13442716

Filing Date

2012 04 09

INFORMATION DISCLOSURE

First Named Inventor I XiaoPing Jiang

STATEMENT BY APPLICANT

Art Unit
( Not for submission under 37 CFR 1 99)

|2696

Examiner Name

[ KETEMA BENYAM

Attorney Docket Number |CDO(503902

1 USPTO Non Final Rejection for Application Number 11/437 517 (CD06039) dated 08/05/2009 9 pages

If you wish to add additional non-patent literature document ¢ itation information please click the Add button

Add

EXAMINER SIGNATURE

Examiner Signature

Date Considered

*EXAMINER Initial if reference considered whether or not citation 1s in conformance with MPEP 609 Draw line through a

citation if not in conformance and not considered Include copy of this form with next communication to applicant

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) 3 For Japanese patent documents the indication of the year of the reign of the Emperor must precede the senal number of the patent document
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST 16 if possible 5 Applicant;is to place a check mark here I

English language translation is attached

EFSWeb 2117
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Application Number 13442716

Filing Date 2012 04 09
INFORMATION DISCLOSURE First Named Inventor |X|aoP|ng Jiang
STATEMENT BY APPLICANT [ ——
nit | 2696
( Not for submission under 37 CFR 1 99)
Examiner Name | KETEMA BENYAM

Attorney Docket Number ICDOBO3902

CERTIFICATION STATEMENT

Please see 37 CFR 197 and 1 98 to make the approprate selection(s)

That each stem’ of information contained in the informaticn disclosure statement was first cited in any communication
[ from a foreign patent office n 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 tem of information contained In the information disclosure statement was cited in a commuynication from a
foreign patent office in a counterpart foreign application and to the knowledge of the person signing the certfication
after making reasonable Ingquiry no item of information contained In the information disclosure statement was known to

[0 any indwvidual 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) /

[ See attached certification statement
[J Feesetforthin 37 CFR 1 17 (p) has been submitted herewith

[X] 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 Aarry J dohnson/ Date (YYYY-MM-DD) 20130115

Name/Pnnt Larry J Johnson ) Registration Number 56861

This collection of Information s required by 37 CFR 1 97 and 1 98 The information 1s required to obtain or retain a benefit by the
public which 1s to file (and by the USPTO 1o process) an application Confidentiality 1s governed by 35 U S C 122 and 37 CFR
114 This collection I1s estimated to take 1 hour to complete including gathenng prepanng and submitting the completed

.| application form to the USPTQ  Time will vary depending upon the individual case  Any comments on the amount of time you
require to complete this form and/ar suggestions for reducing this burden should be sent to the Chief Information Officer U &
Patent and Trademark Office US Department of Commerce P O Box 1450 Alexandna VA 22313 1450 DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS SEND TO Commissioner for Patents P O Box 1450 Alexandna
VA 22313 1450 ‘ '

EFSWeb 2117
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Privacy Act Statement

The Pnvacy Act of 1974 (P L. 93 579) requires that you be given certain informatton in connection with your submussion of the
attached form refated to a patent application or patent Accordingly pursuant to the requirements of the Act please be adwised
that (1) the general authonty for the collection of this information 1s 35 U S C 2(b)(2} (2) furmishing of the information solicited
is voluntary and (3) the principal purpese for which the information 1s used by the U S Patent and Trademark Office 1s to
pracess and/or examine your submission related to a patent application or patent If you do not furmish the requested
mformation the U S Patent and Trademark Office may not be able to process and/or exammne 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
(5U 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

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 settiement
negobations

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 o whom the record pertains when the indvidual has requested a55|stance from the
Member with respect to the subject matter of the record

A record In this system of records may be disclosed as a routine use 1o a confractor of the Agency having need for
the information in order ta perform a contract Recipients of information shall be required to comply with the
requirements of the Pnvacy Act of 1974 as amended pursuantto 5U S C 552a(m)

A record related to an Intemational 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

A record in this system of records may be disclosed as a rautine 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))

A record from this system of records may be disclosed as a routine use to the Administrator General Services or
hisiher designee dunng an inspeciion of records conducted by GSA as part of that agency s responsibility to
recommend iImprovements in records management practices and programs under authonty of 44 U S C 2904 and
2806 Such disclosure shall be made in accordance with the GSA regulatons governing inspaction of records for this
purpose and any other relevant {t e GSA or Commerce} directive Such dlsclosura shall not be used to make
determmations aboutindividuals

A record from this system of records may be disclosed as a routine use 1o the public after either pubhcation of
the application pursuantto 35 U § C 122(b) or 1ssuance of a patent pursuantto 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 1s
referenced by either a published application an application open to public inspections or an issued patent

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 USPTQ becomes aware of a violation or potential violation of law or regulation

N
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Apphqatton/Contro| Number 11/437,517 ‘ Page 2
Art Unit 2629

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 shail be entitled to a patent unless —

» {b) the invention was batented or described in a pnnted 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 4and 18 are rejected under 35 U S C 102(b) as being anticipated by
Tsujioka et al (US Pat NO 5 518,078)

As in Claim 1, Tsyjioka et al discloses a8 method (Column 1 line 5-10), comprising

» delecting a presence of a conductive obsect on a sensing device, (Column 9 line

65- Column 10 Iine 4)
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e recognizing three or more bufton (Fig 5 item 49, buttons) operations performed
by the conductlvve 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, Tsujioka et al discloses the method (Column 1 [ine 5-10) of claim 1,
wherein recognizing three or more button operations (Column 9 line 65- Column 10 line
6 and fig 5-8) compnseé recognizing on a first sensing area of the two sensing areas of
the sensing device, (Flé 5 and Column 9 line 65- Column 10 line 4) recogmizing a
second button dperatlo}i_y when the presence of the conductive object is detected on a
second sensing area oftihe two sensing areas of the sensing device, (Fig 5 and Column
9line 65- Column 10 Ine 4) recognizing one or more button operat/ons when the
presence of the conductive object 1s detected on the first and second sensing areas

(Fig 5)

-

As in Claim 4, Tsujioka 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 recogrizing the three or more button operations comprnises 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 8 line 54- Column 10 line 6) recogruzing a second button opsration
when a second 'jsens""rg area of the two sensing areas defects the presence of the

conductive object dunh§ the scanming of the two sensing areas (Fig5 7 and 9 and

i
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Column 9 line 54 Colu't‘nln 10 hine 6) recogmzing a third button opsration when the first
and second sensing aregs detect the presence of the conductive obyect dunng the
scanming of the fwo sensing areas (Fig 5 7 and 9 and Column 9 line 54- Column 10
line 6) discloses scanning the sensing areas (1 e 24 & 25) and recognizing multiple )
button (1 e 36, 3E9-42) operation for conductive objects (1 e finger or pen)
As in Claim 18, Tsujioka et al discloses an apparatus (Column 1 touch panel),
compnsing N
» a first sensing area to detect a presence of a conductive object ona sensing
device, (Fig 9 item 25)
e g second sensing area to detect the presence of the conductive abject on the
sensing device, (Fig 9 item 24) .
* means for recogmzing three or more button operations (Fig 9 item 39-42)
performed by thé pOnductlve object (Fig 5 item 51 or 50 finger or pen) using two
sensing areas on the sensing device (Fig 9item 24 & 25 two sensing areas)

b}

Claim Rejections - 35 USC § 103

5 The following 1s a quotation of 35 U S C 103(a) which forms the bass 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 titte 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

CY00002153



Application/Control Number 11/437 517 Page 5
Art Unit 2629

6 The factual inquiries set forth in Graham v John Deere Co, 383U S 1, 148
USPQ 459 (1966) that are applied for establishing a background for determining
obviousness under 35 U S C 103(a) are summanzed as follows

Determining the scope and contents of the prior art

Ascertaining the differences between the prior art and the claims at issue
Resolving the level of ordinary skill in the pertinent art

Considering objective evidence present i the apphication indicating
obviousness or nonobviousness

BWN -

7 ~Claim 3 15 rejected under 35 U S C 103(a) as being unpatentable over Tsujioka

et al (US Pat NO 5 §18,078) In view of Collins (PG Pub NO 2004/02396186)

As inClam 3, Tsupok-é et al discloses the method (Column 1 line 5-10) of claim 1 but
fails to disclose deterrﬁmmg a capacitance of the conductive object on the sensing
device over ime wherein vdetermlmng the capacitance further comprises determining a
capacitance of the two éensmg 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) wheren determining the capacitance
further compnses determining a capacitance of the two sensing areas of the sensing
device (Fig 3 |t;em 200-1 & 200-3) and wherein recognizing the button operation 1s
based on the capacitance of the two sensmg 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
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Tsupioka 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 haé multiple sensing areas as well as buttons But fails to disclose capacitance
sehso‘r,’ Howevér Colilﬁs discloses that capacftance sensors are used to determine the
presence of ooriductlvé object (1 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 al (US Pat NO 5 518 078) In view of Gitzinger et al (PG Pub NO
2006/0097992) '

As In Claim 19, Tsujioka et al discloses the apparatus (Column 1, touch panel), but
falls to disclose:means for reducing a pin coun/t of the sensing device However
Gitzinger et al discloses means for reducing a pin count of the sensing device (Fig 3 '
and Péragraph 29-32) discloses the reduction of pins by coupling thé discrete surfaces

{1 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 means:for reducing scan time of the sensing device However Gitzinger
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et al discloses means for reducing scan fime 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)

Tsupioka et al and Gitzinger et al are analogous art because they are from the common
area of user nput 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 pns as well as the effect of scanning time when the numbérs 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 skilt in the art at the time of the invention to combine Tsujioka
etals éensmg a?rea 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 inguiry concerning this commurnication or earlier communications from the
examiner should be directed to BENYAM KETEMA whose telephone number s
(571)270-7224 . The examiner can normally be reached on Monday- Friday 8 00AM -
5 00PM
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If attempts to reach the examiner by telephone are unsuccessful the examiner s
super\)lsor Shalwala Bipin H can be reached on (571)-272-7681 The fax phone
number for the organization where this application or proceeding 15 assigned 1s 571-
273-8300 Information regarding the status of an application may be obtained from the
Patent Apphcation 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

/IBK/
Examiner, Art Unit 2629‘
/Bipin' Shalwala/

Supervisory Patent Examiner, Art Unit 2629
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[ from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
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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

{7 any ndwdual designated In 37 CFR 1 56(c) more than three months prior to the filng of the information disclosure
statement See 37 CFR 1 97(e}(2)

[[] See attached certification statement
[C] Fee setforthin 37 CFR 1 17 (p) has been submitted herewith

None

SIGNATURE
A signature of the applicant or representative 1s required in accordance with CFR 1 33 10 18 Please see CFR 1 4(d) for the
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Name/Print Larry J Johnson Registration Number 56861

This collection of information 1s required by 37 CFR 197 and 1 98 The information Is required to obtain or retain a benefit by the
public which 1s to file (and by the USPTO to process) an application Confidentality 1s governed by 35 U S C 122 and 37 CFR
114 This collection 1s estimated to take 1 hour to complete including gathenng prepanng and submitting the completed
application form to the USPTO Time will vary depending upon the individual case Any comments on the amount of ime you
require to complete this form and/or suggestions for reducing this burden should be sent to the Chief Information Officer U S
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Pnivacy Act Statement

The Prnivacy 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 1s 35 U S C 2(b)(2) (2) furnishing of the information solicited
is voluntary and (3) the principal purpose for which the information I1s used by the U § Patent and Trademark Office 1s to
process and/or examine your submission related to a pateni 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 1n 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 pursuantto 5U 8 C 552a(m)

5 A record related to an Intemational 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 (42U 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 authonty of 4 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 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 pursuantto 35 U S C 122(b) or issuance of a patent pursuantto 35U S C 151 Further arecord
may be disclosed subject to the imitations 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 awaie of a violation or potential violation of law or regulation
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MISCELLANEOUS
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[] other

FEES
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reducing this burden should be sent to the Chief Information Officer U S Patent and Trademark Office U 8 Department of Commerce

P O Box 1450 Alexandrna VA 22313 1450

If you need assistance in completing the form cail 1 800 PTO 9199 and sefect option 2
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Pnivacy Act Statement

The Prnivacy 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 1s 35 U S C 2(b)(2) (2) furmishing of the information
solicited 1s voluntary and (3) the principal purpose for which the information 1s used by the U § Patent and Trademark Office
1s to process and/or examine your submission related to a patent application or patent if you do not furmish 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 recoid 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 Pnivacy Act of 1974 as amended pursuantto 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 ihonal Bureau of the World Inteliectual Property Organization
pursuant to the Patent Cooperation Treaty

6 A record 1n 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 durning an inspection of recoids conducted by GSA as part of that agency s responsibility to
recommend improvements In records management practices and programs under authonty 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 | 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 pursuantto 35 U 8 C 122(b) or 1 >suance of a patent pursuantto 35 U S C 151 Further a record may
be disclosed subject to the imitations 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 1s
referenced by either a published application an application open ta public Inspections or an 1ssued 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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Filing Date

09 Apr 2012

Title of Invention

APPARATUS AND METHODS FOR DETECTING A CONDUCTIVE OBJECT AT A
| OCATION

First Named Inventor/Applicant Name

Jang XIAQPING

Filer

Larry Joel Johnson/Lauren Navarro

Attorney Docket Number
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Filed as Large Entity

Utility under 35 USC 111(a) Filing Fees
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Transaction History Date2®13 - Q% -2-2
Date information retneved from USPTO Patent
Application Information Retneval (PAIR)
system records at www uspto gov

Apphcation No Applicant(s)
13/442 716 XIAOPING JIANG
U AlA (First inventor to
Notice of Allowabiiity g’émm’KETE VA Qé'ge mit 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 1ssue at the initiative
of the Office or upon petition by the applicant See 37 CFR 1 313 and MPEP 1308

1 [X] This communication Is respensive to 01/15/2013
[ A declaration(s)/affidavit(s) under 37 CFR 1 130(b) was/were filed on

2 [ 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
. o www L oplo govipatents init_events/oph inde <1sp or send an inquiry to PPHIg dback@uspto guy

4 [] Acknowledgment 1s made of a claim for foreign prionty under 35 U S C § 119(a) (d) or (f)
Certified coples
a)[d At b)[dSome c)[JNone of the
1 [ Certified copies of the prionty documents have been received
2 [ certified copies of the priority documents have been received in Application No
3 [ Copies of the certified copies of the prionty 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) [ An b) [ some c) [J None of the  Interim copies of the prionty 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 [] CORRECTED DRAWINGS ( as replacement sheets ) must be submitted

3 including changes required by the attached Examiner s Amendment / Comment or in the Office action of
Paper No /Malil 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 [ DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted Note the
attached Examiner s comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL

Attachment(s)

1 X Notice of References Cited (PTO 892) 5 [ Examiner s Amendment/Comment

2 B Information Disclosure Statements (PTO/SB/08) 6 [ Examiners Statement of Reasons for Allowance
Paper No /Mail Date

3 [ Examiners Comment Regarding Requirement for Deposit 7 [ Other

of Biological Matenal
4 [J Interview Summary (PTO 413)
Paper No /Mail Date _____

B K/ /Bipin Shalwala/
Examiner Art Unit 2696 Supervisory Patent Examiner Art Unit 2696

US 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 1s In comphance with the provisions of 37 CFR 1 97 Accordingly, the

information disclosure statement 1s 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

1s 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

Examner s Statement of Reasons for Allowance

5 The following I1s an examiner s 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 1s 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” Tsujioka et al (US Pat NO
5,518,078) discloses that the presence of users finger (1 e conductive object) 1s
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 I1s clearly shown in fig 5 in order to perform an input operation But Tsujioka
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 varations 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 clams 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 1ssue fee and, to avoid processing delays, should
preferably accompany the 1ssue 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 00AM - 5 00PM

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 1s
assigned 1s 571-273-8300 Information regarding the status of an application may
be obtained from the Patent Application Information Retnieval (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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Apphication/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
(toli 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

Applicant(s)/Patent Under
Reexamination

13/442 716 XIAOPING JIANG
Notice of References Cited
Examiner Art Unit
BENYAM KETEMA 2696 Page 1o 1
US PATENT DOCUMENTS
Document Number Date
Counitry Code Number Kind Code | MM YYYY Name Classification
A | US 2006/0227117 10 2006 Proctor David W 345/173
B | US 2007/0268265 11 2007 XiaoPing Jiang 345/173
c | US 2008/0278178 11 2008 Philipp Harald 324/662
p | US 2007/0291013 12 2007 WON Jong Sung 345/173
E | US5518078 05 1996 Tsujioka et al 178/18 05
F | US7158125 01 2007 Sinclarr et al 345/173
G | US 7466 307 12 2008 Trent et al 345/173
H | US 2009/0128374 05 2009 REYNOLDS et al 341/33
| US
J | Us
K | US
L |US
M | US
FOREIGN PATENT DOCUMENTS
Document Number Date
Country Code Number Kind Code MM YYYY Country Name Classification
N
(¢}
P
Q
R
S
T
NON PATENT DOCUMENTS
Include as applicable Author Title Date Publisher Edition or Volume Pertinent Pages)
U
v
w
X

US Patent and Trademark Office
PTC 892 (Rev 01 2001)

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

Notice of References Cited

Part of Paper No 20130405
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Doc code IDS
Doc description Information Disclosure Statement (IDS) Filed

PTO/SB/08a (01 10)

Approved for use through 07/31/2012 QM8 0651-0031
U S Patent and Trademark Cffice U S DEPARTMENT OF COMMERCE
Under the Paperwork Reduchan Act of 1995 no persans are required to respond to a collection of information unless it contains a valid OMB control number

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1 99)

Application Number 13442716
Filing Date 2012 04 09
First Named Inventor IXlaoPlng Jiang

Art Unit | 2696
Examiner Name l KETEMA BENYAM
Attorney Docket Number ICD06039C2

U S PATENTS Remove
Pages Columns Lines where
Exam:ner Cite Patent Number Kind Issue Date Name of Patentee or Applicant Relevant Passages or Relevant
Initial No Codet of cited Document
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]
Inital*

Cite No

Publication
Number

Kind
Codet

Publication
Date

Name of Patentee or Applicant
of cited Document

Pages Columns Lines where
Relevant Passages or Relevant
Figures Appear

If you wish to add additional U S Published Application citation information please click the Add button

Add

FOREIGN PATENT DOCUMENTS

Remove

Name of Patentee or

Pages Columns Lines

Examiner| Cite | Foreign Document Country Kind | Publication Applicant of cited where Relevant Ts
Initial* No | Number3 Code2 Code#| Date Dpp Passages or Relevant
locument
Figures Appear
1 Il
If you wish to add additional Fareign Patent Document citation information please click the Add button ~ Add
NON-PATENT LITERATURE DOCUMENTS Remove

Include name of the author (in CAPITAL LETTERS) title of the article (when appropnate) title of the tem
Examiner| Cite 5
Intials* | No (book magazine joumnal serial symposium catalog etc} date pages(s) volume-issue number(s) T

publisher city andfor country where published
EFS Web 2117 ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH /BK/
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Apphcation Number 13442716
Filing Date 2012 04 09

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1 99)

First Named Inventor ‘ XiaoPing Jiang

Art Unit | 2696
Examiner Name | KETEMA BENYAM
Attarney Docket Number |CD0603902

1 USPTO Non Final Rejection for Application Number 11/437 517 {CD06039) dated 08/05/2009 9 pages 1

If you wish to add additional non-patent Iiterature document citation information please click the Add button Add

EXAMINER SIGNATURE

Examiner Signature Benyam Ketema/ (04/05/2013) Date Considered 04/05.2013

*EXAMINER Initial if reference considered whether or not citation 1s in conformance with MPEP 602 Draw line through a
citation If not in conformance and not considered Include copy of this form with next communication to applicant

1 See Kind Codes of USPTO Patent Documents at www USPTO GOV or MPEP 901 04 2 Enter office that 1ssued the document by the two letter code (WIPO
Standard ST 3) 2 For Japanese patent documents the indication of the year of the reign of the Emperor must precede the senal number of the patent document.
4 Kind of document by the appropnate symbois as indicated on the document under WIPO Standard ST 16 if possible 5 Applicant is o place a check mark here If
English language translation is attached

EFSWeb2 117 ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH /BK/
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Application Numbher 13442716
Filing Date 2012 04 09

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1 929)

First Named Inventor IXlaoPlng Jiang

Art Unit | 2696
Examiner Name ‘ KETEMA BENYAM
Attorney Docket Number \CDOGOSQCZ

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
[] 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 1n 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 persen signing the certification
after making reasonable inquiry no item of information contained in the information disclosure statement was known to

[0 any indwvidual 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)

[C] See attached certification statement
[0 Fee setforth 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 fLarry J Johnson/ Date (YYYY MM-DD) 201301 15

Name/Print Larry J Johnson Registration Number 56861

This collection of information I1s 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 1s governed by 35U S C 122 and 37 CFR
114 This collection I1s 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 ime 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 Alexandna VA 22313 1450 DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS SEND TO Commissioner for Patents, P O Box 1450, Alexandna,
VA 22313-1450

EFSWeb2 117 ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH /BK/
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Privacy Act Statement

The Privacy Act of 1974 (P L 93-579) requires that you be given certain information 1n 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 1s 35 U S C 2(b)(2) (2) furmishing of the information solicited
1s voluntary and (3) the principal purpose for which the information 1s used by the U S Patent and Trademark Office 1s 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

(5U S C 552)and the Privacy Act (5U 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 submiting 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 infarmation shall be required to comply with the
requirements of the Pnvacy Act of 1974 as amended pursuantto 5U S C 552a(m)

5 A record related to an International Apphication 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

[ 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 (42U S C 218(¢))

7 A record from this system of records may be disclosed as a routine use to the Administrator General Services or
hisfher 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 autherity of 44 U S C 2904 and
20806 Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose and any other relevant | ¢ 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 pursuantto 35 U S C 151 Further arecord
may be disclosed subject to the imitations 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 i1s
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 viclation or potential violation of law or regulation

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH /BK/
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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

PO B 1450

Al and a,V gm 22313 1450

www plog

NOTICE OF ALLOWANCE AND FEE(S) DUE

60909 7590 04/22/2013 I EXAMINER |
CYPRESS SEMICONDUCTOR CORPORATION KETEMA BENYAM
198 CHAMPION COURT
SAN JOSE CA 95134 1709 | ART UNIT | PAPERNUMBER |
2696
DATE MAILED 04/22/2013
I APPLICATION NO FILING DATE FIRST NAMED INVENTOR I ATTORNEY DOCKETNO | CONFIRMATION NO J
13/442 716 04/09/2012 Tiang XIAOPING CDO6039C2 6333

TITLE OF INVENTION APPARATUS AND METHODS FOR DETECTING A CONDUCTIVE OBJECT AT A LOCATION

I APPLN TYPE I ENTITY STATUS I 1SSUL FEE DUE IPUBLICATION FEEDUE | PREV PAID ISSUE FEE l TOTAL FEE(S) DUE | DATE DUE

nonprovisional UNDISCOUNTED $1780 30 $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 1S 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

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 PERIOD CANNOT BE EXTENDED SEE 35 USC 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 1s shown as SMALL or MICRO verify whether entitlement to that
entity status stull applies

If the ENTITY STATUS 1s the same as shown above pay the TOTAL FEE(S) DUE shown above

If the ENTITY STATUS 1s changed from that shown above on PARTB FEE(S) TRANSMITTAL complete section numnber 5 titled
Change m 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 requred) If you are charging the fee(s) to your deposit account section 4b
of Part B Fee(s) Transmuttal should be completed and an extra copy of the form should be submutted If an equivalent of Part B s filed a
request to reapply a previously paid 1ssue fee must be clearly made and delays n processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B

1II All communications regarding this application must give the application number Please direct all communications prior to 1ssuance to
Mail Stop ISSUE FEE unless advised to the contrary

IMPORTANT REMINDER Utiity patents issuing on apphcations filed on or after Dec 12, 1980 may require payment of
mamtenance fees It 1s patentee's responsibility to ensure timely payment of mamntenance fees when due

Page 1 of 4
PTOL 85 (Rev 02/11)
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PART B FEE(S) TRANSMITTAL

Complete and send this form, together with apphcable fee(s), to Maill Mal Stop ISSUE FEE
Commussioner for Patents
P O Box 1450
Alexandria, Virgima 22313 1450
or Fax (571) 273 2885

INSTRUCTIONS This form should be used for transmutung the ISSUE FEE and PUBLICATION FEE (f required) Blocks 1 through 5 should be completed where
apé)ropnale All further correspondence including the Patent advance orders and notification of mamtenance fees will be mailed to the current correspondence address as
mdicated unless corrected below or directed otherwise n Block 1 by (a) specifying a new correspondence address and/or (b) mdicating a separate E ADDRESS for
maintenance fee notifications

Note A certificate of maihing can only be used for domestic mailings of the

Fee(s) Transmuttal This ccr(ltglcale cannot be used for any other accompanying

CURRENT CORRESPONDENCE ADDRESS (Not  Use Bl kl forany hamg { ddr ) gapers Each additional paper such as an assignment or formal drawing must
ave 1ts own certificate of maihing or transmission

Certificate of Maihng or Transmission

60909 7550 04/22/2013
. [ hereby cerify that this Fee(s) Transmuttal 15 being deposited with the United
CYPRIESS SEMICONDUCTOR CORPORATION States Postal Service with sufficient postage for first class mail tn an envelope
198 CHAMPION COURT addressed to the Mail Stop ISSUE FEE address above or bemng facsimile
> transmitted to the USPTO (571) 273 2885 on the date indicated below
SAN JOSE CA 95134 1709
(D post am )
(Sgntre)
Dat )
| apeLicamion No l FILING DATE FIRST NAMED INVENTOR I ATTORNEY DOCKET NO I CONFIRMATION NO J
13/442 716 04/09/2012 Jang XIAOPING CD06039C2 6333
TITLE OF INVENTION APPARATUS AND METHODS FOR DETECTING A CONDUCTIVE OBJECT AT A LOCATION
I APPLN TYPE ENTITY STATUS I 1SSUE FEE DUE I PUBLICATION FEE DUE | PREV PAID ISSUE FEE L TOTAL FEE(S) DUE DATE DUE I
nonprovisional UNDISCOUNTED $1780 $0 $0 $1780 07/22/2013
I EXAMINER | ART UNIT I CLASS SUBCLASS I
KETEMA BENYAM 2696 345 173000
1 Change of correspondence address or indication of Fee Address (37 2 For printing on the patent front page Iist
CER 1 363) (1) the names of up to 3 registered patent attorneys 1
[ Change of correspondence address (or Change of Correspondence or agents OR alternatively
Address form PTO/SB/122) attached 2
(2) the name of a single firm (having as a member a
[J Fee Address ndicatton (or Fee Address Indication form registered attorney or agent) and the names of up to
PTO/SB/47 Rev 03 02 or more recent) attached Use of a Customer 2 registered patent attorneys or agents If no nameis 3
Number 1s required listed no name will be printed

w

ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE Unless an asgl]gnee 1s 1dentified below no assignee data will appear on the patcnt If an assignee 1s 1dentified below the document has been filed for
recordation as set forth 1n 37 CFR 3 11 Completion of this form1s NOT a substitute for filing an assignment

(A) NAME OF ASSIGNEE (B) RESIDENCE (CITY and STATE OR COUNTRY)

Please check the appropnate assignee category or categories (will not be printed on the patent) D Individvat 3 Corporation or other private group entity [ Government

4a The following fee(s) are subnutted 4b Payment of Fee(s) (Please first reapply any previously pad issue fee shown above)
[ Issue Fee [ A check 1s enclosed
[ Publication Fee (No small entity discount permutted} a Payment by credit card Form PTO 2038 15 attached
[ Advance Order #of Copies [ The Director 15 hereby authonized to charge the required fee(s) any deficiency or credit any
overpayment to Deposit Account Number (enclose an extra copy of this form)
Page 2 of 4
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5 Change in Entity Status (from status indicated above)
a Applicant certifying micro entity status See 37 CER ] 29 NOTE Absent a valid certification of Micro Entity Status (scc form PTO/SB/15A and 15B) 1ssue
fee payment 1n the micro entity amount will not be accepted at the risk of application abandonment
a Applicant asserting small entity status Sec 37 CFR 127 NOTE If the applicalion was previously under micro entity status checking this box will be taken
to be a notfication of loss of entitlement to micro entity status
| Applicant changing to regular undiscounted fee status NOTE_Checking this box will be taken to be a notification of loss of entitlemeat to small or micro

entity status as apphcable

NOTE The Issue Fee and Publication Fee (if required) will not be accepicd from anyone other than the applicant a registered attorney or agent or the assignee or other party i
nterest as shown by the records of the United States Patent and Trademark Office

Authonzed S e Date

Typed or printed name Registration No

Thus collection of nformation 1s required by 37 CFR 1 311 The information 1s required to obtain or retam a benefit by the public which 1s to file (and by the USPTO to process)
an apphcation Confidentiality 15 governed by 35U S C 122 and 37 CFR | 14 This collechion 1s estimated to take 12 minutes to complete including gathering preparing and
submilting 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 US Department of Commerce P O
Box 1450 Alexand%la Virginia 22313 1450 DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS SEND TO Commussioner for Patents PO Box 1450
Alexandrnia Virgima 22313 1450

Under the Paperwork Reduction Act of 1995 no persons are required to respond to a collection of information unless 1t displays a valid OMB control number

[

Page 3 of 4
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UniTED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
Umted States Patent and Trademark Office
Add es COMMISSIONER FOR PATENTS

PO B 1450

Al and a, V gum 22313 1450

www  pto go

[ APPLICATION NO l FILING DATE | FIRST NAMED INVENTOR I ATTORNEY DOCKET NO ] CONFIRMATION NO I
13/442 716 04/09/2012 Tang XIAOPING CDO6039C2 6333
60909 7590 042272013 L EXAMINER I
CYPRESS SEMICONDUCTOR CORPORATION KETEMA BENYAM
198 CHAMPION COURT
SAN JOSE CA 95134 1709 [ o PAPERNUMBER |

2696

DATE MAILED 04/22/2013

Deternunation of Patent Term Adjustment under 33 U S C 154 (b)
(application filed on or after May 29 2000)

The Patent Term Adjustment to date 1s 0 day(s) If the issue fee 1s paid on the date that 1s thiee months after the
mailing date of this notice and the patent 1ssues on the Tuesday before the date that 1s 28 weeks (six and a half
months) after the mailing date of this notice the Patent Term Adjustment will be O day(s)

If a Continued Prosecution Application (CPA) was filed 1n the above identified application the filing date that
determines Patent Term Adjustment 1s 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 Admunistration 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 4 of 4
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Privacy Act Statement

The Privacy Act of 1974 (P L 93 579) requires that you be given certain information 1n connection with
your submussion 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
mformation 18 35 US C 2(b)(2) (2) furmishing of the information solicited 1s voluntary and (3) the
principal purpose for which the information 1s used by the U S Patent and Trademark Office 1s to process
and/or examne your submussion related to a patent application or patent If you do not furmsh the
requested information the U S Patent and Trademark Office may not be able to process and/or examine
your submussion which may result 1n termination of proceedings or abandonment of the application or
expiration of the patent

The mformation provided by you 1n thts 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 1s required by the Freedom of Information Act

A record from this system of records may be disclosed as a routine use 1n the course of presenting
evidence to a court magtstrate or admumstrative tribunal including disclosures to opposing counsel
1n the course of settlement negotiations

A record 1n this system of records may be disclosed as a routine use to a Member of Congress
subnutting a request mvolving 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

A record 1n this system of records may be disclosed as a routine use to a contractor of the Agency
having need for the information 1n 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)

A record related to an International Application filed under the Patent Cooperation Treaty 1n 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

A record 1n 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 (42U S C 218(c))

A record from this system of records may be disclosed as a routine use to the Admimstrator
General Services or lis/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 1n accordance
with the GSA regulations governing mspection of records for this purpose and any other relevant
(1e GSA or Commerce) directive Such disclosure shall not be used to make determinations about
individuals

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 1ssuance of a patent pursuant to 35
USC 151 Further a record may be disclosed subject to the limutations of 37 CFR 114 as a
routtne use to the public 1f the record was filed 1n an application which became abandoned or 1n
which the proceedings were terminated and which application 1s referenced by either a published
application an application open to public inspection or an 1ssued patent

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 Acknowledgement Receipt

EFSID 15810601
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 Andrew J Bateman/Adnan Fazlic
Filer Authorized By Andrew J Bateman
Attorney Docket Number CD06039C2
Receipt Date 17 MAY 2013
Filing Date 09 APR 2012
Time Stamp 181209

Apphcation Type

Utility under 35 USC 111(a)

Payment information

Submitted with Payment

no

File Listing
Document File Size(Bytes)/ Mults Pages
ocument De: t FileN
Number D scription tle Name Message Digest | Part/ zip| (if appl)
CD06039C2_Transmittall.etter 19106
1 Transmittal Letter 051‘72013 pdf 1 no 2
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Warnings
Information
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Request for Continued Examination

700077

2 (RCE) CD06039C2_RCE_05172013 pd no 3
3203  2f9319227d  1bf 2458f57 2dch8
8%
Warnings
Information
616808
Information Disclosure Statement (IDS) CD06039C2_IDS1_05162013
3 no 21
Form (SB08) pdf
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Warnings
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2Addef 5615725253050c4 d2d c343¢ 25
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06 pdf
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62007 pdf
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135
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Information
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
charactenized 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 Under35U S € 111

If a new application 1s 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 1ssued 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 under35U S C 371

If a timely submission to enter the national stage of an international application is comphant 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 35U S C 371 will be 1ssued 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/R0/105) will be 1ssued 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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Electronic Acknowledgement Receipt

EFSID 15810766
Application Number 13442716
International Application Number
Confirmation Number 6333
APPARATUS AND METHODS FOR DETECTING A CONDUCTIVE OBJECT AT A
Title of Invention
LOCATION
First Named Inventor/Applicant Name Jiang XIAOPING
Customer Number 60909
Filer Andrew J Bateman/Adnan Fazlic
Filer Authonzed By Andrew J Bateman
Attorney Docket Number CD06039C2
Receipt Date 17 MAY 2013
Filing Date 09 APR 2012
Time Stamp 182818
Application Type Utility under 35 USC 111(a)
Payment information
Submitted with Payment yes
Payment Type Deposit Account
Payment was successfully recetved in RAM $1700
RAM confirmation Number 5583
Deposit Account 503781
Authonized User

The Director of the USPTO is hereby authonized to charge indicated fees and credit any overpayment as follows
Charge any Addrtional Fees required under 37 CFR Section 1 16 (National application filing search and examination fees)

Charge any Additional Fees required under 37 CF R Section 117 (Patent application and reexamination processing fees)
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Charge any Additional Fees required under 37 CF R Section 119 (Document supply fees)

Charge any Additional Fees required under 37 CF R Section 1 20 (Post Issuance fees)

Charge any Additional Fees required under 37 CF R Section 121 (Miscellaneous fees and charges)

File Listing
Document File Size(Bytes)/ Multi Pages
Document Description File Name
Number P Message Digest | Part/zip| (ifappl)
80345
1 Non Patent Literature CD06029_NOA_05242007 pdf no 2
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307703
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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 Under35US 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 Apphcation under35U S C 371

If a timely submission to enter the national stage of an international application 1s compliant with the conditions of 35
U S € 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35U S C 371 will be 1ssued 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

CY00002190



Application No 13/442,716
Attorney Docket No CD06039C2
Page 1

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of )
) Examimer KETEMA BENYAM
Jiang Xiaoping )
) Group Art Unit 2696
Application No  13/442 716 )
)} Confirmation No 6333
Filed Apirl 9" 2012 )
)
For  Apparatus and Methods For Detecting )
A Conductive Object At A Location )

REQUEST FOR CONTINUED EXAMINATION
AND INFORMATION DISCLOSURE STATEMENT

Commussioner for Patents
P O Box 1450
Alexandria, VA 22313 1450

Sir

Applicant hereby submuts 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 1n accordance with the practice under 37 CFR §§ 197 and 1 98, the Examner s
attention 1s directed to the documents listed on the enclosed PTO 1449

In accordance with 37 CFR § 1 97(h), this Information Disclosure Statement 1s not to be
construed as an admussion that the information cited 1s or 18 considered to be material to
patentability as defined 1n 37 CFR § 1 56(b), nor as an admussion that the information constitutes
prior art within the meaning of 35 USC §§ 102 and/or 103

It 15 respectfully requested that the mformation listed on the PTO-1449 be considered by
the Examiner, and that an nitialed copy of the PTO-1449 be returned indicating that such

information was considered

Customer No 60909
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The Comnussioner 1s hereby authorized to charge any appropriate fees under 37 CF R

Application No 13/442 716
Attorney Docket No CD06039C2

Page 2

§§116,117 118 120and 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

n general the Patent Office 15 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

/

/

Date 05/17/2013

Cypress Semiconductor Corporation
198 Champion Court

San Jose CA 95134

Facsimile (408) 545-6911
Customer No 60909

Customer No 60909

Respectfully submutted,

By /Larty ] Johnson/

Larry J Johnson
Attorney for Applicant
Registration No 56,861
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Doc code RCEX PTO/SB/30EFS (07 09)
Doc description Request for Continued Examination (RCE) Approved for use through 07/31/2012 OMB 0851 0031
U S Patent and Trademark Office US DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995 no persons are required 1o respond to a collection of information unless it contains a valid OMB conirol number

REQUEST FOR CONTINUED EXAMINATION(RCE)TRANSMITTAL
(Submitted Only via EFS-Web)

Application Filing Docket Number Art

Number 13/442 716 Date 2012 04 09 4f applicable) CD060338C2 Unit 2696
First Named| | .\ xa0Ping Examiner KETEMA BENYAM

Inventor Name

This 1s a Request for Continued Examination (RCE) under 37 CFR 1 114 of the above 1dentified 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 apphication The Instruction Sheet for this form Is located at WWW USPTO GOV

SUBMISSION REQUIRED UNDER 37 CFR 1 114

Note Ifthe 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 1f applicant does not wish to have any previously filed unentered amendment(s)
entered applicant must request non entry of such amendment(s)

. Previously submitted If a final Office action Is outstanding any amendments filed after the final Cffice action may be considered as a
submission even If this box I1s not checked

|:| Consider the arguments in the Appeal Brief or Reply Brief previously filed on

[ Other

[X] Enclosed

[] Amendment/Reply
Information Disclosure Statement (IDS)

[[] Affidavit(s) Declaration(s)

[] other

MISCELLANEOUS

D Suspension of action on the above identified application 1s 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) 1s required by 37 CFR 1 114 when the RCE is filed
The Director I1s 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 Web2115
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Doc code RCEX

Doc description Request for Continued Examimation (RCE)

PTO/SB/30EFS (07 09)

Approved for use through 07/31/2012 OMB 0851 0031

U S Patent and Trademark Office US DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1985 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 1s required by 37 CFR 1 114 The information I1s required to obtain or retain a benefit by the public which 1s to
file (and by the USPTO to process) an application Confidentiality 1s governed by 35U 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 apphcation 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 Alexandna VA 22313 1450

If you need assistance in completing the form cail 1 800 PTO 9199 and select option 2
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Privacy Act Statement

The Pnvacy Act of 1874 (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 1s 35 U $ C 2(b)(2) (2) furnishing of the information
solicited 1s voluntary and (3) the principal purpose for which the information i1s 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 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 pursuantto 5 U 8 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

8 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 (42U 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 dunng an inspection of records conducted by GSA as part of that agency s responsibility to
recommend improvements in records management practices and programs under authonty 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 (| 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 i1ssuance of a patent pursuantto 35U S C 151 Further a record may
be disclosed subject to the inutations 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 iInspections 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 1f the USPTO becomes aware of a violation or potential violation of law or regulation
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Doc code IDS

Doc description Information Disclosure Statement (IDS) Filed U
Under the Paperwork Reduction Act of 1995 no persons are required to respond to a collection of information unless it contains a valiid OMB contrel number

PTO/SB/08a (01 10)
Approved for use through 07/31/2012 OMB 0851-0031
S Patent and Trademark Office U S DEPARTMENT OF COMMERCE

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submussion under 37 CFR 1 99)

Application Number 13442716
Filing Date 2012 04 09
First Named Inventor l XiaoPing Jiang

Art Unit | 2620
Examiner Name l

Attorney Docket Number ]cooeo3902

U S PATENTS Remove
Examiner; Cite Kind Name of Patentee or Applicant Pages Columns Lines where
‘. Patent Number Issue Date Relevant Passages or Relevant
Inihal No Code! of cited Document
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
i
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 2117
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INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

( Not for submission under 37 CFR 1 99)

Application Number 13442716

Filing Date 2012 04 09

First Named Inventor |X|aoP|ng Jiang

Art Unit l 2629

Examiner Name I

Attorney Docket Number |CD0603902

9 4266144 A 1981 05-05 Bristol Entire Document
10 4292604 A 1981 09 29 Embree et al Entire Document
1" 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 al 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
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INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1 99)

Application Number 13442716
Filing Date 2012 04 09
First Named Inventor l XiaoPing Jiang

Art Unit | 2629
Examiner Name |

Attorney Docket Number |CD0603902

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 1895 01 31 Creanias et al Entire Document
25 5463388 A 1995 10 31 Bole et al Entire Document
26 5541580 B1 1896 07 30 Gerston et al Entire Document
27 5670915 A 1997 09 23 Cooper et ai Entire Document
28 5760852 B1 1998 06 02 Wuetal Entire Document
29 5801340 B1 1998 09 01 Peter Walter H Entire Document
30 5920309 B1 1999 07 06 Bisset et al Entire Document
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INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1 99)

Application Number 13442716
Filing Date 2012 04 09
First Named Inventor l XiaoPing Jiang
Art Untt | 2620
Examiner Name I

Attorney Docket Number lCD0603902

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 Fntz Entire Document
35 6184871 B1 200102 06 Teres et al Entire Document
36 6188391 B1 200102 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 Reddi 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

EFSWeb21 17
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INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1 99)

Application Number 13442716
Filing Date 2012 04 09
First Named Inventor | XiaoPing Jiang
Art Unit | 2620
Examiner Name l

Attorney Docket Number ICD06039C2

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 etal 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 200501 04 Denen Dennis et al Entire Document
52 6859159 B1 2005 02 22 Michalski Chnstopher Entire Document
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INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1 99)

Application Number 13442716
Fiing Date 2012 04 09
First Named Inventor | XiaoPing Jiang
Art Unit | 2629

Examiner Name l

Attorney Docket Number [CD06039C2

53 6879930 B2 2005 04 12 Sinclarr 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 2,005 08 23 Horsley et al Entire Document
59 6940291 B1 2005 09 06 Ozick Entire Document
€0 6946853 B2 2005 09 20 Gifford et al Entire Document
61 6958594 B2 2005 10 25 Redl et al Entire Document
62 6970120 B1 2005 11 29 Bjomsen Johnny Entire Document
63 6970126 B1 200511 29 ODowd et al Entire Document
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INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

Application Number

13442716

Filing Date

2012 04 09

First Named Inventor | XiaoPing Jiang

( Not for submission under 37 CFR 1 99) Art Unt ‘ 2629
Examiner Name I
Attorney Docket Number |CD0603902
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 al Entire Document
68 7068039 B1 2006 06 27 Parker Kenneth P Entire Document
69 7075316 B1 2006 07 11 Umeda et al Entire Document
70 7078916 B1 2006 07 18 Denison Timothy J Entire Document
7 7098675 B2 2006 08 29 Inaba et al Entire Document
72 7129935 B2 2006 10 31 Mackey Bob Entire Document
73 7148704 B2 2006 12 12 Phiiipp Entire Document
74 7235983 B2 2007 06 26 ODowd et al Entire Document
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INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1 99)

Application Number 13442716
Filing Date 2012 04 08
First Named Inventor ! XiaoPing Jiang
Art Unit | 2620
Examiner Name |

Attorney Docket Number |CD0603QC2

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 Ying Entire Document
80 7339580 B2 2008 03 04 Waesterman et al Entire Document
81 7359816 B1 2008 04 15 Kumar et al Entire Document
82 7375535 B1 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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INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1 99)

Application Number 13442716
Filing Date 2012 04 09
First Named Inventor IXlaong Jiang
Art Unit | 2620
Examiner Name i

Attorney Docket Number |CD0603902

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 etal 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 etal Entire Document
93 7479788 B1 2009 01 20 Bolender et al Entire Document
94 7495659 B2 2009 02 24 Marmott 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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INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1 99)

Application Number 13442716
Filing Date 201204 09
First Named Inventor IXIaong Jiang
Art Unit | 2620
Examiner Name |

Attorney Docket Number |0006039c2

97 7548073 B2 2009 06 16 Mackey Bob et al Entire Document
98 7598822 B1 2009 10 06 Rajagopal et al Entire Document
99 7683641 B1 2010 03 23 Hargreaves et al Entire Document
100 7772514 B2 201008 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 201111 15 Qnetal 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| Cite No Publication Kind | Publcation Name of Patentee or Applicant gzlg:vsa:to;gg: zgeosr \Ig:(rer\?ant
Initial* Number Codel} Date of cited Document 9
Figures Appear
1 20030091220 A 2003 05 15 Sato et al Entire Document
EFS Web2 117
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INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1 99)

Application Number 13442716
Filing Date 2012 04 09
First Named Inventor | XiaoPing Jiang
Art Unit | 2620
Examiner Name l

Attorney Docket Number |cooso39c2

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 Hara et al Entire Document
5 20050052429 A 200503 10 Philipp Entire Document
6 20050159126 Al 200507 21 Wang Entire Document
7 20050179672 A 2005 08 18 Chs 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
1" 20060197750 A 2006 09 07 Kerr et al Entire Document
12 20060232559 A1l 2006 10 19 Chien etal Entire Document

EFSWeb21 17
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INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1 99)

Application Number 13442716
Filing Date 2012 04 09
First Named Inventor | XiaoPing Jiang
Art Unit | 2620
Examiner Name ‘

Attorney Dacket Number ICD0603902

13 20060262101 A 2006 11 23 Layton et al Entire Document
14 20070076897 A1l 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 A1 2008 01 10 Peng et al Entire Document
23 20080024455 A 2008 01 31 Lee et al Entire Document

EFS Web 21 17
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INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1 99)

Application Number 13442716
Filing Date 2012 04 09
First Named Inventor ‘ XiaoPing Jiang
Art Unit | 2620
Examiner Name I

Attorney Docket Number |000603902

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
27 20080042986 A 2008 02 21 Westerman et al Entire Document
28 20080042987 A1 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 Glllespie 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

STATEMENT BY APPLICANT
{ Not for submission under 37 CFR 1 99)

Application Number

13442716

Filing Date

2012 04 09

First Named Inventor |X|aoP|ng Jiang

Art Unit

|2629

Examiner Name |

Attorney Docket Number

35 20080128182 Al 2008 06 05 Westerman et al Entire Document
36 20080179112 A 2008 07 31 Qinetal Entire Document
If you wish to add additional U S Published Application citation information please click the Add button Add
FOREIGN PATENT DOCUMENTS Remove

Name of Patentee or Pages Columns Lines
Examiner| Cite | Foreign Document Country Kind | Publication Applicant of cited where Relevant Ts
Intial* No | Number3 Code? Code4| Date PP Passages or Relevant
Document
Figures Appear
1 0574213 EP A 1993 1215 [ Milleretal Entire Document O
2 GB05000604 GB B2 2005 02 18 [ Pelikon Entire Document O
If you wish to add additional Foreign Patent Document citation information please click the Add button Add
NON PATENT LITERATURE DOCUMENTS Remove
Include name of the author (in CAPITAL LETTERS) title of the article (when appropnate) title of the item
Examiner| Cite
" (book magazine journal serial symposium catalog etc) date pages(s) volume-issue number(s) TS
Initials* | No
publisher city and/or country where published
1 The Virtual Keyboard | Tech Bluetooth/Serial Virtua! Laser Keyboard Available Now! The Virtual Laser Keyboard 0
{VKB) Online Worldwide Shop <http //iwww virtual laser keyboard com> downloaded 04/13/2006 4 pages
9 Application Number 11/493 350 (CD06097) Technique for Increasing the Sensitivity of Capacitive Sensor Arrays D
Lee etal filed on 07/25/2006 48 pages
3 Mark Lee CapSense Best Practices Cypress Semiconductor Application Note 10/16/2006 10 pages D
EFS Web 21 17
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Application Number 13442716
Filing Date 2012 04 09
INFORMATION DISCLOSURE First Named Inventor | XiaoPing Jiang
STATEMENT BY APPLICANT - — B
( Not for submission under 37 CFR 1 99)
Examiner Name l
Attorney Docket Number ‘ CD06039C2
4 The Authoritative Dictionary of IEEE Standards Terms 2000 |EEE Press Publications 7th Editon pp 1133 1134 4 0
pages
5 USPTO Advisory Action for Application Number 11/230 719 (CD05060) dated 11/30/2007 3 pages D
6 USPTO Adwvisory Action for Applicaion Number 11/395 417 (CD05044) dated 07/06/2007 3 pages [:|
7 USPTO Adwvisory Action for Application Number 11/437 517 (CD06039) dated 04/07/2010 3 pages [:I
8 USPTO Advisory Action for Application Number 11/477 179 (CD06065) dated 06/07/2010 3 pages O
9 USPTO Advisory Action for Application Number 12/367 279 (CD05044D) dated 06/25/2010 3 pages |
10  { USPTO Final Rejection for Application Number 11/230 719 (CD0O5060) dated 09/07/2007 9 pages [}
1" USPTO Final Rejection for Application Number 11/273 708 (CD05141) dated 07/05/2007 8 pages |:]
12 USPTO Final Rejection for Application Number 11/395 417 (CD05044) dated 04/24/2007 9 pages |:|
13 USPTO Final Rejection for Application Number 11/437 517 (CD06039) dated 01/26/2010 11 pages O
14 USPTO Final Rejection for Application Number 11/477 179 (CD06065) dated 04/01/2010 10 pages [___|

EFS Web 21 17
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Application Number 13442716
Filing Date 2012 04 09
INFORMATION DISCLOSURE First Named Inventor l XiaoPing Jiang
STATEMENT BY APPLICANT Art Un |2629
( Not for submission under 37 CFR 1 99)
Examiner Name l
Attorney Docket Number I CD06039C2
15 USPTO Final Rejection for Appiication Number 11/477 179 (CD06065) dated 11/24/2010 10 pages D
16 | USPTO Final Rejection for Application Number 11/484 085 (CD06043) dated 03/16/2010 7 pages O
17 | USPTO Final Rejection for Application Number 11/502 267 (CD06038) dated 02/03/2009 10 pages O
18 USPTO Final Rejection for Application Number 11/600 896 (CD06101) dated 09/30/10 19 pages l:]
19 USPTO Final Rejection for Application Number 12/367 279 (CD05044D) dated 04/01/2010 6 pages [:]
20 USPTO Non Final Rejection for Application Number 11/230 719 (CD05060) dated 01/16/2007 8 pages D
21 USPTO Non Final Rejection for Application Number 11/230 719 (CD05060) dated 05/11/2006 5 pages |:|
22 USPTO Non Final Rejection for Application Number 11/230 719 (CD05060) dated 05/25/2007 6 pages D
23 | USPTO Non Final Rejection for Application Number 11/230 719 (CD05060) dated 08/28/2006 7 pages O
24 USPTO Non Final Rejection for Application Number 11/273 708 (CD05141) dated 03/19/2007 16 pages 1
25 | USPTO Non Final Rejection for Application Number 11/395 417 (CD05044) dated 04/25/2008 7 pages O

EFS Web 21 17

CY00002211



Application Number 13442716
Filing Date 2012 04 09
INFORMATION DISCLOSURE First Named Inventor | XiaoPing Jiang
STATEMENT BY APPLICANT  ———— B
( Not for submission under 37 CFR 1 99)
Examiner Name |
Attorney Docket Number l CD06039C2
26 | USPTO Non Final Rejection for Application Number 11/395 417 (CD05044) dated 10/26/2006 13 pages 1
27 USPTO Non Final Rejection for Application Number 11/395 417 (CD05044) dated 11/01/2007 8 pages D
28 USPTO Non Final Rejection for Application Number 11/437 517 (CD06039) dated 08/03/2010 10 pages |:|
29 [ USPTO Non Final Rejection for Application Number 11/442 212 (CD06030) dated 02/25/2011 13 pages O
30 | USPTO Non Final Rejection for Application Number 11/477 179 (CD06065) dated 06/09/2009 13 pages d
31 USPTO Non Final Rejection for Application Number 11/477 179 (CD06065) dated 07/20/2010 10 pages |:|
32 | USPTO Non Final Rejection for Application Number 11/477 179 (CD06065) dated 11/18/2009 10 pages O
33 USPTO Non Final Rejection for Application Number 11/484 085 (CD06043) dated 09/17/2009 8 pages D
34 | USPTO Non Final Rejection for Application Number 11/493 350 (CD06097) dated 06/16/2010 8 pages ]
35 USPTO Non Final Rejection for Application Number 11/483 350 (CD06097) dated 11/09/10 9 pages |:|
36 | USPTO Non Final Rejection for Apphcation Number 11/502 267 (CD06038) dated 08/11/2008 10 pages O

EFSWeb 2117

CY00002212



Application Number 13442716
Filing Date 2012 04 09
INFORMATION DISCLOSURE First Named Inventor | XiaoPing Jiang
STATEMENT BY APPLICANT  ——— B
( Not for submission under 37 CFR 1 99)
Examiner Name I
Attorney Docket Number | CD06039C2
37 USPTO Non Final Rejection for Application Number 11/600 255 (CD06138) dated 03/29/2010 10 pages D
38 USPTQ Non Finat Rejection for Application Number 11/600 896 (CD06101) dated 01/26/11 12 pages D
39 | USPTO Non Final Rejection for Apphication Number 11/600 896 (CD06101) dated 05/14/2010 15 pages [
40 | USPTO Non Final Rejection for Application Number 11/600 836 (CD06101) dated 12/16/2009 13 pages d
41 USPTO Non Final Rejection for Application Number 11/700 314 {CD06163) dated 03/26/2010 7 pages D
42 | USPTO Non Final Rejection for Application Number 12/367 279 {CD05044D} dated 10/29/2009 8 pages O
43 | USPTO Notice of Allowance for Application Number 11/230 719 (CD05060) dated 01/16/2008 4 pages |
44 USPTO Notice of Allowance for Application Number 11/273 708 (CD05141) dated 08/09/2007 4 pages O
45 USPTO Notice of Allowance for Application Number 11/395 417 (CD05044) dated 11/06/2008 7 pages E]
46 | USPTO Notice of Allowance for Application Number 11/437 517 (CD06039) dated 02/03/2011 10 pages |
47 USPTO Notice of Allowance for Application Number 11/437 517 (CD06039) dated 05/19/2011 9 pages [:|
EFSWeb 2117
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Application Number 13442716
Filing Date 2012 04 09

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1 99)

First Named Inventor IXlaoPlng Jiang
Art Unit ‘ 2629

Examiner Name |
Attorney Docket Number ICD06039C2

48 | USPTO Notice of Allowance for Application Number 11/437 517 (CD06039) dated 06/16/2011 9 pages O
49 USPTO Notice of Allowance for Application Number 11/484 085 (CD06043) dated 06/10/10 4 pages |
50 | USPTO Notice of Allowance for Application Number 11/489 944 (CD06099) dated 04/09/2007 7 pages O

If you wish to add additional non-patent literature document citation information please click the Add button Add

EXAMINER SIGNATURE

Examiner Signature Date Considered

*EXAMINER Initial if reference considered whether or not citation 1s in conformance with MPEP 609 Draw line through a
citation if not in conformance and not considered Include copy of this form with next communication to applicant

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) 3 For Japanese patent documents the indication of the year of the reign of the Emperor must precede the senal number of the patent document
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST 16 1f possible 5 Applicant Is to place a check mark here If
English language translation s attached
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Application Number 13442716
Filing Date 2012 04 09

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1 99)

First Named Inventor IX|aong Jiang
Art Untt l 2629

Examiner Name I
Attorney Docket Number ‘000603902

CERTIFICATION STATEMENT

Please see 37 CFR 1 97 and 1 98 to make the appropriate selection(s)

That each item of information contained in the information disclosure statement was first cited in any communication
[] from a foreign patent office In a counterpart foreign application nat 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 reasanable inquiry no item of information contained in the information disclosure statement was known to

[0 any individual designated m 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)

[] See attached certification statement
[ Fee setforth in 37 CFR 1 17 {p) has been submitted herewith

[X] None

SIGNATURE
A signature of the applicant or representative 1s required in accordance with CFR 133 10 18 Please see CFR 1 4(d} for the
form of the signature

Signature Date (YYYY-MM-DD)
Name/Print Larry Johnson Registration Number 56861

This collection of information 1s 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 pracess) an application Confidentiality 1s governed by 35 U S C 122 and 37 CFR
114 This collection 1s estmated to take 1 hour to complete including gathenng 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 Alexandna VA 22313 1450 DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS SEND TO Commussioner for Patents, P O Box 1450, Alexandria,
VA 22313-1450
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Privacy Act Statement

The Pnivacy 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 o the requirements of the Act please be advised
that (1) the general authority for the collection of this Information 1s 35 U S C 2(b)(2) (2) furnishing of the information solicited
1s voluntary and (3) the principal purpose for which the information ts used by the U S Patent and Trademark Office I1s 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 andfor 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 pursuantto 5U 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 1n this system of records may be disclosed as a routine use to another federal agency for purposes of
National Secunty review (35 U § 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
histher designee dunng 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 (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 1ssuance of a patent pursuantto 35 U S C 151 Further arecord
may be disclosed subject to the imitations 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 1s
referenced by either a published application an application open to public inspections or an i1ssued 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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STATEMENT BY APPLICANT ——— ED

( Not for submission under 37 CFR 1 99)

Examiner Name I

| Attorney Docket Number ICDOGOSQCZ

, ' CERTIFICATION STATEMENT

oo ! ’ i
| Please ses 37 CFR 197and 19810 nfake the appropnate selection(s) :

[

" That each item of information contained i the information disclosure statement was first cited in any communication
I:] from a foreign patent offics in a counterpart foreign application not more than three months prior fo the filing of the
' information disclosure statement See 37 CFR 1 97(eX1)

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

[ any ndmdual designated in 37 CFR 1 56(¢) more than three months prior to the filing of the information disclosure
statement See 37 CFR 1 97(e)(2)

[[] See attached certification statement
[1 Fee setforth in 37 CFR 1 17 (p) has been submitted herewith
X] None

? SIGNATURE
A signature of the applicant or representative 1s required in accordance with CFR 1 33 10 18 Please see CFR 1 4(d} for the

form of the signature

Signature " j Date {(YYYY-MM-DD)

Name/Print Larry Johnson Regsstration Number 56861

This collection of information 1S required by 37 CFR 197 and 198 The information ts require to obtain or retain a benefit by the
public which 1s to filé (and by the USPTO to process) an application Confidentiality 1s governed by 35 U S C 122 and 37 CFB
114 This collechon 1s 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 O Box 1450 Alexandna VA 22313 1450 DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS SEND TO Commissioner for Patents, P O Box 1450 Alexandria
VA 22313 1450 .
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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 authonty for the collection of this information 1s 35 U S C 2(b)(2) (2) furnishing of the information solicited
1s voluntary and (3) the principal purpoase for which the information 1s used by the U § Patent and Trademark Office ts 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 ybu in this fbrm will be subject to the following routine uses

"

The information on this form will be treated confidentially to the extent aliowed under the Freedom of Information Act
(5U S C 552) and the Privacy Act (5 U § C 552a) Records from this system of records may be disclosed to the
Depariment of Justice. to determine whether the Freedom of Information Act requires disclosure of these record s

A record from this system of records may be disclosed as a routine use 1n the course of presenting evidence to a
court magistrate or administrative tnbunal including disclosures to opposing counsel in the course of settlement
negotations

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

A record in this syétem of records may be disclosed as a routine use to a contractor of the Agency having need for
the information 1n order to perform a contract Recipients of information shall be required to comply with the
requirements of the Prnivacy Act of 1974 as amended pursuantto 5U S C 552a(m)

A record related to an Intsrnational 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

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 8 C 181) and for review pursuant to the Atomic Energy Act (42U 5 C 218(c))

A record from this system of records may be disclosed as a routine use 10 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 authonty of 44 US 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 @ GSA or Commerce) direchive Sych disclosure.shall not be used to make
determinations about individuals

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 35U S C 122(b) or 1ssuance of a patent pursuantto 35U S C 151 Further arecord
may be disclosed subject to the imitations 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 i1s
referenced by either a published application an application open to public inspections or an 1ssued patent

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 violalion of law or regulation
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5 4145748 B1 197803 20 Eichelberger et al Entire Document
6 4193083 1A 1980 03 11 Hitt ef al Entire Document
7 4238711 A 1980 12 08 Wallot . | Entire Document
8 4264903 A 1981 04 28 Bigelow Entire Document

EFS Web 2117

CY00002219



INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

( Not for submission under 37 CFR 1 99)

Application Number 13442716

Filing Date 201204 09
First Named Inventer I XiaoPing Jiang
Art Unit [ 2629

Examiner Name |

Attorney Dacket Number ICD[)603902

9 4266144 A 1981 05 05 Bristol Entire Docurnent
10 4292604 A 1981 09 29 Embree et al Entire Document
11 4305135 A 19811208 [Dahlietal Entire Document
12 4586260 1A 1986 05 06 Baxter et al Entire Document
13 4614937 R B1. 1986 09 30 Poujois Robert Entire Document
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‘\ 24 5386219 A 1995 01 31 Greanias et al Entire Document
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i 25 5463388 A 1995 10 31 Bole et al Entire Document
26 5541580 B1 1996 07 30 Gerston et al Entire Document
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28 5760852 B1 1998 06 02 Wuetal Entire Document
29 5801340 B1 1998 09 01 Peter Walter H Entire Document
30 5920309 81 1999 07 06 Bissetet al Entire Document
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33 6060957 A 2000 05 09 Kodmja et al Entire Document
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Examiner Name ]
Attorney Docket Number [coosoagcz

42 6448911 B1 2002 08 10 Somayajuia Shyam S Entire Document
43 6490203 81 2002 12 03 Tang Entire Document
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61 6958594 B2 200510 25 Redletal ‘ Entire Document
62 8970120 B1 2005 11 28 Bjomsen Johnny Entire Document
63 6970126 “ B1 2005 11 29 ODowd et al Entire Document

" EFSWep2117

CY00002224



Application Number 13442718
Filing Date 2012 04 09
INFORMATION DISCLOSURE First Named Inventor ‘ XiaoPing Jiang
STATEMENT BY APPLICANT | —— E
( Not for submission under 37 CFR 1 99) -
Examiner Name I
Attorney Docket Number 1000603902
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 Zadsesky Stephen et al Entire Document
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102 7825910 i B1 2010 1102 WON Jong Sung Entire Document
103 8040321 B1 20111018 Peng et al ~ | Entire Document
104 8058937 B1 20111115 Qinetal Entire Documnent
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. Virtual PC Keyboard (VKB) Settings

, Using the VK8, the following settings can be contralied either via your laptop your PC or your
compatible Smartphone and PDA
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| 4o .Sound Users can control the virtual keyboard sound effects (keyclicks)
Intensity Controt the intensity of the projected virtual keyboard
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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
The VKB works either thh your user s finger movements to interpret and record keystrokes Since the virtual keyboard is an image

rojected in light it completely disa ars when not In use
laptop, your PC or your compatible prel s plelely cisappe

Smartphone and PDA
Contactus_
Usa Independent Reviews of the VKB:
13033 Signature Pomnt, #180 www mobihitytoday.com
San Diego, CA 92130 www trustedreviews.com
England www pocketpccanada com
12 Westbourne Street www pocketfreak.dk
London W2 2TZ
South Africa
PO Box o Virtual Keyboard
P O Box 7815 -
- Albemarle, 1410 . Irtua ey oar
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49 Hasivim st
Petah Tikva, 49517
Phones
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QTek 808D Smartphone

1 866-2289132 (USA Toll Free)
Direct +972-3-9249992 )
Fax +972-3-9236807
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Mac
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M2000 / MDA 11 / Qtek 2020/ XDA II
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~

TECHNIQUE FOR INCREASING THE SENSITIVITY OF CAPACITIVE SENSOR
o ARRAYS
TECHNICAL FIELDH
[0001] This disclosure relates generally to user interface devices, and 1n

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 ;s human interface devices (“HID™) One type of user interface device that has
become more common 1s a capacitive sense interface  This technology 1s often referred
to as capacitive touch-sense technology, however, this term 1s 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] Ca;:acmve sense interfaces may assume a vanety of shapes and sizes
FIG 1A llustrates a ‘conventlonal circular shder mterface 105 having a center
mechanical button 110 The 1llustrated circular shder interface 105 méludes eight radial
capacitive sensors 115 encircling mechanical button 110 and a processing device 120
Processing dgvnce 120 monitors capathe changes 1n each of capacitive sensors 115 to
reéster user interactions with circular shider interface 105 Circular sliders may be used

to convey absolute positional information of a conductive object, such as to emulatea

mouse in controlling cursor posttioning on a display, or to emulate a scrolhing function
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of the mouse, but may also be used to actuate one or more functions associated with the
sensmg elerﬁents of the sgnsmg device |

[6004] FIG 1B 1llustrates a conventional lmez;r shder interface 130 Linear
shder mterface 130 includes a surface area on which a conductive object may be used to
position a cursor n the x- ax1s (or alternatively in the y axis) Linear shder interface 130
may include a one-dimensional array of capacitance sensors 135 When making contact
or coming 1n proximity with a particular portion of hinear shder interface 100, the
individual capacitive sensors 135 will sense capacitive vanations that are translated nto
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 capacnt‘ance vaniation of each sensor element, the position of the changing
capacitance can be pinpointed  In other words, 1t can be determined which sensor
element has detected the presence of the conductive object, and 1t can alsc be determined
the motion a}nd/or the position of the conductive object over multiple sensor elements

[0005] FIG 1C illustrates a conventional touch pad interface 140 Touchpad
interface 140 15 often used 1n notebooks to emulate the function of a personal computer
(“PC ") mouse A touch-sensor pad 1s typically embedded into a PC notebook for buslt
mn portability Touch pad interface 140 can rephcate mouse x/y movement by using two
deﬁ;xed axes which contain a collection of sensor elements that detect the position of a
conductive object, such as a finger Mouse right/left button clicks can be replicated by
two mechanical butténs, located 1n the vicimty of the touchpad, or by tapping commands

on touch pad 1nterf§ce 140 1tself Touch pad interface 140 provides a user imnterface

device for performing such functions as positioning a cursor, or selecting an item on a

~
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display Touch pad interface 140 may include multi-dimensional sensor arrays for
detecting movement n multiple axes For example, touch pad interface 140 may be
implemented as a tw,d-dlmensnonal array of linear shders

[0006] As c;&nsumcr electrome devices continue to shrink so to do their yser
mterfaces A smallerhéapacmve sense user nterface typically means smatler individual
capacitive sensors within the user interface  Shnnking the s1ze of a capacitive sensor
adversely affects its sensitivity, resulting 1n a detnmental effect on the user expenience
Décreased sensitivity due to shnnking sensor size can be partially compe\nsated by

!

mcreasing the samphng time of a pa.rncu]\a.r capacitive sensor However, increasing the
sampling tlm‘e for each capacitive sensor within an array of capacitive sensors reduces
the response .tlme of the user interface—once again with detrimental effects on the user
expenénce

[0007] As capacitive sense technology 1s introduced into other more durable
consumer products, such as white goods (e g, kitchen appliances), the overlay matenal
that protects the capacitive sensors must typically be thicker and more durable to protect
the underlying electfonn;s from harsher environments The thucker dielectric materials _

also adversely impact the sensitivity of capacitive sense user interfaces
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BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Non' limiting and non-exhaustive embodiments of the invention are
descnibed with refere“njce to the following figures, wherein like reference numéra]s refer
to like parts througho;lt the various views unless otherwise specified

[0009] FIG 1A illustrates a conventional circular shder interface having a
center mechanical button

[0010] FIG 1B illustrates a conventional linear slider interface

[0011] FIG 1Cillustrates a conventional touch pad interface

[0012] FIG 2illustrates a user finger interacting with a capacitance sensor, tn
accordance with an embodiment of the invention

[0013] FIG 3 1s a diagram illustrating a capacitive sense interface including a
circular slider array, 1 accordance with an embodiment of the nvention

[0014] FIG 4 1s a diagram 1llustrating a capacitive sense interface mcll.l_dmg a
hﬁéar shder My, 1 accordance with an embodiment of the invention ~

[0015] Flé Sisa ﬂoﬁ chart 1llustrating a process to group scan a capacitive
sense nterface, in accordance with an embodiment of the invention

[0016] FIG 6A 15 a diagram 1llustrating a group scan of a circular shder array,
1n accordance with an embodiment of the invention

[0017] FIG 6B 1s a diagram 1llustrating a group scan of a hinear shder array, in
accordance with an embodiment of the invention

[0018] FIG 7 1s.a flow chart illustrating a process to perform quick discrete

scans of a capacitive sense user interface until a user mnteraction 15 sensed and then
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perform a group scan to more precisely interpolate the location of the user interaction, n
.
accordance with an embodiment of the invention
[0019] FIG 81s & functional block diagram illustrating a demonstrative
processing system for implementing a capacitance sense user interface, in accordance
with an embodiment of the mvention

[0020] FIG 91s a circuit diagram 1llustrating a demonstrative capacitance

sensor, 1 accordance with an embodiment of the invention

S

CY00002247



AN

Attorney Docket No  16820P472 Express Maill No EV320125436US

DETAILED DESCRIPTION

[0021] EmBodlments of a method, apparatus, and system for implementing a
cépacltwe sense user interface are descnibed herein  In the following descnptlon
nﬁt?nerous sﬁeaﬁc details a}e set forth to provide a thorough understaniimg of the
embodiments One skilled 1n the relevant art will recogmze, however, that the
techmques described herein can be practiced without one or more of the specific details,
or with other methods, components, matenals, etc In other instances, well-known
structures, matenals, or operations are not shown or descnbed 1n detail to avoid
obscunng certain aspects -

7 [0022] Reference throughout this specification to “one embodiment” or “an
embodiment” means that a particular feature, structure, or cha.ractenstlp descnbed in
connection with the embodiment 1s included 1n at Iéast one embodlmeﬁt of the present
uiventnon Thus, the appearances of the phrases ‘ in one embodiment * br “in an
embodiment” in vanous places throughout this specification are not necessanly all
referring to the same embodiment Furthermore, the particular features, structures, or
charactenstics may be combined 1n any suitable manner 1n one or more embodiments

3 [0023] FIG 2 illustrates a user finger 205 interacting with a c;apacltance sensor
260, 1n accordance wﬁh an embodiment of the invention In short, when a conductive
object, such as user finger 205, 1s moved nto proximity with capacitance sensor 206, its
baseline capacitance 1s increased, resulting in a measurable capacitance change By
momtonng capacitance sensor 200 for a baseline capacitance deviation AC, capaciive
sensor activations can be determined and registered within software  Of course, a user

interaction with capacitance sensor 200 1s not imuted to a finger Other conductive
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objects may be used to interact with capacitive sensor 200 including, a ;tylus, a pen, or
any other copduchve object |
| [0024] By grouping a plurality of capacitance sensors 200 into an array of

capacitive (se;nsors, such as a circular shider array, a linear shder array, a touch pad array,
or the like, a.vanety of user interfaces may be implemented For example, capacitive -
sénsor array‘; may be used to implement user interfaces of a vanety 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 ke Capacitive
sensor arrays may also be used to implement position sensors

[0025] FIG 3 1s a diagram 1llustrating a capacitive (CAP) sense interface 300
including a circular shder, 1in accordance with an embodiment of the invention The
1llustrated embodiment of CAP sense interface 300 includes a capacitance sensor circuit
305, an mnput/output k‘ 1/O”) interface 310, and a circular shider array 315 The
1llustrated embodiment of circular slider array 315 includes an array of pre shice-shaped
CAP sensors 320A —w 320L (collectively 320) Although FIG 3 illustrates twelve CAP
sénsors 320, 1t should be appreciated that other embodiments may mclude more or less
CAP sensors 320 having regular or irregular sizes and shapes Furthermore, some
embodlmenﬁs may include a mechanical/CAP sense button positioned 1n the center of
circular S]ld;f array 315 \

[0026] VO interface 310 links each CAP sensor 320 to capacitance sensor
circwmt 305 In one embodiment, /O interface 310 15 a configurable analog interconnect

between capacitance sensor circwt 305 and circular shder array 315 /O interface 310
-
J
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can' be configured on the fly dunng regular operation to couple capacitance sensor circuit
305t :any one individual CAP sensor 320 at a time or to groups of CA,‘P sensors 320 ata
time Once connected, to an indrvidual 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 for-a threshold penod of time, thus indicating that a yser activation
should be registered 1n software (1 ¢, acknowledged 1n software such that an appropnate
action or function 1s ,éxecuted)

[0027] As r;xéntloned, /O interface 310 can be configured to sequentlally
couple capacitance se}isor circuit 305 to discrete or individual CAP sensor 320 to
perform a “dgscrete scan” of circular shder array 315 Alternatively, VO interface 310
can be confi émed to sequentially couple capacitance sensor circut 305 to groups of
CAP sensars 320 at a time (referred to as sensor groups) to perform a “group scan” of
circular sllde; array 315 Discrete scans can be performed quicker than group scans
since the capacitive load of a single CAP sensor 320 1s inherently smaller than a group
of CAP sensors 320 Accordingly, discrete scans may be performed to quickly
approximate the location on circular shider array 315 of a yser 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 ysed to measure capacitance changes on the groups of CAP sensors
320 In envnronmerﬁs where the signal to noise ratio (* SNR™) of the discrete scan 1s 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 cnrcﬁ]ar shder array 315 will increase thereby increasing the sensitivity
of CAP sense mterfaqt‘; 300

[0028] In one embodiment, CAP sensor circwit 305 includes dnver circuitry of
a relaxation oscillator [n this embodiment, the drniver circuitry within CAP sensor
circut 305 continually charges and discharges each CAP sensor 320 b& reciprocally
dnving and discharging a current onto CAP sensors 320 When VO interface 310
connects the driver circuitry to a particular discrete CAP sensor 320 or a sensor group,
the relaxation oscillator circuit 1s formed The particular discrete CAP sensor 320 or
sensor grouﬁ determnes the frequency at which the relaxation oscillator circuit will
oscillate To measure a capacitive change AC of a discrete CAP sensér 3’20 or a sensor
group, capacitance sensor circuit 305 measures exther a frequency change or penod
change of the o‘scxllgtxon associated with a particular discrete CAP sensor 320 ora
particular sensor g@up Accordingly, CAP sensor circmit 305 need not actually measure
the absolute capacnt;rgé:e of a discrete CAP sensor 320 or sensor group to register an
actuation, but rather can measure a value indicative of this capacitance This 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 vanety of other capacitive sense technologres including a current
versus voltage phase shift measurement technique, a resistor capacitor.charge timing
téchmque, a capacitive bridge divider techmique, a charge transfer technique, or the like,
described 1n greater detail below

[0029] Once CAP sensor circuit 305 senses that one or more CAP sensors 320

are being actuated (e g , threshold change 1n a baseline capacitance for a threshold
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duration), thén the physxcal location of the user interaction on circular shder 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

[0030] FIG 41sa diagram illustrating a CAP sense interface 400 including a
Iinear shder, 1in accordance with an embodiment of the inventton The 1llustrated
embodiment of CAP sense interface 400 includes a CAP sensor circunt 405, an /O
nterface 410, and a hnear shder array 415 The 1llustrated embodiment of hnear shder
array 415 includes an array of CAP sensors 420A - 320G (collectively 420) Although
FIG 4 1llustrptes seven CAP sensors 420, 1t should be appreciated that other
eml:)odxmentg may @clude more or less CAP sensors 420 having regulér or irregular
slzés and shapes

[0031] CAP sense interface 400 operates 1n a similar manner as discussed
above 1n connection with CAP sense interface 300, except that 1t 1s implemented with a
hnear shider array as opposed to a circular shder array  As in the case of CAP sensor
305, CAP sensor 405 can perform quick discrete scans of linear shider array 415 or more
sensitive group scans of linear shder array 415  Furthermore, 1t should be appreciated
thata two(dlmenswnal array of linear shder array 415 may be used to implement a CAP
sense touch pad

[0032] FIG 51sa flow chart illustrating a process 500 to groilp scan a CAP
sense nterface, 1n accordance with an embodiment of the invention Process 500 may

be used 1n connection with CAP sense interfaces 300, 400, or otherwise Process 500

10
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will be described with reference to FIGs 5, 6A, and 6B FIG 6A 1s a diagram
lustrating a group scan of circular shder array 315, while FIG 6B 1s a‘dlagram
tllustranng a group scan of a linear shder arra}/' 4135, 1n accordance thh an embodiment
of the invention

[0033] Thé processes explained below are described 1n terms of computer
sqﬁware and hardware The techniques descnibed may constitute machine-executable
mstructions embodleci within a machine (e g, computer) readable medium, that when
executed by a machine will cause the machine to perform the operations descnibed
Additionally, the processes may be embodied within hardware, such as an application
specific integrated circuit (“ASIC”) or the like  The order 1n which some or all of the
process blocks appear 1n each process should not be deemed limiting Rather, one of
ordinary skill in the art having fhe benefit of the present disclosure will understand that
some of the process blocks may be execut\ed in a variety of orders not 1llustrated

[0034] In a process block 505, the group scan 1s 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 1s equally

applicable toiCAP sense interface 400 and FIG 6B

[0035] FIGs 6A illustrates an embodiment where each sensor group includes
three indivigual CAP sensors 320, however, 1t should be appreciated that sensor groups
may include two or piore CAP sensors 320 A sensor group 1s defined herein to include

two or more CAP senisors 320 concurrently coupled to CAP sensor cireurt 305 at a given

nstant in ime via /Q interface 310, such that their collective group capacitance can be

11
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measured Accordingly, FIG 6A illustrates eight different current,sensor groups 605
during eight different instants 1n time t0 to t7  Current sensor groups 6&)5 are 1llustrated
as the sh’aded‘ pre-sliced CAP sensors 320

[0036] In a decision block 510, a user interacts with CAP smge interface 300
by bring a Ct;ndUCtIVC object (¢ g, user’s ﬁnger) 1n proximty to circular shider array 315
FIG 6A 11]u$trates the physical location of a user interaction with circular shder array
315 with lecation circles 610 (only a portion are labeled so as not to clutter the figure)

| [0037) In aprocess block 515, CAP sensor circuit 305 measures the combined
capacitance of current sensor group 605 In one embodiment, CAP sensor circutt 305 1n
fact measures a value that 13 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 15
an mdication that a u;er 15 interacting with current sensor group 605 As mentioned
above, the measured value 1s indicative of the capacitance or capacutané;e
change/deviation and ;nay include a count value related to a relaxation «;‘)smllator
frequeqcy or;penod | :

i f[0038%] In one embodiment, the combined capacitance of currgnt Sensor group
605 1s measured by electncally connecting CAP sensors 320 within current sensor group
605 and measunng this combined capacitance Accordingly, the logical groupings of
CAP sensors 320 (1 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 1s

’temporally created In one embodiment, the sensor groups are temporally connected
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through an analog bus to a shared relaxation oscillator circunt through low impedance
switches The analog bus conducts an analog value indicative of the combined
capacitance éha.nge of all electrically connected CAP sensors 320 within the current
sensor group’ 605

'[003§] FIG 6A illystrates values 615 measured at different times t0 — t7 for
each sénsor group At time t0, current sensor group 605 1s only partially comcident with
the user nteractton location 610 Therefore, at time t0, the current sensor group 605 will
register only a small basehine capacitance deviation, 1llustrated as value=05 At times
t1, t2, and t3 the measured value increases as the degree of coincidence between user
mnteraction location 610 and current sensor groups )605 ncreases At tunes t4, t5, t6, and
t7, the degree of coincidence 1s decreasing with ea;:h successive current Sensor group
605 and therefore the measured values decrease

[0040] In a process block 520, the measured value for current sensor group 605
1s buffered Ina proééss block 525, the measured value for the current sensor group 605
18 indexed or asmgned to a nominal CAP sensor that 1s a member of the current sensor
group 605 In the illystrated embodiment, the nomunal CAP sensor 1s the particular CAP
sensor 320 that 1s physically located 1n the mddle of each sensor group FIGs 6A and
6B illustrate the nominal CAP sensor with the darkest shading It should be appreciated
th‘o‘ugh‘ that fhe nomtnal CAP sensor need not be the middle CA(P sensor and 1n the case
where each sensor group includes an even number of CAP sensors 320 there may not be
a physically middle CAP sensor

[0041] In decision block 530, it 1s determine whether all sensor groups within

circular shider array 315 have been scanned (e g, each combined group capacitance

13
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deviation valye measured) Ifnot, then process 500 continues to a proéess block 535 In
process block 535, the next sensor gfoup (e g, that illustrated at time t1) 1s updated to be
the current sensor group 605 and the next nominal CAP sensor 320 1s updated to be the
current nominal CAP‘V sensor 320 It should be appreciated that updating current sensor
group 605 to be the next sensor group may be inplemented by reconfiguning VO
mterface 310 to couglg 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 glectncal]y connected via /O interface 310 In one embodiment, the
electrically connected CAP sensors 320 of the current logical sensor group are
temporally cgrmected to a stngle CAP sensor circut 305 for the next iteration through
the loop within process 500 Once CAP sensor circuit 305 1s coupled to the next sensor
group to be scanned, process 500 returns to process block 515 and proceeds as descnbed
at;ove |

'[0042] In an alternative embodiment, CAP sensor circuit 305‘may include
miultiple relaxation oscillators and I/Q interface 310 may be capable of coupling each
relaxation oscillator to a different sensor group at the same ttme In this altemative
embodiment, CAP Scnsor circumt 305 would be capable of completing a scanmng cycle
of the sensor groupg‘nq less time than an embodiment where each sensor group 1s

'

sequentially measured
[0043] Returningto dediston block 530, 1f all sensor groups have been scanned
(1 ¢, a capactance related values for each sensor group has been measured and buffered

n memory), then process 500 continues to a process block 540 In process block 540

1
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the buffered values are analyzed to determine the p/hyswal 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
l(; a greater degree of accuracy/precision than the individual CAP sensors 320 using a
discrete scan could provide To deterrine the location/motion of physical location 610,
thé measure(i values may be fed nto a decision algonthm, which analyses the values,
making use éf the fact that each value depends on how centrally located the user
interaction 1s telative to each sensor group In one embodiment, the decision algonithm
1s a software entity

[0044] Process 500 increases the SNR of a capacitive sense interface by
logrcally combmm'g discrete physical CAP sensors 1nto sensor groups - Values indicative
of a combine group capacitance are then measured for each sensor group and assigned to
a nominal CAP sensof, which 1s 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 1s increased, thereby increasing the
SNR To illystrate with reference to FIG 6A, current sensor group 605 at time t0
ncludes two common CAP sensors 320 with current sensor group 605 at time tl
Simlarly, current sensor group 605 at time t1 includes two common CAP sensors 320
with current sensor group 605 at ime 12 The increased SNR obtained by the group scan
enables thicker dielectnc protective overlays (e g, f‘or use with white goods or other
durable consumer goods) and/or shrinkage of physical CAP sense interfaces for use m

ever smaller;electronic devices ) -

15
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[0045] FIG 715 a flow chart 1llustrating a process 700 to perform quick
discrete scans of CAP sense interfaces 300 or 400 until a user interaction 1s sensed and
then perform a group scan 10 more precisely interpolate the location of the yser
interaction, 1n 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 yser interaction
Again, process 700 ;s described with reference to circular shider array 315, but 1s equally
apphcable to linear ?hder array 415 or a planar touch pad array (not illustrated)

[0046] In a prdcess block 705, the individual CAP s/ensors 320 of circular
slider array 3 15 are discretely scanned Discretely scanning CAP sensors 320 includes
seciuentlally measunng a value indicative of a capacitance or capamtaﬁce change of each
CAP sensor 320 In one embodiment, this 1s accomplished by conﬁguﬁng /O nterface
310 to sequentially couple each CAP sensor 320 to CAP sensor circmt 305 to measure
each value 1n 1solation  Alternatively, CAP sensor circut 305 may be capable of
measuring multiple values for discrete CAP senso}-s 320 concurrently, as discussed
above

[0047] In a decision block 710, if a user interaction with circular shder array
315 1s detected, then process 700 continues to a process block 715 In process block
715, an approximate location of the user interaction 1s determined based on the measured
values obtained from the discrete scan n process block 705 The approximate location

determined via the quick discrete scan may limit the possible location of the user
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nteraction to a portion of circular shder array 315, such as for example, the top half, the
top quarter, etc ‘

[0048] In‘ 4 process block 720, a group scan (see process 500) 1s performed
oply on a portion of C:\P sensors 320 localized about the approximate location of the
user interaction deternuned 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 mtefactwn with circular shder array 315

[0049] FIG 8 1s a functional block diagram 1llustrating a demonstrative system
800 for implementing a capacltancé sense user nterface, 1n accordance with an
embodiment of the invention System 800 includes a processing device 810, a capacitive
sense pad 820, a capacitive sense linear shider 830, a capacitive sense circular shider 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
mput/output (“GP1O”) ports 807 GPIO ports 807 may be programmable GPIO ports
807 may be coupled to a Programmable Interconnect and Logic (“PIL"), which acts as 7
an nterconnéct between GPIO ports 807 and a digytal block array of processing device
810 (not 1llustrated) The digital block array may be configured to implement a vanety
of digtal logic cirouits (e g , DAC, digital filters, digital control systems, etc ) using, m
one embodiment, cox;ﬁgu:able user modules (“UMs™) The digital block array may be
coupled to a system b;s Processing device 810 may also include memary, such as
ran&om acceés 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 algonthms executable by processing core 802 to
implement operations described heremn such as the aforementioned dec.‘i;sxon algonthm)
Processing device 810 may also include a memory controller umt (“M(EU") 803 coupled
to memory and the processing core 802 |

[0050] Processing device 810 may also include an analog block array (not
illustrated) The analog blocl: array 1s 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 ) using, 1n one embodiment, configurable UMs The analog block
array may also be coupled to the GPIO 807

{0051] As 1llustrated, capacitance sensor 801 may be integrated mnto processing
device 810 Capacitance sensor 801 may include analog I/O for coupling to an external
component, such as éapacltlve sense pad 820, capacihive sense linear shder 830,
capacitive sense circular shder 840, and/or other devices Capacitance sensor 801 1s
described 1n more detail below

[0052] Processing device 810 may include internal oscillator/clocks 806 and /
cémmumcat;on block 808 The oscillator/clocks block 806 provides cio;k signals to one
or more of the components of processing device 810 Commumcation 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 vanous methods In one exemplary
embodiment, interfacing with the host 850 may be done using a standard PS/2 mnterface
to connect to embedded controller 860, which 1n turn sends data to the host 850 via low

! s
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pin count (LPC) interface In some instances, 1t 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, 1nterfacing may be done using a umversal senal bus (USB) interface

d;rectly coupled to host 850 via host interface line 851 Alternatively, procefsmg device
810 may communicate to external components, such as host 850 using industry standard
nterfaces, such as USB, PS/2, inter-integrated circuit (I12C) bus, or system packet
interfaces (SPI) Host 850 and/or embedded controller 860 may be coupled to
processing device §10 with a nbbon or flex cable from an assembly, which houses the
sensing device and processing device

[0053] In oﬁe embodiment, processing device 810 1s configuyred to
communicate with embedded controller 860 or host 850 to send and/or recerve data The
data may be a command or alternatively a signal In an exemplary embodiment, system
800 may opérate 1n 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 8‘50 These drivers enable processing device
810 and senélng 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
scrolln;g (reporting absolute position) or disabling the sensing device, such as when a
mouse 15 plugged nto the notebook  Alternatively, processing device 810 may be
configured to commumcate with embedded controller 860 or host 850, using non OS
dnvers, such as dedjcated touch-sensor pad dnivers, or other dnivers known by those of

ordinary skill in the art
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[0054] Processing device 810 may reside on a common carrier substrate such
as, for example, an u{tegrated Scxrcunt (IC) die substrate, a multi-chip modyle substrate, or
the like A]tmnat:vq]y, the components of processing device 810 may be one or more
separate 1ntegrated circutts and/or discrete components In one exemplary embodiment,
processing device 816 may be a Programmable System on a Chip (PSoC™) processing
device, manufactured by Cypress Semiconductor Corporation, San Jose, Califorma
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™),
axiu application specific integrated circutt (*ASIC '), a field programmable gate array
(“FPGA™), o;r the ike 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 mclqde any
combn‘latlon‘ of general-purpose processing device(s) and specna]-purpg;)se processing
device(s)

[0055) Chbac:tance sensor 801 may be ntegrated 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 circmts  For
example, behavioral level code describing capacitance sensor 801, 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 behawvioral level code can be compiled into register transfer level

(“RTL") code, a nethst, 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 vanious levels of abstraction to descnibe capacitance sensor 801

I [0056] In one embodiment, electronic system 800 may be used in a notebook

/

computer A‘]tematlvely, system 800 may be ysed in other applications, such as a mobile
ha;ndset, a personal data assistant (PDA), a keyboard, a television, a rer;lote control, a
momtor, a hagndheld multi-media device, a handheld video player, a handheld gaming
dév:ce, or a control panel ‘

[0057} In éne embodiment, capacitance sensor 801 may be a capacitive switch
relaxation osclllator‘\((;SR) The CSR may have an array of capacttive touch switches
using a current-programmable relaxation oscillator, an analog multiplexer, digntal
counting functions, and high-level software routines to compensate for environmental
and physical switch vanations 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 electnical component may include an
oscillator or other means to convert a changed capacitance 1nto a measured signal The
electrical component may also include a counter or timer to measure the oscillator
output The ‘soﬁware component may include detection, compensation, and decision
software algonthms to convert the count value 1nto a capacitive sensor.detection
decision |

[005#] It shm‘:ld be noted fhat there are various known mcthdds for measuring
capacitance ! Although the embodiments described heren are descnibed using a

relaxation oscillator, the present embodiments are not limited to using relaxation
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oscillators, but may mclude other methods, such as current versus voltage phase shift
measurement, resistor-capacitor charge timing, capacitive bridge divider, charge
transfer, or the hke

[0059] 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 fre«lqucncy can be
adjusted to kéep the phase measurement 1n a readily measured range The resistor-
capacitor charge txniing may include charging the capacitor through a fixed resistor and
measunng timing oﬁ ti)e voltage ramp Small capacitor values may require very large
resistors for reasonable iming  The capacitive bnidge divider may include dnving the
capacitor under test through a fixed reference capacitor The referencé capacitor and the
c&pacltor under test form a voltage divider The voltage signal 1s recovered with a
synchronous demodulator, which may be done 1n processing device 810 The charge
transfer may be conceptually similar to an R-C charging circuit  In this method, Cp1s the
capacitance being sensed and Csym 1s the summung capacitor, into which charge 1s
transferred on successive cycles At the start of the measurement cycle, the voltage on
Csumis reset  The voltage on Csym increases exponentially (and only shghtly) with each
clock cycle The time for this voltage to reach a specific threshold 1s measured with 2
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 selechoﬂ circutt 930 may collectively implement the functionahity ;>f o
interconnects 310 and 410 The remaining portions of relaxation oscillator 900 and
digntal countér 920 may implement the functionality of CAP sensor circuits 305 and 405
Sensor array 910 may represent any of circular slider array 315, linear shder array 415,
or a planar touch pad array

; [0061] Relaxation oscillator 900 15 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 1s coupled to drive a charging current Ic 1n a single direction On\to a device
under test (“DUT") capacitor, any of capacitor sensors 951 As the charging current
piles charge onto the capacitor 951, the voltage across the capacitor increases with ime
as a function of Ic and 1ts capacitance C  Equation (1) describes the relation between

current, capacitance, voltage and time for a charging capacitor

Cav =1 dt )

[0062] The relaxation ‘osc111ator begins by charging the capacitor sensor 951
from a ground potentn#l or zero voltage and continues to pile charge on the capacitor 951
at a fixed charging cuxfent Ic until the voltage across the capacttor 951 at node 970
réaches a reférenoe voltage or threshold voltage, Vi 955 At Vyy 955, the relaxation
oécxllator allgws 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 Fouy 956I (e g, Four 956

goes high), which enables the reset switch 954 Thus resets the voltage on the capacitor
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a{ node 970 tlo ground and the charge cycle starts again  The relaxation oscillator
otixtputs a relﬁxahon oscillator clock signal (Four 956) having a ﬁequeﬂcy (fro)
dependent upon capacitance C of the capacitor 951 and charging current Ic

[006:;] The comparator tnp time of the comparator 953 and reset switch 954
add a fixed delay The output of the comparator 953 1s synchromzed with a reference
system clock to guarantee that the comparator reset time 1s long enough to completely
reset the charging vo]tage on capacitor 955 For example, 1f capacitance C of the
capacitor 951 changes, then fro will change proportionally according to Equation (1)
By comparning fro of Eour 956 against a frequency (frer) of a known reference system
clock signal (REF CLK), the change 1n capacitance AC can be measured Accordingly,
equations (2) and (3) l;elow describe that a change 1n frequency betweén Four 956 and
REF CLK 18 proportional to a change 1n capacitance of the capacitor 951

AC <1/ Af', where )

Af:’fno'fu-:ﬁ ' )

[0064] In one embodiment, a frequehcy comparator may be qoupled to recerve
relaxation oscillator clock signal (Foyy 956) and REF CLK, compare their frequencies
fro and fkgp,zrespectxvely, and output a signal indicative of the difference Af between
these frequencies By‘momtonng Af one can determine whether the capacitance of the
capacitor 95i has changed

[0065] Inone exemplary embodiment, the relaxation oscillator 950 ‘may be
built using a progr&nmable timer (e g, 555 timer) to implement the comparator 953 and
reset switch 954 Alternatively, the relaxation oscillator 900 may be bpllt using other

cireuits
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[0066] Sensor array 910 includes a plurality of sensor elements 955(1)-955(N),

where N 15 a positive integer value that represents the number of capacitive sensors
within any of‘ capacitive sense pad 820, capacitive sense linear shder 830, or capacitive
sc;,x;se 61rcu]a,r slider 840 Relaxation oscillator 900 further includes a sglectlon circuit
930 Selection circumt 930 1s 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 ailow the relaxation oscillator 900 to measure capacitance on
multiple sensor eleménts (e g, rows or columns) The selection circuit 930 may be
configured to sequeﬁhjally select a sensor element of the plurality of sensor elements to
provide the charge cﬁfrent and to measure the capacitance of each sensor element In
P
one embodiment, selection circunt 930 15 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 measuredf Capacitance sensor 801 may include one relaxation oscillator and digtal
counter for the plurality of sensor elements of the sensor array  Alternatively,
capacitance sensor 801 may include muttiple relaxation oscillators and: digital counters
to measure cj’apacxtance on the plurality of sensor elements of the sensor array The
mulupiexer array may also be used to ground the sensor elements that are not being
measured This may be done 1n comjunction with a dedicated pin in the GPIO port 807
[0067] In another embodiment, the capacitance sensor 801 may be configured
to simuyltaneously s;:a.n the sensor elements, as opposed to being configured to

sequentially scan the sensor elements as described above For example, the sensing

25

CY00002267



P i ‘ :
Attomey Docket No  16820P472 Express Mall No  EV320125436US

i

device may include a sensor array having a plurality of rows and colurans  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 grving a profile of the
conductive object 1n 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 stmultaneously giving a profile of the conductive object
1 the other dimension

[0069] In another exemplar‘:/ embodiment, the voltages on all of the rows of the
sensor array are simultaneously moved 1n a positive direction, while the voltages ofthe
columns are moved 1n a negative direction Ngxt, the voltages on all of the rows of the
sensor array are simultgneously moved 1n a negative direction, while the voltages of the
columns are moved ‘m,a‘posmve direcion This techmque doubles the effect of any
transcapacitance betwéen the two dimensions, or conversely, halves the effect of any
parasitic capacitance to the ground In both mpthods, the capacitive information from
the sensing process provides a profile of the presence of the conductive object to the
sensing device 1n each dimension  Alternatively, other methods for scanmng known by
those of ordinary skill in the art may be used to scan the sensing device

[0070) Drgtal counter 920 1s coupled to the output of the relaxation oscillator
900 Dugtal counter 920 recerves the relaxation oscillator output signal 956 (Four)
Digital counter 920 1s configured to count at least one of a frequency or a period of the
relaxation ogclllator output received from the relaxation oscillator

]
]
!
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[0071] When a finger or conductive object 15 placed on a sensor element 951,
the capac‘nance increases so the relaxation dsclllator output signal 956 (Foyr) decreases
Tﬁe relaxation oscillator output signal 956 (Four) 1s fed to the digital counter 920 for
measuremenf There are at least two methods for counting the relaxation oscillator
output signal 956, ﬁ-équenoy measurement and period measurement In one
embodxmem,(E the di éml counter 920 may nclude two multiplexers 923 and 924
Multiplexers ;923 and 924 are configured to select the inputs for the PWM 921 and the -
ht;xer 922 for the two measurement methads, frequency and period measurement
methods Alternatively, other selection circuits may be used to select the mputs 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
one, or the other, measurement configuration

[0072] In the frequency measurement method, the relaxation oscillator output
signal 956 1s counted for a fixed pertod of ime The counter 922 1s read to obtain the
number of counts dunng the gate time This method works well at low frequencies
where the oscillator reset time 1s small compared to the oscillator penod A pulse width
modulator (PW) 921 1s clocked for a fixed period by a denvative of the system clock,
VC3 926 (which 1s a divider from system clock 925, e g, 24 MHz) Pulse width
modulation ts a modulation techmque that generates vanable-length pulses to represent
the amphtudé of an analog input signal, in this case VC3 926 The output of PWM 921
enables tumer 922 (e g, 16 bit) The relaxation oscillator output signal 956 clocks the
t1mér 922 The timer 922 1s reset at the start of the seduenw, and the count value 15 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 15 clocked by the system clock 925 (e g, 24 MHz)
In order to 1mprove sensitivity and resolution, multiple periods of the oscillator are
counted with the PWM 921 The output of PWM 921 15 used to gate the timer 922 In
this method, the relaﬁanon osctllator output signal 956 dnives the clock input of PWM
921 As previously :iescnbed, pulse width modulation 1s a modulation technique that
generates vanable-lerigth pulses to represent the amplhitude 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 1s clocked at the system clock frequency 925 (e g, 24
MHz) When the output of PWM 921 15 asserted (€ g , goes lgh), the count starts by
releasing the capture control When the terminal count of the PWM 9£l 1s reached, the
capture signal 18 asserted (e g, goes high), stopping the count and setting the PWM's
mterrupt  The timer value 1s read in this interrupt  The relaxation oscillator 900 1s
indexed to the next capacitive sensor (¢ g , capacitor 951(2)) to be measured and the
count sequence 1s 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 95 l_ résult n small changes in frequency In order to find
these small changes, 1t 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 én',ay (Cp) The presence of a finger on the switch is determined by

the difference 1n counts between a stored value for no capacitive sensors actuation and
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the acquired value with capacitive sensors actuation, referred to here as An  The
sensitivity of a single capacitive sensors 1s approximately

M G

" Cp @)

\

ﬁe 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 clements may be
sequentally scanned to provide current to and measure the capacitance from the
capacitors (€ g , sensor elements), as previously deseribed In other words, while one
sensor element 18 being measured, the remaiming sensor elements are grounded using the
GPIO port 807 This drive and multiplex arrangement bypasses the existing GPIO to
connect the selected pin to an internal analog muitiplexer (mux) bus The capacitor
charging current (e g, current source 952) and reset switch 953 are connected to the
analog mux bus Thx‘eé may limit the pin-count requirement to simply the number of
capacitive sensors (¢'g , capacitors 951(1)-951(N)) to be addressed In one exemplary -
embodiment, no extel‘;xal resistors or cap;acltors are required inside or outside the
processing device 910 to enable operation

[0077] The capacitor charging current for the relaxation oscillator 900 1s
generated in a register programmable current output DAC (also known as IDAC)
Accordingly; the current source 952 15 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 vanation to the magmitude of the IDAC output current with
opertlng/frcéquency Accordingly, the optimum oscillation frequency and operating
cyrrent for a particylar sthc}ijarray may be determined to some degree by
experimentation

[0079) The above description of illustrated embodiments of the invention,
including what 1s described 1n the Abstract, 1s not intended to be exhaustive or to limt
the mnvention to the precise forms dlsclosed While specific embodiments of, and
examples for, the invention are described herein for 1llustrative purposes, various
modlﬁcatlon; are pos’ﬁble within the scope of the invention, as those skilled 1n the
relevant art will recogmze

[0080) ' These modifications can be made to the invention in hght of the above
detailed descnption The terms used 1n the following claims should not be construed to
limit the invention to the specific embodiments disclosed in the specification  Rather,
t};e scope of ‘the invention 1s to be determined entirely by the following claims, which are

to be construed 1n accordance with established doctrines of claim interpretation
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CLAIMS

What 1s claimed is

1 A method, compnising

logically grouping capacitance sensors of an array of capacitance sensors nto
sensor groups, wherein each sensor group includes at least two of the capacitance
sensors,

measunng 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

mteraction with the array of capacitance sensors

2 The method of claim 1, wheren 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 compnsing 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 methad of claim 4, wherein the sensor groups each compnse an odd
number of the capaclfanoe sensors and wherein assigmng the value measured for each of
the sensor groups to the particular capacitance sensor within each corresponding one of
the sensbr groups comprises assigning the value measured for each of the sensor groups

to a mddle 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
compnses 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 shder of a user interface

9 The method of claim 1, wherein the array of capacitance sensors compnises a

circular shder of a user interface

10 The method of claim |, wherein the array of capacitance sensors comprises a

touch pad of a user interface

11 The method of claim 1, further compnsing
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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 measuring 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 scanming each of the capacitance sensors,

wherein the portion of the sensor groups 1s 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, w1l|/cause the machine to perform operations comprising

fneasunng ab valﬁe indicative of a combined capacitance of a ser{sor group
including two or more capacitance sensors of an array of capacitance sensors, |

scannung the array of capacitance sensors to obtain a plurality of values
comresponding 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 mteraction with the array of capacitance sensors

based on the plurahity of values

13 The machine-readable medium of claim 12, wherein the sensor groups

mclude phystcally adjacent capacitance sensors
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14 The machine-readable medium of claim 13, wherein adjacent sensor groups

Y

include at least one common capacitance sensor

15 The machine-readable medium of claim 12, further providing imstructions
that, if executed by the ‘machme, will cause the machine to perform further operations,
c(ompnsmg

discretely scanmng each of the capacitance sensors within the array of
capacitance sensors tndividually, and

determiming an approximate Jocation of the user interaction based on the
scanning,

wheremn scanning the array of capacitance sensors to obtain the plurality of values
comprises scanning a portion of the array of capacu;.nce sensor to obtain the plurality of
values corresponding to sensor groups locahzéd about the approximate location to more
precisely determine the location after discretely scanmng each of the capacitance sensors,

wherein the portion of the sensor groups 1s less than all of the sensor groups

within the array of capacitance sensors

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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amemory umt coupled to the processing device, the memory unit having stored
therein instructions thét, if executed by the processing device, will cause the processing
device to perform operations comprising
measuhn g a value indicative of a combined capacitance of a sensor group
ncluding two or more-capacitance sensors within the array of capacitance sensors,

_ scanning the array of capacitance sensors to obtain a plurahty 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

17 The apparatus of claim 16, wherein the sensor groups mclude 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, wheren 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 shider, a circular shider, or a touch pad
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ABSTRACT OF DISCLOSURE

A techmque fo; operating a capacitive sensor array  The techmque mncludes
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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Author Mark L.ee
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Associated Part Family CY8C20x34 CY8C21x4 CY8C24x94

Software Version PSoC Designer™ 4 3

Assoclated Application Notes AN2233a AN2277 AN2292 AN2318 AN2355 AN2360

Abstraci

Best Practices for the design of CapSense systems are presenled Topics covered include an overview of
sensing methods guidetines for layoul and assembly and CapSense tools and techmques

U

Introduction

The adoplion of capacitive sensing as an interface
technology in igh volume igh visibility applications such
as poriable media players and mobile handsets has
created demand for the same technology in more
conventional consumer elgctronics This demand has led
to significant nnovalion and several competitive
technologies are available While these technologies each
have thex respective differences the underlying pnnciple
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 flexibiity in design as
custom code can be used to develop solutions PSoC®
CapSense combines a microconiroller configurable digital
and analog resources! on board memory and other
features that allow for the greatest flexibiity in capacitive
system design This Apphcation Note gives an overview of
Best Practices for CapSense design

Figure 1 PSoC Analog and Digital Bioclts Can Be Configured
‘ for Cap Plus Other Functi

Oclober 19 2008

)

Rav

. A J

The PSoC architecture allows designers 1o incomorate
multiple capacitve sensing design elements into an
application Buttons shders touchpads and proximity
detectors’ are supported simuitaneously with the same
device In the same circuil Use PSoC to scan capacitive
sensors end use the activahon status to dnve LEDs
control 8 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

\ A

Figure 2 Example App with Cap Plus Motor
LED and Speaker with a Single PSoC

%

(e Annlieati
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1 Easy-to-Configyre 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 maximym battery Ife and operation
at 27V then the method called CSA (s the clear choice If
It 15 more )mportant to have CapSense and other features

high noise immundy and a thick overlay then the CSD
method s the best choice

11 CSA Sensing Method

CSA stands for CapS with  Sur
Approximation CSA 15 only implemenied 1n the
CY8C20x34 PSoC device family

Figure 3 CSA Configuration of CapSense

e I T ©moo

T

ntemal Low-pass Filter

<

A block diagram of the CSA configuration 15 shown in
Figure 3 CSA operates as follows .

Swiiches SW, and SW; and the CapSense sensor Cx
form a swilched capactor network with an equivalent
circut of a resistor to ground With the 1DAC set to a
calibrated level and SW3 and SW2 switching the average
voltage on Cyop seflles at a level that vanes with the vaiue
.of Cx Setting the 1DAC 1o a low current level with SW,
open the voltage on Cmop ramps up The tme for the
ramp voltage on Cugp 0 reach Vaer 1S an indication of the
value of Cx The timer on the output of the comparator
converts the ramgp tme lo a digits! velue

Self cakbration of the system 13 accomplished through a
successive approxmation binary search to determine
{DAC setting necessary to keep voltage on Cwuop 81 Vrer
when no finger 1s present Indvidual cahbrated 1DAC
settings are stored for all sensors

When a finger 1s present the voltage on Cuoo setlles at a
lower voltage requinng more time to reach the threshold
vollage Vmer as shown in Figure 4 If (&211) 13 long
enough the button state ts i Finger Present state
otherwise the button is 1n the Finger Absent state

October 19 2006
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An internal capacitor programmable up ta 100 pF can be
used for Cwop but @ larger exiernal capacitor improves
performance 1000 pF for buttons and skders and 10 nF
for proximity sensors Senes resistors 560 ohms are
recommended in ine with all CapSense inputs to prevent
RF interference

Figure 4 CSA Waveform Changes With Finger
Absent/Present

Finger Absent

12 CSD Sensing Method

CSD stands for CapSense with Sigma Delta A/D CSD 1s
implemented 1n both the CYBC21x34 and CY8C24x94
PSoC device families

Figure 5 CSD Conflguration of CapSense

A block diagram of the CSD configuration 1s shown in
Figure § CSD operates as follows ,

1
Switches SW, and SW: and the CapSense sensor Cx
form a swiched capacitor network with an equivalient
circurt of a resistor between Vop and Cuop  The equivalent
resistor has a value controlled by Cx The switching of
SW; and SW; is controlled by the pseudo random
sequenca of the PRS generator SWi operates
asynchronously from SW, and SW> When Rg 15 switched
fo ground the voltage on Cuop decrasases When Rp 18
open the voltage on Cwmop Increases The comparator
changes state based on the voltage on Cuop relative 10
VRer
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A Sigma Delta A/D 15 fdrmed by the additon of a 16 bit
timer to measure comparator high time to comparator low
time

When a finger 15 present Cx 1s larger and the equiwalent

resislor to Vipp 18 smaller_allowing more current 1o flow into

Cwmoo The comparator will spend more lime in the
CMPHIGH stats and lgss time in CMPLOW If the ratio
CMPHIGH CMPLOW 13 high enough 3 button Is in the
Finger Present state otherwise the button 15 1n the Finger
Absent stale as shown in Figure 6

Flgurs 6 CSD Waveform Changes With Finger
Absent/Present

Finger Absent

5s| i
~ ' Finger Present
5 s4

]

i

The PRS lowers noise susceplbiity and radiation
emissions compared to a fixed clock source A Cwoo value
of 3900 pF is recommended Re requires tuning to sensors
for optimal psrformance somewhare between 5K 10K
Senes resistors 560 ohms are recommended in ine with
alt CapSense Inpuls 1o prevent RF interference

2 How to Design CapSense Printed
Circuit Boards

In the typical CapSense applicaion the capactive
sensors are formed by the traces of a pnnted circuit board
(PCB) The following set of guidelines show how 1o design
a CapSense PCB (see Reference [2])

2 1 General Layout and Assembly Guidelines

Board Area The area required for CapSense 18 only
shghtly larger than the sensing area iselfl The elecinc
fields around the sensors are very localized especially if
the ground plane end sensor pad are placed on the same
PCB layer

October 19 2008

PSoC Placement It is goad practice to minimize the
distance between the PSoC and the sensors Typically the
PSoC 15 mounted on the bottom layer along with the other
components and the CapSense sensor pads are placed
on the top laysr

Board Layers The most common PCB format 18 two
layers with sensor pads and gndded ground plane on top
and everything eise on the bottom Four layer boards are
used when board area must be mmimized The typical
stack up involves sensors only on the top layer himied
traces on layer two ground on layer three and everything
else on the bottom laysr as shown in Figure 7 Do not
route traces directly under sensor pads

Figura 7 FourLayer Stack-Up for CapSense Board When
Board Space Is Limited

Board Thickness FR4 based designs have been found to
perform welt with standard board thickness of 0020 {05
mm) 0047 (12 mm) and 0063 (16 mm) How thin can
the board be? A rule of thumb 1s that the gap between
sensor and ground should be smailer than vertical
distance to ground

Trace Length and Width The parasitic capacitance of the
traces and sensor pag Cp must be minimized to make
the dynamic range of the system as large as possible
How long can the traces be? The longest traces in a
successful CapSense prodyct are 9 (230 mm) for a shder
and 12 (300 mm) for a button (This extreme example
requires large sensing pads and a thin overlay in order lo
maximize the signal from the sensor ) Trace width adds lo
the sensor Cp and Increases couphng to elements on
other layers Trace widths of 0 0065 0008 (017 020
mmy suffice for most applications

Vias Use the mimimum number of vias consistent with
routing of the CapSense nputs to mmimize Cp The
placement of the via can be done at any location on the
sensor pad as shown n Figyre 8

Flgure 8 Via to Sensor Pad can be Anywhere on the Pad
(Trace on Bottom Layer Sensor Pad on Top Layer)

L

Via in center l00ks symmetical Via at edpe same function,
mintmizes trace length
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Communicaion Lines Do not run capacitive sensing
lraces i close proximity with and parallel to high
frequency communication lines such as an 12C or SPi
master I it 1s necessary to cross communication lines with
sensor pins- be sure the imtersection 15 orthogonal One
effective method for reducing the interaction between
communication traces and sensor traces s 1o 1sotate each
by port assignment Port pins P1[0] and P1{1] are used for
programming and 12C and should only be used for
CapSense if no other ping are avaiable

Ground Fill, To mll’llleB‘CP 3 40% fill s recommended on
the sensor layer and 60 80% fill on non sensor layers

Figure 9 Patial Ground Fill to Mintmize Cy

R
* 0’0’0’0’0’0:0:

40% 80%

Overiay Thickness Table 1 hsts the recommended
maxmum 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 ¢, = 8 while plastic 18 around
&=25 The ratio of £,/ 2 5 15 an estimate of how thick the
overlay can be relatve to plasiic for the same leve! of
sensitmty Using this rule of thumb a common glass
overlay can be about three tmes as thick as a plastic
overlay for ihe same sensitivity

Table 1 Recommended Plastic Overlay Thickness for
CapSense

Design Element ~_Overlay Thickness
: <3mm

Button
Shider i <imm
“Touchpad” "<D5mm

Both signal and noise are effected by the overay
properies As the thickness of the overay increases
signal and nosse both decrease A representative plot s
shown in Figure 10 Signal 1s defined as the difference n
average sensor outpyt between the Finger Absent and
Finger Present states Noise s defined in the peak io
peak deviation in sensor outpul In the Finger Absent state

October 19 2008
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Figure 10 Signal Leve! Drops Off as Overlay Thickness
Increases

\
X
. finge ontunan

=
8

g

8

sangor cutput [counts]
g

1300
fingsr noton button
1200
] 05 B 18 2
overtay thiciness [mm])
Overlay Adh Overlay myst have good

mechanical contact with the sensing PCB Two widely
used non-conductive adhesives for overlays are 467MP
and 468MP made by 3M ’

Gloves If the sensors must work with a gloved hand then
add the thuckness of the giove matenal to the total overlay
stack up when sizing the buttons Dry teather and rubber
are similar io plastic with a dielectnc constant of 25-35
Sk gloves have a dielecinc constanl of 2 or less
depending on the air content of glove s tharmal insulation

LED Backighting CapSense works well wih LED
backhighting Just cut a hole in the sensor pad Keep LED
traces on the bottom side of the board

Multiple PSoCs on One PCB For systems with many
buttons such as a keyboard the syslem design may
require two or more PsoCs dedicaled to CapSense If this
1s the case partition butions so that a ground fill area
separatgs the traces of each button group This will
prevent couphng between the independent CapSense
groups

2 2 Buttons

The function of a button 15 to determine the presence or
absence of a conductive objact 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
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Figure 1‘ Regommendad Button Shape is Solld Roynd
‘Pattern

‘/‘

[omrre |

The capactance Cp decresses as the clearance
surrounding the button I1s increaged An example of this
dependence of Cp on the gap is shown in Figure 12 for
three bytton sizes (5 mm 10 mm '15 mm diameter)

Figure 12 Ce as a function of Button-Ground Clearance and
Button Dlameter (0 062 Thick FR4)

180 -
158

AN

s N\, - Butten Digmeter

R et eracs
5 1imm

£ 0 \
o ST T
1351
Smm

170

128

120 e
° 1 ;2 3 4« mm 5
Button Ground Clearance [mm)

The thicker the protective overay the larger the button
diameter should be Figure 13 shows a button diameter
guidelne For a 1 mm thick acryhic overlay the
rect ded butten diameter 1s 9 mm

October 19 2006

Flgure 13 Guideline for Bunén Diamseter Versys Owerlay
Thickness

\

button dlameter [mm]
© .
o
4

5
o <
0 t
8% - :
8 S
75
7 -
[} 05 1 15 2 25 3
plastic overiay thickness [mm)
23 Slders

A slider is a sensor array Changes belween adjacent
capacibive elements are used to determine the positon of
a conductive object Postion is determined i firmware
using a centroid (center of mass) catculation

The shder segments must be small enough so Ahat
multiple segments couple with each finger position yel
large enough o produce the required signal level through
the overlay A sawtooth pattem works well for siders with

of five seg ts The maximum length of the
shder 1s only hmited by the available 1O pins of the PSoC
A typical slider patiern 1s shown in Figure 14 The sensor
output 18 represented by a bar graph above each shder
segment

Flgure 14 Sawtooth Pattern Used With Slider Sensor Pattern

0UUo

Finger

Shider Diplexing If 10 pins are at a premiwm connecting
two slider segments to a single PSoC pin increases the
number of sider segments that can be sensed by the
PSoC by two fold The CapSense User Module Wizard
allows the user to selsclt this as an oplion for pin
assignment and the Usar Module API determines the
correct half of the slider that the finger is touching Be
aware thal connecting each CapSense input pin to two
shder elements will double Cp without any wncrease mn
signal
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2 4 Toychpads

The CapSense User Module does not directly support
touchpads Touchpads are mplemented as two
independent sliders All the guidelines that apply to sliders
also apply to touchpads :

Figure 15 Touchpad ted Using Two CapSense

Silders One For X and One For ¥

An example of a good CapSense touchpad s a
commercially successful design with 20 position column
slider {X) and 10 position row shder (Y) A total of 30 pins
are assigned as CepSense inputs The dimensions of the
active areaare 39 x 19 (99 mm x 47 mm) The overlay
15 0010 (025 mm) ABS plashic The row and column
sensors are spaced with a pich of 02 (5 mm) The
basehne noise level 15 a single count 1n the Finger Absent
state A finger on the touchpad produces a difference
signal of 15 counts which results (n a signal to noise ratio
(SNR) of 24 dB Settrig the centroid algonthm to resolve
20 positions between each row pair and each column pair
this touchpad system has a resolution of 100 counts per
inch

2 § Proximity Sensors

The CapSense User Module does not directly support
proximity sensors A proximity sensor is implemented as a
CapSense button with large Cp and small difference
counts A dedicated proximity sensor Is best implemented
as a single length of wire as demonstrated 1n Figure 16
Connecting bufton and shder sensors already on the
CapSense PCB into a single large sensor is another
technique for implementing & proximity sensor

Figure 16 Rear View of a Proximity Sensor Prototype

y—-—.‘— e
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26 Flex Circyits

Flex circuils work well with CapSense Ali of the same
gudelines presented for pnnted circunt boards also apply
1o flex A flex circuit 1s typically much thinner than a PCB
Limi Cp by making the flex circuit no thinner than 0 01

{025 mm) and Iimming trace lengths to a few inches One
good feature of flex s the high breakdown voltage '

provided by the Kapton material (290 KV/mm)

27 ITO Touch Screens

ITO s an acronym for Indium Tin Oxide Fiims of this

ceramic matenal are both elecincally conductive, and
visually transparent An example ITO touch screen is
shown in Figure 17 Shest resistvity of ITO films range
from 025 1000 ohms/square with the typical valua of
100 500 ohms/square Thickness determines the sheet
resistvity  Thinner matenal passes more light and has
higher resistance Thicker matertat blocks more kght and
has lower resistance

' o

Touch screens can operale in either resistive or capacitive
modes Both modes have their niche markets Resistive
mode requtres p for tact bet 1 conductive
layers and 1s prone to wear tear and breakage Resistive
mode 1s a four layer solution with poor transparency
(<75%) Capacitive mode makes use of the finger as a
conductve object Capacitive mode is a one layer or two
layer solution with high transparency (>90%) Cypress
supports both touch screen technologies

Figure 17 ITO Touch Screen
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3 From Concept to Production
CapSense Tools and Techniques

3 1 Evaluation Boards and Example Firmware

Flgure 18 ICY3212-Cap$S Tralning Evaluation Board

The CY3212 board shown in Figure 18 s an evaluation
board for development of CapSense appiications

Appl n fi eI in C° A library of common
funclions makes development of projects as simple as
wriing a few lines of code

Here 15 aﬁ exampie of the code reguired to scan two
sensors in an array of butlons and save the result In an
12C array '

Code 1

Iz llﬂ“tlng with gansor0 a.an L1 ot -1 40 !l"‘g‘ﬁ 8 an
LU
SenmorAsray_StartScan(o 2 0)

//acan compl ce .
while ( {SensorArray_GetScanStatus{) &
- SensorArray SCAR_SET_COMPLETE))
. H B

4 ase sensorf aid se 5oL resulte 17 1 ar w
info 1chouptlolj sanlforAtny_vlsnnkclulcIol
info i1RawCount (1]  SensorArray_iwaSnsResult{l))

3 2 Baseline Technique

The baseline 3 the reference for CapSense
measurements Each capacitive sensor has its own
baselne The baselne is a trend line for the capacitive
sengor data that 1s puted by the Baseline function of
the CapSense User Module The raw count data I1s
processed using an Infinite Impulse Response (lIR) low
pass filter as shown in Figure 19 High level decisions
such as Finger Present and Finger Abseni states are
based on the reference level established by the baseline

October 18 2008

Figure 19 Baseline is Trend in CapSense Data that is
Comtinuously Updated
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3 3 Environmental EHects

Temperature and Humidity Temperaturs and humidity
both cause the baseline counts 1o drft over tme The
CapSense User Module 18 characterized from -40°C to
+85°C as shown in Figure 20 The trend that is tracked by
the baseline automalically compensates for the effects of
temperature and humidity

Figuro 20 Temperature Variation
(Raw Counts Drift Over Temp Humidity has Similar Effect)

Tempereture vesiation of rew counts (CSA Method)

mpsreturs ['C)

Water CapSense can function well in the presence of
water as lang as il 15 m the form of a mist selthing on the
ovarlay 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 1o run off the surface Add
channels to the overlay in arg¢as 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

CY00002296
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3 4 Power Consumption and Sleep

Battery life 15 determined by mA hours The lower the
average current the longer Cap$ C
recharges (see Referance [3])) The PSoC can ba
programmed so that it has different modes of power
consumption

* A fastresponse mode dunng intervals of conslant
button presses

e Apower saving slow response mode after a penod of
inactivity

*  Adeep sleep mode after a longer panod of |nachvny

One of the sirengths of PSoC as compared to other
capaciive sensing solutions 15 s programmability The
user can make the power saving modes of CapSense as
sophisticated as required CapSense butions are fast
taking as Itle as 200 mwroseconds for sach 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 15 power
saving slow response mode using a three bution scan
every 100 miliseconds while consuming less than 50 pA
of average current i

3 5 Noise Filtersng

Noise 15 introduced into the CapSense system through
both condyctve 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 ar Fillenng
techmques In firmware can be used 1o increase the signal
to noise rabio of the CapSense system in the presence of
both types of noise PSoC can implement Finite Impulse
Response (FIR) and Infinite Impulse Response (1iR} digital
fiters with only a few lines of code

FIR Filler The frequency of finger pressing events 1s low
compared lo the frequency of power line noise A low pass
fiter (LPF) 1s an offective noise filtering solution for this
situation An FIR LPF 1s defined by
=(xI+x2+ +xN)}/N )

Raw counts are sampled N times per cycle of the noise
The N samples are combined together per Equaton (1)
With §0 Hz noise the sample penod must be 18 msiN
The performance of the FIR filler increases with N so
make N as large as the sysiem will allow

IR Filter An FIR filter has a disadvantage in that it needs
to be a much higher order than an LIR filter to get the same
result it may also be difficult to adjust the sample rate to
fil the penod of the noise So in some cases an IR filter
IS 8 more appropnate choice: for the LPF Table 2
compares the FIR and IIR filters

October 19 2008

Rev

Table 2 Low Pass Filter Comparison - FIR versus lIR

Fliter Type Response Always
RAM Time Stable?

1 NT Yes

N2 T No

3 6 RF immunity Considerations

RF can interfere with the operaton of any capaciive
sensing system including CapSense (see Reference {4})
Where the elsctnc field strength 18 high enough RF
interfarence can cause false button presses or prevent
real butlon presses from being sensed A cell phone is a

good example of where an RF transmitter and bultons are

purposely combined in close proximity

The electnc field strength at 3 distance greater than 1/6 of
a wavelength from a transmitier 15 approximaled by

Equation (2)
’ 1 o(P 110)

E=6%*——B—— 2

* E [voits/meter] = slectric field
¢ P {dBm]= RF power fed to antenna
* D [inches] = distance from antenna to field sensor

For an 800 MHz cell phorie transmiting at +28 dBm
(0 6W) the electric field 3 from the antenna I1s estimated
1o be around 60 Vim

Figure 21 shows the equwalent circut of the RF
interference scenano with the PSoC configured to run

CapSense Internal diodes protect the PSoC from ESD
events up to 2 KV

Flgure 21 Dlodes at Input of PSoC Provide ESD Protection

Yoo

]

-

CIRCUIT

N

P8oC

Y
v 1
m]::_

The resonant effects of a circuit trace form the recever
antenna A quarter wavelength trace 15 an efficient
antenna Figure 22 shows the length of a quarier
wavelength antenna versus frequency
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Figure 22 Quarter Wanléngm 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 ignosed by
the system When the RF power increases the CapSense
counts are offset a constant amount thal 1s set by the
power level of the interference The RF signal 1s AC but
the effect on CapSense counts 18 DC due to the diodes on
the CapSense input A positive shift In counts can cause
false bution 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 CapSense if the
source of the interference 1s part of the same system
n which CapSense 15 embedded then disable
CapSense when RF is transmiting One pin on the
PSoC 13 as’stgnediio monilor a Transmit_Enable
signal - CapSense :counts would conlinue lo be
effected by the high power RF but counts would only
be vahd with the transmitter tumed off

* RF Solution #2 Damp the Resonance Resistors
placed in senes with the CapSense mput will damp
the resonance of each trace The recommended
senes resistance added to the CapSense inpuls 19
560 ohms Communication ines 12C and SP| benefit
from 300 ohms In senas

Oclober 19 2008

37 ESD Considerations '
The electrostatic voltage on the human bogy 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 Elactrostauc Voltage on a Human Body Versus
Relative Humidity and Materlal Type
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Table 3 shows the mngnmum thickness required to
withstand 12 KV for common overlay matenals The
overlay in the CapSense system will protect the PSoC
from permanent damage when the thickness guidelines of
the table are followed A layer of Kapton lape works well in
applications needing extra ESD protection

Table 3 Breakdown Voltage of Overlay Materials and .
Minimum Thickness to Prevent Breakdown |

Breakdown Min Overlay
Material Voltage Thickness at
E imm] 12 KV [mm]
Alr 1200 - 2800 1
Glass _Commen 7800, 15
Glass Borosilicale 13 D'EO 09
(Pyrex)
Formica ,000 07
ABS 0G0 0
| Acrylic (Plexiglass) 000 0
Polycarbonate {Lexan 000 0
—P'E¥ Fiim (Mylar) (280000 4
Polyimide Film 290 000 004
[Kapton}
FR4 28 000 04
Wood _Dry 3500 3
9
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Conclusion o

The Best Practices for CapSense designs presented in
this Application Note anable angineers to successfully add
capacitive sensing featurss 1o their products
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tion of the sweep See also
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mmie  (IM) 311 1570w
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(M) 311 1970w

sximum dispt icement emor
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(IM) 311 1970w

) The control used on some
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(IM) 311 1970w
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' (COM) [50]
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mph  (IM/HFIM) (40]
$) The muumum posuble
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doff uerval See also 05

(MHFIM) (40)
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g re 1133
tﬂP resett(oscilioscopes) In oscilloscopes with single sweep
’sopﬂ‘ﬂ“"“ the arming of the sweep generator to allow 1t 10
Ll once See also oscillograph (IM/HFIM) (40)
l’ sine'wave See sine wave sweep
Zg:i,, stairstep See stawstep sweep
p switching ( ) Al display of two or more
] ¢ bases of other sweeps using a single beam cathode ray
¢ comparable to dual or multiple trace operation of the
O fection amphifier M) 311 1970w
p time (acoustically tunable optical filter) The time to con
L’é“mly 1une the filter qver uts spectral range
- (UFFC) {17
m time devision (spectrum analyzer) The nommal nme
jorequired for the apot in the reference coordinate to move from
ppone graticule division to the next Also the name of the control
aused 10 select this tme (IM) 748 1979w
well() A Y 1n the power frequency voltage
asldehvered by the mains outside of the normal tolerances with
( » duration of more than one cycle and less than a few seconds
See also surge (SPD/PB) C62 48 1995 C62 41 199ir
$£(2) An rms tnceease in the ac voltage at the power frequency
.myfor durations from a half cycle to a few seconds See also
} overvoliage surge (PE/T&D) 1250 1995
{3) An increase 11 ma voltage or current at the power fre
y'quency for durations from 0 5 cycles o 1 min Typical values
o 111018 pu See the figure below
= ’ (SCC22/IA/PSE) 1346 1998 1100 1999
swellable pbwder A powder that swells upon contact with mois
ffure A yelly Itke matenal 1s formed to block the longuudinal
[¢trnsmission of mowsture (PEfIC) 1142 1995
swim The visual misrepresentation that accurs when images on
428 display surface appear to move bout their normal positions
Y § (C) 6106 1991w
sying A u&nmm power flow due to change 1n relauve angles
14of generation on the system caused by a change in transmis
(910 OF generation configuration  (PE/PSR) C37 113 1999
swinging compass (navigation aid terms) An accurate’ por
# table magnetic compass used to indicate magnenc headings
pduning mrmuh magnetic compass clibration

: (ABS/GCS) 172 1583w
i
i

.

|
b !
* RMS Vanauon

swtch

mounted 1n such a manner
made accessible from the

the back of the pancl may be
int of the enclosure
B (AA/PKG) 333 1980w

swngout pane) (packaging :%c‘hlnery) A panel that ns-\unge

swing rack cablnel An nssaml;ly enclosed at the top sxde and

rear with front hinged door for front access having a swing
open frame for equip glc g ) 19 inch
wide chassis and subpanel assemblies)

(SWG/PE) C37 100 1992 C37 21 1985¢

switch (1) (telephone loop performance) (switching system)

A system that
two or more of its interfaces at customers demand
(COM/TA) 820 1984
(2) (high voltage gear) A device d d to close or
open or both one or more elecinc circwils See also switch
Ing device (SWG/PE) C3740 1993
(3) (compulers) A device or programming techmque for
meking a selection for example atoggle aconditional jump

among

(©) [20] [85]
(4) (electric and el parts and equip ) Adevice
for making breaking or changing the n an elec

tne circust Note a switch may be operated by manual me
chanical hydraulic thermal barometnc or gravitational
means or by electromechanical means not falling within the
definhon of relay ‘ (GSD) 200 1975w
(5) A device that connects ninglets and has queues It can
behave as a consumer (when acceping remote subactions)
and as a p {when f; ding the sub to another
nnglet) It may be visible as a node with a nodeld or be
transparent with no nodeld A switch differs from a bndge
i that a switch may connect more than twa ninglets but a
bndge connecis only two A switch ts generally assumed to
connect multiple mstances of the same bus standard wihile 2
bndge may connect differerit bus standards

; {CMM) 1596 1992
(6) A routing dcvncf {for example a box or board) providing
a et of bered node d from one or
more switch chips (or by other methods) See also switch
chip fabnc node interface (C/BA) 1355 1995
{7) (A) An electncal or mechanical device used for opening
closing or changing the connectign of & cucut Synonym
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switch bose

switchpoint  See aiso DIP switch display switch sense

switch function swiich relay (B) To open close or change

the connection of a circuat as in defimitsion (A) (C) A device
used for making a selection as i a toggle
(C) 61010 1994

(8) A device for opeming and closing or for changing the can

nection of a circunt In these rules a switch 15 understood to

be manually operuble unless otherwsse stated
(NESC/T&D) C2 1997 C22 1960

(9) In a propulsion system the historic name for the lowest

level of posiuve irctive effort and power so called because

1t 13 typically unhzed for slow speed switchung movements

such a8 yard moves trun makepp eic (VT) 1475 1999

(10) A lyer 2 imterconnection device that conforms to the

ISQAEC 10038 [ANS!/IEEE 802 1D 1990} Intemational

Standard Syaonym bndge (C.M) 8023 1998
{11) An el device ] b two data lines
A switch can exist in one of two states referred (o as  open

and closed The siate at any time depends on a digital con

trol vanable When the switch 1s open the pathway between
the two din lines has a very high impedance (1deally infinite)
so that signals appeanng on the data hnes should be com

pletely independent When the swatch 15 closed the pathway
between the two data lines hus a very low impedance (1deally
£210) $0 that signals on the two data lines should be identical

Notes | Practical el - h ph d 1 sihcon
depart from the 1deal in ot Jeast three ways

a)Inthe on siate the pathway between the two data lines
may hive fi p or the p
tween voltage and current may be nonhnear (¢ g a volt
agc dependem impedance )

b) in the ofT" state there may be significant inicraction be
tween the signals on the two data lines due to forexample
stray capacitance

) In cither staie there may be significant leakage pathways
through which currem can pass from the data hines to the
surrounding circuiry of vice versa

The effects of all these charactenstics will need to be consid

ered as 9t of the detasled 1mpl pecially i a
system containing muluple switch networks 2 A switching
action effectively in senies with the funchon signal pathway
can sometimes be obianed without a physically separate de
vice by incorporating 1 high Z or enable facility into the func
uonat cireustry. 3 Data transmission through a swaich 1s ner

1134

R

switched virtual cireyy

switchboard lamp (switchboard) A small elsctne lamp gy,
ciated with the winng n such a way as 10 give a visya) 4
dication of the status of a call or to give informanon con
ceming the condiion of trunks subscriber lines gng
apparatus (EEC/PE) [119)
hboard postion (teleph gsystems) That por
tion of 2 manual switchboard normally provided for the use
of gne operator (COM) 312 1977y
swiichboards and panels (electric installations on shlphnard)
and hboard S energy
g plant and di directly or indirectly
pplied by the g g plant A subdyg
d1s lly & scction of the generator
and distnbution switchboard (connected thereto by a bus
feeder and remotely located for veasons of convenence of
economy) that distnbutes energy for hghting heating and
power cireuits tn a certain section of the vessel A distnbunon
panel receives energy from a distnbution or subdistribution
swilchboard and distnbutes energy 10 energy consuming de
vices or other d panels or b A pane!
board 15 a distribution panel enclosed 1n a metal cabinet
: (IA/MT) 45 19835
d section (teleph hing systems) A strug
tural umt providing for one or more operator positions A
complete switchboard may consist of ane or more sections
(COM) 312 197w
switchboard supervisory lamp (cord cycut or trunk crcwt)
A lamp that 13 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 wntegrated ciremit wath two or more ik
mierfaces between which it provides packet routing? See
also link swich (CrBA) 1355 PDSJ
switch compartment (metal enclosed interrupter swich”
gear) That porion of the swiichgear assembly that contawns,
one swiiching device such as an interrupter switch power
fuse interruptes swiich combination ete  and the associated
pnmary conductors (SWG/PE) C372031%36
swiich core A magnectic core n which the core marenal‘g'm-
erally has a tugh residual flux density and a high nuo&f,
restdual 10 saturated flux density Switching docs not ooy
when the magnetic force 1mposed on the core ts below 3

5w

from the B
1o all

mally d to be bud | (as wath el
devices such 13 reluys or semuconductor swatches such as
transmussion gates) Some forms of swich can implement
only unidirectionol voltage or current dependence See also
conceptual switch high Z (C/TT) 11494 1999
switch base The main members to which the insulator units are
attached (SWG/PE) C3730 1992s
swatchboard (1) (electric power system) A luge single panel
frame or assembly of panels on which are mounted on the
face or back or both switches overcurrent and other protec
tive devices buses and usually instruments Note Switch
boards are generally accessible from the rear as well as from

the front and are not ded to be lled in See
also panelboard center of distnk distnb center
(NESC) [86]

(2) A type of gwilchgear sssembly that consists of one or

hreshold value (C) 610 IO-I%%ﬁ

swilched bank A capacitor bank designed for controlled opd,
ation power systems relaying w

(T&D/PE) 1036 1992 C3799 2

switched current The prospective current 10 be broken dm
1 switchmg operation by each set of main switchwg or gah,
sitron contacts (resistance type LTC) or transfer conuas,(fgw
actance type LTC) incorporaled in the arcing swalch or 2CHg
tap switch

switched network (1) A

hes to allow

- (C/BA) 145363
(2) A network using a switching technmique to direct m!
ges from the sender to the ultimate recipient See also 0¥
switched netwark store and forward switched network

computer nterconnect llm“}aﬁ

i
more panels with elccine, devices mounted thereon and as ! © 610.7 S0
df k Note 'S ds may be classified by hed service network (telephone switching systems) %
function that s power switchboards or control switchboard: of dedicated switching facilitscs to provide 16

Both power and cantrol swilchboards may be further classt
fied by construthon as defined

. (SWO/PEMNESC) C37 100-1992 C2 1997

(3) When seferred to i connection with supply of elecmnety

4 lasge single panel frame or assembly of panels on which

are mounted (o.h the face or back or both) switches fuses

buses ond usually instruments (T&D)y C22 1960

switchboard cord A cord that is used m conjunction with

hboard to plete or build up a telephone

' (EEC/PE) [119)

conneclion

-

3219

g.cn]

communications services for a specific customer
(COM)

switched virtual cireut A virtual cirust that 15 establ
an as needed basis to mierconneet any two end users o
to a network Note SVC service.requircs the defimd
some call control procedures for the establishment
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; “ ) Application No Applicant{s})
Advisory Action 117230 719 KUTZ ET AL
Before the Filing of an Appeal Brief Examner ArtUnit
Vincent Q Nguyen 2858 ¢

The MAILING DATE of this commumication appears on the caver sheet with the correspondence address
THE REPLY FILED 07 November 2007 FAILS TO PLAGE THIS APPLICATION {N CONDITION FOR ALLOWANCE
1 [X 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 apphcation apphicant must imely 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) D The period for teply expires manths 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 rejeclion whichever Is later n
no event however will the statutory penad for reply expire later than SIX MONTHS from the mailing dats of the final rejaction
Examiner Note If box 1 1s checked check either box (a) of (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 obtamned under 37 CFR 1 136(a) The date on which the petiion under 37 CFR 1 136(a) and the appropnate exiension fee
have been filed is the date for purposes of determining the period of extansion and the corresponding amount of the fee  The appropnate extenstan fee
under 37 CFR 1 17(a) is calculated from (1) the expiralion 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 raply receved by the Offica later than three months after the mailing date of the final rejection even if imely filed
may reduce any eamed patent term adjustment See 37 CFR 1 704(b}

N PPEA|

2 [[JThe Notice of Appeal was filed on A bref in compliance with 37 CFR 41 37 must be filed within two months of the date of
fillng 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)

AMEND! TS !

3 I:] The proposed amendment(s) filed after a final rejection but prior to the date of filing a bnef will not be entered because
(a) ] They raise new 1ssues that would require further consideration and/or search (see NOTE belaw)
(0) ] They raise the 1ssue of new matter (see NOTE below)
()] They are not deemsd to place the application in better form for appeal by matenally reducing or simphfying the 1ssues for
appeal and/or
{d) D 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 1n comphance with 37 CFR 1 121 See attached Notice of Non Compliant Amendment (PTOL 324)
.5 [J Applicants reply has overcome the follawing rejection(s)
6 [J Newly proposed or amended claim(s) would be allowable if submitted in a separate timely filed amendment canceling the
. non allowable cImm(s)
7 B For purposes of appeal the proposed amendment(s) a) X will not be entered or b) 7] will be entered and an explanation of
how the new or amended claims would be rejected i1s provided below or appended
The status of the claim(s} 1s (or will be) as follows
Claim(s) atiowed 15-17,19 and 20
Claim(s) objected to 4,59,10.12and 13
Ciaim(s) rejected 1,26 8,11 and 14

Claim(s) withdrawn from consideration

AFFIDAVIT OR OTHER EVIDEN

8 [J 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 enlered
because applicant faled 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 [ The affidavit or other evidence filed after the date of filing a Notice of Appeal but prior to the date of filing a bnief will not be
entered because the affidavit or other evidence falled to overcome all rejections under appeal and/or appellant fails to provide a
showing a good and sufficient reasons why it 1s necessary and was not earlier presented See 37 CFR 41 33(d)(1)

10 [J The affidavit or other evudance 1s entered An explanation of the status of the claims after entry 1s below or attached

REQUEST FOR RECONSI THER

11 [J The request for reconsideratnon has been considered but does NOT place the application in condition for allowance because

120 Note the attached Information Disclosure Statement(s) (PTOISB/OB) Paper No(s)

13 [X) Other Sss.&mnm_a.@.n_snm V}Mw
L

AU "Vincent Q” Nguydh
Pnmary Examiner
Art Unit 2858

U S Patent and Trademark Office
PTOL 303 (Rav 08 08) Advisory Action Bafore the Filing of an Appeal Brief Part of Paper No 20071122
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Application No Applicant(s)
Advisory Action 11/395 417 SEGUINE DENNIS
Before the Filing of an Appeal Brief Examner A Unit
John Zhu 2858

The MAILING DATE of this communication appears on the cover sheet with the correspondence address
THE REPLY FILED 22 June 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 fillng a Notice of Appeal To avoid abandonment of
this application applicant must timely file one of the following rephes (1) an amendment affidavit or other evidence which
places the application in condition for aliowance (2) a Notice of Appeal (with appeal fee) in comphance with 37 CFR 41 31 or (3)
a Request for Continued Examinalion (RCE) in comphiance with 37 CFR 1 114 The reply must be filed within one of the following
time penods
8) D The period for reply expres months from the mailing date of the finai rejection
b) The period for reply expires on (1) the mailing date of this Advisory Action of (2) the date set forth 1n the final reection whichever 1s fater 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 |f box 1 1s checked check either box (a) of (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 kme may be obtained under 37 CFR 1 136(a) The date on which the petition under 37 CPR 1 138(a) and the appropriate extension fee
have been filed 13 the date for purposes of determining the period of extension and the corresponding amount of the fea The appropnate extenston fee
under 37 CFR 1 17(a) 1s calculated from (1) the expiration date of the shortened statutory period for reply oniginally set in the final Office action or (2) as
set forth in (b) above if checked Any reply recaived by the Office later than three months after the mailing date of the final rejection even if imely filed
may raduce any earned patent term adjustment See 37 CFR 1 704(b)
NOTICE OF APPEAL
2 [ The Notice of Appeal was filed on A brief in compliance with 37 CFR 41 37 must be filad within two months of the date of
filng the Notice of Appeal (37 CFR 41 37(a)) or any extension thereof (37 CFR 41 37(s)) to avoid dismissal of the appeal Since
a Notice of Appeal hos been filed any reply must be filed within the tme penod set forth in 37 CFR 41 37(2)

AMENDMENTS

3 The proposed amendment(s) filed after a final rejection but prior to the date of filing a bnef will not be entered because
(a) 0 They raise new issues that would require further consideration and/or search (see NOTE below)
(b)D They raise the issue of new matler (see NOTE below)
{c) B They are not deemed 1o place the application in better form for appeal by matenally reducing or simplifying the issues for
\ appeal and/or :
()] They present additionat claims without canceling a corresponding number of finally rejgcted claims

NOTE See Continuation Shee! (See 37 CFR 1116 and 41 33(a))

4 3 Tne amendments are not in compliance with 37 CFR 1121 See aitached Notice of Non Compliant Amendment (PTOL 324)

5 D Applicant s reply has overcome the following rejection(s)

6 [J Newly proposed or amended claim(s) would be allowable «f submitted in a separate timely filed amendment canceling the
non allowable claim(s) - .

7 (@ For purposes of appeal the praposed amendment(s) a) I will not be entered or b) [J will be entered and an explanation of
how the new or amended claims would be rejected 1s provided below or appended
The status of the claim(s) 1s (or will be) as follows
Claim(s) allowed )
Claim(s) objected to ___
Claim(s) rejected 1.9
Clarm(s) withdrawn from consideration 10 20

AFFIDAVIT OR OTHER EVIDENGE N ~

8 [] The affidavit or other evidencs filed after a final action but before or on the date of fillng @ Notice of Appeal will not be entered
because apphicant failed to provide a showing of good and sufficient reasons why the afiidavit or other evidence Is necessary and
was not earlier presented See 37 CFR 1 116(e) A

9 ) The affidavit or other evidence filed after the date of filing & Notice of Appeal but prior to the date of filing & brief wili not be
entered because the affidavit o olher evidence failed to overcome all rejections under appeal and/or appellant fails to provide a
showing a good and sufficient reasons why 1t1s necessary and was not earlier presented See 37 CFR 41 33(d)(1)

10 [J The affidavit or other evidence is entered An explanation of the status of the claims after entry 1s below or attached

T FOR RE i JOTH
11 [J The request for reconsideralion has been considered but does NOT place the application in condition for allowance because

12 [J Note the attached Information Disclosure Statement(s) (PTO/SB/08) Paper No(s)

13 [0 Other
Jo b
U'S Falent and Trademark Office | v‘ v
PTOL 303 (Rev 08 06) Advisory Action Before the Filing of an Appeal Brief Part of Paper No 20070703

t
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Continuation Sheet (PTO 303) Application No 11/395 417

Continuation of 3 NOTE The ly added imitation of enabling or disabling a low impedance raiges new jssues that require futher
consideration and search %

4«7'“(‘:9.(, :

ANJAN DEB
PRIMARY EXAMINER
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Application No Applicant(s)
Advisory Action 11/437 517 XIAOPING JIANG
Before the Filing of an Appeal Brief Examimer At Uit
BENYAM KETEMA 2629
The MAILING DATE of this ¢ tron apy on the cover sheet with the correspondence address

THE REPLY FILED 26 March 2010 FAILS TO PLACE THIS APPLICATION IN CONDITION FOR ALLOWANCE
1 B4 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
applicaton 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 comphiance with 37 CFR 1 114 The reply must be filed wqthln one of the following time
periods
a) D The period for reply expires months from the maiing date of the final rejection
b) & The penod for reply expires on (1) the mailing date of this Adwisory Action or (2) the date set forth i the final rejection whichever is later In
no event howaver will ihe statutory penod for reply expire later than SIX MONTHS from the mailing date of the final rejection
Examiner Note if box 1 1s 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)
Exiensions of bme may be obtained ynder 37 CFR 1 136(a) The date on which the petilon under 37 CFR 1 136(a) and the appropnale extension fee
have been filed 1s the date for purposes of determining the peniod of extension and the corresponding ameunt of the fee  The appropnate extension fee
under 37 CFR 1 17(a) 1 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 o checked Any reply receved 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)

NOTI F APPEAL

2 [JThe Notice of Appeal was filed on A brief m compliance with 37 CFR 41 37 myst 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(g)) to avoid dismissal of the appeal Since a
Notice of Appeal has been filed any reply must be filed within the time period set forthrin 37 CFR 41 37(a)

| AMENDMENTS

3 [ The proposed amendment(s) fﬂed after a final reyection but prior to the date of filing a brief will not be entered because
(a)[] They raise new 1ssues that would require further consideration and/or search (see NOTE below)

(b)[: They raise the issue of new matter (see NOTE below)

(c)E They are not deemed to piace the application in better form for appeal by materially reducing or simpifying the issues for
appeal and/or

(d)D They present addiional 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 D Applicant s reply has overcome the following rejection(s)

& [J] 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) will be entered and an explanation of
how the new or amended claims would be rejected 1s provided below or appended
The status of the claim(g) 1s (or will be) as follows
Claim(s} allowed
Claim(s) objected to 5 17
Claim(s) rejected 1 4 and 18 ¢
Claim(s) withdrawn from consideration

AFFIDAVIT OR OTHER EVIDENCE

8 [ The affidavit or other evidence filed after a final acton but before or on the date of filng a Nohce of Appeal will not be entered
because applicant falled to provide a showing of good and sufficient reasons why the affidavit or other evidence i1s necessary and
was not earlier presented See 37 CFR 1 116(e)

9 [ 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 faded to overcome all rejections under appeal and/or appellant fails to provide a
showing a good and sufficient reasons why it 1s necessary and was  not earlier presented See 37 CFR 41 33(d)(1)

10 [ The affidavit or-other evidence s entered An explanation of the status of the claims after entry 1s below or attached

RE ST FOR RECONSIDERAT! THER .

11 X The request for reconsideration has been considered but does NOT place the apphcation in condion for allowance because

Examiner dggg rees with the agsertion of Tsuioka not disclosing _three or more bytton operations __ using two areas of the
sensing device_as it 15 recited n claim 1 Tsuyoka (fig 5) discloses two sensing area (24 and 26), further more (Fig.5) discloses
three or more bytton s (49 and 4 50), Therefore one can s u \nput oparations (1 e_button operations
are done ar of the sensing device (1 @_input device 21 )
12 [ Note the attached Infarmation Dlsclosure Statement(s) (PTO/SB/08) Paper No(s) l
13 [ Other

{Bipin Shalwala/ '
Supervisory Patent Examiner Art Unlt 2629 l

U'S Patent and Trademark Office
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Application No Apphcant(s)
Advisory Action 11/477 179 GUANGHAI LI
Before the Filing of an Appeal Brief Examiner At Unit
' HONG ZHou 2629

The MAILING DATE of this communication appears on the cover sheet with the correspondence address ~

THE REPLY FILED 25 May 2010 FAILS TO PLACE THIS APPLICATION IN CONDITION FOR ALLOWANCE

1 B The , reply was filed after a final rejection but pnior to or on the same day as filing a Notice of Appeal Te avoid abandonment of this
appllcahon apphcant must imely file one of the following replies (1) an amendment affidavit or other evidence which places the
appiication in condition for allowance (2) a Notice of Appeal (with appeal fee) in comphance with 37 CFR 41 31 or (3) a Request
for Continued Exanmnation (RCE) in compliance with 37 CFR 1 114 The reply must be filed wittun one of the following time
periods

a) % The penod for reply expires months from the mailing date of the fina! rejechon

b) The penod for reply expires on {1) the mailing date of this Adwisory Action or (2) the date sel forth in the final rejection whichever is later In

no event however will the statutory panod for reply expire later than SIX MONTHS from the mailing date of the final rejection
Examiner Note 1f box 119 checked check either box (a) or (b)) ONLY CHECK BOX (b) WHEN THE FIRST REPLY WAS FILED WITHIN TWO
MONTHS CF THE FINAL REJECTION See MPEP 706 07(f)

Exlensions of tme may be obtained under 37 CFR 1 136(a) The date on which the petiion under 37 CFR 1 136(a) and the appropniate extension fee

have been filed 18 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) 1s calculated from (1) ihe expiration date of the shortened statutory period for reply onginally set in the final Office action or (2) as
set forth in (b) above 1f checked Any reply raceived by the Office later than three months after the maiing date of the final rejection even if imely filed

may reduce any eamed patent term adjusiment See 37 CFR 1 704(b)

NOTICE OF APPEAL

2 [JThe 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
fiing the Notice of Appeal (37 CFR 41 37(a)) or any extension thereof (37 CFR 41 37(e)) to avoud 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 prior to the date of filing a brief will Dot be entered because
(a)[:] They raise new 1ssues that would require further consideration and/or search (see NOTE below)

(b)D They raise the 1ssue of new matter (see NOTE below)

(c)D They are not deemed to place the application in better form for appeal by matenially reducing or smplfying the issues for
appeal andlor

(d)D They present additignal claims without canceling a corresponding number of finally rejected claims
NOTE _____ (See 37 CFR 1116 and 41 33(a))

4 [] The amendments are not in compliance with 37 CFR 1 121 See attached Notice of Non Complhiant Amendment (PTOL 324)

5 [ Applcants reply has overcome the foliowing rejection(s) ______

6 [ Newly proposed or amended claim(s) would be allowable if submitted in a separate ttrnely filed amendment canceling the
non allowable claim(s)

7 & For purposes of appeal the proposed amendment(s) a) (] will not be entered or b) [] will be entered and an explanation of
how the new or amended claims would be rejected 1s provided below or appended
The status of the claim(s) i1s (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 OR OTHER EVIDENCE

8 [ The affidawit or other evidence filed after a final action but before or on the date of filng a Notice of Appeal will 0ot be entered
because applicant falled to provide a showing of good and sufficient reasons why the affidavit or other evidence 1s necessary and
was not earher presented See 37 CFR 1 116(e)

9 [ The affidawit or other evidence fited after the date of filing a Notice of Appeal but prior to the date of fitng a brief will not be
entered because the affidavit or other evidence failed o overcome all rejections under appeal and/or appellant fails to provide a
showing a good and sufficient reasons why it 1s necessary and was not earlier presented See 37 CFR 41 33(d)(1)

10 [0 The affidavit or other evidence 1s entered An explanation of the status of the claims after entry 1s below or attached

REQUEST FOR RECONSIDERATION/OTHER
11 [ The request for reconsnderatlon has been considered but does NOT place the application in condition for allowance because
See Continuation Sheet

12 [ Note the attached Information D/sclosurs Statement(s) (PTO/SB/08) Paper No(s)
13 O Other _____

{Amare Mengistu/
Supervisory Patent Examiner Art Unit 2629

U S Patent and Trademark Office
PTOL 303 (Rev 08 06) Adwisory 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 imitations  The Applicant first argues Gitzinger fails to disclose the
feature of a pad layer that does not directly contact the routing layer when the particular key 1s pressed as recited in claim 22 The
Applicant then argues Gitzinger fails to to disclose that the insulting layer 1s disposed between the routing layer and the pad layer as set
forth in clam 22 The Examiner respectfully disagrees with this argument As can be seen from Fig 15 of Chien Chien discloses a pad
layer compnsing conductive materal that corresponds tto a plurality of keys (conductor 954 are corresponding to keys 1 2 3 see [0031])
Chien further discloses an insulting layer 1s 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 fayer when a particutar key is pressed as recited in claim 22 However Gitzinger discloses a keypad wherein an
insulting layer (e g  plastic housing member 722 Fig 8)1s disposed between a conductive object (e g  a finger) and a routing layer (e g
826 828 and 830 Fig B) and the conductive object does not directly contact the routing layer when a particular key 1s 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 thys if
the invention of Chien 1s 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 clamed in claim 22 Thus the rejection 1s maintained
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Application No Apphcant(s)
Advisory Action 12/367 279 SEGUINE DENNIS
Before the Filing of an Appeal Brief Examimer ArtUnit
JOHN ZHU 2831
~The MAILING DATE of this tion 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 [X The reply was filed after a final rejection but prior to or on the same day as filing a Notice of Appeal To avord 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 complance 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) D The penod for reply expires months from the maiing date of the final rejection
b) E 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 118 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 tme may be obtaned 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 1s the date for purposes of determining the period of extensign and the comresponding amount of the fee The appropnate extension fee
under 37 CFR 1 17(a) Is calculated from (1) the expiration date of the shoriened statutory penod for reply ongnally set in the final Office action or (2) as
set forth n (b) above 1f checked Any reply recewved by the Office later than three months after the mailing date of the final rejection even if imely filed
may reduce any eamed patent term adjustment See 37 CFR 1 704(b)

 NOTICE OF APPEAL

2 [ The Notice of Appeal was filed on A brief in comphance with 37 CFR 41 37 must be filed within two months of the date of
fiing 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 [ The propased amendment(s) filed after a final rejection but prior to the dats of filing a brief will not be entered because
(a)I:I They raise new issues that would require fuither consideration and/or search (see NOTE below)
(b)[] 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 matenially reducing or simplifying the issues for

appeal and/or
(d)D They present additional claims without canceling a corresponding number of finally rejected claims
NOTE ______ (See 37 CFR 1116 and 41 33(a))

4 [ e arnendments are not in compliance with 37 CFR 1 127 See attached Notice of Non Compliant Amendment (PTOL 324)

5 [J Applicants reply has overcame the following rejection(s)

6 [T] Newly proposed or amended claim(s) would be allowable if sybmitted in a separate timely filed amendment canceling the
non allowable claim(s)

7 E For purposes of appeal the proposed amendment(s) a) (] will not be entered or b) B will be entered and an explanation of
how the new or amended claims would be rejected 1s provided below or appended
The status of the claim(s) 1s (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 s

8 [ The affidavit or other evidence filed after a final action but before or on the date of filng a Notice of Appeal will not be entered
because applicant farled to provide a showing of good and sufficient reasons why the affidavit or other evidence 1s necessary and
was not earher presented See 37 CFR 1 116(e)

9 [T 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 all rejections under appeat and/or appellant fails to provnde a

A showing a good and sufficient reasons why it 1s necessary and was not earlier presented See 37 CFR 41 33(d)(1)

10 [J The affidavit or other evidence 1s entered An explanation of the status of the claims after entry 1s below or attached

REQUEST FOR RECONSIDERATIQN/OTHER

11 The request for reconsideration has been considered but does NOT place the apphication in condition for allowance because

See Contlnuahon Shest

12 [ Note the attached Information Disclosure Statement(s) (PTO/SB/C8) Paper Nofs) _____

13 [X Other As the double patenting rejection stands because of the improper Terminal Disclaimer, the application 1s not in condition

for allowance_The changes to the claims are minor and regard to issues not affecting the scope of the invention, and thus will be

gntereg

{Diego Gutierrez/ ’ HJohn Zhu/
Supervisory Patent Examiner Art Unit 2831 Examiner Art Unit 2831

/
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PTOL 303 (Rev 08 06) Adwisory Action Before the Filing of an Appeal Brief Part of Paper No 20100622
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Contmuano} of 11 does NOT place the application in condition for allowance because the Termunal Drsclaumer fited on 6/1/10 15 not
approved because it fa|led to state capaaty to sign on behalf of assignee
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Application No Applicant(s)
. 11230 719 KUTZET AL
' Office Action Summary Examiner “Art Unit
: Vincent @ Nguyen 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 3 MONTH(S) OR THIRTY (30) DAYS

WHICHEVER IS LONGER FROM THE MAILING DATE OF THIS COMMUNICATION
Extensions of ime may be avaitable under the provisions of 37 CFR 1 136(a) In no event however may a reply be umealy filed
after SIX (6) MONTHS from the mailing date of this communication
1§ NO peniad for reply 1s specified abava the maximum stalutory penod will apply and will expire SIX (8) MONTHS from the mailing date of fus communication
Failure to reply within the sat or extended panod for reply will by statute cause the application to bacome ABANDONED (35USC §133)
Any reply received by the Office tater than three months after the mailing date of this communication even if timely filed may redyce any
eamed patent term adjusiment See 37 CFR 1 704(b)

Status
1) Responsive to communication(s) filed on 27 Augyst 2007
2a)d This action 1s FINAL . 2b)[] This action is non final

3] Since this application 1s 1In condrtion for allowance except for formal matters prosecution as to the ments 1s
closed in accordance with the practice under Ex parte Quayle 1935CD 11 4530G 213

Disposition of Claims

4B Claim(s) 1.2.4-17.19 and 20 1s/are pending In the application
4a) Of the above claim(s) 1s/are withdrawn from consideration
5 Claim(s) 15-17,19 and 20 1s/are allowed
6 Claim(s) 1,2,6-8,11 and 14 is/are rejected
7YX Clam(s) 4.5.9.10.12,13 1sfare objected to
8)[J Clam(s) . are subject to restriction and/or election requirement

Application Papers

9)[] The specification is objected to by the Examiner
10)(] The drawing(s) filed on is/are  a)[] accepted or b)[J 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 18 required «f the drawing(s) is objected to See 37 CFR 1 121(d)
113 The oatl} or declaration is abjected to by the Examiner Note the attached Office Action or form PTO 152

Prionity under3sUS C § 119 -

12)J Acknowledgment 1s made of a claim for foreign prionty under 35 U S C § 119(a) (d) or 1)
a)JAI  b)[J Some * ¢)[J None of
1[0 Certified copies of the prionty documents have been received
20 Certfied copies of the priorty documents have been received in Application No
3] 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 hist of the certified copies not received

) -~

Attachment(s) ) .
1) D Notice of References Ciled (PTO 892) 4) D Interview Summary (PTO-413)
2y [J Notice of Draftsperson s Patent Drawing Review (PTO 948) Paper No(s)/Mail Date ____
3y [J information Disclosure Statement(s) (PTO 1449 or PTO/SB/08) 5) [] Notice of Informal Patent Apptication (PTO 152)
Paper No(s)Mail Date : 6) D Other
US Paiont and Tredemark OMca -
PTOL 326 (Rev 7 05) R Office Action Summary Part of Paper No /Mail Date 20070830
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DETAILED ACTION
Objections
1 With respect to the amendments (cqncellatlons) of claims 3. and 18, the text of

the claims must not be presented (See 37 CFR 1 121) In addttion, the identifiers are

misspelling Apbropnate correction 1s required
Claim f\’eject:ons -35USC § 102
2 The following 1s a quotation of the appropriate paragraphs of 35 U S C 102 that

form the basts for the rejections under this section made in this Office action

A person shall be entitied to a patent unless -

(e) the invention was descnbed i (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 freaty 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 intemational application designated the Urited States and was published under Article 21(2)
of such treaty in thé English fanguage

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 clams 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 1s an integer greater than 1 and for eacﬁ set of N capacitive
sensor inputs (Any combination of elements 38 selected by element 10), detecting if a
capacitance at 1:the N capacitive sensor inputs (31) 1s within a predetermined range
(Paragraphs 12-17 and 76-79)

With respect to clam 7 Hara discloses a plurahty of switch devices (14) that

cor?\nect capacitive sensor Inputs (31) to a common node (38) when enabled a

[

CY00002321



Application/Control Number 11/230,719 Page 3
Art Unit 2858

measuring circuit (Figure 4) coupled to the common node (38) that determines when the
capacitance at the common node 1s outside of a predeterrined range, a switch
controller (51) that sequentially enables different sets of N switch devices essentially
smultaneously ’

With respect to clam 8 Hara discloses a capacitive sensbr coupled to each
capacttive sensor input (31), the capacitive sensors arranged into an array for sensing
thé position of an object with respect to the array (Figure 1)

With respect to clam 9, Hara discloses each capacitive sensor comprises a
single sensor plate (31) coupled to a comesponding switch device (14) and separated
from an adjacent senQor plate by a ground plate that 1s essentially coplanar to the
seﬁvsor plate and ad)abént sensor plate (The imitations such as plates coplanar are
principle structure of the capacitor and 1s inherent in figure 1)

With respect to claim 14, Hara discloses the switch controlier (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 rewntten n independent form including all can the

hmitations of the base claim and any intervening claims

1 i
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Response to Argdments
6 Applicant's arguments filed 8/27/2007 have been fully considered but they are
not persuasive |

a) In ‘respor‘\se to Applicant s argument that  Accordingly, because Hara et
al ionI‘y teaches:the measurement of a current for one sensing circuit, Applicants do not
believe the reference can show or suggest "detecting if a capaéutance at " multiple

"sensor Inputs 1s within a predetermined range”, as recited in claim 1"

Contrarily to Applicant's belief Hara et al explictly disclose "detecting f a
capacitance at " multiple "sensor inputs 1s within a predetermined range" as recited in
clam 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 Hara 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 thé second and the
subsequent field scans ” (Hara et al’s para 12, 15) Accordingly, the steps of
“detécting f a capacitance at multiple inputs 1s within a predetermined range” )
adequately read on Hﬁra et al

| b) In response to Applicant’s argument that ‘Applicants do not beheve a
prima facie shownng'\has been presented as ‘the hmitations of clam 6 were not
a&dressed by the rejection " For this reason élone the rejection of élalm 6 is traversed

. In addition or aiternatively, claim 6 recites that the metﬁod 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
atthe M capacfuve sensor inputs 1s within another predetermined range

It 1s noted that the clam d?es 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) Inresponse to Applicants argument that “Applicants agree that Hara et
el teaches a data decoder circuit (51) that enables switch elemsnts (14) However as
noted by the emphasis Hara et al never shows the enabling of multiple switching
dements "essentially sylmu|taneous|y“, as the selection is explictly indicated as being
sequential |

Accordingly bééause the cited reference does not show or suggest all the
Iimtations of clam 7, tHls ground for rejection 1s traversed’

| It 1s not necessary for Hara et al to explicitly disclose ‘the ‘enabl(mg of multiple
switching dements "essentially simultaneously", as the selection |§ exphicitly indicated
as being sequéntnal ” because it I1s the principle of the decoder (Elements 51, 52) It1s
well known In the art that the decoder decodes to select any arbitrary switch, switches,
or set of switches sequentially or simultaneously Accordingly, the hmitations as
recited in the claim “essentially simultaneously” adequately read on Hara et al

d) In response to Applicants argumet;t 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 charactenstic

necessanly flows from the teachings of the applied prior art "

“Prloir Art (Figure 2} Claimed Invention

9 (Onginal) The system of clam 8

wherein
each capacitive sensor comprises a single

sensor plate coupled to a corresponding

Switch

switch device and separated from an

adjacent sensor plate by a ground plate

/ ¥ that 1s essentially coplanar to the sensor

Single sensor o
plate ‘ -| plate and adjacent sensor plate

Ground
Plate

The swiches (See the legend above) couple the sensor plate to a
corresponding swvtch (Element 14 or any switch selected by the decoder 51 or 52)
| e) In response to Applicant response that ‘Applicants’ claim 15 invention
includes "‘charg!ng and discharging the common node within a given time period to
geriaeraté a cour%t value corresponding to the capacitance” and alleges that Hara does
not teach or suggest the features
Applicant's argument i1s persuasive, accordingly the claim 15 1s allowed Claims

16, 17, 19 20 are allowed for being dependent upon claim 15
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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‘C’:FR 1 136(a)

A shortened statutory period for reply to this final action 1s set to expire THREE
MONTHS from the mailing date of this action In the event a first reply 1s filed within
TWO MONTHS of the mailing date of this final action and the advisory achion 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 1s 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
examlher should be QIrected to Vincent Q@ Nguyen whose telephone number Is (571)
272-2234 The examlher can normally be reached on 8 30-5 00

If attempts to reiéé:h 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 apphication or proceeding 1s assigned 1s 703-

872-9308 "

o/
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Information regarding the status of an application may be obtained from the
Patent Application Information Retrneval (PAIR) system  Status information for
published appiications 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 Ilpa;r-durect uspto gov éhould
you héve questions on access to the Private PAIR system contact the Electronic

Business Center (EBC} at 866-217-9197 (toll-free)

1/ . Vincent Q Nguyen
. - Primary Examiner

Art Unit 2858
September 3, 2007

VINCENT Q@ NGUYEN
PRIMARY EXAMINER
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Application No Apphicant(s) v
. . . 11/273 708 SNYDER ETAL
Office Action Summary Examiner AR UnIt
! . Levi Gannon 2817
The MAILING DATE of this communication appears on the cover sheet with the correspendence ad dress

| Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY 1S SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS

WHICHEVER IS LONGER FROM THE MAILING DATE OF THIS COMMUNICATION
Extensions of tme may be available under the provisions of 37 CFR 1 138(a) In no svent however may a raply ba timely fled
atter SIX (8) MONTHS from the mailing date of this communication
If NQ peniod for reply 1s specified above the 8 y penod will apply ang will expire SIX (8) MONTHS from the maifing date of this communication
Failure to reply willun the set or exiended pencd for reply will by statute cause the application to become ABANDONED (35U S C §133)
Any reply recaived by Ihe Office later than three monihe aiter the maiing date of this comsmunication even If tmely filed may reduce any
eamed patent term adiustmand  See 37 CFR 1 704{b)

Status

1% Responsive to communication(s) filed on 11 Apnl 2007
2a)] This action 1s FINAL 2b)[J This action is non final
3)0] Since this application 1s 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 CD 11 4530G 213

Disposition of Claims

4 Clam(s) 1-21 1s/are pending in the application
4a) Of the above claim(s) 1s/are withdrawn from consideration
50X Clam(s) 1-13 1s/are allowed
6)X Claim(s) 14,18 and 21 is/are rejected
7R Clam(s) 15 17. 19, and 20 1s/are objected to

8)[] Clam(s) are subject to restriction and/or electon requirement

Apphication Papers

9)[] The spectication is objected to by the Examiner
10)J The drawing(s) filed on islare  a)[_] accepted or b)] abjected to by the Examiner
Applicant may not request that any objection to the drawing(s) be held i abeyance See 37 CFR 1 85(a)
Replacement drawing sheet(s) including the correction ts required if the drawing(s) Is objected to See 37 CFR 1 121(d}
1) The oath or declaration Is objected to by the Examiner Note the attached Office Action or form PTO 152

Prionty under 35U SC § 118

12)] Acknowledgment!is made ‘of a cleim for foreign prionty under35US C § 119(a) (d) or (f)
a)JAI b)(J Some * ¢)(J None of :
1[0 Certified copies of the prionty documents have besn received ‘
2] Certified copies of the prionity documents have been received in Appllcahbn No
30 Copies of the certified copies of the priority documents have been received in this National Stage
appltcation from the International Bureau (PCT Rule 17 2(a))
* See the attached detaed Office action for a list of the certified copies nol receved

Attachment(s)
1) E Notice of References Cited (PTO 892) 4) D Interview Summary (PT0-413)
2) ] Notice of Draftsperson s Patent Drawing Review (PTQ 948} . Paper No{s)Mail Date __
3) X information Disclosure Statement(s) (PTO/SB/08) 5) (] Notica of Informal Patent Application
Paper No(syMail Date #/11/07 k 6) ] other
U'S Poten and Trodemark Oics
PTOL 326 (Rev 08-08) Office Action Summary Part of Paper No /Mail Date 20070702
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A

DETAILED ACTION
Claim Rejections - 35 USC § 103
The following 1s 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 1s not identically disclosed or descnbed as set

- forth in section 102 of this tlle 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 ime the
invention was made to a person having ordinary skill in the art to which said subject matter pertains
Patentabiiity 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 Kltar;é et al (hereinafter Kitano) (US Patent 7 119,550) in view of
Copper et al (heremaftef Cooper) (US Patent 5,670,915)

:Regarding claim 14, Kitano teaches a capacitance sensor (figure 4), compnising
a first oscillator (30) coupled to charge and discharge a reference capacitor (C1) with a
first ane currenét {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 dnive 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 noi teach a voltage source to ger;erate a referenge voltage and a
voltage scaler c;)upled\to scale the reference voltage to generate a Ibw voltage

reference and a high vbltage reference the voltage scaler coupled to provide the low
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and tugh voltagé references to the first and second osciliators, wherein the first and
second*oanllat&rs are coupled to oscillate the reference capacttor and the DUT
capacttor between the low and high voltage references

| ‘Cooper teaches an oscillator with voltage control compnising a voltage source to
generate a reference voltage (VDD), and a voltage scaler (voltage deer, R1-R3 30,
38 40, 28, 36) coupled v‘to scale the reference voitage (VDD) to génerate alow yoltage
reference (VL) and a high voltage reference (VH), the voltage scaler coupled to provide
the low and high voltagg,references (VH, VL) to the oscillator {12-22) wherein the
oscillator i1s coupled to ascillate 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 050|liator of Cooper
because such a modification would have been a mere substitution of art recognized
equlvélent oscillator circuits

As for claim 18, Kitano discloses the capacitance sensor of claim 14, but fails to
exﬁreéély teach 'the frequency comparator mciudmg a divider cnrcuutlcoup|ed to receive
a clock signal from the second oscillator having the second frequendy 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 duan asingle
pulse of a reference 6Iock signal generated by the first oscillator and having the first

frequency
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However, this tybé of frequency companson circuit used for determining the
difference between two frequenmes i1s 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 SIgQaI by 2N to generate
a dwvided clock signal and an N-bit register counter coupled to count a number pulses
of the divided clock signal that occur duning a single pulse of a reference clock signal
gener;ted by thg 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
dnive currents are each asymmetnical for charging and discharging (replacing the
oscilators of Kitano with the osciliator of Cooper would provide identical oscillators with

identical drive currents)

Response to Arguments
‘Apphcant s 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 clams 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 i1s noted that Independent claim 14 has been amended to mclude subject
r'natter of allowable claim 15 As such 1t is believed that claim 14 now includes subject
matter already deemedvallowable by the Examiner "

However, this a;gument 1s not persuasive because the allowable subject matter
sef forth by the Examiner in the office action mailed 3/19/07 was directed to the currer:nt

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 1s 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 claln; 1

The follodvmg 15 a statement of reasons for the indication of allowable subject
maﬁer The best art of record, Kitano, does not teach scaling from a common reference
curreﬁt as set forth n élaum 7, a current scaler coupled to scale the first reference
‘ cw‘"rent to generate second and third reference currents wheren the first and second

oscillators mirror the second and third reference currents respectively, to generate the
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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 1s reminded of the extension of time
policy as sét 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 thus 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 adwvisory action 1s mailed, and any
extension fee pursuant to 37 CFR 1 136(a) will be calculated from the maiing date of
the advisory action |n no event, however, will the statutory period for reply expire later
than SIX MONTHS from the rrI\allmg 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-Fnday 9 30AM-6 00 PM

If attempts to reach the examiner by telephone are unsuccessful the examiners
supervisor Robert Pasﬁal can be reached on (§71) 272-1769 The fax phone number

for the organization where this application or proceeding i1s assigned 1s 571-273-8300
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Information regarding the status of an apphcaﬁon may be obtained from the
Patent Application Information Retnieval (PAIR) system Status information for
published applications may be obtained from either Private PAIR or Public PAIR
Status informatnbn 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 {o the automated information

system, cali 800-786-9199 (IN USA OR CANADA) or §71-272-1000

Teefinology Cerer 2800
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Application Papers
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DETAILED ACTION

1 Response to communications filed on 1/30/2007

Election/Restrictions
2 - Applicant's election without traverse of group | ¢lams 1-9 in the reply filed on
1/30/2007 1s acknowledged
Claim Rejectrons - 35 USC § 112

3 The following 1s a quotation of the first paragraphof 36 U S C 112

The specification shall contain a wntten description 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 of pertains or with which it 1s 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 faiing 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 imtial mode”
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i Claim Rejections - 35 USC § 102

5 The following 1s a quotation of the appropnate 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 entitied to a patent unless -

(b} the Invention was patented or descnbed 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
g 4

b .

States
6 Claim 1 1s rejected under 35 U S C 102(b) as being anticipated by Kim (US PG
| Pub no 2003/0210809 A1) !

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 inthial mode and
subject to potential vanation in a run-time mode (runtime mode occurs when object is in
proxnmﬁlty) 1 ! D

a common current source (13) coupled to the common mode, and

a compar;tor circuit (61) having a first input coupled to the common mode (node
P4)and a seco_nli input coupled to a reference value (Vm) that com;;ares capacitance
values correspo‘hdmg td, each capacitance source to the reference vé!ue in the inthial
mode j:and subséqdently compares capacitance values correspondmg to each

Co : |
capacitance source to the reference value in the run-time mode
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Claim Rejections - 35 USC § 103
7 The following 1s 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 cbtaned though the invention 1s not identically disclosed or descnibed as set
forth in section 102 of this ttle If the differences between the subjact 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 pawer 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 1s enabled in response to the
output of the comparator or the switch i1s coupled between the common node and a low
power supply node

Miller disclose a feedback component, including a common node set switch (Fig
BA, element 102) coupled between the common node and a predetermined voltage
node that 1s enabled in response to the output of the comparator (element 72) and that
the switch 1s coupled bétween the common node (V- of the amp 72) and a lower power
supply node 104

Accordingly 1t would have been obvigus to one of ordinary skill in the art at the

time the nventicn was made to modify Kim to include the feedback component with the

CY00002340



Apphcation/Control Number 11/395,417 v Page 5
Art Unit 2858 ‘

common node set switch coupled between a common node and a lower power supply
node a‘s‘taught by Miller for the purpose of resetting the amplifier

9 Claim 4 1s rejected under 35 U S C 103(a) as bemng unpatentable over Kim in
view of Von Basse et al (6,583 632 B2)

With respect to clam 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 dlscldses 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‘pased on transitions In the output of the comparator circurt

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 6f accounting of the number of cycles necessary to charge the capacitor
toa prgdetermlnéd reférence 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% paragraph, set forth 1n this Office action and to inciude all of the
limitations of the base claim and any intervening claims
11 The following 1s 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
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S

teach or render obvious the entire combination including specifically a circuit compnsing
a counter circuit generatllng count values corresponding to each capacitance source in
Intial mode and a computation cirguit that generates a correction factor based on the
generated count values h

Clams 6-9 are allﬁwable as they depend from clam 5

Response to Arguments
12 Applicant's arguments filed 1/30/2007 have been fully considered but they are
not persuasive '

!n response to applicant's argument that Kim ('809) does not teach the Input
swnchés ofthe abpllcatlon {Response to Office Action, page 13-14), the examiner
respecltfully‘dnsagrees and contends input switches are taught As applicant points out,
Kim discloses

"If sensing point 37 connected to selecting node 33 is in contact with a human
body part, then the pmf:éss just descnbed with respect to selecting node 32 repeats for
éelectlng node 33 HoWever, if activated selected node 33 is not in contact with the
human body, then additional voltage has been apphed to node p3 " (Paragraph 0045)

Hence the sensing points are read as input switches as it controls the voltage
supplhed 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 inciude devices such as a sense switch’ (Page 1134 column 1,
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3

line 1) lUnd'er this definition, the sensing point bf Kim 1s read as a switch because in the
presence of a hu:man body, the connection between the input and output is changed
(1 e a capacitance 1s added which changes the flow of the circuit)

Furthermore 1t 1s hoted applicant s 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 aré 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 M?’EP § 609 04(b) Applicantis reminded of the extension of time
policy as set forth n 37‘;‘CFR 1 136(a)

A shortened statutory penod for reply to this final action i1s set to expire THREE
MONTHS from the mallxhg 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 1s not
mailed untll after the end of the THREE-MONTH shortened statutory period then the
s'hortened statutory period will expire on the date the advisory action 1s 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 achon

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to John Zhu whose telephone number 1s (571) 272-5920
The examiner can normally be reached on M-F, 8-4 30

If attempts to regch the examiner by telephone are unsuccessful, the examiners
supervisor, Andrew Hyrshfeld can be reached on (571) 272-2168 The fax phone
number for the orgamzétygn where this application or proceeding 1s assigned 1s 571-
273-8300

Infofmatldn 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 13 available through Private PAIR only
For more information about the PAIR system, see hitp //pair-direct uspto gov Should
you have guestions 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 §71-272-1000

John Zhu

Examiner
Art Unit 2858 1

S 2 LY
L ANDREW H Hi
SUPERVISORY PATENT EXAMINER
TECHNOLOGY CENTER 2800

JZ
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A SHORTENED STATUTORY PERIOD FOR REPLY I8 SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS
WHICHEVER IS LONGER FROM THE MAILING DATE OF THIS COMMUNICATION
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after SIX (6) MONTHS from the mailing date of this communication
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Status
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2a)X] This action is FINAL 2b)[J This action is non final

3)J Since this application is In condition for allowance except for formal matters prosecution as to the ments s
closed in accordance with the practice under Ex parte Quayle 1935CD 11 4530G 213

-

Disposition of Claims '

4HB Clam(s) 1.20 lslgre pending In the application
4a) Of the above clam(s) is/are withdrawn from consideration
50 Claim(s) § 17 1s/are allowed

6)X Claim(s) 1.4 and 18 20 is/are rejected
7] Clam(s) is/are cbjected to

8] Clam(s) are subject to restriction and/or election requirement

Application Papers

9)[FThe specification 1s objected to by the Examiner
10)BJ The drawing(s) filed on 05/18/2006 1s/are  a){X] accepted or b)[] objected to by the Examuner
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) 1s objected to See 37 CFR 1 121(d)
11)[0 The oath or declaration 1s objected to by the Examiner Note the attached Office Action or form PTO 152

Priority under 35USC § 119

12)[J Acknowledgment 1s made of a claim for foreign prionty under 35U S C § 119(a) (d)yor (f)
aJAN  b)] Some * ¢)[] None of
1[0 Certified copies of the priority documents have been received
27 Certified cbples of the priorty documents have been received in Application No
3[J 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 certfied copies not received
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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 Appiicant's a'rguments with respect to claims 1-4 and 18- 20 have been

considered but I1s not persuasive \
On page 8 a'r)q 9 of the Remarks, the Applicants argue that Tsujioka 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 Tsujioka et al discloses that as the user (1 @ operator) presses any
one of the Input region using his/her finger the corresponding signal that 1s associated
W|£h anyoneof the Input region is converted into digital signal and fed into the control
device so thét the appropriate action (command) would be inhated This process would
show that thg device had to detect operator s finger (1 € conductive object) in order to
process mpuited information Further more applicants discloses that conductive
object” as being user finger (Paragraph 50 & 51) Therefor one ¢an see Tsujioka s

device detects users finger (conductive object) as it 1s 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 1s a quotation of the appropriate paragraphs of 36 U S C 102

that form the basis for the rejections under this section made in this Office action

A person shall be entitied to a patent unless —-

(b) the nvention was patented or described in a printed pubiication 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 P

N

4 Clams1 2,4 and 18 are rejected under 356 U S C 102(b) as being

anpcmated by Tsujioka et al (US Pat NO 5 518 078)

As in Glaim 1, Tsujioka et al discloses a method (Column 1 line 5—10)
compnsing |
. detec"tmg a presence of a conductive object on a sensing device, (Column
9 line 65- Column 10 Ine 4) |
e recognizing three or more buttqn (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 (Fig5 & 6 tem 24 & 25
two sgn‘smg areas)
As in Claim 2, Tsujioka et al discloses the method (Golumn 1 Ilné 5-10) of claim
1, wherein recogmizing 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

i
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the two sensing aréas of the sensing device (Fig 5 and Column 9 line 65-
Column 10 line 4) reéogmz:ﬁg a second buttori 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)
recogmizing 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, Tsujioka et al discloses the method (Column 1 hne 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 bution operations
compnses 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 twc? 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 during the
scannming of the two sensing areas, (Fig 5 7 and 9 and Column 9 line 54- Column
10 hine 6) recognizing a third button operation when the first and second sensing
areas deflect 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 (| e 24 & 25) and recognizing multiple button (1 e 36

39-42) operation for conductive objects (1 e finger or pen)

-
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As 1n Claim 18, Tsujioka et al discloses an apparatus (Column 1, touch panel)

compnising

5

a first sensing érea to detect a presence of a conductive otysct on a
sensing device (Fig 9 tem 25) |

a second se}ismg area to detect the presence of the conductive obyect on
the sensing device (Fig 9 item 24)

means for rebbgmzmg three or more button operations (Fig 9 tem 39-42)
performed by the conductive obyect (Fig 5 tem 51 or 50, finger or pen)
using two sensing areas on the sensing dovice (Fig 9 item 24 & 25, two

sensing areas)
Claim Rejections - 35 USC § 103

The following I1s a quotation of 35 U S C 103(a) which forms the basis for

all obviousness rejections set forth in this Office action

6

(a) A patent may not be obtained though the invention 1s 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 pnor art are such that the subject matter as a whole would have been
obvious at the ime 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

The factual inquinies set forth in Graham v John Deere Co , 383U S 1,

148 USPQ 459 (1 966), that are applied for establishing a background for

determining obviousness under 35 U S C 103(a) a\re summarized as follows

1 Determining the scope and contents of the prior art
2 ' Ascertaning the differences between the prior art and the clams at
Issue .

3 Resolving the leve! of ordinary skill in the pertinent art
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4 Considering objective evidence present in the application indicating
! obviousness or nonobviousness

7y Claim 3 s rejected under 35 U 8 C -103(a) as being unpatentable over
Tsujioka et al (US Pat NO 5,518,078) In view of Collins (PG Pub NO

2004/0239616)

As in Claim 3, Tsujioka et al discloses the method (Column 1 line 5-10) of claim
1 but falls to disclose determining a capacitance of the conductive object on the
sensing device over time, wherein determiring the capacrtance further comprises
determining a capacitance of the two sensing areas of the sensing device and
wheremn recognizing the button operation 1s based on the capacitance of the two
sensing areas Howgver Collins discloses determining a capacriance of the
conductive o‘bject on the sensing device over time (Paragraph 24 and Fig 2-3)
wherem detérmmm'g Ithe capacitance further compnises determining a
capacitance of the two sensing areas of the sensing device, (Fig ‘3 item 200 1 &
200-3) and wherem recogmizing the button operation is based on the capacitance
of the two sensing areas (Paragraph 24-28 and Fig 3) discloses operation of
buttons 1s recognized according to @ signal produced (1 e capacitance) when the
user finger 1$ in contact with sensing area

Tsujioka 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 capécntance sensor However Collins discloses that capacitance
sensors are used to determine the presence of conductive object;(n e finger) on
the sensing area In a system similar to that of Tsujioka et al Therefore 1t would
have been obvious to one of ordinary skill in the art at t\he time of the invention to
combine Tsdjloka 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 al (US Pat NO 5 518 078) In view of Gitzinger et al
(PG Pub NO 2006/0097992)

As in Claim 19, Tsujioka et al discloses the apparatus (Column 1 touch pa(nel)
but fails to dlscloseA 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 (1 & sensing area 320 322, 324) together and connecting
them to the controller

Tsujioka etial 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
mput 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 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 Gitzinger et

als arrangement of reduced number of pins In order to reduced coast and

matenal in the mandfactunng of said device

As in Claim 20, Tsﬁjﬁoka et al discloses the apparatus (Column 1, touch panel),
but fails to disclose h;ieans for reducing scan time of the sensing device

However Gitzinger et al discloses means for reducing scan time of the sensing
\Hev:ce (fig 3) discloses the sensing areas are coupled together and connected to
the controller rather than being connected individually, therefore 1t 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 Clalms §-17 are allowable over the prior art of record i

4
i i

10 Applicant's amendment necessitated the new ground(s) of rejection
presented in this dfflce action Accordingly, THIS ACTION IS MADE FINAL
See MPEP § 706 07(a) Apphcanlt 1s 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
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filed within TWO MONTHS of the mailing date of this final action and the advisory
action 1s not mailed until after the end of the THREE-MONTH shartened statutory
period then the shortened statutory period will expire on the date the advisory

action 1s 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 exammef should be directed to BENYAM KETEMA whose telephone
| number 1s (571)270-7224 The examuner can normally be reached on Monday-
Friday 8 00AM - 5 6OPM

If attempts to reach the examiner by telephone are unsuccessful, the
examiner s supervisor, Shalwala Bipin H ¢an be reached on (571)-272-7681
The fax phone number for the organization where this application or proceeding
15 assigned 15 571-273-8300 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 Pubhic PAIR  Status mformation for unpublished
applications 1s available through Private PAIR only For more mformation about
the PAIR system see http //pair-direct uspto gov Should you have qu)estlons on
access to the Private PAIR system cor;tact the Electronic Business Center

(EBC) at 866-217-9197 (toli-free) If you would ke assistance from a USRTO

i
¢

Page 9
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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

r

IBK/
Examiner, Art Unit 2629
[Bipin Shalwala/

Supervisory Patent Examiner Art Unit 2629
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