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AJ3* US-5,592,566 D'-07-'997 Pagallo et al.
AK3* US-5,594,810 D'-14-'997 Gourdol
AL3* US-5,596,694 D'-21-'997 Capos
AM3* US-5,612,719 D3-18-'997 Beernink et al.

N3* US-5,625,715 D4-29- 997 Trew et al.
403* US-5,631,805 D5-20-'997 Bonsall
AP3* US-5,633,955 D5-27-'997 Bozinovic et al.
4Q3* US-5,634,'02 35-27-'997 Capps

R3* US-5,636, _01 36-03- 997 Bonsall et al.
4S3* US-5,642, 08 36-24-'997 Gooher et al.
4T3* US-5,644,657 _37-01-1997 Capps et al. I
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AU3* US-5,666,113 09-09-'997 Logan
AV3* US-5,666,502 09-09- 997 Caops
AW3* US-5,666,552 09-09- 997 GraYson et al.
AX3* US-5,675,361 '0-07- 997 Santilli
AY3* US-5,677,710 0-14- 997 Thompson- Rohrlich
AZ3* US-5,689,253 1-18- 997 Hargreaves et al.
AA4* US-5,710,844 01-20- 998 Caops et al.
AB4* US-5,729,250 03-17- 998 Bishop et al.
AC4* US-5,730,165 03-24- 998 Philipp
AD4* US-5,736,976 04-07- 998 Cheung
AE4* US-5,741,990 04-21-'998 Davies
AF4* US-5,745,1'6 04-28-'998 Pisutha-Amond
AG4* US-5,745,7'6 04-28-'998 Tchao et al.
AH4* US-5,746,8'8 05-05-'998 Yatake
Al4* US-5,748,184 05-05-'998 Shieh
AJ4* US-5,748,269 05-05-'998 Harris et al.
AK4* US-5,764,222 06-09-'998 Shieh
AL4* US-5,767,457 06-16-'998 Shieh
AM4* US-5,767,842 06-16-'998 Korth
AN4* US-5,790,104 08-04-'998 Shieh
AO4* US-5,790,107-A 08-04-'998 Kasser et al.
AP4* US-5,802,516 09-01-'998 Shwarts et al.
AQ4* US-5,808,567 09-'5-'998 McCloud
AR4* US-5,809,267 09-'5-'998 Moran et al.
AS4* US-5,821,690 '0-'3-'998 Martens et al.
AT4* US-5,821,930 '0-13-'998 Hansen
AU4* US-5,823,782 '0-20-'998 Marcus et al.
AV4* US-5,825,351 '0-20-'998 Tam
AW4* US-5,825,352-A '0-20-'998 Bisset et al.
AX4* US-5,835,079 '1-10-'998 Shieh
AY4* US-5,854,625 '2-29-'998 Frisch et al.
AZ4* US-5,880,411-A 03-09-'999 Gillespie et al.
AB5* US-5,898,434 04-27-'999 Small et al.
AC5* US-5,920,309 07-06-'999 Bissett et al.
AD5* US-5,923,319 07-13 999 Bishop et al.
AE5* US-5,933,134 08-03-'999 Shieh
AF5* US-5,943,044 08-24-'999 Martinelli et al.
AG5* US-6,002,389 12-14-'999 Kasser
AH5* US-6,002,808 12-14-'999 Freeman
Al5* US-6,020,881 02-01-2000 Naughton et al.
AJ5* US-6,031,524 02-29-2000 Kunert
AK5* US-6,037,882 03-'4-2000 Levy
AL5* US-6,050,825 04-'8-2000 Nichol et al.
AM5* US-6,052,339 04-'8-2000 Frenkel et al.
AN5* US-6,072,494 06-06-2000 Nguyen
AO5* US-6,084,576 07-04-2000 Leu et al.
AP5* US-6,'07,997 08-22-2000 M.J. Ure
AQ5* US-6,'28,003 10-03-2000 Smith, et al.
AR5* US-6,'31,299 10-17-2000 Raab et al.
AS5* US-6,'35,958 10-24-2000 Mikula-Curtis et al.
AT5* US-6,144.380 11-07-2000 Schwarts et al.
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AU5* US-6, 88,391-B1 02-13-200' Seely, et al.
AV5* US-6, 88,391 02-13-200 Seely et al.
AW5 US-6,'98,515 03-06-200' Cole
*
AX5* US-6,208,329 03-27-2001 Ballare
AY5* US-6,222,465 04-24-200' Kumar et al.
AZ5* US-6,239,790 05-29-200' Martinelli et al.
AA6* US-6,243,071 06-05-200' Shwarts et al.
AB6* US-6,246,862 06-12-200' Grivas et al.
AC6* US-6,249,606 06-19-200 Kiraly et al.
AD6* US-6,278,443-B1 08-2'-200' Amro et al.
AE6* US-6,288,707 09- -200' Philipp
AF6* US-6,289,326 09-"-200' LaFleur
AG6* US-6,292,178 09-'8-200' Bernstein et al.
AH6* US-6,323,846-B1 11-27-200' Westerman et al.
Al6* US-6,323,849 11-27-200' Westerman et al.
AJ6* US-6,347,290 02-12-2002 Bartlett
AK6* US-6,377,009 04-23-2002 Philiop
AL6* US-6,380,931 04-30-2002 Gillespie et al.
AM6* US-6,411,287 06-25-2002 Scharff et al.
AN6* US-6,414,671 07-02-2002 _Gillespie et al.
AO6* US-6,421,234 07-16-2002 Ricks et al.
AP6* US-6,452,514 09-17-2002 Phi_iop
AQ6* US-6,457,355 10-01-2002 Phi ipp
AR6* US-6,466,036 10-15-2002 Phi_ipp
AS6* US-6,515,669 02-04-2003 Mohri
AT6* US-6,525,749 02-25-2003 Moran et al.
AU6* US-6,535,200 03-18-2003 Philipp
AV6* US-6,543,684 04-08-2003 White et al.
AW6" US-6,543,947 04-08-2003 Lee
AX6* US-6,570,557 05-27-2003 Westerman et al.
AY6* US-6,593,916 07-15-2003 Aroyan
AZ6* US-6,610,936 08-26-2003 Gillespie et al.
AA7* US-6,624,833 09-23-2003 Kumar et al.
AB7* US-6,639,577 '0-28-2003 Eberhard
AC7* US-6,650,319 '1-18-2003 Hurst et al.
AD7* US-6,658,994 '2-09-2003 McMillan
AE7* US-6,670,894 '2-30-2003 Mehring
AF7* US-6,677,932 01-13-2004 Westerman
AG7* US-6,677,934 01-13-2004 Blanchard
AH7* US-6,724,366 04-20-2004 Crawford
Al7* US-6,757,002 06-29-2004 Oross et al.
AJ7* US-6,803,906 10-'2-2004 Morrison et al.
AK7* US-6,842,672 01-'1-2005 Straub et al.
AL7* US-6,856,259 02-'5-2005 Sharp
AM7* US-6,888,536 05-03-2005 Westerman et al.
AN7* US-6,900,795 05-31-2005 Knight, III et al.
AO7* US-6,927,761 08-09-2005 Badaye et al.
AP7* US-6,942,571 09-13-2005 McAllister et al.
AQ7* US-6,965,375 11-15-2005 Gettemy et al.
AR7* US-6,972.401 12-06-2005 Akitt et al.
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AS7* US-6,977,666 12-20-2005 Hedrick /
AT7* US-6,985,801 01-10-2006 Straub et al.
AU7* US-6,992,659 01-31-2006 Gettemy
AV7* US-7,031,228 04-18-2006 Born et al.
AW7" US-7,129,416 10-31-2006 Steinfeld, et al.
AX7* US-7,339,580 03-04-2008 Westerman et al.
AY7* US-RE40,153 03-18-2008 Westerman et al.
AZ7 US-2003/164820 09-04-2003 Kent
AA8 US-2003/132950 08-17-2003 Surucu et al.
AB8 US-5,883,619 03-1999 Ho et al.
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Initials* No-' Country Codea-Numbed-Kind Code'(ifknown) MM-DD-YYYY Applicant of Cited Document Or Relevant Figures Appear f

BA CA-1243096 10-11-1988 LAITRAM CORP
BB EP-1014295 01-09-2002 TOKAI RIKA CO LTD
BC WO-92/02000 02-06-1992 British Telecommunications 4

Public Limited Company
BD EP-0288692 07-14-1993 IBM
BE EP-0664504 01-24-1995 US WEST TECHNOLOGIES

INC
BF EP-0464908 09-04-1996 PHILIPS ELECTRONICS UK

LTD; PHILIPS NV
BG WO-97/018547 05-22-1997 Ure
BH WO-97/023738 07-03-1997 Philipp
BI WO-97/36225 10-02-1997 Synaptics Inc. 9
BJ WO-97/40744 11-06-1997 Philips Electronics N.V. 4
BK WO-98/14863 04-09-1998 PHILIPS ELECTRONICS NV;

PHILIPS NORDEN AB
BL WO-03/088176 10-23-2003 SYNAPTICS INC
BM DE-10251296-A1 05-19-2004
BN WO-WOO6/023569 03-02-2006 FINGERWORKS INC
BO GB-2330670 A 04-28-1999 Sonv United Kingdom Limited 4
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Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. "Kind of document by
the appropriate symbols as indicated on the document under WIPO Standard ST. 16 if possible. "Applicant is to place a check mark here if English language
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number(s) publisher, city and/or country where published.

CA _US Patent Application No. 10/654,108 filed on Septernber 2, 2003 entitled "Ambidextrous

la- 0Ë¾EFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /K.S.

APLNDC00021669



Receipt date: 12/12/2008 11677958 - GAU: 2629

ALTERNATIVE TO PTO/SBIO8A/B
(Based on PTO 08-08 version)

Complete if Known /

Application Number 111/677,958

INFORMATION DISCI OSI IRF Filing Date February 22, 2007
STATFMFNT PY APPI ICANT FirstNamedinventor Wayne C. WESTERMAN

Art Unit 2629

(Use as many sheets as necessaßQ Examiner Name R. Hjerpe

Sheet 6 of 9 Attorney Docket Number 106842508604

Mouse" I
CB US Patent Application No. 10/789,676 filed on February 27, 2004 entitled "Shape Detecting , "

Input Device"

CC "4-Wire Resistive Touchscreens" obtained from http://www.touchscreens.com/intro-
touchtypes-4resistive.html generated August 5, 2005

CD "5-Wire Resistive Touchscreens" obtained from http://www.touchscreens.comlintro-
touchtypes-resistive.html generated August 5, 2005

CE "A Brief Overview of Gesture Recognition" obtained from
http://www.dai.ed.ac.uk/Cvonline/LOCA_COPIES/COHEN/gesture_overview.html,generated
April 20, 2004

CF "Capacitive Touchscreens" obtained from http://www.touchscreens.comlintro-touchtypes-
capacitive.html generated August 5, 2005

CG "Capacitive Position Sensing" obtained from http://www.synaptics.com/technology/cps.cfm
generated August 5, 2005

CH "Comparing Touch Technologies" obtained from http://www.touchscreens.com/intro-
touchtypes.html generated October 10, 2004

CI "Gesture Recognition" http://www.fingerworks.com/gesture_recognition.html
CJ "GlidePoint®" obtained from http://www.cirque.com/technologyltechnology_gp.html generated

August 5, 2005
CK "How do touchscreen monitors know where you're touching?" obtained from

http://www.electronics.howstuffworks.com/question716.htmlgenerated August 5, 2005
CL "How does a touchscreen work?" obtained from http://www.touchscreens.comlintro-

anatomY.html generated August 5, 2005
CM "iGesture Products for Everyone (learn in minutes) Product Overview" FingerWorks.com
CN "Infrared Touchscreens" obtained from http://www.touchscreens.com/intro-touchtypes-

infrared.html generated August 5, 2005
CO "Mouse Emulation" FingerWorks obtained from

http://www.fingerworks.com/gesture guide mouse.html generated August 30, 2005
CP "Mouse Gestures in Opera" obtained from

http://www.opera.com/products/desktop/mouselindex.dmlgenerated August 30, 2005
CQ "Mouse Gestures," Optim oz, May 21, 2004
CR "MultiTouch Overview" FingerWorks obtained from

htto://www.finqerworks.com/multoverview.htmlgenerated August 30, 2005
CS "Near Field Imaging Touchscreens" obtained from http:llwww.touchscreens.comlintro-

touchtypes-nfi.html generated August 5, 2005
CT "PenTouch Capacitive Touchscreens" obtained from http://www.touchscreens.comlintro-

touchtypes-pentouch.html generated August 5, 2005
CU "Surface Acoustic Wave Touchscreens" obtained from http://www.touchscreens.comlintro-

touchtypes-saw.html generated August 5, 2005
CV "Symbol Commander" obtained from http://www.sensiva.com/symbolcomander/, generated

Auaust 30, 2005
CW "Tips for Typing" FingerWorks http://www.fingenworks.com/mini_typing.htmlgenerated August

30. 2005
CX "Touch Technologies Overview" 2001, 3M Touch Systems, Massachusetts
CY 'Wacom Components - Technology" obtained from http://www.wacom-

comoonents.com/englishltech.asp generated on October 10, 2004
CZ 'Watershed Algorithm" http://rsb.info.nih.govlijlplugins/watershed.htmlgenerated August 5,

2005
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CA1 "FingerWorks - Gesture Guide - Application Switching," obtained from
htto://www.fingerworks.com/gesture guide apps.html, generated on 08/27/2004, 1-pg

CB1 "FingerWorks - Gesture Guide - Editing," obtained from
htto:llwww.fingerworks.com/gesure guide editing.html, generated on 08/27/2004, 1-pg

CC1 "FingerWorks - Gesture Guide - File Operations," obtained from
htto://www.fingenworks.com/gesture guide files.htmi, generated on 08/27/2004, 1-pg

CD1 "FingerWorks - Gesture Guide - Text Manipulation," obtained from
http://www.fingerworks.com/gesture guide text manip.html, generated on 08/27/2004, 2-pg

CE1 "FingerWorks - Gesture Guide - Tips and Tricks," obtained from
http://www.fingerworks.com/gesture guide tips.html, generated 08/27/2004, 2-pqs

CF1 "FingerWorks - Gesture Guide - Web," obtained from
http://www.fingerworks.com/gesture guide web.html, generated on 08/27/2004, 1-pg

CG1 "FingerWorks - Guide to Hand Gestures for USB Touchpads," obtained from
http://www.fingerworks.comligesture userguide.html, generated 08/27/2004, 1-09

CH1 "FingerWorks - iGesture - Technical Details," obtained from
http://www.fingerworks.comligesture tech.html, generated 08/27/2004, 1-pg

Cl1 "FingerWorks - The Only Touchpads with Ergonomic Full-Hand Resting and Relaxation!"
obtained from http://www.fingerworks.com/resting.html, CoPYright 2001, 1-pg

CJ1 "FingerWorks - Tips for Typing on the Mini," obtained from
http://www.fingerworks.com/mini typing.html, generated on 08/27/2004, 2-pqs

CK1 "iGesture Pad -the MultiFinger USB TouchPad with Whole-Hand Gestures," obtained from
http://www.fingerworks.comligesture.html, generated 08/27/2004, 2-pps

CL1 Bier, et al., "Toolglass and Magic Lenses: The see-through interface" In James Kijiya, editor,
Computer Graphics (SIGGRAPH '93 Proceedings), volume 27, pages 73-80, August 1993

CM1 BUXTON, W. et al. (July 22, 1985). "Issues and Techniques in Touch-Sensitive Tablet Input," 4
Proceedings ACM Siggraph, pp. 215-224.

CN1 CUTLER, L.D. et al. (April 27, 1997). "Two-Handed Direct Manipulation on the Responsive 4
Workbench," Proceedings of the 1997 Symposium on Interactive 3D Graphics, Providence, RI,
April 27-30, 1997, pp.107-114.

CO1 DAVIS, J. et al. (October 31, 1994). "Determining 3-D Hand Motion," Signals, Systems and 9
Computers, 1994 Conference Record of the 28'" Asilomar Conference on Pacific Grove, CA,
October 31 - November 2, 1994, Los Alamitos, CA, pp. 1262-1266.

CP1 Douglas et al., The Ergonomics of Computer Pointing Devices (1997)
CQ1 European Search Report received in EP 1 621 989 (@ Beyer Weaver & Thomas, LLP) dated

March 27, 2006
CR1 EVB ELEKTRONIK "TSOP6238 IR Receiver Modules for Infrared Remote Control Systems"

dated 01/2004 1-pg
CS1 Fisher et al., "Repetitive Motion Disorders: The Design of Optimal Rate- Rest Profiles," Human

Factors, 35(2):283-304 (Jun. 1993)
CT1 Fukumoto, et al., "ActiveClick: Tactile Feedback for Touch Panels," In CHI 2001 Summary,

pages 121-122, 2001
OU1 Fukumoto and Yoshinobu Tonomura, "Body Coupled Fingering: Wireless Wearable

Kevboard," CHI 97, pp. 147-154 (Mar. 1997)
DV1 Hardy, "Fingenworks" March 7, 2002; BBC World On Line
DW1 Hillier and Gerald J. Lieberman, Introduction to Operations Research (1986)
DX1 Jacob et al., "Integrality and Separability of Input Devices," ACM Transactions on Computer-

Human Interaction, 1:3-26 (Mar. 1994)
OY1 Kinkley e I., "Touch-Sensing input Devices," in CHI '99 Proceedings, pp 223-230, 1999
DA2 KlONX "KXP84 Series Summarv Data Sheet" coovriaht 2005.dated 10/21/2005. 4-Das

la- O 9ÑEFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /K.S.

APLNDC00021671



Receipt date: 12/12/2008 11677958 - GAU: 2629

ALTERNATIVE TO PTO/SBIO8A/B
(Based on PTO 08-08 version)

n i n i r r now ro omplete if Known

Application Number 11/677,958

INFORMATION DISCI OSURF Filing Date February 22, 2007
STATFMFNT PY APPI ICANT FirstNamedinventor Wayne C.WESTERMAN

Art Unit 2629

(Use as many sheets as necessaßÙ Examiner Name R. Hjerpe

Sheet 8 of 9 Attorney Docket Number 106842508604

CB2 Lee et al., "A Multi-Touch Three Dimensional Touch-Sensitive Tablet," in CHI '85 Proceedings,
pages 121-128, 2000

CC2 Lee, "A Fast Multiple-Touch-Sensitive Input Deviœ,"Master's Thesis, University of Toronto
1984)

CD2 LEE, S.K. et al. (April 1985). "A Multi-Touch Three Dimensional Touch-Sensitive Tablet," 4
Proceedings of ÇHI AÇM Çonference on Human Factors in Computing Systems, pp. 21-25.

CE2 Matsushita et al., "HoloWall: Designing a Finger, Hand, Body and Object Sensitive Wall," In
Proceedings of UIST '97, October 1997

CF2 PAVLOVIC, V.I. et al. (July 1997). "Visual Interpretation of Hand Gestures for Human- 4
Computer Interaction: A Review," IEEE Transactions on Pattern Analysis and Machine
Intelligence 19(7):677-695.

CG2 Quantum Research Group "QT510 / QWheelm Touch Slider IC" copyright 2004-2005, 14-pas
CH2 Quek, "Unencumbered Gestural Interaction," /EEE Multimedia, 3:36-47 (Winter 1996)
Cl2 Radwin, "Activation Force and Travel Effects on Overexertion in Repetitive Key Tapping,"

Human Factors, 39(1):130-140 (Mar. 1997)
CJ2 Rekimoto "SmartSkin: An Infrastructure for Freehand Manipulation on Interactive Surfaces"

CHI 2002, April 20-25, 2002
CK2 Rekimoto et al., "ToolStone: Effective Use of the Physical Manipulation Vocabularies of Input

Devices," In Proc. Of UIST 2000, 2000
CL2 Rubine et al., "Programmable Finger-Tracking Instrument Controllers," Computer Music

Journal, vol. 14, No. 1 (Spring 1990)
CM2 Rutledge et al., "Force-To-Motion Functions For Pointing," Human-Computer Interaction -

INTERACT (1990)
CN2 Subatai Ahmad, "A Usable Real-Time 3D Hand Tracker," Proceedings of the 28th Asilomar

Conference on Signals, Systems and Computers - Pad 2 (of2), Vol. 2 (October 1994)
CO2 TEXAS INSTRUMENTS "TSC2003 / 12C Touch Screen Controller" Data Sheet SBAS 162,

dated October 2001, 20-pps
CP2 Wellner, "The Digital Desk Calculators: Tangible Manipulation on a Desk Top Display" IN ACM

UIST '91 Proceedings, Pages 27-34, November 1991
CQ2 Williams, "Applications for a Switched-Capacitor Instrumentation Building Block" Linear

TechnoloSY Application Note 3, July 1985, pp. 1-16
CR2 Yamada et al., "A Switched-Capacitor Interface for Capacitive Pressure Sensors" IEEE

Transactions on Instrumentation and Measurement, Vol. 41, No. 1, February 1992, pp.81-86
CS2 Yeh et al., "Switched Capacitor Interface Circuit for Capacitive Transducers" 1985 IEEE
CT2 Zhai et al., "Dual Stream Input for Pointing and Scrolling," Proceedings of CHI '97 Extended

Abstracts (1997)
CU2 Zimmerman et al., "Applying Electric Field Sensing to Human-Computer Interfaces," In CHI '85

Proceedings, Pages 280-287, 1995
CV2 International Search Report received in corresponding PCT application number 9

PCT/US2006/008349 dated October 6, 2006
CW2 International search report for PCT/US99/01454, mailed May 14, 1999. 4
CX2 European supplementary search report for European Patent Application No. 99904228.6, 4

mailed February 16, 2005.
CY2 Supplementary European search report for U.S. patent Application No. 99904228.6, mailed 4

July 8, 2005.

CZ2 European examination report for European patent Application No. 99904228.6, mailed April §
20, 2006.
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CA3 European examination report for European Patent Application No. 99904228.6, mailed March 4
23, 2007.

CB3 Extended European search report for European Patent Application No. 06016858.0, mailed 4
December 21, 2007.

CC3 Extended European search report for European Patent Application No. 06016856.4, mailed 4
March 14, 2008.

CD3 European examination report for European Patent Application No. 06016830.9, mailed August 4
6, 2008.

CD4 European search report for European Patent Application No. 06016830.9 mailed December 3, 9
2007

CD5 European examination report,for European Patent Application No. 06016856.4 mailed 9
Sentember 16. 2008
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Application No. Applicant(s)

11/677,958 WESTERMAN ET AL.
Interview Summary

Examiner Art Unit

Koosha Sharifi 2629

All participants (applicant, applicant's representative, PTO personnel):

(1) Amarg Mengistu. (3)GregoracWggygr.

(2) Koosha Sharifi. (4)

Date of Interview: 2Oanuay 2010.

Type: a) Telephonic b) Video Conference
c) Personal [copy given to: 1)O applicant 2) applicant's representative]

Exhibit shown or demonstration conducted: d) Yes e) No.
If Yes, brief description: kevboard.

Claim(s) discussed: 1-

Identification of prior art discussed: Bisset et al..

Agreement with respect to the claims f) was reached. g)O was not reached. h) N/A.

Substance of Interview including description of the general nature of what was agreed to if an agreement was
reached, or any other comments: The proposed amendment "mathematical fitting an ellipse"would overçome the art
of record..

(A fuller description, if necessary, and a copy of the amendments which the examiner agreed would render the claims
allowable, if available, must be attached. Also, where no copy of the amendments that would render the claims
allowable is available, a summary thereof must be attached.)

THE FORMAL WRITTEN REPLY TO THE LAST OFFICE ACTION MUST INCLUDE THE SUBSTANCE OF THE
INTERVIEW. (See MPEP Section 713.04). If a reply to the last Office action has already been filed, APPLICANT IS
GIVEN A NON-EXTENDABLE PERIOD OF THE LONGER OF ONE MONTH OR THIRTY DAYS FROM THIS
INTERVIEW DATE, OR THE MAILING DATE OF THIS INTERVIEW SUMMARY FORM, WHICHEVER IS LATER, TO
FILE A STATEMENT OF THE SUBSTANCE OF THE INTERVIEW. See Summary of Record of Interview
requirements on reverse side or on attached sheet.

IK. S./

Examiner, Art Unit 2629
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Summary of Record of Interview Requirements

Manual of Patent Examining Procedure (MPEP), Section 713.04, Substance of Interview Must be Made of Record
A complete written statement as to the substance of any face-to-face, video conference, or telephone interview with regard to an application must be made of record in the
application whether or not an agreement with the examiner was reached at the interview.

Title 37 Code of Federal Regulations (CFR) § 1.133 Interviews
Paragraph (b)

In every instance where reconsideration is requested in view of an interview with an examiner, a complete written statement of the reasons presented at the interview as
warranting favorable action must be filed by the applicant. An interview does not remove the necessity for reply to Office action as specified in §§ 1.111, 1.135. (35 U.S.C. 132)

37 CFR §1.2 Business to be transacted in writing.
All business with the Patent or Trademark Office should be transacted in writing. The personal attendance of applicants or their attorneys or agents at the Patent and
Trademark Office is unnecessary. The action of the Patent and Trademark Office will be based exclusively on the written record in the Office. No attention will be paid to
any alleged oral promise, stipulation, or understanding in relation to which there is disagreement or doubt.

The action of the Patent and Trademark Office cannot be based exclusively on the written record in the Office if that record is itself
incomplete through the failure to record the substance of interviews.

It is the responsibility of the applicant or the attorney or agent to make the substance of an interview of record in the application file, unless
the examiner indicates he or she will do so. It is the examiner's responsibility to see that such a record is made and to correct material inaccuracies
which bear directly on the question of patentability.

Examiners must complete an Interview Summary Form for each interview held where a matter of substance has been discussed during the
interview by checking the appropriate boxes and filling in the blanks. Discussions regarding only procedural matters, directed solely to restriction
requirements for which interview recordation is otherwise provided for in Section 812.01 of the Manual of Patent Examining Procedure, or pointing
out typographical errors or unreadable script in Office actions or the like, are excluded from the interview recordation procedures below. Where the
substance of an interview is completely recorded in an Examiners Amendment, no separate Interview Summary Record is required.

The Interview Summary Form shall be given an appropriate Paper No., placed in the right hand portion of the file, and listed on the
"Contents" section of the file wrapper. In a personal interview, a duplicate of the Form is given to the applicant (or attorney or agent) at the
conclusion of the interview. In the case of a telephone or video-conference interview, the copy is mailed to the applicant's correspondence address
either with or prior to the next official communication. If additional correspondence from the examiner is not likely before an allowance or if other
circumstances dictate, the Form should be mailed promptly after the interview rather than with the next official communication.

The Form provides for recordation of the following information:
- Application Number (Series Code and Serial Number)
- Name of applicant
- Name of examiner
- Date of interview
- Type of interview (telephonic, video-conference, or personal)
- Name of participant(s) (applicant, attorney or agent, examiner, other PTO personnel, etc.)
- An indication whether or not an exhibit was shown or a demonstration conducted
- An identification of the specific prior art discussed
- An indication whether an agreement was reached and if so, a description of the general nature of the agreement (may be by

attachment of a copy of amendments or claims agreed as being allowable). Note: Agreement as to allowability is tentative and does
not restrict further action by the examiner to the contrary.

- The signature of the examiner who conducted the interview (if Form is not an attachment to a signed Office action)

It is desirable that the examiner orally remind the applicant of his or her obligation to record the substance of the interview of each case. It
should be noted, however, that the Interview Summary Form will not normally be considered a complete and proper recordation of the interview
unless it includes, or is supplemented by the applicant or the examiner to include, all of the applicable items required below concerning the
substance of the interview.

A complete and proper recordation of the substance of any interview should include at least the following applicable items:
1) A brief description of the nature of any exhibit shown or any demonstration conducted,
2) an identification of the claims discussed,
3) an identification of the specific prior art discussed,
4) an identification of the principal proposed amendments of a substantive nature discussed, unless these are already described on the

Interview Summary Form completed by the Examiner,
5) a brief identification of the general thrust of the principal arguments presented to the examiner,

(The identification of arguments need not be lengthy or elaborate. A verbatim or highly detailed description of the arguments is not
required. The identification of the arguments is sufficient if the general nature or thrust of the principal arguments made to the
examiner can be understood in the context of the application file. Of course, the applicant may desire to emphasize and fully
describe those arguments which he or she feels were or might be persuasive to the examiner.)

6) a general indication of any other pertinent matters discussed, and
7) if appropriate, the general results or outcome of the interview unless already described in the Interview Summary Form completed by

the examiner.
Examiners are expected to carefully review the applicant's record of the substance of an interview. If the record is not complete and

accurate, the examiner will give the applicant an extendable one month time period to correct the record.

Examiner to Check for Accuracy

If the claims are allowable for other reasons of record, the examiner should send a letter setting forth the examiner's version of the
statement attributed to him or her. If the record is complete and accurate, the examiner should place the indication, "Interview Record OK" on the
paper recording the substance of the interview along with the date and the examiner's initials.
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Application No.: 11/677,958 2 Docket No.: 106842508604

AMENDMENTS TO THE CLAIMS

1. (currently amended) A method of processing input fi·om a touch-sensitive surface, the

method comprising:

receiving at least one proximity image representing a scan of a plurality of electrodes of the

touch-sensitive surface;

segmenting each proximity image into one or more pixel groups that indicate significant

proximity, each pixel group representing proximity of a distinguishable hand part or other touch

object on or near the touch-sensitive surface; and

mathematically fitting an ellipse to at least one of the pixel groups.

2. (original) The method of claim 1 further comprising transmitting one or more ellipse

parameters as a control signal to an electronic or electromechanical device.

3. (original) The method of claim 2 wherein the one or more ellipse parameters is selected

from the group consisting of position, shape, size, orientation, eccentricity, major radius, minor

radius, and any combination thereof.

4. (original) The method of claim 3 wherein the one or more ellipse parameters are used to

distinguish a pixel group associated with a fingertip from a pixel group associated with a thumb.

5. (original) The method of claim I wherein fitting an ellipse to a group of pixels comprises

computing one or more eigenvalues and one or more eigenvectors of a covariance matrix associated

with the pixel group.

6. (original) The method of claim 1 further comprising: tracking a path of at least one of the

one or more pixel groups through a time-sequenced series of proximity images;

fitting an ellipse to the at least one of the one or more pixel groups in each of the time-

sequenced series ofproximity images; and
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Application No.: 11/677,958 3 Docket No.: 106842508604

tracking a change in one or more ellipse parameters through the time-sequenced series of

proximity images.

7. (original) The method of claim 6 further comprising transmitting the change in the one

or more ellipse parameters as a control signal to an electronic or electromechanical device.

8. (original) The method of claim 7 wherein the change in the one or more ellipse

parameters is selected from the group consisting of position, shape, size, orientation, eccentricity,

major radius, minor radius, and any combination thereof.

9. (original) The method of claim 6 wherein fitting an ellipse to the one pixel group

comprises computing one or more eigenvalues and one or more eigenvectors of a covariance matrix

associated with the pixel group.

10. (currently amended) A touch-sensing device comprising:

a substrate;

a plurality of touch-sensing electrodes arranged on the substrate;

electronic scanning hardware adapted to read the plurality of touch-sensing electrodes;

a calibration module operatively coupled to the electronic scanning hardware and adapted to

construct a proximity image having a plurality of pixels corresponding to the touch-sensing

electrodes; and

a contact tracking and identification module adapted to:

segment the proximity image into one or more pixel groups, each pixel group representing

proximity of a distinguishable hand part or other touch object on or near the touch-sensitive surface;

and

mathematicallv fit an ellipse to at least one of the one or more pixel groups.

11. (original) The touch-sensing device of claim 10 further comprising a host

communication interface adapted to transmit one or more ellipse parameters as a control signal to an
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electronic or electromechanical device.

12. (original) The touch-sensing device of claim 11 wherein the touch-sensing device is

integral with the electronic or electromechanical device.

13. (original) The touch-sensing device of claim 11 wherein the one or more ellipse

parameters comprise one or more parameters selected from the group consisting of position, shape,

size, orientation, eccentricity, major radius, minor radius, and any combination thereof.

14. (original) The method of claim 13 wherein the one or more ellipse parameters are used

to distinguish a pixel group associated with a fingertip from a pixel group associated with a thumb.

15. (original) The touch-sensing device of claim 10 wherein the contact tracking and

identification module is adapted to compute one or more eigenvalues and one or more eigenvectors

to fit the ellipse.

16. (original) The touch-sensing device of claim 10 wherein the contact tracking and

identification module is further adapted to:

track a path of one or more pixel groups through a plurality of time-sequenced proximity

images;

fit an ellipse to at least one of the one or more pixel groups in a first proximity image of the

plurality of time-sequenced proximity images; and

track a change in one or more ellipse parameters associated with the fitted ellipse through

two or more of the time-sequenced proximity images.

17. (original) The touch-sensing device of claim 16 further comprising a host

communication interface adapted to transmit the change in at least one of the one or more ellipse

parameters as a control signal to an electronic or electromechanical device.
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18. (original) The touch-sensing device of claim 17 wherein the touch-sensing device is

integral with the electronic or electromechanical device.

19. (original) The touch-sensing device of claim 17 wherein the change in one or more

ellipse parameters used as a control input to an electronic or electromechanical device comprises

one or more parameters selected from the group consisting of position, shape, size, orientation,

eccentricity, major radius, minor radius, and any combination thereof.

20. (original) The touch-sensing device of claim 16 wherein the contact tracking and

identification module is adapted to compute one or more eigenvalues and one or more eigenvectors

to fit the ellipse.

21. (original) The touch-sensing device of any one of claims 10-12 and 16-18 wherein the

touch-sensing device is fabricated on or integrated with a display device.

22. (original) The touch-sensing device of claim 21, wherein the display device comprises a

liquid crystal display (LCD) or a light-emitting polymer display (LPD).

23. (original) A computer-readable medium having embodied thereon instructions

executable by a machine to perform a method according to any of claims 1-9.

24. (original) A touch-sensing device comprising:

means for producing a proximity image representing a scan of a plurality of electrodes of a

touch-sensitive surface, the proximity image having a plurality of pixels corresponding to the touch-

sensing electrodes; and

means for segmenting the proximity image into one or more pixel groups, each pixel group

representing a touch object on or near the touch-sensitive surface; and

means for fitting an ellipse to at least one of the pixel groups.
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25. (original) The touch-sensing device of claim 24 wherein the touch object comprises at

least a portion of a hand.

26. (original) The touch-sensing device of claim 24 wherein the touch object comprises at

least a portion of one or more fingers.

27. (original) The touch-sensing device of claim 24 wherein the touch object comprises at

least a portion of a body part.

28. (original) The touch-sensing device of claim 27 wherein the body part comprises one or

more of a hand, a finger, an ear, or a cheek.

29. (original) The touch-sensing device of claim 24 further comprising means for

transmitting one or more ellipse parameters as a control signal to an electronic or electromechanical

device.

30. (original) The touch-sensing device of claim 27 wherein the touch-sensing device is

integral with the electronic or electromechanical device.

31. (original) The touch-sensing device of claim 24 further comprising:

means for tracking a path of one or more pixel groups through a plurality of time-sequenced

proximity images;

means for fitting an ellipse to at least one of the pixel groups in a plurality successive

proximity images; and

means for tracking a change in one or more ellipse parameters through a plurality of time-

sequenced proximity images.

32. (original) The touch-sensing device of claim 29 further comprising means for

transmitting the change in the one or more ellipse parameters as a control signal to an electronic or
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electromechanical device.

33. (original) The touch-sensing device of claim 32 wherein the touch-sensing device is

integral with the electronic or electromechanical device.

34. (original) The touch-sensing device of any one of claims 24 and 29-33 wherein the

touch-sensing device is fabricated on or integrated with a display device.

35. (original) The touch-sensing device of claim 34, wherein the display device comprises a

liquid crystal display (LCD) or a light-emitting polymer display (LPD).
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CERTIFICATF OF TRANSMISSION UNDFR 37 CFR S 1 A

I hereby certify that this document is being electronically transmitted via the
United States Patent and Trademark Office E -Web 2010..

VIA EFS
Signature:

(Lisa D. Bronk) Docket No.: 106842508604
Client Ref. No.: P3950USCl3

(PATENT)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of:
Wayne WESTERMAN et al.

Application No.: 11/677,958 Confirmation No.: 1844

Filed: February 22, 2007 Art Unit: 2629

For: ELLIPSE FITTING FOR MULTI-TOUCH Examiner: Koosha Sharifi-Tafreshi
SURFACES ,

STATEMENT OF SUBSTANCE OF INTERIVEW.
REOUEST FOR CORRECTED OFFICE ACTION.

AND
AMENDMENT IN RESPONSE TO NON-FINAL OFFICE ACTION

MS Amendment
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Dear Sir:

INTRODUCTORY COMMENTS

This is in response to the non-final Office Action dated December 24, 2009, for which a

response is due on March 24, 2010. Reconsideration and allowance of the pending claims, as

amended, in light of the remarks presented herein are respectfully requested.

Amendments to the claims are reflected in the list beginning on page 2 of this paper.

A Request for Corrected Office Action begins on page 8 of this paper

Remarks/Arguments begin on page 10 of this paper.
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VIA EFS WEB
Patent

Docket No. 106842508604
Client Reference No. P3950USC13

IN THE UNITED STATES PATENT AND I < =EMARK OFFICE

In re Patent Application of: Examiner: Koosha Sharifi-Tafreshi
Wayne WESTERMAN et al.

Group Art Unit: 2629
Serial No.: 11/677,958

Confirmation No.: 1844
Filing Date: February 22, 2007

For: ELLIPSE FITTING FOR MULTI-TOUCH
SURFACES

SUPPLEMENTAL INFORMATION DISCLOSURE
STATEMENT UNDER 37 C.F.R. § 1.97 & § 1.98

MS Amendment
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Dear Sir:

Pursuant to 37 C.F.R. § 1.97 and § 1.98, Applicants submit for consideration in the

above-identified application the documents listed on the attached Form PTO/SB/08a/b. Copies of

foreign documents and non-patent literature are submitted herewith. The Examiner is requested to

make these documents of record.

Applicants would like to draw the Examiner's attention to the fact that document no. 19

(EP-0 546 704) listed on the attached Form PTO/SB/08a/b is the English language counterpart of

document no. 20 (JP-06-083523).
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Application No. 11/677,958 VIA EFS WEB
Patent

Docket No. 106842508604
Client Reference No. P3950USCl3

This Supplemental Information Disclosure Statement is submitted:

O With the application; accordingly, no fee or separate requirements are required.

O Before the mailing of a first Office Action after the filing of a Request for Continued

Examination under § 1.114. However, if applicable, a certification under 37 C.F.R. § 1.97

(e)(1) has been provided.

O Within three months of the application filing date or before mailing of a first Office Action

on the merits; accordingly, no fee or separate requirements are required. However, if

applicable, a certification under 37 C.F.R. § 1.97 (e)(1) has been provided.

After receipt of a first Office Action on the merits but before mailing of a final Office Action

or Notice of Allowance.

A fee is required.

A Certification under 37 C.F.R. § 1.97(e) is provided above; accordingly; no fee is

believed to be due.

After mailing of a final Office Action or Notice of Allowance, but before payment of the

issue fee.

O A Certification under 37 C.F.R. § 1.97(e) is provided above and a Fee Transmittal

form (PTO/SB/17) is attached to this submission in duplicate.

Applicants would appreciate the Examiner initialing and returning the Form

PTO/SB/08a/b, indicating that the information has been considered and made of record herein.

The information contained in this Supplemental Information Disclosure Statement under

37 C.F.R. § 1.97 and § 1.98 is not to be construed as a representation that: (i) a complete search has

been made; (ii) additional information material to the examination of this application does not exist;

(iii) the information, protocols, results and the like reported by third parties are accurate or enabling;

or (iv) the above information constitutes prior art to the subject invention.
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Application No. 11/677,958 VIA EFS WEB
Patent

Docket No. 106842508604
Client Reference No. P3950USC13

In the unlikely event that the transmittal form is separated from this document and the

Patent and Trademark Office determines that an extension and/or other relief (such as payment of a

fee under 37 C.F.R. § 1.17 (p)) is required, Applicants petition for any required relief including

extensions of time and authorize the Commissioner to charge the cost of such petition and/or other

fees due in connection with the filing of this document to Deposit Account No. 03-1952

referencing 106842508604.

Dated: February 24, 2010 Respectfully submitted,

By: /Gregory S. Weaver, #53,751/
Gregory Weaver

Registration No.: 53,751
MORRISON & FOERSTER LLP
555 West Fifth Street
Los Angeles, California 90013-1024
(213) 892-5399
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REOUEST FOR CORRECTED OFFICE ACTION

The Office Action appears to contain an error that affects Applicants ability to reply, and

therefore, Applicants respectfully request a corrected Office Action with a reset period for reply

under MPEP § 710.06.

The Office Action indicates that Applicants have "failed to further elect species from

... Species 1-4, and ... Species X, Y and Z and is required to [sic, do] this in response to this

action." (Office Action, page 2 (emphasis in the Office Action).) However, the Office Action also

indicates that the restriction requirement is "still deemed proper and is therefore made FINAL."

(Office Action, page 5 (emphasis in the Office Action).) According to 37 CFR § 1.143, because the

Examiner made the requirement final, the Examiner has accepted Applicants' provisional election

of claims as the invention elected:

"In requesting reconsideration [of a restriction requirement] the
applicant must indicate a provisional election of one invention for
prosecution, which invention shall be the one elected in the event the
reguirement becomes final. The requirement for restriction will be
reconsidered on such a request. If the requirement is repeated and
made final, the examiner will at the same time act on the claims to the
invention elected." (37 CFR § 1.143 (emphasis added).)

In other words, Rule 1.143 mandates that if the Examiner makes the requirement final,

the Examiner must at the same time act on the provisionally elected claims as the claims to the

invention elected. In line with the Rule, the Office Action does include a substantive examination

of the claims provisionally elected by Applicants.' However, the Office Action's requirement that

Applicants elect further species contradicts the Rule and results in an ambiguity that affects

Applicants' ability to reply to the Office Action.

* The restriction requirement in the Office Action dated October 27, 2009 indicates "The species are independent or
distinct because claims to the different species rççite thç mutually exghisiyg characteristics of such species" and
"Currently, no claim is generic." (page 3 (emphasis added).) Therefore, the restriction requirement alleges that there
are patentably distinct species claims. The acceptance of Applicants' provisional election of all claims (without
amendment) and substantive examination of all claims is tantamount to an admission that the basis for requiring
restriction is incorrect.
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Application No.: 11/677,958 9 Docket No.: 106842508604

If the Examiner intends to maintain the restriction requirement, Applicants request a

corrected Office Action correcting this contradiction, so that the record is clear whether or not there

is a requirement that Applicants elect further species. Under MPEP § 710.06, the corrected Office

Action is a non-fmal action with a reset period for reply.

Alternatively, Applicants note that regardless of the propriety of the restriction

requirement when first asserted, there currently appears to be no rationale for maintaining the

restriction requirement because all of the claims have been searched on the merits and,

consequently, no search burden exists. Furthermore, although the Office Action asserts "searching

for the mutually exclusive characteristics/features would be a search burden for the examiner

because different searches with different keywords would be required for each of the mutuallv Esic,

exclusivel characteristics/features as identified above" (Office Action, page 5 (emphasis added)),

the Examiner's December 14, 2009 Search History (available on PAIR) does not appear to contain

any search keywords that would distinguish between the alleged "mutually exclusive characteristic"

of provisionally elected species A and any alleged mutually exclusive characteristic of another

species of the restriction requirement. In other words, the search actually performed by the

Examiner does not appear to take into account any of the alleged "mutually exclusive

characteristics" of the species, listed on pages 2-4 of the Office Action, on which the restriction

requirement is based. Thus, there is currently no search burden because all of the claims have

already been searched, and because none of the alleged mutually exclusive characteristics were

actually considered in the search anyway.

Because the restriction requirement is moot, Applicants respectfully request that the

Examiner withdraw the restriction requirement. In the case that the restriction requirement is

withdrawn, Applicants withdraw the request for a corrected Office Action and request that the

Examiner continue examination of the application on the merits by entering this paper as a response

to the Office Action. Therefore, if the Examiner withdraws the restriction requirement in lieu of

issuing a corrected Office Action, Applicants respectfully request the Examiner enter the foregoing

amendments and consider the Applicants' following remarks in response to the Office Action.
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REMARKS

Claims 1-35 are pending in the application. Further examination and reconsideration are

respectfully requested.

Applicants would like to thank the Examiner for the indication of allowable subject

matter in dependent claims 5, 9, 15, and 20. Applicants have chosen not to amend these claims into

independent form because the base claims are believed to be allowable.

Applicants would like to thank the Examiner for the courtesies and thoughtful treatment

afforded to Applicants' undersigned representative during the January 26, 2010 interview. The

foregoing amendments and following remarks reflect the substance of the interview.

Claims 1-3, 6-8, 23-29, 31, and 32 were rejected under 35 U.S.C. § 102(e) over U.S.

Patent No. 5,825,352 (Bisset). The rejections are respectfully traversed. Reconsideration and

withdrawal of the rejections are respectfully requested.

THE OFFICE ACTION'S INTERPRETATION OF "FITTING AN ELLIPSE TO

AT LEAST ONE OF THE PIXEL GROUPS" IS UNREASONABLE IN LIGHT OF

THE PLAIN MEANING OF "FITTING AN ELLIPSE TO" AND, IN

PARTICULAR. DISREGARDS THE REOUIREMENT TO INTERPRET CLAIMS

IN LIGHT OF THE SPECIFICATION

During the interview, the Examiner's interpretation of the feature of "fitting an ellipse to

at least one of the pixel groups" (claim 1) was discussed. Applicants' representative disagreed with

the Office Action's assertion that Bisset's "finger profile" (shown, e.g., in FIG. 7B of Bisset), which

is simply a series of capacitance values measured when a finger contacts a touchpad, discloses the

feature of "fitting an ellipse to ...". Specifically, paraphrasing the Office Action's interpretation,

merely obtaining measured data is the same asfitting an ellipse to the data, so long as the measured

data happens to be measured from an object that "is in general ellipse-like". (Office Action, page

7.) Applicants representative asserted that, under the plain meaning of the language of the claims,
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without more, one skilled in the art would not interpret "fitting an ellipse to at least one of the pixel

groups" in such a manner. Furthermore, the Office Action's interpretation is particularly

unreasonable when the claim language is viewed in light of the specification, as it must be viewed.

In this regard, Applicants submit that the Office Action fails to consider the disclosure of the

specification when interpreting at least the feature of "fitting an ellipse to at least one of the pixel

groups." In light of the foregoing, Applicants respectfully traverse the rejections.

Nonetheless, claim 1 has been amended to recite mathematically fitting an ellipse to at

least one of the pixel groups. During the interview, the Examiner indicated that the amendment

would overcome the rejections. Claim 10 has been similarly amended. Accordingly, withdrawal of

the rejections of claims 1 and 10 is respectfully requested.

THE OFFICE ACTION FAILS TO MEET THE RELUIREMENT TO EXPLAIN

WHY "MEANS FOR" FEATURES ARE NOT BEING TREATED UNDER 35

U.S.C. 6 112. SIXTH PARAGRAPH

Claim 24 has not been amended. The rejection of claim 24 is respectfully traversed.

Claim 24 includes, among other features, means for fitting an ellipse to at least one of the pixel

groups. In entering the rejection of claim 24, the Office Action does not indicate that this feature, or

any other feature of the claim that begin with "means for," is being treated under 35 U.S.C. § 112,

sixth paragraph. MPEP § 2181(I) requires examiners to state the reasons why a claim limitation that

uses the phrase "means for" is not being treated under § 112, sixth paragraph:

"If a claim limitation does include the phrase "means for" or "step
for," that is, the first prong of the 3-prong analysis is met, but the
examiner determines that either the second prong or the third prong of
the 3-prong analysis is not met, then in these situations, the examiner
must include a statement in the Office action exolainine the reasons
why, a çlaim limitation which uses the phrase "means f9r" gr "step
for" is not being treated under 35 U.S.C. 112, sixth paragraph."
(MPEP § 2181(I) (emphasis added).)

Therefore, the rejection fails to meet the requirement of MPEP § 2181.

la-1060965
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Even more clearly than with the rejections of claims 1 and 10, the Office Action's

rejection of claim 24 fails to interpret the claims in light of the specification. In asserting that Bisset

discloses a means for fitting an ellipse to at least one of the pixel groups, the Office Action simply

cuts-and-pastes the language used in the rejection of claim 1. Thus, the Office Action apparently

does not interpret the language of the "means for" features of claim 24 as required by law. (See,

e.g., MPEP § 2181 ("a "means-or-step-plus-function" limitation should be interpreted in a manner

different than patent examining practice had previously dictated"); MPEP § 2106(II)(C) ("Where

means plus function language is used to define the characteristics of a machine or manufacture

invention, such language must be interpreted to read on ongthe strugtures or materials disçlosed in

the specifiçation and "eguiyalents thereof' that correspond to the recited function.")(emphasis

added)(citations omitted); Id. ("Thus, at the outset, USPTO personnel must attempt to correlate

claimed means to elements set forth in the written description that perform the recited step or

function. The written description includes the original specification and the drawings and USPTO

personnel are to give the claimed means plus function limitations their broadest reasonable

interpretation consistent with all corresponding structures or materials described in the specification

and their equivalents including the manner in which the claimed functions are

performed.")(emphasis added)(citations omitted).)

Therefore, Applicants have chosen not to amend claim 24. Applicants respectfully

request that, if the rejection is maintained, the Examiner clarify whether the language of claim 24 is

being treated under § 112, sixth paragraph, and if so, the Examiner clarify how he interprets the

language "means for fitting an ellipse to at least one of the pixel groups" to read only on the

structures/materials disclosed in the specification and equivalents thereof including the manner in

which the claims functions are performed. However, in light of the foregoing, Applicants believe

claim 24 is allowable.

The remaining claims depend from the independent claims discussed above, and are

believed to be allowable for at least the foregoing reasons. Therefore, each of the presently pending

claims in this application is believed to be in immediate condition for allowance. Accordingly, the

Examiner is respectfully requested to withdraw the outstanding rejections of the claims and to pass

la-1060965
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this application to issue. If it is determined that a telephone conference would expedite the

prosecution of this application, the Examiner is invited to telephone the undersigned at the number

given below.

In the event the U.S. Patent and Trademark office determines that an extension and/or

other relief is required, applicant petitions for any required relief including extensions of time and

authorizes the Commissioner to charge the cost of such petitions and/or other fees due in connection

with the filing of this document to Deposit Account No. 03-1952 referencing Docket No.

106842508604. However, the Commissioner is not authorized to charge the cost of the issue fee to

the Deposit Account.

Dated: February 24, 2010 Respectfully submitted,

By /Gregory S. Weaver, #53,751/
Gregory Weaver

Registration No.: 53,751
MORRISON & FOERSTER LLP
555 West Fifth Street
Los Angeles, California 90013-1024
(213) 892-5399
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SEECIEICAIIDE

Title Of The Invention

Object Position Detector

Background Of The Invention

5 1. Fleid of The Invention

The present invention relates to object position sensing transducers and systems.

More particularly, the present invention relates to object position recognition useful in applications

such as cursor movement for computing devices and other applications.

2. The Prior Art

10 Numerous devices are available or have been proposed for use as object position

detectors for use in computer systems and other applications. The most familiar of such devices is

the computer "mouse". While extremely popular as a position indicating device, a mouse has

mechanical parts and requires a surface upon which to roll its position ball. Furthermore, a

mouse usually needs to be moved over long distances for nable resolution. Finally, a mouse

15 requires the user to lift a hand from the keyboard to make the cursor movement, thereby upsetting

the prime purpose, which is usually typing on the cornputer.

Trackball devices are similar to mouse devices. A major difference, however is

that, unlike a mouse device, a trackball device does not require a surface across which it must be

rolled. Trackball de ° are still expensive, have moving parts, and require a relatively heavy

20 touch as do the mouse devices. They are also large in size and doe not fit well in a volume-

sensitive application like a laptop computer.

1
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There are several available touch-sense technologies which may be employed for

use as a position indicator. Resistive-membrane position sensors are known and used in several

applications. However, they generally suffer from poor resolution, the sensor surface is exposed

to the user and is thus subject to wear. In addition, resistive-membrane touch sensors are

5 relatively expensive. A one-surface approach requires a user to be grounded to the sensor for

reliable operation. This cannot be guaranteed in portable computers. An example of a one-surface

approach is the UnMouse product by MicroTouch, of Wilmington, MA A two-surface approach

has poorer resolution and potentially will wear out very quickly in time.

Resistive tablets are taught by United States Patent No. 4,680,430 to Yoshikawa,

10 United States Patent No. 3,497,617 to Ellis and many others. The drawback of all such

approaches is the high power consumption and the high cost of the resistive membrane employed.

Surface Acoustic Wave (SAW) devices have potential use as position indicators.

However, this sensor technology is expensive and is not sensitive to light touch. In addition,

SAW devices are sensitive to residue buildup on the touch surfaces and generally have poor

15 resolution.

Strain gauge or pressure plate approaches are an interesting position sensing

technology, but suffer from several drawbacks. This approach may employ piezo-electric

transducers. One drawback is that the piezo phenomena is an AC phenomena and may be

sensitive to the user's rate of movement. In addition, strain gauge or pressure plate approaches are

20 somewhat expensive because special sensors are required.

Optical approaches are also possible but are somewhat limited for several reasons.

All would require light generation which will require external components and increase cost and

power drain. For example, a "finger-breaking" infra-red matrix position detector consumes high

power and suffers from relatively poor resolution.

25 There have been numerous attempts to provide a device for sensing the position of

a thumb or other finger for use as a pointing device to replace a mouse or trackball. Desirable

attributes of such a device are low power, low profile, high resolution, low cost, fast response,

and ability to operate reliably when the finger carries electrical noise, or when the touch surface is

contaminated with dirt or moisture.

30 Because of the drawbacks of resistive devices, many attempts have been made to

provide pointing capability based on capacitively sensing the position of the finger. United States

Patent No. 3,921,166 to Volpe teaches a capacitive matrix in which the finger changes the

2
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transcapacitance bet.L.. row and column electrodes. United States Patent No. 4,103,252 to

Bobick employs four oscillating signals to interpolate x and y positions between four capacitive

electrodes. United States Patent No. 4,455,452 to Schuyler teaches a capacitive tablet wherein the

finger attenuates the capacitive coupling between electrodes.

5 United States Patent No. 4,550,221 to Mabusth teaches a capacitive tablet wherein

the effective capacitance to "virtual ground" is measured by an oscillating signal. Each row or

column is polled sequentially, and a rudimentary form of interpolation is applied to resolve the

position between two rows or colw,. An attempt is made to address the problem of electrical

interference by averaging over many cycles of the oscillating waveform. The problem of

10 contamination is addressed by sensing when no finger was present, and applying a periodic

calibration during such no-finger-present periods. United States Patent No. 4,639,720 to

Rympalski teaches a tablet for sensing the position of a stylus. The stylus alters the

transcapacitance coupling between row and column electrodes, which are scanned sequentially.

United States Patent No. 4,736,191 to Matzke teaches a radial electrode arrangement under the

15 space bar of a keyboard, to be activated by touching with a thumb. This patent teaches the use of

total touch capacitance, as an indication of the touch pressure, to control the velocity of cursor

motion. Pulsed sequential polling is employed to address the effects of electrical interf-..-.

United States Patent Nos. 4,686,332 and 5,149,919, to Greanias, teaches a stylus

and finger detection system meant to be mounted on a CRT. As a finger detection system, it's

20 X/Y sensor matrix is used to locate the two matrix wires carrying the maximum signal. With a

coding scheme these two wires uniquely determine the location of the finger position to the

resolution of the wire stepping. For stylus detection, Greanias first coarsely locates it, then

develops a virtual dipole by driving all lines on one side of the object in one direction and all lines

on the opposite side in the opposite direction. This is done three times with different dipole phases

25 and signal polarities. Assuming a predetermined matrix response to the object, the three

measuæments present a set of simultaneous equations that can be solved for position.

United States Patent No. 4,733,222 to Evans is the first to teach a capacitance

touch measurement system that interpolates to a high degree. Evans teaches a three terminal

measuæment system that uses a drive, sense and electrode signal set (3 signals) in its matrix, and

30 bases the measurement on the attenuation effect of a finger on the electrode node signal (uses a

capacitive divider phenomena). Evans sequentially scans through each drive set to measure the

capacitance. From the three largest responses an interpolation routine is applied to determine

finger position. Evans also teaches a zeroing technique that allows "no-finger" levels to be

cancelled out as part of the measurement.

3
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United States Patent No. 5,016,008 to Gruaz describes a touch sensitive pad that

also uses interpolation. Gruaz uses a drive and sense signal set (2 signals) in the touch matrix and

like Evans relies on the attenuation effect of a finger to modulate the drive signal. The touch

matrix is sequentially scanned to read the response of each matrix line. An interpolation program

5 then selects the two largest adjacent signals in both dimensions to determine the finger location,

and ratiometrically determines the effective position from those 4 numbers.

Gerpheide, PCT application US90/04584, publication No. WO91/03039, United

States Patent No. 5,305,017 applies to a touch pad system a variation of the virtual dipole

approach of Greanias. Gerpheide teaches the application of an oscillating potential of a given

10 frequency and phase to all electrodes on one side of the virtual dipole,and an oscillating potential

of the same frequency and opposite phase to those on the other side. El-^nic circuits develop a

"balance signal" which is zero when no finger is present, and which has one polarity if a finger is

on one side of the center of the virtual dipole, and the opposite polarity if the finger is on the

opposite side. To acquire the position of the finger initially, the virtual dipole is scanned

15 sequentially across the tablet. Once the finger is located, it is "tracked" by moving the virtual

dipole toward the finger once the finger has moved more than one row or column.

Because the virtual dipole method operates by generating a balance signal that is

zero when the capacitance does not vary with distance, it only senses the perimeter of the finger

contact area, rather than the entire contact area. Because the method relies on synchronous

20 detection of the exciting signal, it must average for long periods to reject electrical interference, and

hence it is slow. The averaging time required by this method, together with the °ty to search

sequentially for a new finger contact once a previous contact is lost, makes this method, like those

before it, fall short of the requirements for a fast pointing device that is not affected by electrical

interference.

25 It should also be noted that all previous touch pad inventions that used interpolation

placed rigorous design requirements on their sensing pad. Greanias and Evans use a complicated

and expensive drive, sense and electrode line scheme to develop their signal. Gruaz and Gerpheide

use a two signal drive and sense set. In the present invention the driving and sensing is done on

the same line. This allows the row and column sections to be symmetric and equivalent. This in

30 turn allows independent calibration of all signal paths, which makes board layout simpler and less

constraining, and allows for more unique sensor topologies.

The shortcomings of the inventions and techniques described in the prior art can

also be traced to the use of only one set of driving and sensing electronics, which was multiplexed

sequentially over the electrodes in the tablet. This arrangement was cost effective in the days of

4
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discrete components, and avoided offset and scale diffeænces among circuits.

The sequential scanning approach of previous systems also made them more

susceptible to noise. Noise levels could change between successive measurements, thus changing

the measured signal and the assumptions used in interpolation routines.

5

Finally, all previous approaches assumed a particular signal response for finger

position versus matrix position. Because the transfer curve is very sensitive to many parameters

and is not a smooth linear curve as Greanias and Gerpheide assume, such approaches are limited

in the amount of interpolation they can perform.

10 In prior co-pending application serial No. 08/115,743, filed August 31, 1993, now

United States Patent No. . a two-dimensional capacitive g system equipped

with a separate set of drive/sense electronics for each row and for each column of a capacitive

tablet is disclosed. All row electrodes are sensed simultaneously, and all column electrodes aæ

sensed simultaneously. The sensed signals are processed by analog circuitry.

15 It is thus an object of the present invention to provide a two-dimensional capacitive

sensing system equipped with a separate set of drivelsense electronics for each row and for each

column of a capacitive tablet, wherein all row electrodes are sensed simultaneously, and all column

electrodes are sensed simultaneously.

It is a further object of the present invention to provide an electronic system that is

20 sensitive to the entire area of contact of a finger or other conductive object with a capacitive tablet,

and to provide as output the coordinates of some measure of the center of this contact area while

remaining insensitive to the characteristic profile of the object being detected.

It is a further object of the present invention to provide an electronic system that

provides as output some measure of area of contact of a finger or other conductive object with a

25 capacitive tablet.

Yet another object of the present invention is to provide a two-dimensional

capacitive sensing system equipped with a separate set of drive/sense electronics for each row and

for each column of a capacitive tablet, wherein all row electrodes are sensed simultaneously, and

all column electrodes are sensed simultaneously and wherein the information defining the location

30 of a finger or other conductive object is processed in digital form.

It is a further object of the present invention to provide a two-dimensional

5
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capacitive sensing system wherein all row electrodes are sensed simultaneously, and all column

electrodes are sensed simultaneously and wherein digital electronic processing is employed

efficiently to define the location of a finger or other conductive object.

Brief Description Of The Invention

5 With the advent of very high levels of integration, it has become possible to

integrate many channels of driving/sensing electronics into one integrated circuit, along with the

control logic for operating them, and the interface electronics to allow the pointing device to

communicate directly with a host microprocessor. The present invention uses adaptive analog

techniques to overcome offset and scale differences between channels, and can thus sense either

10 transcapacitance or self-capacitance of all tablet rows or col2 , in parallel. This parallel-sensing

capability, made possible by providing one set of electronics per row or column, allows the

sensing cycle to be extremely short, thus allowing fast response while still maintaining immunity

to very high levels of electrical interference.

15 The present invention comprises a position-sensing technology particularly useful

for applications where finger position information is needed, such as in computer "mouse" or

trackball environments. However the position-sensing technology of the present invention has

much more general application than a computer mouse, because its sensor can detect and report if

one or more points are being touched. In addition, the detector can sense the pressure of the

20 touch.

According to a preferred embodiment of the present invention, æferred to herein as

a "finger pointer" embodiment, a position sensing system includes a position sensing transducer

comprising a touch-sensitive surface disposed on a substrate, such as a printed circuit board,

including a matrix of conductive lines. A first set of conductive lines runs in a first direction and is

25 insulated from a second set of conductive lines running in a second direction generally

perpendicular to the first direction. An insulating layer is disposed over the first and second sets

of conductive lines. The insulating layer is thin enough to promote significant capacitive coupling

between a finger placed on its surface and the first and second sets of conductive lines.

Sensing electronics respond to the proximity of a finger, conductive object, or an

30 object of high dielectric constant (i.e., greater than about 5) to translate the capacitance changes of

the conductors caused by object proximity into digital information which is processed to derive

position and touch pressure information. Its output is a simple X, Y and pressure value of the one

object on its surface. In all descriptions herein, fingers are to be considered interchangable with

6
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conductive objects and objects of high dielectric constant.

Different prior art pad scan techniques have different advantages in different

environments. Parallel drivelsense techniques according to the present invention allow input

samples to be taken simultaneously, thus all channels are affected by the same phase of an

5 interfering electrical signal, greatly simplifying the signal processing and noise filtering.

There are two drivel methods employed in the touch sensing technology of

the present invention. According to a first and presently preferred embodiment of the invention,

the voltages on all of the X lines of the sensor matrix are simultaneously moved, while the

voltages of the Y lines are held at a constant voltage, with the complete set of sampled points

10 simultaneously giving a profile of the finger in the X dimension. Next, the voltages on all of the Y

lines of the sensor matrix aæ simultaneously moved, while the voltages of the X lines are held at a

constant voltage to obtain a complete set of sampled points simultaneously giving a profile of the

finger in the other dimension.

According to a second drive/-- method, the voltages on all of the X lines of the

15 sensor matrix are simultaneously moved in a positive direction, while the voltages of the Y lines

are moved in a negative diæction. Next, the voltages on all of the X lines of the sensor matrix are

simultaneously moved in a negative direction, while the voltages of the Y lines are moved in a

positive direction. This technique doubles the effect of any transcapacitance between the two

dimensions, or conversely, halves the effect of any parasitic capacitance to ground. In both

20 methods, the capacitive information from the sensing process provides a profile of the proximity

of the finger to the sensor in each dimension.

Both embodiments then take these profiles and derive a digital value representing

the centroid for X and Y position and derive a second digital value for the Z pressure information.

The digital information may be directly used by a host computer.

25 The position sensor of these embodiments can only report the position of one

object on its sensor surface. If more than one object is present, the position sensor of this

embodiment computes the centroid position of the combined set of objects. However, unlike prior

art, because the entire pad is being profiled, enough information is available to discern simple

multi-finger gestures to allow for a more powerful user interface.

30 According to another aspect of the present invention, several power reduction

techniques which can shut down the circuit between measurements have been integrated into the

system. This is possible because the parallel measurement technique according to the present

7
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invention is so much faster than prior art techniques.

According to a further aspect of the invention, a variety of noise reduction

techniques are integrated into the system.

According to yet another aspect of the present invention, a capacitance

5 measurement technique which is easier to calibrate and implement is employed.

Brief Description Of The Drawings

Figure 1 is an overall block diagram of the capacitive position sensing system of

the present invention.

Figure 2a is a top view of an object position sensor transducer according to a

10 presently preferred embodiment of the invention showing the object position sensor surface layer

including a top conductive trace layer and conductive pads connected to a bottom trace layer.

Figure 2b is a bottom view of the object position sensor transducer of FIG. 2a

showing the bottom conductive trace layer.

Figure 2c is a composite view of the object position sensor transducer of FIGS. 2a

15 and 2b showing both the top and bottom conductive trace layers.

Figure 2d is a cross-sectional view of the object position sensor transducer of

FIGS. 2a-2c.
Figure 3 is a block diagram of sensor decoding electronics which may be used with

the sensor transducer in accordance with a pæferred embodiment of the present invention.

20 Figure 4a is a simplified schematic diagram of a charge integrator circuit which

may be used in the present invention.

Figure 4b is an illustrative schematic diagram of the charge integrator circuit of

FIG. 4a.

Figure 5 is a timing diagram of the operation of charge integrator circuit of FIGS.

25 4a and 4b.

Figure 6 is a schematic diagram of an illustrative filter and sample/hold circuit for

8
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use in the present invention.

Figure 7 is a more detailed block diagram of a presently preferred arrangement of

A/D converters for use in the present invention.

Figure 8 is a block diagram of an illustrative arithmetic unit which may be used in

5 the present invention.

Figure 9 is a block diagram of a calibration unit which may be used with the

arithmetic unit of Figure 8.

Figure 10 is a schematic diagram of a bias voltage g ting circuit useful in the

p t invention.

10 Detalled Description Of A Preferred Embodiment

This application is a continuation-in-part of co-pending application serial No.

08/115,743, filed August 31, 1993, now United States Patent No. , which is a

continuation-in-part of co-pending application serial No. 07/895,934, filed June 8, 1992. The

present invention continues the approach disclosed in the parent applications and provides more

15 unique features not previously available. *- improvements provide a more easily integrated

solution, increased sensitivity, and greater noise rejection, in---d data acquisition rate and

decreased power consumption. Additionally, the ps -t invention allows for continuous self

calibration to subtract out the effects of environmental changes.

Those of ordinary skill in the art will realize that the following description of the

20 present invention is illustrative only and not in any way limiting. Other embodiments of the

invention will readily suggest themselves to such skilled persons.

The present invention brings together in combination a number of unique features

which allow for new applications not before possible. Because the object position sensor of the

p t invention has very low power requirements, it is beneficial for use in battery operated or

25 low power applications such as lap top or portable computers . It is also a very low cost solution,

has no moving parts (and is therefore virtually maintenance free), and uses the existing printed

circuit board traces for sensors. The sensing technology of the present invention can be integrated

into a computer motherboard to even further lower its cost in computer applications. Similarly, in

other applications the sensor can be part of an already existent circuit board.

9
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Because of its small size and low profile, the sensor technology of the present

invention is useful in lap top or portable applications whem volume is an important consideration.

The sensor technology of the present invention requires circuit board space for only a single

sensor interface chip that can interface directly to a micropos s avr, plus the area needed on the

5 printed circuit board for sensing.

Referring first to FIG. 1, a simplified block diagram of the capacitive position

sensing system 10 of the present invention is presented. Capacitive position sensing system 10

can accurately determine the position of a finger 12 or other conductive object proximate to or

touching a sensing plane 14. The capacitance of a plurality of conductive lines running in a first

10 direction (e.g., "X") is sensed by X input processing circuitry 16 and the capacitance of a

plurality of conductive lines running in a second direction (e.g., "Y") is sensed by Y input

p us, asing circuitry 18. The sensed capacitance values are digitized in both X input processing

circuitry 16 and Y input processing circuitry 18. The outputs of X input processing circuitry 16

and Y input processing circuitry 18 are presented to arithmetic unit 20, which uses the digital

15 information to derive digital information repæsenting the position and pæssure of the finger 12 or

other conductive object relative to the - ---°--g plane 14.

The sensor material can be anything that allows creation of a conductive X/Y

matrix of pads. This includes not only standard PC boards, but also includes but is not limited to

flexible PC boards, conductive elastomer materials, silk-screened conductive lines, and piezo-

20 electric Kynar plastic materials. This renders it useful as well in any portable equipment

application or in human interface where the sensor needs to be molded to fit within the hand.

The sensor can be conformed to any three dimensional surface. Copper can be

plated in two layers on most any surface contour producing the wwr. This will allow the sensor

to be adapted to the best ergonomic form needed for any particular application. This coupled with

25 the "light-touch" feature will make it effortless to use in many applications. The sensor can also

be used in an indirect manner, i.e it can have an insulating foam material covered by a conductive

layer over the touch sensing surface and be used to detect any object (not just conductive) that

p against it's surface.

Small sensor areas are practical, i.e., a presently conceived embodiment takes

30 about 1.5"x 1.5" of area, however those of ordinary skill in the art will recognize that the area is

scaleable for different applications. The matrix area is scalable by either varying the matrix trace

spacing or by varying the number of traces. Large sensor areas are practical where more

information is needed.

10
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Besides simple X and Y position information, the sensor technology of the present

invention also provides finger pressure information. This additional dimension of information may

be used by programs to control special features such as "brush-width" modes in Paint programs,

special menu ace , etc., allowing provision of a more natural sensory input to computers. It

5 has also been found useful for implementing "mouse click and drag" modes and for simple input

gestures.

The user will not even have to touch the surface to generate the minimum reaction.

This feature can greatly minimize user strain and allow for more flexible use.

The sense system of the present invention depends on a transducer device capable

10 of providing position and pressure information regarding the object contacting the transducer.

Referring now to FIGS. 2a-2d, top, bottom, composite, and cross-sectional views, respectively,

are shown of a p tly-preferred sensing plane 14 comprising a touch sensor array 22 for use in

the p t invention. Since capacitance is exploited by this embodiment of the present invention,

the surface of touch sensor array 22 is designed to maximize the capacitive coupling to a finger or

15 other conductive object.

A presently preferred touch sensor array 22 according to the present invention

comprises a substrate 24 including a set of first conductive traces 26 disposed on a top surface 28

thereof and run in a first direction to comprise row positions of the array. A second set of

conductive traces 30 are disposed on a bottom surface 32 thereof and run in a second direction

20 preferably orthogonal to the first direction to form the column positions of the array. The top and

bottom conductive traces 26 and 30 are alternately in contact with periodic sense pads 34

comprising enlarged areas, shown as diamonds in FIGS. 2a-2c. While sense pads 34 are shown

as diamonds in FIGS. 2a-2c, any shape, such as circles, which allows them to be closely packed

is equivalent for purposes of this invention. As an arbitrary convention herein, the first conductive

25 traces 26 will be referæd to as being oriented in the "X" or "row" direction and may be referred to

herein sometimes as "X lines" and the second conductive traces 30 will be referred to as being

oriented in the "Y" or "column" direction and may be referred to herein sometimes as "Y lines".

The number and spacing of these sense pads 34 depends upon the resolution

desired. For example, in an actual embodiment constructed according to the principles of the

30 present invention, a 0.10 inch center-to-center diamond-shaped pattern of conductive pads

disposed along a matrix of 15 rows and 15 columns of conductors is employed. Every other

sense pad 34 in each direction in the pad pattern is connected to conductive traces on the top and

bottom surfaces 28 and 32, respectively of substrate 24.

11
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Substrate 24 may be a printed circuit board, a flexible circuit board or any of a

number of available circuit interconnect technology structures. Its thickness is unimportant as long

as contact may be made therethrough from the bottom conductive traces 30 to their sense pads 34

on the top surface 28. The printed circuit board comprising substrate 24 can be constructed using

5 standard industry techniques. Board thickness is not important. Connections from the conductive

pads 34 to the bottom traces 30 may be made employing standard plated-through hole techniques

well known in the printed circuit board art.

In an alternate embodiment of the present invention, the substrate material 24 may

have a thickness on the order of 0.005 to 0.010 inches. Then the diamonds on the upper surface

10 28 and the plated through holes that connect to the lower surface traces 30, can be omitted, further

reducing the cost of the system.

An insulating layer 36 is disposed over the sense pads 34 on top surface 28 to

insulate a human finger or other object therefrom. Insulating layer 36 is preferably a thin layer

(i.e., approximately 5 mils) to keep capacitive coupling large and may comprise a material, such as

15 mylar, chosen for its protective and ergonomic characteristics. The term "significant capacitive

coupling" as used herein shall mean capacitive coupling having a magnitude greater than about 0.5

pF.

There are two different capacitive effects taking place when a finger approaches the

touch sensor array 22. The first capacitive effect is trans-capacitance, or coupling between sense

20 pads 34, and the second capacitive effect is self-capacitance, or coupling to virtual ground.

Sensing circuitry is coupled to the sensor array 22 of the present invention and responds to

changes in either or both of these capacitances. This is important because the relative sizes of the

two capacitances change greatly depending on the user environment. The ability of the present

invention to detect changes in both self capacitance and trans-capacitance results in a very versatile

25 system having a wide range of applications.

According to the preferred embodiment of the invention, a position sensor system

including touch sensor array 22 and associated position detection circuitry will detect a finger

position on a matrix of printed circuit board traces via the capacitive effect of finger proximity to

the sensor array 22. The position sensor system will report the X, Y position of a finger placed

30 near the sensor array 22 to much finer resolution than the spacing between the row and column

traces 26 and 30. The position sensor according to this embodiment of the invention will also

report a Z value proportional to the outline of that finger and hence indicative of the pressure with

which the finger contacts the surface of insulating layer 36 over the sensing array 22.

12
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According to the presently preferæd embodiment of the invention, a very sensitive,

light-touch detector circuit may be provided using adaptive analog and digital VLSI techniques.

The t of the present invention is very robust and calibrates out p and systematic errors.

The detector circuit of the present invention will process the capacitive input information and

5 provide digital information which may be presented directly to a microp r.

According to this embodiment of the invention, sensing s iss uitry is contained on a

single sensor processor integrated circuit chip. The sensor processor chip can have any number of

X and Y "matrix" inputs. The number of X and Y inputs does not have to be equal. The

Integrated circuit has a digital bus as output. In the illustrative example disclosed in FIGS. 2a-2d

10 h ° , the sensor array has 15 traces in both the X and Y directions. The sensor processor chip

thus has 15 X inputs and 15 Y inputs. An actual embodiment constructed according to the

principles of the present invention employed 18 traces in the X direction and 24 traces in the Y

direction. Those of ordinary skill in the art will recognize that the size of the sensing matrix which

may be employed in the pæsent invention is arbitrary and will be dictated largely by design choice.

15

The X and Y matrix nodes are driven and sensed in parallel, with the capacitive

information from each line indicating how close a finger is to that node. The scanned information

provides a profile of the finger proximity in each dimension. According to this aspect of the

p--t invention, the profile centroid is derived in both the X and Y directions and is the position

20 in that dimension. The profile curve of proximity is also integrated to provide the Z information.

There are two drive and sense methods employed in the touch sensing technology

of the present invention. According to a first and presently preferred embodiment of the invention,

the voltages on all of the X lines of the sensor matrix are simultaneously moved, while the

voltages of the Y lines are held at a constant voltage. Next, the voltages on all of the Y lines of the

25 sensor matrix are simultaneously moved, while the voltages of the X lines are held at a constant

voltage. This scanning method accentuates the measurement of capacitance to virtual ground

provided by the finger. Those of ordinary skill in the art will recognize that order of these two

steps is somewhat arbitrary and may be reversed.

According to a second drivelsense method, the voltages on all of the X lines of the

30 sensor matrix are simultaneously moved in a positive direction, while the voltages of the Y lines

are moved in a negative direction. Next, the voltages on all of the X lines of the --«r matrix are

simultaneously moved in a negative direction, while the voltages of the Y lines are moved in a

positive direction. This second drivelsense method accentuates transcapacitance and de-

emphasizes virtual ground capacitance. As with the first drivelsense method, those of ordinary

35 skill in the art will recognize that order of these two steps is somewhat arbitrary and may be
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reversed.

Referring now to FIG. 3, a block diagram of the presently preferred sensing

circuitry 40 for use according to the p--t invention is presented. This block diagram, and the

accompanying disclosure, relates to the sensing circuitry in one dimension (X) only, and includes

5 the X input processing circuitry 16 of FIG. 1. Those of ordinary skill in the art will appreciate that

an identical circuit would be used for sensing the opposite (Y) dimension and would include the Y

input processing circuitry 18 of FIG. 1. Such skilled persons will further note that the two

dimensions do not need to be orthogonal to one another. For ple, they can be radial or of any

other nature to match the contour of the touch sensor array and other needs of the system. Those

10 of ordinary skill in the art will recognize that the technology disclosed herein could be applied as

well to a one-dimensional case where only one set of conductive traces is used.

The capacitance at each sensor matrix node is represented by equivalent capacitors

42-1 through 42-n. The capacitance of capacitors 42-1 through 42-n comprises the capacitance of

the matrix conductors and has a characteristic background value when no object (e.g., a finger) is

15 proximate to the sensing plane of the sensor matrix. As an object approaches the sensing plane the

capacitance of capacitors 42-1 through 42-n increases in proportion to the size and proximity of the

object.

According to the port invention, the capacitance at each sensor matrix node is

measured simultaneously using charge integrator circuits 44-1 through 44-n. Charge-integrator

20 circuits 44-1 through 44-n serve to inject charge into the capacitances 42-1 through 42-n,

respectively, and to develop an output voltage proportional to the capacitance sensed on the

corresponding X matrix line. Thus charge-integrator circuits 44-1 through 44-n are shown as

bidirectional amplifier symbols. Each charge-integrator circuit 44-1 through 44-n is supplied with

an operating bias voltage by bias-voltage generating t 46.

25 As used herein, the phrase "proportional to the capacitance" means that the voltage

signal generated is a monotonic function of the sensed capacitance. In the embodiment described

herein, the voltage is directly and linearly proportional to the capacitance sensed. Those of

ordinary skill in the art will recognize that other monotonic functions, including but not limited to

inverse proportionality, and non-linear proportionality such as logarithmic or exponential

30 functions, could be employed in the present invention without departing from the principles

disclosed herein. In addition current-sensing as well as voltage-sensing techniques could be

employed.

According to a presently preferred drivelsense method used in the present
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invention, the capacitance measurements are performed simultaneously across all inputs in one

dimension to ome a problem which is inherent in all prior art approaches that scan individual

inputs. The problem with the prior-art approach is that it is sensitive to high frequency and large

amplitude noise (large dv/dt noise) that is coupled to the circuit via the touching object. Such noise

5 may distort the finger profile because of noise appearing in a later scan cycle but not an earlier one,

due to a change in the noise level.

The p--t invention overcomes this problem by "taking a snapshot" of all inputs

simultaneously in X and then Y directions (or visa versa). Because the injected noise is

proportional to the finger signal strength across all inputs, it is therefore symmetric around the

10 finger centroid. Because it is symmetric around the finger centroid it does not affect the finger

position. Additionally, the charge amplifier performs a differential measuring function to further

reject common-mode noise.

Because of the nature of the charge integrator circuits 44-1 through 44-n, their

outputs will be changing over time and will have the desired voltage output for only a short time.

15 As presently preferred, filter circuits 48-1 through 48-n are implemented as sample and hold

switched capacitor filters.

The desired voltage is captured by the filter circuits 48-1 through 48-n. As

controlled by control try, 56, the filter circuits 48-1 through 48-n will filter out any high

frequency noise from the sensed signal. This is accomplished by choosing the capacitor for the

20 filter to be much larger than the output capacitiance of charge integrator circuits 44-1 through 44-n.

In addition, those of ordinary skill in the art will recognize that the switched capacitor filter circuits

48-1 through 48-n will captuæ the desired voltages and store them.

According to the present invention, the capacitance information obtained in voltage

form from the capacitance measurements is digitized and processed in digital format. Accordingly,

25 the voltages stored by filter circuits 48-1 through 48-n are stored in sample/hold circuits 50-1

through 50-n so that the remainder of the circuitry p ses input data taken at the same time.

Sample/hold circuits 50-1 through 50-n may be configured as conventional sample/hold circuits as

is well known in the art.

The sampled analog voltages at the outputs of sample/hold circuits 50-1 through

30 50-n are digitized by analog-to-digital (AID) converters 52. As presently preferred, A/D

converters 52 resolve the input voltage to a 10-bit wide digital signal (a resolution of one part in

1,024), although those of ordinary skill in the art will realize that other resolutions may be

employed. A/D converters 52 may be conventional successive approximation type converters as is
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known in the art.

Given the charge integrator circuitry employed in the present invention, the

background level (no object present) of the charge integrator outputs will be about 1 volt. The AV

resulting from the p--- of a finger or other object will typically be about 0.4 volt. The voltage

5 range of the A/D converters 52 should therefore be in the range of between about 1-2 volts.

An important consideration is the minimum and maximum voltage reference points

for the A/D converters (Vmin and Vmax). It has been found that noise will cause position jitter if

these reference voltages are fixed points. A solution to this problem which is employed in the

p.es t invention is to dynamically generate the Vmin and Vmax reference voltages from reference

10 capacitances 42-Vmin and 42-Vmax, sensed by charge integrator circuits 44-Vmin and 44-Vmax .

and processed by filter circuits 48-Vmin and 48-Vmax and stored in sample/hold circuits 50-Vmin

and 50-Vmax . In this m , any common mode noise present when the signals are sampled

from the sensor array will also be present in the Vmin and Vmax reference voltage values and will

tend to cancel. Those of ordinary skill in the art will realize that reference capacitances 44-Vmin

15 and 44-Vmax may either be discrete capacitors or extra traces in the r array.

According to the pm yt invention, the Va reference voltage is generated from a

capacitor having a value equal to the lowest capacitance expected to be encountered in the sensor

array with no object present (about 12pF assuming a 2 inch square sensor array). The Vmax

reference voltage is generated from a capacitor having a value equal to the largest capacitance

20 expected to be encountered in the sensor array with an object present (about 16pF assuming a 2

inch square sensor array).

The outputs of A/D converters 52 provide inputs to arithmetic unit 20. As will be

more fully disclosed with reference to FIG. 8, the function of arithmetic unit 20 is to compute the

weighted average of the signals on the individual sense lines in both the X and Y directions in the

25 touch sensor array 22. Thus, arithmetic unit 20 is shared by the X input processing circuitry 16

and the Y input processing circuitry 18 as shown in FIG. 1.

Control circuitry 56 of FIG. 3 orchestrates the operation of the remainder of the

circuitry. Because the system is discretely sampled and pipelined in its operation, control circuitry

56 is present to manage the signal flow. The functions performed by control circuitry 56 may be

30 conventionally developed via what is commonly known in the art as a state machine or

microcontroller.
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The structure and operation of the individual blocks of FIG. 3 will now be

disclosed. Referring now to FIGS. 4a, 4b, and 5, a typical charge integrator circuit will be

described. Charge integrator circuit 44 is shown as a simplified schematic diagram in FIG. 4a and

as an illustrative schematic diagram in FIG. 4b. The timing of the operation of charge integrator

5 circuit 44 is shown in FIG. 5. These timing signals are provided by the controller block 56.

Charge integrator circuit 44 is based on the fundamental physical phenomena of

using a current to charge a capacitor. If the capacitor is charged for a constant time by a constant

current, then a voltage will be produced on the capacitor which is inversely proportional to the

capacitance. The capacitance to be charged is the matrix line capacitance 42 in parallel with

10 an internal capacitor. This internal capacitor will contain the voltage of interest.

Referring now to FIG. 4a, a simplified schematic diagram of an illustrative charge

integrator circuit 44 is shown. A charge integrator circuit input node 60 is connected to one of the

X (or Y) lines of the sensor matrix. A first shorting switch 62 is connected between the charge

integrator circuit input node 60 and Voo, the positive supply rail. A second shorting switch 64 is

15 connected between the charge integrator circuit input node 60 and ground, the negative supply rail.

A positive constant current source 66 is connected to VDD, the positive supply rail and to the

charge integrator circuit input node 60 and through a first c t source switch 68. A negative

constant current source 70 is connected to ground and to the charge integrator circuit input node 60

and through a second curænt source switch 72. It is obvious that other high and low voltage rails

20 could be used in place of Voo and ground.

A first internal capacitor 74 is connected between VDD and output node 76 of

charge integrator circuit 44. A positive voltage storage switch 78 is connected between output

node 76 and input node 60. A second internal capacitor 80 has one of its plates connected to

ground through a switch 82 and to output node 76 of charge integrator circuit 44 through a switch

25 84, and the other one of its plates connected to input node 60 through a negative voltage storage

switch 86 and to VDD through a switch 88. The capacitance of first and second internal

capacitances 74 and 80 should be a small fraction (i.e., about 10%) of the capacitance of the

individual sensor matrix lines. In a typical embodiment, the sensor matrix line capacitance will be

about 10pF and the capacitance of capacitors 74 and 80 should be about 1pF.

30 According to the presently preferred embodiment of the invention, the approach

used is a differential measurement for added noise immunity, the benefit of which is that any low

frequency common mode noise gets subtracted out. For the following discussion, it is to be

assumed that all switches are open unless they are noted as closed. First, the sensor matrix line is
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momentarily shorted to VDD through switch 62, switch 78 is closed connecting capacitor 74 in

parallel with the capacitance of the sensor line. Then the parallel capacitor combination is

discharged with a constant current from current source 70 through switch 72 for a fixed time

period. At the end of the fixed time period, switch 78 is opened, thus storing the voltage on the

5 sensor matrix line on capacitor 74.

The sensor line is then momentarily shorted to ground through switch 64, and

switches 82 and 86 are closed to place capacitor 80 in parallel with the capacitance of the sensor

line. Switch 68 is closed and the parallel capacitor combination is charged with a constant nt

from current source 66 for a fixed time period equal to the fixed time period of the first cycle. At

10 the end of the fixed time period, switch 86 is opened, thus storing the voltage on the sensor matrix

line on capacitor 80.

The first and second measured voltages are then averaged. This is accomplished

by opening switch 82 and closing switches 88 and 84, which places capacitor 80 in parallel with

capacitor 74. Because capacitors 74 and 80 have the same capacitance, the resulting voltage

15 across them is equal to the average of the voltages across each individually. This final result is the

value that is then passed on to the appropriate one of filter circuits 48-1 through 48-n.

The low frequency noise, notably 50/60 Hz and their harmonics, behaves as a DC

current component that adds in one measurement and subtracts in the other. When the two results

are added together that noise component averages to zero. The amount of noise rejection is a

20 function of how quickly in succession the two opposing charge-up and charge-down cycles are

performed as will be disclosed herein. One of the reasons for the choice of this charge integrator

circuit is that it allows measurements to be taken quickly.

Referring now to FIG. 4b, a more complete schematic diagram of an illustrative

embodiment of charge integrator circuit 44 of the simplified diagram of FIG. 4a is shown. Input

25 node 60 is shown connected to VDD and ground through pass gates 90 and 92, which replace

switches 62 and 64 of FIG. 4a. Pass gate 90 is controlled by a signal ResetUp presented to its

control input and pass gate 92 is controlled by a signal ResetDn presented to its control input.

Those of ordinary skill in the art will recognize that pass gates 90 and 92, as well as all of the other

pass gates which are represented by the same symbol in FIG. 4b may be conventional CMOS pass

30 gates as are known in the art. The convention used herein is that the pass gate will be off when its

control input is held low and will be on and present a low impedance connection when its control

input is held high.
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P-Channel MOS transistors 94 and 96 are configured as a current mirror. P-

Channel MOS transistor 94 serves as the current source 66 and pass gate 98 serves as switch 68 of

FIG. 4a. The control input of pass gate 98 is controlled by a signal StepUp.

N-Channel MOS transistors 100 and 102 are also configured as a current mirror.

5 N-Channel MOS transistor 100 serves as the curænt source 70 and pass gate 104 serves as switch

72 of FIG. 4a. The control input of pass gate 104 is controlled by a signal StepDn. P-Channel

MOS transistor 106 and N-Channel MOS transistor 108 are placed in series with P-Channel MOS

current mirror transistor 96 and N-Channel MOS c,«t mirror transistor 102. The control gate

of P-Channel MOS transistor 106 is driven by an enable signal EN, which turns on P-Channel

10 MOS transistor 106 to energize the c t mirrors. This device is used as a power conservation

device so that the charge integrator circuit 44 may be turned off to conserve power when it is not in

use.

N-Channel MOS transistor 108 has its gate driven by a reference voltage Vbias,

which sets the current through current mirror transistors 96 and 108. The voltage Vbias is set by

15 a servo feedback circuit as will be disclosed in more detail with ref---e to FIG. 10. Those of

ordinary skill in the art will appreciate that this embodiment allows calibration to occur in real time

(via long time constant feedback) thereby zeroing out any long term effects due to sensor

environmental changes. In a current embodiment of the invention, Vbias is common for all

charge integrator circuits 44-1 through 44-n and 44-Vmax and 44-Vmin.

20 Note that proper sizing of MOS transistors 102 and 108 may provide temperature

compensation. This is accomplished by taking advantage of the fact that the threshold of N-

Channel MOS transistor 108 reduces with temperature while the mobility of both N-Channel MOS

transistors 102 and 108 reduce with temperature. The threshold reduction has the effect of

asing the current while the mobility reduction has the effect of decreasing the --nt. By

25 proper device sizing these effects can cancel each other out over a significant part of the operating

range.

Capacitor 74 has one plate connected to VDD and the other plate connected to the

output node 76 and to the input node 60 through pass gate 110, shown as switch 78 in FIG. 4a.

The control input of pass gate 110 is driven by the control signal SUp. One plate of capacitor 80

30 is connected to input node 60 through pass gate 112 (switch 86 in FIG. 4a) and to VDD through

pass gate 114 (switch 82 in FIG. 4a). The control input of pass gate 112 is driven by the control

signal SDn and the control input of pass gate 114 is driven by the control signal ChUp. The

other plate of capacitor 80 is connected to ground through N-Channel MOS transistor 116 (switch

82 in FIG. 4a) and to output node 76 through pass gate 118 (switch 84 in FIG. 4a). The control
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input of pass gate 118 is driven by control signal Share.

Referring now to FIGS. 4a, 4b and the timing diagram of FIG. 5, the operation of

charge integrator circuit 44 during one scan cycle may be observed. First the EN (enable) control

signal goes active by going to Ov. This turns on the current mirrors and energizes the charge and

5 discharge current sources, MOS transistors 94 and 100. The ResetUp control signal is active

high at this time, which shorts the input node 60 (and the sensor line to which it is connected) to

VDD. The SUp control signal is also active high at this time which connects capacitor 74 and the

output node 76 to input node 60. This arrangement guarantees that the following discharge

portion of the operating cycle always starts from a known equilibrium state.

10 The discharge process starts after ResetUp control signal goes inactive. The

StepDn control signal goes active, connecting MOS transistor 100, the discharge current source,

to the input node 60 and its associated sensor line. StepDn is active for a set amount of time, and

the negative constant current source discharges the combined capacitance of the sensor line and

capacitor 74thus lowering its voltage during that time. StepDn is then turned off. A short time

15 later the SUp control signal goes inactive, storing the measured voltage on capacitor 74. That

ends the discharge cycle.

Next, the ResetDn control signal becomes active and shorts the sensor line to

ground. Simultaneously the SDn and ChDn control signals become active and connect capacitor

80 between ground and the sensor line. Capacitor 80 is discharged to ground, guaranteeing that

20 the following charge up cycle always starts from a known state.

The charge up cycle starts after ResetDn control signal becomes inactive and the

StepUp control signal becomes active. At this point the s- - t charging source, MOS transistor

94, is connected to the sensor line and supplies a constant surrent to charge the sensor line by

increasing the voltage thereon. The StepUp control signal is active for a set amount of time

25 (preferably equal to the time for the previously mentioned cycle) allowing the capacitance to

charge, and then it is turned off. The SDn control signal then goes inactive, leaving the measured

voltage across capacitor 80.

The averaging cycle now starts. First the voltage on capacitor 80 is level shifted.

This is done by the ChDn control signal going inactive, letting one plate of the capacitor 80 float.

30 Then the ChUp control signal goes active, connecting the second plate of the capacitor to VDD•

Ther the Share control signal becomes active which connects the first plate of capacitor 80 to

output node 76, thus placing capacitors 74 and 80 in parallel. This has the effect of averaging the
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voltages across the two capacitors, thus subtracting out common-mode noise as previously

described. This average voltage is also then available on output node 76.

Those of ordinary skill in the art will recognize that the common-mode noise-

cancelling feature inherent in the averaging of the voltages obtained in the discharge and charge

5 cycles is most effective when the two cycles are performed very close together in time.

According to the present invention, the ChDn and ChUp signals should be asserted with respect

to each other within a time period much less than a quarter of the period of the noise to be

cancelled in order to take advantage of this feature of the present invention.

According to the present invention, two different drivelsense methods have been

10 disclosed. Those of ordinary skill in the art will readily observe that the charge integrator circuit

44 disclosed with reference to FIGS. 4a, 4b, and 5 is adaptable to operate according to either

scanning method disclosed herein.

As is clear from an understanding of the operation of charge integrator circuit 44,

its output voltage is only available for a short period of time and is subject to environmental noise.

15 In order to minimize the effects of noise, a switched capacitor filter circuit 48 is used. Referring

now to FIG. 6, a schematic diagram of an illustrative switched capacitor filter circuit 48 which

may be used in the p--t invention is shown. Those of ordinary skill in the art will recognize

this switched capacitor filter circuit, which comprises an input node 120, a pass gate 122 having a

control input driven by a Sample control signal, a capacitor 124 connected between the output of

20 the pass gate 126 and a fixed voltage such as ground, and an output node comprising the common

connection between the capacitor 124 and the output of the pass gate 126. In a typical

embodiment, capacitor 116 will have a capacitance of about 10 pF.

As will be appreciated by persons of ordinary skill in the art, the switched capacitor filter

48 is in part a sample/hold circuit and has a filter time constant which is K times the period of

25 sample, where K is the ratio of capacitor 124 to the sum of capacitors 74 and 80 of the charge

integrator circuit 44 of FIGS. 4a and 4b to which it is connected. The switched capacitor filter

circuit 48 further reduces noise injection in the system. In the preferred embodiment, K = 10/2 =

5. Those of ordinary skill in the art will recognize that other types of filter circuits, such as RC

filters, may be employed in the present invention.

30 Referring now to FIG. 7, a more detailed block diagram of a presently preferred

gement of A/D converters 52 of FIG. 3 is presented. There are fewer A/D converters than

there are lines in the touch sensor array, and the inputs to the A/D converters are multiplexed to

share each of the individual A/D converters among several lines in the touch sensor array. The
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arrangement in FIG. 7 is more efficient in the use of integrated circuit layout area than providing

individual A/D converters for each input line.

In the embodiment illustrated in FIG. 7, twenty-four conductive line traces are assumed

for the sensor array 10 of FIGS. 2a-2d. As shown in FIG. 7, the outputs of sample/hold circuits

5 50-1 through 50-24 are fed to the analog data inputs of analog multiplexer 130. Analog

multiplexer 130 has six outputs, each of which drives the input of an individual A/D converter 52-

1 through 52-6. The internal arrangement of analog multiplexer 130 is such that four different

ones of the inputs are multiplexed to each of the outputs. Analog multiplexer 130 has been

conceptually drawn as six intemal multiplexer blocks 132-1 through 132-6.

10 In the example shown in FIG. 7, inputs taken from sample/hold circuits 50-1

through 50-4 are multiplexed to the output of internal multiplexer block 132-1 which drives A/D

converter 52-1. Similarly, inputs taken from sample/hold circuits 50-5 through 50-8 are

multiplexed to the output of intemal multiplexer block 132-2 which drives A/D converter 52-2;

inputs taken from sample/hold circuits 50-9 through 50-12 aæ multiplexed to the output of intemal

15 multiplexer block 132-3 which drives A/D converter 52-3; inputs taken from sample/hold circuits

50-13 through 50-16 are multiplexed to the output of intemal multiplexer block 132-4 which

drives A/D converter 52-4; inputs taken from sample/hold circuits 50-17 through 50-20 are

multiplexed to the output of intemal multiplexer block 132-51 which drives A/D converter 52-5;

and inputs taken from sample/hold circuits 50-21 through 50-24 are multiplexed to the output of

20 intemal multiplexer block 132-6 which drives A/D converter 52-6.

Analog multiplexer 130 has a set of control inputs schematically represented by bus

134. In the illustrative embodiment shown in FIG. 7, each of intemal multiplexers 132-1 through

132-6 are four-input multiplexers and thus control bus 134 may comprise a two-bit bus for a one-

of-four selection. Those of ordinary skill in the art will recognize that the arrangement of FIG. 7

25 is merely one of a number of specific solutions to the task of A/D conversion from twenty-four

channels, and that other satisfactory equivalent arrangements are possible.

In a straightforward decoding scheme, multiplexers 132-1 through 132-6 will

pass, in sequence, the analog voltages present on their first through fourth inputs on to the inputs

of A/D converters 52-1 through 52-6 respectively. After the analog values have settled in the

30 inputs of A/D converters 52-1 through 52-6, a COm vnRT command is asserted on common A/D

control line 136 to begin the A/D conversion process.

When the A/D conversion process is complete, the digital value repæsenting the

input voltage is stored in registers 138-1 through 138-6. As presently pæferred, registers 138-1
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through 138-6 may each comprise a two-word register, so that one word may be read out of the

registers to arithmetic unit 54 while a second word is being written into the registers in order to

the speed of the system. The design of such registers is conventional in the art.

Referring now to FIG. 8, a moæ detailed block diagram of the arithmetic unit 20 is

5 presented. Those of ordinary skill in the art will appreciate that arithmetic unit 20 p ,

information from both the X and Y dimensions, i.e., from X input processing circuit 16 and Y

input processing circuit 18 of FIG. 1.

Before disclosing the structural configuration of arithmetic unit 20, it is helpful to

understand the preferred method by which the centroid position of an object proximate to the

10 sensor array 22 is determined according to the present invention.

According to a presently preferæd embodiment of the invention, the object position

in either direction may be determined by evaluating the weighted average of the capacitances

measured on the individual sense line of the sensor array 10. In the following discussion, the X

direction is used, but those of ordinary skill in the art will recognize that the discussion applies to

15 the determination of the weighted average in the Y direction as well. As is well known, the

weighted average may be determined as follows:

B

I i x ACi
i=0

X position = , [Eq. 1]

I ACi
i=0

where AC¿ = C¿ - CO¿. C¿ is the capacitance presently being measured on the ith trace and CO¿ is

the value measured on that same trace at some past time when no object was present. In terms of

20 these past and present capacitance measurements, the position can be expressed as:

D

Ï i x (Ci - C0i)

Xposition = ' °, [Eq. 2]

Ï (Ci - C0i)
i=0

Using the distributive property of multiplication over addition, this expression is

seen to be equivalent to:
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B B

- 1 (i × C0i) + E (i x Ci)

Xposition = "° , '¯° [Eq. 3]
- 1 (C0i) + E (Ci)

i=0 i=0

where the negative terms in both the numerator and denominator are offsets and represent the

background value of the capacitances with no object present. If the term ON is used to represent

the numerator offset and the term OD is used to rep t the denominator offset, Eq. 3 may be re-

5 written as:

- ON + E (i x Ci)

Xposition = ' , [Eq. 4]
- OD + E (Ci)

i=0

Referring now to FIG. 8, it may be seen that arithmetic unit 20 includes X

numerator and denominator accumulators 150 and 152 and Y numerator and denominator

accumulators 154 and 156. The source of operand data for X numerator and denominator

10 accumulators 150 and 152 and Y numerator and denominator accumulators 154 and 156 are the

registers 138-1 through 138-6 in each (X and Y) direction of the sensor array 22 of FIG. 1. The

X and Y denominator accumulators 152 and 156 sum up the digital results from the A/D

conversions. The X and Y numerator accumulators 150 and 154 compute the weighted sum of the

input data rather than the straight sum. Accumulators 150, 152, 154, and 156 may be configured

15 as hardware elements or as software running on a microprocessor as will be readily understood by

those of ordinary skill in the art.

As may be seen from an examination of FIG. 8, numerator accumulators 150 and

154 compute the expression of Eq. 4:

Li×Ci
i=0

20 and denominator accumulators 152 and 156 compute the expression of Eq. 4:
D

E Ci
i=0
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The contents of X and Y numerator and denominator offset registers 158, 160, 162, and 164 are

subtracted from the results stored in the accumulators 150, 152, 154, and 156 in adders 166, 168,

170, and 172. Adder 166 subtracts the offset ONX stored in X numerator offset register 158.

Adder 168 subtracts the offset ODx stored in X denominator offset register 160. Adder 170

5 subtracts the offset ONY stored in X numerator offset register 162. Adder 172 subtracts the offset

ODY stoæd in Y denominator offset register 164. The numerator denominator pairs are divided by

division blocks 174 and 176 to produce the X and Y position data, and the X and Y denominator

pair is used by block 178 to produce Z axis (pressure) data. The function performed by block 178

will be disclosed later herein. The offsets Oax, ONx, ODY, and ONY are sampled from the

10 accumulator contents when directed by calibration unit 180.

Persons of ordinary skill in the art will readily appreciate that the architecture of the

system of the p t invention may be distributed in a number of ways, several of which involve

the availability of a microprocessor, whether it be in a host computer to which the system of the

present invention is connected or somewhere between the integrated circuit described herein and a

15 host computer. Embodiments of the present invention are contemplated wheæin the accumulated

numerator and denominator values representing the summation terms are delivered to such a

microprocessor along with the ON and OD offset values for processing, or where all processing is

accomplished by a programmed microprocessor as is known in the art.

Initially, the numerator and denominator accumulators 150, 152, 154, and 156 are

20 set to zero during system startup. If the multiplexed A/D converters as shown in FIG. 7 are

employed, the digitized voltage data in the first word of register 138-1 (representing the voltage at

the output of sample/hold circuit 50-1) is added to the sum in the accumulator and the result stored

in the accumulator. In succession, the digitized voltage values stored in the first word of registers

138-2 through 138-6 (representing the voltage at the outputs of sample/hold circuits 50-5, 50-9,

25 50-17, and 50-21, respectively) are added to the sums in the accumulators and the results stored in

the accumulators. As previously mentioned, A/D converters 52-1 through 52-6 may at this time

be converting the voltages present at the outputs of sample/hold circuits 50-2, 50-6, 50-10, 50-14,

50-18, and 50-22 and storing the digitized values in the second words of registers 138-1 through

138-6 respectively.

30 Next, in succession, the digitized voltage values stored in the second words of

registers 138-1 through 138-6 (repæsenting the voltage at the outputs of-sample/hold circuits 50-

2, 50-6, 50-10, 50-14, 50-18, and 50-22, respectively) are added to the sum in the accumulator

and the result stored in the accumulator.
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Next, in succession, the digitized voltage values stored in the first words of

registers 138-1 through 138-6 (representing the voltage at the outputs of sample/hold circuits 50-3,

50-7, 50-11, 50-15, 50-19, and 50-23, respectively) are added to the sum in the accumulator and

the result stored in the accumulator, followed by digitized voltage values stored in the second

5 words of registers 138-1 through 138-6 (rep s vting the voltage at the outputs of sample/hold

: :ts 50-4, 50-8, 50-12, 50-16, 50-20, and 50-24, respectively).

At this point in time, the accumulators hold the sums of all of the individual

digitized voltage values. The digital values stored in the ON and Og offset registers 158 and 164

are now respectively subtracted from the values stored in the numerator and denominator

10 accumulators. The division operation in dividers 174 and 176 then completes the weighted

average computation.

The division operation may also be performed by an external microprocessor

which can fetch the values stored in the accumulators or perform the accumulations itself. As the

ON and OD offset values are presently derived by an external microprocessor, the additional

15 processing overhead presented to such external microprocessor by this division operation is

minimal. Alternately, a dedicated microprocessor may be included on chip to handle these

p.v vsing tasks without departing from the invention disclosed herein.

The above disclosed processing takes place within about 1 millisecond and may be

repeatedly performed. Current mouse standards update position information 40 times per second,

20 and thus the apparatus of the present invention may easily be operated at this repetition rate.

Because of the nature of the method employed in the present invention, an

opportunity exists to provide additional noise immunity without requiring additional hardware in

the system of the present invention. While it is apparent that after the above-disclosed sequence

has been performed, the accumulators may be cleared and the process repeated, the values may

25 also be allowed to remain in the accumulators. If this is done, an averaging function may be

implemented to further filter out noise. According to this aspect of the invention, a number of

samples are taken and run through the accumulators without clearing them at the end of the
processing sequence. As presently preferred, twenty-five samples are processed before a single

division result is taken for use by the system, thus greatly reducing the effects of transient system

30 noise spikes. Those of ordinary skill in the art will recognize that the number of samples taken

prior to clearing the accumulators is a matter of design choice dictated by factors such as data

acquisition rates, data processing rates etc.
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The system of the present invention is adaptable to changing conditions, such as

component aging, changing capacitance due to humidity, and contamination of the touch surface,

etc. In addition, the present invention effectively minimizes ambient noise. According to the

pæsent invention, these effects are taken into consideration in three ways. First, the offset values

5 ON and OD are dynamically updated to accommodate changing conditions. Second, a servo-

feedback circuit is provided to determine the bias voltage used to set the bias of the charge-

integrator ts 44-1 through 44-n. Third, as previously disclosed herein, the refw w- .s voltage

points for Vmax and Ve of the A/D converters are also dynamically altered to increase the signal

to noise margm.

10 Referring now to FIG. 9, a block diagram of a calibration unit 150 which may be

used with the arithmetic unit of FIG. 8 is presented. The calibration unit 150 executes an

algorithm to establish the numerator and denominator offset values by attempting to determine

when no finger or other conductive object is proximate to the touch sensor array 22.

As previously disclosed, the ON and OD offset values rep--t the baseline values

15 of the array capacitances with no object present. These values are also updated according to the

present invention since baseline levels which are too low or too high have the effect of shifting the

apparent position of the object depending on the sign of the error. These values are established by

selection of the values read when no object is p--t at the sensor array 22. Since there is no

external way to "know" when no object is present at sensor array 22, an algorithm according to

20 another aspect of the present invention is used to establish and dynamically update these offset

values. When the calibration unit sees a Z value which appears typical of the Z values when no

finger is present, it instructs the offset registers (158, 160, 162, and 164 of FIG. 8) to reload from

the current values of the accumulators. According to a presently preferred embodiment of the

invention, the decision to update the offset values is based on the behavior of the sensor array 22

25 in only one of the X or Y directions, but when the decision is made all four offsets (ONx, ODX•

ONY, and ODY) are updated. In other embodiments of the invention, the decision to update may be

individually made for each direction according to the criteria set forth herein.

The calibration algorithm works by monitoring changes in a selected one of the

denominator accumulator values. According to the present invention, it has been observed that the

30 sensitivity to changes in capacitance of one of the sets of conductive lines in the touch sensor array

22 is greater than the sensitivity to changes in capacitance of the other one of the sets of conductive

lines in the touch sensor array 22. Experience suggests that the set of conductive lines having the

greater sensitivity to capacitance changes is the one which is physically located above the

conductive lines in the other direction and therefore closest to the touch surface of the --r array
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22. The upper set of conductive lines tends to partially shield the lower set of conductive lines

from capacitive changes occurring above the surface of the sensor array 22.

The finger pressure is obtained by summing the capacitances measured on the

sense lines. This value is already present in the denominator accumulator after subtracting the

5 offset OD. A finger is present if the pressure exceeds a suitable threshold value. This threshold

may be chosen experimentally and is a function of surface material and circuit timing. The

thæshold may be adjusted to suit the tastes of the individual user.

The pressure reported by the device is a simple function f(XD YD) of the

denominators for the X and Y directions as implemented in block 178 of FIG. 8. Possible

10 functions include choosing one preferred denominator value, or summing the denominators. In a

presently preferred embodiment, the smaller of the two denominators is chosen. This choice has

the desirable effect of causing the pressure to go below the threshold if the finger moves slightly

off the edge of the pad, where the X sensors are producing valid data, but the Y sensors are not,

or vise versa. This acts as an electronic bezel which can take the place of a mechanical bezel at the

15 periphery of the sensor area.

In the example of FIG. 8, the Y denominator is chosen for monitoring because it is

the most sensitive. The chosen denominator is referred to as Z for the purposes of the calibration

algorithm. The current saved offset value for this denominator is referæd to as Oz-

The goal of the calibration algorithm is to track gradual variations in the resting Z

20 level while making sure not to calibrate to the finger, nor to calibrate to instantaneous spikes

arising from noise. As will be apparent to those of ordinary skill in the art from the following

disclosure, the calibration algorithm could be implemented in digital or analog hardware, or in

software. In a current embodiment actually tested by the inventors, it is implemented in software.

As Z values arrive in the calibration unit, they are passed through filter 182.

25 History buffer 184, which operates in conjunction with filter 182, keeps a "running average" of

w - tZ values. When a new Z value arrives, the current running average Fz is updated according

to the formula:

new Fy =a(old Fy) + (1- a)Z

where a is a constant factor between 0 and 1 and typically close to 1 and Z is the current Z value.
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In the preferred embodiment, alpha is approximately 0.95. The intention is for FZ to change

slowly enough to follow gradual variations, without being greatly affected by short perturbations

in Z.

The filter 182 receives a signal ENABLE from control unit 186. The running

5 average Fz is updated based on new Z values only when ENABLE is asserted. If ENABLE is

deasserted, Fz remains constant and is unaffected by curænt Z.

The history buffer 184 records the several most t values of FZ. In the p t

embodiment, the history buffer records the two previous FZ values. The history buffer might be

10 implemented as a shift register, circular queue, or analog delay line. When the history buffer

receives a evvmu signal from control unit 186, it restores the current -. og average Fz to the

oldest saved value. It is as if the filter 182 were "retroactively" disabled for an amount of time

corresponding to the depth of the history buffer. The purpose of the history buffer is to permit

such retroactive disabling.

15 The es.., ..t running average Fz is compared against the current Z value and the

current offset Oz by absolute difference units 188 and 190, and comparator 192. Absolute

difference unit 188 subtracts the values Z and Fz and outputs the absolute value of their diffo-o--ss

Absolute difference unit 190 subtracts the values Oz and Fz and outputs the absolute value of their

difference. Comparator 192 asserts the UPDATE signal if the output of absolute diffeænce unit

20 188 is less than the output of absolute difference unit 190, i.e., if Fz is closer to Z than it is to Oz·

The UPDATE signal will tend to be asserted when the mean value of Z shifts to a new resting

level. It will tend not to be asserted when Z makes a brief excursion away from its ..v.s.al resting

level. The filter constant a determines the length of an excursion which will be considered "brief"

for this purpose.

25 Subtractor unit 194 is a simple subtractor that computes the signed difference

between Z and Oz. This subtractor is actually redundant with subtractor 172 in figure 8, and so

may be merged with it in the actual implementation. The output Cz of this subtractor is the

calibrated Z value, an estimate of the finger pressure. This pressure value is compared against a

positive and negative Z threshold by comparators 196 and 198. These thresholds are shown as

30 % and -2m, although they are not actually required to be equal in magnitude.

If pressure signal Cz is greater than ZTH, the signal FINGER is asserted

indicating the possible presence of a finger. The ZTH threshold used by the calibration unit is
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similar to that used by the rest of the system to detect the presence of the finger, or it may have a

different value. In the present embodiment, the calibration ZI'H is set somewhat lower than the

main Z'TH to ensure that the calibration unit makes a conservative choice about the presence of a

finger.

5 If pæssure signal Cz is less than - Z'TH, the signal FORCE is asserted. Since Oz is

meant to be equal to the resting value of Z with no finger present, and a finger can only increase

the sensor capacitance and thus the value of Z, a largely negative Cz implies that the device must

have incorrectly calibrated itself to a finger, which has just been removed. Calibration logic 200

uses this fact to force a recalibration now that the finger is no longer present.

10 Control logic 186 is responsible for preventing running average Fz from being

influenced by Z values that occur when a finger is present. Output ENABLE is generally off

when the FINGER signal is true, and on when the FINGER signal is false. However, when

FINGER transitions from false to true, the control logic also pulses the REWIND signal. When

FINGER transitions from true to false, the control logic waits a short amount of time

15 (comparable to the depth of the history buffer) before asserting ENABLE. Thus, the running

average is prevented from following Z whenever a finger is present, as well as for a short time

before and after the finger is present.

Calibration logic 200 produces signal RECAL from the outputs of the three

comparators 192, 196, and 198. When RECAL is asserted, the offset registers ON and OD will be

20 reloaded from the current accumulator values. RECAL is produced from the following logic

equation:

RECAL = FORCE or (UPDATE and not FINGER).

In addition, calibration logic 200 arranges to assert RECAL once when the system is first

initialized, possibly after a brief period to wait for the charge integrators and other circuits to

25 stabilize.

From the descriptions of control logic 186 and calibration logic 200, it will be

apparent to those of ordinary skill in the art that these blocks can be readily configured using

conventional logic as a matter of simple and routine logic design.

It should be obvious to any person of ordinary skill in the art that the calibration

30 algorithm described is not specific to the particular system of charge integrators and accumulators
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of the nt invention. Rather, it could be employed in any touch sensor which produces

proximity or pressuæ data in which it is desired to maintain a calibration point reflecting the state

of the sensor when no finger or spurious noise is present.

Referring now to FIG. 10, a bias voltage generating circuit 46 useful in the present

5 invention is shown in schematic diagram form. According to a presently preferred embodiment of

the invention, all of the bias transistors 108 (FIG. 4b) of charge integrator circuits 44-1 through

44-n have their gates connected to a single source of bias voltage, although persons of ordinary

skill in the art recognize that other arrangements are possible. There are a number of ways in

which to generate the bias voltage required by charge integrator circuits 44-1 through 4-n.

10 As may be seen from an ° ation of FIG. 10, the bias voltage generating circuit .

46 is an overdamped servo system. A reference source which approximates the current source

function of a typical one of the charge integrator circuits 44-1 through 44-n includes a capacitor

204 having one of its plates grounded. The other one of its plates is connected to the Voo power

supply through a first pass gate 206 and to a current source transistor 208 through a second

15 passgate 210. A filter circuit 212, identical to the filter circuits 48-1 through 48-n and controlled

by the same signal as filter circuits 48-1 through 48-n is connected to sample the voltage on

capacitor 204 in the same m that the filter-and-sample/hold circuits 48-1 through 48-n sample

the voltages on the sensor conductor capacitances in the r array 22.

The output of filter circuit 212 is fed to the non-inverting input of a weak

20 transconductance amplifier 214, having a bias current in the range of from about 0.1-0.2µA. The

inverting input of the transconductance amplifier 214 is connected to a fixed voltage of about 1 volt

generated, for example, by diode 216 and resistor 218. The output of transconductance amplifier

214 is shunted by capacitor 220 and also by capacitor 222 through passgate 224. Capacitor 222 is

chosen to be much larger than capacitor 220. In a typical embodiment of the present invention,

25 capacitor 220 may be about 0.2pF and capacitor 222 may be about 10pF.

Capacitor 222 is connected to the gate of N-Channel MOS transistor 226, which

has its drain connected to the drain and gate of P-Channel MOS transistor 228 and its source

connected to the drain and gate of N-Channel MOS transistor 230. The source of P-Channel

MOS transistor 228 is connected to Voo and the source of N-Channel MOS transistor 230 is

30 connected to ground. The common drain connection of transistors 226 and 230 is the bias voltage

output node.

An optional passgate 232 may be connected between a fixed voltage souwe (e.g.,
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about 2 volts) and capacitor 222 through a passgate 234. Passgate 234 may be used to initialize

the bias generating circuit 200 on startup by charging capacitor 222 to the fixed voltage.

During each sample period, the filter circuit 210 takes a new sample. If the new

sample differs from the previous sample, the output voltage of transconductance amplifier 211 will

5 change and start to charge or discharge capacitor 218 to a new voltage. Passgate 222 is switched

on for a short time (i.e., about lµsec) and the voltages on capacitors 218 and 220 try to average

themselves. Due to the large size difference between capacitors 218 and 220, capacitor 218 cannot

supply enough charge to equalize the voltage during the period when passgate 222 is open. This

arrangement prevents large changes in bias voltage from cycle to cycle.

10 Capacitor 202 should look as much as possible like one of the sensor array

channels and has a value equal to the background capacitance of a typical sensor line, (i.e., with

no object proximate or present capacitance component). Capacitor 202 may be formed in several

ways. Capacitor 202 may comprise an extra sensor line in a part of the sensor array, configured to

approximate one of the active sensor lines but shielded from finger capacitance by a ground plane,

15 etc. Alternately, capacitor 202 may be a capacitor formed in the integrated circuit or connected

thereto and having a value selected to match that of a typical sensor line. In this respect, the signal

source comprismg capacitor 202 and filter circuit 210 is somewhat like the circuitry for generating

the Vmax and Ve reference voltages, in that it mimics a typical sensor line.

As another alternative, one of the actual sensor lines may be employed to set the

20 bias voltage. The measured voltage on the two end-point sensor lines may be compared and the

one having the lowest value may be selected on the theory that, if a finger or other object is

proximate to the sensor array, it will not be present at sensor lines located at the opposite edges of

the array.

The increased sensitivity of the touch sensor system of the present invention allows

25 for a lighter input finger touch which makes it easy for human use. Inc-- d sensitivity also

makes it easier to use other input objects, like pen styli, etc. Additionally this sensitivity allows

for a trade-off against a thicker protective layer, or different materials, which both allow for lower

manufacturing costs.

Greater noise rejection allows for greater flexibility in use and reduced sensitivity

30 to spurious noise problems. Two techniques are employed which allow derivation of the most

noise-rejection benefit.

Due to the drive and sense techniques employed in the present invention, the data
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acquisition rate has been increased by about a factor of 30 over the prior art. This offers several

obvious side effects. First, for the same level of signal processing, the circuitry can be turned off

most of the time and reduce power consumption by roughly a factor of 30 in the analog section of

the design. Second, since more data is available, more signal processing, such as filtering, and

5 gesture recognition, can be performed.

The sensor electronic circuit employed in the present invention is very robust and

calibrates out process and systematic errors. It will process the capacitive information from the

sensor and provide digital infw ,,tion to an external device, for example, a microprocessor.

Because of the unique physical features of the present invention, there are several

10 ergonomically interesting applications that were not previously possible. Presently a Mouse or

Trackball is not physically convenient to use on portable computers. The present invention

provides a very convenient and easy-to-use cursor position solution that æplaces those devices.

In mouse-type applications, the sensor of the present invention may be placed in a

convenient location, e.g., below the "space bar" key in a portable computer. When placed in this

15 location, the thumb of the user may be used as the position pointer on the sensor to control the

cursor position on the computer screen. The cursor may then be moved without the need for the

user's fingers to leave the keyboard. Ergonomically, this is similar to the concept of the

MacIntosh Power Book with it's trackball, however the present invention provides a significant

advantage in size over the track ball. Extensions of this basic idea are possible in that two sensors

20 could be placed below the "space bar" key for even more feature control.

The computer display with it's cursor feedback is one small example of a very

general area of application where a display could be a field of lights or LED's, an LCD display, or

a CRT. Examples include touch controls on laboratory equipment where present equipment uses a

knob/button/touch screen combination. Because of the articulating ability of this interface, one or

25 more of those inputs could be combined into one of the inputs described with respect to the present

invention.

Consumer Electronic Equipment (stereos, graphic equalizers, mixers) applications

often utilize significant front panel surface area for slide potentiometers because variable control is

needed. The present invention can provide such control in one small touch pad location. As

30 Electronic Home Systems become more common, denser and more powerful human interface is

needed. The sensor technology of the present invention permits a very dense control panel. Hand

Held TVIVCR/Stereo controls could be ergonomically formed and allow for more powerful

features if this sensor technology is used.
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The sensor of the present invention can be conformed to any surface and can be

made to detect multiple touching points, making possible a more powerful joystick. The unique

pressure detection ability of the sensor technology of the present invention is also key to this

application. Computer games, "remote" controls (hobby electronics, planes) , and machine tool

5 controls are a few examples of applications which would benefit from the -- ,. technology of the

present invention.

Musical keyboards (synthesizers, electric pianos) require velocity sensitive keys

which can be provided by the pressure sensing ability of this sensor. There are also pitch bending

controls, and other slide switches that could be replaced with this technology. An even more

10 unique application comprises a musical instrument that creates notes as a function of the position

and pressure of the hands and fingers in a very articulate 3-d interface.

The sensor technology of the present invention can best detect any conducting

material pressing against it. By adding a compressible insulating layer covered by a layer of

conductive material on top of the sensor the sensor of the present invention may also indirectly

15 detect pressure from any object being handled, regardless of its electrical conductivity.

Because of the amount of information available from this sensor it will serve very

well as an input device to virtual reality machines. It is easy to envision a construction that allows

position-monitoring in three dimensions and some degree of response (pressure) to actions.

While embodiments and applications of this invention have been shown and

20 described, it would be apparent to those skilled in the art that many more modifications than

mentioned above are possible without departing from the inventive concepts herein. The

invention, therefore, is not to be restricted except in the spirit of the appended claims.
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ClaIms

We claim:

1. A method for providing an electrical signal representative of the position of an

object in a two dimensional plane, including the steps of:

5 providing a sensing plane including a matrix of conductors arranged as a plurality of rows

and columns of spaced apart row conductive lines and column conductive lines, said sensing plane

characterized by an inherent capacitance on the various ones of said row conductive lines and

column conductive lines, said capacitance varying with the proximity of an object to said row and

column conductors;

10 simultaneously developing a first set of digital signals proportional to the value of said

capacitance for each of said row conductive lines when no object is located proximate to said

sensing plane;

simultaneously developing a second set of digital signals proportional to the value of said

capacitance for each column conductive lines when no object is located proximate to said sensing

15 plane;

simultaneously developing a third set of digital signals proportional to the value of said

capacitance for each of said row conductive lines when an object is located proximate to said

sensing plane;

simultaneously developing a fourth set of digital signals proportional to the value of said

20 capacitance for each column conductive lines when said object is located proximate to said sensing

plane;

computing a first weighted average of the diffem ce between said first set of digital signals

and said third set of digital signals;

computing a second weighted average of the difference between said second set of digital

25 signals and said fourth set of digital signals.

2. The method of claim 1, wherein the steps of simultaneously developing said first,

second, third, and fourth sets of digital signals includes the steps of:

placing a first known voltage on said capacitances;

discharging said capacitances for a fixed time at a fixed current;

30 measuring and storing a first set of resultant voltages across said capacitances;

placing a second known voltage on said capacitances;

charging said capacitances for said fixed time at said fixed current;

measuring and storing a second set of resultant voltages across said capacitances; and

averaging corresponding ones of said first and second sets of resultant voltages.
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3. The method of claim 1 wherein the steps of computing said first and second

weighted averages comprises the steps of:
computing a sum and a weighted sum of said first set of digital signals;

computing a sum and a weighted sum of said second set of digital signals;

5 computing a sum and a weighted sum of said third set of digital signals;

computing a sum and a weighted sum of said fourth set of digital signals;

computing a row numerator by subtracting said weighted sum of said first set of digital

signals from said weighted sum of said third set of digital signals;

computing a row denominator by subtracting said sum of said second set of digital signals

10 from said sum of said fourth set of digital signals;
dividing said row numerator by said row denominator to derive a row position digital

signal æpresenting the position of said object in a row dimension;
computing a column numerator by subtracting said weighted sum of said second set of

digital signals from said weighted sum of said second set of digital signals;

15 computing a column denominator by subtracting said sum of said second set of digital

signals from said sum of said second set of digital signals; and

dividing said column numerator by said column denominator to derive a column position

digital signal representing the position of said object in a column dimension.

4. The method of claim 3 including the further steps of:

20 storing said sum and said weighted sum of said first and third set of digital signals as a

stored sum and a stored weighted sum of said second and fourth sets of digital signals; and

using said stored sum and said stored weighted sum in computing subsequent ones of said

row numerators and denominators and said column numerators and denominators

using said stored stored sum and a stored weighted sum for providing an electrical signal

25 representative of a subsequent position of said object in said two dimensional plane.
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