circuitry shown in FIG. 6 is very stable over the
temperature range of -40° C. to 105° C. The
output of the touch switch circuitry drops at a
rate of approximately 40 mV/°C when
temperature falls below 0° C. If application
requires operation at low temperatures (-40° C.)
the following three methods may be used to
increase the output of the switch:increase the
oscillator's regulated supply voltage, increase the
resistance of resistor 410, and use a 40 higher
gain transistor 410, All of these methods would
increase sensitivity at high teraperatures.” Col.
16:33-41.

a microcontroller using the See Figures 4, 11; and Claivos 8, 12, 16, 27,
periodic output siznal from the oscillator,
the microcontroller selectivelv providing The 183 Patent discloses “The touch detection

signal output frequencies to a closely circuit of the present invention featares operation
spaced array of input touch terminals of a | at frequencies at or above 50kHz and preferably
kevpad, the input touch terminals at or above 800 kHz to minimize the effects of
comprising first and second input touch surface contamination for materials such a skin
terminals; oils and water. It also offers improvements in

detection sensitivity that allow ¢lose control of
the degree of proximity (ideally very close
proximity} that is required for actuation and to
enable eraployment of a multiplicity of small
size touch terminals in a physical close array
such as a keyboard.” Col. 5:49-57.

The 183 Patent discloses “In a first preferred
erobodirsent the circuit offers enhanced
detection sensitivity to allow reliable operation
with small (finger size) touch pads.” Col. 6:1-3.

The "183 Patent discloses “Although the
preferred frequency is at or above 100 kHz, and
more preferably at or above 800 kHz, it is
conceivable that frequencies as low as 50 kHz
could be used provided the frequency creates a
difference in the irapedance paths of adjacent
pads that is safficient enough to accurately
distinguish between an intended touch and the
touch of an adjacent pad. Us of frequencies as
fow as 50 kHz may also be possible depending
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upon the type of glass or covering or the
thickness thereof used for the touch pad.” Col.
11:16-27.

The "183 Patent discloses “Upon being powered
by voltage regulator 100, oscillator 200
generates a square wave with a frequency of 50
kHz, and preferably greater than 800 kHz, and
having an amplitude of 26 V peak, The square
wave generated by oscillator 200 is supplied via
hoe 201 to a floating common generator 300, a
touch pad shield plate 460, a touch circuit 400,
and a microcontroller 500. Oscillator 200 is
described below with reference to FIG. 6.
Floating common generator 300 receives the 26
V peak square wave from oscillator 200 and
outputs a regulated floating comymon that is 5
volts below the square wave output from
oscillator 200 and has the same phase and
frequency as the received square wave. This
floating common output is supplied to touch
cireutt 400 and microcountroller 500 via line 301
such that the output square wave from oscillator
200 and floating common output from floating
common generator 300 provide power to touch
circunit 400 and microcontroller 500. Details of
floating comaroon generator 300 are discussed
below with reference to FYG. 7. Touch circuit
400 senses capacitance from a touch pad 450 via
tine 451 and outputs a sigual to microcontroller
500 via line 401upon detecting a capacitance to
eround at touch pad 450 that exceeds a threshold
value. The details of touch circuit 400 are
described below with reference to FI(. 8.

Upon receiving an indication from touch circuit
400 that a sufficient capacitance to ground
{typically at least 20 pF) is present at touch pad
450, microcontrolier 500 outputs a signalto a
foad-controlling microcontroller 600 via line
501, which is preferably a two way optical
coupling bus.” Col, 12:6-33.

The 183 Patent discloses “As will be apparent
to those skilled 1n the art, the values of the
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resistors and capacitors utilized in oscillator 200
may be varied from those disclosed above to
provide for different oscillator output
frequencies.” Col. 14:22-25.

The “183 Patent discloses “A multiple touch pad
circuit constructed in accordance with the second
embodiment is shown in FIG. 11. In the second
embodiment of FIG. 11, components similar to
those in the first embodiment in FIG. 4 are
designated with the same references numerals
and will not be discussed in detail. The multiple
touch pad circuit is a variation of the first
embodiment in that it 1ncludes an array of touch
circuits designated as 2001 through %00nm,
which, as shown, include both the touch circuit
400 shown in FEGS. 4 and 8 and the input touch
terminal pad 451 (FIG. 4). Microcontroiler 500
selects each row of the touch circuits 9001
through 900nm by providing the signal from
oscillator 200 to selected rows of touch circuits.
In this manner, microcontroller 500 can
sequentially activate the touch circuit rows and
associate the received inputs from the columns
of the array with the activated touch circuit(s).
To keep the path length 451 between the touch
pad 450 and the base to the detection traunsistor
410 to a minimum, the detection circuits 900 are
physically located directly beneath the touch
pads. To siraplify assembly, a flexible circuit
board such as vended by Sheldahl, Inc. or Circuit
Etching Technics, Inc. can be used for this
purpose. Ideally, the printed circuit will be fixed
directly against the surface (typically glass)
bearing the condactive touch pads to eliminate
air gaps and the need for conductive foarm pads
and spring contacts which were used to fill air
gaps.” Col. 18:34-59.

the first and second touch See Claim 27.
terminals defining areas for an operator to
provide an input by proximity and touch;
and
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a detector circuit coupled to said
oscillator for receiving said periodic
output signal from said oscillator, and
coupled to said first and second touch
terminals, said detector circuit being
responsive to signals from said oscillator
via said microcontroller and [the] a
presence of an operator’s body capacitance
to ground coupled to said first and second
touch terminals when proximal or touched

output signal for actuation of the
controlied device, said detector circuit
being configured to generate said control
output sienal when [an] the operator is
proximal or touches said second touch
terminal after the operator is proximal or
touches said first touch terminal.

See Figures 4, 11; and Claims 8, 12, 16, 27.

The "183 Patent discloses “Upon being powered
by voltage regulator 100, oscillator 200
generates a sguare wave with a frequency of 50
kHz, and preferably greater than 800 kHz, and
having an amplitude of 26 V peak. The square
wave generated by oscillator 200 s supplied via
line 201 to a fleating common generator 300, a
touch pad shield plate 460, a touch circuit 400,
and a raicrocontroller 500, Oscillator 200 is
described below with reference to FIG. 6,
Floating common generator 300 receives the 26
V peak square wave from oscillator 200 and
outputs a regulated floating common that is 5
volts below the square wave output from
oscillator 200 and has the same phase and
frequency as the received square wave. This
floating common output is supplied to touch
cireuit 400 and microcontroller 500 via line 301
such that the output square wave from oscillator
200 and floating common output frora floating
cormnon generator 300 provide power to touch
circuit 400 and microcontroller 560, Details of
tloating common generator 300 are discussed
below with reference to FIG. 7. Touch circuit
400 senses capacitance from a touch pad 450 via
line 451 and outputs a signal to microcontroller
500 via line 401upon detecting a capacitance to
ground at touch pad 450 that exceeds a threshold
value. The details of touch circuit 400 are
described below with reference to FIG. 8.

Upon receiving an indication from touch circuit
400 that a sufficient capacitance to ground
(typieally at least 20 pF) is present at touch pad
430, microcontrolier 500 outputs a signalto a
load-controlling microcontroller 600 via line
501, which is preferably a two way optical
coupling bus.” Col. 12:6-33.

The "183 Patent discloses A multiple touch pad
circuit constructed in accordance with the second
eraboditnent is shown in FIG. 11, In the second

embodiment of FIG, 11, components similar to
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those in the first embodiment in FIG. 4 are
designated with the same references numerals
and will not be discussed in detail. The multiple
touch pad circuit is a variation of the first
embodiment in that it includes an array of touch
circuits designated as 9001 through S00nm,
which, as shown, include both the touch circuit
400 shown in FIGS. 4 and 8 and the input touch
terminal pad 451 (FIG, 4). Microcontroller 500
selects each row of the touch circuits 9001
through 900nm by providing the signal from
oscillator 200 to selected rows of touch cirenits.
In this manner, microcontroller 500 can
sequentially activate the touch cirenit rows and
associate the received inputs from the columns
of the array with the activated touch circuit(s).
To keep the path length 451 between the touch
pad 450 and the base to the detection transistor
410 to a minirmury, the detection circuits 900 are
physically located directly beneath the touch
pads. To simplify assembly, a flexible circuit
board such as vended by Sheldahl, Inc. or Circuit
Etching Technics, Inc. can be used for this
purpose. Ideaily, the printed circuit will be fixed
directly against the surface (typically glass)
bearing the conductive touch pads to eliminate
air gaps and the need for conductive foam pads
and spring contacts which were used to fill air
gaps.” Col. 18:34-59.

J. New Claim 38

wherein feedback to the operator is

the second touch terminal,

38. The capacitive responsive electronic
switching circuit as defined in claim 37,

provided by an indicator activated by the
microcontrolier after the operator touches

See Claims 27, 32.

The “183 Patent discloses “The microprocessor
also allows the use of visual indicators such as
LEDs or annunciators such as a bell or tone
generator to confirm the actuation of a given
touch switch or switches. This is particularly
useful ju cases where a sequence of actuations is
required before an action occurs, The feedback
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to the operator provided by a visual or audio
indicator activated by the microprocessor in
response to interraediate touches in a required
sequence can minimize timne lost and/or
frastration on the part of the operator due to
failed actuations from partial touches or wrong
actuations from touching the wrong pad ina
given required sequence or combination of
touches.” Col, 6:31-42.

The 183 Patent discloses “A further option is to
provide one or more LEDs 2205 or andible
annunciators for visual or andible feedback to
the operator. Specifically, in FIG. 19 the LED
2205 will come on when button 2201 has been
successtully activated to cue the operator that it
is time to move to button 2202. Where required
a second LED with a different color than the first
(yellow for the first LED and red for the second)
can be provided to provide visual confirmation
that the second button 2202 has been activated or
that the required combination of the two butions
has been activated. Two different audible tone
or sound generators could also be used in lieu of
the LEDs to provide feedback to the operator.”
Col. 23:1-12.

The “183 Patent discloses “A red LED 2305 on
top of the device shows the completion of the
two step tum-on and activation of output relay
23107 Col. 23:28-30.

K. Mew Claim 39

39. The capacitive responsive electronic
switching circuit as defined in claim 37,

wherein said detector circuit See Figure 11; and Claims 1, 12, 16, 18, 27, 28.
compares a sensed body capacitance
change caused by the body capacitance The "183 Patent discloses “Another method for
NAR-5796183RX Page 33 of 37

Page 506 of 1714



decreasing a second touch terminal signal | implementing capacitive touch switch
on the detector to ground when proximate | the change in capacitive coupling between a

to the second touch terminal to a threshold | touch terminal and ground. Systerus utilizing
level to generate the control output signal, | such a method are described in U.S, Pat. No.

and 4,758,735 and U.S. Pat. No. 5,087,825, With
this methodology the detection circait consists of
an oscillator (or AC line voltage derivative)
providing a signal to a touch terminal whose
voltage is then monitored by a detector. The
touch terminal is driven in electrical series with
other components that fanction in part as a
charge pump. The touch of an operator then
provides a capacitive short to ground via the
operator's own body capacitance that lowers the
amplitude of oscillator voltage seen at the touch
terminal.” Col. 3:44-56.

The “183 Patent discloses “The touch detection
circuit of the present invention featares operation
at frequencies at or above 50kHz and preferably
at or above 800 kHz to minimize the effects of
surface contamination for ruaterials such a skin
oils and water. It also offers improvements in
detection sensitivity that allow close control of
the degree of proximity (ideally very close
proximity} that is required for actuation and to
enable employraent of a multiplicity of sroall
size touch terminals in a physical close array
such as a keyboard.” Col. 5:49-57.

The “183 Patent discloses “Although the
preferred frequency is at or above 100 kHz, and
more preferably at or above 800 kHz, it is
conceivable that frequencies as low as 50 kHz
could be used provided the frequency creates a
difterence in the irnpedance paths of adjacent
pads that is sufficient enough to accurately
distinguish between an intended touch and the
touch of an adjacent pad. Us of frequencies as
fow as 50 kHz may also be possible depending
upon the type of glass or covering or the
thickness thereof used for the touch pad.” Col.
11:39-27.

oy ey
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The 183 Patent discloses “Touch circuit 400
senses capacitance from a touch pad 4506 via line
451 and outputs a signal to microcontroller S00
via line 40 lupon detecting a capacitance to
ground at touch pad 450 that exceeds a threshold
valie, The details of touch cireuit 400 are
described below with reference to FIG. 8.7 Col.
12:24-28.

The “183 Patent discloses “As will be apparent
to those skilied in the art, the values of the
resistors and capacitors utilized in oscillator 200
may be varied from those disclosed above to
provide for different oscillator output
frequencies.” Col. 14:22-25.

wherein feedback to the operator is | See Claims 27, 32,
provided by an indicator activated by the
microcontrolier after the operator touches | The "183 Patent discloses “The microprocessor
the second touch terminal. also allows the use of visual indicators such as
LEDs or annmunciators such as a bell or tone
generator to confirm the actuation of a given
touch switch or switches. This is particularly
useful in cases where a sequence of actuations is
required before an action occurs. The feedback
to the operator provided by a visual or audio
indicator activated by the microprocessor in
response to intermediate touches in a required
sequence can minimize time lost and/or
frustration on the part of the operator due to
failed actuations from partial touches or wrong
actuations from touching the wrong pad in a
given required sequence or combination of
touches.” Col. 6:31-42.

The 183 Patent discloses “A further option is to
provide one or more LEDs 2205 or andible
annunciators for visual or andible feedback to
the operator. Specifically, in FIG. 19 the LED
2205 will come on when button 2201 has been
successtully activated to cue the operator that it
is time to move to button 2202, Where required
a second LED with a different color than the first
{vellow for the first LED and red for the second)

NAR-5796183RX Page 35 of 37

Page 508 of 1714



can be provided to provide visual confirmation
that the second button 2202 has been activated or
that the required combination of the two buttous
has been activated. Two different audible tone
or sound generators could also be used in lieu of
the LEDs to provide feedback to the operator.”
Col. 23:1-12.

The "183 Patent discloses “A red LED 2303 on
top of the device shows the completion of the
two step tum-on and activation of output relay
23107 Col, 23:28-30.
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V. Conclusion

In view of the above, Patent Owner submits that the claims are in condition for
allowance. No new matier has been added by this sobmission. If Examiver should have any
questions, please contact Patent Owner’s Attomney, Brian A. Carlson, at 972-732-1001. The
Commissioner is hereby authorized to charge any fees due in connection with this filing, or

credit any overpayment, to Deposit Account No. 50-1065,

Respectfully submitted,

November 19, 2012 /Brian A. Carlson/

Date Brian A. Carlson
Atiorney for Patent Owner
Reg. No. 37,793

SLATER & MATSIL, LLL.E
17950 Preston Rd., Suite 1000
Dallas, Texas 75252

Tel.: 972-732-1001

Fax: 972-732-9218
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Control No. Patent Under Resxamination
Notice of intent {o issue 80/012,439 5798183
Ex Parte Reexamingtion Certificate Examiner At Unit
LINH M. NGUYEN 3982

~ The MAILING DATE of this communicalion appears on the cover sheet with the correspondence address -~

1. ] Prosecution on the merits is (or remains) closed in this ex parie reexamination proceeding. This proceeding is
subject 1o reopening at the initiative of the Office or upon petition. &f. 37 GFR 1.313{a). A Certificate will be issued
in view Of

£ Patent O\Nner S ccmmumcatsan(a) fi ied ?9 Navember 2012,

(a)

) Y

5y [1 Patent owner's failure to timaly ﬁie an Appeal Bfief {37 CFR 4131},

} [} The dacision on appeal by the [_] Board of Patent Appeals and Interferences I_J] Court dated
{8 1 Other: ____

The Resxamination Certificats will indicate the following:

{(a) Change in the Specitication: [} Yes BJ No

{b} Change in the Drawing(s): {1Yes No

{c) Status of the Claim({s)

(1) Patsni claim({s) confirmed: .

(2} Patent claim{s) amended (inciuding dependent on amended claim{s)): 18,2728 and 32

{3} Patent claim{s) canceled:

{4) Newly presented claim({s) paientable: 33-39.

(5) Newly presented canceled claims: .

(6 Patent claim{s) | previously [J currently disclaimed:
{7 Pateni claim(s) not subject 1o reexamination: 1-17, 19-26 and 28-31.

3. X Note the attached siatement of reasons for pateniability and/or confirmation. Any comments considerad necessary
by patent owner regdrdmg reasons for patentability and/or confirmation must be submitted promptly to gvoid
processing delays. Such submission(s) should be labeled: “Comments On Statement of Reasons for Patentability
and/or Confirmation.”

[ Note attached NOTICE OF REFERENCES CITED (PTQ-892).
{1 Note attached LIST OF REFERENCES CITED (PTO/SB/08 or PTO/SBE/O8S substitute).
{1 The drawing correction request filed on

IS

[e3]

is: [_lapproved [ ]disapproved.

=

(] Acknowledgment is made of the priority (‘iaam under 35 U.8.C. § 118(a)-(d) or {f).
al Al b d8omer ol None f the certified copies have
{1 been received.
[ not been received.
] been filed in Application No.
[ been fiisd in reexamination Control No.
1 been received by the International Bureau in PCT Application No.

* Certified coples not received:
&. ] Note attached Examiner's Amandment.
9. 7] Note atiached Interview Summary (PTCO-474).
10. 3 Other |

All correspondence relating 1o this reexamination proceeding shouid be directed 1o the Ceniral Reexamination Unit at
the mail, FAX, or hand-carry addressas given at the end of this Office action.

cc: Requester (if third party requester)

U.&. Patent and Trademark Office
PTOL-469 (Rev. 57-10) Notice of Intent {o issue Ex Parte Reexamination Cerlificate Fart of Paper No 20130327
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Application/Control Number: 90/012,439 Page 2
Art Unit: 3992

Motice of Intent to Issue Reexamination Certificate

This 18 a recxamination of United States Patent Nuraber 5,796,183 (“the 183’ patent”™). In
the reexamination request filed 08/17/2012 (“Request”™), by Patent Owner, a substantial new
question (SN{J) of patentability was raised as to claims 18 and 27. Those claims are thus
reexamined herein. Reexamination was not requested of claims 1-17, 19-26 and 28-32.
Therefore, claims 1-17, 19-26, and 27-31 will not be reexamined. See MPEP 2243, However,
claims 28 and 32 will be reexamined, as farther explained below.

A Patent Owner Statement was filed 11/19/2012, in which claims 18 and 27 were
amended, as well as claims 28 and 32 due to their dependencies from claim 27. Furthermore,
new claims 33-3% were added.

Within the examuner’s discretion, the newly added claims 33-39 and the nop-requested

amended claims 28 and 32 are now subject to reexamination.

References

Boie et al., U.S. Patent No. 5,463,388, filed on January 29, 1993 and issued on October

31, 1996 ("Bote 388",
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Application/Control Number: 90/012,439 Page 3

Art Unit; 3092

Statement of Reasons for Patentability and/or Confirmation

~
7
7

Claims 18, 27, amended non-requested claims 28, 32 and newly added claivas 33-39 are

patentable.

The examiner has no opinion as to the claims that were not reexamined. The following is
an examiner’s statement of reasons for patentability of the claims found patentable in this

reexamination proceeding:

There is not taught or disclosed in the prior art a capacitive responsive electronic
swiiching circuit having a microcontrolier using the periodic output signal from the oscillaior,
the microcontroller selectively providing signal output freguencies to a pluralitv of small sized
input touch terminals of a keypad, as called for in independent clairn 18; nor a capacitive
responsive electronic switching civeuit having a microcontroller using the periodic output signal
Jrom the oscillator, the microcontroller selectively providing signal output frequencies to a
closely spaced array of input touch terminals of a keypad, the input touch terminals comprising
first and second input rouch terminals, as called for in independent claims 27 and 37. The
examiner agrees with the discussion articulated by Patent Owner in the Staternent that Boie does
not teach or suggest these claim elements. Rather, Boie discloses that "RF oscillator 408
provides an RF signal, for example, 100 kilohertz, to circuits 441, synchronous detector and filter
404 via inverter 410, and guard plane 411.7 Boie, col. 3:67-col. 4:2. Boie further discloses that

"[tihe effects of electrode-to-electrode capacitances, wiring capacitances and other extraneous
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Application/Control Number: 90/012,439 Page 4
Art Unit: 3992

capacitances arc minimized by driving all electrodes and guard plane 411 in unison with the
same RE signal from RF oscillator 408." Id. at col. 4:58-60 {ermphasis added); see id. at Fig. 4.
Thus Bote discloses driving the electrodes of elecirode array 100 and guard plane 411 with a
single RF signal. Boie does not teach or suggest providing signal output frequencies to these
comporients. Accordingly, claims 18, 27, amended non-requested claims 28, 32, and newly

added clairos 33-39 are patentable.

Any comments considered necessary by PATENT OWNER regarding the above
staternent must be submitted promptly to avoid processing delays. Such submission by the
patent owner should be labeled: "Coroments on Statement of Reasons for Patentability and/or

Confirmation” and will be placed in the reexamination file.
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Application/Control Number: 90/012,439 Page 5

Axrt Unit: 3992

Correspondence

AMN correspondence relatiog to this inter partes reexamination proceediog should be directed:
By Mail to: Mail Stop fnter Parres Reexam

Attie Central Reexamination Unit

Commissioner for Patents

United States Patent & Trademark Office

P.O. Box 1450

Alexandria, VA 22313-1450

By FAX to: (571)273-9900
Central Reexamination Unit

By hand: Customer Service Window
Randolph Building
401 Dulany Street
Alexandria, VA 22314

Registered users of EFS-Web may alternatively submit such correspondence via the electronic filing system
EFS-Web, at https://efs.uspto.goviefile/myportal/efs-registered BFS-Web offers the henefit of quick
submission t the particalar area of the Office that needs 1o act on the correspondence. Also, EFS-Web
sabmissions are “soft scanned” (i.e., electronically uploaded) directly into the official file for the
reexamination proceeding, which offers parties the opportunity to review the content of their submissions after
the “'soft scanning” process is complete.

Any inguiry concerning this conmuounication of earhier communicatiops from the examiner, or as to the
statps of this proceeding, should be directed to the Central Reexamination Unit at telephone number (571) 272-
7705,

/Linh M. Nguyen/
Primarv Examiner, Art Unit 3992

Conferees:
{James Menefee/
Primary Examiner, Art Unit 3992

/Daniel Rymaw/
Supervisory Patent Examiner, Art Unit 3992
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a2y EX PARTE REEXAMINATION CERTIFICATE (9614th)
United States Patent 0y Number: US 5,796,183 C1

Hourmand et al. 3 Certificate Issued: Apr. 28, 2013
(54) CAPACITIVE RESPONSIVE ELEUTRONIC (58) FKield of Classification Seareh
SWITCHING CIRCUIT None
See application file for complete search history.
(75 Inventors: Byren Hourmand, Hersey, MI (US) (56 References Cited
Jolin M. Washeleski, Cadillac, MI (US};
Stephen R. W. Cosper, Fowlerville, MI To view the complete listing of prior art documents cited
Us) during the proceedina for Reexamination Control Mumber

90/012,439, please refer to the USPTO’s public Patent

(73) Assignee: Martron Cerperation, Reed City, Ml Application Informa Retrieval (PAIR) system under the
{US) Drsplay References

g NN . Primary Examiner — Linh M. Ngayen
Reexamination Reguest:

No. 90/012,439, Aug. 17, 2012 57 ABSTRACT
A capacitive responsive electronic switching circuit com-
Reexamination Certificate for: prises an oscillator providing a peniodic output signal having
Patent No.: 5,796,183 a frequency of 5¢ kHz or greater, an input touch terminal
Issued: Aug. 18, 1998 defining an arca for an operator provide an input by proximity
Appl. No.: 08/691,268 and touch, and a detec cuit coupled to the osciliator for
Filed: Jam. 31, 1996 receivi ng the penodu output sxg”)ai frow the oscillator, and

input touch terminal. The detector circuit being
Certificate of Correction issued May 11, 1999 respotsive to signals from the oscillator and the presence (‘1‘
an operator’s body Capautanu, to ground coupled to the
touch terminal when in proxmmy ortouched b operatorto
provide a contre] output signal. Preferably, the oscillator pro-

Certificaie of Correction issued Oct. 11, 2011

T

(51 In'n/ Ci , N vides a periodic output nai havi ing a frequency of 800 1kHz
HO3K 17/%6 g?,()()ﬁ.()] ) or greater. An array of touch termiinals may be provided in
Ho3K 17/34 {2006.01) close proximity due to the reduction in crosstalk that may

(52) ¥S.CL result from contaminants by utilizing an oscillator ontputting
USPC 307/116; 307/125; 307/139; 361/181 a sigual having a frequency of 50 kHz or greater.
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N 5,796,183 1

i
EX PARTE
REEXAMINATION CERTIFICATE
SSUED UNDER 35 US.C. 347

THE PATENT IS HEREBY AM
INIHCATED BELOW.

DEDAS

Matter enclosed in heavy brackets [ § appeared in the
patent, but has been deleted and s no longer a payt of the
patent; matter printed in italies indicates additions made
to the patent.

AS A RESULT OF REEXAMINATION, IT HAS BEEN
DETERMINED THAT:

Claims 18, 27, 28 and 32 are deternuined to be patentable as
amended.

New claims 33-39 are added and determined io be
patenisble.

Claims 1-17, 19-26 and 29-31 were not reexamined.

18. A capacitive responsive electrouic switching cireuit

comprising:

au osciliator providi
predefined frequency:

amicrocentrolier using the periodic output signal from
asciflator, the microcontroller sec'ecnvezy **mwa'. ng si
nal ouiput freguencies to a plurality of small sized i mpu.
touch te””ﬁ”l}’d’? of a keypad;

{J} the plurality of small sized input touch terminals defin-
ing adjacent areas on a dielectric substrate for an opera-
tor 0 prc-v;(:' inputs by proximity and touch; and

a detector circuit coupled to said oscillator for receiving
sald periodic ouiput signal from said oscillator, and
coupled fo said mput touch terminals, said detector cir-
cuit bewg guals from saxd oscillator via
said mic m;owm/wr and fthe] a presence s)f an opera-
tot’s body capacitance to ground coupled fo said touch
terminals when proximal or touched by [an] 4 operator
to provide a control ontput signal,

wherein said predefined frequency of said oscillator [is}
and said signal outpur frequen are selected to
decrease fthe] e first impedance of said dielectric sub-
strate relative © fthe] a second impedance of any con-
taminate that may create an clectrical path on said
hlciumfs buost: -ne between said adjacent areas defined

ed input touch terminals, and
ot c or circuit compares fthe} « sensed
body capacitance change to ground proximate an input
touch terminal to a threshold lr;w el to prevent inadvertent
gen eration of the control output signal.
7. A capacitive responsive electronic switching eireuit for
a (‘,orm' lied kevpad dew\ ¢ compr rising:

an oscillator IOV a periodic output signal having a
predetined freque

amicrocontroller using f.'ze periodic output signal from the
oscillator, the microc uﬂfrf)/ter selectively providing sig-
nal -)Im'atjreaw()nazm to a closely spaced array of Tnput
touch terminals of a keypad, the input touch ierminals

first and second input touch terminals;

second input touch terminals defining areas for
an opemt()r to provide an input by proximity and touck;
and

a detector circuit coupled to said oscillator for receiving

said periodic output signal from said oscillator, a d

coupied fo smd first and second touch termuinals,

periodic output signal having a

“

o
=]
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detector circuit being responsive to signals from said
oscillator via said microcontroller aud [the] a presence
of an operator’s body capacitance to ground coupled to
sand fiest and second touch terminals when proximal or
touched by fand ke operator to provide a control output
signal for actuation of the controlled keypad device, said
detector circuit being configured 10 generate said contro]
ouiput signal when {Tﬂ} the operator is proximal or
touches said second touch terminal after the operator is
proximal or touches said first touch terminal.

28. The capacitive responsive electronic switching circuit
as defined in claim 27, whereln said detector cirenit generates
said control signal only when fan} #ie operator is proximal or
touches said second touch terminal within a predetermined
time period after the operator is proxinal or touches said first
touch terminal.

32. The capacitive responsive electronic switching circuit
as defined in claim 27 and further including an indicator for
indicating when said detector circuit determines that fan} e
operator is proximal or touches said fivst touch terminal.

33. The cepacitive vesponsive electronic switching circuit
as defined in claim 18, further comprising wherein said detec-
tor circeuit compares the sensed body capacitance chonge
caused by the body capacitance decreasing an input touch
terminal signal on the detector to ground when proximate to
the input touch terminal 1o a second threshold level to gener-
ate the control output signal.

34. The capacitive vespongive electronic switching civcuit
asdefined in dlaim 18, further compr einsaid detec-
tor civcuit compares the sens ood" capacitance chia
caused by the body L"ap':ciiance decreasing an input touch
terminal signal ampliitude on the detecior to ground when
proximate to the input touch terminal io @ second threshiold
level to generate the control output signal.

35 The ¢ dp.n"mw responsive electronic switching circuit
as defined in L]Lzz'n f iiere.rz when Z/zesesona touch termi-

35t

puz r!ze /“-/n{m/ 01'* i czg%w is pr{ nied.
38. Ir e ‘dp’h"[lw respensive electronic switching circuit
/e in claim 27 and further including an indicator for
mdlw, ing wire‘n said detector civcuit determines that the
opera or is proximal or touches said second touch terminal.
4 £apa citive respons witching civeuit for

a contrpiled device comprising:

o1y

an oscitlator providing a periodic output s zgr..zl having a
predefined frequency, wherein an oscillator voltage is

ier than a supply voltage;

a microcontroiler using the periodic output signal from the
oscillator, the microcentroller selectively providing sig-
wnal output frequencies to a closely spaced arvay of input

wuch terminals of a kevpad, the input touch terminals

comprising first and second input touch terminals;
the first and second iovuch tevminals defining areas for an
operator to provide an inpiit by proximity and touch; and

a detector circuit coupled to said oscitlator for receiving
said periodic outpur signal from said osciliotor, and
coupled to said first and second rouch zer‘ninais, said
deiector circuit from said
oscitlator via said mics -.)contﬁ:)l/'er and a presence of an
operaior’s body capac‘taizce to ground coupled 1o said
_ﬁrw‘ and second touch te rrrmulv when

cuched by the operator to provide a zro’ vilput
§i gf.,aljor actuation of the contrelled device, said detec-
tor circuit being configured to generate said controf
output signal when the operator is proximal or touches
said second touch tevminal ofter the operator is proxi-
mal or touches said fivst touch terminal.

ing responsive to signals

proximal or
con
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38. The capacitive responsive elecironic switching circuit
as defined in claim 37, wherein feedback 1o the operaior is
provided by an indicator activated by the microcontroller
after the operator fouches the second touch terminal.
39. The capacitive responsive efectronic switching circuit 5
as defined in claim 37,
wherein said detector circuit compares a sensed body
capacitonce change caused by the body capacitance
decreasing a second touch terminal signal on the detec-
tor io ground when proximate to the second touch ter- 10
miral to a threshold level to generate the control outpuit
signal, and
wherein feedback to the operator is provided by an indica-
tor activated by the microcontroller after the operator
touchies the second touch terminal.

[
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COMPUTER MOUSE OR KEYBOARD INPUT
DEVICE UTILIZING CAPACITIVE SENSORS

FIELD OF THE INVENTION

This invention relates w sensors for capacitively sensing
the position or movement of an object, such as a finger, on
a surface.

BACKGROUND OF THE INVENTION

Numerouns devices are known for sensing the position of
obiects on surfaces, many of which relate to computer input
tablets, For example, U.S. Pat. Ne. 5,113,041 to Greg E.
Blonder et al. discioses a coraputer input wablet for use with
a stylus in which the position of the styius can be determined
from signals transmitted to the stylus from a grid of signal
iines embedded in the tablet, and 1.5, Pat. No. 4,806,700 0
Biair Bvans discioses a touch-screen having a resistive laver
with a number of point electrodes spaced thereon such that
the position of a finger louching the screen can be deter-
mined from the relative values of the currents drawn from
the point electrades. The first such deviee requires means for
the stylues itself to transmit information, such as a direct
electrical connection. The second such device, and other
kinds of tablets that sense the pressure of a finger or stylus,
do not reguire such information-wansmitting means.

Computer input tablets can be used for input of textual or
graphical information. Various sysiems are known in the art
which process handwritien text as if it were entered on a
keyboard. Graphical information can aiso be captured by
means of such tablets.

Other input devices such as computer “mice,” joysticks
and trackballs can be used with computers to conrol the

position of a cursor on a display screen, such as a video 36

ternyinal, for input of graphical information and for inters
tive programs such as computer games and prograrms using
“windows” for display of information, Movement of 3
mouse in a particular direction on a surface causes a come-
sponding movement of the cursor or other object on the
screen. Similarly, movement of a joystick or trackball in a
particular direction causes such movement.

Input devices such as mice, joysticks and trackballs canbe
cumbersome because of their size aud shape and, particu-

larly with mice, the room needed for use. These drawbacks

are more apparent with respect to portable computers, such
as the so-calied “notebook” computers. It is deskable, there-
fore, to furish such control capabilities in an input device
that can be incorporated in 2 small space, but without
sacrificing ease of use. It is also desirable to be able to use
such a device for multiple functions, for example, & pacticn-
iar area of a computer keyboard that can aiso be used as a
mouse without losing its functionality as 2 keyboand. Fur-
ther, it is desirabie that such an iaput device be capable of
operation by a finger or handbeld stylus that does not reguire
an clectrical connection or other means for wansmitting
inforrnation.

SUMMARY OF THE INVENTION

The capacitive sensor of the uvention comprises a thin,
insudating surface covering a plurality of elecirodes. The
position of an object, such as a finger or hand-held stylus,
with respect 1o the electrodes, is determined from the
centroid of capacitance values measured at the elecirodes.
The electrodes can be arranged in ous or two dimensions. In
a two-dimensional array, the capacitance for each electrode
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can be measured separately or the electrodes can be divided
into separate elements connected in columms and rows and
the capacitances measured for each column and row. The x
and y coordinates of the centroid are calculated in a micro-
cenirolier frorn the measured capacitances. For applications
in which the sensor 1s used 10 emulate a mouse or irackball,
the microcortroller forwards position change informadon o
utitizing means. For applications in which the sensor is used
w0 emulate a keyboard, the microcontroller identifies a key
from the position of the touching object and forwards such
key identification to utilizing means,

These and other aspects of the invention will hecome
apparent from the attached drawings and detaited descrip-
ton.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a praphic diagram showing the relationship
betwesn the position of a user’s finger and capacitances at
electrodes 18 a two- dimensional sensor constructed in
accordance with the invention.

FIG. 2 is & more detailed reprosentation of interdigitated
elecirode components at the intersections of rows and ool-
amus in a two-timensional sensor.

FIG. 3 is an alternate arraugement for elecirodes in the
array.

BIC. 438 an overall block diagram of a two-dimensional
capacitive position sensor in accordance with the invention.

FIG. § is a diagram of an integrating amplifier and
booistrap circuit associated with the electrodes.

FIG. 6 is a flow chart showing operation of the capacitive
position sensor of the invention as a compuier mouse of
trackball.

FIG. 7 is a diagram showing use of the capacitive position
sensor of the invention as a keyboard.

FIG. 81is a flow chart showing operation of the capacitive
position seasor of the invention as a Xeyboard,

DETAILED DESCRIPTION

The invention will be described in terms of & exemplary
two-dimensicnal embodiment adapied o emulate a com-
puter mouse or keyhoard for use with a personal corputer.
However, it will be clear to those skilled in the ant that the
principies of the Invention can be wtilized in other applica-
tions in which it is convendent to sensc position of an object
capacitively in oue or more dimensions.

The operafional principle of the capacitive position scasor
of the invention is shown in FIG. 3. Electrode array 186 is
a square or rectangular array of elecirodes 103 amanged in
a grid pattern of rows and columns, as in an aay of tiles.
A 44 array is shown, which we have found adeguate for
emuzlating a computer mouse by finger strokes on the arvay.
However, the inventon can be used with arrays of other
sizes, if desired. The electrodes are covered with a thin layer
of insulating matedal (not shown). Finger 162 is shown
positioned with respect 10 array 188, Electrode array 188 can
be one- dimensional for applications in which position in
only one dimension is to be sensed.

Histogram 11¢ shows the capacitances for electrodes 161
in array 38 with respect to finger 162, Such capaciiances
ate a two- dimensional sampling of the disteibution of
capacitance between array 180 and finger 182, The centroid
{center of gravity or first moment) 111 of such distribution
will correspond to the position of finger 182, or some other
object tonching array 388, if suitable sampling criteria are




3
met; that is, by choosing electrodes of suiiciently small sixe
when compared to the extent of the distibution. Such
criteria are discussed in the Blonder et al. patent referred to
above.

The x and y coordinaies of the centroid can be determined
by directly measuring the capacitance at each electrode 181
and calculating such x and v coordinates from: such mea-
sured capacitances. Thus, for the 4x4 aray 1680, sixteen

capaciiance measurermenis would be needed. The suxaber of

casurernents can be reduced, however, by taking advan-
tage of the fact that the one-dimensional centroids of the
projections of the distribution onto the x and y axes also
correspend to the fiuger position. Such projections can be
formed by subdividing each electrode 381 into two ele-

ments, as shown in FIG, 2,
FIG. 2 shows four such subdivided elecirodes in more
detail at an intersection of two rows and two columms in
array 168, As can be seen from FIG. 2, a horizontal element
281 and a veriical element 282 are situated at each inter-
section of a row and cotumu. Horizontal elements 281 are
intercormected by leads 203 and vertical elements 282 are
by leads 204. Elements 201 and 202 can be

interconue
interdigitated as shown. It is advaniageous for the conduct-
ing areas of elements 201 and 282 (o cover the surface of

array 106 as compietely as possible. For finger strokes, we *

have uscd interdigitated olemenis 201 and 202 that are
approximately (.37" square. Smaller elecirodes 181 or ele-
ments 301 and 202 be desirable for use with 3 hand-held
stylus having a smaller cross-section than a finger.

As will be clear to those skilled in the art, clements 201
and 202 can be fabricated in one plane of a multi-layer
printed circuit board together wiih one set of interconnec-
tions, for example, the horizontal row congections 283, The
vertical row connections 204 can then be fabricated in

30

another plane of the circuit board with appropdate via

connections between the planes.
Cther electrode array counfigurations can be used, if
desired. For example, FIG. 3 shows horizontal strip clec-
fes 203 overapping vertical strip elecirodes 2084, Elee-
203 and 284 are separated by a thin insulating layer
wown) and covered by another thin insulating layer
{not shown). r such t a configuration, areas of clectrodes 204"
must be left unmasked by electrodes 283 so that electrodes
204’ can still “sec” the capacitance of an object touching the
surface in which such elecirodes are embedded. A similar
configuration of electrodes is shown in the Blonder et at.
patent. However, the structure of FIG. 3 is preferred becanse
the interdigitated elements 281 and 202 do not overlap and
the capacitance values measured can be h'g‘m for a given
area of array 188, thus providing greater noise immunity.
FEG. 4 is an overall block disgram of a capaciiive sensor
400 in accordance with the invention. Elecwrode array 100
comprises rows and columus of electrodes, for example,
rows and columns of connected horizontal and vertical
elemenis as shown in FIG. 2. Referring again to FIG. 4, each
ww and column of elecirodes from array 300 is connected
{0 an .m,g rating amplifier and bootstrap circuit 481, which
is shown in more detail in FIG. 8 and will be described
below. Bach of the outputs froxm circuits 461 can be selected
by muldplexer 402 under control of microcontroller 486.
The selected ouwtput is then forwarded to sumuming circnit
483, where such output is combined with a signal from
trimmer resistor 48%. Synchronous detector and filier 404
convert the output from summing circait 483 to a signal
related to the capacitance of the row or columu selecied
umltiplexer 402, BF oscillator 488 provides an RF signal,
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for example, 100 kilohertz, to circuits 481, synchronous
detector and filter 404 via inverter 418, and gnard planc 411,
Guard plane 411 is a substantially continusus plane paralicl
to array 166 and associated conneciions, and serves o
isolate array 106 from extraneous signals. The operation of
synchronocus detector and filter 444 is well known {o the an,
for ecxample, sce page 889 of “The Art of Eiwmmics,”
Second Fmvur by Horowitz and Hill, Cambridge Univer-
sity Press {1989). A capacitive pmxumiy detector nzwim{ a
single electrode, a guard plane and simdlar cireuitry is
disclosed in co-pending Application No. 07/861,067 for K.
A. Boie et al. fled Aprn 1992, now U.S. Pal. No.
5,337,353,

Apparatus similar (o that shown in FIG. 4 can also be used
for applications in which it is desired to measure separate
eapacitance values for each electrode in array 180 insiead of
the collective capacitances of subdivided elecirode elements
conmected in rows and columns. To measure such capaci-
tances sepavately, a cirenit 481 s provi ided for each electrode
in array 166 and multiplexer 482 is enlarged to accommo-
date the ouiputs from all circuits 401,

The output of synchronous detector and filier 404 is
converted to digital form by analog-to-digital converter 445
and forwarded to microcontrolier 486, Thus, micreconirolier
466 can obtain a digital value rﬂpresemm? the capacilance
seen by any tow or columu of electrode elements (ov
electrode if measured separately) selccted by multiplexer
402, Buttons 407, which can be auxiliary pushbuttons or
switches simated near array 408, ar'= also connecied 10
microconiroiler 406. Buttons 407 can be used, for exarple,
for the same purposes as the bu.LcsLJ on @ compuier mouse.
Microcontroller 406 sends data to utilizing means, such as a
personal computer (not sh()wn) over lead 428. A particular
device that can be used for A/D converier 445 and micro-
controller 486 is the B7CS52 cireuir made by Intel Corpo-
ration, whick includes both an A/D converter and & micro-
pmeascor

FIG. 5 is 2 circuit diagram of each intepraring amplifier
and bootsirap circuit 481, The RF signal from BE oscillator
408 drives the base of transistor (31 and the bootstrap circudt
comprised of resistor 563 and capacitor 582, Carrent source
563 provides 2 constant BC bias current through tr tor
QL. An elecirode In arxay 3890 is conuected to the emitrer of
transistor Q. The BE current to an electrode is determined
by the capacitance seen by the electrode; thus, an increase in
capacitance cavsed by the proximity of an object, such as a
ftnger, causes in increase in such current. Such an increasc

is reflected as a change iu the RF current flowing from the
collector of transistor Q1. The collector of wansistor Q1 is

connected to the input node of integrating axapiifier 585 via

_eoupling capacitor $86. For a change in capacitance, +-C, at

the elecirod e change in the amplitude of the ouiputl
signal from amplifier 305 will be approximately A{A ("/(‘ h
where A is the ampHinde of the RF signal from oscillat 408
and C,1s the value of integrating capacitor 567, Rcsislor 568
provides a bias current for amplifier 565 and resistor 564
provides bias current for transistor 1.

The effects of electrode-to-electrode capacitanees, winng
capachiances and other extranecus capacitances are mini-
mized by ddving all electrodes and gnard plane 411 in
unison with the same RF signal from EF oscillator 468. The
hootstrap circuit serves to minimize any signal due 1o the
finite impedance of the blasing circuit of transistor Q1. The
base-to-collector capacitance of ransistors QY and other
stray capacitatces in the circuit can be compensated for by
adjusting trim resistor 149 shown in FIG. 1.

In using the position sensor of the invention as a compuic
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mouse or trackball to conirol a curser, movement of the
mouse or trackball is emulated by touching array 186 with
finger 102, or some other object, and siroking finger 162
over array 180 to move the cursor. Changes in position of the
finger with respect to array 168 arc reflected in correspond-
ing changes in position of the curser. Thus, for such an
application, microcontroller 406 sends data over lead 428
refating to changes in position, FIG. § is a flow chart of the
operation of microcontrolier 486 in such an application.
Referring to FIG. 6, wmicrocomputer 406 reads the inidal
capacitance values for all the elements in aay 188 and
stores such values (step 601). Such initial values should
refiect the state of array 100 without a finger or other object
being nearby, accordingly, it may be desirable to repeat siep
681 a mumber of times and then to select the minimum
capacitance values read as the initial values, thereby com-
pensating fox the effect of any objects moving close to array
100 during the initialization step. After initialization, ail
capacitance values are periodically read and the initial
values subiracted 1o yield a remainder value for each ele-

ment (step 642). If one or more of the remainders exceeds

a preset threshold (step 683), indicating that an object is
close to or touching array 389, then the « and y coordinates
of the centroid of capacitance for such object can be caleu-
iated from such remainders {step 604). For applications in

which the electrodes of array 366 are connected in rows and 2

colummns, as shown {n FIG. 2 and FIG. 3, such calculation
can be performed as follows:

iy
Z ong Ving)
=l
=
X Ving)
=l
g @
T iy Vi)

~

Hy
3 Vinyg
ny=1

where:

u, is the nuraber of colurans, V(x,) is the remainder vatue for
colurnn 1y, u, i the number of rows and Y{n,} is the
rernainder vaiue for row n,. To avoid spurious operation, it
may be desirable o require that two or more measurements
exceed the preset threshold. The threshold can be set to some
percentage of the mange of A/D converter 448, for example
10-15% of such range. Note that the value of x cap neither
be less than 1 nor more thanu, and the value of y can neither
be less than 1 nor more than v,

For applications in which the capacitance valuas for the

elecirode 181 in anray 108 are measured separately, the x and
v values of the centroid can also be calculated nsing equa-
tions (1) and (2} by adding &i] the capacitances measured for
a row or eolumn 1o sbiatn the value of V for such row or
colurun. Such addition has the same effect as if the elec-
trodes were connected together in a row or column.

When set, the “T” flag indicates that remainders were
above the threshold during the previous iteration through
step 603, Such flag is set dudng step 686 and cleared during
step 607, Thus, after the first iteration through step 663,
indicating a new stroke of finger 162 on array 188, the “T”
flag is set and the x and y values just calenlated are stored.
During cach subsequent iteration during such stroke, the
changes in x and y{dx and dy) are calculated (step 608) as
follows:

AR, )
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whete X, and v, are the values just caleulated in step 605 and
%5 and y,, are the values calculated and stored {siep 616)
during the previous iteration.

It may be desirable to remove jitter from the least-
sipnificant bit in the values of dx and dy calenlated (step
609). This can be accomplished by incrementing negative
values by 1 and decrementing positive values by 1, leaving
zero values without change.

The values calculated for x and y are stored (step $18) for
use in calculating dx and dy during the next iteration. Then,
if other inputs, such as buitons 487, arc connected to
microcontroiles 486, the state of such inputs is read (step 631
3. Finally, if x and y have changed (Gxs0 or dy={) or the state
of butions 407 has changed (step 612}, data relating to such
changes is sent over line 428 to the computer or other
ytilizing means 1o which sensor 488 is connected {step 613).
Such data typically includes dx, dy and the current state of
the buttons, which comesponds 1o that sent to a computer by
& conventional compuier mouse or trackball, Finally the
states of such other inpuis are stored {step 614} for use
during the next iteration.

Typicaily the cycle time through the above-described
steps will be about 20 milliscconds, depending on the time
constant of the filter in circuit 464, Afier each changs of
muliiplexer 482, microcontrolier 486 is programumed to wait
approximately 2 milliseconds for the output of circoit 484 to
settle.

1t will be clear thas the absolute valuss of x and v can be
inciuded in the data sent over line 42 to uiilizing means, if
desired. For example, capacitive input sensor 480 can be
adapied for use as a general purpose input pad for enlering
handwritten information. For such an application, it may be
deskable to increase the number of electrodes to impove
definition, but even a 4x4 matrix for use with fager input
can produce usefnl input data becanse of the {nterpolating
effect of the centroid-finding calculations performed in step
604,

Instead of using buttons 487 for additional input when
array sensor 308 s used as 3 computer mouse, it may be
desirable to sense different finger pressures. For examaple, to
perform a “click and drag” operation, a typical nse of a
computer monse, a heavier finger pressure can be used on
array 180 than when an ordinaty cursor movement is
desired. Clearly finger pressures can be sensed by electro-
mechanical or other means, but differences in the capaci-
tances sensed by sensor 400 can also be used for this
PUEPUSE.

The magnimdes of the capacitance values sensed by array
188 are somewhat related to finger pressure because of the
compressibility of the fingertip when contaciing arvay 168,
Higher finger pressure will cause higher capacitance values
to be sensed. This effect can be enhanced by replacing the
insulating layer {not shown} on array 180 with a compress-
ible insulating layer. Different finger pressures can be set by
defining one or more additional thresholds for use in swep
603. An ordinary touch would cause the remainders 1o
exceed only the first threshold; a heavier touch would cause
at least one remainder o exceed a higher thresheld, which
could then be used to indicate a different button siate.

FiG. 718 a diagram showing how an array 108 can be used
as a keyboard in accordance with the invention. Again, array
138 iz shown as a 4xd matrix of electrodes, but with a
keyboard patiem overlay superimposed ¢n the matrix. The
dotted lnes indicate such matrix. Such 2 keyboard pattern
can be printed on the insulating layer covering the elec-
trodes. Note that the individual “keys” in the keyboard do




5,463,388

7

not necessarily correspond to the underlying electrodes. The
% and y coordinates are shown for reforence purposcs. Since
the values obtained [or X and y in 2 4x4 matrix using
equations (1) and (2} will range from { 1o 4, this range i
shown on the coordinates.

The identity of a key touched is determined from the x and
v values compuled for the centroid of capacitance resulting
from the touch. For example, using the % and y coordinates
shown in FIG. 7, a “S” can be defined as a touch with
X£2.3, 2. 1; a “0” can be defined as a touch

TR

+” ¢an be defined as a

between adjacent keys. Such a
range for each key ou the keyboard is stored in micropro-
cessor 486,

G, 8 is a flow chart showing operation of microcon-
troiler 486 when the capacitive position sensor of the
invention is used as a keyboard. Steps 801, 802, 803 and 305
are similar to steps 601, 602, ¢03 and 604, respectively, in
FIG. 6. In step 805, the identity of the Key touched is
determined from the stored ranges and the values of x and
y calculated in siep 884. In step 867, the identity of the key
touched is sent to wiilizing means. The “T™ flag is setin step
808, cleared in step 809 and tested in step 84, Such flag
assures that the key identity is sent {o utilizing means only
onee.

it should be clear that the various ways described above
of using the capacitive position sensor of the invention can
be combined. For example, a combination mouse-keyboard
can be impiemented in which one portion of amray 188 is
used &s a mouse responsive o finger strokes and 2 second
portion is used as a keyboard responsive to finger touches.
Altcrnatively, array 188 can be adapied 1o operate in differ-
ent modes: the first mode as a mouse, the second as a
keyboard. Switching between modes can be accomplished,
for sxample, with one of butlons 407, or with exira pressure
in a specified region of array 188, Thus, where space is at a
premium, such as in a porisble computer, the capacitive
position sensor of the invention can be used as part of the
keyboard and also as 2 mouse.

The invention has been shown and described with refer-
ence 1o particular erbodiments. However, it will be under-
stood by those skilled in the art that various changes may be
made therein without departing from the spirit and scope of
the invention.

What is claimed is:

1. A sensor for capacitively sensing the position in a
continuous range of positions of an object on a surface of an
suput device, which comprises:

an aray of rodes on said surface;

an insulating layer covering said electrodes;

means connccted to said clectrodes for measvring a

capaciiance value for cach said electrode;

means responsive 1o said measuring means for comparing

said capacitance values with a first preset threshold

0

and, if at Jeast one of said capacitance values exceeds
said first preset threshold, for caleulating the position of
a centroid of capacitance for sald amray from said
measured capacitance values, said first preset thre:
being set ai a capacitance value that is exceeded

given clecrode only when said object is close to or
touching said given electrode, said centroid of capaci-
fauce heing the first moment of the distribution of said
capacitance values i said aray and representing sub-
stantiaily the position of said object on said surface;
and

means responsive o said calculaling means and com-
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nected to utilizing means for sending said centroid of
capacitance position 1o said utilizing mcans.

2. The sensor of claim 1 in which satd array is a two-
dimensional aray and said elecirodes are arranged in rows
aad columns.

3. The sensor of claim 2 wherein said fnput device is a
keyboard, said sensor further compri

means for designating portions of the surface of said

keyboard 1o represent different keys; and

said caleulating means comprises:

means for storiug 2 range of coordinates for cach key in

said keyboard:

means for comparing said ceniroid of capacitance posttion

with said ranges of coordinates and sclecting the range
of coordinates in which said centroid of capacitance
position falls, and

said seuding means comprises meauns for sending the

identity of the key associated with said selected range
of coordinates to satd utilizing means.

4. The sensor of claim 2 wherein cach said eclecirode
comprises:

at each intersection of a row and a column, 2 first

glectrode element connected to other fist electrode
elerents in said ow and a second electrode element
conuectad to other second elecirode elements in saild
column,

and wherein said means for measuring a capacitance

value for each electrode is adapted to measure the
capacitance value for cach row of said fiest electrode
elements and the capacitance vatue for each column of
said second electrode elements.

S. The sensor of claim 4 wherein said first and second
electrede elements at each intersection are interdigitaied.

6. The sensor of claim 1 wherein said calculating means
periedically calculates changes in said centroid of capaci-
tance position and said sending means periodically sends
said changes to said utilizing means.

7. The sensor of claim 1 which further comprd

means responsive (o sald measuring means for comparing
said capacitance values with a second preset threshoid
and for indicating to said wilizing weans when said
second preset threshold 15 exceeded, said second preset
threshold being set at a capaciiance value higher than
said first preset threshold.

&. The sensor of claim 1 wherein said measuring weans

comprises:

means connected to sald electrodes for supplying the
same RF signal in upison 1o each said clectrode,

means connecled 1o said electrodes for sensing RF cur-
renis flowing between said electrodes and said object in
response 10 sald RF signal, and

eans connected (o said RF current sensing means for
converting said RE cumrents into signals representative
of said capacitance values for cach said electrode.

9. The sensor of claim 8, which further comprises:

a guard plane substantially parallel to said electrodes, and
said means for supplying an RF signal further com-
prises:

means connected to said guard plane for supplying said
KFE signal o guard plane in unisen with the EF
signals supplied to said electrodes.

16. A touch-sensitive input device for a computer, which

COMPIISEs:

an array of electrodes on a surface of said input device,
said electrodes being arranged in rows and columns;
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an insulating layer covering said electxodes;

means connected to said electrodes for measurin
capacitance value for each said slectrode;

means responsive {o said measuring means for comparing
said capacitance values with a first preset threshold
and, if at least one of said capacitance values exceeds
said first preset threshold, {or calenlating the coordi-
nates of a centroid of capacitance for said array from
said measwed capacitance valpes, sald centroid of
capacitance corresponding to the position of a finger or
other object touching said surface, said first preset
threshold being set at a capacitance value that is
excecded for a given electrode only when said finger or

a

o
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16
other object is close 1o or touching said surface in the
vicinity of said given elecirode, said centroid of capaci-
tance being the first moment of the distribution of said
capacitance values in said array and representing sub-
stantially the postiion of said object in a continuous
range of positions on said surface; and

th

means responsive to said calaulating means and con-

nected to said computer for sending information to said

0 computer ndicative of or derived from said calculated
coordinates,

pet
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i
CAPACYTANCE-BASED PROXIMIITY WITH
INTERFERENCE REJECTION AFPARATUS

AND METHODS

The following patent is 2 continuation-in-part patent of
U.S. patent application Ser. No. 08/193,275, filed Feb. 8,
1994, now U.S. Pat. No. 5,478,170, which 1s a continuation
of Ser. No. 914,043, flled Jul. 13, 1992, now U.5. Pat. No.
5,305,017

invention relates generally to apparatus and meth-
ods for touch sensitive input devices, and more particularly,
t0 apparatus and methods for capacitance-tased touch detec-
tion wherein electrical interference is effectively rejected
from the detection system. ’

BACKGROUND OF THE INVENTION

Numerous prior art devices and systems exist by which
tactile sensing 13 used to provide data input to a data
processor. Such devices are used in place of common
pointing devices (such as a “mounse” or stylus) to provide
data juput by finger positioniug on a pad or display device,
These devices sense finger position by a capacitive touch
pad wherein scanuing signals are applied to the pad and
variations in capacitance caused by a finger touching or

approaching the pad are detected. By sensing the finger =

position at successive times, the motion of the finger can be
detected. This sensing apparatus has application for control-
ling a compuier screen cursor. More generally it can provide
a variety of clectrical
sponding to finger movements, gestures, positions, writing,
signatures and diawisg motions.

In US. Pat. No. 4,698,461, Meadows et al., a touch
surface is covered with a layer of invariant resistivity. Panel

scanuing signals are applied (o excite selected touch surface 4

cdges so as to establish an alternating current voliage
gradient across the panel surface. When the surface is
wuched, a wuch current flows from cach excited edge
through the resistive surface and i3 then coupled to a user's
finger (by capacitance or conduction), through a user’s body,
and finally coupled by the user's body capacitance 1o earth
ground potential, Different scanning sequences and medes
of voltage are applied to the edges, and in each case the
currents are measured. It is possible to dewermine the loca-
ton of touch by measuring these currends, Ju particular, the
physical parameter which indicates touch location is the
resistance from the edges to the point of wouch on the
surface. This resistance varies as the touch peint is closer or
farther from each edge. For this s 1, the texm “capacitive

=1

wouch pad” may be a misnomer because capacitance is

fuvolved as a means of conpling cument from the surface
touch point through the nser’s finger but is not the parameter
indicative of finger position. A disadvantage of this inven-
iton is that accurate touch location measurement depends on
aniform resistivity of the surface. Fabricating sach a uni-
formly xosistive surface layer can be dificult and expensive,
and require special fabrication rethods and eguipment.
The panel of the Meadows *481 patent also includes
circuitty for “pulling”, ot offsetting o zerp, the touch
currenis which are present when the panel is not touched.
This nulling can be accomplished while the pane] operates,
aud allows teuches which generate a relatively weak signal,
suct as {rom a gloved finger, to be wore acourately deter-
mined. The Meadows "46] panel also includes circuitry for
automatically shifiing the frequency of panel scanning sig-
nals away from specira of spurious signals, such as those
developed by cathode-ray tube transformers, which may be
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present in the environment. The panel seeks to avoid inter-
ferenice from the spurious signals, which could happen ifthe
frequency of scanning was nearly equal to that of the
spurious signals. A microcontrolier determines whether the
scanning frequency should be shifted by monitoring the rate
at which adjustments are reguired in muiling of the touch
currents, as described above. The only meane described for
generating frequency control signals is based on this nulling
adjusiment.

U.8. Pat. No. 4,922,061, Meadows et al., is similar to the
Meadows 461 patent in that the touch panel determines
touch location based on variations in resistance, not capaci-
tance, This is particularly evident from FIG. 2 where the
resistances from edge to touch point are shown as KX times
Rx, where Kx is corresponds to the distance indicated by
T6A. The apparatus uses a measurement signal of a fre-
quency that varies in a substantially random manuer, thus
reducing susceptibility to interference from spurdous elec-
tromagnetic spectra.

U.S. Pat. No. 4,708,022, Salvador, describes an array of
detecting conduciive strips, each laid between resistive
emitting strips. The finger actually makes clectrical contact
from an emitting strip to detecting strip. Touch location is
determined from resistance variation (as with Meadows *461
and "061 above) in the strip contacted by the finger. Averages
are taken of a cerain number of synchronous samp
design formula is presented to choose a sarphog frequency
50 that it is not a multiple of the most undesired predeter-
mined interfering signal, No suggestion is made that sam-
pling freguency is adjusied or adapts automatically.

In U.5. Pat. No. 5,305,017, Gerpheide, touch location is
determined by true capacitance variation, instead of resis-
tance variation, using a plurality of electrode stups forming
virtual electrodes. This approach elimninates the necessity of
2 coating having uniform resistance across a display sereen.
However, such a capacitance-based detection device may
suffer from clectrical background interference from s sur-
ropndings, which is conpled puto the sensing electrodes and
interferes with pesition detection. These spurions signals
cause troubicsome interference with the detection of finger
positioning. The device operator may even act as an anienna
for electrdcal interference which may cause a false charge
injection or depletion from the detecting electrodes.

Accordingly, there is a need for a touch detection system
which has the following characterisiics:

{1} the touch location is deternmined withount the need of
resistance variation so as to aveid the high cost of
requiring uniform resistance during fabrication;

(2} the touch location is measured in 2 manuer indepen-
dent of resistance of the electrodes ov their connecting
wiring, thns broadening the range of maierials and
processes which may be used for fabdcation; and

{3} electrical interference signals are rejected and elimi-
nated from the detection system regardless of their
frequency and without requiring possibly expensive
nulling apparatus.

SUMMARY OF THE INVENTION

The present mvention employs a touch location deviece
having true capaciiance vatation by using insulated elec-
trode arrays to form virtual electrodes. The capacitance
variation is measured by means independent of the resis-
tance of the clectrodes, so as to climinate that parameter as
a fabrication consideration. The electrical interference s
eliminated regardless of frequency to provide a clear detec-
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tion signal.

An illustrative exmbodiment of the present invention
includes an electrode amray for developing capacitances
which vary with movement of an object (such as finger,
other body part, conductive stylus, etc.) near the awmay, a
synpchronous capacitance measurement element which mea-
sures variation in the capacitances, such measurements
being synchronized with a reference freguency signal, and a
reference frequency signal generator for generating a refer-
ence frequency signal which s not coherent with elecirical
interference which could otherwise nterfere with capaci-
ance measurements and thus position lecation.

Interference rejection is carried out by generating a ref-
erence frequency signal whose frequency is different from
the interference frequency. Aliernately, the reference signal
is generated with random frequencies so as not to be
coherent with the interference frequencies and thus the
electrical interferance is effeciively rejected.

BRIEF DESCRIPTION OF THE DRAWINGS

varjation
with the

FIG. 1 iz a block diagram of & capacitance
position measuring device made in accordance
principies of the present invention;

FIG. 2A4s a plat view of one ltustrative embodiment of
the electrode arcay shown in FIG. L

FIG. 2B is a side, cross-sectional view of one illustrative
embodiment of the elecirode array of FIG. 2A;

FIG. 3A is a side, cross-sectional view of another embodi-
ment of the elecrode array of FIG. 1;

FIG. 3B is a plan view of the clectrode array of FIG. 34;

FIG. 4 is a schematic of one embodiment of the synchro-
nous electrode capacitance measurement device of FIG. 15

FIG. § is a schematic of ancther embodiment of the
synchronous electrode capacitance measwement device of
FIG. L

FIGS. 6A-6D are circuit diagrams of aliernative embaodi-
ments of the capacitance measurement elements shown in
FIGS. 4 and 5,

FIG. 7 is a block diagram of one embodiment of the
reference ireguency generator shown in FIG. §; and

FIG. 8 is a block diagram showing an alternative ernbodi-
ment of the reference frequency generator shown i FIG. 1

DETAILED DESCRIPTION OF P
EMBODIMENTS

SFERRED

FiG. 1 shows the cssential elements of a capacitance
variation finger (or other conductive bady or non-hody part)
position sensing sysicr 18, made in accordance with the
invention. An electrode array 12 includes a plurality of
layers of conductive electrode strips. The electrodes and the
wiring connecting thern to the device raay have substantial
resistance, which permits a variety of materfals and pro-
cesses to be used for fabricating thern. The electrodes are
elecirically insulated from one another. Mutual capacitance
exists between each two of the electrodes, and stray capaci-
tance exists between cach of the electrodes and ground. A
finger positioned in proximity to the amray alters these
mutaal and stray capacitance values. The degree of alter-
ation depends on the position of the fnger with respect to
electrodes. In gemeral, the alteration is greater when the
finger is closer to the electrode in guestion.

18
18!
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A synchronous electrode capaciiance measurement unit
14 is comnected to the electrode array 32 and determines
sclected mutual andfor siray capacitance values assoclated
with the clectrodes. To minimize interference, a number of
measurements ave performed by unit 14 with tming syo-
chronized to a refercpce froguency signal provided by
reference frequency generator 16, The desired capacitance
valne is determined by integrating, averaging, or in more
goeneral terms, by filtering the individual measurements
made by uuit 14. In this way, interference in the measure-
ment is substantiaily rejected except for spurious signals
having sirong frequency spectra near the reference fre-
quency.

The reference frequency generator 186 attempts 1o auto-
ruatically select and generate a reference frequency which is
not coherent with the most undesirable frequency of spuri-
ous signals. This approach substantially eliminates interfer-
ence even though its frequency is Hkely to be initially
unknown and may even change during operation.

A position locator 18 processes the capasitance measure-
ment signal from the synchronous elecirede capacitance
measurement unit 14 and provides position signals for use
by a host computer, for example, and to the reference
frequency generator 16, The position locator unit 18 deter-
mines finger position signals based on the capacitance
measurements. Several different systems are commonty
known in the art for determining finger positon based on
measurements of capacitance associated with electrodes in
an array. Position locators may provide one-dimensional
sensing (such as for a volume slider control), two-dimen-
sional sensing with contact determination {such as for com-
puter cursor contrel}, or full three-dimensional sensing {such
as for games and three-dimensional computer graphics.) An
example of a prior art position locator wnit is shown in the
Gerpheide 017 patent mentioned above, as onits 40 and 50
of FIG. 1 of the patent.

Elecirode Array

FIG. 2A illustrates the electrodes in a preferred electrode
array 12, together with a coordinate axes defining X and Y
directions. Une embodiment ncludes sixteen X electrodes
aud twelve Y electrodes, but for clarity of illustraton, only
six X electrodes 28 and four Y electrodes 22 ave shown. It
is apparent to one skilled in the att how 1o extend the number
of electrodes. The atray is preferably fabricated as a muli-
layer printed circuit board 24, The electodes are etched
slectrically conductive strips, connected to vias 28 which in
i connect thern to other layers in the array. Mlustratively,
the array 12 is approxiraately 63 millimeters in the X
direction and 49 millimeters in the Y direction. The X
electrodes are approximately 0.7 miilimeters wide on 3.3
millimeter centers. The 'Y electrodes are approximately three
millimeters wide on 3.3 millimeter centers.

FIG. 25 tustrates the electrode array 12 from a side,
cross-sectional view, Au insulating overlay 21 is an approxi-
mately 0.2 millimeters thick clear polycarbonate sheet with
a texture on the top side which is comfortable to touch. Wear
resistance may be enhanced by adding a textured clear hard
coating over the top surface. The overlay bottom surface
may be silk-screened with ink to provide graphics desigas
and colots.

The X clectrodes 28, Y electrodes 22, ground plane 25 and
component traces 27 are etched copper waces within a
multilayer printed circuit board. The ground plane 28 covers
the cotire array area and shields the clectrodes from elec-
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trical interference which may be generated by the parts of
the circuitry. The component traces 27 connect the vias 26
and hence the electrodes 28, 22, {o other circunit components
of FIG. 1. Insulator 3%, insulator 32 and insulator 33 are
fiberglass-epoxy layers within the printed cirenit board 24.
They have respective thicknesses of approximately 1.0 mil-
fimeter, 0.2 millimeters and 0.1 millimeters. Dimensions
may be varied considerably as long as consistency is main-
tained. However, all X electrodes 28 ruust be the same size,
as must all Y electrodes 22

Onc skilled in the art wiil realize that a variety of
techniques and matedals can be used to form the electrode
array. For example, FIG, 34 illustrates an alternative
embodiment in which the electrode aray includes an insu-
iating overlay 48 as described above. Alternate layers of
conductive ink 42 and insulating ink 43 arc applied to the
reverse surface by a sitk screen process, The X electrodes 43
are positioned between the insulating overlay 46 and X
clectrode conductive ink layer 42. Ancther insulating ink
layer 43 is apptied below layer 42. The Y elecirodes 46 are
positoned between insulating ink laver 43 and conductive
ink layer 44. Another insufating ink layer 47 is applie
below conductive ink layer 44, and ground plane 48 is
affixed 10 Y electrode conductive ink layer 47. Each layer is
approximately 0.01 millimeters thick.

The resuliing areay is thin and fiexibie, which aliows it to
he formed into curved surfaces. In use it would be laid over
a swong, solid supporl. In other examples, the electrode
array may viilize a flexible printed circuit board, such as 2
lex circudt, or stampings of sheet meial or metal foil.

A vatety of electrode geometries and arrangements are
possible for inger position sensing. One example is shown
in FIG. 35, This is an array of parailel electrode strips $8 for
one-dimensional position sensing which could be useful as

“siider volwme conwrol” -or “toaster darkness control”
{ther exampies include 2 grid of diamonds, or sectors of a
disk.

It is desired that the electrode atray of the present juven-
tion be easily fabricated by economical and widsly available
printed circuit board processes, 1 is also desired 1o allow use
of various overlay materials seiected for texture and low
friction, upon which logo art work and coloration can be
economdcally printed. A further preference is that the overday
may be custom printed separaiely from fabrication of the
electrode-containing past of the array. This allows an eco-
nomical standardized mass producticn of that part of the
array, and later affixing of the custom printed overlay.

Synchronous Electrode Capacitance Measurement

FIG. 4 shows one embodiment of the synchronous clec-
trode capacitance measurement unit 34 in more detail. The
key elements of the synchroneus electrode capacitance
measurement unit 34 are (a) an element for producing a
voltage change in the elecirode arcay synchronously with a
reference signal, {b) an element producing 2 signal indica-
tive of the displacement charge thercby coupled between
slectrodes of the elecirode array, (c) an element for demodu-
lating this signal synchronously with the reference signal,
and {d) an element for Jow pass filtering the demodulated
signal. Unit 14 is conpled to the electrode array, preferably
through a mukiplexor or switches. The capacitances to be
measured in this embodiment are mutual capacitances
between elecirdes but could be siray capacitances of elec-
trodes to ground or algebraic sums {that is sums and differ-
ences) of such mutual or siray capacitances.
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FIG. 4 shows one specific embodiment of a synchronous
clectrode capacitance measurement unit 14 connected 1o the
electrede array 12, in which algebraic sums of mutual
nces vetween electrades are measured. The compo-

are grouped into four main functional blocks. A virmual
crrede synthesis block 76 connects each of the X elec-
trodes to one of the wires CP or CN, and each of the Y
clectrodes o one of the wires BF or RN, The clectrodes are
selectively connected 1o the wires by switches , preferably
CMOS switches under control of the position locator a appa-
ratus 18 (FIG. 1) o select appropriate “elecirodes for capa
tance measurement. {(See Gerphelde *017 which describes
such electrode selection by signal § of FIG. 1 of the patent.)
All electiodes connected to the CF wire at any one ime are
considered to form a single “‘positive virtual X electrode”.
Similarly, the electrodes connected to ON, RP, and RN form

“pegative virtual X elecivede”, a “positive virtual Y
clectrode”, and a “negative virtwal Y elecirode”, respec-
tively.

The reference frequency signal is preferably a digital
tosic signal from the reference frequency penerator 16 (FIG.
1). The reference frequency signal is supplied to unit 14 via
an AND gate 72 also having & d:dve enable” input, supplied
by the reference frequency generator 16 (FIG. 1). The AND
cate ountput feeds through inverter 74 and noninverting
buffer 76 to wires RP and RN respectively which are part of
a capaciive measurement element 78, In the prefemed
embodiment, the drive cnable sigaal is always TRUE, tw©
pass the reference frequency signal. In further preferred
embodiments, it is asserted PALSE by the reference fre-
quency generator when interference evaluation is o be

erformed as described later. When the drive enable signal
is PAL SE, the drive signal stays at a constant vollage leval.
When the drive signal s TRUE, it is a copy of the reference
frequency signal.

The capacitance measurement element 78 contains a
differential charge transfer circuit 86 as illustrated in FIG. 4

f Gerpheide, U.S. Pat. 5,349,303, incorporated herein by
referenice. Capacitors Csl and Cs2 of FIG. 4 of that patent
correspord 1o the stray capacitances of the positive and
negative virtual electrodes o ground. The CHOP signal of
that FIG. 4 is conveniently supplied in the present invention
as a square wave signal having half the frequency of the
reference frequency signal, as generated by the divide-by-2
circuit 83 shown herein. As deseribed in the Gerphedde "3G3
patens, the circutt maintains CP and CN (lines 68 and 72
therein) at a constant virtual ground veliage.

The capacitance measurement clement 78 also contains a
non-inverting drive buffer 76 which drives RN and negative
virtual Y electrodes to change voltage levels copying the
drive enable signal transitions. The inverting buiffer 74
drives RP and the positive virtual Y electrodes to change
»eltagg levels opposite the drive enable signal transitions.

Since CP and CN are maintained at virtual ground, these
vokmge changes are the net voltage changes across the
matual capacitances which exist between virtual ¥ and
virtual X elecirodes. Charges proportional 1o these voltage
changes multiplied by the appropriate capacitance values are
thercby couplcd onto nodes CP and CN (the “coupled
charges”y. The charge wansfer circuit therefore supplies a
proportional dii]?aren fal charges at outputs Qol and QoZ,
which are proportional to the coupled charges and thus to the
capacitances.

In shor, this differential charge is a proportionality factor
¥ times the “balance”™ L, which is a combination of these
capacitances given by the equation:




5,565,638

7

Le=MCop, yn+M (o, yp 3-Miap, ypy-M(xn, yn)

where M(a,b) is the notation for the mutual capaciiauce
between virtual clectrode “a” and virtual clecirode “b7.
Changes in balance are indicative of finger position relative
o virtual electrode position as described in Gerpheide, U.S.
Pat. No. 5,305,017, The proportionality factor K has a sign
which is the samc as the diive cnable signal tramsition
direction.

Referrng again to FIG. 4, the synchronous electrode
capacitance measurement element 78 is connected via lines
carrying charges Qol and Qo2 ¢ a synchroneus demodu-
laior 82 which may be a double-pole double-throw CMOS
switch 84 controlled by the reference frequency signal. The
synchronons demodulator 82, which among other things
functions to rectify the cl\.rgeﬂ Qol and QUZ is connected
[0 3 low- filter 86 which iy be a pair of capacitors C1,
2 configured as an integrator for differential ghamcs {An
integrator illusiratively is a low pass filter with 6 db per
octave frequency roll off.} Ch.xg:e\ Qol and Qol are inte-
grated onto capaciiors Cl and C2
reference freguency signal has just mmm,.omd posttive, and
K ig positive. The charges are integrated onto opposite
capacitors when K is negaiive. In this way, a differential
charge proportional to the balance L is accumulated on CR
and 2,

FIG. § shows another embodiment of the synchronous
electrode cap mce measurement andt 4. In this embodi-
ment, each electrode in an electrode array 8¢ is connected (o
a dedicated capacitance measutement element 93, cach of

which is connecied to 3 synchronous demodulator 84 and -

then to a low pass filter 8. This configuration has the
advantage of continuously providing capacitance measure-
mems for each clectrode, whereas the prior preferred
embodiment measures z single configuration of elecirodes at
any one time. The disadvantage of the embodiment of FIG.
5 is the greater expense which may be associated with the
duplicated elements. This is a commen radeoff between
providing multiple elements fo process measurements at the
same time versus muitiplexing a single element to process
measurements seguentially. There is obvicusly a wide spec-
trum of variations applying this trade off.

Also, many of the clements can be implemented in digital
form using analog-digital converters and digital signal pro-
cessing. While the preferred embodiments currently use
subst mmv] analog processing, fature digital processing costs
may he expected to become selatively cheaper.

FIG. 6 provides & number of preferred altematives for the
capacitance measurewment element 78 (FIG. 4) or 92 (FIG.
5). FIGS. 8A and 6B show circuits adapted for measudng
mutual capacitances between clectrodes (which may be
physical or virtual electrodes), represented by Cmp, Cmn,
and Cm. FIGS. 6C and 8D show circuits adapted for
measuring clectrode capacitance (o ground represented by
Cg. Bach of these provides an output voitage change indica-
tive of the capacitance
changes are given by the following formulas:

For FIG. 6A:

AVout=AVdrvex{Crmp-Cmn)y/Cr

For FIG. éB:

AVout=AVdrivexCnCr

For FIG. 6C:
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AVout=AVdrivexCgh{CarCn

For FIG. &I

AVour=AVdivex{CgrCniCy

The formulas depend on a known reference capacitance
represented by Cr and a known drive voliage change rep-
resented by AVdrive. Further capacitance measurement ele-
ments may be based on charge balance iechnigues as
described in Meyer, U.S. Pat. No. 3,857,092. Syachronous
demodulators may be implemented using an analeg or
digital multipier, or a “double-balanced mner” integrated
circuit (such as part number LM1496) from MNational Sem-
conductor Company. There ace different implementations
known in the art for low pass filler elements, such as
switched capacitor integrators and filters, high-order analog
filters, and digital filters.

Reference Frequency Generator

FIG. 7 illusts 2 preferred embodiment of reference
frequency generaior 16 (FIG. 1). The generator observes
position signals 1o evaluate the extent of interference at
some reference freguency. In the event that substantial
interference is df:!.e\tﬁd the generator 16 selects a different
frequency for further measurements. The generator 1§ seeks
to always select a reference freguency away from frequen-
cies which have been found to result in measurement
iterference, as described below,

The generator 16 inclndes an oscillator 168 which is, for
exawple, set at four MHz, driving a microcontroller 182 and
a divide-by-{M-+N) circuit 184, Value N is a fixed constart,
approximately 50, Value M is specified by the microcon-
woller 182 1o be, for example, one of four values in the range
61 KHz to 80 KHz as specified by the microcontrolier 182,

The microcontroiler 102 performs the funciions of inter-
ference evaluation 186 and frequency selection 108, It may
perform other fanctions associated with the system such as
position location. The preferxed interference evatuation
function 186 produces 2 measure of the Wlerference in the
position signals generated by the position location unit 18
(F}G 13, This is based on the principle that intexference
produces a spurious, relatively large magnitude high-fre-
quency component of a position signal, and operates accord-
ing to the following code description. {t assures position
data points X, Y, and # occur aop-ox;maiely every ten
milliseconds. In brief, &t calculates an interference measure,
IM, as the sum of the absohute values of the second differ-
ences of X and Y together with the absolute values of the
first differences of % over 32 data points. Differencing a
stream of data has the effect of applying a high-pass filter 1o
it.

In detail, for each data point the interference evaluation
funciton 19& executes the follow*ng sieps, where ARS(
means the absoiue value funcids

trafes 2

A== KLAST scomputes first differences

sum

CUTE muqu )
-Sec description below)
IM =0}

CY SELECT FUNCTION 108
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~continued

move current valuss to last

YRLAST=YD

In another embodiment, the interference evaluation func-
tion 1416 is not based on positdon signals. Instead the function
asserts the drive cnable signal described above 1o a2 FALSE
siate and yeads a resulting synchronous capacitance mea-
surernent. This measures charge coupled (o the glecirodes
when no vaitage is being driven across the clecirodes by the
apparatus. Such chaxge must be the result of interference,
and so this interference {from spurious signals) is directly
measured. This is another way 10 generate the interfexrence
measure, IM.

The preferred frequency select function 108 pencrates a
table of historical interference measnrements {or each fre-
guency which may be selected. On system inittalization,
cach entry is set to zero. Thereafter, the frequency select
function is activated approximately every 32 data points by
the interference evaluation function 186. The current inter-

forence measnze, iM, is entered as the entry for the currently
selected freguency in the table. Then all table eniries are
scanned. The frequency having the lowest interference mea-

ure cntry s sclected as the new current fiequency, and the
corresponding M value is sent to the divide-by-{M-+N}
clement 104, Approximately every 80 seconds, every eniry
in the table is decremented by an amount corresponding to
approximately 0.08 mm of position change. In this way, if a
frequency is fiagged as “bad” by having strong interference
one time, it will not be flagged as “bad” permanentiy.

The functions described above for the different embodi-
ments conld be carried out by a microprocessor sich as part
no. MO 68HCTO5P6 manufactured by Motorola, Ine. serv-
ing as the microcontrolier 162,

FIG. 8 shows an alternate preforred emmbodiment of the
reference frequency generator 16 (FUG. 1), It generates a
reference frequency signal that varies randomly. Each cycle
of the signal has a different and subsiantially random period.
It is extremely unlikely that a spurious signal would coher-
ently follow the same sequence of random variation. Hence
the sputious signal is substantially rejected by capacitance

sasurements synchironous 1o the reference fraquency. The
degree of rejection is not as great as in the former embodi-
ment, but the genecrator is simpler because interference
cvaluation and frequency selection functions are not needed.

The generator of FIG. 8 includes an oscillator 180 and a
divide- ‘tvv (N+M) circuit 132, The value M supplied 10 the
divider comes from a psendo-random unumber generator
(PRNG) 114 which generates numbers in the range O to 15.
"”ach cycle of the reference frequency clocks the PRNG 114

¢ produce a new number, PRNGs are well known in the art.

For either ermbodiment in FIGS. 7 or 8, the range of values
for M in relation to the value of N can be i m:ased ar
decreased to give a greater or lesser range of possible
frequencics. The value of N or the oscillator frequency can
be adjusted o t,hangp the maximum possible frequency. A
phase-locked frequency syathesizer such as the Motorola
MC145151-2, or a voltage controlled oscillator driven by &
DIA converter, could also preferably be employed instead of
the divide-by-(M+N} circuit.

It should be understood that other variattons of ihe
preferred embodiments described above fall within the
scope of this invention. Such vadations include different
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clectrode array geometry, such as a grid of s“:ips a grid of
diamonds, parailel strips and various other shapes. Alm
included are different variations of elecirode amray fabric
tion, such as printed cixcuit board (PCR), fex PCB, silk
screen, sheet or foil metal stampings. Variations of the kinds
of capacitance utilized are included, such as full balance (sce
Gerpheide "017), stray, mutual, half balance.

The above description has provided certaiu preferred
embodiments in accordance with this invention. It is appar-
ent by those skilled in the art that varions modifications can
be made within the spitit and scope of the invention, which
are inchuded within the seope of the following claims.

What is claimed 1s:

1. A capacitance-based proximity sens:
position of an object while rej

or for locating the
ng & i'f*qucncv of electrical

L
interference, comprising:

{a) an electrode amvay for forming capacitances which
vary with moveraents of the ohject,

(b} reasurement means coupled Lo the elecirode arvay for
measuning the capacitances synchroncusly with a ref-
erence signal, and

{c) generator means for supplying areference signal to the
measurement means, said reference sipnal having a
freguency which is not coherent with the frequency of
elecirical interference, wherein the generator means
comprises means for evaluating the electrical interfer-
ence and for producing the reference signal, and
wherein the evaluating means includes meaus for stor-
ing a table of freguencies of selected reference signals
and measures of electrical interference IM for each of
these frequencics, and for producing a reference signal
whose frequency bas the lowest IM associated there-
with.

2.4 mpﬁcitance -based proximity sensor for locating the
position of an object while rejecting clectrical interference,
Cmnpnamg N

{a) an elecwode axray for forming capacitances which
vary with movements of the object,

(b} measurement means coupled to the electrede armay for
measuring the capacitances synchronously with a ref-
erence signal,

{c} object locator means responsive 10 the measurement
means for producing a position signal, having a kigh
frequency compoucnf, indicating the position of the
obiject relative to the elecirode array,

{d) generator means for supplying a reference signai o the
measurement means, said reference signal having a
frequency which s not coherent with the frequency of
the electrical interference, and wherein said generator
MEANs COmprises
evaluation means responsive to the object locator

mezans for determining the magnitude of the hiph
frequency component of the position *signal and
means responsive 10 the evaluation means {or changing
the frequency of the reference signal when the mag-
nitude of the bhigh frequency component of the
position signal exceeds & predetermined vahie.

3. A capacitance-based proximity sensor for locating the
posttion of an object while rejecting clectrical interference,
comprising:

{a) an electrode array for forming capacitances which

vary with movements of the object,

(b} measurement means coupled to the electrode array for
measuring the capacitances synchronounsly with a ref-
erence signal, wherein said measurement means com-
prises
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driver means for developing, synchronously with the
reference signal, voltage changes on the electrode
aray,

charge measuring weans for measuring, synchronously
with the reference signal, charges coupled to the $
clectrode ammay and thus capacitance,

means for selectively inhibiting the driver means from
developing voltage changes, the coupled charge
measurements made during inhibition of the driver
means repeesenting the interference mmeasure IM, and 10

(¢} generator means for supplying a reference signal to the

casurement raeans, sald reference signal having a

frequency which is not cohierent with fhc frequency of

the electrical imterfersnce, wherein said generator

means includes means for changing the freguency of 15

the reference signal when the interference measure IM

exceeds 2 predetermined level.

4. The proximity sensor as in claim 3 wherein the gen-
erator means further includes means for storing a tabie of
frequencies of reference signals and associated interference 20

easures IM made for reference sigmi% with each of such
frequencies, and for producing a reference signal whose
frequency has the lowest interference measure IM associated
then

ewith.

5. A capacitance-based proximity sensor for locating the ¥
position of an object while rejecting clectrical interference,
comprising:

(a) an electrode array for forring capacitances which
vary with movements of the object, wherein the elec-
trode atray comprises a plurality of ﬁ*st electrade strips ~
spaced apart from cach other in & first array, and a
plurality of second electrode strips spaced apart from
each other and in close proximity with the first elec-
trode strips,;

{b) measurement means coupled to the clectrode array for
meesuting the capacitances syachronously with a rel-
erence sigaal, aud
{c) generator means for st Jpplym areference signal to the
measurement means, said reference signal having a 4
freguency which is not coherent with the frequency of
the electrical interference.

6. The proximity sensor of claim 5

ment means includes

5 wherein the measure-

driver means for developing, synchronously with the 45
reference sipral, voltage changes on the glectrode
array,

a charge transfer means coupled to the elecirode array for
praducing synchronously with the frequency of the
reference signal, measurernent signals representing ¥
charges coupled onio the elecixode array 2s a result of
the voliage changes,
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synchronons demodulator means coupled to the chargs
transfer means for rectifying the measurement sipnals
synchrenously with the reference signal, and

low pass filter wmeans coupled to the synchronous

demodulator means for producing signals representing
the average DC values of the rectified signals, and thus
representing the capacitances of the clectrode array.

7. The proximity sensor of claim ¢ wherein the measure-
ment means includes a phrality of capacitance measurement
elements, each being connected to a respective electrode
strip.

€. The proximity sensor of claim 7 further comprising a
plurality of synchronous demodulation elements, each con-

nected 10 a respective capacitance measurement slement.

9, The proximity sensor of claim 1 further including a
position locator means connected to the output of the
measurement means for providing a position signal epre-
sentative of the location of the object relative to the electrode
AXTAY.

18, The detection system of claim 3 wherein the electrode
arvay comprises first and second electrode sets spaced from
each other io develop a capacitance for the touch pad.

11 The detection system of claim 16 wherein the fixst and
second set of electrodes are generally orthogonal to each
other to form virtual ciectro'im to provide capacitance.

12, The detection mt 1 wherein the measur-
ing raeans cempns S a fapauuve measurement element
coupled to the electrode array, a synchronous demodulator
coupled to the capacitive measuremert clement, and a
low-pass filter conpled to the demoduiator.

13. A method of sensing the position of aun obyject on an
elecirode array comprising the sieps of:

() generating capacitances on the array which vary with
movement of the object,

{b) measaring the capacitances on the array
nously

synchro-
with the frequency of a reference signal, and
{c) generating a reference signal having a freguency
which is not coherent with the freguencies of the
electrical interference affecting the capacitances by
evaluating the electrical interference, storing a table of
frequencies of selecied reference signals and measures
of electrical interference IM for each of these frequen-
cies, and for producing a reference signal whose fre
quercy has the lowest IM associated therewith.
14. The method of claim 13 and forther including pro-
ducing a signal indicating the position of the ohject relative
o the electrode array.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

U.S. Patent No.: 5,796,183 B1 N Docket No.: 5796183RX2
Issued: August 18, 1998 N Inventors: Hourmand et al.
Filed: January 31, 1996 N Patent Owner: UUSI, LLC
Control No. TBD § Examiner: TBD

For:  Capacitive Responsive Electronic Switching Circuit

Mail Stop Ex Parte Reexam

Attn: Central Reexamination Unit
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

AMENDMENT ACCOMPANYING REQUEST FOR EX PARTE REEXAMINATION

UNDER 35 U.S.C. §§ 302-307

Dear Sir:
Patent Owner UUSI, LLC respectfully submits the following amendments and remarks in
conjunction with its contemporaneous request for Ex Parte Reexamination, pursuant to the

provisions of 35 U.S.C. §§ 302-307 (2002), of claims 18 and 27 of United States Patent No.

5,796,183 C1 (the “" 183 Patent”). The Patent Owner respectfully requests the following
amendments and remarks be entered and respectfully requests consideration of amended claims

18 and 27 and newly added claims 40-105.
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Amendment Accompanying Request for Ex Parte Reexamination
U.S. Patent No. 5,796,183

I LISTING OF THE 183 PATENT CLAIMS UNDER REEXAMINATION

A listing of each claim for which reexamination has been requested is provided below.
Reexamination of claims 18 and 27 is requested contemporaneously with this amendment.
Accordingly, please amend claims 18 and 27 and cancel claim 35 as provided below. In

addition, please add new claims 40-105 as follows.

18. (Amended) A capacitive responsive electronic switching circuit comprising:
an oscillator providing a periodic output signal having a predefined frequency;
a microcontroller using the periodic output signal from the oscillator, the microcontroller

selectively providing signal output frequencies, wherein a signal output frequency is selectively

provided to each row of a plurality of small sized input touch terminals of a keypad;

the plurality of small sized input touch terminals defining adjacent areas on a dielectric
substrate for an operator to provide inputs by proximity and touch; and

a detector circuit coupled to said oscillator for receiving said periodic output signal from
said oscillator, and coupled to said input touch terminals, said detector circuit being responsive to
signals from said oscillator via said microcontroller and a presence of an operator's body
capacitance to ground coupled to said touch terminals when proximal or touched by the operator
to provide a control output signal,

wherein said predefined frequency of said oscillator and said signal output frequencies
are selected to decrease a first impedance of said dielectric substrate relative to a second
impedance of any contaminate that may create an electrical path on said dielectric substrate
between said adjacent areas defined by the plurality of small sized input touch terminals, and

wherein said detector circuit compares a sensed body capacitance change to ground proximate an

Page 2 of 142
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Amendment Accompanying Request for Ex Parte Reexamination
U.S. Patent No. 5,796,183

input touch terminal to a threshold level to prevent inadvertent generation of the control output

signal.

27. (Amended) A capacitive responsive electronic switching circuit for a controlled keypad
device comprising:

an oscillator providing a periodic output signal having a predefined frequencys;

a microcontroller using the periodic output signal from the oscillator, the microcontroller

selectively providing signal output frequencies, wherein a signal output frequency is selectively

provided to each row of a closely spaced array of input touch terminals of a keypad, the input

touch terminals comprising first and second input touch terminals;

the first and second input touch terminals defining areas for an operator to provide an
input by proximity and touch; and

a detector circuit coupled to said oscillator for receiving said periodic output signal from
said oscillator, and coupled to said first and second touch terminals, said detector circuit being
responsive to signals from said oscillator via said microcontroller and a presence of an operator's
body capacitance to ground coupled to said first and second touch terminals when proximal or
touched by the operator to provide a control output signal for actuation of the controlled keypad
device, said detector circuit being configured to generate said control output signal when the
operator is proximal or touches said second touch terminal after the operator is proximal or

touches said first touch terminal.

35. (Cancelled) [[The capacitive responsive electronic switching circuit as defined in claim
27, wherein when the second touch terminal is not touched on its defining area by the operator to

provide input, the control output signal is prevented.]]
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40. (New) The capacitive responsive electronic switching circuit as defined in claim 18

wherein each signal output frequency selectively provided to each row of the plurality of small

sized input touch terminals of the keypad has a same Hertz value.

41. (New) The capacitive responsive electronic switching circuit as defined in claim 18

wherein each signal output frequency selectively provided to each row of the plurality of small

sized input touch terminals of the keypad is selected from a plurality of Hertz values.

42. (New) The capacitive responsive electronic switching circuit as defined in claim 41,

wherein the plurality of Hertz values comprises Hertz values greater than 50 kHz.

43. (New) The capacitive responsive electronic switching circuit as defined in claim 41,

wherein the plurality of Hertz values comprises Hertz values greater than 100 kHz.

44. New) The capacitive responsive electronic switching circuit as defined in claim 41

wherein the plurality of Hertz values comprises Hertz values greater than 800 kHz.

45. New) A capacitive responsive electronic switching circuit comprising:

an oscillator providing a periodic output signal having a predefined frequency:

a microcontroller using the periodic output signal from the oscillator, the microcontroller

selectively providing signal output frequencies directly to a plurality of small sized input touch

terminals of a keypad;

the plurality of small sized input touch terminals defining adjacent areas on a dielectric

substrate for an operator to provide inputs by proximity and touch: and

a detector circuit coupled to said oscillator for receiving said periodic output signal from

Page 4 of 142

Page 554 of 1714



Amendment Accompanying Request for Ex Parte Reexamination
U.S. Patent No. 5,796,183

said oscillator, and coupled to said input touch terminals, said detector circuit being responsive to

signals from said oscillator via said microcontroller and a presence of an operator's body

capacitance to ground coupled to said touch terminals when proximal or touched by the operator

to provide a control output signal,

wherein said predefined frequency of said oscillator and said signal output frequencies

are selected to decrease a first impedance of said dielectric substrate relative to a second

impedance of any contaminate that may create an electrical path on said dielectric substrate

between said adjacent areas defined by the plurality of small sized input touch terminals, and

wherein said detector circuit compares a sensed body capacitance change to ground proximate an

input touch terminal to a threshold level to prevent inadvertent generation of the control output

signal.

46. New) The capacitive responsive electronic switching circuit as defined in claim 45

wherein the sensed body capacitance change to ground proximate the input touch terminal is

caused by the operator’s body capacitance decreasing an input touch terminal signal on the

detector circuit, and wherein the sensed body capacitance change to ground is compared to a

second threshold level to generate the control output signal.

47. (New) The capacitive responsive electronic switching circuit as defined in claim 45,

wherein the sensed body capacitance change to ground proximate the input touch terminal is

caused by the operator’s body capacitance decreasing an input touch terminal signal amplitude

on the detector circuit, and wherein the sensed body capacitance change to ground is compared

to a second threshold level to generate the control output signal.
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48. (New) The capacitive responsive electronic switching circuit as defined in claim 45

wherein the signal output frequencies have a same Hertz value.

49. New) The capacitive responsive electronic switching circuit as defined in claim 45

wherein each signal output frequency is selected from a plurality of Hertz values.

50. (New) The capacitive responsive electronic switching circuit as defined in claim 49,

wherein the plurality of Hertz values comprises Hertz values greater than 50 kHz.

51. (New) The capacitive responsive electronic switching circuit as defined in claim 49,

wherein the plurality of Hertz values comprises Hertz values greater than 100 kHz.

52. (New) The capacitive responsive electronic switching circuit as defined in claim 49,

wherein the plurality of Hertz values comprises Hertz values greater than 800 kHz.

53. New) The capacitive responsive electronic switching circuit as defined in claim 45

wherein a peak voltage of the signal output frequencies is greater than a supply voltage.

54. (New) The capacitive responsive electronic switching circuit as defined in claim 53,

wherein the supply voltage is a battery supply voltage.

55. (New) The capacitive responsive electronic switching circuit as defined in claim 53,

wherein the supply voltage is a voltage regulator supply voltage.

56. New) A capacitive responsive electronic switching circuit comprising:

an oscillator providing a periodic output signal having a predefined frequency;
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a microcontroller using the periodic output signal from the oscillator, the microcontroller

selectively providing signal output frequencies, wherein a signal output frequency is selectively

provided to each row of a plurality of small sized input touch terminals of a keypad, and wherein

a peak voltage of the signal output frequencies is greater than a supply voltage;

the plurality of small sized input touch terminals defining adjacent areas on a dielectric

substrate for an operator to provide inputs by proximity and touch: and

a detector circuit coupled to said oscillator for receiving said periodic output signal from

said oscillator, and coupled to said input touch terminals, said detector circuit being responsive to

signals from said oscillator via said microcontroller and a presence of an operator's body

capacitance to ground coupled to said touch terminals when proximal or touched by the operator

to provide a control output signal,

wherein said predefined frequency of said oscillator and said signal output frequencies

are selected to decrease a first impedance of said dielectric substrate relative to a second

impedance of any contaminate that may create an electrical path on said dielectric substrate

between said adjacent areas defined by the plurality of small sized input touch terminals, and

wherein said detector circuit compares a sensed body capacitance change to ground proximate an

input touch terminal to a threshold level to prevent inadvertent generation of the control output

signal.

57. (New) The capacitive responsive electronic switching circuit as defined in claim 56,

wherein the sensed body capacitance change to ground proximate the input touch terminal is

caused by the operator’s body capacitance decreasing an input touch terminal signal on the

detector circuit, and wherein the sensed body capacitance change to ground is compared to a

second threshold level to generate the control output signal.
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58. (New) The capacitive responsive electronic switching circuit as defined in claim 56,

wherein the sensed body capacitance change to ground proximate the input touch terminal is

caused by the operator’s body capacitance decreasing an input touch terminal signal amplitude

on the detector circuit, and wherein the sensed body capacitance change to ground is compared

to a second threshold level to generate the control output signal.

59. (New) The capacitive responsive electronic switching circuit as defined in claim 56,

wherein each signal output frequency selectively provided to each row of the plurality of small

sized input touch terminals of the keypad has a same Hertz value.

60. (New) The capacitive responsive electronic switching circuit as defined in claim 56

wherein each signal output frequency selectively provided to each row of the plurality of small

sized input touch terminals of the keypad is selected from a plurality of Hertz values.

61. (New) The capacitive responsive electronic switching circuit as defined in claim 60,

wherein the plurality of Hertz values comprises Hertz values greater than 50 kHz.

62. (New) The capacitive responsive electronic switching circuit as defined in claim 60,

wherein the plurality of Hertz values comprises Hertz values greater than 100 kHz.

63. (New) The capacitive responsive electronic switching circuit as defined in claim 60,

wherein the plurality of Hertz values comprises Hertz values greater than 800 kHz.

64. New) The capacitive responsive electronic switching circuit as defined in claim 56

wherein the supply voltage is a battery supply voltage.
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65. (New) The capacitive responsive electronic switching circuit as defined in claim 56,

wherein the supply voltage is a voltage regulator supply voltage.

66. New) The capacitive responsive electronic switching circuit as defined in claim 27

wherein each signal output frequency selectively provided to each row of the closely spaced

array of input touch terminals of the keypad has a same Hertz value.

67. (New) The capacitive responsive electronic switching circuit as defined in claim 27

wherein each signal output frequency selectively provided to each row of the closely spaced

array of input touch terminals of the keypad is selected from a plurality of Hertz values.

68. (New) The capacitive responsive electronic switching circuit as defined in claim 67,

wherein the plurality of Hertz values comprises Hertz values greater than 50 kHz.

69. New) The capacitive responsive electronic switching circuit as defined in claim 67

wherein the plurality of Hertz values comprises Hertz values greater than 100 kHz.

70. (New) The capacitive responsive electronic switching circuit as defined in claim 67,

wherein the plurality of Hertz values comprises Hertz values greater than 800 kHz.

71. (New) The capacitive responsive electronic switching circuit as defined in claim 27,

wherein the detector circuit is configured to inhibit the control output signal unless the operator

is proximal or touches said second touch terminal after the operator is proximal or touches said

first touch terminal.
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72. (New) A capacitive responsive electronic switching circuit for a controlled keypad

device comprising:

an oscillator providing a periodic output signal having a predefined frequency:

a microcontroller using the periodic output signal from the oscillator, the microcontroller

selectively providing signal output frequencies directly to a closely spaced array of input touch

terminals of a keypad, the input touch terminals comprising first and second input touch

terminals;

the first and second input touch terminals defining areas for an operator to provide an

input by proximity and touch; and

a detector circuit coupled to said oscillator for receiving said periodic output signal from

said oscillator, and coupled to said first and second touch terminals, said detector circuit being

responsive to signals from said oscillator via said microcontroller and a presence of an operator's

body capacitance to ground coupled to said first and second touch terminals when proximal or

touched by the operator to provide a control output signal for actuation of the controlled keypad

device, said detector circuit being configured to generate said control output signal when the

operator is proximal or touches said second touch terminal after the operator is proximal or

touches said first touch terminal.

73. (New) The capacitive responsive electronic switching circuit as defined in claim 72

wherein the signal output frequencies have a same Hertz value.

74. (New) The capacitive responsive electronic switching circuit as defined in claim 72

wherein each signal output frequency is selected from a plurality of Hertz values.
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75. (New) The capacitive responsive electronic switching circuit as defined in claim 74,

wherein the plurality of Hertz values comprises Hertz values greater than 50 kHz.

76. New) The capacitive responsive electronic switching circuit as defined in claim 74

wherein the plurality of Hertz values comprises Hertz values greater than 100 kHz.

77. (New) The capacitive responsive electronic switching circuit as defined in claim 74,

wherein the plurality of Hertz values comprises Hertz values greater than 800 kHz.

78. (New) The capacitive responsive electronic switching circuit as defined in claim 72,

wherein said detector circuit is configured to generate said control output signal only when the

operator is proximal or touches said second touch terminal within a predetermined time period

after the operator is proximal or touches said first touch terminal.

further comprising an indicator for indicating the detector circuit has determined that the

operator is proximal or touches said second touch terminal.

80. (New) The capacitive responsive electronic switching circuit as defined in claim 72,

wherein the detector circuit is configured to inhibit the control output signal unless the operator

is proximal or touches said second touch terminal after the operator is proximal or touches said

first touch terminal.

81. New) The capacitive responsive electronic switching circuit as defined in claim 72

wherein a peak voltage of the signal output frequencies is greater than a supply voltage.
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82. (New) The capacitive responsive electronic switching circuit as defined in claim 81,

wherein the supply voltage is a battery supply voltage.

83. New) The capacitive responsive electronic switching circuit as defined in claim 81

wherein the supply voltage is a voltage regulator supply voltage.

84. New) A capacitive responsive electronic switching circuit for a controlled keypad

device comprising:

an oscillator providing a periodic output signal having a predefined frequency;

a microcontroller using the periodic output signal from the oscillator, the microcontroller

selectively providing signal output frequencies to a closely spaced array of input touch terminals

of a keypad, the input touch terminals comprising first and second input touch terminals, wherein

a peak voltage of the signal output frequencies is greater than a supply voltage:

the first and second input touch terminals defining areas for an operator to provide an

input by proximity and touch: and

a detector circuit coupled to said oscillator for receiving said periodic output signal from

said oscillator, and coupled to said first and second touch terminals, said detector circuit being

responsive to signals from said oscillator via said microcontroller and a presence of an operator's

body capacitance to ground coupled to said first and second touch terminals when proximal or

touched by the operator to provide a control output signal for actuation of the controlled keypad

device, said detector circuit being configured to generate said control output signal when the

operator is proximal or touches said second touch terminal after the operator is proximal or

touches said first touch terminal.
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85. (New) The capacitive responsive electronic switching circuit as defined in claim 84

wherein the signal output frequencies have a same Hertz value.

86. New) The capacitive responsive electronic switching circuit as defined in claim 84

wherein each signal output frequency is selected from a plurality of Hertz values.

87. (New) The capacitive responsive electronic switching circuit as defined in claim 86,

wherein the plurality of Hertz values comprises Hertz values greater than 50 kHz.

88. (New) The capacitive responsive electronic switching circuit as defined in claim 86,

wherein the plurality of Hertz values comprises Hertz values greater than 100 kHz.

89. (New) The capacitive responsive electronic switching circuit as defined in claim 86,

wherein the plurality of Hertz values comprises Hertz values greater than 800 kHz.

90. New) The capacitive responsive electronic switching circuit as defined in claim 84

wherein the supply voltage is a battery supply voltage.

91. (New) The capacitive responsive electronic switching circuit as defined in claim 84,

wherein the supply voltage is a voltage regulator supply voltage.

92. (New) The capacitive responsive electronic switching circuit as defined in claim 84,

wherein said detector circuit is configured to generate said control output signal only when the

operator is proximal or touches said second touch terminal within a predetermined time period

after the operator is proximal or touches said first touch terminal.
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93. (New) The capacitive responsive electronic switching circuit as defined in claim 84,

further comprising an indicator for indicating the detector circuit has determined that the

operator is proximal or touches said second touch terminal.

94. (New) The capacitive responsive electronic switching circuit as defined in claim 84,

wherein the detector circuit is configured to inhibit the control output signal unless the operator

is proximal or touches said second touch terminal after the operator is proximal or touches said

first touch terminal.

95. (New) A capacitive responsive electronic switching circuit for a controlled keypad

device comprising:

an oscillator providing a periodic output signal having a predefined frequency;

a microcontroller using the periodic output signal from the oscillator, the microcontroller

selectively providing signal output frequencies, wherein a signal output frequency is selectively

provided to each row of a closely spaced array of input touch terminals of a keypad, the input

touch terminals comprising first and second input touch terminals, and wherein a peak voltage of

the signal output frequencies is greater than a supply voltage:

the first and second input touch terminals defining areas for an operator to provide an

input by proximity and touch; and

a detector circuit coupled to said oscillator for receiving said periodic output signal from

said oscillator, and coupled to said first and second touch terminals, said detector circuit being

responsive to signals from said oscillator via said microcontroller and a presence of an operator's

body capacitance to ground coupled to said first and second touch terminals when proximal or

touched by the operator to provide a control output signal for actuation of the controlled keypad
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device, said detector circuit being configured to generate said control output signal when the

operator is proximal or touches said second touch terminal after the operator is proximal or

touches said first touch terminal.

96. (New) The capacitive responsive electronic switching circuit as defined in claim 95

wherein each signal output frequency selectively provided to each row of the closely spaced

array of input touch terminals of the keypad has a same Hertz value.

97. (New) The capacitive responsive electronic switching circuit as defined in claim 95

wherein each signal output frequency selectively provided to each row of the closely spaced

array of input touch terminals of the keypad is selected from a plurality of Hertz values.

98. (New) The capacitive responsive electronic switching circuit as defined in claim 97,

wherein the plurality of Hertz values comprises Hertz values greater than 50 kHz.

99. (New) The capacitive responsive electronic switching circuit as defined in claim 97,

wherein the plurality of Hertz values comprises Hertz values greater than 100 kHz.

100. (New) The capacitive responsive electronic switching circuit as defined in claim 97,

wherein the plurality of Hertz values comprises Hertz values greater than 800 kHz.

101. New) The capacitive responsive electronic switching circuit as defined in claim 95

wherein the supply voltage is a battery supply voltage.

102. (New) The capacitive responsive electronic switching circuit as defined in claim 95,

wherein the supply voltage is a voltage regulator supply voltage.
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103. (New) The capacitive responsive electronic switching circuit as defined in claim 95,

wherein said detector circuit is configured to generate said control output signal only when the

operator is proximal or touches said second touch terminal within a predetermined time period

after the operator is proximal or touches said first touch terminal.

104. New) The capacitive responsive electronic switching circuit as defined in claim 95

further comprising an indicator for indicating the detector circuit has determined that the

operator is proximal or touches said second touch terminal.

105. (New) The capacitive responsive electronic switching circuit as defined in claim 95,

wherein the detector circuit is configured to inhibit the control output signal unless the operator

is proximal or touches said second touch terminal after the operator is proximal or touches said

first touch terminal.
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II. STATUS OF THE CLAIMS

Claims 1-17, 19-26, 28-34, and 36-39 are unamended with respect to the first Ex Parte
Reexamination Certificate No. 5,796,183 C1 issued April 29, 2013. Claim 35 has been cancelled
herein. Claims 18 and 27 have been amended, and claims 40-105 are newly added. The present

amendment neither enlarges the scope of the claims of the patent nor introduces new matter.

III.  DISCUSSION OF CLAIMS AND PRIOR ART REFERENCES

Patent Owner has filed a Request for Ex Parte Reexamination contemporaneously with
this amendment submitting that a substantial new question of patentability of claim 18 is raised
by the combination of U.S. Patent No. 5,463,388 (“Boie”) and U.S. Patent No. 5,565,658
(“Gerpheide”) and a substantial new question of patentability of claim 27 is raised by the
combination of Boie, Gerpheide and the advertisement entitled “Now...The Invisible Casio
Calculator Watch” (“Casio”).

Patent Owner is amending claims 18 and 27, canceling claim 35, and adding new claims
40-105 in this amendment. Accordingly, Patent Owner respectfully requests consideration of
amended claims 18 and 27 and new claims 40-105. The present amendment neither enlarges the
scope of the claims of the patent nor introduces new matter.

A. REFERENCES OF INTEREST

Reference 1: Boie et al., U.S. Patent No. 5,463,388, filed on January 29, 1993 and
issued on October 31, 1995 (“Boie”), which qualifies as 35 U.S.C.
§ 102(a)-type prior art.

Reference 2: Gerpheide et al., U.S. Patent No. 5,565,658, filed on December 7, 1994
and issued on October 15, 1996 (“Gerpheide”), which qualifies as 35
U.S.C. § 102(e)-type prior art.

Reference 3: Casio advertisement entitled “Now... The Invisible Casio Calculator
Watch,” published in Popular Science by On the Run in 1984 (“Casio”),
which qualifies as 35 U.S.C. § 102(b)-type prior art.
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Reference 4: Lee, thesis entitled “A Fast Multiple-Touch-Sensitive Input Device,” and

published October 1984 (“Lee”), which qualifies as 35 U.S.C. § 102(b)-
type prior art.

References 1-3 above are discussed in detail in the Request for Ex Parte Reexamination

filed herewith, which discussion is incorporated herein by reference. A discussion of reference 4

(Lee) follows.

Lee generally relates to “the design and implementation of a fast-scanning multiple-

touch-sensitive input device.” See, e.g., Lee, Abstract. Lee describes the hardware of his device

as consisting of a sensor matrix board, row and column selection registers, A/D converting

circuits and a dedicated CPU. See id. Figure 3.4, reproduced below, illustrates a block diagram

of the hardware.
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Lee describes the operation of the row and column selection registers as follows:

The design of the sensor matrix is based on the technique of capacitance
measurement between a finger tip and a metal plate. The row selection registers
select one or more rows by setting the corresponding bits to a high state in order
to charge up the sensors while the column selection registers select one or more
columns by turn on corresponding analog switches to discharge the sensors
through timing resistors. The intersecting region of the selected rows and the
selected columns represents the selected sensors as a unit.

Id. at 3-1. Figure 3.1(a) shows a model of a selected sensor in the sensor matrix and Figure
3.1(b) shows the timing diagram for discharging time measurement of a selected sensor as shown

in Figure 3.1(a). Figure 3.2 illustrates a small section of a sensor matrix according to Lee.
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Lee describes the interface between the CPU and the sensor matrix as follows:

The CPU selects the row or rows of a sensor group, initiating charging of all the
associated sensors. After a charging interval, the CPU discharges the selected
column or columns corresponding to a sensor group by connecting a group of
discharge resistors whose current is summed via a high slew rate operational

amplifier.

Id. at 3-10. As illustrated by the data bus of Figure 3.4, Lee teaches the CPU selects or deselects

the row(s) by sending binary signals to the selected row(s). See, e.g., id. at Figs. 3.1(a), 3.1(b),

and 3.4. Lee does not disclose sending frequencies to the selected rows.
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B. DISCUSSION OF CLAIMS

Independent Claim 18

Independent claim 18 as amended herein recites “a microcontroller using the periodic
output signal from the oscillator, the microcontroller selectively providing signal output
frequencies, wherein a signal output frequency is selectively provided to each row of a plurality
of small sized input touch terminals of a keypad.” None of the cited references, alone or in
combination, teaches or suggests these limitations.

Rather, Boie discloses that “RF oscillator 408 provides an RF signal, for example, 100
kilohertz, to circuits 401, synchronous detector and filter 404 via inverter 410, and guard plane
411.” Boie, col. 3:67-col. 4:2. Boie further discloses that “[t]he effects of electrode-to-electrode
capacitances, wiring capacitances and other extraneous capacitances arc minimized by driving all
electrodes and guard plane 411 in unison with the same RF signal from RF oscillator 408.” Id. at
col. 4:58-60; see id. at Fig. 4. Thus, Boie discloses driving the electrodes of electrode array 100
and guard plane 411 with a single RF signal. Boie does not teach or suggest a microcontroller
providing signal output frequencies to these components, wherein a signal output frequency is
selectively provided to each row of a plurality of small sized input touch terminals of a keypad.

Neither Gerpheide nor Lee cures the deficiencies of Boie. While Gerpheide teaches a
reference frequency generator 16 “observes position signals to evaluate the extent of interference
at some reference frequency” and that in “the event that substantial interference is detected, the
generator 16 selects a different frequency for further measurements,” Gerpheide does not teach
that a microcontroller provides these frequencies selectively to each row of the input touch
terminals. See, e.g., id. at col. 8:22-30; Fig. 7. Rather, in Gerpheide, the “reference frequency
signal is supplied to unit 14 via an AND gate 72.... The AND gate output feeds through inverter

74 and noninverting buffer 76 to wires RP and RN respectively which are part of a capacitive
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measurement element 78.” See id. at col. 6:19-26; Fig. 4. Thus, the output of AND gate 72 is
sent to every row of electrode array 12 via one of inverter 74 and noninverting buffer 76 at the
same time. Therefore, Gerpheide does not disclose a signal output frequency is selectively
provided to each row of a plurality of small sized input touch terminals of a keypad.

Likewise, Lee does not teach or suggest that a signal output frequency is selectively

provided to each row of a plurality of small sized input touch terminals of a keypad. Rather, Lee
teaches the CPU selects or deselects row(s) by sending binary signals to the selected row(s). See,
e.g., id. at Figs. 3.1(a), 3.1(b), and 3.4. In contrast, claim 18 recites selectively providing a signal
output frequency to each row of the touch terminals.

Accordingly, Boie in combination with Gerpheide and/or Lee does not disclose all of the
elements of claim 18, and therefore claim 18 is patentable over these references.

New claims 40-44 depend from claim 18 and add further limitations. Patent Owner
respectfully submits that these dependent claims are allowable by reason of depending from an
allowable claim as well as for adding new limitations.

Independent Claim 27

Independent claim 27 as amended herein recites “the microcontroller selectively
providing signal output frequencies, wherein a signal output frequency is selectively provided to
each row of a closely spaced array of input touch terminals of a keypad, the input touch terminals
comprising first and second input touch terminals.” None of the cited references, alone or in
combination, teaches or suggests these limitations.

Rather, Boie discloses that “RF oscillator 408 provides an RF signal, for example, 100
kilohertz, to circuits 401, synchronous detector and filter 404 via inverter 410, and guard plane

411.” Boie, col. 3:67-col. 4:2. Boie further discloses that “[t]he effects of electrode-to-electrode
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capacitances, wiring capacitances and other extraneous capacitances arc minimized by driving all
electrodes and guard plane 411 in unison with the same RF signal from RF oscillator 408.” Id. at
col. 4:58-60; see id. at Fig. 4. Thus Boie discloses driving the electrodes of electrode array 100
and guard plane 411 with a single RF signal. Boie does not teach or suggest the microcontroller
selectively providing signal output frequencies, wherein a signal output frequency is selectively
provided to each row of a closely spaced array of input touch terminals of a keypad, the input
touch terminals comprising first and second input touch terminals.

None of Gerpheide, Lee or Casio cures the deficiencies of Boie. While Gerpheide
teaches a reference frequency generator 16 “observes position signals to evaluate the extent of
interference at some reference frequency” and that in “the event that substantial interference is
detected, the generator 16 selects a different frequency for further measurements,” Gerpheide
does not teach that a microcontroller provides these frequencies selectively to each row of the
input touch terminals. See, e.g., id. at col. 8:22-30; Fig. 7. Rather, in Gerpheide, the “reference
frequency signal is supplied to unit 14 via an AND gate 72.... The AND gate output feeds
through inverter 74 and noninverting buffer 76 to wires RP and RN respectively which are part
of a capacitive measurement element 78.” See id. at col. 6:19-26; Fig. 4. Thus, the output of
AND gate 72 is sent to every row of electrode array 12 via one of inverter 74 and noninverting
buffer 76 at the same time. Therefore, Gerpheide does not disclose a signal output frequency is
selectively provided to each row of a plurality of small sized input touch terminals of a keypad.

Likewise, Lee does not teach or suggest that a signal output frequency is selectively

provided to each row of a plurality of small sized input touch terminals of a keypad. Rather, Lee

teaches the CPU selects or deselects row(s) by sending binary signals to the selected row(s). See,
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e.g., id. at Figs. 3.1(a), 3.1(b), and 3.4. In contrast, claim 27 recites selectively providing a signal
output frequency to each row of the touch terminals.

Casio discloses input touch terminals comprising first and second input touch terminals,
see, e.g., Figure, but fails to provide any teaching with respect to the microcontroller selectively
providing signal output frequencies, wherein a signal output frequency is selectively provided to
each row of a closely spaced array of input touch terminals of a keypad.

Accordingly, Boie in combination with Gerpheide, Lee and/or Casio does not disclose all
of the elements of claim 27, and therefore claim 27 is patentable over these references.

New claims 66-71 depend from claim 27 and add further limitations. Patent Owner
respectfully submits that these dependent claims are allowable by reason of depending from an
allowable claim as well as for adding new limitations.

Independent Claim 45

Independent claim 45 recites “a microcontroller using the periodic output signal from the
oscillator, the microcontroller selectively providing signal output frequencies directly to a
plurality of small sized input touch terminals of a keypad.” None of the cited references, alone
or in combination, teaches or suggests these limitations.

Rather, Boie discloses that “RF oscillator 408 provides an RF signal, for example, 100
kilohertz, to circuits 401, synchronous detector and filter 404 via inverter 410, and guard plane
411.” Boie, col. 3:67-col. 4:2. Boie further discloses that “[t]he effects of electrode-to-electrode
capacitances, wiring capacitances and other extraneous capacitances arc minimized by driving all
electrodes and guard plane 411 in unison with the same RF signal from RF oscillator 408.” Id. at
col. 4:58-60; see id. at Fig. 4. Thus, Boie discloses driving the electrodes of electrode array 100

and guard plane 411 with a single RF signal sent from oscillator 408. Therefore, Boie does not
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teach or suggest a microcontroller selectively providing signal output frequencies directly to a
plurality of small sized input touch terminals of a keypad.

Neither Gerpheide nor Lee cures the deficiencies of Boie. While Gerpheide teaches a
reference frequency generator 16 “observes position signals to evaluate the extent of interference
at some reference frequency” and that in “the event that substantial interference is detected, the
generator 16 selects a different frequency for further measurements,” Gerpheide does not teach
that a microcontroller provides these frequencies directly to a plurality of small sized input touch
terminals. See, e.g., id. at col. 8§:22-30; Fig. 7. Rather, in Gerpheide, the microprocessor
provides value M, i.e., a selected frequency, to a divide-by-(M+N) circuit 104 which then
outputs the reference frequency signal to AND gate 72. See, e.g., id. at col. 8:31-38; col. 6:19-
26; Figs. 4 and 7. Thereafter, the output of AND gate 72 is sent to electrode array 12 via one of
inverter 74 and noninverting buffer 76. See, e.g., id. at col. 6:19-26; Fig. 4. Therefore,
Gerpheide does not disclose the microcontroller selectively providing signal output frequencies
directly to a plurality of small sized input touch terminals of a keypad.

Lee does not teach or suggest that signal output frequencies are directly provided from a

microcontroller to the plurality of small sized input touch terminals of a keypad. Rather, Lee
teaches the CPU selects or deselects row(s) by sending binary signals to the selected row(s). See,
e.g., id. at Figs. 3.1(a), 3.1(b), and 3.4. In contrast, claim 45 recites a microcontroller selectively
provides signal output frequencies directly to the touch terminals.

Accordingly, Boie in combination with Gerpheide and/or Lee does not disclose all of the

elements of claim 45, and therefore claim 45 is patentable over these references.
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New claims 46-55 depend from claim 45 and add further limitations. Patent Owner
respectfully submits that these dependent claims are allowable by reason of depending from an
allowable claim as well as for adding new limitations.

Independent Claim 56

Independent claim 56 recites “a microcontroller using the periodic output signal from the
oscillator, the microcontroller selectively providing signal output frequencies, wherein a signal
output frequency is selectively provided to each row of a plurality of small sized input touch
terminals of a keypad, and wherein a peak voltage of the signal output frequencies is greater than
a supply voltage.” None of the cited references, alone or in combination, teaches or suggests
these limitations.

As discussed above with respect to claims 18 and 27, the cited references, either alone or
in combination, fail to teach or suggest the microcontroller selectively providing signal output
frequencies, wherein a signal output frequency is selectively provided to each row of a plurality
of small sized input touch terminals of a keypad. Moreover, none of the cited references teaches
or suggests wherein a peak voltage of the signal output frequencies is greater than a supply
voltage.

Accordingly, Boie in combination with Gerpheide and/or Lee does not disclose all of the
elements of claim 56, and therefore claim 56 is patentable over these references.

New claims 57-65 depend from claim 56 and add further limitations. Patent Owner
respectfully submits that these dependent claims are allowable by reason of depending from an

allowable claim as well as for adding new limitations.
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Independent Claim 72

Independent claim 72 recites “a microcontroller using the periodic output signal from the
oscillator, the microcontroller selectively providing signal output frequencies directly to a closely
spaced array of input touch terminals of a keypad, the input touch terminals comprising first and
second input touch terminals.” None of the cited references, alone or in combination, teaches or
suggests these limitations.

Rather, Boie discloses that “RF oscillator 408 provides an RF signal, for example, 100
kilohertz, to circuits 401, synchronous detector and filter 404 via inverter 410, and guard plane
411.” Boie, col. 3:67-col. 4:2. Boie further discloses that “[t]he effects of electrode-to-electrode
capacitances, wiring capacitances and other extraneous capacitances arc minimized by driving all
electrodes and guard plane 411 in unison with the same RF signal from RF oscillator 408.” Id. at
col. 4:58-60; see id. at Fig. 4. Thus, Boie discloses driving the electrodes of electrode array 100
and guard plane 411 with a single RF signal sent from oscillator 408. Therefore, Boie does not
teach or suggest a microcontroller selectively providing signal output frequencies directly to a
closely spaced array of input touch terminals of a keypad.

None of Gerpheide, Lee or Casio cures the deficiencies of Boie. While Gerpheide
teaches a reference frequency generator 16 “observes position signals to evaluate the extent of
interference at some reference frequency” and that in “the event that substantial interference is
detected, the generator 16 selects a different frequency for further measurements,” Gerpheide
does not teach that a microcontroller provides these frequencies directly to a closely spaced array
of input touch terminals. See, e.g., id. at col. 8:22-30; Fig. 7. Rather, in Gerpheide, the
microprocessor provides value M, i.e., a selected frequency, to a divide-by-(M+N) circuit 104

which then outputs the reference frequency signal to AND gate 72. See, e.g., id. at col. 8:31-38;
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col. 6:19-26; Figs. 4 and 7. Thereafter, the output of AND gate 72 is sent to electrode array 12
via one of inverter 74 and noninverting buffer 76. See, e.g., id. at col. 6:19-26; Fig. 4.
Therefore, Gerpheide does not disclose the microcontroller selectively providing signal output
frequencies directly to a closely spaced array of input touch terminals of a keypad.

Lee does not teach or suggest that signal output frequencies are directly provided from a

microcontroller to the plurality of small sized input touch terminals of a keypad. Rather, Lee
teaches the CPU selects or deselects row(s) by sending binary signals to the selected row(s). See,
e.g., id. at Figs. 3.1(a), 3.1(b), and 3.4. In contrast, claim 72 recites a microcontroller selectively
provides signal output frequencies directly to the touch terminals.

Casio discloses input touch terminals comprising first and second input touch terminals,
see, e.g., Figure, but fails to provide any teaching with respect to the microcontroller selectively
providing signal output frequencies directly to a closely spaced array of input touch terminals of
a keypad.

Accordingly, Boie in combination with Gerpheide, Lee and/or Casio does not disclose all
of the elements of claim 72, and therefore claim 72 is patentable over these references.

New claims 73-83 depend from claim 72 and add further limitations. Patent Owner
respectfully submits that these dependent claims are allowable by reason of depending from an
allowable claim as well as for adding new limitations.

Independent Claim 84

Independent claim 84 recites “the microcontroller selectively providing signal output
frequencies to a closely spaced array of input touch terminals of a keypad, the input touch
terminals comprising first and second input touch terminals, wherein a peak voltage of the signal

output frequencies is greater than a supply voltage.”
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None of the cited references, alone or in combination, teaches or suggests at least wherein
a peak voltage of the signal output frequencies is greater than a supply voltage. Accordingly,
Boie in combination with Gerpheide, Casio and/or Lee does not disclose all of the elements of
claim 84, and therefore claim 84 is patentable over these references.

New claims 85-94 depend from claim 84 and add further limitations. Patent Owner
respectfully submits that these dependent claims are allowable by reason of depending from an
allowable claim as well as for adding new limitations.

Independent Claim 95

Independent claim 95 recites “a microcontroller using the periodic output signal from the
oscillator, the microcontroller selectively providing signal output frequencies, wherein a signal
output frequency is selectively provided to each row of a closely spaced array of input touch
terminals of a keypad, the input touch terminals comprising first and second input touch
terminals, and wherein a peak voltage of the signal output frequencies is greater than a supply
voltage.” None of the cited references, alone or in combination, teaches or suggests these
limitations.

As discussed above with respect to claims 18, 27 and 56, the cited references, either alone
or in combination, fail to teach or suggest a signal output frequency is selectively provided to
each row of a closely spaced array of input touch terminals of a keypad. Moreover, none of the
cited references teaches or suggests wherein a peak voltage of the signal output frequencies is
greater than a supply voltage.

Accordingly, Boie in combination with Gerpheide, Casio and/or Lee does not disclose all

of the elements of claim 95, and therefore claim 95 is patentable over these references.
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New claims 96-105 depend from claim 95 and add further limitations. Patent Owner

respectfully submits that these dependent claims are allowable by reason of depending from an

allowable claim as well as for adding new limitations.

IV.  SUPPORT FOR CLAIM AMENDMENTS AND NEW CLAIMS

Support for each of the amendments to claims 18 and 27 and for each of the new claims

40-105 may be found throughout the “183 Patent, and particular support may be found, for

example, as set forth in the charts below.

A. Amended Claim 18

switching circuit comprising:

18. A capacitive responsive electronic

output signal having a predefined
frequency;

an oscillator providing a periodic | --

a microcontroller using the

signal output frequencies, wherein a
signal output frequency is selectively
provided to each row of a plurality of
small sized input touch terminals of a
keypad;

periodic output signal from the oscillator,
the microcontroller selectively providing | The “183 Patent discloses “The touch detection

See Figures 4, 11; and Claims 8, 12, 16.

circuit of the present invention features operation
at frequencies at or above 50kHz and preferably
at or above 800 kHz to minimize the effects of
surface contamination from materials such a
[sic] skin oils and water. It also offers
improvements in detection sensitivity that allow
close control of the degree of proximity (ideally
very close proximity) that is required for
actuation and to enable employment of a
multiplicity of small sized touch terminals in a
physically close array such as a keyboard.” Col.
5:49-57.

The ~183 Patent discloses “In a first preferred
embodiment the circuit offers enhanced
detection sensitivity to allow reliable operation
with small (finger size) touch pads.” Col. 6:1-3.

The ~183 Patent discloses “Although the
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preferred frequency is at or above 100 kHz, and
more preferably at or above 800 kHz, it is
conceivable that frequencies as low as 50 kHz
could be used provided the frequency creates a
difference in the impedance paths of adjacent
pads that is sufficient enough to accurately
distinguish between an intended touch and the
touch of an adjacent pad. Use of frequencies as
low as 50 kHz may also be possible depending
upon the type of glass or covering or the
thickness thereof used for the touch pad.” Col.
11:19-27.

The ~183 Patent discloses “Upon being powered
by voltage regulator 100, oscillator 200
generates a square wave with a frequency of 50
kHz, and preferably greater than 800 kHz, and
having an amplitude of 26 V peak. The square
wave generated by oscillator 200 is supplied via
line 201 to a floating common generator 300, a
touch pad shield plate 460, a touch circuit 400,
and a microcontroller 500. Oscillator 200 is
described below with reference to FIG. 6.
Floating common generator 300 receives the 26
V peak square wave from oscillator 200 and
outputs a regulated floating common that is 5
volts below the square wave output from
oscillator 200 and has the same phase and
frequency as the received square wave. This
floating common output is supplied to touch
circuit 400 and microcontroller 500 via line 301
such that the output square wave from oscillator
200 and floating common output from floating
common generator 300 provide power to touch
circuit 400 and microcontroller 500. Details of
floating common generator 300 are discussed
below with reference to FIG. 7.

Touch circuit 400 senses capacitance from a
touch pad 450 via line 451 and outputs a signal
to microcontroller 500 via line 401 upon
detecting a capacitance to ground at touch pad
450 that exceeds a threshold value. The details
of touch circuit 400 are described below with
reference to FIG. 8.
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Upon receiving an indication from touch circuit
400 that a sufficient capacitance to ground
(typically at least 20 pF) is present at touch pad
450, microcontroller 500 outputs a signal to a
load-controlling microcontroller 600 via line
501, which is preferably a two way optical
coupling bus.” Col. 12:6-33.

The ~183 Patent discloses “As will be apparent
to those skilled in the art, the values of the
resistors and capacitors utilized in oscillator 200
may be varied from those disclosed above to
provide for different oscillator output
frequencies.” Col. 14:22-25.

The ~183 Patent discloses “A multiple touch pad
circuit constructed in accordance with the
second embodiment is shown in FIG. 11. In the
second embodiment of FIG. 11, components
similar to those in the first embodiment in FIG. 4
are designated with the same references
numerals and will not be discussed in detail.

The multiple touch pad circuit is a variation of
the first embodiment in that it includes an array
of touch circuits designated as 900; through
900,m, which, as shown, include both the touch
circuit 400 shown in FIGS. 4 and 8 and the input
touch terminal pad 451 (FIG. 4).

Microcontroller 500 selects each row of the
touch circuits 900; to 900, by providing the
signal from oscillator 200 to selected rows of
touch circuits. In this manner, microcontroller
500 can sequentially activate the touch circuit
rows and associate the received inputs from the
columns of the array with the activated touch
circuit(s). To keep the path length 451 between
the touch pad 450 and the base to the detection
transistor 410 to a minimum, the detection
circuits 900 are physically located directly
beneath the touch pads. To simplify assembly, a
flexible circuit board such as vended by
Sheldahl, Inc. or Circuit Etching Technics, Inc.
can be used for this purpose. Ideally, the printed
circuit will be fixed directly against the surface
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(typically glass) bearing the conductive touch
pads to eliminate air gaps and the need for
conductive foam pads and spring contacts which
were used to fill air gaps.” Col. 18:34-59.

the plurality of small sized input --
touch terminals defining adjacent areas on
a dielectric substrate for an operator to
provide inputs by proximity and touch;
and

a detector circuit coupled to said --
oscillator for receiving said periodic
output signal from said oscillator, and
coupled to said input touch terminals, said
detector circuit being responsive to signals
from said oscillator via said
microcontroller and a presence of an
operator's body capacitance to ground
coupled to said touch terminals when
proximal or touched by the operator to
provide a control output signal,

wherein said predefined frequency | --
of said oscillator and said signal output
frequencies are selected to decrease a first
impedance of said dielectric substrate
relative to a second impedance of any
contaminate that may create an electrical
path on said dielectric substrate between
said adjacent areas defined by the
plurality of small sized input touch
terminals, and wherein said detector
circuit compares a sensed body
capacitance change to ground proximate
an input touch terminal to a threshold
level to prevent inadvertent generation of
the control output signal.

B. Amended Claim 27

27. A capacitive responsive electronic
switching circuit for a controlled keypad
device comprising:
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an oscillator providing a periodic
output signal having a predefined
frequency;

a microcontroller using the See Figures 4, 11; and Claims 8, 12, 16.
periodic output signal from the oscillator,
the microcontroller selectively providing | The “183 Patent discloses “The touch detection

signal output frequencies, wherein a circuit of the present invention features operation
signal output frequency is selectively at frequencies at or above 50 kHz and preferably

provided to each row of a closely spaced | at or above 800 kHz to minimize the effects of
array of input touch terminals of a keypad, | surface contamination from materials such a
the input touch terminals comprising first | [sic] skin oils and water. It also offers

and second input touch terminals; improvements in detection sensitivity that allow
close control of the degree of proximity (ideally
very close proximity) that is required for
actuation and to enable employment of a
multiplicity of small sized touch terminals in a
physically close array such as a keyboard.” Col.
5:49-57.

The “183 Patent discloses “In a first preferred
embodiment the circuit offers enhanced
detection sensitivity to allow reliable operation
with small (finger size) touch pads.” Col. 6:1-3.

The “183 Patent discloses “Although the
preferred frequency is at or above 100 kHz, and
more preferably at or above 800 kHz, it is
conceivable that frequencies as low as 50 kHz
could be used provided the frequency creates a
difference in the impedance paths of adjacent
pads that is sufficient enough to accurately
distinguish between an intended touch and the
touch of an adjacent pad. Use of frequencies as
low as 50 kHz may also be possible depending
upon the type of glass or covering or the
thickness thereof used for the touch pad.” Col.
11:19-27.

The ~183 Patent discloses “Upon being powered
by voltage regulator 100, oscillator 200
generates a square wave with a frequency of 50
kHz, and preferably greater than 800 kHz, and
having an amplitude of 26 V peak. The square
wave generated by oscillator 200 is supplied via
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line 201 to a floating common generator 300, a
touch pad shield plate 460, a touch circuit 400,
and a microcontroller 500. Oscillator 200 is
described below with reference to FIG. 6.
Floating common generator 300 receives the 26
V peak square wave from oscillator 200 and
outputs a regulated floating common that is 5
volts below the square wave output from
oscillator 200 and has the same phase and
frequency as the received square wave. This
floating common output is supplied to touch
circuit 400 and microcontroller 500 via line 301
such that the output square wave from oscillator
200 and floating common output from floating
common generator 300 provide power to touch
circuit 400 and microcontroller 500. Details of
floating common generator 300 are discussed
below with reference to FIG. 7.

Touch circuit 400 senses capacitance from a
touch pad 450 via line 451 and outputs a signal
to microcontroller 500 via line 401 upon
detecting a capacitance to ground at touch pad
450 that exceeds a threshold value. The details
of touch circuit 400 are described below with
reference to FIG. 8.

Upon receiving an indication from touch circuit
400 that a sufficient capacitance to ground
(typically at least 20 pF) is present at touch pad
450, microcontroller 500 outputs a signal to a
load-controlling microcontroller 600 via line
501, which is preferably a two way optical
coupling bus.” Col. 12:6-33.

The ~183 Patent discloses “As will be apparent
to those skilled in the art, the values of the
resistors and capacitors utilized in oscillator 200
may be varied from those disclosed above to
provide for different oscillator output
frequencies.” Col. 14:22-25.

The ~183 Patent discloses “A multiple touch pad
circuit constructed in accordance with the
second embodiment is shown in FIG. 11. In the
second embodiment of FIG. 11, components
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similar to those in the first embodiment in FIG. 4
are designated with the same references
numerals and will not be discussed in detail.

The multiple touch pad circuit is a variation of
the first embodiment in that it includes an array
of touch circuits designated as 900; through
900,m, which, as shown, include both the touch
circuit 400 shown in FIGS. 4 and 8 and the input
touch terminal pad 451 (FIG. 4).

Microcontroller 500 selects each row of the
touch circuits 900; to 900, by providing the
signal from oscillator 200 to selected rows of
touch circuits. In this manner, microcontroller
500 can sequentially activate the touch circuit
rows and associate the received inputs from the
columns of the array with the activated touch
circuit(s). To keep the path length 451 between
the touch pad 450 and the base to the detection
transistor 410 to a minimum, the detection
circuits 900 are physically located directly
beneath the touch pads. To simplify assembly, a
flexible circuit board such as vended by
Sheldahl, Inc. or Circuit Etching Technics, Inc.
can be used for this purpose. Ideally, the printed
circuit will be fixed directly against the surface
(typically glass) bearing the conductive touch
pads to eliminate air gaps and the need for
conductive foam pads and spring contacts which
were used to fill air gaps.” Col. 18:34-59.

the first and second input touch --
terminals defining areas for an operator to
provide an input by proximity and touch;
and

a detector circuit coupled to said --
oscillator for receiving said periodic
output signal from said oscillator, and
coupled to said first and second touch
terminals, said detector circuit being
responsive to signals from said oscillator
via said microcontroller and a presence of
an operator's body capacitance to ground
coupled to said first and second touch
terminals when proximal or touched by
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the operator to provide a control output
signal for actuation of the controlled
keypad device, said detector circuit being
configured to generate said control output
signal when the operator is proximal or
touches said second touch terminal after
the operator is proximal or touches said
first touch terminal.

C. New Claim 40

40. The capacitive responsive See Figure 11.

electronic switching circuit as defined in

claim 18, wherein each signal output The ~183 Patent discloses “The touch detection
frequency selectively provided to each circuit of the present invention features operation
row of the plurality of small sized input at frequencies at or above 50 kHz and preferably
touch terminals of the keypad has a same | at or above 800 kHz to minimize the effects of
Hertz value. surface contamination from materials such a

[sic] skin oils and water. Col. 5:49-53.

The ~183 Patent discloses “Conversely, at 100
kHz, the glass impedance drops to
approximately 1 MQ resulting in the impedance
of the path to ground for pad 59 being twice that
of the touched pad 57. For cases where
background noise and temperature drifts are
comparatively small, a 100 kHz oscillator
frequency would allow a sufficiently low
detection threshold to be set to differentiate
between the signal changes induced at both pads
by a human touch opposite a single pad. At 800
kHz, the impedance of the glass drops to 200 kQ
or lower giving a ratio of a greater than 5 to 1
impedance difference between the paths to
ground of the touched pad 57 and adjacent pads
59. In fact, the impedance ratio may exceed 10
to 1, as illustrated in the calculation below. This
allows the detection threshold for the touched
pad to be set well below that of an adjacent pad
resulting in a much lower incidence of
inadvertent actuation of adjacent touch pads to
that of the touched pad. Ideally, the frequency of
operation would be kept at the 800 kHz of the

Page 37 of 142

Page 587 of 1714



Amendment Accompanying Request for Ex Parte Reexamination
U.S. Patent No. 5,796,183

preferred embodiment or even higher. However,
as noted earlier, higher frequency operation
forces the use of more expensive components
and designs. For applications where thermal drift
and electronic noise levels are low, operation at
or near 100 kHz may be possible. However, at
10 kHz and below, the impedance of the glass
becomes much greater than that of likely water
bridges between pads resulting in adjacent pads
being effected as much by a touch as the touched
pad itself. Although the preferred frequency is at
or above 100 kHz, and more preferably at or
above 800 kHz, it is conceivable that frequencies
as low as 50 kHz could be used provided the
frequency creates a difference in the impedance
paths of adjacent pads that is sufficient enough
to accurately distinguish between an intended
touch and the touch of an adjacent pad. Use of
frequencies as low as 50 kHz may also be
possible depending upon the type of glass or
covering or the thickness thereof used for the
touch pad. Col. 10:60 — Col. 11:27.

The ~183 Patent discloses “As will be apparent
to those skilled in the art, the values of the
resistors and capacitors utilized in oscillator 200
may be varied from those disclosed above to
provide for different oscillator output
frequencies. As discussed above, however,
oscillator 200 is preferably constructed so as to
output a square wave having a frequency of 50
kHz or greater, and more preferably, of 800 kHz
or greater. Col. 14:22-28.

The "183 Patent disclosed “The combination of
oscillator voltage, frequency and transistor gain
bandwidth product that is used will necessarily
vary with the cost, safety and reliability
requirements of a given application.” Col. 14:65
—Col. 15:1.

D. New Claim 41
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41. The capacitive responsive See Figure 11.

electronic switching circuit as defined in

claim 18, wherein each signal output The ~183 Patent discloses “The touch detection
frequency selectively provided to each circuit of the present invention features operation
row of the plurality of small sized input at frequencies at or above 50 kHz and preferably
touch terminals of the keypad is selected | at or above 800 kHz to minimize the effects of
from a plurality of Hertz values. surface contamination from materials such a

[sic] skin oils and water. Col. 5:49-53.

The “183 Patent discloses “Conversely, at 100
kHz, the glass impedance drops to
approximately 1 MQ resulting in the impedance
of the path to ground for pad 59 being twice that
of the touched pad 57. For cases where
background noise and temperature drifts are
comparatively small, a 100 kHz oscillator
frequency would allow a sufficiently low
detection threshold to be set to differentiate
between the signal changes induced at both pads
by a human touch opposite a single pad. At 800
kHz, the impedance of the glass drops to 200 kQ
or lower giving a ratio of a greater than 5 to 1
impedance difference between the paths to
ground of the touched pad 57 and adjacent pads
59. In fact, the impedance ratio may exceed 10
to 1, as illustrated in the calculation below. This
allows the detection threshold for the touched
pad to be set well below that of an adjacent pad
resulting in a much lower incidence of
inadvertent actuation of adjacent touch pads to
that of the touched pad. Ideally, the frequency of
operation would be kept at the 800 kHz of the
preferred embodiment or even higher. However,
as noted earlier, higher frequency operation
forces the use of more expensive components
and designs. For applications where thermal drift
and electronic noise levels are low, operation at
or near 100 kHz may be possible. However, at
10 kHz and below, the impedance of the glass
becomes much greater than that of likely water
bridges between pads resulting in adjacent pads
being effected as much by a touch as the touched
pad itself. Although the preferred frequency is at
or above 100 kHz, and more preferably at or
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above 800 kHz, it is conceivable that frequencies
as low as 50 kHz could be used provided the
frequency creates a difference in the impedance
paths of adjacent pads that is sufficient enough
to accurately distinguish between an intended
touch and the touch of an adjacent pad. Use of
frequencies as low as 50 kHz may also be
possible depending upon the type of glass or
covering or the thickness thereof used for the
touch pad. Col. 10:60 — Col. 11:27.

The ~183 Patent discloses “As will be apparent
to those skilled in the art, the values of the
resistors and capacitors utilized in oscillator 200
may be varied from those disclosed above to
provide for different oscillator output
frequencies. As discussed above, however,
oscillator 200 is preferably constructed so as to
output a square wave having a frequency of 50
kHz or greater, and more preferably, of 800 kHz
or greater. Col. 14:22-28.

The ~183 Patent disclosed “The combination of
oscillator voltage, frequency and transistor gain
bandwidth product that is used will necessarily
vary with the cost, safety and reliability
requirements of a given application.” Col. 14:65
—Col. 15:1.

E. New Claim 42

. e capacitive responsive
electronic switching circuit as defined in
claim 41, wherein the plurality of Hertz The ~183 Patent discloses “The touch detection
values comprises Hertz values greater circuit of the present invention features operation
than 50 kHz. at frequencies at or above 50 kHz and preferably
at or above 800 kHz to minimize the effects of
surface contamination from materials such a

[sic] skin oils and water. Col. 5:49-53.

The 183 Patent discloses “Conversely, at 100
kHz, the glass impedance drops to
approximately 1 MQ resulting in the impedance
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of the path to ground for pad 59 being twice that
of the touched pad 57. For cases where
background noise and temperature drifts are
comparatively small, a 100 kHz oscillator
frequency would allow a sufficiently low
detection threshold to be set to differentiate
between the signal changes induced at both pads
by a human touch opposite a single pad. At 800
kHz, the impedance of the glass drops to 200 kQ
or lower giving a ratio of a greater than 5 to 1
impedance difference between the paths to
ground of the touched pad 57 and adjacent pads
59. In fact, the impedance ratio may exceed 10
to 1, as illustrated in the calculation below. This
allows the detection threshold for the touched
pad to be set well below that of an adjacent pad
resulting in a much lower incidence of
inadvertent actuation of adjacent touch pads to
that of the touched pad. Ideally, the frequency of
operation would be kept at the 800 kHz of the
preferred embodiment or even higher. However,
as noted earlier, higher frequency operation
forces the use of more expensive components
and designs. For applications where thermal drift
and electronic noise levels are low, operation at
or near 100 kHz may be possible. However, at
10 kHz and below, the impedance of the glass
becomes much greater than that of likely water
bridges between pads resulting in adjacent pads
being effected as much by a touch as the touched
pad itself. Although the preferred frequency is at
or above 100 kHz, and more preferably at or
above 800 kHz, it is conceivable that frequencies
as low as 50 kHz could be used provided the
frequency creates a difference in the impedance
paths of adjacent pads that is sufficient enough
to accurately distinguish between an intended
touch and the touch of an adjacent pad. Use of
frequencies as low as 50 kHz may also be
possible depending upon the type of glass or
covering or the thickness thereof used for the
touch pad. Col. 10:60 — Col. 11:27.

The “183 Patent discloses “As will be apparent
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to those skilled in the art, the values of the
resistors and capacitors utilized in oscillator 200
may be varied from those disclosed above to
provide for different oscillator output
frequencies. As discussed above, however,
oscillator 200 is preferably constructed so as to
output a square wave having a frequency of 50
kHz or greater, and more preferably, of 800 kHz
or greater. Col. 14:22-28.

The ~183 Patent disclosed “The combination of
oscillator voltage, frequency and transistor gain
bandwidth product that is used will necessarily
vary with the cost, safety and reliability
requirements of a given application.” Col. 14:65
—Col. 15:1.

F. New Claim 43

43. The capacitive responsive See Figure 11.
electronic switching circuit as defined in
claim 41, wherein the plurality of Hertz The ~183 Patent discloses “The touch detection
values comprises Hertz values greater circuit of the present invention features operation
than 100 kHz. at frequencies at or above 50 kHz and preferably
at or above 800 kHz to minimize the effects of
surface contamination from materials such a

[sic] skin oils and water. Col. 5:49-53.

The “183 Patent discloses “Conversely, at 100
kHz, the glass impedance drops to
approximately 1 MQ resulting in the impedance
of the path to ground for pad 59 being twice that
of the touched pad 57. For cases where
background noise and temperature drifts are
comparatively small, a 100 kHz oscillator
frequency would allow a sufficiently low
detection threshold to be set to differentiate
between the signal changes induced at both pads
by a human touch opposite a single pad. At 800
kHz, the impedance of the glass drops to 200 kQ
or lower giving a ratio of a greater than 5 to 1
impedance difference between the paths to
ground of the touched pad 57 and adjacent pads
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59. In fact, the impedance ratio may exceed 10
to 1, as illustrated in the calculation below. This
allows the detection threshold for the touched
pad to be set well below that of an adjacent pad
resulting in a much lower incidence of
inadvertent actuation of adjacent touch pads to
that of the touched pad. Ideally, the frequency of
operation would be kept at the 800 kHz of the
preferred embodiment or even higher. However,
as noted earlier, higher frequency operation
forces the use of more expensive components
and designs. For applications where thermal drift
and electronic noise levels are low, operation at
or near 100 kHz may be possible. However, at
10 kHz and below, the impedance of the glass
becomes much greater than that of likely water
bridges between pads resulting in adjacent pads
being effected as much by a touch as the touched
pad itself. Although the preferred frequency is at
or above 100 kHz, and more preferably at or
above 800 kHz, it is conceivable that frequencies
as low as 50 kHz could be used provided the
frequency creates a difference in the impedance
paths of adjacent pads that is sufficient enough
to accurately distinguish between an intended
touch and the touch of an adjacent pad. Use of
frequencies as low as 50 kHz may also be
possible depending upon the type of glass or
covering or the thickness thereof used for the
touch pad. Col. 10:60 — Col. 11:27.

The “183 Patent discloses “As will be apparent
to those skilled in the art, the values of the
resistors and capacitors utilized in oscillator 200
may be varied from those disclosed above to
provide for different oscillator output
frequencies. As discussed above, however,
oscillator 200 is preferably constructed so as to
output a square wave having a frequency of 50
kHz or greater, and more preferably, of 800 kHz
or greater. Col. 14:22-28.

The “183 Patent disclosed “The combination of
oscillator voltage, frequency and transistor gain
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bandwidth product that is used will necessarily
vary with the cost, safety and reliability
requirements of a given application.” Col. 14:65
—Col. 15:1.

G. New Claim 44

44. e capacitive responsive
electronic switching circuit as defined in
claim 41, wherein the plurality of Hertz The “183 Patent discloses ‘“The touch detection
values comprises Hertz values greater circuit of the present invention features operation
than 800 kHz. at frequencies at or above 50 kHz and preferably
at or above 800 kHz to minimize the effects of
surface contamination from materials such a

[sic] skin oils and water. Col. 5:49-53.

The ~183 Patent discloses “At 800 kHz, the
impedance of the glass drops to 200 k€2 or lower
giving a ratio of a greater than 5 to 1 impedance
difference between the paths to ground of the
touched pad 57 and adjacent pads 59. In fact, the
impedance ratio may exceed 10 to 1, as
illustrated in the calculation below. This allows
the detection threshold for the touched pad to be
set well below that of an adjacent pad resulting
in a much lower incidence of inadvertent
actuation of adjacent touch pads to that of the
touched pad. Ideally, the frequency of operation
would be kept at the 800 kHz of the preferred
embodiment or even higher. However, as noted
earlier, higher frequency operation forces the use
of more expensive components and designs. For
applications where thermal drift and electronic
noise levels are low, operation at or near 100
kHz may be possible. However, at 10 kHz and
below, the impedance of the glass becomes
much greater than that of likely water bridges
between pads resulting in adjacent pads being
effected as much by a touch as the touched pad
itself. Although the preferred frequency is at or
above 100 kHz, and more preferably at or above
800 kHz, it is conceivable that frequencies as
low as 50 kHz could be used provided the
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frequency creates a difference in the impedance
paths of adjacent pads that is sufficient enough
to accurately distinguish between an intended
touch and the touch of an adjacent pad. Use of
frequencies as low as 50 kHz may also be
possible depending upon the type of glass or
covering or the thickness thereof used for the
touch pad. Col. 11:1-27.

The ~183 Patent discloses “As will be apparent
to those skilled in the art, the values of the
resistors and capacitors utilized in oscillator 200
may be varied from those disclosed above to
provide for different oscillator output
frequencies. As discussed above, however,
oscillator 200 is preferably constructed so as to
output a square wave having a frequency of 50
kHz or greater, and more preferably, of 800 kHz
or greater. Col. 14:22-28.

The ~183 Patent disclosed “The combination of
oscillator voltage, frequency and transistor gain
bandwidth product that is used will necessarily
vary with the cost, safety and reliability
requirements of a given application.” Col. 14:65
—Col. 15:1.

H. New Claim 45

For ease of analysis, new independent claim 45 is shown below with pseudo-amendments

illustrating the differences between new claim 45 and claim 18 of the “183 Patent following the

first reexamination proceeding.

45. A capacitive responsive
switching circuit comprising:

ectron

See Claim 18.

output signal having a predefined
frequency;

an oscillator providing a periodic

See Claim 18.

a microcontroller using the

See Figures 4, 11; and Claims 8, 12, 16.
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periodic output signal from the oscillator,
the microcontroller selectively providing | The “183 Patent discloses “The touch detection

signal output frequencies directly to a circuit of the present invention features operation
plurality of small sized input touch at frequencies at or above 50kHz and preferably
terminals of a keypad; at or above 800 kHz to minimize the effects of

surface contamination from materials such a
[sic] skin oils and water. It also offers
improvements in detection sensitivity that allow
close control of the degree of proximity (ideally
very close proximity) that is required for
actuation and to enable employment of a
multiplicity of small sized touch terminals in a
physically close array such as a keyboard.” Col.
5:49-57.

The ~183 Patent discloses “In a first preferred
embodiment the circuit offers enhanced
detection sensitivity to allow reliable operation
with small (finger size) touch pads.” Col. 6:1-3.

The ~183 Patent discloses “Although the
preferred frequency is at or above 100 kHz, and
more preferably at or above 800 kHz, it is
conceivable that frequencies as low as 50 kHz
could be used provided the frequency creates a
difference in the impedance paths of adjacent
pads that is sufficient enough to accurately
distinguish between an intended touch and the
touch of an adjacent pad. Use of frequencies as
low as 50 kHz may also be possible depending
upon the type of glass or covering or the
thickness thereof used for the touch pad.” Col.
11:19-27.

The “183 Patent discloses “Upon being powered
by voltage regulator 100, oscillator 200
generates a square wave with a frequency of 50
kHz, and preferably greater than 800 kHz, and
having an amplitude of 26 V peak. The square
wave generated by oscillator 200 is supplied via
line 201 to a floating common generator 300, a
touch pad shield plate 460, a touch circuit 400,
and a microcontroller 500. Oscillator 200 is
described below with reference to FIG. 6.
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Floating common generator 300 receives the 26
V peak square wave from oscillator 200 and
outputs a regulated floating common that is 5
volts below the square wave output from
oscillator 200 and has the same phase and
frequency as the received square wave. This
floating common output is supplied to touch
circuit 400 and microcontroller 500 via line 301
such that the output square wave from oscillator
200 and floating common output from floating
common generator 300 provide power to touch
circuit 400 and microcontroller 500. Details of
floating common generator 300 are discussed
below with reference to FIG. 7.

Touch circuit 400 senses capacitance from a
touch pad 450 via line 451 and outputs a signal
to microcontroller 500 via line 401 upon
detecting a capacitance to ground at touch pad
450 that exceeds a threshold value. The details
of touch circuit 400 are described below with
reference to FIG. 8.

Upon receiving an indication from touch circuit
400 that a sufficient capacitance to ground
(typically at least 20 pF) is present at touch pad
450, microcontroller 500 outputs a signal to a
load-controlling microcontroller 600 via line
501, which is preferably a two way optical
coupling bus.” Col. 12:6-33.

The ~183 Patent discloses “As will be apparent
to those skilled in the art, the values of the
resistors and capacitors utilized in oscillator 200
may be varied from those disclosed above to
provide for different oscillator output
frequencies.” Col. 14:22-25.

The ~183 Patent discloses “A multiple touch pad
circuit constructed in accordance with the
second embodiment is shown in FIG. 11. In the
second embodiment of FIG. 11, components
similar to those in the first embodiment in FIG. 4
are designated with the same references
numerals and will not be discussed in detail.

The multiple touch pad circuit is a variation of
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the first embodiment in that it includes an array
of touch circuits designated as 900; through
900,m, which, as shown, include both the touch
circuit 400 shown in FIGS. 4 and 8 and the input
touch terminal pad 451 (FIG. 4).
Microcontroller 500 selects each row of the
touch circuits 900; to 900, by providing the
signal from oscillator 200 to selected rows of
touch circuits. In this manner, microcontroller
500 can sequentially activate the touch circuit
rows and associate the received inputs from the
columns of the array with the activated touch
circuit(s). To keep the path length 451 between
the touch pad 450 and the base to the detection
transistor 410 to a minimum, the detection
circuits 900 are physically located directly
beneath the touch pads. To simplify assembly, a
flexible circuit board such as vended by
Sheldahl, Inc. or Circuit Etching Technics, Inc.
can be used for this purpose. Ideally, the printed
circuit will be fixed directly against the surface
(typically glass) bearing the conductive touch
pads to eliminate air gaps and the need for
conductive foam pads and spring contacts which
were used to fill air gaps.” Col. 18:34-59.

the plurality of small sized input
touch terminals defining adjacent areas on
a dielectric substrate for an operator to
provide inputs by proximity and touch;
and

See Claim 18.

a detector circuit coupled to said
oscillator for receiving said periodic
output signal from said oscillator, and
coupled to said input touch terminals, said
detector circuit being responsive to signals
from said oscillator via said
microcontroller and a presence of an
operator's body capacitance to ground
coupled to said touch terminals when
proximal or touched by the operator to
provide a control output signal,

See Claim 18.

wherein said predefined frequency
of said oscillator and said signal output

See Claim 18.

Page 48 of 142

Page 598 of 1714




Amendment Accompanying Request for Ex Parte Reexamination
U.S. Patent No. 5,796,183

frequencies are selected to decrease a firs
impedance of said dielectric substrate
relative to a second impedance of any
contaminate that may create an electrical
path on said dielectric substrate between
said adjacent areas defined by the
plurality of small sized input touch
terminals, and wherein said detector
circuit compares a sensed body
capacitance change to ground proximate
an input touch terminal to a threshold
level to prevent inadvertent generation of
the control output signal.

1. New Claim 46

For ease of analysis, new dependent claim 46 is shown below with pseudo-amendments

illustrating the differences between new claim 46 and claim 33 of the “183 Patent following the

first reexamination proceeding.

46. The capacitive responsive electronic
switching circuit as defined in claim 45,

farther comprising wherein said-detector
eireuit-compares the sensed body

capacitance change to ground proximate
the input touch terminal is caused by the
operator’s body capacitance decreasing an
input touch terminal signal on the detector
circuit, and wherein the sensed body
capacitance change to ground when

; bed ; inal is
compared to a second threshold level to
generate the control output signal.

See Claims 1, 18, 28, and 33.

The ~183 Patent discloses ““The touch detection
circuit of the present invention features operation
at frequencies at or above 50 kHz and preferably
at or above 800 kHz to minimize the effects of
surface contamination from materials such a
[sic] skin oils and water. It also offers
improvements in detection sensitivity that allow
close control of the degree of proximity (ideally
very close proximity) that is required for
actuation and to enable employment of a
multiplicity of small sized touch terminals in a
physically close array such as a keyboard.” Col.
5:49-57.

The ~183 Patent discloses “Touch circuit 400
senses capacitance from a touch pad 450 via line
451 and outputs a signal to microcontroller 500
via line 401 upon detecting a capacitance to
ground at touch pad 450 that exceeds a threshold
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value. The details of touch circuit 400 are
described below with reference to FIG. 8.”” Col.
12:24-28.

The 183 Patent discloses “As can be seen, at 1
kHz, the capacitive impedance of the glass is
much greater than the nominal 1 M of the
water bridge across the pads. As aresult, at 1
kHz, there would be little difference in the
impedance paths to ground of the two adjacent
pads when either is touched. This would result
in the voltage on both pads being pulled towards
ground by comparable amounts. Conversely, at
100 kHz, the glass impedance drops to
approximately 1 MQ resulting in the impedance
of the path to ground for pad 59 being twice that
of the touched pad 57. For cases where
background noise and temperature drifts are
comparatively small, a 100 kHz oscillator
frequency would allow a sufficiently low
detection threshold to be set to differentiate
between the signal changes induced at both pads
by a human touch opposite a single pad. At 800
kHz, the impedance of the glass drops to 200 kQ
or lower giving a ratio of a greater than 5 to 1
impedance difference between the paths to
ground of the touched pad 57 and adjacent pads
59. In fact, the impedance ratio may exceed 10
to 1, as illustrated in the calculation below. This
allows the detection threshold for the touched
pad to be set well below that of an adjacent pad
resulting in a much lower incidence of
inadvertent actuation of adjacent touch pads to
that of the touched pad. Col. 10:54 — Col. 11:9.

The ~183 Patent discloses “As stated above, the
operator’s body includes a capacitance to
ground, which may range in a typical person
from between 20 to 300 pF. The base terminal
of transistor 410 is coupled to it’s [sic] emitter
by resistor 412 such that unless capacitance is
present by the user touching the touch pad 450,
transistor 410 will not be forward biased and will
not conduct. Thus, when touch pad 450 is not

Page 50 of 142

Page 600 of 1714



Amendment Accompanying Request for Ex Parte Reexamination
U.S. Patent No. 5,796,183

touched, the output signal at the collector
terminal of transistor 410 and across pulse
stretcher circuit 417 will be zero volts. When,
however, a person touches the touch pad 450,
that person’s body capacitance to ground couples
the base of transistor 410 to ground 103 through
resistor 413, thereby forward biasing transistor
410 into conduction. This charges capacitor 418
providing a positive DC voltage with respect to
the line 301 and causes the output of the Schmitt
trigger 420 to go low. Diode 414 is coupled
across the base to emitter junction of transistor
410 to clamp the base emitter reverse bias
voltage to —0.7V and also reduce the forward
recovery and turn-on time. Col. 15:29-47.

J. New Claim 47

For ease of analysis, new dependent claim 47 is shown below with pseudo-amendments

illustrating the differences between new claim 47 and claim 34 of the “183 Patent following the

first reexamination proceeding.

47. The capacitive responsive electronic
switching circuit as defined in claim 45,

farthercomprisife wherein satd-detector
eirenit-compares the sensed body
capacitance change to ground proximate
the input touch terminal is caused by the
operator’s body capacitance decreasing an
input touch terminal signal amplitude on
the detector circuit, and wherein the
sensed body capacitance change to ground

1 ; he i ]
terminal 1s compared to a second
threshold level to generate the control
output signal.

See Claims 1, 18, 28, and 34.

The ~183 Patent discloses “Another method for
implementing capacitive touch switches relies on
the change in capacitive coupling between a
touch terminal and ground. Systems utilizing
such a method are described in U.S. Pat. No.
4,758,735 and U.S. Pat. No. 5,087,825. With
this methodology the detection circuit consists of
an oscillator (or AC line voltage derivative)
providing a signal to a touch terminal whose
voltage is then monitored by a detector. The
touch terminal is driven in electrical series with
other components that function in part as a
charge pump. The touch of an operator then
provides a capacitive short to ground via the
operator's own body capacitance that lowers the
amplitude of oscillator voltage seen at the touch
terminal.” Col. 3:44-56.
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The ~183 Patent discloses “The touch detection
circuit of the present invention features operation
at frequencies at or above 50 kHz and preferably
at or above 800 kHz to minimize the effects of
surface contamination from materials such a
[sic] skin oils and water. It also offers
improvements in detection sensitivity that allow
close control of the degree of proximity (ideally
very close proximity) that is required for
actuation and to enable employment of a
multiplicity of small sized touch terminals in a
physically close array such as a keyboard.” Col.
5:49-57.

The ~183 Patent discloses “Touch circuit 400
senses capacitance from a touch pad 450 via line
451 and outputs a signal to microcontroller 500
via line 401 upon detecting a capacitance to
ground at touch pad 450 that exceeds a threshold
value. The details of touch circuit 400 are
described below with reference to FIG. 8.” Col.
12:24-28.

The ~183 Patent discloses “As can be seen, at 1
kHz, the capacitive impedance of the glass is
much greater than the nominal 1 MQ of the
water bridge across the pads. As aresult, at 1
kHz, there would be little difference in the
impedance paths to ground of the two adjacent
pads when either is touched. This would result
in the voltage on both pads being pulled towards
ground by comparable amounts. Conversely, at
100 kHz, the glass impedance drops to
approximately 1 MQ resulting in the impedance
of the path to ground for pad 59 being twice that
of the touched pad 57. For cases where
background noise and temperature drifts are
comparatively small, a 100 kHz oscillator
frequency would allow a sufficiently low
detection threshold to be set to differentiate
between the signal changes induced at both pads
by a human touch opposite a single pad. At 800
kHz, the impedance of the glass drops to 200 kQ
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or lower giving a ratio of a greater than 5 to 1
impedance difference between the paths to
ground of the touched pad 57 and adjacent pads
59. In fact, the impedance ratio may exceed 10
to 1, as illustrated in the calculation below. This
allows the detection threshold for the touched
pad to be set well below that of an adjacent pad
resulting in a much lower incidence of
inadvertent actuation of adjacent touch pads to
that of the touched pad. Col. 10:54 — Col. 11:9.

The ~183 Patent discloses “As stated above, the
operator’s body includes a capacitance to
ground, which may range in a typical person
from between 20 to 300 pF. The base terminal
of transistor 410 is coupled to it’s [sic] emitter
by resistor 412 such that unless capacitance is
present by the user touching the touch pad 450,
transistor 410 will not be forward biased and will
not conduct. Thus, when touch pad 450 is not
touched, the output signal at the collector
terminal of transistor 410 and across pulse
stretcher circuit 417 will be zero volts. When,
however, a person touches the touch pad 450,
that person’s body capacitance to ground couples
the base of transistor 410 to ground 103 through
resistor 413, thereby forward biasing transistor
410 into conduction. This charges capacitor 418
providing a positive DC voltage with respect to
the line 301 and causes the output of the Schmitt
trigger 420 to go low. Diode 414 is coupled
across the base to emitter junction of transistor
410 to clamp the base emitter reverse bias
voltage to —0.7V and also reduce the forward
recovery and turn-on time. Col. 15:29-47,

K. New Claim 48

48. The capacitive responsive See Figure 11.
electronic switching circuit as defined in
claim 45, wherein the signal output The “183 Patent discloses ““The touch detection

circuit of the present invention features operation
at frequencies at or above 50 kHz and preferably
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frequencies have a same Hertz value.

at or above 800 kHz to minimize the effects of
surface contamination from materials such a
[sic] skin oils and water. Col. 5:49-53.

The ~183 Patent discloses “Conversely, at 100
kHz, the glass impedance drops to
approximately 1 MQ resulting in the impedance
of the path to ground for pad 59 being twice that
of the touched pad 57. For cases where
background noise and temperature drifts are
comparatively small, a 100 kHz oscillator
frequency would allow a sufficiently low
detection threshold to be set to differentiate
between the signal changes induced at both pads
by a human touch opposite a single pad. At 800
kHz, the impedance of the glass drops to 200 kQ
or lower giving a ratio of a greater than S to 1
impedance difference between the paths to
ground of the touched pad 57 and adjacent pads
59. In fact, the impedance ratio may exceed 10
to 1, as illustrated in the calculation below. This
allows the detection threshold for the touched
pad to be set well below that of an adjacent pad
resulting in a much lower incidence of
inadvertent actuation of adjacent touch pads to
that of the touched pad. Ideally, the frequency of
operation would be kept at the 800 kHz of the
preferred embodiment or even higher. However,
as noted earlier, higher frequency operation
forces the use of more expensive components
and designs. For applications where thermal drift
and electronic noise levels are low, operation at
or near 100 kHz may be possible. However, at
10 kHz and below, the impedance of the glass
becomes much greater than that of likely water
bridges between pads resulting in adjacent pads
being effected as much by a touch as the touched
pad itself. Although the preferred frequency is at
or above 100 kHz, and more preferably at or
above 800 kHz, it is conceivable that frequencies
as low as 50 kHz could be used provided the
frequency creates a difference in the impedance
paths of adjacent pads that is sufficient enough
to accurately distinguish between an intended
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touch and the touch of an adjacent pad. Use of
frequencies as low as 50 kHz may also be
possible depending upon the type of glass or
covering or the thickness thereof used for the
touch pad. Col. 10:60 — Col. 11:27.

The ~183 Patent discloses “As will be apparent
to those skilled in the art, the values of the
resistors and capacitors utilized in oscillator 200
may be varied from those disclosed above to
provide for different oscillator output
frequencies. As discussed above, however,
oscillator 200 is preferably constructed so as to
output a square wave having a frequency of 50
kHz or greater, and more preferably, of 800 kHz
or greater. Col. 14:22-28.

The ~183 Patent disclosed “The combination of
oscillator voltage, frequency and transistor gain
bandwidth product that is used will necessarily
vary with the cost, safety and reliability
requirements of a given application.” Col. 14:65
—Col. 15:1.

L. New Claim 49

49. The capacitive responsive See Figure 11.

electronic switching circuit as defined in

claim 45, wherein each signal output The ~183 Patent discloses “The touch detection
frequency is selected from a plurality of circuit of the present invention features operation
Hertz values. at frequencies at or above 50 kHz and preferably

at or above 800 kHz to minimize the effects of
surface contamination from materials such a
[sic] skin oils and water. Col. 5:49-53.

The ~183 Patent discloses “Conversely, at 100
kHz, the glass impedance drops to
approximately 1 MQ resulting in the impedance
of the path to ground for pad 59 being twice that
of the touched pad 57. For cases where
background noise and temperature drifts are
comparatively small, a 100 kHz oscillator
frequency would allow a sufficiently low
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detection threshold to be set to differentiate
between the signal changes induced at both pads
by a human touch opposite a single pad. At 800
kHz, the impedance of the glass drops to 200 kQ
or lower giving a ratio of a greater than 5 to 1
impedance difference between the paths to
ground of the touched pad 57 and adjacent pads
59. In fact, the impedance ratio may exceed 10
to 1, as illustrated in the calculation below. This
allows the detection threshold for the touched
pad to be set well below that of an adjacent pad
resulting in a much lower incidence of
inadvertent actuation of adjacent touch pads to
that of the touched pad. Ideally, the frequency of
operation would be kept at the 800 kHz of the
preferred embodiment or even higher. However,
as noted earlier, higher frequency operation
forces the use of more expensive components
and designs. For applications where thermal drift
and electronic noise levels are low, operation at
or near 100 kHz may be possible. However, at
10 kHz and below, the impedance of the glass
becomes much greater than that of likely water
bridges between pads resulting in adjacent pads
being effected as much by a touch as the touched
pad itself. Although the preferred frequency is at
or above 100 kHz, and more preferably at or
above 800 kHz, it is conceivable that frequencies
as low as 50 kHz could be used provided the
frequency creates a difference in the impedance
paths of adjacent pads that is sufficient enough
to accurately distinguish between an intended
touch and the touch of an adjacent pad. Use of
frequencies as low as 50 kHz may also be
possible depending upon the type of glass or
covering or the thickness thereof used for the
touch pad. Col. 10:60 — Col. 11:27.

The ~183 Patent discloses “As will be apparent
to those skilled in the art, the values of the
resistors and capacitors utilized in oscillator 200
may be varied from those disclosed above to
provide for different oscillator output
frequencies. As discussed above, however,
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oscillator 200 is preferably constructed so as to
output a square wave having a frequency of 50
kHz or greater, and more preferably, of 800 kHz
or greater. Col. 14:22-28.

The ~183 Patent disclosed “The combination of
oscillator voltage, frequency and transistor gain
bandwidth product that is used will necessarily
vary with the cost, safety and reliability
requirements of a given application.” Col. 14:65
—Col. 15:1.

M. New Claim 50

50. The capacitive responsive
electronic switching circuit as defined in
claim 49, wherein the plurality of Hertz
values comprises Hertz values greater
than 50 kHz.

See Figure 11.

The ~183 Patent discloses “The touch detection
circuit of the present invention features operation
at frequencies at or above 50 kHz and preferably
at or above 800 kHz to minimize the effects of
surface contamination from materials such a

[sic] skin oils and water. Col. 5:49-53.

The “183 Patent discloses “Conversely, at 100
kHz, the glass impedance drops to
approximately 1 MQ resulting in the impedance
of the path to ground for pad 59 being twice that
of the touched pad 57. For cases where
background noise and temperature drifts are
comparatively small, a 100 kHz oscillator
frequency would allow a sufficiently low
detection threshold to be set to differentiate
between the signal changes induced at both pads
by a human touch opposite a single pad. At 800
kHz, the impedance of the glass drops to 200 kQ
or lower giving a ratio of a greater than S to 1
impedance difference between the paths to
ground of the touched pad 57 and adjacent pads
59. In fact, the impedance ratio may exceed 10
to 1, as illustrated in the calculation below. This
allows the detection threshold for the touched
pad to be set well below that of an adjacent pad
resulting in a much lower incidence of
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inadvertent actuation of adjacent touch pads to
that of the touched pad. Ideally, the frequency of
operation would be kept at the 800 kHz of the
preferred embodiment or even higher. However,
as noted earlier, higher frequency operation
forces the use of more expensive components
and designs. For applications where thermal drift
and electronic noise levels are low, operation at
or near 100 kHz may be possible. However, at
10 kHz and below, the impedance of the glass
becomes much greater than that of likely water
bridges between pads resulting in adjacent pads
being effected as much by a touch as the touched
pad itself. Although the preferred frequency is at
or above 100 kHz, and more preferably at or
above 800 kHz, it is conceivable that frequencies
as low as 50 kHz could be used provided the
frequency creates a difference in the impedance
paths of adjacent pads that is sufficient enough
to accurately distinguish between an intended
touch and the touch of an adjacent pad. Use of
frequencies as low as 50 kHz may also be
possible depending upon the type of glass or
covering or the thickness thereof used for the
touch pad. Col. 10:60 — Col. 11:27.

The ~183 Patent discloses “As will be apparent
to those skilled in the art, the values of the
resistors and capacitors utilized in oscillator 200
may be varied from those disclosed above to
provide for different oscillator output
frequencies. As discussed above, however,
oscillator 200 is preferably constructed so as to
output a square wave having a frequency of 50
kHz or greater, and more preferably, of 800 kHz
or greater. Col. 14:22-28.

The ~183 Patent disclosed “The combination of
oscillator voltage, frequency and transistor gain
bandwidth product that is used will necessarily
vary with the cost, safety and reliability
requirements of a given application.” Col. 14:65
—Col. 15:1.
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N. New Claim 51

51. The capacitive responsive See Figure 11.
electronic switching circuit as defined in
claim 49, wherein the plurality of Hertz The ~183 Patent discloses “The touch detection
values comprises Hertz values greater circuit of the present invention features operation
than 100 kHz. at frequencies at or above 50 kHz and preferably
at or above 800 kHz to minimize the effects of
surface contamination from materials such a

[sic] skin oils and water. Col. 5:49-53.

The “183 Patent discloses “Conversely, at 100
kHz, the glass impedance drops to
approximately 1 MQ resulting in the impedance
of the path to ground for pad 59 being twice that
of the touched pad 57. For cases where
background noise and temperature drifts are
comparatively small, a 100 kHz oscillator
frequency would allow a sufficiently low
detection threshold to be set to differentiate
between the signal changes induced at both pads
by a human touch opposite a single pad. At 800
kHz, the impedance of the glass drops to 200 kQ
or lower giving a ratio of a greater than S to 1
impedance difference between the paths to
ground of the touched pad 57 and adjacent pads
59. In fact, the impedance ratio may exceed 10
to 1, as illustrated in the calculation below. This
allows the detection threshold for the touched
pad to be set well below that of an adjacent pad
resulting in a much lower incidence of
inadvertent actuation of adjacent touch pads to
that of the touched pad. Ideally, the frequency of
operation would be kept at the 800 kHz of the
preferred embodiment or even higher. However,
as noted earlier, higher frequency operation
forces the use of more expensive components
and designs. For applications where thermal drift
and electronic noise levels are low, operation at
or near 100 kHz may be possible. However, at
10 kHz and below, the impedance of the glass
becomes much greater than that of likely water
bridges between pads resulting in adjacent pads
being effected as much by a touch as the touched
pad itself. Although the preferred frequency is at
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or above 100 kHz, and more preferably at or
above 800 kHz, it is conceivable that frequencies
as low as 50 kHz could be used provided the
frequency creates a difference in the impedance
paths of adjacent pads that is sufficient enough
to accurately distinguish between an intended
touch and the touch of an adjacent pad. Use of
frequencies as low as 50 kHz may also be
possible depending upon the type of glass or
covering or the thickness thereof used for the
touch pad. Col. 10:60 — Col. 11:27.

The ~183 Patent discloses “As will be apparent
to those skilled in the art, the values of the
resistors and capacitors utilized in oscillator 200
may be varied from those disclosed above to
provide for different oscillator output
frequencies. As discussed above, however,
oscillator 200 is preferably constructed so as to
output a square wave having a frequency of 50
kHz or greater, and more preferably, of 800 kHz
or greater. Col. 14:22-28.

The ~183 Patent disclosed “The combination of
oscillator voltage, frequency and transistor gain
bandwidth product that is used will necessarily
vary with the cost, safety and reliability
requirements of a given application.” Col. 14:65
—Col. 15:1.

0. New Claim 52

52. The capacitive responsive See Fig. 11.
electronic switching circuit as defined in
claim 49, wherein the plurality of Hertz The ~183 Patent discloses “The touch detection
values comprises Hertz values greater circuit of the present invention features operation
than 800 kHz. at frequencies at or above 50 kHz and preferably
at or above 800 kHz to minimize the effects of
surface contamination from materials such a

[sic] skin oils and water. Col. 5:49-53.

The ~183 Patent discloses “At 800 kHz, the
impedance of the glass drops to 200 k€ or lower
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giving a ratio of a greater than 5 to 1 impedance
difference between the paths to ground of the
touched pad 57 and adjacent pads 59. In fact, the
impedance ratio may exceed 10 to 1, as
illustrated in the calculation below. This allows
the detection threshold for the touched pad to be
set well below that of an adjacent pad resulting
in a much lower incidence of inadvertent
actuation of adjacent touch pads to that of the
touched pad. Ideally, the frequency of operation
would be kept at the 800 kHz of the preferred
embodiment or even higher. However, as noted
earlier, higher frequency operation forces the use
of more expensive components and designs. For
applications where thermal drift and electronic
noise levels are low, operation at or near 100
kHz may be possible. However, at 10 kHz and
below, the impedance of the glass becomes
much greater than that of likely water bridges
between pads resulting in adjacent pads being
effected as much by a touch as the touched pad
itself. Although the preferred frequency is at or
above 100 kHz, and more preferably at or above
800 kHz, it is conceivable that frequencies as
low as 50 kHz could be used provided the
frequency creates a difference in the impedance
paths of adjacent pads that is sufficient enough
to accurately distinguish between an intended
touch and the touch of an adjacent pad. Use of
frequencies as low as 50 kHz may also be
possible depending upon the type of glass or
covering or the thickness thereof used for the
touch pad. Col. 11:1-27.

The ~183 Patent discloses “As will be apparent
to those skilled in the art, the values of the
resistors and capacitors utilized in oscillator 200
may be varied from those disclosed above to
provide for different oscillator output
frequencies. As discussed above, however,
oscillator 200 is preferably constructed so as to
output a square wave having a frequency of 50
kHz or greater, and more preferably, of 800 kHz
or greater. Col. 14:22-28.
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The ~183 Patent disclosed “The combination of
oscillator voltage, frequency and transistor gain
bandwidth product that is used will necessarily
vary with the cost, safety and reliability
requirements of a given application.” Col. 14:65
—Col. 15:1.

P. New Claim 53

53. The capacitive responsive
electronic switching circuit as defined in

See Figures 4, 5; Claims 27 and 37.

claim 45, wherein a peak voltage of the The “183 Patent discloses “Having provided a
signal output frequencies is greater than a | basis for the use of higher frequencies, the basic
supply voltage. construction of the electronic switching circuit

constructed in accordance with a first
embodiment of the present invention is now
described with reference to FIG. 4. The
electronic switching circuit includes a voltage
regulator 100 including input lines 101 and 102
for receiving a 24 V AC line voltage and a line
103 for grounding the circuit. Voltage regulator
100 converts the received AC voltage to a DC
voltage and supplies a regulated 5 V DC power
to an oscillator 200 via lines 104 and 105.
Voltage regulator also supplies oscillator 200
with 26 V DC power via line 106. The details of
voltage regulator 100 are discussed below with
reference to FIG. 5.

Upon being powered by voltage regulator 100,
oscillator 200 generates a square wave with a
frequency of 50 kHz, and preferably greater than
800 kHz, and having an amplitude of 26 V peak.
The square wave generated by oscillator 200 is
supplied via line 201 to a floating common
generator 300, a touch pad shield plate 460, a
touch circuit 400, and a microcontroller 500.
Oscillator 200 is described below with reference
to FIG. 6.” Col. 11:60 — Col. 12:13.

The 183 Patent discloses “Microcontroller 500
selects each row of the touch circuits 900, to
900,m by providing the signal from oscillator
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200 to selected rows of touch circuits. In this
manner, microcontroller 500 can sequentially
activate the touch circuit rows and associate the
received inputs from the columns of the array
with the activated touch circuit(s).” Col. 18:43-
49,

The ~183 Patent discloses “A preferred circuit
for implementing a voltage regulator 100 is
shown in FIG. 5. Voltage regulator 100
preferably includes an AC/DC convertor 110 for
generating 29 V to 36 V unregulated DC on line
119. This unregulated DC power is supplied to a
5 V DC regulator 120 and to a 26 V DC
regulator 130. AC/DC convertor 110 includes
diodes 112, 114, 116, and 118, which rectify the
supplied 24 V AC power provided on power
lines 101 and 102.” Col. 12:50-57; see also Col.
12:57 — Col. 13:31.

The ~183 Patent discloses “The oscillator
circuitry shown in FIG. 6 is very stable over the
temperature range of -40° C. to 105° C. The
output of the touch switch circuitry drops at a
rate of approximately 40 mV/°C. when
temperature falls below 0° C. If application
requires operation at low temperatures (-40° C.),
the following three methods may be used to
increase the output of the switch: increase the
oscillator's regulated supply voltage, increase the
resistance of resistor 416, and use a higher gain
transistor 410. All of these methods would
increase sensitivity at high temperatures.” Col.
16:33-41.

Q. New Claim 54

54. The capacitive responsive
electronic switching circuit as defined in
claim 53, wherein the supply voltage is a
battery supply voltage.

The ~183 Patent discloses “It will be apparent to
those skilled in the art, that various components
of voltage regulator 100 may be added or
excluded depending upon the source of power
available to power the oscillator 200. For
example, if the available powerisa 110 V AC
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60 Hz commercial power line, a transformer may
be added to convert the 100 V AC power to 24 V
AC. Alternatively, if a DC batter is used, the
AC/DC convertor among other components may
be eliminated.” Col 13:23-31.

R. New Claim 55

55. The capacitive responsive Figures 4, 5, 11, and 12.
electronic switching circuit as defined in
claim 53, wherein the supply voltage is a | The “183 Patent discloses “The electronic
voltage regulator supply voltage. switching circuit includes a voltage regulator
100 including input lines 101 and 102 for
receiving a 24 V AC line voltage and a line 103
for grounding the circuit. Voltage regulator 100
converts the received AC voltage to a DC
voltage and supplies a regulated 5 V DC power
to an oscillator 200 via lines 104 and 105.
Voltage regulator also supplies oscillator 200
with 26 V DC power via line 106. The details of
voltage regulator 100 are discussed below with
reference to FIG. 5.” Col. 11:64 — Col. 12:5; see
also Col. 12:50 — Col. 13:31.

S. New Claim 56

For ease of analysis, new independent claim 56 is shown below with pseudo-amendments
illustrating the differences between new claim 56 and claim 18 of the “183 Patent following the

first reexamination proceeding.

56. A capacitive responsive electronic | See Claim 18.
switching circuit comprising:

an oscillator providing a periodic | See Claim 18.
output signal having a predefined
frequency;

a microcontroller using the See Figures 4, 5, 11; and Claims 8, 12, 16, 27
periodic output signal from the oscillator, | and 37.
the microcontroller selectively providing
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signal output frequencies, wherein a
signal output frequency is selectively
provided to each row of a plurality of
small sized input touch terminals of a
keypad, and wherein a peak voltage of the
signal output frequencies is greater than a

supply voltage;

The ~183 Patent discloses “The touch detection
circuit of the present invention features operation
at frequencies at or above 50kHz and preferably
at or above 800 kHz to minimize the effects of
surface contamination from materials such a
[sic] skin oils and water. It also offers
improvements in detection sensitivity that allow
close control of the degree of proximity (ideally
very close proximity) that is required for
actuation and to enable employment of a
multiplicity of small sized touch terminals in a
physically close array such as a keyboard.” Col.
5:49-57.

The “183 Patent discloses “In a first preferred
embodiment the circuit offers enhanced
detection sensitivity to allow reliable operation
with small (finger size) touch pads.” Col. 6:1-3.

The ~183 Patent discloses “Although the
preferred frequency is at or above 100 kHz, and
more preferably at or above 800 kHz, it is
conceivable that frequencies as low as 50 kHz
could be used provided the frequency creates a
difference in the impedance paths of adjacent
pads that is sufficient enough to accurately
distinguish between an intended touch and the
touch of an adjacent pad. Use of frequencies as
low as 50 kHz may also be possible depending
upon the type of glass or covering or the
thickness thereof used for the touch pad.” Col.
11:19-27.

The ~183 Patent discloses “Having provided a
basis for the use of higher frequencies, the basic
construction of the electronic switching circuit
constructed in accordance with a first
embodiment of the present invention is now
described with reference to FIG. 4. The
electronic switching circuit includes a voltage
regulator 100 including input lines 101 and 102
for receiving a 24 V AC line voltage and a line
103 for grounding the circuit. Voltage regulator
100 converts the received AC voltage to a DC
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voltage and supplies a regulated 5 V DC power
to an oscillator 200 via lines 104 and 105.
Voltage regulator also supplies oscillator 200
with 26 V DC power via line 106. The details of
voltage regulator 100 are discussed below with
reference to FIG. 5.

Upon being powered by voltage regulator 100,
oscillator 200 generates a square wave with a
frequency of 50 kHz, and preferably greater than
800 kHz, and having an amplitude of 26 V peak.
The square wave generated by oscillator 200 is
supplied via line 201 to a floating common
generator 300, a touch pad shield plate 460, a
touch circuit 400, and a microcontroller 500.
Oscillator 200 is described below with reference
to FIG. 6.

Floating common generator 300 receives the 26
V peak square wave from oscillator 200 and
outputs a regulated floating common that is 5
volts below the square wave output from
oscillator 200 and has the same phase and
frequency as the received square wave. This
floating common output is supplied to touch
circuit 400 and microcontroller 500 via line 301
such that the output square wave from oscillator
200 and floating common output from floating
common generator 300 provide power to touch
circuit 400 and microcontroller 500. Details of
floating common generator 300 are discussed
below with reference to FIG. 7.

Touch circuit 400 senses capacitance from a
touch pad 450 via line 451 and outputs a signal
to microcontroller 500 via line 401 upon
detecting a capacitance to ground at touch pad
450 that exceeds a threshold value. The details
of touch circuit 400 are described below with
reference to FIG. 8.

Upon receiving an indication from touch circuit
400 that a sufficient capacitance to ground
(typically at least 20 pF) is present at touch pad
450, microcontroller 500 outputs a signal to a
load-controlling microcontroller 600 via line
501, which is preferably a two way optical
coupling bus.” Col. 11:60 — 12:33.
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The 183 Patent discloses “A preferred circuit
for implementing a voltage regulator 100 is
shown in FIG. 5. Voltage regulator 100
preferably includes an AC/DC convertor 110 for
generating 29 V to 36 V unregulated DC on line
119. This unregulated DC power is supplied to a
5 V DC regulator 120 and to a 26 V DC
regulator 130. AC/DC convertor 110 includes
diodes 112, 114, 116, and 118, which rectify the
supplied 24 V AC power provided on power
lines 101 and 102.” Col. 12:50-57; see also Col.
12:57 — Col. 13:31.

The ~183 Patent discloses “As will be apparent
to those skilled in the art, the values of the
resistors and capacitors utilized in oscillator 200
may be varied from those disclosed above to
provide for different oscillator output
frequencies.” Col. 14:22-25.

The ~183 Patent discloses “The oscillator
circuitry shown in FIG. 6 is very stable over the
temperature range of -40° C. to 105° C. The
output of the touch switch circuitry drops at a
rate of approximately 40 mV/°C. when
temperature falls below 0° C. If application
requires operation at low temperatures (-40° C.),
the following three methods may be used to
increase the output of the switch: increase the
oscillator's regulated supply voltage, increase the
resistance of resistor 416, and use a higher gain
transistor 410. All of these methods would
increase sensitivity at high temperatures.” Col.
16:33-41.

The ~183 Patent discloses “A multiple touch pad
circuit constructed in accordance with the
second embodiment is shown in FIG. 11. In the
second embodiment of FIG. 11, components
similar to those in the first embodiment in FIG. 4
are designated with the same references
numerals and will not be discussed in detail.

The multiple touch pad circuit is a variation of
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the first embodiment in that it includes an array
of touch circuits designated as 900; through
900,m, which, as shown, include both the touch
circuit 400 shown in FIGS. 4 and 8 and the input
touch terminal pad 451 (FIG. 4).
Microcontroller 500 selects each row of the
touch circuits 900; to 900, by providing the
signal from oscillator 200 to selected rows of
touch circuits. In this manner, microcontroller
500 can sequentially activate the touch circuit
rows and associate the received inputs from the
columns of the array with the activated touch
circuit(s). To keep the path length 451 between
the touch pad 450 and the base to the detection
transistor 410 to a minimum, the detection
circuits 900 are physically located directly
beneath the touch pads. To simplify assembly, a
flexible circuit board such as vended by
Sheldahl, Inc. or Circuit Etching Technics, Inc.
can be used for this purpose. Ideally, the printed
circuit will be fixed directly against the surface
(typically glass) bearing the conductive touch
pads to eliminate air gaps and the need for
conductive foam pads and spring contacts which
were used to fill air gaps.” Col. 18:34-59.

the plurality of small sized input
touch terminals defining adjacent areas on
a dielectric substrate for an operator to
provide inputs by proximity and touch;
and

See Claim 18.

a detector circuit coupled to said
oscillator for receiving said periodic
output signal from said oscillator, and
coupled to said input touch terminals, said
detector circuit being responsive to signals
from said oscillator via said
microcontroller and a presence of an
operator's body capacitance to ground
coupled to said touch terminals when
proximal or touched by the operator to
provide a control output signal,

See Claim 18.

wherein said predefined frequency
of said oscillator and said signal output

See Claim 18.
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frequencies are selected to decrease a firs
impedance of said dielectric substrate
relative to a second impedance of any
contaminate that may create an electrical
path on said dielectric substrate between
said adjacent areas defined by the
plurality of small sized input touch
terminals, and wherein said detector
circuit compares a sensed body
capacitance change to ground proximate
an input touch terminal to a threshold
level to prevent inadvertent generation of
the control output signal.

T. New Claim 57

For ease of analysis, new dependent claim 57 is shown below with pseudo-amendments

illustrating the differences between new claim 57 and claim 33 of the “183 Patent following the

first reexamination proceeding.

57. The capacitive responsive electronic
switching circuit as defined in claim 56,

farther comprising wherein said-detector
eireuit-compares the sensed body

capacitance change to ground proximate
the input touch terminal is caused by the
operator’s body capacitance decreasing an
input touch terminal signal on the detector
circuit, and wherein the sensed body
capacitance change to ground when

; bed ; inal is
compared to a second threshold level to
generate the control output signal.

See Claims 1, 18, 28, and 33.

The ~183 Patent discloses ““The touch detection
circuit of the present invention features operation
at frequencies at or above 50 kHz and preferably
at or above 800 kHz to minimize the effects of
surface contamination from materials such a
[sic] skin oils and water. It also offers
improvements in detection sensitivity that allow
close control of the degree of proximity (ideally
very close proximity) that is required for
actuation and to enable employment of a
multiplicity of small sized touch terminals in a
physically close array such as a keyboard.” Col.
5:49-57.

The ~183 Patent discloses “Touch circuit 400
senses capacitance from a touch pad 450 via line
451 and outputs a signal to microcontroller 500
via line 401 upon detecting a capacitance to
ground at touch pad 450 that exceeds a threshold
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value. The details of touch circuit 400 are
described below with reference to FIG. 8.”” Col.
12:24-28.

The 183 Patent discloses “As can be seen, at 1
kHz, the capacitive impedance of the glass is
much greater than the nominal 1 M of the
water bridge across the pads. As aresult, at 1
kHz, there would be little difference in the
impedance paths to ground of the two adjacent
pads when either is touched. This would result
in the voltage on both pads being pulled towards
ground by comparable amounts. Conversely, at
100 kHz, the glass impedance drops to
approximately 1 MQ resulting in the impedance
of the path to ground for pad 59 being twice that
of the touched pad 57. For cases where
background noise and temperature drifts are
comparatively small, a 100 kHz oscillator
frequency would allow a sufficiently low
detection threshold to be set to differentiate
between the signal changes induced at both pads
by a human touch opposite a single pad. At 800
kHz, the impedance of the glass drops to 200 kQ
or lower giving a ratio of a greater than 5 to 1
impedance difference between the paths to
ground of the touched pad 57 and adjacent pads
59. In fact, the impedance ratio may exceed 10
to 1, as illustrated in the calculation below. This
allows the detection threshold for the touched
pad to be set well below that of an adjacent pad
resulting in a much lower incidence of
inadvertent actuation of adjacent touch pads to
that of the touched pad. Col. 10:54 — Col. 11:9.

The ~183 Patent discloses “As stated above, the
operator’s body includes a capacitance to
ground, which may range in a typical person
from between 20 to 300 pF. The base terminal
of transistor 410 is coupled to it’s [sic] emitter
by resistor 412 such that unless capacitance is
present by the user touching the touch pad 450,
transistor 410 will not be forward biased and will
not conduct. Thus, when touch pad 450 is not
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touched, the output signal at the collector
terminal of transistor 410 and across pulse
stretcher circuit 417 will be zero volts. When,
however, a person touches the touch pad 450,
that person’s body capacitance to ground couples
the base of transistor 410 to ground 103 through
resistor 413, thereby forward biasing transistor
410 into conduction. This charges capacitor 418
providing a positive DC voltage with respect to
the line 301 and causes the output of the Schmitt
trigger 420 to go low. Diode 414 is coupled
across the base to emitter junction of transistor
410 to clamp the base emitter reverse bias
voltage to —0.7V and also reduce the forward
recovery and turn-on time. Col. 15:29-47.

U. New Claim 58

For ease of analysis, new dependent claim 58 is shown below with pseudo-amendments

illustrating the differences between new claim 58 and claim 34 of the “183 Patent following the

first reexamination proceeding.

58. The capacitive responsive electronic
switching circuit as defined in claim 56,

farthercomprisife wherein satd-detector
eirenit-compares the sensed body
capacitance change to ground proximate
the input touch terminal is caused by the
operator’s body capacitance decreasing an
input touch terminal signal amplitude on
the detector circuit, and wherein the
sensed body capacitance change to ground

1 ; he i ]
terminal 1s compared to a second
threshold level to generate the control
output signal.

See Claims 1, 18, 28, and 34.

The ~183 Patent discloses “Another method for
implementing capacitive touch switches relies on
the change in capacitive coupling between a
touch terminal and ground. Systems utilizing
such a method are described in U.S. Pat. No.
4,758,735 and U.S. Pat. No. 5,087,825. With
this methodology the detection circuit consists of
an oscillator (or AC line voltage derivative)
providing a signal to a touch terminal whose
voltage is then monitored by a detector. The
touch terminal is driven in electrical series with
other components that function in part as a
charge pump. The touch of an operator then
provides a capacitive short to ground via the
operator's own body capacitance that lowers the
amplitude of oscillator voltage seen at the touch
terminal.” Col. 3:44-56.
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The ~183 Patent discloses “The touch detection
circuit of the present invention features operation
at frequencies at or above 50 kHz and preferably
at or above 800 kHz to minimize the effects of
surface contamination from materials such a
[sic] skin oils and water. It also offers
improvements in detection sensitivity that allow
close control of the degree of proximity (ideally
very close proximity) that is required for
actuation and to enable employment of a
multiplicity of small sized touch terminals in a
physically close array such as a keyboard.” Col.
5:49-57.

The ~183 Patent discloses “Touch circuit 400
senses capacitance from a touch pad 450 via line
451 and outputs a signal to microcontroller 500
via line 401 upon detecting a capacitance to
ground at touch pad 450 that exceeds a threshold
value. The details of touch circuit 400 are
described below with reference to FIG. 8.” Col.
12:24-28.

The ~183 Patent discloses “As can be seen, at 1
kHz, the capacitive impedance of the glass is
much greater than the nominal 1 MQ of the
water bridge across the pads. As aresult, at 1
kHz, there would be little difference in the
impedance paths to ground of the two adjacent
pads when either is touched. This would result
in the voltage on both pads being pulled towards
ground by comparable amounts. Conversely, at
100 kHz, the glass impedance drops to
approximately 1 MQ resulting in the impedance
of the path to ground for pad 59 being twice that
of the touched pad 57. For cases where
background noise and temperature drifts are
comparatively small, a 100 kHz oscillator
frequency would allow a sufficiently low
detection threshold to be set to differentiate
between the signal changes induced at both pads
by a human touch opposite a single pad. At 800
kHz, the impedance of the glass drops to 200 kQ

Page 72 of 142

Page 622 of 1714



Amendment Accompanying Request for Ex Parte Reexamination
U.S. Patent No. 5,796,183

or lower giving a ratio of a greater than 5 to 1
impedance difference between the paths to
ground of the touched pad 57 and adjacent pads
59. In fact, the impedance ratio may exceed 10
to 1, as illustrated in the calculation below. This
allows the detection threshold for the touched
pad to be set well below that of an adjacent pad
resulting in a much lower incidence of
inadvertent actuation of adjacent touch pads to
that of the touched pad. Col. 10:54 — Col. 11:9.

The ~183 Patent discloses “As stated above, the
operator’s body includes a capacitance to
ground, which may range in a typical person
from between 20 to 300 pF. The base terminal
of transistor 410 is coupled to it’s [sic] emitter
by resistor 412 such that unless capacitance is
present by the user touching the touch pad 450,
transistor 410 will not be forward biased and will
not conduct. Thus, when touch pad 450 is not
touched, the output signal at the collector
terminal of transistor 410 and across pulse
stretcher circuit 417 will be zero volts. When,
however, a person touches the touch pad 450,
that person’s body capacitance to ground couples
the base of transistor 410 to ground 103 through
resistor 413, thereby forward biasing transistor
410 into conduction. This charges capacitor 418
providing a positive DC voltage with respect to
the line 301 and causes the output of the Schmitt
trigger 420 to go low. Diode 414 is coupled
across the base to emitter junction of transistor
410 to clamp the base emitter reverse bias
voltage to —0.7V and also reduce the forward
recovery and turn-on time. Col. 15:29-47,

V. New Claim 59

59. The capacitive responsive See Figure 11.

electronic switching circuit as defined in

claim 56, wherein each signal output The “183 Patent discloses ““The touch detection
frequency selectively provided to each circuit of the present invention features operation
row of the plurality of small sized input at frequencies at or above 50 kHz and preferably
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touch terminals of the keypad has a same | at or above 800 kHz to minimize the effects of
Hertz value. surface contamination from materials such a
[sic] skin oils and water. Col. 5:49-53.

The “183 Patent discloses “Conversely, at 100
kHz, the glass impedance drops to
approximately 1 MQ resulting in the impedance
of the path to ground for pad 59 being twice that
of the touched pad 57. For cases where
background noise and temperature drifts are
comparatively small, a 100 kHz oscillator
frequency would allow a sufficiently low
detection threshold to be set to differentiate
between the signal changes induced at both pads
by a human touch opposite a single pad. At 800
kHz, the impedance of the glass drops to 200 kQ
or lower giving a ratio of a greater than S to 1
impedance difference between the paths to
ground of the touched pad 57 and adjacent pads
59. In fact, the impedance ratio may exceed 10
to 1, as illustrated in the calculation below. This
allows the detection threshold for the touched
pad to be set well below that of an adjacent pad
resulting in a much lower incidence of
inadvertent actuation of adjacent touch pads to
that of the touched pad. Ideally, the frequency of
operation would be kept at the 800 kHz of the
preferred embodiment or even higher. However,
as noted earlier, higher frequency operation
forces the use of more expensive components
and designs. For applications where thermal drift
and electronic noise levels are low, operation at
or near 100 kHz may be possible. However, at
10 kHz and below, the impedance of the glass
becomes much greater than that of likely water
bridges between pads resulting in adjacent pads
being effected as much by a touch as the touched
pad itself. Although the preferred frequency is at
or above 100 kHz, and more preferably at or
above 800 kHz, it is conceivable that frequencies
as low as 50 kHz could be used provided the
frequency creates a difference in the impedance
paths of adjacent pads that is sufficient enough
to accurately distinguish between an intended
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touch and the touch of an adjacent pad. Use of
frequencies as low as 50 kHz may also be
possible depending upon the type of glass or
covering or the thickness thereof used for the
touch pad. Col. 10:60 — Col. 11:27.

The ~183 Patent discloses “As will be apparent
to those skilled in the art, the values of the
resistors and capacitors utilized in oscillator 200
may be varied from those disclosed above to
provide for different oscillator output
frequencies. As discussed above, however,
oscillator 200 is preferably constructed so as to
output a square wave having a frequency of 50
kHz or greater, and more preferably, of 800 kHz
or greater. Col. 14:22-28.

The ~183 Patent disclosed “The combination of
oscillator voltage, frequency and transistor gain
bandwidth product that is used will necessarily
vary with the cost, safety and reliability
requirements of a given application.” Col. 14:65
—Col. 15:1.

W. New Claim 60

60. The capacitive responsive See Figure 11.

electronic switching circuit as defined in

claim 56, wherein each signal output The ~183 Patent discloses “The touch detection
frequency selectively provided to each circuit of the present invention features operation
row of the plurality of small sized input at frequencies at or above 50 kHz and preferably
touch terminals of the keypad is selected | at or above 800 kHz to minimize the effects of
from a plurality of Hertz values. surface contamination from materials such a

[sic] skin oils and water. Col. 5:49-53.

The ~183 Patent discloses “Conversely, at 100
kHz, the glass impedance drops to
approximately 1 MQ resulting in the impedance
of the path to ground for pad 59 being twice that
of the touched pad 57. For cases where
background noise and temperature drifts are
comparatively small, a 100 kHz oscillator
frequency would allow a sufficiently low
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detection threshold to be set to differentiate
between the signal changes induced at both pads
by a human touch opposite a single pad. At 800
kHz, the impedance of the glass drops to 200 kQ
or lower giving a ratio of a greater than 5 to 1
impedance difference between the paths to
ground of the touched pad 57 and adjacent pads
59. In fact, the impedance ratio may exceed 10
to 1, as illustrated in the calculation below. This
allows the detection threshold for the touched
pad to be set well below that of an adjacent pad
resulting in a much lower incidence of
inadvertent actuation of adjacent touch pads to
that of the touched pad. Ideally, the frequency of
operation would be kept at the 800 kHz of the
preferred embodiment or even higher. However,
as noted earlier, higher frequency operation
forces the use of more expensive components
and designs. For applications where thermal drift
and electronic noise levels are low, operation at
or near 100 kHz may be possible. However, at
10 kHz and below, the impedance of the glass
becomes much greater than that of likely water
bridges between pads resulting in adjacent pads
being effected as much by a touch as the touched
pad itself. Although the preferred frequency is at
or above 100 kHz, and more preferably at or
above 800 kHz, it is conceivable that frequencies
as low as 50 kHz could be used provided the
frequency creates a difference in the impedance
paths of adjacent pads that is sufficient enough
to accurately distinguish between an intended
touch and the touch of an adjacent pad. Use of
frequencies as low as 50 kHz may also be
possible depending upon the type of glass or
covering or the thickness thereof used for the
touch pad. Col. 10:60 — Col. 11:27.

The ~183 Patent discloses “As will be apparent
to those skilled in the art, the values of the
resistors and capacitors utilized in oscillator 200
may be varied from those disclosed above to
provide for different oscillator output
frequencies. As discussed above, however,
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oscillator 200 is preferably constructed so as to
output a square wave having a frequency of 50
kHz or greater, and more preferably, of 800 kHz
or greater. Col. 14:22-28.

The ~183 Patent disclosed “The combination of
oscillator voltage, frequency and transistor gain
bandwidth product that is used will necessarily
vary with the cost, safety and reliability
requirements of a given application.” Col. 14:65
—Col. 15:1.

X. New Claim 61

61. The capacitive responsive
electronic switching circuit as defined in
claim 60, wherein the plurality of Hertz
values comprises Hertz values greater
than 50 kHz.

See Figure 11.

The ~183 Patent discloses “The touch detection
circuit of the present invention features operation
at frequencies at or above 50 kHz and preferably
at or above 800 kHz to minimize the effects of
surface contamination from materials such a

[sic] skin oils and water. Col. 5:49-53.

The “183 Patent discloses “Conversely, at 100
kHz, the glass impedance drops to
approximately 1 MQ resulting in the impedance
of the path to ground for pad 59 being twice that
of the touched pad 57. For cases where
background noise and temperature drifts are
comparatively small, a 100 kHz oscillator
frequency would allow a sufficiently low
detection threshold to be set to differentiate
between the signal changes induced at both pads
by a human touch opposite a single pad. At 800
kHz, the impedance of the glass drops to 200 kQ
or lower giving a ratio of a greater than S to 1
impedance difference between the paths to
ground of the touched pad 57 and adjacent pads
59. In fact, the impedance ratio may exceed 10
to 1, as illustrated in the calculation below. This
allows the detection threshold for the touched
pad to be set well below that of an adjacent pad
resulting in a much lower incidence of

Page 627 of 1714

Page 77 of 142



Amendment Accompanying Request for Ex Parte Reexamination
U.S. Patent No. 5,796,183

inadvertent actuation of adjacent touch pads to
that of the touched pad. Ideally, the frequency of
operation would be kept at the 800 kHz of the
preferred embodiment or even higher. However,
as noted earlier, higher frequency operation
forces the use of more expensive components
and designs. For applications where thermal drift
and electronic noise levels are low, operation at
or near 100 kHz may be possible. However, at
10 kHz and below, the impedance of the glass
becomes much greater than that of likely water
bridges between pads resulting in adjacent pads
being effected as much by a touch as the touched
pad itself. Although the preferred frequency is at
or above 100 kHz, and more preferably at or
above 800 kHz, it is conceivable that frequencies
as low as 50 kHz could be used provided the
frequency creates a difference in the impedance
paths of adjacent pads that is sufficient enough
to accurately distinguish between an intended
touch and the touch of an adjacent pad. Use of
frequencies as low as 50 kHz may also be
possible depending upon the type of glass or
covering or the thickness thereof used for the
touch pad. Col. 10:60 — Col. 11:27.

The ~183 Patent discloses “As will be apparent
to those skilled in the art, the values of the
resistors and capacitors utilized in oscillator 200
may be varied from those disclosed above to
provide for different oscillator output
frequencies. As discussed above, however,
oscillator 200 is preferably constructed so as to
output a square wave having a frequency of 50
kHz or greater, and more preferably, of 800 kHz
or greater. Col. 14:22-28.

The ~183 Patent disclosed “The combination of
oscillator voltage, frequency and transistor gain
bandwidth product that is used will necessarily
vary with the cost, safety and reliability
requirements of a given application.” Col. 14:65
—Col. 15:1.
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Y. New Claim 62

62. The capacitive responsive See Figure 11.
electronic switching circuit as defined in
claim 60, wherein the plurality of Hertz The ~183 Patent discloses “The touch detection
values comprises Hertz values greater circuit of the present invention features operation
than 100 kHz. at frequencies at or above 50 kHz and preferably
at or above 800 kHz to minimize the effects of
surface contamination from materials such a

[sic] skin oils and water. Col. 5:49-53.

The “183 Patent discloses “Conversely, at 100
kHz, the glass impedance drops to
approximately 1 MQ resulting in the impedance
of the path to ground for pad 59 being twice that
of the touched pad 57. For cases where
background noise and temperature drifts are
comparatively small, a 100 kHz oscillator
frequency would allow a sufficiently low
detection threshold to be set to differentiate
between the signal changes induced at both pads
by a human touch opposite a single pad. At 800
kHz, the impedance of the glass drops to 200 kQ
or lower giving a ratio of a greater than S to 1
impedance difference between the paths to
ground of the touched pad 57 and adjacent pads
59. In fact, the impedance ratio may exceed 10
to 1, as illustrated in the calculation below. This
allows the detection threshold for the touched
pad to be set well below that of an adjacent pad
resulting in a much lower incidence of
inadvertent actuation of adjacent touch pads to
that of the touched pad. Ideally, the frequency of
operation would be kept at the 800 kHz of the
preferred embodiment or even higher. However,
as noted earlier, higher frequency operation
forces the use of more expensive components
and designs. For applications where thermal drift
and electronic noise levels are low, operation at
or near 100 kHz may be possible. However, at
10 kHz and below, the impedance of the glass
becomes much greater than that of likely water
bridges between pads resulting in adjacent pads
being effected as much by a touch as the touched
pad itself. Although the preferred frequency is at
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or above 100 kHz, and more preferably at or
above 800 kHz, it is conceivable that frequencies
as low as 50 kHz could be used provided the
frequency creates a difference in the impedance
paths of adjacent pads that is sufficient enough
to accurately distinguish between an intended
touch and the touch of an adjacent pad. Use of
frequencies as low as 50 kHz may also be
possible depending upon the type of glass or
covering or the thickness thereof used for the
touch pad. Col. 10:60 — Col. 11:27.

The ~183 Patent discloses “As will be apparent
to those skilled in the art, the values of the
resistors and capacitors utilized in oscillator 200
may be varied from those disclosed above to
provide for different oscillator output
frequencies. As discussed above, however,
oscillator 200 is preferably constructed so as to
output a square wave having a frequency of 50
kHz or greater, and more preferably, of 800 kHz
or greater. Col. 14:22-28.

The ~183 Patent disclosed “The combination of
oscillator voltage, frequency and transistor gain
bandwidth product that is used will necessarily
vary with the cost, safety and reliability
requirements of a given application.” Col. 14:65
—Col. 15:1.

Z. New Claim 63

63. The capacitive responsive See Fig. 11.
electronic switching circuit as defined in
claim 60, wherein the plurality of Hertz The ~183 Patent discloses “The touch detection
values comprises Hertz values greater circuit of the present invention features operation
than 800 kHz. at frequencies at or above 50 kHz and preferably
at or above 800 kHz to minimize the effects of
surface contamination from materials such a

[sic] skin oils and water. Col. 5:49-53.

The ~183 Patent discloses “At 800 kHz, the
impedance of the glass drops to 200 k€ or lower
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giving a ratio of a greater than 5 to 1 impedance
difference between the paths to ground of the
touched pad 57 and adjacent pads 59. In fact, the
impedance ratio may exceed 10 to 1, as
illustrated in the calculation below. This allows
the detection threshold for the touched pad to be
set well below that of an adjacent pad resulting
in a much lower incidence of inadvertent
actuation of adjacent touch pads to that of the
touched pad. Ideally, the frequency of operation
would be kept at the 800 kHz of the preferred
embodiment or even higher. However, as noted
earlier, higher frequency operation forces the use
of more expensive components and designs. For
applications where thermal drift and electronic
noise levels are low, operation at or near 100
kHz may be possible. However, at 10 kHz and
below, the impedance of the glass becomes
much greater than that of likely water bridges
between pads resulting in adjacent pads being
effected as much by a touch as the touched pad
itself. Although the preferred frequency is at or
above 100 kHz, and more preferably at or above
800 kHz, it is conceivable that frequencies as
low as 50 kHz could be used provided the
frequency creates a difference in the impedance
paths of adjacent pads that is sufficient enough
to accurately distinguish between an intended
touch and the touch of an adjacent pad. Use of
frequencies as low as 50 kHz may also be
possible depending upon the type of glass or
covering or the thickness thereof used for the
touch pad. Col. 11:1-27.

The ~183 Patent discloses “As will be apparent
to those skilled in the art, the values of the
resistors and capacitors utilized in oscillator 200
may be varied from those disclosed above to
provide for different oscillator output
frequencies. As discussed above, however,
oscillator 200 is preferably constructed so as to
output a square wave having a frequency of 50
kHz or greater, and more preferably, of 800 kHz
or greater. Col. 14:22-28.
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The ~183 Patent disclosed “The combination of
oscillator voltage, frequency and transistor gain
bandwidth product that is used will necessarily
vary with the cost, safety and reliability
requirements of a given application.” Col. 14:65
—Col. 15:1.

AA. New Claim 64

64. The capacitive responsive
electronic switching circuit as defined in
claim 56, wherein the supply voltage is a
battery supply voltage.

The “183 Patent discloses “It will be apparent to
those skilled in the art, that various components
of voltage regulator 100 may be added or
excluded depending upon the source of power
available to power the oscillator 200. For
example, if the available powerisa 110 V AC
60 Hz commercial power line, a transformer may
be added to convert the 100 V AC power to 24 V
AC. Alternatively, if a DC batter is used, the
AC/DC convertor among other components may
be eliminated.” Col 13:23-31.

BB. New Claim 65

65. The capacitive responsive
electronic switching circuit as defined in
claim 56, wherein the supply voltage is a
voltage regulator supply voltage.

Figures 4, 5, 11, and 12.

The ~183 Patent discloses ‘“The electronic
switching circuit includes a voltage regulator
100 including input lines 101 and 102 for
receiving a 24 V AC line voltage and a line 103
for grounding the circuit. Voltage regulator 100
converts the received AC voltage to a DC
voltage and supplies a regulated 5 V DC power
to an oscillator 200 via lines 104 and 105.
Voltage regulator also supplies oscillator 200
with 26 V DC power via line 106. The details of
voltage regulator 100 are discussed below with
reference to FIG. 5.” Col. 11:64 — Col. 12:5; see
also Col. 12:50 — Col. 13:31.
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CC. New Claim 66

66. The capacitive responsive See Figure 11.

electronic switching circuit as defined in

claim 27, wherein each signal output The ~183 Patent discloses “The touch detection
frequency selectively provided to each circuit of the present invention features operation
row of the closely spaced array of input at frequencies at or above 50 kHz and preferably
touch terminals of the keypad has a same | at or above 800 kHz to minimize the effects of
Hertz value. surface contamination from materials such a

[sic] skin oils and water. Col. 5:49-53.

The “183 Patent discloses “Conversely, at 100
kHz, the glass impedance drops to
approximately 1 MQ resulting in the impedance
of the path to ground for pad 59 being twice that
of the touched pad 57. For cases where
background noise and temperature drifts are
comparatively small, a 100 kHz oscillator
frequency would allow a sufficiently low
detection threshold to be set to differentiate
between the signal changes induced at both pads
by a human touch opposite a single pad. At 800
kHz, the impedance of the glass drops to 200 kQ
or lower giving a ratio of a greater than S to 1
impedance difference between the paths to
ground of the touched pad 57 and adjacent pads
59. In fact, the impedance ratio may exceed 10
to 1, as illustrated in the calculation below. This
allows the detection threshold for the touched
pad to be set well below that of an adjacent pad
resulting in a much lower incidence of
inadvertent actuation of adjacent touch pads to
that of the touched pad. Ideally, the frequency of
operation would be kept at the 800 kHz of the
preferred embodiment or even higher. However,
as noted earlier, higher frequency operation
forces the use of more expensive components
and designs. For applications where thermal drift
and electronic noise levels are low, operation at
or near 100 kHz may be possible. However, at
10 kHz and below, the impedance of the glass
becomes much greater than that of likely water
bridges between pads resulting in adjacent pads
being effected as much by a touch as the touched
pad itself. Although the preferred frequency is at
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or above 100 kHz, and more preferably at or
above 800 kHz, it is conceivable that frequencies
as low as 50 kHz could be used provided the
frequency creates a difference in the impedance
paths of adjacent pads that is sufficient enough
to accurately distinguish between an intended
touch and the touch of an adjacent pad. Use of
frequencies as low as 50 kHz may also be
possible depending upon the type of glass or
covering or the thickness thereof used for the
touch pad. Col. 10:60 — Col. 11:27.

The ~183 Patent discloses “As will be apparent
to those skilled in the art, the values of the
resistors and capacitors utilized in oscillator 200
may be varied from those disclosed above to
provide for different oscillator output
frequencies. As discussed above, however,
oscillator 200 is preferably constructed so as to
output a square wave having a frequency of 50
kHz or greater, and more preferably, of 800 kHz
or greater. Col. 14:22-28.

The ~183 Patent disclosed “The combination of
oscillator voltage, frequency and transistor gain
bandwidth product that is used will necessarily
vary with the cost, safety and reliability
requirements of a given application.” Col. 14:65
—Col. 15:1.

DD. New Claim 67

67. The capacitive responsive See Figure 11.

electronic switching circuit as defined in

claim 27, wherein each signal output The ~183 Patent discloses “The touch detection
frequency selectively provided to each circuit of the present invention features operation
row of the closely spaced array of input at frequencies at or above 50 kHz and preferably
touch terminals of the keypad is selected | at or above 800 kHz to minimize the effects of
from a plurality of Hertz values. surface contamination from materials such a

[sic] skin oils and water. Col. 5:49-53.

The “183 Patent discloses “Conversely, at 100
kHz, the glass impedance drops to
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approximately 1 MQ resulting in the impedance
of the path to ground for pad 59 being twice that
of the touched pad 57. For cases where
background noise and temperature drifts are
comparatively small, a 100 kHz oscillator
frequency would allow a sufficiently low
detection threshold to be set to differentiate
between the signal changes induced at both pads
by a human touch opposite a single pad. At 800
kHz, the impedance of the glass drops to 200 kQ
or lower giving a ratio of a greater than 5 to 1
impedance difference between the paths to
ground of the touched pad 57 and adjacent pads
59. In fact, the impedance ratio may exceed 10
to 1, as illustrated in the calculation below. This
allows the detection threshold for the touched
pad to be set well below that of an adjacent pad
resulting in a much lower incidence of
inadvertent actuation of adjacent touch pads to
that of the touched pad. Ideally, the frequency of
operation would be kept at the 800 kHz of the
preferred embodiment or even higher. However,
as noted earlier, higher frequency operation
forces the use of more expensive components
and designs. For applications where thermal drift
and electronic noise levels are low, operation at
or near 100 kHz may be possible. However, at
10 kHz and below, the impedance of the glass
becomes much greater than that of likely water
bridges between pads resulting in adjacent pads
being effected as much by a touch as the touched
pad itself. Although the preferred frequency is at
or above 100 kHz, and more preferably at or
above 800 kHz, it is conceivable that frequencies
as low as 50 kHz could be used provided the
frequency creates a difference in the impedance
paths of adjacent pads that is sufficient enough
to accurately distinguish between an intended
touch and the touch of an adjacent pad. Use of
frequencies as low as 50 kHz may also be
possible depending upon the type of glass or
covering or the thickness thereof used for the
touch pad. Col. 10:60 — Col. 11:27.
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The ~183 Patent discloses “As will be apparent
to those skilled in the art, the values of the
resistors and capacitors utilized in oscillator 200
may be varied from those disclosed above to
provide for different oscillator output
frequencies. As discussed above, however,
oscillator 200 is preferably constructed so as to
output a square wave having a frequency of 50
kHz or greater, and more preferably, of 800 kHz
or greater. Col. 14:22-28.

The ~183 Patent disclosed “The combination of
oscillator voltage, frequency and transistor gain
bandwidth product that is used will necessarily
vary with the cost, safety and reliability
requirements of a given application.” Col. 14:65
—Col. 15:1.

EE. New Claim 68

68. The capacitive responsive See Figure 11.
electronic switching circuit as defined in
claim 67, wherein the plurality of Hertz The ~183 Patent discloses “The touch detection
values comprises Hertz values greater circuit of the present invention features operation
than 50 kHz. at frequencies at or above 50 kHz and preferably
at or above 800 kHz to minimize the effects of
surface contamination from materials such a

[sic] skin oils and water. Col. 5:49-53.

The ~183 Patent discloses “Conversely, at 100
kHz, the glass impedance drops to
approximately 1 MQ resulting in the impedance
of the path to ground for pad 59 being twice that
of the touched pad 57. For cases where
background noise and temperature drifts are
comparatively small, a 100 kHz oscillator
frequency would allow a sufficiently low
detection threshold to be set to differentiate
between the signal changes induced at both pads
by a human touch opposite a single pad. At 800
kHz, the impedance of the glass drops to 200 kQ
or lower giving a ratio of a greater than 5 to 1
impedance difference between the paths to
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ground of the touched pad 57 and adjacent pads
59. In fact, the impedance ratio may exceed 10
to 1, as illustrated in the calculation below. This
allows the detection threshold for the touched
pad to be set well below that of an adjacent pad
resulting in a much lower incidence of
inadvertent actuation of adjacent touch pads to
that of the touched pad. Ideally, the frequency of
operation would be kept at the 800 kHz of the
preferred embodiment or even higher. However,
as noted earlier, higher frequency operation
forces the use of more expensive components
and designs. For applications where thermal drift
and electronic noise levels are low, operation at
or near 100 kHz may be possible. However, at
10 kHz and below, the impedance of the glass
becomes much greater than that of likely water
bridges between pads resulting in adjacent pads
being effected as much by a touch as the touched
pad itself. Although the preferred frequency is at
or above 100 kHz, and more preferably at or
above 800 kHz, it is conceivable that frequencies
as low as 50 kHz could be used provided the
frequency creates a difference in the impedance
paths of adjacent pads that is sufficient enough
to accurately distinguish between an intended
touch and the touch of an adjacent pad. Use of
frequencies as low as 50 kHz may also be
possible depending upon the type of glass or
covering or the thickness thereof used for the
touch pad. Col. 10:60 — Col. 11:27.

The ~183 Patent discloses “As will be apparent
to those skilled in the art, the values of the
resistors and capacitors utilized in oscillator 200
may be varied from those disclosed above to
provide for different oscillator output
frequencies. As discussed above, however,
oscillator 200 is preferably constructed so as to
output a square wave having a frequency of 50
kHz or greater, and more preferably, of 800 kHz
or greater. Col. 14:22-28.

The ~183 Patent disclosed “The combination of
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oscillator voltage, frequency and transistor gain
bandwidth product that is used will necessarily
vary with the cost, safety and reliability
requirements of a given application.” Col. 14:65
—Col. 15:1.

FF. New Claim 69

69. The capacitive responsive
electronic switching circuit as defined in
claim 67, wherein the plurality of Hertz
values comprises Hertz values greater
than 100 kHz.

See Figure 11.

The ~183 Patent discloses “The touch detection
circuit of the present invention features operation
at frequencies at or above 50 kHz and preferably
at or above 800 kHz to minimize the effects of
surface contamination from materials such a

[sic] skin oils and water. Col. 5:49-53.

The ~183 Patent discloses “Conversely, at 100
kHz, the glass impedance drops to
approximately 1 MQ resulting in the impedance
of the path to ground for pad 59 being twice that
of the touched pad 57. For cases where
background noise and temperature drifts are
comparatively small, a 100 kHz oscillator
frequency would allow a sufficiently low
detection threshold to be set to differentiate
between the signal changes induced at both pads
by a human touch opposite a single pad. At 800
kHz, the impedance of the glass drops to 200 kQ
or lower giving a ratio of a greater than 5 to 1
impedance difference between the paths to
ground of the touched pad 57 and adjacent pads
59. In fact, the impedance ratio may exceed 10
to 1, as illustrated in the calculation below. This
allows the detection threshold for the touched
pad to be set well below that of an adjacent pad
resulting in a much lower incidence of
inadvertent actuation of adjacent touch pads to
that of the touched pad. Ideally, the frequency of
operation would be kept at the 800 kHz of the
preferred embodiment or even higher. However,
as noted earlier, higher frequency operation
forces the use of more expensive components
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and designs. For applications where thermal drift
and electronic noise levels are low, operation at
or near 100 kHz may be possible. However, at
10 kHz and below, the impedance of the glass
becomes much greater than that of likely water
bridges between pads resulting in adjacent pads
being effected as much by a touch as the touched
pad itself. Although the preferred frequency is at
or above 100 kHz, and more preferably at or
above 800 kHz, it is conceivable that frequencies
as low as 50 kHz could be used provided the
frequency creates a difference in the impedance
paths of adjacent pads that is sufficient enough
to accurately distinguish between an intended
touch and the touch of an adjacent pad. Use of
frequencies as low as 50 kHz may also be
possible depending upon the type of glass or
covering or the thickness thereof used for the
touch pad. Col. 10:60 — Col. 11:27.

The ~183 Patent discloses “As will be apparent
to those skilled in the art, the values of the
resistors and capacitors utilized in oscillator 200
may be varied from those disclosed above to
provide for different oscillator output
frequencies. As discussed above, however,
oscillator 200 is preferably constructed so as to
output a square wave having a frequency of 50
kHz or greater, and more preferably, of 800 kHz
or greater. Col. 14:22-28.

The ~183 Patent disclosed “The combination of
oscillator voltage, frequency and transistor gain
bandwidth product that is used will necessarily
vary with the cost, safety and reliability
requirements of a given application.” Col. 14:65
—Col. 15:1.

GG. New Claim 70

70.  The capacitive responsive See Fig. 11.
electronic switching circuit as defined in
claim 67, wherein the plurality of Hertz The “183 Patent discloses ‘““The touch detection
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values comprises Hertz values greater circuit of the present invention features operation
than 800 kHz. at frequencies at or above 50 kHz and preferably
at or above 800 kHz to minimize the effects of
surface contamination from materials such a

[sic] skin oils and water. Col. 5:49-53.

The ~183 Patent discloses “At 800 kHz, the
impedance of the glass drops to 200 k€2 or lower
giving a ratio of a greater than 5 to 1 impedance
difference between the paths to ground of the
touched pad 57 and adjacent pads 59. In fact, the
impedance ratio may exceed 10 to 1, as
illustrated in the calculation below. This allows
the detection threshold for the touched pad to be
set well below that of an adjacent pad resulting
in a much lower incidence of inadvertent
actuation of adjacent touch pads to that of the
touched pad. Ideally, the frequency of operation
would be kept at the 800 kHz of the preferred
embodiment or even higher. However, as noted
earlier, higher frequency operation forces the use
of more expensive components and designs. For
applications where thermal drift and electronic
noise levels are low, operation at or near 100
kHz may be possible. However, at 10 kHz and
below, the impedance of the glass becomes
much greater than that of likely water bridges
between pads resulting in adjacent pads being
effected as much by a touch as the touched pad
itself. Although the preferred frequency is at or
above 100 kHz, and more preferably at or above
800 kHz, it is conceivable that frequencies as
low as 50 kHz could be used provided the
frequency creates a difference in the impedance
paths of adjacent pads that is sufficient enough
to accurately distinguish between an intended
touch and the touch of an adjacent pad. Use of
frequencies as low as 50 kHz may also be
possible depending upon the type of glass or
covering or the thickness thereof used for the
touch pad. Col. 11:1-27.

The ~183 Patent discloses “As will be apparent
to those skilled in the art, the values of the
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resistors and capacitors utilized in oscillator 200
may be varied from those disclosed above to
provide for different oscillator output
frequencies. As discussed above, however,
oscillator 200 is preferably constructed so as to
output a square wave having a frequency of 50
kHz or greater, and more preferably, of 800 kHz
or greater. Col. 14:22-28.

The ~183 Patent disclosed “The combination of
oscillator voltage, frequency and transistor gain
bandwidth product that is used will necessarily
vary with the cost, safety and reliability
requirements of a given application.” Col. 14:65
—Col. 15:1.

HH. New Claim 71

71.  The capacitive responsive See Figures 19, 20A-C; and Claims 28 and 35.
electronic switching circuit as defined in

claim 27, wherein the detector circuit is The ~183 Patent discloses “In another
configured to inhibit the control output embodiment a method to prevent inadvertent so
signal unless the operator is proximal or actuations is to require a multi-step process.
touches said second touch terminal after Referring to FIG. 19, a device is shown having a
the operator is proximal or touches said first palm button 2201, a second palm button
first touch terminal. 2202, and an indicator light 2205. Palm button

2201 has to be activated first and then button
2202 has to be activated within a 2 second time
window before a desired actuation can occur.”
Col. 22:49-55.

The 183 Patent discloses “In a variation of the
multi-step process, two touch plates within a
housing (one vertical and one horizontal) are
used to provide a two-step turn-on. Referring to
FIGS. 20A-C, the first step to actuate the output
relay 2310, is initiated when the operator inserts
his hands and touches the vertical touch sensor
2301 with the dorsal side of the hands. A yellow
LED 2304 on top of the device show the
successful completion of the first step. The
second step is to flip the hand over and touch the
horizontal touch sensor 2302 with the palmar
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side of the hand. A red LED 2305 on top of the
device shows the completion of the two step
turn-on and activation of output relay 2310. The
flipping action of the hand in the second step
causes the forearm muscles to flex, thereby
reducing stiffness and fatigue. Also, the hands,
and arms can rest on the run bar until the
machine cycle is complete. The second step of
the two-step turn-on must occur within some
predetermined time (for example 2 seconds)
after the release of vertical touch sensor or the
first step must be repeated.” Col. 23:19-36.

II. New Claim 72

For ease of analysis, new independent claim 72 is shown below with pseudo-amendments
illustrating the differences between new claim 72 and claim 27 of the “183 Patent following the

first reexamination proceeding.

72. A capacitive responsive electronic | See Claim 27.
switching circuit for a controlled keypad
device comprising:

an oscillator providing a periodic | See Claim 27.
output signal having a predefined
frequency;

a microcontroller using the See Figures 4, 11; and Claims 8, 12, 16.
periodic output signal from the oscillator,
the microcontroller selectively providing | The “183 Patent discloses “The touch detection

signal output frequencies directly to a circuit of the present invention features operation
closely spaced array of input touch at frequencies at or above 50 kHz and preferably
terminals of a keypad, the input touch at or above 800 kHz to minimize the effects of
terminals comprising first and second surface contamination from materials such a
input touch terminals; [sic] skin oils and water. It also offers

improvements in detection sensitivity that allow
close control of the degree of proximity (ideally
very close proximity) that is required for
actuation and to enable employment of a
multiplicity of small sized touch terminals in a
physically close array such as a keyboard.” Col.
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5:49-57.

The ~183 Patent discloses “In a first preferred
embodiment the circuit offers enhanced
detection sensitivity to allow reliable operation
with small (finger size) touch pads.” Col. 6:1-3.

The “183 Patent discloses “Although the
preferred frequency is at or above 100 kHz, and
more preferably at or above 800 kHz, it is
conceivable that frequencies as low as 50 kHz
could be used provided the frequency creates a
difference in the impedance paths of adjacent
pads that is sufficient enough to accurately
distinguish between an intended touch and the
touch of an adjacent pad. Use of frequencies as
low as 50 kHz may also be possible depending
upon the type of glass or covering or the
thickness thereof used for the touch pad.” Col.
11:19-27.

The ~183 Patent discloses “Upon being powered
by voltage regulator 100, oscillator 200
generates a square wave with a frequency of 50
kHz, and preferably greater than 800 kHz, and
having an amplitude of 26 V peak. The square
wave generated by oscillator 200 is supplied via
line 201 to a floating common generator 300, a
touch pad shield plate 460, a touch circuit 400,
and a microcontroller 500. Oscillator 200 is
described below with reference to FIG. 6.
Floating common generator 300 receives the 26
V peak square wave from oscillator 200 and
outputs a regulated floating common that is 5
volts below the square wave output from
oscillator 200 and has the same phase and
frequency as the received square wave. This
floating common output is supplied to touch
circuit 400 and microcontroller 500 via line 301
such that the output square wave from oscillator
200 and floating common output from floating
common generator 300 provide power to touch
circuit 400 and microcontroller 500. Details of
floating common generator 300 are discussed
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below with reference to FIG. 7.

Touch circuit 400 senses capacitance from a
touch pad 450 via line 451 and outputs a signal
to microcontroller 500 via line 401 upon
detecting a capacitance to ground at touch pad
450 that exceeds a threshold value. The details
of touch circuit 400 are described below with
reference to FIG. 8.

Upon receiving an indication from touch circuit
400 that a sufficient capacitance to ground
(typically at least 20 pF) is present at touch pad
450, microcontroller 500 outputs a signal to a
load-controlling microcontroller 600 via line
501, which is preferably a two way optical
coupling bus.” Col. 12:6-33.

The ~183 Patent discloses “As will be apparent
to those skilled in the art, the values of the
resistors and capacitors utilized in oscillator 200
may be varied from those disclosed above to
provide for different oscillator output
frequencies.” Col. 14:22-25.

The ~183 Patent discloses “A multiple touch pad
circuit constructed in accordance with the
second embodiment is shown in FIG. 11. In the
second embodiment of FIG. 11, components
similar to those in the first embodiment in FIG. 4
are designated with the same references
numerals and will not be discussed in detail.
The multiple touch pad circuit is a variation of
the first embodiment in that it includes an array
of touch circuits designated as 900; through
900,m, which, as shown, include both the touch
circuit 400 shown in FIGS. 4 and 8 and the input
touch terminal pad 451 (FIG. 4).
Microcontroller 500 selects each row of the
touch circuits 900; to 900, by providing the
signal from oscillator 200 to selected rows of
touch circuits. In this manner, microcontroller
500 can sequentially activate the touch circuit
rows and associate the received inputs from the
columns of the array with the activated touch
circuit(s). To keep the path length 451 between
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the touch pad 450 and the base to the detection
transistor 410 to a minimum, the detection
circuits 900 are physically located directly
beneath the touch pads. To simplify assembly, a
flexible circuit board such as vended by
Sheldahl, Inc. or Circuit Etching Technics, Inc.
can be used for this purpose. Ideally, the printed
circuit will be fixed directly against the surface
(typically glass) bearing the conductive touch
pads to eliminate air gaps and the need for
conductive foam pads and spring contacts which
were used to fill air gaps.” Col. 18:34-59.

the first and second input touch
terminals defining areas for an operator to
provide an input by proximity and touch;
and

See Claim 27.

a detector circuit coupled to said
oscillator for receiving said periodic
output signal from said oscillator, and
coupled to said first and second touch
terminals, said detector circuit being
responsive to signals from said oscillator
via said microcontroller and a presence of
an operator's body capacitance to ground
coupled to said first and second touch
terminals when proximal or touched by
the operator to provide a control output
signal for actuation of the controlled
keypad device, said detector circuit being
configured to generate said control output
signal when the operator is proximal or
touches said second touch terminal after
the operator is proximal or touches said
first touch terminal.

See Claim 27.

JJ. New Claim 73

73. The capacitive responsive
electronic switching circuit as defined in
claim 72, wherein the signal output

See Figure 11.

The ~183 Patent discloses “The touch detection
circuit of the present invention features operation
at frequencies at or above 50 kHz and preferably
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frequencies have a same Hertz value.

at or above 800 kHz to minimize the effects of
surface contamination from materials such a
[sic] skin oils and water. Col. 5:49-53.

The ~183 Patent discloses “Conversely, at 100
kHz, the glass impedance drops to
approximately 1 MQ resulting in the impedance
of the path to ground for pad 59 being twice that
of the touched pad 57. For cases where
background noise and temperature drifts are
comparatively small, a 100 kHz oscillator
frequency would allow a sufficiently low
detection threshold to be set to differentiate
between the signal changes induced at both pads
by a human touch opposite a single pad. At 800
kHz, the impedance of the glass drops to 200 kQ
or lower giving a ratio of a greater than S to 1
impedance difference between the paths to
ground of the touched pad 57 and adjacent pads
59. In fact, the impedance ratio may exceed 10
to 1, as illustrated in the calculation below. This
allows the detection threshold for the touched
pad to be set well below that of an adjacent pad
resulting in a much lower incidence of
inadvertent actuation of adjacent touch pads to
that of the touched pad. Ideally, the frequency of
operation would be kept at the 800 kHz of the
preferred embodiment or even higher. However,
as noted earlier, higher frequency operation
forces the use of more expensive components
and designs. For applications where thermal drift
and electronic noise levels are low, operation at
or near 100 kHz may be possible. However, at
10 kHz and below, the impedance of the glass
becomes much greater than that of likely water
bridges between pads resulting in adjacent pads
being effected as much by a touch as the touched
pad itself. Although the preferred frequency is at
or above 100 kHz, and more preferably at or
above 800 kHz, it is conceivable that frequencies
as low as 50 kHz could be used provided the
frequency creates a difference in the impedance
paths of adjacent pads that is sufficient enough
to accurately distinguish between an intended
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touch and the touch of an adjacent pad. Use of
frequencies as low as 50 kHz may also be
possible depending upon the type of glass or
covering or the thickness thereof used for the
touch pad. Col. 10:60 — Col. 11:27.

The ~183 Patent discloses “As will be apparent
to those skilled in the art, the values of the
resistors and capacitors utilized in oscillator 200
may be varied from those disclosed above to
provide for different oscillator output
frequencies. As discussed above, however,
oscillator 200 is preferably constructed so as to
output a square wave having a frequency of 50
kHz or greater, and more preferably, of 800 kHz
or greater. Col. 14:22-28.

The ~183 Patent disclosed “The combination of
oscillator voltage, frequency and transistor gain
bandwidth product that is used will necessarily
vary with the cost, safety and reliability
requirements of a given application.” Col. 14:65
—Col. 15:1.

KK. New Claim 74

74. The capacitive responsive See Figure 11.

electronic switching circuit as defined in

claim 72, wherein each signal output The ~183 Patent discloses “The touch detection
frequency is selected from a plurality of circuit of the present invention features operation
Hertz values. at frequencies at or above 50 kHz and preferably

at or above 800 kHz to minimize the effects of
surface contamination from materials such a
[sic] skin oils and water. Col. 5:49-53.

The ~183 Patent discloses “Conversely, at 100
kHz, the glass impedance drops to
approximately 1 MQ resulting in the impedance
of the path to ground for pad 59 being twice that
of the touched pad 57. For cases where
background noise and temperature drifts are
comparatively small, a 100 kHz oscillator
frequency would allow a sufficiently low
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detection threshold to be set to differentiate
between the signal changes induced at both pads
by a human touch opposite a single pad. At 800
kHz, the impedance of the glass drops to 200 kQ
or lower giving a ratio of a greater than 5 to 1
impedance difference between the paths to
ground of the touched pad 57 and adjacent pads
59. In fact, the impedance ratio may exceed 10
to 1, as illustrated in the calculation below. This
allows the detection threshold for the touched
pad to be set well below that of an adjacent pad
resulting in a much lower incidence of
inadvertent actuation of adjacent touch pads to
that of the touched pad. Ideally, the frequency of
operation would be kept at the 800 kHz of the
preferred embodiment or even higher. However,
as noted earlier, higher frequency operation
forces the use of more expensive components
and designs. For applications where thermal drift
and electronic noise levels are low, operation at
or near 100 kHz may be possible. However, at
10 kHz and below, the impedance of the glass
becomes much greater than that of likely water
bridges between pads resulting in adjacent pads
being effected as much by a touch as the touched
pad itself. Although the preferred frequency is at
or above 100 kHz, and more preferably at or
above 800 kHz, it is conceivable that frequencies
as low as 50 kHz could be used provided the
frequency creates a difference in the impedance
paths of adjacent pads that is sufficient enough
to accurately distinguish between an intended
touch and the touch of an adjacent pad. Use of
frequencies as low as 50 kHz may also be
possible depending upon the type of glass or
covering or the thickness thereof used for the
touch pad. Col. 10:60 — Col. 11:27.

The ~183 Patent discloses “As will be apparent
to those skilled in the art, the values of the
resistors and capacitors utilized in oscillator 200
may be varied from those disclosed above to
provide for different oscillator output
frequencies. As discussed above, however,
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oscillator 200 is preferably constructed so as to
output a square wave having a frequency of 50
kHz or greater, and more preferably, of 800 kHz
or greater. Col. 14:22-28.

The ~183 Patent disclosed “The combination of
oscillator voltage, frequency and transistor gain
bandwidth product that is used will necessarily
vary with the cost, safety and reliability
requirements of a given application.” Col. 14:65
—Col. 15:1.

LL. New Claim 75

75. The capacitive responsive
electronic switching circuit as defined in
claim 74, wherein the plurality of Hertz
values comprises Hertz values greater
than 50 kHz.

See Figure 11.

The ~183 Patent discloses “The touch detection
circuit of the present invention features operation
at frequencies at or above 50 kHz and preferably
at or above 800 kHz to minimize the effects of
surface contamination from materials such a

[sic] skin oils and water. Col. 5:49-53.

The “183 Patent discloses “Conversely, at 100
kHz, the glass impedance drops to
approximately 1 MQ resulting in the impedance
of the path to ground for pad 59 being twice that
of the touched pad 57. For cases where
background noise and temperature drifts are
comparatively small, a 100 kHz oscillator
frequency would allow a sufficiently low
detection threshold to be set to differentiate
between the signal changes induced at both pads
by a human touch opposite a single pad. At 800
kHz, the impedance of the glass drops to 200 kQ
or lower giving a ratio of a greater than S to 1
impedance difference between the paths to
ground of the touched pad 57 and adjacent pads
59. In fact, the impedance ratio may exceed 10
to 1, as illustrated in the calculation below. This
allows the detection threshold for the touched
pad to be set well below that of an adjacent pad
resulting in a much lower incidence of
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inadvertent actuation of adjacent touch pads to
that of the touched pad. Ideally, the frequency of
operation would be kept at the 800 kHz of the
preferred embodiment or even higher. However,
as noted earlier, higher frequency operation
forces the use of more expensive components
and designs. For applications where thermal drift
and electronic noise levels are low, operation at
or near 100 kHz may be possible. However, at
10 kHz and below, the impedance of the glass
becomes much greater than that of likely water
bridges between pads resulting in adjacent pads
being effected as much by a touch as the touched
pad itself. Although the preferred frequency is at
or above 100 kHz, and more preferably at or
above 800 kHz, it is conceivable that frequencies
as low as 50 kHz could be used provided the
frequency creates a difference in the impedance
paths of adjacent pads that is sufficient enough
to accurately distinguish between an intended
touch and the touch of an adjacent pad. Use of
frequencies as low as 50 kHz may also be
possible depending upon the type of glass or
covering or the thickness thereof used for the
touch pad. Col. 10:60 — Col. 11:27.

The ~183 Patent discloses “As will be apparent
to those skilled in the art, the values of the
resistors and capacitors utilized in oscillator 200
may be varied from those disclosed above to
provide for different oscillator output
frequencies. As discussed above, however,
oscillator 200 is preferably constructed so as to
output a square wave having a frequency of 50
kHz or greater, and more preferably, of 800 kHz
or greater. Col. 14:22-28.

The ~183 Patent disclosed “The combination of
oscillator voltage, frequency and transistor gain
bandwidth product that is used will necessarily
vary with the cost, safety and reliability
requirements of a given application.” Col. 14:65
—Col. 15:1.
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MM. New Claim 76

76. The capacitive responsive See Figure 11.
electronic switching circuit as defined in
claim 74, wherein the plurality of Hertz The ~183 Patent discloses “The touch detection
values comprises Hertz values greater circuit of the present invention features operation
than 100 kHz. at frequencies at or above 50 kHz and preferably
at or above 800 kHz to minimize the effects of
surface contamination from materials such a

[sic] skin oils and water. Col. 5:49-53.

The “183 Patent discloses “Conversely, at 100
kHz, the glass impedance drops to
approximately 1 MQ resulting in the impedance
of the path to ground for pad 59 being twice that
of the touched pad 57. For cases where
background noise and temperature drifts are
comparatively small, a 100 kHz oscillator
frequency would allow a sufficiently low
detection threshold to be set to differentiate
between the signal changes induced at both pads
by a human touch opposite a single pad. At 800
kHz, the impedance of the glass drops to 200 kQ
or lower giving a ratio of a greater than S to 1
impedance difference between the paths to
ground of the touched pad 57 and adjacent pads
59. In fact, the impedance ratio may exceed 10
to 1, as illustrated in the calculation below. This
allows the detection threshold for the touched
pad to be set well below that of an adjacent pad
resulting in a much lower incidence of
inadvertent actuation of adjacent touch pads to
that of the touched pad. Ideally, the frequency of
operation would be kept at the 800 kHz of the
preferred embodiment or even higher. However,
as noted earlier, higher frequency operation
forces the use of more expensive components
and designs. For applications where thermal drift
and electronic noise levels are low, operation at
or near 100 kHz may be possible. However, at
10 kHz and below, the impedance of the glass
becomes much greater than that of likely water
bridges between pads resulting in adjacent pads
being effected as much by a touch as the touched
pad itself. Although the preferred frequency is at
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or above 100 kHz, and more preferably at or
above 800 kHz, it is conceivable that frequencies
as low as 50 kHz could be used provided the
frequency creates a difference in the impedance
paths of adjacent pads that is sufficient enough
to accurately distinguish between an intended
touch and the touch of an adjacent pad. Use of
frequencies as low as 50 kHz may also be
possible depending upon the type of glass or
covering or the thickness thereof used for the
touch pad. Col. 10:60 — Col. 11:27.

The ~183 Patent discloses “As will be apparent
to those skilled in the art, the values of the
resistors and capacitors utilized in oscillator 200
may be varied from those disclosed above to
provide for different oscillator output
frequencies. As discussed above, however,
oscillator 200 is preferably constructed so as to
output a square wave having a frequency of 50
kHz or greater, and more preferably, of 800 kHz
or greater. Col. 14:22-28.

The ~183 Patent disclosed “The combination of
oscillator voltage, frequency and transistor gain
bandwidth product that is used will necessarily
vary with the cost, safety and reliability
requirements of a given application.” Col. 14:65
—Col. 15:1.

NN. New Claim 77

77. The capacitive responsive See Fig. 11.
electronic switching circuit as defined in
claim 74, wherein the plurality of Hertz The ~183 Patent discloses “The touch detection
values comprises Hertz values greater circuit of the present invention features operation
than 800 kHz. at frequencies at or above 50 kHz and preferably
at or above 800 kHz to minimize the effects of
surface contamination from materials such a

[sic] skin oils and water. Col. 5:49-53.

The ~183 Patent discloses “At 800 kHz, the
impedance of the glass drops to 200 k€ or lower
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giving a ratio of a greater than 5 to 1 impedance
difference between the paths to ground of the
touched pad 57 and adjacent pads 59. In fact, the
impedance ratio may exceed 10 to 1, as
illustrated in the calculation below. This allows
the detection threshold for the touched pad to be
set well below that of an adjacent pad resulting
in a much lower incidence of inadvertent
actuation of adjacent touch pads to that of the
touched pad. Ideally, the frequency of operation
would be kept at the 800 kHz of the preferred
embodiment or even higher. However, as noted
earlier, higher frequency operation forces the use
of more expensive components and designs. For
applications where thermal drift and electronic
noise levels are low, operation at or near 100
kHz may be possible. However, at 10 kHz and
below, the impedance of the glass becomes
much greater than that of likely water bridges
between pads resulting in adjacent pads being
effected as much by a touch as the touched pad
itself. Although the preferred frequency is at or
above 100 kHz, and more preferably at or above
800 kHz, it is conceivable that frequencies as
low as 50 kHz could be used provided the
frequency creates a difference in the impedance
paths of adjacent pads that is sufficient enough
to accurately distinguish between an intended
touch and the touch of an adjacent pad. Use of
frequencies as low as 50 kHz may also be
possible depending upon the type of glass or
covering or the thickness thereof used for the
touch pad. Col. 11:1-27.

The ~183 Patent discloses “As will be apparent
to those skilled in the art, the values of the
resistors and capacitors utilized in oscillator 200
may be varied from those disclosed above to
provide for different oscillator output
frequencies. As discussed above, however,
oscillator 200 is preferably constructed so as to
output a square wave having a frequency of 50
kHz or greater, and more preferably, of 800 kHz
or greater. Col. 14:22-28.
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The ~183 Patent disclosed “The combination of
oscillator voltage, frequency and transistor gain
bandwidth product that is used will necessarily
vary with the cost, safety and reliability
requirements of a given application.” Col. 14:65
—Col. 15:1.

00. New Claim 78

For ease of analysis, new dependent claim 78 is shown below with pseudo-amendments
illustrating the differences between new claim 78 and claim 28 of the “183 Patent following the

first reexamination proceeding.

78. The capacitive responsive See Claims 27 and 28.
electronic switching circuit as defined in
claim 72, wherein said detector circuit
generates is configured to generate said
control output signal only when the
operator is proximal or touches said
second touch terminal within a
predetermined time period after the
operator is proximal or touches said first

touch terminal.

PP. New Claim 79

For ease of analysis, new dependent claim 79 is shown below with pseudo-amendments
illustrating the differences between new claim 79 and claim 36 of the “183 Patent following the

first reexamination proceeding.

e capacitive responsive
electromc switching circuit as defined in

claim 72, and-further inelading

comprising an indicator for indicating
when-satd the detector circuit determines
has determined that the operator is

The ~183 Patent discloses ‘“The microprocessor
also allows the use of visual indicators such as
LEDs or annunciators such as a bell or tone
generator to confirm the actuation of a given
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proximal or touches said second touch
terminal.

touch switch or switches. This is particularly
useful in cases where a sequence of actuations is
required before an action occurs. The feedback
to the operator provided by a visual or audio
indicator activated by the microprocessor in
response to intermediate touches in a required
sequence can minimize time lost and/or
frustration on the part of the operator due to
failed actuations from partial touches or wrong
actuations from touching the wrong pad in a
given required sequence or combination of
touches.” Col. 6:31-42.

The “183 Patent discloses “A further option is to
provide one or more LEDs 2205 or audible
annunciators for visual or audible feedback to
the operator. Specifically, in FIG. 19 the LED
2205 will come on when button 2201 has been
successfully activated to cue the operator that it
is time to move to button 2202. Where required
a second LED with a different color than the first
(yellow for the first LED and red for the second)
can be provided to provide visual confirmation
that the second button 2202 has been activated or
that the required combination of the two buttons
has been activated. Two different audible tone
or sound generators could also be used in lieu of
the LEDs to provide feedback to the operator.”
Col. 23:1-12.

The “183 Patent discloses “A red LED 2305 on
top of the device shows the completion of the
two step turn-on and activation of output relay
2310.” Col. 23:28-30.

QQ. New Claim 80

80. The capacitive responsive
electronic switching circuit as defined in
claim 72, wherein the detector circuit is
configured to inhibit the control output
signal unless the operator is proximal or
touches said second touch terminal after

See Figures 19, 20A-C; and Claims 28 and 35.

The ~183 Patent discloses “In another
embodiment a method to prevent inadvertent so
actuations is to require a multi-step process.
Referring to FIG. 19, a device is shown having a

Page 655 of 1714

Page 105 of 142



Amendment Accompanying Request for Ex Parte Reexamination
U.S. Patent No. 5,796,183

the operator is proximal or touches said first palm button 2201, a second palm button
first touch terminal. 2202, and an indicator light 2205. Palm button
2201 has to be activated first and then button
2202 has to be activated within a 2 second time
window before a desired actuation can occur.”
Col. 22:49-55.

The ~183 Patent discloses “In a variation of the
multi-step process, two touch plates within a
housing (one vertical and one horizontal) are
used to provide a two-step turn-on. Referring to
FIGS. 20A-C, the first step to actuate the output
relay 2310, is initiated when the operator inserts
his hands and touches the vertical touch sensor
2301 with the dorsal side of the hands. A yellow
LED 2304 on top of the device show the
successful completion of the first step. The
second step is to flip the hand over and touch the
horizontal touch sensor 2302 with the palmar
side of the hand. A red LED 2305 on top of the
device shows the completion of the two step
turn-on and activation of output relay 2310. The
flipping action of the hand in the second step
causes the forearm muscles to flex, thereby
reducing stiffness and fatigue. Also, the hands,
and arms can rest on the run bar until the
machine cycle is complete. The second step of
the two-step turn-on must occur within some
predetermined time (for example 2 seconds)
after the release of vertical touch sensor or the
first step must be repeated.” Col. 23:19-36.

RR. New Claim 81

81. The capacitive responsive
electronic switching circuit as defined in

See Figures 4, 5; Claims 27 and 37.

claim 72, wherein a peak voltage of the The “183 Patent discloses “Having provided a
signal output frequencies is greater than a | basis for the use of higher frequencies, the basic
supply voltage. construction of the electronic switching circuit

constructed in accordance with a first
embodiment of the present invention is now
described with reference to FIG. 4. The
electronic switching circuit includes a voltage
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regulator 100 including input lines 101 and 102
for receiving a 24 V AC line voltage and a line
103 for grounding the circuit. Voltage regulator
100 converts the received AC voltage to a DC
voltage and supplies a regulated 5 V DC power
to an oscillator 200 via lines 104 and 105.
Voltage regulator also supplies oscillator 200
with 26 V DC power via line 106. The details of
voltage regulator 100 are discussed below with
reference to FIG. 5.

Upon being powered by voltage regulator 100,
oscillator 200 generates a square wave with a
frequency of 50 kHz, and preferably greater than
800 kHz, and having an amplitude of 26 V peak.
The square wave generated by oscillator 200 is
supplied via line 201 to a floating common
generator 300, a touch pad shield plate 460, a
touch circuit 400, and a microcontroller 500.
Oscillator 200 is described below with reference
to FIG. 6.” Col. 11:60 — Col. 12:13.

The 183 Patent discloses “Microcontroller 500
selects each row of the touch circuits 900, to
900.m by providing the signal from oscillator
200 to selected rows of touch circuits. In this
manner, microcontroller 500 can sequentially
activate the touch circuit rows and associate the
received inputs from the columns of the array
with the activated touch circuit(s).” Col. 18:43-
49,

The ~183 Patent discloses “A preferred circuit
for implementing a voltage regulator 100 is
shown in FIG. 5. Voltage regulator 100
preferably includes an AC/DC convertor 110 for
generating 29 V to 36 V unregulated DC on line
119. This unregulated DC power is supplied to a
5 V DC regulator 120 and to a 26 V DC
regulator 130. AC/DC convertor 110 includes
diodes 112, 114, 116, and 118, which rectify the
supplied 24 V AC power provided on power
lines 101 and 102.” Col. 12:50-57; see also Col.
12:57 — Col. 13:31.
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The ~183 Patent discloses “The oscillator
circuitry shown in FIG. 6 is very stable over the
temperature range of -40° C. to 105° C. The
output of the touch switch circuitry drops at a
rate of approximately 40 mV/°C. when
temperature falls below 0° C. If application
requires operation at low temperatures (-40° C.),
the following three methods may be used to
increase the output of the switch: increase the
oscillator's regulated supply voltage, increase the
resistance of resistor 416, and use a higher gain
transistor 410. All of these methods would
increase sensitivity at high temperatures.” Col.
16:33-41.

SS. New Claim 82

82. The capacitive responsive
electronic switching circuit as defined in
claim 81, wherein the supply voltage is a
battery supply voltage.

The ~183 Patent discloses “It will be apparent to
those skilled in the art, that various components
of voltage regulator 100 may be added or
excluded depending upon the source of power
available to power the oscillator 200. For
example, if the available powerisa 110 V AC
60 Hz commercial power line, a transformer may
be added to convert the 100 V AC power to 24 V
AC. Alternatively, if a DC batter is used, the
AC/DC convertor among other components may
be eliminated.” Col 13:23-31.

TT. New Claim 83

83. The capacitive responsive
electronic switching circuit as defined in
claim 81, wherein the supply voltage is a
voltage regulator supply voltage.

Figures 4, 5, 11, and 12.

The “183 Patent discloses ‘“The electronic
switching circuit includes a voltage regulator
100 including input lines 101 and 102 for
receiving a 24 V AC line voltage and a line 103
for grounding the circuit. Voltage regulator 100
converts the received AC voltage to a DC
voltage and supplies a regulated 5 V DC power
to an oscillator 200 via lines 104 and 105.
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Voltage regulator also supplies oscillator 200
with 26 V DC power via line 106. The details of
voltage regulator 100 are discussed below with
reference to FIG. 5.” Col. 11:64 — Col. 12:5; see
also Col. 12:50 — Col. 13:31.

UU. New Claim 84

For ease of analysis, new independent claim 84 is shown below with pseudo-amendments
illustrating the differences between new claim 84 and claim 27 of the “183 Patent following the

first reexamination proceeding.

84. A capacitive responsive electronic | See Claim 27.
switching circuit for a controlled keypad
device comprising:

an oscillator providing a periodic | See Claim 27.
output signal having a predefined
frequency;

a microcontroller using the See Figures 4, 5, 11; and Claims 8, 12, 16, 27
periodic output signal from the oscillator, | and 37.
the microcontroller selectively providing

signal output frequencies to a closely The ~183 Patent discloses “The touch detection
spaced array of input touch terminals of a | circuit of the present invention features operation
keypad, the input touch terminals at frequencies at or above 50 kHz and preferably
comprising first and second input touch at or above 800 kHz to minimize the effects of
terminals, wherein a peak voltage of the surface contamination from materials such a
signal output frequencies is greater than a | [sic] skin oils and water. It also offers

supply voltage; improvements in detection sensitivity that allow

close control of the degree of proximity (ideally
very close proximity) that is required for
actuation and to enable employment of a
multiplicity of small sized touch terminals in a
physically close array such as a keyboard.” Col.
5:49-57.

The “183 Patent discloses “In a first preferred
embodiment the circuit offers enhanced
detection sensitivity to allow reliable operation
with small (finger size) touch pads.” Col. 6:1-3.
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The ~183 Patent discloses “Although the
preferred frequency is at or above 100 kHz, and
more preferably at or above 800 kHz, it is
conceivable that frequencies as low as 50 kHz
could be used provided the frequency creates a
difference in the impedance paths of adjacent
pads that is sufficient enough to accurately
distinguish between an intended touch and the
touch of an adjacent pad. Use of frequencies as
low as 50 kHz may also be possible depending
upon the type of glass or covering or the
thickness thereof used for the touch pad.” Col.
11:19-27.

The ~183 Patent discloses “Having provided a
basis for the use of higher frequencies, the basic
construction of the electronic switching circuit
constructed in accordance with a first
embodiment of the present invention is now
described with reference to FIG. 4. The
electronic switching circuit includes a voltage
regulator 100 including input lines 101 and 102
for receiving a 24 V AC line voltage and a line
103 for grounding the circuit. Voltage regulator
100 converts the received AC voltage to a DC
voltage and supplies a regulated 5 V DC power
to an oscillator 200 via lines 104 and 105.
Voltage regulator also supplies oscillator 200
with 26 V DC power via line 106. The details of
voltage regulator 100 are discussed below with
reference to FIG. 5.

Upon being powered by voltage regulator 100,
oscillator 200 generates a square wave with a
frequency of 50 kHz, and preferably greater than
800 kHz, and having an amplitude of 26 V peak.
The square wave generated by oscillator 200 is
supplied via line 201 to a floating common
generator 300, a touch pad shield plate 460, a
touch circuit 400, and a microcontroller 500.
Oscillator 200 is described below with reference
to FIG. 6.

Floating common generator 300 receives the 26
V peak square wave from oscillator 200 and
outputs a regulated floating common that is 5
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volts below the square wave output from
oscillator 200 and has the same phase and
frequency as the received square wave. This
floating common output is supplied to touch
circuit 400 and microcontroller 500 via line 301
such that the output square wave from oscillator
200 and floating common output from floating
common generator 300 provide power to touch
circuit 400 and microcontroller 500. Details of
floating common generator 300 are discussed
below with reference to FIG. 7.

Touch circuit 400 senses capacitance from a
touch pad 450 via line 451 and outputs a signal
to microcontroller 500 via line 401 upon
detecting a capacitance to ground at touch pad
450 that exceeds a threshold value. The details
of touch circuit 400 are described below with
reference to FIG. 8.

Upon receiving an indication from touch circuit
400 that a sufficient capacitance to ground
(typically at least 20 pF) is present at touch pad
450, microcontroller 500 outputs a signal to a
load-controlling microcontroller 600 via line
501, which is preferably a two way optical
coupling bus.” Col. 11:60 — 12:33.

The 183 Patent discloses “A preferred circuit
for implementing a voltage regulator 100 is
shown in FIG. 5. Voltage regulator 100
preferably includes an AC/DC convertor 110 for
generating 29 V to 36 V unregulated DC on line
119. This unregulated DC power is supplied to a
5 V DC regulator 120 and to a 26 V DC
regulator 130. AC/DC convertor 110 includes
diodes 112, 114, 116, and 118, which rectify the
supplied 24 V AC power provided on power
lines 101 and 102.” Col. 12:50-57; see also Col.
12:57 — Col. 13:31.

The ~183 Patent discloses “As will be apparent
to those skilled in the art, the values of the
resistors and capacitors utilized in oscillator 200
may be varied from those disclosed above to
provide for different oscillator output
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frequencies.” Col. 14:22-25.

The ~183 Patent discloses “The oscillator
circuitry shown in FIG. 6 is very stable over the
temperature range of -40° C. to 105° C. The
output of the touch switch circuitry drops at a
rate of approximately 40 mV/°C. when
temperature falls below 0° C. If application
requires operation at low temperatures (-40° C.),
the following three methods may be used to
increase the output of the switch: increase the
oscillator's regulated supply voltage, increase the
resistance of resistor 416, and use a higher gain
transistor 410. All of these methods would
increase sensitivity at high temperatures.” Col.
16:33-41.

The ~183 Patent discloses “A multiple touch pad
circuit constructed in accordance with the
second embodiment is shown in FIG. 11. In the
second embodiment of FIG. 11, components
similar to those in the first embodiment in FIG. 4
are designated with the same references
numerals and will not be discussed in detail.
The multiple touch pad circuit is a variation of
the first embodiment in that it includes an array
of touch circuits designated as 900; through
900,m, which, as shown, include both the touch
circuit 400 shown in FIGS. 4 and 8 and the input
touch terminal pad 451 (FIG. 4).
Microcontroller 500 selects each row of the
touch circuits 900; to 900,y by providing the
signal from oscillator 200 to selected rows of
touch circuits. In this manner, microcontroller
500 can sequentially activate the touch circuit
rows and associate the received inputs from the
columns of the array with the activated touch
circuit(s). To keep the path length 451 between
the touch pad 450 and the base to the detection
transistor 410 to a minimum, the detection
circuits 900 are physically located directly
beneath the touch pads. To simplify assembly, a
flexible circuit board such as vended by
Sheldahl, Inc. or Circuit Etching Technics, Inc.

Page 662 of 1714

Page 112 of 142



Amendment Accompanying Request for Ex Parte Reexamination

U.S. Patent No. 5,796,183

can be used for this purpose. Ideally, the printed
circuit will be fixed directly against the surface
(typically glass) bearing the conductive touch
pads to eliminate air gaps and the need for
conductive foam pads and spring contacts which
were used to fill air gaps.” Col. 18:34-59.

the first and second input touch
terminals defining areas for an operator to
provide an input by proximity and touch;
and

See Claim 27.

a detector circuit coupled to said
oscillator for receiving said periodic
output signal from said oscillator, and
coupled to said first and second touch
terminals, said detector circuit being
responsive to signals from said oscillator
via said microcontroller and a presence of
an operator's body capacitance to ground
coupled to said first and second touch
terminals when proximal or touched by
the operator to provide a control output
signal for actuation of the controlled
keypad device, said detector circuit being
configured to generate said control output
signal when the operator is proximal or
touches said second touch terminal after
the operator is proximal or touches said
first touch terminal.

See Claim 27.

VV. New Claim 85

85. The capacitive responsive
electronic switching circuit as defined in
claim 84, wherein the signal output
frequencies have a same Hertz value.

See Figure 11.

The "183 Patent discloses “The touch detection
circuit of the present invention features operation
at frequencies at or above 50 kHz and preferably
at or above 800 kHz to minimize the effects of
surface contamination from materials such a

[sic] skin oils and water. Col. 5:49-53.

The ~183 Patent discloses “Conversely, at 100
kHz, the glass impedance drops to
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approximately 1 MQ resulting in the impedance
of the path to ground for pad 59 being twice that
of the touched pad 57. For cases where
background noise and temperature drifts are
comparatively small, a 100 kHz oscillator
frequency would allow a sufficiently low
detection threshold to be set to differentiate
between the signal changes induced at both pads
by a human touch opposite a single pad. At 800
kHz, the impedance of the glass drops to 200 kQ
or lower giving a ratio of a greater than 5 to 1
impedance difference between the paths to
ground of the touched pad 57 and adjacent pads
59. In fact, the impedance ratio may exceed 10
to 1, as illustrated in the calculation below. This
allows the detection threshold for the touched
pad to be set well below that of an adjacent pad
resulting in a much lower incidence of
inadvertent actuation of adjacent touch pads to
that of the touched pad. Ideally, the frequency of
operation would be kept at the 800 kHz of the
preferred embodiment or even higher. However,
as noted earlier, higher frequency operation
forces the use of more expensive components
and designs. For applications where thermal drift
and electronic noise levels are low, operation at
or near 100 kHz may be possible. However, at
10 kHz and below, the impedance of the glass
becomes much greater than that of likely water
bridges between pads resulting in adjacent pads
being effected as much by a touch as the touched
pad itself. Although the preferred frequency is at
or above 100 kHz, and more preferably at or
above 800 kHz, it is conceivable that frequencies
as low as 50 kHz could be used provided the
frequency creates a difference in the impedance
paths of adjacent pads that is sufficient enough
to accurately distinguish between an intended
touch and the touch of an adjacent pad. Use of
frequencies as low as 50 kHz may also be
possible depending upon the type of glass or
covering or the thickness thereof used for the
touch pad. Col. 10:60 — Col. 11:27.
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The ~183 Patent discloses “As will be apparent
to those skilled in the art, the values of the
resistors and capacitors utilized in oscillator 200
may be varied from those disclosed above to
provide for different oscillator output
frequencies. As discussed above, however,
oscillator 200 is preferably constructed so as to
output a square wave having a frequency of 50
kHz or greater, and more preferably, of 800 kHz
or greater. Col. 14:22-28.

The ~183 Patent disclosed “The combination of
oscillator voltage, frequency and transistor gain
bandwidth product that is used will necessarily
vary with the cost, safety and reliability
requirements of a given application.” Col. 14:65
—Col. 15:1.

WW. New Claim 86

86. The capacitive responsive See Figure 11.

electronic switching circuit as defined in

claim 84, wherein each signal output The ~183 Patent discloses “The touch detection
frequency is selected from a plurality of circuit of the present invention features operation
Hertz values. at frequencies at or above 50 kHz and preferably

at or above 800 kHz to minimize the effects of
surface contamination from materials such a
[sic] skin oils and water. Col. 5:49-53.

The ~183 Patent discloses “Conversely, at 100
kHz, the glass impedance drops to
approximately 1 MQ resulting in the impedance
of the path to ground for pad 59 being twice that
of the touched pad 57. For cases where
background noise and temperature drifts are
comparatively small, a 100 kHz oscillator
frequency would allow a sufficiently low
detection threshold to be set to differentiate
between the signal changes induced at both pads
by a human touch opposite a single pad. At 800
kHz, the impedance of the glass drops to 200 kQ
or lower giving a ratio of a greater than 5 to 1
impedance difference between the paths to
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ground of the touched pad 57 and adjacent pads
59. In fact, the impedance ratio may exceed 10
to 1, as illustrated in the calculation below. This
allows the detection threshold for the touched
pad to be set well below that of an adjacent pad
resulting in a much lower incidence of
inadvertent actuation of adjacent touch pads to
that of the touched pad. Ideally, the frequency of
operation would be kept at the 800 kHz of the
preferred embodiment or even higher. However,
as noted earlier, higher frequency operation
forces the use of more expensive components
and designs. For applications where thermal drift
and electronic noise levels are low, operation at
or near 100 kHz may be possible. However, at
10 kHz and below, the impedance of the glass
becomes much greater than that of likely water
bridges between pads resulting in adjacent pads
being effected as much by a touch as the touched
pad itself. Although the preferred frequency is at
or above 100 kHz, and more preferably at or
above 800 kHz, it is conceivable that frequencies
as low as 50 kHz could be used provided the
frequency creates a difference in the impedance
paths of adjacent pads that is sufficient enough
to accurately distinguish between an intended
touch and the touch of an adjacent pad. Use of
frequencies as low as 50 kHz may also be
possible depending upon the type of glass or
covering or the thickness thereof used for the
touch pad. Col. 10:60 — Col. 11:27.

The ~183 Patent discloses “As will be apparent
to those skilled in the art, the values of the
resistors and capacitors utilized in oscillator 200
may be varied from those disclosed above to
provide for different oscillator output
frequencies. As discussed above, however,
oscillator 200 is preferably constructed so as to
output a square wave having a frequency of 50
kHz or greater, and more preferably, of 800 kHz
or greater. Col. 14:22-28.

The ~183 Patent disclosed “The combination of
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oscillator voltage, frequency and transistor gain
bandwidth product that is used will necessarily
vary with the cost, safety and reliability
requirements of a given application.” Col. 14:65
—Col. 15:1.

XX. New Claim 87

87. The capacitive responsive
electronic switching circuit as defined in
claim 86, wherein the plurality of Hertz
values comprises Hertz values greater
than 50 kHz.

See Figure 11.

The ~183 Patent discloses “The touch detection
circuit of the present invention features operation
at frequencies at or above 50 kHz and preferably
at or above 800 kHz to minimize the effects of
surface contamination from materials such a

[sic] skin oils and water. Col. 5:49-53.

The ~183 Patent discloses “Conversely, at 100
kHz, the glass impedance drops to
approximately 1 MQ resulting in the impedance
of the path to ground for pad 59 being twice that
of the touched pad 57. For cases where
background noise and temperature drifts are
comparatively small, a 100 kHz oscillator
frequency would allow a sufficiently low
detection threshold to be set to differentiate
between the signal changes induced at both pads
by a human touch opposite a single pad. At 800
kHz, the impedance of the glass drops to 200 kQ
or lower giving a ratio of a greater than 5 to 1
impedance difference between the paths to
ground of the touched pad 57 and adjacent pads
59. In fact, the impedance ratio may exceed 10
to 1, as illustrated in the calculation below. This
allows the detection threshold for the touched
pad to be set well below that of an adjacent pad
resulting in a much lower incidence of
inadvertent actuation of adjacent touch pads to
that of the touched pad. Ideally, the frequency of
operation would be kept at the 800 kHz of the
preferred embodiment or even higher. However,
as noted earlier, higher frequency operation
forces the use of more expensive components
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and designs. For applications where thermal drift
and electronic noise levels are low, operation at
or near 100 kHz may be possible. However, at
10 kHz and below, the impedance of the glass
becomes much greater than that of likely water
bridges between pads resulting in adjacent pads
being effected as much by a touch as the touched
pad itself. Although the preferred frequency is at
or above 100 kHz, and more preferably at or
above 800 kHz, it is conceivable that frequencies
as low as 50 kHz could be used provided the
frequency creates a difference in the impedance
paths of adjacent pads that is sufficient enough
to accurately distinguish between an intended
touch and the touch of an adjacent pad. Use of
frequencies as low as 50 kHz may also be
possible depending upon the type of glass or
covering or the thickness thereof used for the
touch pad. Col. 10:60 — Col. 11:27.

The ~183 Patent discloses “As will be apparent
to those skilled in the art, the values of the
resistors and capacitors utilized in oscillator 200
may be varied from those disclosed above to
provide for different oscillator output
frequencies. As discussed above, however,
oscillator 200 is preferably constructed so as to
output a square wave having a frequency of 50
kHz or greater, and more preferably, of 800 kHz
or greater. Col. 14:22-28.

The ~183 Patent disclosed “The combination of
oscillator voltage, frequency and transistor gain
bandwidth product that is used will necessarily
vary with the cost, safety and reliability
requirements of a given application.” Col. 14:65
—Col. 15:1.

YY. New Claim 88

88.  The capacitive responsive See Figure 11.
electronic switching circuit as defined in
claim 86, wherein the plurality of Hertz The “183 Patent discloses ‘““The touch detection

Page 118 of 142

Page 668 of 1714



Amendment Accompanying Request for Ex Parte Reexamination
U.S. Patent No. 5,796,183

values comprises Hertz values greater circuit of the present invention features operation
than 100 kHz. at frequencies at or above 50 kHz and preferably
at or above 800 kHz to minimize the effects of
surface contamination from materials such a

[sic] skin oils and water. Col. 5:49-53.

The ~183 Patent discloses “Conversely, at 100
kHz, the glass impedance drops to
approximately 1 MQ resulting in the impedance
of the path to ground for pad 59 being twice that
of the touched pad 57. For cases where
background noise and temperature drifts are
comparatively small, a 100 kHz oscillator
frequency would allow a sufficiently low
detection threshold to be set to differentiate
between the signal changes induced at both pads
by a human touch opposite a single pad. At 800
kHz, the impedance of the glass drops to 200 kQ
or lower giving a ratio of a greater than 5 to 1
impedance difference between the paths to
ground of the touched pad 57 and adjacent pads
59. In fact, the impedance ratio may exceed 10
to 1, as illustrated in the calculation below. This
allows the detection threshold for the touched
pad to be set well below that of an adjacent pad
resulting in a much lower incidence of
inadvertent actuation of adjacent touch pads to
that of the touched pad. Ideally, the frequency of
operation would be kept at the 800 kHz of the
preferred embodiment or even higher. However,
as noted earlier, higher frequency operation
forces the use of more expensive components
and designs. For applications where thermal drift
and electronic noise levels are low, operation at
or near 100 kHz may be possible. However, at
10 kHz and below, the impedance of the glass
becomes much greater than that of likely water
bridges between pads resulting in adjacent pads
being effected as much by a touch as the touched
pad itself. Although the preferred frequency is at
or above 100 kHz, and more preferably at or
above 800 kHz, it is conceivable that frequencies
as low as 50 kHz could be used provided the
frequency creates a difference in the impedance
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paths of adjacent pads that is sufficient enough
to accurately distinguish between an intended
touch and the touch of an adjacent pad. Use of
frequencies as low as 50 kHz may also be
possible depending upon the type of glass or
covering or the thickness thereof used for the
touch pad. Col. 10:60 — Col. 11:27.

The ~183 Patent discloses “As will be apparent
to those skilled in the art, the values of the
resistors and capacitors utilized in oscillator 200
may be varied from those disclosed above to
provide for different oscillator output
frequencies. As discussed above, however,
oscillator 200 is preferably constructed so as to
output a square wave having a frequency of 50
kHz or greater, and more preferably, of 800 kHz
or greater. Col. 14:22-28.

The ~183 Patent disclosed “The combination of
oscillator voltage, frequency and transistor gain
bandwidth product that is used will necessarily
vary with the cost, safety and reliability
requirements of a given application.” Col. 14:65
—Col. 15:1.

Z7Z. New Claim 89

89. The capacitive responsive See Fig. 11.
electronic switching circuit as defined in
claim 86, wherein the plurality of Hertz The ~183 Patent discloses “The touch detection
values comprises Hertz values greater circuit of the present invention features operation
than 800 kHz. at frequencies at or above 50 kHz and preferably
at or above 800 kHz to minimize the effects of
surface contamination from materials such a

[sic] skin oils and water. Col. 5:49-53.

The ~183 Patent discloses “At 800 kHz, the
impedance of the glass drops to 200 k€ or lower
giving a ratio of a greater than 5 to 1 impedance
difference between the paths to ground of the
touched pad 57 and adjacent pads 59. In fact, the
impedance ratio may exceed 10 to 1, as
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illustrated in the calculation below. This allows
the detection threshold for the touched pad to be
set well below that of an adjacent pad resulting
in a much lower incidence of inadvertent
actuation of adjacent touch pads to that of the
touched pad. Ideally, the frequency of operation
would be kept at the 800 kHz of the preferred
embodiment or even higher. However, as noted
earlier, higher frequency operation forces the use
of more expensive components and designs. For
applications where thermal drift and electronic
noise levels are low, operation at or near 100
kHz may be possible. However, at 10 kHz and
below, the impedance of the glass becomes
much greater than that of likely water bridges
between pads resulting in adjacent pads being
effected as much by a touch as the touched pad
itself. Although the preferred frequency is at or
above 100 kHz, and more preferably at or above
800 kHz, it is conceivable that frequencies as
low as 50 kHz could be used provided the
frequency creates a difference in the impedance
paths of adjacent pads that is sufficient enough
to accurately distinguish between an intended
touch and the touch of an adjacent pad. Use of
frequencies as low as 50 kHz may also be
possible depending upon the type of glass or
covering or the thickness thereof used for the
touch pad. Col. 11:1-27.

The ~183 Patent discloses “As will be apparent
to those skilled in the art, the values of the
resistors and capacitors utilized in oscillator 200
may be varied from those disclosed above to
provide for different oscillator output
frequencies. As discussed above, however,
oscillator 200 is preferably constructed so as to
output a square wave having a frequency of 50
kHz or greater, and more preferably, of 800 kHz
or greater. Col. 14:22-28.

The ~183 Patent disclosed “The combination of
oscillator voltage, frequency and transistor gain
bandwidth product that is used will necessarily

Page 121 of 142

Page 671 of 1714



Amendment Accompanying Request for Ex Parte Reexamination
U.S. Patent No. 5,796,183

vary with the cost, safety and reliability
requirements of a given application.” Col. 14:65
—Col. 15:1.

AAA. New Claim 90

90. The capacitive responsive The “183 Patent discloses “It will be apparent to
electronic switching circuit as defined in | those skilled in the art, that various components
claim 84, wherein the supply voltage is a | of voltage regulator 100 may be added or
battery supply voltage. excluded depending upon the source of power
available to power the oscillator 200. For
example, if the available powerisa 110 V AC
60 Hz commercial power line, a transformer may
be added to convert the 100 V AC power to 24 V
AC. Alternatively, if a DC batter is used, the
AC/DC convertor among other components may
be eliminated.” Col 13:23-31.

BBB. New Claim 91

91. The capacitive responsive Figures 4, 5, 11, and 12.
electronic switching circuit as defined in
claim 84, wherein the supply voltage is a | The “183 Patent discloses “The electronic
voltage regulator supply voltage. switching circuit includes a voltage regulator
100 including input lines 101 and 102 for
receiving a 24 V AC line voltage and a line 103
for grounding the circuit. Voltage regulator 100
converts the received AC voltage to a DC
voltage and supplies a regulated 5 V DC power
to an oscillator 200 via lines 104 and 105.
Voltage regulator also supplies oscillator 200
with 26 V DC power via line 106. The details of
voltage regulator 100 are discussed below with
reference to FIG. 5.” Col. 11:64 — Col. 12:5; see
also Col. 12:50 — Col. 13:31.
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For ease of analysis, new dependent claim 92 is shown below with pseudo-amendments

illustrating the differences between new claim 92 and claim 28 of the “183 Patent following the

first reexamination proceeding.

92. The capacitive responsive
electronic switching circuit as defined in
claim 84, wherein said detector circuit
generates is configured to generate said
control output signal only when the
operator is proximal or touches said
second touch terminal within a
predetermined time period after the
operator is proximal or touches said first
touch terminal.

See Claims 27 and 28.

DDD. New Claim 93

For ease of analysis, new dependent claim 93 is shown below with pseudo-amendments

illustrating the differences between new claim 93 and claim 36 of the “183 Patent following the

first reexamination proceeding.

93. The capacitive responsive
electronic switching circuit as defined in
claim 84, and-further ineluding
comprising an indicator for indicating
when-said the detector circuit determines
has determined that the operator is
proximal or touches said second touch
terminal.

See Claims 32 and 36.

The ~183 Patent discloses ‘“The microprocessor
also allows the use of visual indicators such as
LEDs or annunciators such as a bell or tone
generator to confirm the actuation of a given
touch switch or switches. This is particularly
useful in cases where a sequence of actuations is
required before an action occurs. The feedback
to the operator provided by a visual or audio
indicator activated by the microprocessor in
response to intermediate touches in a required
sequence can minimize time lost and/or
frustration on the part of the operator due to
failed actuations from partial touches or wrong
actuations from touching the wrong pad in a
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given required sequence or combination of
touches.” Col. 6:31-42.

The ~183 Patent discloses “A further option is to
provide one or more LEDs 2205 or audible
annunciators for visual or audible feedback to
the operator. Specifically, in FIG. 19 the LED
2205 will come on when button 2201 has been
successfully activated to cue the operator that it
is time to move to button 2202. Where required
a second LED with a different color than the first
(yellow for the first LED and red for the second)
can be provided to provide visual confirmation
that the second button 2202 has been activated or
that the required combination of the two buttons
has been activated. Two different audible tone
or sound generators could also be used in lieu of
the LEDs to provide feedback to the operator.”
Col. 23:1-12.

The ~183 Patent discloses “A red LED 2305 on
top of the device shows the completion of the
two step turn-on and activation of output relay
2310.” Col. 23:28-30.

EEE. New Claim 94

94. The capacitive responsive See Figures 19, 20A-C; and Claims 28 and 35
electronic switching circuit as defined in

claim 84, wherein the detector circuit is The ~183 Patent discloses “In another
configured to inhibit the control output embodiment a method to prevent inadvertent so

signal unless the operator is proximal or actuations is to require a multi-step process.
touches said second touch terminal after Referring to FIG. 19, a device is shown having a
the operator is proximal or touches said first palm button 2201, a second palm button
first touch terminal. 2202, and an indicator light 2205. Palm button
2201 has to be activated first and then button
2202 has to be activated within a 2 second time
window before a desired actuation can occur.”
Col. 22:49-55.

The 183 Patent discloses “In a variation of the
multi-step process, two touch plates within a
housing (one vertical and one horizontal) are
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used to provide a two-step turn-on. Referring to
FIGS. 20A-C, the first step to actuate the output
relay 2310, is initiated when the operator inserts
his hands and touches the vertical touch sensor
2301 with the dorsal side of the hands. A yellow
LED 2304 on top of the device show the
successful completion of the first step. The
second step is to flip the hand over and touch the
horizontal touch sensor 2302 with the palmar
side of the hand. A red LED 2305 on top of the
device shows the completion of the two step
turn-on and activation of output relay 2310. The
flipping action of the hand in the second step
causes the forearm muscles to flex, thereby
reducing stiffness and fatigue. Also, the hands,
and arms can rest on the run bar until the
machine cycle is complete. The second step of
the two-step turn-on must occur within some
predetermined time (for example 2 seconds)
after the release of vertical touch sensor or the
first step must be repeated.” Col. 23:19-36.

FFF. New Claim 95

For ease of analysis, new independent claim 95 is shown below with pseudo-amendments
illustrating the differences between new claim 95 and claim 27 of the “183 Patent following the

first reexamination proceeding.

95. A capacitive responsive electronic | See Claim 27.
switching circuit for a controlled keypad
device comprising:

an oscillator providing a periodic | See Claim 27.
output signal having a predefined
frequency;

a microcontroller using the See Figures 4, 5, 11; and Claims 8, 12, 16, 27
periodic output signal from the oscillator, | and 37.
the microcontroller selectively providing

signal output frequencies, wherein a The ~183 Patent discloses “The touch detection
signal output frequency is selectively circuit of the present invention features operation

provided to each row of a closely spaced | at frequencies at or above 50 kHz and preferably
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array of input touch terminals of a keypad, | at or above 800 kHz to minimize the effects of
the input touch terminals comprising first | surface contamination from materials such a

and second input touch terminals, and [sic] skin oils and water. It also offers

wherein a peak voltage of the signal improvements in detection sensitivity that allow
output frequencies is greater than a supply | close control of the degree of proximity (ideally
voltage; very close proximity) that is required for

actuation and to enable employment of a
multiplicity of small sized touch terminals in a
physically close array such as a keyboard.” Col.
5:49-57.

The ~183 Patent discloses “In a first preferred
embodiment the circuit offers enhanced
detection sensitivity to allow reliable operation
with small (finger size) touch pads.” Col. 6:1-3.

The ~183 Patent discloses “Although the
preferred frequency is at or above 100 kHz, and
more preferably at or above 800 kHz, it is
conceivable that frequencies as low as 50 kHz
could be used provided the frequency creates a
difference in the impedance paths of adjacent
pads that is sufficient enough to accurately
distinguish between an intended touch and the
touch of an adjacent pad. Use of frequencies as
low as 50 kHz may also be possible depending
upon the type of glass or covering or the
thickness thereof used for the touch pad.” Col.
11:19-27.

The “183 Patent discloses “Having provided a
basis for the use of higher frequencies, the basic
construction of the electronic switching circuit
constructed in accordance with a first
embodiment of the present invention is now
described with reference to FIG. 4. The
electronic switching circuit includes a voltage
regulator 100 including input lines 101 and 102
for receiving a 24 V AC line voltage and a line
103 for grounding the circuit. Voltage regulator
100 converts the received AC voltage to a DC
voltage and supplies a regulated 5 V DC power
to an oscillator 200 via lines 104 and 105.
Voltage regulator also supplies oscillator 200
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with 26 V DC power via line 106. The details of
voltage regulator 100 are discussed below with
reference to FIG. 5.

Upon being powered by voltage regulator 100,
oscillator 200 generates a square wave with a
frequency of 50 kHz, and preferably greater than
800 kHz, and having an amplitude of 26 V peak.
The square wave generated by oscillator 200 is
supplied via line 201 to a floating common
generator 300, a touch pad shield plate 460, a
touch circuit 400, and a microcontroller 500.
Oscillator 200 is described below with reference
to FIG. 6.

Floating common generator 300 receives the 26
V peak square wave from oscillator 200 and
outputs a regulated floating common that is 5
volts below the square wave output from
oscillator 200 and has the same phase and
frequency as the received square wave. This
floating common output is supplied to touch
circuit 400 and microcontroller 500 via line 301
such that the output square wave from oscillator
200 and floating common output from floating
common generator 300 provide power to touch
circuit 400 and microcontroller 500. Details of
floating common generator 300 are discussed
below with reference to FIG. 7.

Touch circuit 400 senses capacitance from a
touch pad 450 via line 451 and outputs a signal
to microcontroller 500 via line 401 upon
detecting a capacitance to ground at touch pad
450 that exceeds a threshold value. The details
of touch circuit 400 are described below with
reference to FIG. 8.

Upon receiving an indication from touch circuit
400 that a sufficient capacitance to ground
(typically at least 20 pF) is present at touch pad
450, microcontroller 500 outputs a signal to a
load-controlling microcontroller 600 via line
501, which is preferably a two way optical
coupling bus.” Col. 11:60 — 12:33.

The ~183 Patent discloses “A preferred circuit
for implementing a voltage regulator 100 is
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shown in FIG. 5. Voltage regulator 100
preferably includes an AC/DC convertor 110 for
generating 29 V to 36 V unregulated DC on line
119. This unregulated DC power is supplied to a
5 V DC regulator 120 and to a 26 V DC
regulator 130. AC/DC convertor 110 includes
diodes 112, 114, 116, and 118, which rectify the
supplied 24 V AC power provided on power
lines 101 and 102.” Col. 12:50-57; see also Col.
12:57 — Col. 13:31.

The ~183 Patent discloses “As will be apparent
to those skilled in the art, the values of the
resistors and capacitors utilized in oscillator 200
may be varied from those disclosed above to
provide for different oscillator output
frequencies.” Col. 14:22-25.

The ~183 Patent discloses “The oscillator
circuitry shown in FIG. 6 is very stable over the
temperature range of -40° C. to 105° C. The
output of the touch switch circuitry drops at a
rate of approximately 40 mV/°C. when
temperature falls below 0° C. If application
requires operation at low temperatures (-40° C.),
the following three methods may be used to
increase the output of the switch: increase the
oscillator's regulated supply voltage, increase the
resistance of resistor 416, and use a higher gain
transistor 410. All of these methods would
increase sensitivity at high temperatures.” Col.
16:33-41.

The ~183 Patent discloses “A multiple touch pad
circuit constructed in accordance with the
second embodiment is shown in FIG. 11. In the
second embodiment of FIG. 11, components
similar to those in the first embodiment in FIG. 4
are designated with the same references
numerals and will not be discussed in detail.
The multiple touch pad circuit is a variation of
the first embodiment in that it includes an array
of touch circuits designated as 900; through
900,m, which, as shown, include both the touch
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circuit 400 shown in FIGS. 4 and 8 and the input
touch terminal pad 451 (FIG. 4).
Microcontroller 500 selects each row of the
touch circuits 900; to 900, by providing the
signal from oscillator 200 to selected rows of
touch circuits. In this manner, microcontroller
500 can sequentially activate the touch circuit
rows and associate the received inputs from the
columns of the array with the activated touch
circuit(s). To keep the path length 451 between
the touch pad 450 and the base to the detection
transistor 410 to a minimum, the detection
circuits 900 are physically located directly
beneath the touch pads. To simplify assembly, a
flexible circuit board such as vended by
Sheldahl, Inc. or Circuit Etching Technics, Inc.
can be used for this purpose. Ideally, the printed
circuit will be fixed directly against the surface
(typically glass) bearing the conductive touch
pads to eliminate air gaps and the need for
conductive foam pads and spring contacts which
were used to fill air gaps.” Col. 18:34-59.

the first and second input touch See Claim 27.
terminals defining areas for an operator to
provide an input by proximity and touch;
and

a detector circuit coupled to said See Claim 27.
oscillator for receiving said periodic
output signal from said oscillator, and
coupled to said first and second touch
terminals, said detector circuit being
responsive to signals from said oscillator
via said microcontroller and a presence of
an operator's body capacitance to ground
coupled to said first and second touch
terminals when proximal or touched by
the operator to provide a control output
signal for actuation of the controlled
keypad device, said detector circuit being
configured to generate said control output
signal when the operator is proximal or
touches said second touch terminal after
the operator is proximal or touches said
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first touch terminal.

GGG. New Claim 96

electronic switching circuit as defined in

claim 95, wherein each signal output The ~183 Patent discloses “The touch detection
frequency selectively provided to each circuit of the present invention features operation
row of the closely spaced array of input at frequencies at or above 50 kHz and preferably
touch terminals of the keypad has a same | at or above 800 kHz to minimize the effects of
Hertz value. surface contamination from materials such a

[sic] skin oils and water. Col. 5:49-53.

The ~183 Patent discloses “Conversely, at 100
kHz, the glass impedance drops to
approximately 1 MQ resulting in the impedance
of the path to ground for pad 59 being twice that
of the touched pad 57. For cases where
background noise and temperature drifts are
comparatively small, a 100 kHz oscillator
frequency would allow a sufficiently low
detection threshold to be set to differentiate
between the signal changes induced at both pads
by a human touch opposite a single pad. At 800
kHz, the impedance of the glass drops to 200 kQ
or lower giving a ratio of a greater than 5 to 1
impedance difference between the paths to
ground of the touched pad 57 and adjacent pads
59. In fact, the impedance ratio may exceed 10
to 1, as illustrated in the calculation below. This
allows the detection threshold for the touched
pad to be set well below that of an adjacent pad
resulting in a much lower incidence of
inadvertent actuation of adjacent touch pads to
that of the touched pad. Ideally, the frequency of
operation would be kept at the 800 kHz of the
preferred embodiment or even higher. However,
as noted earlier, higher frequency operation
forces the use of more expensive components
and designs. For applications where thermal drift
and electronic noise levels are low, operation at
or near 100 kHz may be possible. However, at
10 kHz and below, the impedance of the glass
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becomes much greater than that of likely water
bridges between pads resulting in adjacent pads
being effected as much by a touch as the touched
pad itself. Although the preferred frequency is at
or above 100 kHz, and more preferably at or
above 800 kHz, it is conceivable that frequencies
as low as 50 kHz could be used provided the
frequency creates a difference in the impedance
paths of adjacent pads that is sufficient enough
to accurately distinguish between an intended
touch and the touch of an adjacent pad. Use of
frequencies as low as 50 kHz may also be
possible depending upon the type of glass or
covering or the thickness thereof used for the
touch pad. Col. 10:60 — Col. 11:27.

The ~183 Patent discloses “As will be apparent
to those skilled in the art, the values of the
resistors and capacitors utilized in oscillator 200
may be varied from those disclosed above to
provide for different oscillator output
frequencies. As discussed above, however,
oscillator 200 is preferably constructed so as to
output a square wave having a frequency of 50
kHz or greater, and more preferably, of 800 kHz
or greater. Col. 14:22-28.

The ~183 Patent disclosed “The combination of
oscillator voltage, frequency and transistor gain
bandwidth product that is used will necessarily
vary with the cost, safety and reliability
requirements of a given application.” Col. 14:65
—Col. 15:1.

HHH. New Claim 97

electronic switching circuit as defined in

claim 95, wherein each signal output The ~183 Patent discloses “The touch detection
frequency selectively provided to each circuit of the present invention features operation
row of the closely spaced array of input at frequencies at or above 50 kHz and preferably

touch terminals of the keypad is selected | at or above 800 kHz to minimize the effects of
surface contamination from materials such a
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from a plurality of Hertz values.

ic] skin oils and water. Col. 5:49-53.

The ~183 Patent discloses “Conversely, at 100
kHz, the glass impedance drops to
approximately 1 MQ resulting in the impedance
of the path to ground for pad 59 being twice that
of the touched pad 57. For cases where
background noise and temperature drifts are
comparatively small, a 100 kHz oscillator
frequency would allow a sufficiently low
detection threshold to be set to differentiate
between the signal changes induced at both pads
by a human touch opposite a single pad. At 800
kHz, the impedance of the glass drops to 200 kQ
or lower giving a ratio of a greater than 5 to 1
impedance difference between the paths to
ground of the touched pad 57 and adjacent pads
59. In fact, the impedance ratio may exceed 10
to 1, as illustrated in the calculation below. This
allows the detection threshold for the touched
pad to be set well below that of an adjacent pad
resulting in a much lower incidence of
inadvertent actuation of adjacent touch pads to
that of the touched pad. Ideally, the frequency of
operation would be kept at the 800 kHz of the
preferred embodiment or even higher. However,
as noted earlier, higher frequency operation
forces the use of more expensive components
and designs. For applications where thermal drift
and electronic noise levels are low, operation at
or near 100 kHz may be possible. However, at
10 kHz and below, the impedance of the glass
becomes much greater than that of likely water
bridges between pads resulting in adjacent pads
being effected as much by a touch as the touched
pad itself. Although the preferred frequency is at
or above 100 kHz, and more preferably at or
above 800 kHz, it is conceivable that frequencies
as low as 50 kHz could be used provided the
frequency creates a difference in the impedance
paths of adjacent pads that is sufficient enough
to accurately distinguish between an intended
touch and the touch of an adjacent pad. Use of
frequencies as low as 50 kHz may also be
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possible depending upon the type of glass or
covering or the thickness thereof used for the
touch pad. Col. 10:60 — Col. 11:27.

The ~183 Patent discloses “As will be apparent
to those skilled in the art, the values of the
resistors and capacitors utilized in oscillator 200
may be varied from those disclosed above to
provide for different oscillator output
frequencies. As discussed above, however,
oscillator 200 is preferably constructed so as to
output a square wave having a frequency of 50
kHz or greater, and more preferably, of 800 kHz
or greater. Col. 14:22-28.

The ~183 Patent disclosed “The combination of
oscillator voltage, frequency and transistor gain
bandwidth product that is used will necessarily
vary with the cost, safety and reliability
requirements of a given application.” Col. 14:65
—Col. 15:1.

II1I. New Claim 98

98. The capacitive responsive See Figure 11.
electronic switching circuit as defined in
claim 97, wherein the plurality of Hertz The ~183 Patent discloses “The touch detection
values comprises Hertz values greater circuit of the present invention features operation
than 50 kHz. at frequencies at or above 50 kHz and preferably
at or above 800 kHz to minimize the effects of
surface contamination from materials such a

[sic] skin oils and water. Col. 5:49-53.

The ~183 Patent discloses “Conversely, at 100
kHz, the glass impedance drops to
approximately 1 MQ resulting in the impedance
of the path to ground for pad 59 being twice that
of the touched pad 57. For cases where
background noise and temperature drifts are
comparatively small, a 100 kHz oscillator
frequency would allow a sufficiently low
detection threshold to be set to differentiate
between the signal changes induced at both pads
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by a human touch opposite a single pad. At 800
kHz, the impedance of the glass drops to 200 kQ
or lower giving a ratio of a greater than 5 to 1
impedance difference between the paths to
ground of the touched pad 57 and adjacent pads
59. In fact, the impedance ratio may exceed 10
to 1, as illustrated in the calculation below. This
allows the detection threshold for the touched
pad to be set well below that of an adjacent pad
resulting in a much lower incidence of
inadvertent actuation of adjacent touch pads to
that of the touched pad. Ideally, the frequency of
operation would be kept at the 800 kHz of the
preferred embodiment or even higher. However,
as noted earlier, higher frequency operation
forces the use of more expensive components
and designs. For applications where thermal drift
and electronic noise levels are low, operation at
or near 100 kHz may be possible. However, at
10 kHz and below, the impedance of the glass
becomes much greater than that of likely water
bridges between pads resulting in adjacent pads
being effected as much by a touch as the touched
pad itself. Although the preferred frequency is at
or above 100 kHz, and more preferably at or
above 800 kHz, it is conceivable that frequencies
as low as 50 kHz could be used provided the
frequency creates a difference in the impedance
paths of adjacent pads that is sufficient enough
to accurately distinguish between an intended
touch and the touch of an adjacent pad. Use of
frequencies as low as 50 kHz may also be
possible depending upon the type of glass or
covering or the thickness thereof used for the
touch pad. Col. 10:60 — Col. 11:27.

The ~183 Patent discloses “As will be apparent
to those skilled in the art, the values of the
resistors and capacitors utilized in oscillator 200
may be varied from those disclosed above to
provide for different oscillator output
frequencies. As discussed above, however,
oscillator 200 is preferably constructed so as to
output a square wave having a frequency of 50
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kHz or greater, and more preferably, of 800 kHz
or greater. Col. 14:22-28.

The "183 Patent disclosed “The combination of
oscillator voltage, frequency and transistor gain
bandwidth product that is used will necessarily
vary with the cost, safety and reliability
requirements of a given application.” Col. 14:65
—Col. 15:1.

JJJ. New Claim 99

€ responsive See Figure 11.
electronic switching circuit as defined in
claim 97, wherein the plurality of Hertz The ~183 Patent discloses ““The touch detection
values comprises Hertz values greater circuit of the present invention features operation
than 100 kHz. at frequencies at or above 50 kHz and preferably
at or above 800 kHz to minimize the effects of
surface contamination from materials such a
[sic] skin oils and water. Col. 5:49-53.

The ~183 Patent discloses “Conversely, at 100
kHz, the glass impedance drops to
approximately 1 MQ resulting in the impedance
of the path to ground for pad 59 being twice that
of the touched pad 57. For cases where
background noise and temperature drifts are
comparatively small, a 100 kHz oscillator
frequency would allow a sufficiently low
detection threshold to be set to differentiate
between the signal changes induced at both pads
by a human touch opposite a single pad. At 800
kHz, the impedance of the glass drops to 200 kQ
or lower giving a ratio of a greater than 5 to 1
impedance difference between the paths to
ground of the touched pad 57 and adjacent pads
59. In fact, the impedance ratio may exceed 10
to 1, as illustrated in the calculation below. This
allows the detection threshold for the touched
pad to be set well below that of an adjacent pad
resulting in a much lower incidence of
inadvertent actuation of adjacent touch pads to
that of the touched pad. Ideally, the frequency of
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operation would be kept at the 800 kHz of the
preferred embodiment or even higher. However,
as noted earlier, higher frequency operation
forces the use of more expensive components
and designs. For applications where thermal drift
and electronic noise levels are low, operation at
or near 100 kHz may be possible. However, at
10 kHz and below, the impedance of the glass
becomes much greater than that of likely water
bridges between pads resulting in adjacent pads
being effected as much by a touch as the touched
pad itself. Although the preferred frequency is at
or above 100 kHz, and more preferably at or
above 800 kHz, it is conceivable that frequencies
as low as 50 kHz could be used provided the
frequency creates a difference in the impedance
paths of adjacent pads that is sufficient enough
to accurately distinguish between an intended
touch and the touch of an adjacent pad. Use of
frequencies as low as 50 kHz may also be
possible depending upon the type of glass or
covering or the thickness thereof used for the
touch pad. Col. 10:60 — Col. 11:27.

The ~183 Patent discloses “As will be apparent
to those skilled in the art, the values of the
resistors and capacitors utilized in oscillator 200
may be varied from those disclosed above to
provide for different oscillator output
frequencies. As discussed above, however,
oscillator 200 is preferably constructed so as to
output a square wave having a frequency of 50
kHz or greater, and more preferably, of 800 kHz
or greater. Col. 14:22-28.

The ~183 Patent disclosed “The combination of
oscillator voltage, frequency and transistor gain
bandwidth product that is used will necessarily
vary with the cost, safety and reliability
requirements of a given application.” Col. 14:65
—Col. 15:1.
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100.  The capacitive responsive
electronic switching circuit as defined in
claim 97, wherein the plurality of Hertz
values comprises Hertz values greater
than 800 kHz.

See Fig. 11.

The ~183 Patent discloses “The touch detection
circuit of the present invention features operation
at frequencies at or above 50 kHz and preferably
at or above 800 kHz to minimize the effects of
surface contamination from materials such a

[sic] skin oils and water. Col. 5:49-53.

The “183 Patent discloses “At 800 kHz, the
impedance of the glass drops to 200 kQ or lower
giving a ratio of a greater than 5 to 1 impedance
difference between the paths to ground of the
touched pad 57 and adjacent pads 59. In fact, the
impedance ratio may exceed 10 to 1, as
illustrated in the calculation below. This allows
the detection threshold for the touched pad to be
set well below that of an adjacent pad resulting
in a much lower incidence of inadvertent
actuation of adjacent touch pads to that of the
touched pad. Ideally, the frequency of operation
would be kept at the 800 kHz of the preferred
embodiment or even higher. However, as noted
earlier, higher frequency operation forces the use
of more expensive components and designs. For
applications where thermal drift and electronic
noise levels are low, operation at or near 100
kHz may be possible. However, at 10 kHz and
below, the impedance of the glass becomes
much greater than that of likely water bridges
between pads resulting in adjacent pads being
effected as much by a touch as the touched pad
itself. Although the preferred frequency is at or
above 100 kHz, and more preferably at or above
800 kHz, it is conceivable that frequencies as
low as 50 kHz could be used provided the
frequency creates a difference in the impedance
paths of adjacent pads that is sufficient enough
to accurately distinguish between an intended
touch and the touch of an adjacent pad. Use of
frequencies as low as 50 kHz may also be
possible depending upon the type of glass or
covering or the thickness thereof used for the
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touch pad. Col. 11:1-27.

The ~183 Patent discloses “As will be apparent
to those skilled in the art, the values of the
resistors and capacitors utilized in oscillator 200
may be varied from those disclosed above to
provide for different oscillator output
frequencies. As discussed above, however,
oscillator 200 is preferably constructed so as to
output a square wave having a frequency of 50
kHz or greater, and more preferably, of 800 kHz
or greater. Col. 14:22-28.

The ~183 Patent disclosed “The combination of
oscillator voltage, frequency and transistor gain
bandwidth product that is used will necessarily
vary with the cost, safety and reliability
requirements of a given application.” Col. 14:65
—Col. 15:1.

LLL. New Claim 101

101.  The capacitive responsive The ~183 Patent discloses “It will be apparent to
electronic switching circuit as defined in | those skilled in the art, that various components
claim 95, wherein the supply voltage is a | of voltage regulator 100 may be added or

battery supply voltage. excluded depending upon the source of power
available to power the oscillator 200. For
example, if the available powerisa 110 V AC
60 Hz commercial power line, a transformer may
be added to convert the 100 V AC power to 24 V
AC. Alternatively, if a DC batter is used, the
AC/DC convertor among other components may
be eliminated.” Col 13:23-31.

MMM. New Claim 102

102.  The capacitive responsive Figures 4, 5, 11, and 12.
electronic switching circuit as defined in
claim 95, wherein the supply voltage is a | The “183 Patent discloses “The electronic
switching circuit includes a voltage regulator
100 including input lines 101 and 102 for
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voltage regulator supply voltage. receiving a 24 V AC line voltage and a line 103
for grounding the circuit. Voltage regulator 100
converts the received AC voltage to a DC
voltage and supplies a regulated 5 V DC power
to an oscillator 200 via lines 104 and 105.
Voltage regulator also supplies oscillator 200
with 26 V DC power via line 106. The details of
voltage regulator 100 are discussed below with
reference to FIG. 5.” Col. 11:64 — Col. 12:5; see
also Col. 12:50 — Col. 13:31.

NNN. New Claim 103

For ease of analysis, new dependent claim 103 is shown below with pseudo-amendments
illustrating the differences between new claim 103 and claim 28 of the “183 Patent following the

first reexamination proceeding.

103.  The capacitive responsive See Claims 27 and 28.
electronic switching circuit as defined in
claim 95, wherein said detector circuit
generates is configured to generate said
control output signal only when the
operator is proximal or touches said
second touch terminal within a
predetermined time period after the
operator is proximal or touches said first
touch terminal.

000O. New Claim 104

For ease of analysis, new dependent claim 104 is shown below with pseudo-amendments
illustrating the differences between new claim 104 and claim 36 of the “183 Patent following the

first reexamination proceeding.

104.  The capacitive responsive See Claims 32 and 36.
electronic switching circuit as defined in
claim 93, apd-further ineluding The ~183 Patent discloses ‘“The microprocessor
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comprising an indicator for indicating
when-satd the detector circuit determines
has determined that the operator is
proximal or touches said second touch
terminal.

also allows the use of visual indicators such as
LEDs or annunciators such as a bell or tone
generator to confirm the actuation of a given
touch switch or switches. This is particularly
useful in cases where a sequence of actuations is
required before an action occurs. The feedback
to the operator provided by a visual or audio
indicator activated by the microprocessor in
response to intermediate touches in a required
sequence can minimize time lost and/or
frustration on the part of the operator due to
failed actuations from partial touches or wrong
actuations from touching the wrong pad in a
given required sequence or combination of
touches.” Col. 6:31-42.

The ~183 Patent discloses “A further option is to
provide one or more LEDs 2205 or audible
annunciators for visual or audible feedback to
the operator. Specifically, in FIG. 19 the LED
2205 will come on when button 2201 has been
successfully activated to cue the operator that it
is time to move to button 2202. Where required
a second LED with a different color than the first
(yellow for the first LED and red for the second)
can be provided to provide visual confirmation
that the second button 2202 has been activated or
that the required combination of the two buttons
has been activated. Two different audible tone
or sound generators could also be used in lieu of
the LEDs to provide feedback to the operator.”
Col. 23:1-12.

The ~183 Patent discloses “A red LED 2305 on
top of the device shows the completion of the
two step turn-on and activation of output relay
2310.” Col. 23:28-30.

PPP. New Claim 105

105.  The capacitive responsive
electronic switching circuit as defined in
claim 95, wherein the detector circuit is

SeeFlgures 19, 20A-C; and

aims 28 and 35.

The "183 Patent discloses “In another
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configured to inhibit the control output
signal unless the operator is proximal or
touches said second touch terminal after
the operator is proximal or touches said
first touch terminal.

embodiment a method to prevent inadvertent so
actuations is to require a multi-step process.
Referring to FIG. 19, a device is shown having a
first palm button 2201, a second palm button
2202, and an indicator light 2205. Palm button
2201 has to be activated first and then button
2202 has to be activated within a 2 second time
window before a desired actuation can occur.”
Col. 22:49-55.

The ~183 Patent discloses “In a variation of the
multi-step process, two touch plates within a
housing (one vertical and one horizontal) are
used to provide a two-step turn-on. Referring to
FIGS. 20A-C, the first step to actuate the output
relay 2310, is initiated when the operator inserts
his hands and touches the vertical touch sensor
2301 with the dorsal side of the hands. A yellow
LED 2304 on top of the device show the
successful completion of the first step. The
second step is to flip the hand over and touch the
horizontal touch sensor 2302 with the palmar
side of the hand. A red LED 2305 on top of the
device shows the completion of the two step
turn-on and activation of output relay 2310. The
flipping action of the hand in the second step
causes the forearm muscles to flex, thereby
reducing stiffness and fatigue. Also, the hands,
and arms can rest on the run bar until the
machine cycle is complete. The second step of
the two-step turn-on must occur within some
predetermined time (for example 2 seconds)
after the release of vertical touch sensor or the
first step must be repeated.” Col. 23:19-36.
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V. CONCLUSION

In view of the above, the Patent Owner submits that the claims are in condition for
allowance. The present amendment neither enlarges the scope of the claims of the patent nor
introduces new matter. If the Examiner should have any questions, please contact the Patent
Owner’s Attorney, Brian A. Carlson, at 972-732-1001. The Commissioner is hereby authorized
to charge any fees due in connection with this filing, or credit any overpayment, to Deposit

Account No. 50-1065.

Respectfully submitted,

December 24, 2013 /Brian A. Carlson/
Date Brian A. Carlson
Reg. No. 37,793

Slater & Matsil, L.L.P.
17950 Preston Rd.
Suite 1000

Dallas, TX 75252
972-732-1001
972-732-9218 (fax)
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[57] ABSTRACT

A capacitive responsive electronic switching circuit com-
prises an oscillator providing a periodic output signal having
a frequency of 50 kHz or greater. an input touch terminal
defining an area for an operator provide an input by prox-
imity and touch. and a detector circuit coupled to the
oscillator for receiving the periodic output signal from the
oscillator, and coupled to the input touch terminal. The
detector circuit being responsive to signals from the oscil-
lator and the presence of an operator’s body capacitance to
ground coupled to the touch terminal when in proximity or
touched by an operator to provide a control output signal.
Preferably, the oscillator provides a periodic output signal
having a frequency of 800 kHz or greater. An array of touch
terminals may be provided in close proximity due to the
reduction in crosstalk that may result from contaminants by
utilizing an oscillator outputting a signal having a frequency
of 50 kHz or greater.
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CAPACITIVE RESPONSIVE ELECTRONIC
SWITCHING CIRCUIT

BACKGROUND OF THE INVENTION

The present invention relates to an electrical circuit and
particularly a capacitive responsive electronic switching
circuit used to make possible a “zero force” manual elec-
tronic switch.

Manual switches are well known in the art existing in the
familiar forms of the common toggle light switch. pull cord
switches, push button switches. and keyboard switches
among others. The majority of such switches employ a
mechanical contact that “makes” and “breaks” the circuit to
be switched as the switch is moved to a closed or an open
condition.

Switches that operate by a mechanical contact have a
number of well known problems. First, mechanical move-
ments of components within any mechanism make those
components susceptible to wear, fatigue. and loosening. This
is a progressive problem that occurs with use and leads to
eventual failure when a sufficient amount of movement has
occurred.

Second. a sudden “make” or “break” between conductive
contacts typically produces an electrical arc as the contacts
come into close proximity. This arcing action generates both
radio frequency emissions and high frequency noise on the
line that is switched.

Third. the separation between contacts that occurs on each
break. exposes the contact surfaces to corrosion and con-
tamination. A particular problem occurs when the arc asso-
ciated with a “make” or “break” occurs in an oxidizing
atmosphere. The heat of the arc in the presence of oxygen

facilitates the formation of oxides on the contact surfaces. 3

Once exposed, the contact surfaces of mechanical switches
are also vulnerable to contaminants. Water borne contami-
nants such as oils and salts can be a particular problem on
the contact surfaces of switches. A related problem occurs in
that the repeated arcing of mechanical contact can result in
a migration of contact materials away from the area of the
mechanical contact. Corrosion, contamination, and migra-
tion operating independently or in combination often lead to
eventual switch failure where the switch seizes in a closed
or opened condition.

An additional problem results from the mechanical force
required in operating a mechanical switch. This problem
occurs in systems where a human operator is required to
repetitively operate a given switch or a number of switches.
Such repetitive motions commonly occur in the operation of
electronic keyboards such as those used with computers and
in industrial switches such as used in forming and assembly
equipment among other applications. A common type of
industrial switch is the palm button seen in pressing and
insertion equipment. For safety purposes, the operator must
press the switch before an insertion or pressing can occur.
This ensures that the operators hand(s) is(are) on the button
(s) and not in the field of motion of the associated machinery.
It also ensures that the mechanical motion occurs at a desired
and controllable point in time. The difficulty arises from the
motion and force required of the operator. In recent years. it
has been noted that repeated human motions can result in
debilitating and painful wear on joints and soft tissues
yielding arthritis like symptoms. Such repetitive motion may
result in swelling and cramping in muscle tissues associated
with conditions such as Carpal Tunnel Syndrome. Equip-
ment designers combat these Repetitive Motion or Cumu-
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lative Trauma Disorders by adopting ergonomic designs that
more favorably control the range. angle. number. and force
of motions required of an operator as well as the number of
the operator’s muscle groups involved in the required
motions. Prosthetics and tests are used as well to provide
strain relief for the operator’s muscles. joints. and tendons.

In mechanical switches, the force required to actuate the
switch may be minimized by reducing spring forces and
frictional forces between moving parts. However, reducing
such forces makes such switches more vulnerable to failure.
For instance. weaker springs typically lower the pressure
between contacts in a “make” condition. This lower contact
pressure increases the resistance in the switch which can
lead to fatal heating in the switch and/or loss of voltage
applied to the switched load. Reducing frictional forces in
the switch by increasing the use of lubricants is undesirable
because the lubricants can migrate and contaminate the
contact surfaces. A switch designer may also reduce friction
by providing looser fits between moving parts. However.
looser fits tend to increase wear and contribute to earlier
switch failure. A designer can also reduce friction by using
higher quality, higher cost. surface finishes on the parts.
Thus, as apparent from the foregoing description. measures
taken to reduce actuator force in mechanical switch parts
generally reduce the reliability and performance of the
switch and/or increase the cost of the switch.

In applications such as computer keyboards or appliance
controls, the electric load switched by a given switch can be
quite low in terms of current and/or voltage. In such cases
it is possible to use low force membrane switches such as
described in U.S. Pat. No. 4,503.294. Such switches can
relieve operator strain and are not as susceptible to arcing
problems because they switch small loads. However. the
flexible membrane remains susceptible to wear, corrosion.
and contamnination. Although such switches require very low
actuation force, they are still mechanically based and thus
suffer from the same problems as any other mechanical
switch.

A more recent innovation is the development of “zero
force” touch switches. These switches have no moving parts
and no contact surfaces that directly switch loads. Rather.
these switches operate by detecting the operator’s touch and
then use solid state electronics to switch the loads or activate
mechanical relays or triacs to switch even larger loads.
Approaches include optical proximity or motion detectors to
detect the presence or motion of a body part such as in the
automatic controls used in urinals in some public rest rooms
or as disclosed in U.S. Pat. No. 4.942,631. Although these
non-contact switches are by their very nature truly zero
force, they are not practical where a multiplicity of switches
arerequired in a small area such as a keyboard. Among other
problems. these non-contact switches suffer from the com-
paratively high cost of electro-optics and from false detec-
tions when the operator’s hand or other body part uninten-
tionally comes close to the switch’s area of detection. Some
optical touch keyboards have been proposed. but none have
enjoyed commercial success due to performance and/or cost
considerations.

A further solution has been to detect the operator’s touch
via the electrical conductivity of the operator’s skin. Such a
system is described in U.S. Pat. No. 3.879,618. Problems
with this system result from variations in the electrical
conductivity of different operators due to variations in sweat.
skin oils. or dryness, and from variable ambient conditions
such as humidity. A further problem arises in that the touch
surface of the switch that the operator touches must remain
clean enough to provide an electrical conductivity path to
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the operator. Such surfaces can be susceptible to
contamination. corrosion. and/or a wearing away of the
conductive material. Also. these switches do not work if the
operator is wearing a glove. Safety considerations also arise
by virtue of the operators placing their body in electrical
contact with the switch electronics. A further problem arises
in that such systems are vulnerable to contact with materials
that are equally or more conductive than human skin. For
instance, water condensation can provide a conductive path
as good as that of an operator’s skin. resulting in a false
activation.

A common solution used to achieve a zero force touch
switch has been to make use of the capacitance of the human
operator. Such switches. which are hereinafter referred to as
capacitive touch switches. utilize one of at least three
different methodologies. The first method involves detecting
RF or other high frequency noise that a human operator can
capacitively couple to a touch terminal when the operator
makes contact such as is disclosed in U.S. Pat. No. 5.066.
898. One common source of noise is 60 Hz noise radiated
from commercial power lines. A drawback of this approach
is that radiated electrical noise can vary in intensity from
locale to locale and thereby cause variations in switch
sensitivity. In some cases, devices implemented using this
first method. rely on conductive contact between the opera-
tor and the touch terminal of the switch. As stated. such
surfaces are subject to contamination. corrosion. and wear
and will not work with gloved hands. An additional problem
can arise in the presence of moisture when multiple switches
are employed in a dense array such as a keyboard. In such
instances. the operator may touch one touch terminal, but
end up inadvertently activating others through the path of
conduction caused by the moisture contamination.

A second method for implementing capacitive touch
switches is to couple the capacitance of the operator into a
variable oscillator circuit that outputs a signal having a
frequency that varies with the capacitance seen at a touch
terminal. An example of such a system is described in U.S.
Pat. No. 5.235.217. Problems with such a system can arise
where conductive contact with the operator is required and
where the frequency change caused by a touch is close to the
frequency changes that would result from unintentionally
coming into contact with the touch terminal.

Another method for implementing capacitive touch
switches relies on the change in capacitive coupling between
a touch terminal and ground. Systems utilizing such a
method are described in U.S. Pat. No. 4,758,735 and U.S.
Pat. No. 5.087.825. With this methodology the detection
circuit consists of an oscillator (or AC line voltage
derivative) providing a signal to a touch terminal whose
voltage is then monitored by a detector. The touch terminal
is driven in electrical series with other components that
function in part as a charge pump. The touch of an operator
then provides a capacitive short to ground via the operator’s
own body capacitance that lowers the amplitude of oscillator
voltage seen at the touch terminal. A major advantage of this
methodology is that the operator need not come in conduc-
tive contact with the touch terminal but rather only in close
proximity to it. A further advantage arises in that the system
does not rely upon radiated emissions picked up by the
operator’s body which can vary with locale, but relies
instead upon the human body’s capacitance. which can vary
over an acceptable range of 20 pF to 300 pF.

An additional consideration in using zero force switches
resides in the difficulties that arise in trying to employ dense
arrays of such switches. Touch switches that do not require
physical contact with the operator but rather rely on the
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operator’s close proximity can result in unintended actua-
tions as an operator’s hand or other body part passes in close
proximity to the touch terminals. Above-mentioned U.S.
Pat. No. 5,087.825 employs conductive guard rings around
the conductive pad of each touch terminal in an effort to
decouple adjacent touch pads and prevent multiple actua-
tions where only a single one is desired. In conjunction with
the guard rings. it is also possible to adjust the detection
sensitivity by adjusting the threshold voltage to which the
sensed voltage is compared. The sensitivity may be adjusted
in this manner to a point where the operator’s body part. for
instance. a finger. has to entirely overlap a touch terminal
and come into contact with its dielectric facing plate before
actuation occurs. Although these methods (guard rings and
sensitivity adjustment) have gone a considerable way in
allowing touch switches to be spaced in comparatively close
proximity, a susceptibility to surface contamination remains
as a problem. Skin oils. water, and other contaminants can
form conductive films that overlay and capacitively couple
adjacent or multiple touch pads. An operator making contact
with the film can then couple multiple touch pads to his or
her body capacitance and it’s capacitive coupling to ground.
This can result in multiple actuations where only one is
desired. Small touch terminals placed in close proximity by
necessity require sensitive detection circuits that in some
cases are preferably isolated from interference with the
associated load switching circuits that they activate.

As mentioned. in industrial controls, switches can be used
to control actuation time and to ensure that the operator’s
hand(s) or other body part(s) are out of the field of motion
of associated machinery. A common type of switch used in
this application is the palm button. The button is large
enough so that the operator can rapidly bring his or her hand
into contact with the button without having to lose the time
that would be taken in acquiring and lining up a finger with
a smaller switch. Zero force touch switches are also desir-
able in this application as Repetitive Motion or Cumulative
Trauma Disorders have been a problem with operator’s
utilizing palm buttons—especially those palm buttons that
must be actuated against a spring resistance. In this area
capacitive touch switches have also been employed. U.S.
Pat. No. 5.233.231 is an example of such an implementation.
Due to the proximity of machinery with the potential to
cause injury, false actuations are a particular liability in such
applications. Capacitive touch switches that exhibit vulner-
ability to radiated electromagnetic noise or that operate off
operator proximity have the potential to actuate when the
operator’s hand(s) is not at the desired location on the palm
button(s). In general. this is addressed by the use of redun-
dancies. In U.S. Pat. No. 5.233.231, a separate detector is
used to measure RF noise and disable the system to a safe
state if excessive RF noise is present. Other systems such as
UltraTouch vended by Pinnacle Systems, Inc. use redundant
sensing methodologies. In UltraTouch, both optical and
capacitive sensors are used and actuation occurs only when
both sensor types detect the operator’s hand at the desired
location. These implementations have a number of disad-
vantages. In the case of the RF noise detection system., the
system is unusable in the presence of RF noise. This forces
the user to employ a backup mechanical switch system or
accept the loss of function when RF noise is present. The
second system is less reliable and more expensive because
it requires two sensor systems to accomplish the same task.
i.e.. detect the operator. Such system may also suffer from
problems inherent in any optical system. namely. suscepti-
bility to blockages in the optical path and the need to achieve
and maintain specific optical alignments. A further problem
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is that this system considerably constrains the angle and
direction of motion that the operator must use in activating
the switch.

Currently. there are several zero force palm buttons in the
market. These products utilize optical and/or capacitive
coupling to activate a normally closed (NC) or a normally
open (NO) relay, and thereby switching 110 V AC, 220 V
AC. or 24 V DC to machine controllers. The UltraTouch by
Pinnacle Systems Inc. uses two sensors (infrared &
capacitive) with isolated circuits to activate a relay when a
machine operator inserts his hand into a U-shaped sensor
actuation tunnel. The company claims that by permitting the
machine operator to activate the machine with no force or
pressure and with the operator’s hand and wrist in the
ergonomic neutral position (i.e. 0° wrist joint angle and
100% hand power positions as shown in FIG. 1.0-1), hand,
wrist. and arm stresses are minimized and contributing
elements to Carpal Tunnel Syndrome are negated. After a
machine cycle is initiated. the operator must maintain an
initial posture until the cycle is completed. A typical cycle
time lasts approximately one to two seconds and is repeated
about 3000 times daily. This adds up to about one hour to
one hour and a half per day while the operator is in the
posture. While this module reduces stress on wrist and hand,
it strains the muscles in the forearm. Also, because of limited
space permitted for the operator to insert his hand, it stresses
the operator mentally and reduces productivity by causing
fatigue. Furthermore, the infrared emitters and detectors rely
on a clean path between the transmitter and receiver and will
not operate properly if contaminants block the beam of light.

SUMMARY OF THE INVENTION

The present invention overcomes the above problems by
using the method of sensing body capacitance to ground in
conjunction with redundant detection circuits. Additional
improvements are offered in the construction of the touch
terminal (palm button) itself and in the regime of body
capacitance to ground detection which minimizes sensitivity
to skin oils and other contaminants. The invention also
allows the operator to utilize the system with or without
gloves which is a particular advantage in the industrial
setting.

The specific touch detection method of the present inven-
tion has similarities to the devices of U.S. Pat. No. 4,758,735
and U.S. Pat. No. 5,087.825. However, significant improve-
ments are offered in the means of detection and in the
development of an overall system to employ the touch
switches in a dense array and in an improved zero force palm
button. The touch detection circuit of the present invention
features operation at frequencies at or above 50 kHz and
preferably at or above 800 kHz to minimize the effects of
surface contamination from materials such a skin oils and
water. It also offers improvements in detection sensitivity
that allow close control of the degree of proximity (ideally
very close proximity) that is required for actuation and to
enable employment of a multiplicity of small sized touch
terminals in a physically close array such as a keyboard. The
circuitry of the present invention minimizes the force
required in human operator motions and eliminates awkward
angles and other constraints required in those motions. The
outer surface of the touch switch typically consists of a
continuous dielectric layer such as glass or polycarbonate
with no mechanical or electrical feed-throughs. The surface
can be shaped to have no recesses that would trap or hold
organic material. As a result it is easily cleaned and kept
clean and so is ideal for hygienic applications such as
medical or food processing equipment.
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In afirst preferred embodiment the circuit offers enhanced
detection sensitivity to allow reliable operation with small
(finger size) touch pads. Susceptibility to variations in
supply voltage and noisc are minimized by use of a floating
common and supply that follow the oscillator signal to
power the detection circuit. The enhanced sensitivity allows
the use of a 26V or lower amplitude oscillator signal applied
to the touch terminal and detection circuit. This lower
voltage (as compared to the device of U.S. Pat. No. 4.758.
735) obviates the need for expensive UL listed higher
voltage construction measures and testing to handle what
would otherwise be large enough voltages to cause safety
concerns. A further advantage of the present invention is
seen in the manner in which the touch terminal detection
circuit is interfaced to the touch terminals and to external
control systems. A dedicated microprocessor referenced to
the floating supply and floating common of the detection
circuit maybe used to cost effectively multiplex a number of
touch terminal detection circuits and multiplex the associ-
ated touch terminal output signals over a two line optical bus
to a dedicated microprocessor referenced to a fixed supply
and ground. An additional advantage of the microprocessor
is an expanded ability to detect faults. i.e. a pad that is
touched for an excessive amount of time that is known a
priori to be an unlikely mode of operation or two or more
pads touched at the same time or in an improper order.
Additionally. the microprocessor can be used to distinguish
desired multiple pad touches in simultaneous or sequential
modes, i.e. two or more switches touched in a given order
within a given amount of time. The microprocessor can be
used to perform system diagnostics as well. The micropro-
cessor also allows the use of visual indicators such as LEDs
or annunciators such as a bell or tone generator to confirm
the actuation of a given touch switch or switches. This is
particularly useful in cases where a sequence of actuations
is required before an action occurs. The feedback to the
operator provided by a visual or audio indicator activated by
the microprocessor in response to intermediate touches in a
required sequence can minimize time lost and/or frustration
on the part of the operator due to failed actuations from
partial touches or wrong actuations from touching the wrong
pad in a given required sequence or combination of touches.
The second microprocessor may be used to communicate
with the user’s control system. Additional features include a
“sleep mode” to minimize power consumption during peri-
ods of non-use or power brown outs, and redundant control
circuits to facilitate “fail to safe” operation. Another
improvement is offered in a means to move much of the cost
of the system into simplified custom integrated circuits that
allow ease of sensitivity adjustment and assembly.

In a second preferred embodiment, an improved palm
button is featured. Through the use of a dielectric cover. a
large metallic touch terminal can be used that differentiates
between the touch of a finger or partial touch and the full
touch of a palm. In this way the system avoids false triggers
due to inadvertent finger touches or brushing contact with
the palm prior or after an intended touch. The second
embodiment also features redundamt control circuits to
facilitate “fail to safe” operation.

To achieve these and other advantages. and in accordance
with the purpose of the invention as embodied and described
herein. the capacitive responsive electronic switching circuit
comprises an oscillator providing a periodic output signal
having a frequency of 50 kHz or greater, an input touch
terminal defining an area for an operator to provide an input
by touch. and a detector circuit coupled to the oscillator for
receiving the periodic output signal from the oscillator. and
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coupled to the input touch terminal. The detector circuit
being responsive to signals from the oscillator and the
presence of an operator's body capacitance to ground
coupled to the touch terminal when touched by an operator
to provide a control output signal. Preferably, the oscillator
provides a periodic output signal having a frequency of 800
kHz or greater.

These and other features. objects, and advantages of the
invention may be realized and obtained by means of the
instrumentalities and combinations particularly pointed out
in the written description and claims hereof, as well as by the
appended drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an electrical schematic of a testing circuit used
to measure the irnpedance of the human body;

FIG. 2 is an electrical schematic of a testing circuit used
to measure the impedance of water;

FIG. 3 is an electrical schematic of an equivalent circuit
model for analyzing a human body in contact with glass
covered with water;

FIG. 4 is a block diagram of a capacitive responsive
electronic switching circuit constructed in accordance with
a first embodiment of the present invention;

FIG. 5 is an electrical schematic of a preferred voltage
regulator circuit for use in the capacitive responsive elec-
tronic switching circuit shown in FIG. 4;

FIG. 6 is an electrical schematic of a preferred oscillator
circuit for use in the capacitive responsive electronic switch-
ing circuit shown in FIG. 4;

FIG. 7 is an electrical schematic of a preferred floating
common generator circuit for use in the capacitive respon-
sive electronic switching circuit shown in FIG. 4;

FIG. 8 is an electrical schematic of a preferred touch
circuit for use in the capacitive responsive electronic switch-
ing circuit shown in FIG. 4;

FIG. 9 is a three dimensional bar graph illustrating
signal-to-noise ratio vs. body capacitance at T=105° C.;

FIG. 10 is a threc dimensional bar graph illustrating
signal-to-noise ratio vs. body capacitance at T=22° C.;

FIG. 11 is a block diagram of a capacitive responsive
electronic switching circuit constructed in accordance with
a second embodiment of the present invention;

FIG. 12 is a block diagram of a capacitive responsive
electronic switching circuit constructed in accordance with
a third embodiment of the present invention;

FIG. 13 is an electrical schematic of a preferred voltage
regulator, oscillator. and touch circuits for use in the capaci-
tive responsive electronic switching circuit shown in FIG.
12;

FIG. 14 is an electrical schematic of preferred driver
circuits for use im the capacitive responsive electronic
switching circuit shown in FIG. 12;

FIGS. 15A-C are top. side, and front views, respectively.
of an example of a flat palm button constructed in accor-
dance with the present invention;

FIG. 16 is a cross-sectional view of an example of a
dome-shaped palm button constructed in accordance with
the present invention;

FIG. 17 is an electrical schematic of a touch circuit of the
present invention implemented in a custom integrated cir-
cuit;

FIG. 18 is an electrical schematic of an oscillator having
a sleeper circuit for use in the capacitive responsive elec-
tronic switching circuits of the present invention;

Page 710 of 1714

20

25

30

35

40

45

50

55

65

8

FIG. 19 is a pictorial view of a device having two palm
buttons and an indicator light operated in accordance with
the present invention:; and

FIGS. 20A-C are pictorial views of another embodiment
of the device shown in FIG. 19.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

As apparent from the above summary. the touch circuit of
present invention operates at a higher frequency than prior
touch sensing circuits. A move to high frequency operation
(>50 to 800 kHz) is not a benign choice relative to the Jower
frequency (60 to 1000 Hz) operation seen in existing art such
as U.S. Pat. No. 4,758,735 and U.S. Pat. No. 5.087.825.
Higher frequencies require generally more costly, higher
speed parts, and often results in the added cost of special
design measures to minimize electronic emissions and the
introduction of high frequency noise on power supply lines.
The preference for using such higher frequencies is based on
a study performed to determine if high frequency operation
would allow a touch of an operator and conduction via
surface contamination films. such as moisture. providing a
conductive path from a non-touched area to the touched
area. The study also determined whether a high frequency
touch circuit could operate over a sufficiently wide tempera-
ture range, an assortment of overlying dielectric layer thick-
nesses and materials. and in the presence of likely power
supply fluctuations. The following calculations and mea-
surements are the results of this study. The results summa-
rize the investigation conducted to reduce crosstalk due to
condensation of water on the dielectric member (glass). By
increasing the frequency of operation, the impedance of the
body-glass combination is reduced as compared to the
impedance of water between the touch pads.

The equivalent circuit of body impedance was measured
using the testing circuit 1¢ shown in FIG. 1. Testing circuit
10 includes an oscillator 20 coupled between ground plate
and a 100 kQ series resistor 22 and in parallel with a 10 MQ
resistor 24, a 20 pF capacitor 26, and contacts for connecting
to a human body identified in the figure as an impedance
load 15 having an impedance Zg representing the body’s
impedance.

Two types of measurements were taken: one with the
person under test standing on a large ground plane i.e.,
concrete slab; and another while standing on a subfloor. The
subfloor was used to simulate a typical northern home, i.e..
wood joists with plywood sheeting. Carpeting was used as
an added insulation layer. Table 1 below shows the measured
body resistance and capacitance for five individuals.

TABLE 1
CONCRETE SLAB CONCRETE SLAB SUBFLOOR SUBFLOOR
1.4kQ 100 pF 1.7 k2 73 pF
1.4 kQ 217 pF 19kQ 78 pF
13 kQ 174 pF 19 kQ 93 pR
12kQ 160 pF 16 kO 85 pF
1.0 kQ 107 pF 14 kQ 75 pF

As apparent from Table 1 above and the discussion to follow,
a human body’s impedance may be represented by the series
combination of a 20-300 pF capacitor and a 1 k-2 kQ
resistor.

The impedance of water, which is mainly resistive, was
measured using the testing circuit 30 shown in FIG. 2.
Testing circuit 30 includes an oscillator 40 coupled in series
with a 1 MQ resistor 42 and contacts across which water is
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applied to define an impedance load 35 having an impedance
Z,, representing the impedance of water. A true RMS voltage
meter 45 is connected across the contacts of the impedance
load 35.

The resistance of tap water over a 1x1 inch area and Y32 5
inch deep. was measured to be around 160 kQ.

The following calculation is for resistance of rain water
where c is the conductivity for rain:

(<)) e

where.

=128 x 10°%Q — cm)™!

. (100cm)( 0254 m )
cin=c{ 2X0cm ) _02>4m
m m

1

w

L=10in
_ S0 U Y 20
A-(I.O)x( 3 )‘T’“
therefore,
Ref —L Y L0\ _oe 4310
32512 106 31_2inz 25

However, the thickness of a layer of water condensed on the
surface of glass is much less than Y52 inch and it’s resistance
is higher than that of tap water. For design purposes. a 30
resistance value of 1 MQ was used to simulate water.

The capacitance of a piece of glass measuring ¥2"xV2"x
%", is approximately 2 pF.
where,

35

C=K¢MK¢%CC+'.’} P Eq.2

K,=0.08842x1075 for vacuum

6.0<K 1, <10 40
A=0.25 in?
L=0.25n

therefore, 45

Cpni=10X0.08842x1075%2.54x1075=2.25 pF
Cpty=6X0.08842x107x2.54x107°=1.35 pF

Table 2 below shows the dielectric constant for several 30

types of glass:
TABLE 2
Dielectric Constant 55

TYPE OF GLASS X)

Corning 0010 6.32

Cormning 0080 6.5

Corning 0120 6.65

Corning 8870 9.5

The equivalent circuit 50 of body touching the glass with
the presence of water is shown in FIG. 3. As shown, the
equivalent circuit 50 includes a polycarbon (PCB) plate 55
having at least two pads 57 and 59 formed thereon. a glass 65
plate 60 adjacent to PCB plate 55, water 65 on glass plate 60
spanning at least two touch pad areas. and a body 70 in
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contact with the water 65 and glass plate 60 at one touch pad
area. The impedance of glass plate 60 is approximated by
two 2 pF capacitors 62 and 64 connected to pads 57 and 59.
respectively. The water 65 is approximated by a 1 MQ
resistor 68 connected between capacitors 62 and 64. The
body is represented by a 20—-300 pF capacitor 72 coupled at
one end to water resistor 68 and glass plate capacitor 62. and
by a 1-2 kQ resistor 74 coupled between the other end of
capacitor 72 and ground.

Referring to FIG. 3, it can be seen that a human touch
opposite pad 57 will couple pad 57 to ground through the
capacitance of glass 62 and the series contact with the
human body impedance provided by the 20-300 pF capaci-
tance and the 1 k-2 kQ resistance of a typical human body.
This will have the effect of pulling any voltage on the pad
towards ground. Pad 59 will be similarly effected, however
it’s coupling to ground will not only be through capacitance
64. and the series capacitance and resistance of the human
body. but will also be through the ohmic resistance of water
on the glass cover between the proximate location of pad 59
and the touched pad 57. Because the human capacitance is
considerably greater than the 2 pF .capacitance of the glass.
the impedance of the path to ground for pads 57 and 59 will
be dominated by the glass and water impedances. If the
impedance of the water path is significant compared to that
of the glass. then the effect of a touch will be more
significant at pad 57 than at pad 59. To overcome the effect
of condensation or possible water spills. the impedance of
the glass is preferably made as small as is practical com-
pared to the impedance of the water. This allows discrimi-
nation between touched and adjacent pads. As the water
impedance is primarily resistive and the glass impedance is
primarily capacitive, the impedance of the glass will drop
with frequency.

FIG. 3A shows the maximum and minimum glass imped-
ance as a function of frequency. The maximum and mini-
mum glass impedances shown were computed as follows:

€,=8.854x10712C?/(nm?)
K=

Kpnao=10

A=0.25 in?

L=0.25 m

Conas=K g oA/L Crpas=2.249 pF
Crninm K gmir? AL Cppi=1.349 pF
Zgming, pueney™=1/(2 TC . frequency)
Zgmaxgs e mency=1/(2 TC,,4,frequency)

As can be seen, at 1 kHz, the capacitive impedance of the
glass is much greater than the nominal 1 MQ of the water
bridge between the pads. As a result, at 1 kHz. there would
be little difference in the impedance paths to ground of the
two adjacent pads when either is touched. This would result
in the voltage on both pads being pulled towards ground by
comparable amounts. Conversely. at 100 kHz. the glass
impedance drops to approximately 1 MQ resulting in the
impedance of the path to ground for pad 59 being twice that
of the touched pad 57. For cases where background noise
and temperature drifts are comparatively small, a 100 kHz
oscillator frequency would allow a sufficiently low detection
threshold to be set to differentiate between the signal
changes induced at both pads by a human touch opposite a
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single pad. At 800 kHz. the impedance of the glass drops to
200 kQ or lower giving a ratio of a greater than 5 to 1
impedance difference between the paths to ground of the
touched pad 57 and adjacent pads 59. In fact. the impedance
ratio may exceed 10 to 1. as illustrated in the calculation
below. This allows the detection threshold for the touched
pad to be set well below that of an adjacent pad resulting in
a much lower incidence of inadvertent actuation of adjacent
touch pads to that of the touched pad. Ideally. the frequency
of operation would be kept at the 800 kHz of the preferred
embodiment or even higher. However, as noted earlier.
higher frequency operation forces the use of more expensive
components and designs. For applications where thermal
drift and electronic noise levels are low, operation at or near
100 kHz may be possible. However. at 10 kHz and below.
the impedance of the glass becomes much greater than that
of likely water bridges between pads resulting in adjacent
pads being effected as much by a touch as the touched pad
itself. Although the preferred frequency is at or above 100
kHz. and more preferably at or above 800 kHz, it is
conceivable that frequencies as low as 50 kHz could be used
provided the frequency creates a difference in the impedance
paths of adjacent pads that is sufficient enough to accurately
distinguish between an intended touch and the touch of an
adjacent pad. Use of frequencies as low as 50 kHz may also
be possible depending upon the type of glass or covering or
the thickness thereof used for the touch pad. However. in
cases where there is little or no surface contamination, the
frequency of operation can go well below 50 kHz.
Ultimately. the frequency chosen will be a tradeoff between
the likelihood of surface contamination and the cost of going
to higher frequencies to prevent cross talk due to such
contamination. The following analysis illustrates one
example of how a frequency may be calculated based on the
typical parameters used to construct a touch switch and the
typical impedance of a contaminant, such as rain water. In
the analysis below a 10 to 1 ratio of water to glass impedance
is sought.

To eliminate crosstalk due to condensation of water on the
glass, the impedance of body (Z,) and glass (Z,) combina-
tion must be much lower than impedance of water (Z,).
Since the impedance of glass is much higher than body
impedance, Z, will be considered only. Therefore.

101Z, IKIZ i Eq.3
where,
Cpiani=2 PF Zy=1 MQ
1 _ 796%10% Eq. 4

10
1o><(--ﬁ.—7'96’<10 )<1M.Q

Therefore,
J>796 kHz

Having provided a basis for the use of higher frequencies,
the basic construction of the electronic switching circuit
constructed in accordance with a first embodiment of the
present invention is now described with reference to FIG. 4.
The electronic switching circuit includes a voltage regulator
100 including input lines 101 and 102 for receiving a 24 V
AC line voltage and a line 103 for grounding the circuit.
Voltage regulator 100 converts the received AC voltage to a
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DC voltage and supplies a regulated 5 V DC power to an
oscillator 200 via lines 104 and 105. Voltage regulator also
supplies oscillator 200 with 26 V DC power via line 106.
The details of voltage regulator 100 are discussed below
with reference to FIG. 5.

Upon being powered by voltage regulator 100, oscillator
200 generates a square wave with a frequency of 50 kHz.
and preferably greater than 800 kHz, and having an ampli-
tude of 26 V peak. The square wave generated by oscillator
200 is supplied via line 201 to a floating common generator
300. a touch pad shield plate 460. a touch circuit 400. and
a microcontroller 500. Oscillator 200 is described below
with reference to FIG. 6.

Floating common generator 300 receives the 26 V peak
square wave from oscillator 200 and outputs a regulated
floating common that is 5 volts below the square wave
output from oscillator 200 and has the same phase and
frequency as the received square wave. This floating com-
mon output is supplied to touch circuit 400 and microcon-
troller 500 via line 301 such that the output square wave
from oscillator 200 and floating common output from float-
ing common generator 300 provide power to touch circuit
400 and microcontroller 500. Details of floating common
generator 300 are discussed below with reference to FIG. 7.

Touch circuit 400 senses capacitance from a touch pad
450 via line 451 and outputs a signal to microcontroller 500
via line 401 upon detecting a capacitance to ground at touch
pad 450 that exceeds a threshold value. The details of touch
circuit 400 are described below with reference to FIG. 8.

Upon receiving an indication from touch circuit 400 that
a sufficient capacitance to ground (typically at least 20 pF)
is present at touch pad 450, microcontrolier 500 outputs a
signal to a load-controlling microcontroller 600 via line 501,
which is preferably a two way optical coupling bus. Micro-
controller 600 then responds in a predetermined manner to
control a load 700. Having generally described the basic
construction of the first embodiment, the preferred detailed
construction of the depicted components will now be
described with FIGS. 5-8. In cases where the number of
lines to be switched is low. microcontroller 600 can be
replaced by additional optical coupling lines. The number of
lines to be switched will dictate whether it is more cost
effective to multiplex over a two line optical bus such as line
501 and use a microcontroller to demultiplex, or to use a
multiplicity of optical coupling lines. Other considerations
such as reliability and power consumption may also affect
this choice. In this preferred embodiment. the use of a single
pair of optical coupling paths (line 501) and a microcon-
troller 600, is shown to emphasize the capability to switch
a large number of lines.

A preferred circuit for implementing a voltage regulator
100 is shown in FIG. 5. Voltage regulator 100 preferably
includes an AC/DC convertor 110 for generating 29 V to 36
V unregulated DC on line 119. This unregulated DC power
is supplied to a 5 V DC regulator 120 and to a 26 V DC
regulator 130. AC/DC convertor 110 includes diodes 112,
114, 116. and 118, which rectify the supplied 24 V AC power
provided on power lines 101 and 102. The anode of the first
diode 112 is coupled to power line 101 and to the cathode of
the second diode 114. The cathode of the first diode 112 is
coupled to output line 119. The anode of the second diode
114 is coupled to ground via line 103 and to the anode of the
fourth diode 118. The anode of the third diode 116 is coupled
to the cathode of the fourth diode 118 and to power line 102.
The cathode of the third diode 116 is coupled to line 119 and
to the cathode of the first diode 112. The anode of the fourth
diode 118 is coupled to ground via line 103. Diodes 112. 114,
116. and 118 are preferably diodes having part no. 1N4002
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available from LITEON. AC/DC convertor 110 also prefer-
ably includes a capacitor 115 for filtering the rectified output
of the diodes. Capacitor 115 is preferably a 1000 pF capaci-
tor coupled between output line 119 and ground via line 103.

The 5V regulator 120 preferably includes a 500 Q resistor
122 coupled between line 119 and 5 V output line 104, and
a zener diode 124. a first capacitor 126. and second capacitor
128 all connected and parallel between output power lines
104 and 105. Preferably. zener diode 124 is a 5.1 V zener
diode having part no. IN4733A available from LITEON,
first capacitor 126 has a capacitance of 10 pF, and second
capacitor 128 has a capacitance of 0.1 pF.

The 26 V regulator 130 preferably includes a transistor
134 having a collector connected to line 119 via a first
resistor 132, a base connected to line 119 via a second
resistor 136, and an emitter coupled to the regulated 26 V
output power line 106. The 26 V regulator 130 also prefer-
ably includes a capacitor 137 and zener diode 138 connected
in parallel between the base of transistor 134 and ground line
103. Preferably. first resistor 132 is a 20 Q. 0.5 W resistor,
second resistor 136 is a 1 k€. 0.5 W resistor. capacitor 137
is a 0.1 pF capacitor, and zener diode 138 is 227 V. 0.5 W
diode having part no. IN5254B available from LITEON. It
will be apparent to those skilled in the art, that various
components of voltage regulator 100 may be added or
excluded depending upon the source of power available to
power the oscillator 200. For example, if the available power
is a 110 V AC 60 Hz commercial power line, a transformer
may be added to convert the 110 V AC power to 24 V AC.
Alternatively, if a DC battery is used, the AC/DC convertor
among other components may be eliminated.

A preferred example of an 800 kHz oscillator is shown in
FIG. 6. Oscillator 200 preferably includes a square wave
generator 210, which is powered by 5 V regulator 120 via
lines 104 and 105, for generating a S V peak square wave
having the desired frequency, and a buffer circuit 230
powered by 26 V regulator 130 via line 106 for buffering the
output of square wave generator 210 and boosting its peak
from 5 V to 26 V while maintaining the preferred frequency.
Square wave generator 210 is preferably an astable multi-
vibrator constructed with at least two serially connected
invertor gates 212 and 214, and optionally, a third serially
connected invertor gate 216. Invertor gates 212, 214 and 216
are preferably provided in a single integrated circuit desig-
nated as part 74HCO04 available from National Semiconduc-
tor. The output of the first invertor gate 212 is coupled to it’s
input via resistors 218 and 222 and is coupled to the output
of the second invertor gate 214 via a capacitor 224. The
input of the second invertor gate 214 is directly connected to
the output of the first invertor gate 212 and the output of the
second invertor gate 214 is directly connected to the input of
the optional third invertor gate 216. To provide an 800 kHz
output, resistor 218 preferably has a 10.0 kQ value, resistor
222 preferably has a 1.78 kQ value, and capacitor 224 is
preferably a 220 pF capacitor.

The 5 V peak square wave generated by square wave
generator 210 is supplied from either the output of invertor
gate 214 or the output of optional invertor gate 216 to the
base of afirst transistor 238 via a first resistor 232 connected
and parallel a capacitor 234. The base of first transistor 238
is connected to the 26 V regulated DC power line 106 via a
second resistor 236. The collector of first transistor 238 is
connected to 26 V power line 106 via a third resistor 240 and
to the base of a second transistor 244. The emitter of first
transistor 238 is coupled to ground and to it’s own collector
and the base of second transistor 244 via a fourth resistor
242. The collector of the second transistor 244 is connected
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directly to 26 V power line 106 and the emitter of second
transistor 244 is connected to ground via a fifth resistor 246.
Second transistor 244 provides the 26 V peak square wave
on output line 201. which is connected to it’s emitter. In
operation, the square wave signal applied to the base of
transistor 238 causes the collector of transistor 238 to swing
between near to the DC supply 106 voltage and the
collector-emitter saturation voltage. Capacitor 234 is pro-
vided to improve the turning off of transistor 238. Transistor
244 along with resistors 242 and 246 are used to buffer the
square wave signal generated by transistor 238. In a pre-
ferred embodiment. the values of the resistors and capacitor
are as follows: first resistor 232 is 5.1 k€. capacitor 234 is
0.0047 pF, second resistor 236 is 1 MQ. third resistor 240 is
1.6 kQ. fourth resistor 242 is 100 k€. and fifth resistor 246
is 4.7 k. Preferably. transistors 238 and 244 are those
identified as part no. ZTX600 available from ZETEX. In this
configuration, the oscillator 200 sources 80 mA to the
floating common generator 300 such that together they
supply a floating 5 V DC to power touch circuit(s) 400.
microcontroller 500, and Schmitt triggered gates 420 (FIG.
8). As will be apparent to those skilled in the art. the values
of the resistors and capacitors utilized in oscillator 200 may
be varied from those disclosed above to provide for different
oscillator output frequencies. As discussed above, however.
oscillator 200 is preferably constructed so as to output a
square wave having a frequency of 50 kHz or greater. and
more preferably, of 800 kHz or greater. In some cases it may
be necessary to use lower gain bandwidth product transistors
or filtration to achieve a softer roll-off of the square edges to
reduce high frequency noise emissions. When this is done
the amplitude of the oscillator voltage can be increased to
compensate.

The prefemred construction of floating ground generator
300 is shown in FIG. 7 includes a zener diode 310 having a
cathode connected to the oscillator output on line 201 and an
anode connected to floating ground output line 301 and to
ground via resistor 316 and diode 318. Floating ground
generator 300 also preferably includes a first capacitor 312
and a second capacitor 314 connected in parallel with zener
diode 310. In the preferred embodiment. zener diode 310 is
a 5.1V zener diode identified by part no. 1N4733A available
from LITEON, capacitor 312 is a 47 yF tantalum capacitor,
capacitor 314 is a 0.1 pF capacitor, resistor 316 is a 270 Q
resistor, and diode 318 is a diode identified as part no.
ING14B available from LITEON.

Touch circuit 400, as shown in FIG. 8, preferably includes
a transistor 410 having a base connected to touch pad 450
viaresistor 413 and line 451, an emitter coupled to oscillator
output line 201, and a collector coupled to floating ground
line 301 via a pulse stretcher circuit 417, which includes a
resistor 416 and a capacitor 418 connected in parallel. To
minimize susceptibility to noise. the physical length of the
path between the touch pad 450 and the base of the transistor
410. must be held to a minimum. Additionally, RC filters can
be placed in line 401 between the output of the touch circuit
400 and the input of the microcontroller 500 to give addi-
tional EMI/RFI immunity. Additionally, the higher the
frequency, the higher the gain bandwidth product that is
required in transistor 410. The gain bandwidth product must
be sufficient to guarantee that the oscillator turns on during
oscillator High pulses. A further trade-off is to use higher
gain bandwidth product to allow lower oscillator voltages or
higher oscillator voltages to all allow a lower gain band-
width product transistor to be used. The combination of
oscillator voltage, frequency and transistor gain bandwidth
product that is used will necessarily vary with the cost,
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safety and reliability requirements of a given application.
The present combination was chosen to keep the oscillator
voltage down and allow operation at 800 kHz to minimize
cross talk. At higher frequencies a higher gain bandwidth
product transistor would be required in both the oscillator
200 and detection 400 circuits. Touch circuit 400 also
preferably includes resistor 412 and a diode 414 having an
anode connected to the base of transistor 410 and to resistor
413. and a cathode connected to the emitter of transistor 410
and to a resistor 412 connected in paralle] with diode 414
between the base and emitter of transistor 410. The pulse
stretcher circuit 417 is identified as such because the sensi-
tivity of the touch circuit may be increased or decreased by
varying the resistance of resistor 416. The base of transistor
410 is connected via resistor 413 to line 451 connected to
touch pad 450.

Additionally. touch circuit 400 may include at least one
Schmitt triggered gate 420 powered by the voltage differ-
ence existing between oscillator line 201 and 301, and
having an input terminal coupled to the collector of transis-
tor 410 and an output coupled to microcontroller 500 via
output line 401. Schmitt triggered invertor gate 420 is
optionally provided to improve the rise time of the touch
switch output and to buffer the output. Preferably. transistor
410 is part no. BC858CL available from Motorola, resistor
412 is a 12 MQ resistor, diode 414 is part no. 1IN914B
available from Diodes. Inc.. resistor 416 is a 470 kQ resistor,
capacitor 418 is a 0.001 pF capacitor. and resistor 413 is a
10 k< resistor.

As stated above. the operator’s body includes a capaci-
tance to ground, which may range in a typical person from
between 20 to 300 pF. The base terminal of transistor 410 is
coupled to it’s emitter by resistor 412 such that unless
capacitance is present by the user touching the touch pad
450. transistor 410 will not be forward biased and will not
conduct. Thus, when touch pad 450 is not touched, the
output signal at the collector terminal of transistor 410 and
across pulse stretcher circuit 417 will be zero volts. When.
however. a person touches the touch pad 450, that person’s
body capacitance to ground couples the base of transistor
410 to ground 103 through resistor 413, thereby forward
biasing transistor 410 into conduction. This charges capaci-
tor 418 providing a positive DC voltage with respect to the
line 301 and causes the output of the Schmitt trigger 420 to
go low. Diode 414 is coupled across the base to emitter
junction of transistor 410 to clamp the base emitter reverse
bias voltage to —0.7 V and also reduce the forward recovery
and turn-on time.

Touch pad 450 includes a substrate on which a plurality
of electrically conductive plate members are mounted on
one surface thereof. The substrate is an insulator and the
plates are spaced apart in order to insulate the plates from
one another and from ground. Also, positioned on the
substrate is a guard band, generally shown as 460. Guard
band 460 is a grid of conductor segments extending between
adjacent pairs of plate members. All conductor segments are
physically interconnected to define a plurality of spaces with
one plate member positioned centrally within each space.
Components of the touch circuit may be positioned on the
side of substrate opposite plate members and guard band
460.
A planar dielectric member is spaced from the substrate
facing plate members. The dielectric member is made from
a non-porous insulating material such as polycarbonate or
glass. A plurality of electrically conductive spring contacts
are sandwiched between the inner surface of the dielectric
member and the substrate. An indicia layer may be adhered
to the inner surface of the dielectric member to provide an
indication of the function of each input portion.
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As mentioned above. interface between the dielectric
member and a conductive plate is a metallic spring contact
that is attached to the back of the dielectric member. The
spring contacts offer advantages at high temperature
extremes. However. for sufficiently narrow temperature
ranges, conductive polymer foam pads cut to the size of the
touch pads are preferably used to fill the gap between
conductive pad and dielectric layer. The function of the
spring contacts or conductive foam pads is to eliminate that
capacitive contribution of the air filled gap between the
conductive pads and the overlying dielectric layer.

A problem with capacity responsive keyboards is the
tendency of switches that are closely positioned in a key-
board system to inadvertently become actuated even though
the user is touching an adjacent switch. Furthermore, this
problem is greatly aggravated by the presence of contami-
nation on the outer surface of diclectric member. Contami-
nation such as skin oil or moisture causes erratic keyboard
operation and multiple switches will turn on even though
one switch is touched. By operating at a high frequency such
as 100 kHz or 800 kHz, the impedance of the series
combination of body and glass capacitance are lowered as
compared to the impedance of contamination present on the
glass thereby reducing crosstalk.

If glass thickness is smaller than %6 inch. the touch circuit
becomes more sensitive to body capacitance. There are two
ways to adjust the sensitivity so that crosstalk does not
occur: remove diode 414 and/or reduce the resistance of
resistor 416. Increasing the resistance of resistor 416 would
allow usage of thicker glass. However, this resistance pref-
erably should not go above 750 k€. This is because of the
maximum low input voltage of 0.8 V and input leakage
current of 1 pA at the Schmitt trigger gate 420.

The oscillator circuitry shown in FIG. 6 is very stable over
the temperature range of —40° C. to 105° C. The output of
the touch switch circuitry drops at a rate of approximately 40
mV/°C. when temperature falls below 0° C. If application
requires operation at low temperatures (—40° C.). the fol-
lowing three methods may be used to increase the output of
the switch: increase the oscillator’s regulated supply
voltage, increase the resistance of resistor 416, and use a
higher gain transistor 410. All of these methods would
increase sensitivity at high temperatures. Another way to
correct this problem is to use a thermistor to vary the
regulated supply voltage as a function of temperature.

Since the input power is regulated down to 26 V DC,
variation of power (24 V AC+10% or 29V DC to 36 V DC)
does not affect circuit operation. Table 3 below shows the
measured output voltage of the switch for various supply
voltages.

TABLE 3
SUPPLY VOLTAGE SWITCH OUTPUT
36 VDC 496V
35 VDC 496V
34 VDC 495V
33 VDC 495V
32 VDC 494V
31 VDC 493V
30 VDC 493V
29 VDC 492V

PSRR=6 mV/V=—45 dB

In order to determine the effect of body capacitance on
circuit operation, the circuit of FIG. 3 was used to simulate
glass. water resistance, and body capacitance. The following
two conditions were simulated and tested:
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1—The maximum body capacitance that does not cause
crosswalk when:
Temperature=105° C.
Supply Voltage=36VDC
Glass Capacitance=2 pF
Water Resistance=330 k to 1 MQ
2—The minimum capacitance to turn on a switch when:
Temperature=0° C.
Supply Voltage=29VDC
Glass Capacitance=2 pF
3—Operation at room temperature. 10
Table 4 below shows the signal and noise voltages at the
switch output for different values of body capacitance and
contamination resistance.

TABLE 4 15
CONTAM-
INATION
RE- BODY CAPACITANCE

SISTANCE 20pF  220pF 330 pF  SS50pF  1230pF 20

330kQ S:51V 851V 851V 851V 851V
N:20V N:40V N:45V N:49V N: 50V
S00kQ2 S:51V 8§51V 851V S:51V 851V
N:02V N:06V N:07V N:O8V NO0O8V
IMQ  S:51V 851V 851V 851V S51V
{Condensed N: 01V N:0O1lV N:0OlV NO1V NOLIV
Water)
NONE S:51V S:51V 851V S51V S51V
N:10mV N: 10mV N: 10mV N: 10 mV N: 10 mV

25

S = Signal (TOUCH)

N = Noise (NO TOUCH) 30
supply voltage = 36 VDC

temperature = 105° C.

With contamination resistance of 1 MQ or more, the
circuit is insensitive to body capacitance variations and has
a minimum signal-to-noise ratio of —34 dB., With no 35
contamination, signal-to-noise ratio is approximately —54
dB. The graph in FIG. 9 shows the signal-to-noise ratio
versus body capacitance, for different values of contamina-
tion resistance at 105° C. The minimum body capacitance to
turn on a switch is 20 pF. 40

At room temperature, crosstalk decreases because of gain
drop of tramsistor 410. Table 5 below shows that at room
temperature, the circuit rejects 250 k2 of contamination.
independent of body capacitance. Below 250 kQ, body

capacitance will affect crosstalk. 45
TABLE 5
CONTAM-
INATION
RE- BODY CAPACITANCE 50

SISTANCE 20 pF 220pF  330pF  550pF 1230 pF

200kQ S:51V S50V S:51V S:51V 51V
N:02V N:10V N:12V N 18V N 22V
250kQ S51V S51V Si5IV 851V S51V g

N:01lV N:0l1V N:05V NO5V NOS5SV

330kQ 8:51V  S51V 851V 851V S51V

N:01V N:O1lV N01V NO1V NO1V

1MQ 851V 851V S$:51V 851V 851V

(Condensed N: 0.1V N:01V N:01V N:OlV NO1V
‘Water)

S = Signal (TOUCH)
N = Noise (NO TOUCH)
supply voltage = 36 VDC
temperature = 25° C.

The graph of FIG. 10 shows the measured signal-to-noise 65
ratio versus body capacitance, for different contamination
resistance values at room temperature.
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The particular advantages of the preceding circuit over
that of existing touch detection circuits such as that dis-
closed in U.S. Pat. No. 4.758.735. are the use of diode 414
(selected for high speed) to minimize forward recovery time
rather than merely provide reverse polarity protection (as
with the slower type of diode used in the existing circuits)
and the omission of a capacitor coupled across the base to
emitter junction of the detection transistor 419 to make the
circuit more sensitive and operable with a lower oscillator
amplitude and higher oscillator frequency. These features
along with appropriate choices in component values make
possible operation at significantly higher frequencies (>50 to
800 kHz) than are seen in existing art (60 to 1000 Hz). At
frequencies at or near 800 kHz. the 20-300 pF of capaci-
tance to ground offered by the human body presents a
considerably lower impedance than the primarily resistive
impedance of skin oil or water films that may appear on the
dielectric layer overlying the conductive touch pads. This
allows the peak voltage of a pad that is touched to come
considerably closer to ground than adjacent pads which will
have a voltage drop across any contaminating film layer that
is providing a conductive path to the area that is touched.
The enhanced sensitivity offered by the omission of any
capacitor between the base and emitter of the detection
transistor 410, allows the threshold of detection to be set
much closer to ground than would be the case otherwise.
This allows discrimination between the pad that is touched
and adjacent pads that might be pulled towards ground via
the conductive path to the touch formed by a contaminating
film. This high frequency regime of operation offers a
considerable advantage relative to the existing art in terms of
immunity to surface contaminants such as skin oil and
moisture.

A multiple touch pad circuit constructed in accordance
with the second embodiment is shown in FIG. 11. In the
second embodiment of FIG. 11, components similar to those
in the first embodiment in FIG. 4 are designated with the
same references numerals and will not be discussed in detail.
The multiple touch pad circuit is a variation of the first
embodiment in that it includes an array of touch circuits
designated as 900, through 900, . which, as shown, include
both the touch circuit 400 shown in FIGS. 4 and 8 and the
input touch terminal pad 451 (FIG. 4). Microcontroller 500
selects each row of the touch circuits 900, to 900, by
providing the signal from oscillator 200 to selected rows of
touch circuits. In this manner. microcontroller 500 can
sequentially activate the touch circuit rows and associate the
received inputs from the columns of the array with the
activated touch circuit(s). To keep the path length 451
between the touch pad 450 and the base to the detection
transistor 410 to a minimum. the detection circuits 900 are
physically located directly beneath the touch pads. To sim-
plify assembly. a flexible circuit board such as vended by
Sheldahl, Inc. or Circuit Etching Technics, Inc. can be used
for this purpose. Ideally. the printed circuit will be fixed
directly against the surface (typically glass) bearing the
conductive touch pads to eliminate air gaps and the need for
conductive foam pads and spring contacts which were used
to fill air gaps.

For this second embodiment, the oscillator 200 of the first
embodiment may be slightly modified from that shown in
FIG. 6 to include a transistor (not shown) coupled between
the oscillator output and ground with it’s base connected to
microcontroller 600 such that microcontroller 600 may
selectively disable the output of oscillator 200.

The use of a high frequency in accordance with the
present invention provides distinct advantages for circuits
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such as the multiple touch pad circuit of the present inven-
tion due to the manner in which crosstalk is substantially
reduced without requiring any physical structure to isolate
the touch terminals. Further, the reduction in crosstalk
afforded by the present invention. allows the touch terminals
in the array to be more closely spaced together.

A third embodiment of the present invention, which
provides touch circuit redundancy. is described below with
reference to FIGS. 12-14. As shown in FIG. 12. the switch-
ing circuit according to the third embodiment includes a
voltage regulator 1100 for regulating power supplied by 24
V DC power lines 1101 and 1102 with ground connection
1103. for supplying the regulated power to an oscillator 1200
via lines 1104 and 1107.

Oscillator 1200 supplies a continuous and periodic signal
to touch circuits 1400z and 14005 via line 1201. Preferably.
the frequency of the oscillator output signal is at least 100
kHz. and more preferably. at least 800 kHz. The two touch
circuits 14002 and 14000 are identical in construction and
both receive the output of touch terminal 1450 via line 1451.
A detailed description of the preferred voltage regulator
circuit 1100, oscillator 1200. and touch circuits 1400 and
14005 is provided below with reference to FIG. 13 following
the description of the remaining portion of the third embodi-
ment.

The output of the first touch circuit 14004 is supplied to
a first driver circuit 1500 via line 14014 while the output of
the second touch circuit 14005 is supplied to a second driver
circuit 1600 via line 14015. The two driver circuits 1500 and
1600 are provided to drive first and second serially con-
nected switching transistors 1700 and 1710. The switching
transistors 1760 and 1710 must both be conducting to supply
power to a relay switch 1800. Thus. if one of touch circuits
1400a and 14005 does not detect a touch of touch terminal
1450, one of switching transistors 1700 and 1710 will not
conduct and power will not be supplied torelay switch 1800.
The preferred construction of driver circuits 1500 and 1600
and relay switch 1800 are described below with reference to
FIG. 4.

As shown in FIG. 13. voltage regulator 1100 may be
constructed by providing a first capacitor 1110 and a varistor
1112 connected in parallel across input power terminals
1101 and 1102. Preferably, return power terminal 1102 is
connected via line 1103 to ground. Varistor 1112 is used to
protect the circuit for over-voltage conditions. Also con-
nected in parallel with first capacitor 1110 and varistor 1112,
are the serially connected combination of a fuse 1114, a
diode 1116, a resistor 1118 and two parallel connected
capacitors 1120 and 1122. The voltage regulator 11090 is
reverse polarity protected by diode 1116 and current limited
by resistor 1118. Capacitors 1120 and 1122 provide filtering.

Voltage regulator 1100 further includes a zener diode
1128 having it’s cathode connected to a node between
resistor 1118 and capacitors 1120 and 1122 and to output
power line 1104. The anode of zener diode 1128 is coupled
to output power common line 1107 and to ground line 1103
via two serially connected resistors 1124 and 1126. Zener
diode 1128 and resistors 1124 and 1126 generate regulated
15 V DC. Two capacitors 1130 and 1132 are connected in
parallel with zener diode 1128 between power lines 1104
and 1107. Capacitors 1130 and 1132 provide filtering and
decoupling. respectively. Preferably. capacitor 1110 has a
capacitance of 1000 pF. 1000V, varistor 1112 is part no.
S$14K2S5 available from Siemens, fuse 1114 is a %A fuse,
diode 1116 is part no. 1N4002 available from LITEON,
resistor 1118 has a resistance of 10, 1AW, capacitor 1120
has a capacitance of 22 pF. 35V. capacitor 1122 has a
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capacitance of 0.1 pF, zener diode 1128 is part no. IN4744A
available from LITEON, resistor 1124 has a resistance of
220€. resistor 1126 has a resistance of 220€). capacitor 1130
has a capacitance of 1 pF. 25V, and capacitor 1132 has a
capacitance of 0.1 pF.

Oscillator 1200 is preferably comprised of a first invertor
gate 1210 having it’s input coupled to it’s output via
resistors 1214 and 1216. and a second invertor gate 1212
having it’s input coupled to the output of first invertor gate
1210 and it’s output coupled to it’s input via a capacitor
1218 and resistor 1216. The oscillating output of the second
invertor gate 1212 is buffered via transistor 1226. which has
it’s base connected to the output of second invertor gate
1212 via resistor 1220 and capacitor 1222, which are con-
nected in parallel therebetween. The base of transistor 1226
is also coupled to power line 1104 via a resistor 1224. The
emitter of transistor 1226 is connected to power line 1104
and the collector is connected to power line 1107 via a
resistor 1230, to the anode of a diode 1228. and to the
oscillator output line 1201. Diode 1228 has it's cathode
connected to power line 1104 and is used to protect transistor
1226.

Preferably, invertor gates 1210 and 1212 are provided by
part no. CD40106B available from Harris. resistor 1214 has
a resistance of 10 k€, resistor 1216 has a resistance of 1.18
kQ. 1%. capacitor 1218 has a capacitance of 220 pF. resistor
1220 has a resistance of 4.7 k€, capacitor 1222 has a
capacitance of 220 pF. resistor 1224 has a resistance of 100
kQ. transistor 1226 is part no. MMBTA7(L available from
Motorola, diode 1228 is part no. RLS4448 available from
LITEON., and resistor 1230 has a resistance of 3.3 kQ.

Two touch circuits 1400a and 1400k are provided in
parallel to provide redundancy so that if one fails. the relay
drivers are disabled. Because the touch circuits 1460a and
14006 are identical, only one of the touch circuits will now
be described. Touch circuit 1400a preferably includes two
resistors 1410a and 14124 coupled in series between touch
terminal output line 1451 and the base of a bipolar PNP
transistor 1420a. Transistor 14204 has it’s emitter connected
to the oscillator output line 1201 and it’s collector connected
to power common line 1107 via a resistor 1422a. Touch
circuit 1400a further includes a diode 1414a, a capacitor
1416a, and a resistor 1418a all connected in parallel
between the base of transistor 1420a and the emitter thereof,
which is connected to oscillator output line 1201. Touch
circuit 1400¢ also includes a diode 1424a having it’s anode
connected to the collector of transistor 1420a and it’s
cathode connected to touch circuit output line 1401a via a
resistor 1426a.

Preferably. resistor 1410a has a resistance of 5.1 kQ,
resistor 14124 has a resistance of 5.1 kQ. diode 1414a is part
no. RLS4448 available from LITEON. capacitor 1416a has
a capacitance of 240 pF. resistor 14184 has a resistance of 12
MQ, transistor 1420« is part no. BC857CL available from
Motorola, resistor 1422z has a resistance of 100 k€. diode
1424a is part no. RLS4448 available from LITEON. and
resistor 1426a has a resistance of 100 kQ.

The preferred detailed construction of the first and second
driver circuits 1500 and 1600 will now be described with
reference to FIG. 14. In first driver circuit 1500, the output
line 14014 of first touch circuit 14004 is connected to power
common line 1107 via a resistor 1510 and also via a
capacitor 1512 connected in parallel therewith. The output
line 1401a is also connected to the inverting input terminal
of an operational amplifier 1514. The non-inverting input
terminal of operational amplifier 1514 is connected to line
1502, which runs between first and second driver circuits
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1500 and 1600 and is connected to power line 1104 via a
resistor 1626. The output of op amp 1514 is connected to
power line 1104 via a resistor 1518 and to the input of a
Schmitt trigger invertor gate 1516. The output of Schmitt
trigger invertor gate 1516 is connected to the input of a
second Schmitt trigger invertor gate 1526 via a resistor
1520. A diode 1522 is connected in parallel with resistor
1520 with it’s cathode connected to the output of invertor
gate 1516 and it’s anode connected to the input of invertor
gate 1526 and to power common line 1107 via capacitor
1524. The output of invertor gate 1526 is connected to the
base of bipolar PNP switching transistor 1700 via a resistor
1528. The base of transistor 1700 is also connected to power
common line 1107 via a capacitor 1532 and to power line
1104 and it’s emitter via a resistor 1530,

Preferably, resistor 1510 has a resistance of 10 MQ,
capacitor 1512 has a capacitance of 0.01 pF, op amp
comparator 1514 is part no. LM393 available from National
Semiconductor, invertor gate 1516 is part no. CD40106B
available from Harris. resistor 1518 has a resistance of 10
kQ. resistor 1520 has a resistance of 1 MQ. diode 1522 is
part no. RLS4448 available from LITEON, capacitor 1524
has a capacitance of 0.22 pF. invertor gate 1526 is part no.
CD40106 available from Harris, resistor 1528 has a resis-
tance of 12 kQ, resistor 1530 has a resistance of 100 kQ,
capacitor 1532 has a capacitance of 0.01 pF, and transistor
1700 is part no. MMBTASG6L available from Motorola.

In second driver circuit 1600, the output line 14015 of
second touch circuit 14005 is connected to power common
line 1107 via a resistor 1610 and also via a capacitor 1612
connected in parallel therewith. The output line 1401b is
also connected to the inverting input terminal of an opera-
tional amplifier 1614. The non-inverting input terminal of
operational amplifier 1614 is connected to line 1502, which
is connected to power line 1104 via resistor 1626. The
non-inverting input terminal of op amp 1614 is also con-
nected to power common line 1107 via a capacitor 1616 and
a resistor 1618, which are connected in parallel. The output
of op amp 1614 is connected to power line 1104 via a resistor
1630 and to the coupled inputs of a Schmitt trigger invertor
gate 1628. The output of op amp 1614 is also connected to
it’s non-inverting input terminal via a resistor 1624. The
output of Schmitt trigger invertor NAND gate 1628 is
connected to the input of a second Schmitt trigger invertor
gate 1638 via a resistor 1632. A diode 1634 is connected in
parallel with resistor 1632 with it’s cathode connected to the
output of invertor NAND gate 1628 and it’s anode con-
nected to the input of invertor NAND gate 1638 and to
power common line 1107 via a capacitor 1636. The output
of invertor gate 1638 is connected to the base of switching
bipolar PNP transistor 1710 via a resistor 1640. The base of
transistor 1710 is also connected to power common line
1107 via a capacitor 1642 and to power line 1104 via a
resistor 1644. Second driver circuit 1600 also preferably
includes capacitors 1620 and 1622 connected in paraliel
between it’s connections to power lines 1104 and 1107.

Preferably. resistor 1610 has a resistance of 10 MQ,
capacitor 1612 has a capacitance of 0.01 pF, op amp
comparator 1614 is part no. LM393 available from National
Semiconductor. capacitor 1616 has a capacitance of 0.01 F,
resistor 1618 has a resistance of 20 kQ. capacitor 1620 has
a capacitance of 0.1 pF, capacitor 1622 has a capacitance of
0.1 pF, resistor 1624 has a resistance of 100 kQ. resistor
1626 has a resistance of 10 kQ. invertor NAND gate 1628
is part no. CD4093B available from Harris. resistor 1630 has
a resistance of 10 kQ. resistor 1632 has a resistance of 1
MQ, diode 1634 is part no. RLS4448 available from

Page 717 of 1714

—
o

15

2.

[

30

35

40

45

65

22
LITEON. capacitor 1636 has a capacitance of (.22 pF,
invertor NAND gate 1638 is part no. CD4093B available
from Harris, resistor 1640 has a resistance of 12 k€.
capacitor 1642 has a capacitance of 0.01 pF, resistor 1644
has a resistance of 100 k. and transistor 1710 is part no.
MMBTASGL available from Motorola.

In operation. the output of transistor 1420a (FIG. 13)
taken at it’s collector is rectified by diode 1424a and a DC
level is generated by resistors 14264 and 1510 and capacitor
1512 (a DC level of the output of transistor 14205 is
generated by resistors 14265 and 1610 and capacitor 1612).
When this DC level exceeds the upper threshold voltage of
op amp comparator 1514 (1614). the output of schmitt
triggered invertor gate 1516 inverter NAND gate 1628
(1628) goes high which charges capacitor 1524 (1636)
through resistor 1520 (1632). Gates 1516 and 1526 (1628
and 1638). resistor 1520 (1632). and capacitor 1524 (1636)
provide debounce in a conventional manner. Diode 1522
(1634) is used to provide fast release when the palm of the
hand is removed from the touch terminal 1450. The output
of the debounce circuitry drives transistor 1700 (1710).
Resistor 1528 (1640) and capacitor 1532 (1642) are used to
filter noise. Both touch circuits must be functional in order
to drive the relay switch 1800. Also, if one of the transistors
1700 or 17180 fails, the relay will not be activated.

Relay switch 1800 may be any conventional relay. An
example of such a relay is shown in FIG. 14. Relay switch
1800 may include a relay coil 1810 coupled between the
selective power supply 1711 of transistors 1700 and 1710
and ground, and a pair of magnetically responsive switches
that switch from normally closed terminals 1805 and 1807
to normally open terminals 1801 and 1803 when the relay
coil is energized. A zener diode 1815 may be placed in series
with a diode 1820 to reduce stress on the relay coil 1810 and
to protect transistor 1710 when transistors 1700 and 1710
switch off.

Although the touch circuits of the third embodiment are
disclosed as operating a relay switch via driver circuits. it
will be appreciated by those skilled in the art that the outputs
of touch circuits 1400c and 14005 could be supplied to a
microcontroller in the manner discussed above with respect
to the first embodiment.

The palm button switch of the present invention uses two
redundant touch switch circuits. such as shown in FIG. 12.
to disable relay drivers if one of the touch switch circuits
fails and redundant relay driver circuitry to turn off a relay
switch if one of the driver circuits fails.

Alternatively, the circuitry shown in FIG. 4 could be used.
In another embodiment a method to prevent inadvertent
actuations is to require a multi-step process. Referring to
FIG. 19, a device is shown having a first palm button 2201,
a second palm button 2202, and an indicator light 2205.
Palm button 2201 has to be activated first and then button
2202 has to be activated within a 2 second time window
before a desired actuation can occur. The 90 degree orien-
tation of the two buttons makes it extremely difficult to
accidently touch both with an arm and an elbow or other
such physical combination. An added advantage is that the
motion required to move the hand from button 2201 to
button 2202 can provide some relief from fatigue in the
forearm by the resulting muscle flexure that would otherwise
not occur if the hand had to be kept near a single button for
extended periods of time. A further redundancy can be
achieved by requiring simultaneous operation of two such
devices, one for each hand. This provides further safeguards
against inadvertent actuations and forces the operator to
have both hands in a desired safe location once a desired



5.796.183

23

actuation occurs. A further option is to provide one or more
LEDs 2205 or audible annunciators for visual or audible
feedback to the operator. Specifically. in FIG. 19 the LED
2205 will come on when button 2201 has been successfully
activated to cue the operator that it is time to move to button
2202. Where required a second LED with a different color
than the first (yellow for the first LED and red for the
second) can be provided to provide visual confirmation that
the second button 2202 has been activated or that the
required combination of the two buttons has been activated.
Two different audible tone or sound generators could also be
used in lieu of the LEDs to provide feedback to the operator.
In industrial or other challenging settings. the housing is
made of high strength polycarbonate (or other high strength
non-metallic material) to meet high impact and vibration
requirements, preferably NEMA 4. A further option is to
provide lighting for the switches to allow operation in the
dark.

In a variation of the multi-step process, two touch plates
within a housing (one vertical and one horizontal) are used
to provide a two-step turn-on. Referring to FIGS. 20A-C,
the first step to actuate the output relay 2310, is initiated
when the operator inserts his hands and touches the vertical
touch sensor 2301 with the dorsal side of the hands. A yellow
LED 2304 on top of the device show the successful comple-
tion of the first step. The second step is to flip the hand over
and touch the horizontal touch sensor 2302 with the palmar
side of the hand. Ared LED 2305 on top of the device shows
the completion of the two step turn-on and activation of
output relay 2310. The flipping action of the hand in the
second step causes the forearm muscles to flex. thereby
reducing stiffness and fatigue. Also, the hands. and arms can
rest on the run bar until the machine cycle is complete. The
second step of the two-step turn-on must occur within some
predetermined time (for example 2 seconds) after the release
of vertical touch sensor or the first step must be repeated. In
this proposed embodiment, the second step provides an
added stimulus and reduces operator errors due to mental
and physical fatigue. The top cover prevents actuation of
two devices by the use of one hand and elbow of the same
arm. as required by ANSI Standard B11.19-1990. The enclo-
sure must be a high strength polycarbonate module to meet
the high impact and vibration requirements of the industry.
preferably NEMA 4. In both embodiments, high frequency
switching is used to desensitize the unit against moisture and
contaminants that could generate a path between the button
and grounded chassis. The palm button may be formed as the
flat palm button shown in FIGS. 15SA—-C or as a dome-shaped
palm button shown in FIG. 16. The button is made of a brass
plate 1910 (1930) and can be covered with a plastic or glass
1925 (1933) cover or membrane to desensitize the unit even
more against contaminants and other inadvertent actuation.
The plastic cover 1925 (1933) acts as a dielectric and
capacitance is varied as a function of the area of the plastic
being touched. Therefore. if button is touched by finger. a
much smaller series capacitance is generated as opposed to
button being touched by the palm of a hand. This capaci-
tance is placed in series with the capacitance of the body to
ground when the button is touched. Since the capacitance of
the body to ground is much larger than the capacitance
generated by the button. the functionality of the unit is
independent of the variations in body capacitance to ground
from person to person. The other factor that needs to be
considered here is body resistance. If the button is not
covered with an insulator such as plastic, the unit would
become sensitive to body resistance. Body resistance to
ground. changes as a function of moisture in the work area.
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skin dryness. floor structure. and shoes. By using a plastic
cover, the unit is made insensitive to variations of body
resistance and capacitance. The shape of the button is also a
factor in sensitivity. If the button is flat. less of the button
area would be covered by the palm of the hand as opposed
to a dome shape button that matches the contour of the palm.
Therefore. if the button is dome-shaped. the unit can be even
more desensitized against inadvertent operation.

By providing a large space for hand insertion and switch
activation and a flat or dome shape button where the palm of
the hand rests while machine cycle is in process. stress on
the forearms is ergonomically reduced. The palm button of
the present invention can be activated with or without
gloves. The zero force palm button of the present invention
may be used to activate electric. pneumatic, air clutch, and
hydraulic equipment such as punch presses. molding
machines. etc.

As shown in FIGS. 15A-C, the fiat palm button may
include a plastic housing 1917 having an optional metallic
enclosure 1922 for surface mounting. The button also may
include a flush mount surface 1915 and optional guarding
1920.

The circuit board 1935 used with the palm button of the
present invention may be packaged on two printed circuit
boards. One board for power and relay and the other for
touch switches and relay drivers. The touch circuit on the
touch switch board is interfaced to the button through a
screw that also holds the button in place. The power/relay
board is interfaced to the touch switch board through a three
pin right angle connector. Wiring to the unit is done through
a seven position terminal block on the power/relay board.
The power/relay board is designed for 24 V DC input power
and provides two double-throw relay contacts. However, it
can be modified to accommodate different power inputs and
switch outputs. For example. a transformer may be added to
the power board so that the unit is powered 110VAC/
220VAC instead of 24 V DC. Also, the relays may be
replaced with other outputs such as digital or 4-20 mA
outputs.

The touch circuit components can be integrated in a
custom IC 2000. as shown in FIG. 17, to facilitate manu-
facturing and to reduce cost. Components 413, 412, 414,
410, 418, and 420 are similar to those of circuit 400 shown
in FIG. 8. Preferably. resistor 2004 has a resistance of 470
kQ and diode 2002 has characteristics similar to part no.
1N4148 available from LITEON. Resistors 2008 and 2006
are used to adjust the sensitivity. Diode 2002 at the output
of 420, allows the IC to be used in applications where
several touch circuit IC’s are multiplexed.

As shown in FIG. 18, a sleep circuit 2100 may be added
to the oscillator circuit 200 (FIG. 6) to allow microcontroller
600 to turn off the oscillator circuit 200. The disabling of
oscillator circuit 200 is done to reduce drainage of capacitor
126 in the regulator circuit 120 during brown outs. The
circuit diagram shown in FIG. 18 is a modified version of
circuit 200 in FIG. 6. During normal operation microcon-
troller 600 pulls the input of gate 2116 to ground and causes
the output of gate 2116 to go high (power line 104).
Therefore, transistor 2110 is biased on and oscillator 200 is
functional. When in a sleep mode., microcontroller 600
sources the input to gate 2116 high and causes the output of
gate 2116 to go low which turns off transistor 2110 and pulls
the input of gate 212 low. Therefore, the oscillator will stop
oscillating and drainage on capacitor 126 decreases consid-
erably.

The above described embodiments were chosen for pur-
poses of describing but one application of the present
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invention. It will be understood by those who practice the
invention and by those skilled in the art. that various
modifications and improvements may be made to the inven-
tion without departing from the spirit or scope of the
invention as defined by the appended claims.

The embodiments of the invention in which an exclusive
property or privilege is claimed are defined as follows:

1. A capacitive responsive electronic switching circuit
comprising:

an oscillator providing a periodic output signal having a

frequency of 50 kHz or greater;

an input touch terminal having a dielectric cover defining

an area for an operator to provide an input by proximity
and touch, an operator’s body capacitance to ground as
sensed through said input touch terminal varying as a
function of the area of said input touch terminal that is
proximate the operator’s body; and

a detector circuit coupled to said oscillator for receiving

said periodic output signal from said oscillator, and
coupled to said input touch terminal, said detector
circuit being responsive to signals from said oscillator
and the presence of an operator’s body capacitance to
ground coupled to said touch terminal when proximal
or touched by an operator to provide a control output
signal. wherein said detector circuit includes means for
generating said control signal when the sensed body
capacitance to ground exceeds a threshold level in
order to prevent unintended activation based upon an
operator’s inadvertent proximity and touch with said
input touch terminal.

2. The switching circuit as defined in claim 1, wherein
said oscillator provides a periodic output signal having a
frequency of 800 kHz or greater.

3. The switching circuit as defined in claim 1 and further
including a DC power supply for supplying power to said
oscillator and a ground.

4. The switching circuit as defined in claim 1. wherein
said periodic output signal provided by said oscillator is a
square wave output signal, said oscillator includes a square
wave generator for generating a square wave, and a plurality
of active elements coupled to an output of said square wave
generator to buffer and improve the shape of the square wave
output therefrom.

5. The switching circuit as defined in claim 1, wherein
said detector circuit includes a microcontroller and a charge
pump circuit coupled between said input touch terminal and
said microcontroller.

6. The switching circuit as defined in claim 1, wherein
said detector circuit includes a microcontroller and a touch
circuit coupled between said input touch terminal and said
microcontroller.

7. The switching circuit as defined in claim 6 and further
including a plurality of said input touch terminals and a
plurality of said touch circuits respectively associated with
said input touch terminals.

8. The switching circuit as defined in claim 7, wherein
said microcontroller selectively applies said periodic output
signals received from said oscillator to each of said touch
circuits to separately activate each touch circuit.

9. A capacitive responsive electronic switching circuit
comprising:

an oscillator providing a periodic output signal having a

frequency of 50 kHz or greater;

an input touch terminal defining an area for an operator to

provide an input by proximity and touch;

a detector circuit coupled to said oscillator for receiving

said periodic output signal from said oscillator, and
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coupled to said input touch terminal, said detector
circuit being responsive to signals from said oscillator
and the presence of an operator’s body capacitance to
ground coupled to said touch terminal when proximal
or touched by an operator to provide a control output
signal; and

a floating common generator coupled to said oscillator for
receiving said square wave output signal. said floating
common generator generating a floating common ref-
erence for said detector circuit that is set at a fixed
voltage below and tracks the square wave output signal.

10. The switching circuit as defined in claim 9. wherein
said detector circuit is powered by said square wave output
signal provided by said oscillator and by said floating
common reference provided by said floating common gen-
erator thereby increasing the sensitivity of said detector
circuit to proximity and touching of said touch terminal by
an operator’s body.

11. The switching circuit as defined in claim 10. wherein
said detector circuit includes a microcontroller and a charge
pump circuit coupled between said input touch terminal and
said microcontroller. by an operator’s body. wherein said
charge pump circuit includes at least one high speed diode
coupled between said oscillator and said touch terminal. for
enhancing a sensitivity at which said charge pump responds
to sensed body capacitance at said touch terminal for higher
frequencies.

12. A proximity and touch controlled switching circuit
comprising:

an oscillator providing a square wave output signal having
a frequency of 50 kHz or greater;

a touch terminal having a dielectric cover defining an
input terminal for coupling to an operator’s body
capacitance to ground; and

a charge pump circuit coupled to said oscillator for
receiving said square wave output signal, and coupled
to said touch terminal, said charge pump circuit having
an output terminal that supplies an output signal having
a voltage that varies when said touch terminal is
proximal or touched by an operator’s body, the voltage
of said output signal varies as a function of the area of
said touch terminal that is proximal or touched by an
operator,

wherein said charge pump circuit includes at least one
high speed diode coupled between said oscillator and
said touch terminal, for enhancing a sensitivity at
which said charge pump responds to sensed body
capacitance to ground at said touch terminal for higher
frequencies.

13. The proximity and touch controlled circuit as defined
in claim 12 and further including a DC power supply for
supplying power to said oscillator and a ground.

14. The proximity and touch controlled circuit as defined
in claim 12, wherein said oscillator includes a square wave
generator for generating a square wave. and a plurality of
active elements coupled to an output of said square wave
generator to buffer and improve the shape of the square wave
output therefrom.

15. The proximity and touch controlled circuit as defined
in claim 12, wherein said oscillator provides a periodic
output signal having a frequency of 800 kHz or greater.

16. A proximity and touch controlled switching circuit
comprising:

an oscillator providing a square wave output signal having
a frequency of 50 kHz or greater;

a touch terminal defining an input terminal for coupling to
an operator’s body capacitance to ground;
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a charge pump circuit coupled to said oscillator for
receiving said square wave output signal. and coupled
to said touch terminal, said charge pump circuit having
an output terminal that supplies an output signal having
a voltage that varies when said touch terminal is
proximal or touched by an operator’s body; and

a floating common generator coupled to said oscillator for
receiving said square wave output signal, said floating
common generator generating a floating common ref-
erence for said charge pump circuit that is set at a fixed
voltage below and tracks said square wave output
signal.

wherein said charge pump circuit includes at least one
high speed diode coupled between said oscillator and
said touch terminal, for enhancing a sensitivity at
which said charge pump responds to sensed body
capacitance to ground at said touch terminal for higher
frequencies.

17. The proximity and touch controlled circuit as defined
in claim 16, wherein said charge pump circuit is powered by
said square wave output signal provided by said oscillator
and by said floating common reference provided by said
floating common generator thereby increasing the sensitivity
of said charge pump circuit to proximity and touching of
said touch terminal by an operator’s body.

18. A capacitive responsive electronic switching circuit
comprising:

an oscillator providing a periodic output signal having a
predefined frequency;

a plurality of input touch terminals defining adjacent areas
on a dielectric substrate for an operator to provide
inputs by proximity and touch; and

a detector circuit coupled to said oscillator for receiving
said periodic output signal from said oscillator. and
coupled to said input touch terminals, said detector
circuit being responsive to signals from said oscillator
and the presence of an operator’s body capacitance to
ground coupled said touch terminals when proximal or
touched by an operator to provide a control output
signal,

wherein said predefined frequency of said oscillator is
selected to decrease the impedance of said dielectric
substrate relative to the impedance of any contaminate
that may create an electrical on said dielectric substrate
path between said adjacent areas, and wherein said
detector circuit compares the sensed body capacitance
to ground proximate an input touch terminal to a
threshold level to prevent inadvertent generation of the
control output signal.

19. The switching circuit as defined in claim 18, wherein
said oscillator provides a periodic output signal having a
frequency of 800 kHz or greater.

20. A capacitive responsive electronic switching circuit
comprising:

an oscillator providing a periodic output signal having a
predefined frequency;

a dome-shaped touch terminal defining an area for an
operator to provide an input by proximity and touch.
wherein the dome shape of the touch terminal is
constructed to ergonomically fit the palm of a human
hand; and

a detector circuit coupled to said oscillator for receiving
said periodic output signal from said oscillator, and
coupled to said touch terminal, said detector circuit
being responsive to signals from said oscillator and the
presence of an operator’s body capacitance to ground
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coupled to said touch terminal when proximal or
touched by an operator to provide a control output
signal. said detector circuit including means for dis-
criminating between a proximity and touch of said
dome-shaped touch terminal by the palm of a human
hand and a proximity and touch by a human finger.

21. A capacitive responsive electronic switching circuit

comprising:

an oscillator providing a periodic output signal having a
predefined frequency;

a touch terminal defining an area for an operator to
provide an input by proximity and touch; and

a detector circuit coupled to said oscillator for receiving
said periodic output signal from said oscillator, and
coupled to said touch terminal. said detector circuit
being responsive to signals from said oscillator and the
presence of an operator’s body capacitance to ground
coupled to said touch terminal when proximal or
touched by an operator to provide a control output
signal, said detector circuit including discriminating
means for discriminating between a proximity and
touch of said touch terminal covering substantially all
of said area of said touch terminal and a proximity and
touch covering less than substantially all of said area of
said touch terminal.

22. The switching circuit as defined in claim 21. wherein

said touch terminal includes a dome-shaped dielectric cover.

23. The switching circuit as defined in claim 21. wherein
said touch terminal includes a palm-sized dielectric cover.

24. The switching circuit as defined in claim 23. wherein
said discriminating means determines that a proximity and
touch of said touch terminal covers substantially all of said
area of said touch terminal when said dielectric cover is
proximal or touched with the palm of an operator’s hand and
determines that a proximity or touch covers less than sub-
stantially all of said area of said touch terminal when said
dielectric cover is proximal or touched with one of an
operator’s fingers.

25. The switching circuit as defined in claim 21, wherein
said discriminating means discriminates between a proxim-
ity and touch of said touch terminal covering substantially
all of said area of said touch terminal and a proximity and
touch covering less than substantially all of said area of said
touch terminal based upon a sensed level of body capaci-
tance to ground proximate said touch terminal.

26. The switching circuit as defined in claim 21. wherein
said coupling of capacitance to ground occurs when an
operator’s body is proximate, but not touching, said touch
terminal.

27. A capacitive responsive electronic switching circuit
for a controlled device comprising:

an oscillator providing a periodic output signal having a
predefined frequency;

first and second touch terminals defining areas for an
operator to provide an input by proximity and touch;
and

a detector circuit coupled to said oscillator for receiving
said periodic output signal from said oscillator. and
coupled to said first and second touch terminals, said
detector circuit being responsive to signals from said
oscillator and the presence of an operator’s body
capacitance to ground coupled to said first and second
touch terminals when proximal or touched by an opera-
tor to provide a control output signal for actuation of
the controlled device. said detector circuit being con-
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figured to generate said control output signal when said
an operator is proximal or touches said second touch
terminal after the operator is proximal or touches said
first touch terminal.

28. The capacitive responsive electronic switching circuit
as defined in claim 27, wherein said detector circuit gener-
ates said control signal only when an operator is proximal or
touches said second touch terminal within a predetermined
time period after the operator is proximal or touches said
first touch terminal.

29. The capacitive responsive electronic switching circuit
as defined in claim 27, wherein said first and second touch
terminals are adapted to be mounted on different surfaces of
the controlled device.
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30. The capacitive responsive electronic switching circuit
as defined in claim 27. wherein said first and second touch
terminals are adapted to be mounted on non-parallel planar
surfaces of the controlled device.

31. The capacitive responsive electronic switching circuit
as defined in claim 27. wherein said first and second touch
terminals are adapted to be mounted on perpendicular planar
surfaces of the controlled device.

32. The capacitive responsive electronic switching circuit
as defined in claim 27 and further including an indicator for
indicating when said detector circuit determines that an
operator is proximal or touches said first touch terminal.

LI I T



UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 5 796,183
DATED : August 18, 1998
INVENTOR(S) : Byron Hourmand

Page 1 of 3

it is certified that error appears in the above-identified patent and that said Letters Patent is hereby
comrected as shown below:

Column 5, line 52, “such a” should be --such as--.

Column 9, line 31, before “water” insert --condensed--.
Column 14, line 35, “is” should be --as--.

Column 13, line 65, “it’s” should be --its--.

Column 18, line 38, “references” should be --reference--.
Column 20, line 7, “it's” should be --its-- (both occurrences).
Column 20, line 9, “it's” should be --its--.

Column 20, line 10, “it’s” should be --its-- (both occurrences).
Column 20, line 13, “it’s” should be —-its--.

Column 20, line 20, “it’s” should be --its--.

Column 20, line 39, “it’s” should be --its--.

Column 20, line 40, “it’s” should be --its--,

Column 20, line 46, “it’s” should be --its--.

Column 20, line 47, “it's” should be --its--.

Page 722 of 1714



UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

DATED : August 18, 1998

INVENTOR(S) : Byron Hourmand

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby
cotrected as shown below:

Column 21, line 8, “it’s” should be --its--.
Column 21, line 9, “it’s” should be --its--.

Column 21, line 15, “it’s” should be --its--,

Column 21, line 42, “it's” should be --its--.

Column 21, line 46, “it’s” should be --its--.

Column 21, line 47, “it’s” should be --its--.

Column 21, line 56, “it's” should be --its--.

Column 22, line 8, “it’s” should be --its--.

Column 22, line 13, “schmitt” should be --Schmitt--.

Column 26, lines 22-27, after “microcontroller.” delete “by an operator’s body . . . higher
frequencies.”

Page 723 of 1714



UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

DATED :  August 18, 1998

INVENTOR(S) : Byron Hourmand

Itis certified that error appears in the above-identified patent and that said Letters Patent is hereby
corrected as shown below:

Column 27, line 44, after “electrical” insert --path--.
Column 27, line 45, delete “path”.

Column 29, line 1, after “when” delete “said”.

Signed and Sealed this
Eleventh Day of May, 1999

Q. TODD DICKINSON

Attesting Officer Acting Commissioner of Parents and Trademarks

Page 724 of 1714



UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 5,796,183 Page 1 of 1
APPLICATION NO. : 08/601268

DATED : August 18, 1998

INVENTORC(S) : Byron Hourmand et al.

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

Title Page, Item (75) Inventor, should read --(75) Inventors: Byron Hourmand,
Hersey, MI (US); John M. Washeleski, Cadillac, MI (US); Stephen R. W. Cooper,
Fowlerville, MI (US)--.

Signed and Sealed this
Eleventh Day of October, 2011

David J. Kappos
Director of the United States Patent and Trademark Office

Page 725 of 1714



US005796183C1

12 EX PARTE REEXAMINATION CERTIFICATE (9614th)

United States Patent

US 5,796,183 C1

(10) Number:

Hourmand et al. 45) Certificate Issued: Apr. 29,2013
(54) CAPACITIVE RESPONSIVE ELECTRONIC (58) Field of Classification Search
SWITCHING CIRCUIT None
See application file for complete search history.
(75) Inventors: Byron Hourmand, Hersey, MI (US); (56) References Cited

John M. Washeleski, Cadillac, MI (US);
Stephen R. W. Cooper, Fowlerville, MI
Us)

(73) Assignee: Nartron Corporation, Reed City, MI
Us)

Reexamination Request:
No. 90/012,439, Aug. 17, 2012

Reexamination Certificate for:

Patent No.: 5,796,183
Issued: Aug. 18,1998
Appl. No.: 08/601,268
Filed: Jan. 31, 1996

Certificate of Correction issued May 11, 1999
Certificate of Correction issued Oct. 11, 2011

To view the complete listing of prior art documents cited
during the proceeding for Reexamination Control Number
90/012,439, please refer to the USPTO’s public Patent
Application Information Retrieval (PAIR) system under the
Display References tab.

Primary Examiner — Linh M. Nguyen

(57) ABSTRACT

A capacitive responsive electronic switching circuit com-
prises an oscillator providing a periodic output signal having
a frequency of 50 kHz or greater, an input touch terminal
defining an area for an operator provide an input by proximity
and touch, and a detector circuit coupled to the oscillator for
receiving the periodic output signal from the oscillator, and
coupled to the input touch terminal. The detector circuit being
responsive to signals from the oscillator and the presence of
an operator’s body capacitance to ground coupled to the
touch terminal when in proximity or touched by an operator to
provide a control output signal. Preferably, the oscillator pro-

(51) Int.CL vides a periodic output signal having a frequency of 800 kHz
HO3K 17/96 (2006.01) or greater. An array of touch terminals may be provided in
HO3K 17/94 (2006.01) close proximity due to the reduction in crosstalk that may

(52) US.CL result from contaminants by utilizing an oscillator outputting
USPC .......c.... 307/116; 307/125; 307/139; 361/181 a signal having a frequency of 50 kHz or greater.

200 300
101 104 FLOATING [/
N\ ). GROUND
‘ e GENERATOR
VOLTAGE N
REGULATOR [ OSCILLATOR I3 301
bia \ - 201
02— / ( 105 450
. 106
100 ‘A%)/m
103 451 400
TOUGH [
CIRCUIT
+Vee
700
\ f 600 ¢ 401
LOAD MICRO- L/ | micko-
CONTROLLER CONTROLLER

I

N 500

Page 726 of 1714

S 0

5



US 5,796,183 C1

1
EX PARTE
REEXAMINATION CERTIFICATE
ISSUED UNDER 35 U.S.C. 307

THE PATENT IS HEREBY AMENDED AS
INDICATED BELOW.

Matter enclosed in heavy brackets [ ] appeared in the
patent, but has been deleted and is no longer a part of the
patent; matter printed in italics indicates additions made
to the patent.

AS A RESULT OF REEXAMINATION, IT HAS BEEN
DETERMINED THAT:

Claims 18, 27, 28 and 32 are determined to be patentable as
amended.

New claims 33-39 are added and determined to be
patentable.
Claims 1-17, 19-26 and 29-31 were not reexamined.

18. A capacitive responsive electronic switching circuit

comprising:

an oscillator providing a periodic output signal having a
predefined frequency;

a microcontroller using the periodic output signal from the
oscillator, the microcontroller selectively providing sig-
nal output frequencies to a plurality of small sized input
touch terminals of a keypad;

[a] the plurality of small sized input touch terminals defin-
ing adjacent areas on a dielectric substrate for an opera-
tor to provide inputs by proximity and touch; and

a detector circuit coupled to said oscillator for receiving
said periodic output signal from said oscillator, and
coupled to said input touch terminals, said detector cir-
cuit being responsive to signals from said oscillator via
said microcontroller and [the] a presence of an opera-
tor’s body capacitance to ground coupled o said touch
terminals when proximal or touched by [an] #e operator
to provide a control output signal,

wherein said predefined frequency of said oscillator [is]
and said signal output frequencies are selected to
decrease [the] a first impedance of said dielectric sub-
strate relative to [the] a secornd impedance of any con-
taminate that may create an electrical path on said
dielectric substrate between said adjacent areas defined
by the plurality of small sized input touch terminals, and
wherein said detector circuit compares [the] a sensed
body capacitance change to ground proximate an input
touch terminal to a threshold level to prevent inadvertent
generation of the control output signal.

27. A capacitive responsive electronic switching circuit for

a controlled keypad device comprising:

an oscillator providing a periodic output signal having a
predefined frequency;

a microcontroller using the periodic output signal from the
oscillator, the microcontroller selectively providing sig-
nal output frequencies to a closely spaced array of input
touch terminals of a keypad, the input touch terminals
comprising first and second input touch terminals;

the first and second input touch terminals defining areas for
an operator to provide an input by proximity and touch;
and

a detector circuit coupled to said oscillator for receiving
said periodic output signal from said oscillator, and
coupled to said first and second touch terminals, said
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detector circuit being responsive to signals from said
oscillator via said microcontroller and [the] a presence
of an operator’s body capacitance to ground coupled to
said first and second touch terminals when proximal or
touched by [an] ¢4e operator to provide a control output
signal for actuation of the controlled keypad device, said
detector circuit being configured to generate said control
output signal when [an] the operator is proximal or
touches said second touch terminal after the operator is
proximal or touches said first touch terminal.

28. The capacitive responsive electronic switching circuit
as defined in claim 27, wherein said detector circuit generates
said control signal only when [an] ¢ke operator is proximal or
touches said second touch terminal within a predetermined
time period after the operator is proximal or touches said first
touch terminal.

32. The capacitive responsive electronic switching circuit
as defined in claim 27 and further including an indicator for
indicating when said detector circuit determines that [an] 77e
operator is proximal or touches said first touch terminal.

33. The capacitive responsive electronic switching circuit
as defined in claim 18, further comprising wherein said detec-
tor circuit compares the sensed body capacitance change
caused by the body capacitance decreasing an input touch
terminal signal on the detector to ground when proximate to
the input touch terminal to a second threshold level to gener-
ate the control output signal.

34. The capacitive responsive electronic switching circuit
asdefined in claim 18, further comprising wherein said detec-
tor circuit compares the sensed body capacitance change
caused by the body capacitance decreasing an input touch
terminal signal amplitude on the detector to ground when
proximate to the input touch terminal to a second threshold
level to generate the control output signal.

35. The capacitive responsive electronic switching circuit
as defined in claim 27, wherein when the second touch termi-
nal is not touched on its defining area by the operator to
provide input, the control output signal is prevented.

36. The capacitive responsive electronic switching circuit
as defined in claim 27 and further including an indicator for
indicating when said detector circuit determines that the
operator is proximal or touches said second touch terminal.

37. A capacitive responsive electronic switching circuit for
a controlled device comprising:

an oscillator providing a periodic output signal having a
predefined frequency, wherein an oscillator voltage is
greater than a supply voltage;

a microcontroller using the periodic output signal from the
oscillator, the microcontroller selectively providing sig-
nal output frequencies to a closely spaced array of input
touch terminals of a keypad, the input touch terminals
comprising first and second input touch terminals;

the first and second touch terminals defining areas for an
operator to provide an input by proximity and touch; and

a detector circuit coupled to said oscillator for receiving

said periodic output signal from said oscillator, and
coupled to said first and second touch tevminals, said
detector circuit being responsive to signals from said
oscillator via said microcontroller and a presence of an
operator’s body capacitance to ground coupled to said
first and second touch terminals when proximal or
touched by the operator to provide a control output
signal for actuation of the controlled device, said detec-
tor circuit being configured to generate said control
output signal when the operator is proximal or touches
said second touch terminal after the operator is proxi-
mal or touches said first touch terminal.
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38. The capacitive responsive electronic switching circuit
as defined in claim 37, wherein feedback to the operator is
provided by an indicator activated by the microcontroller
after the operator touches the second touch terminal.
39. The capacitive responsive electronic switching circuit 5
as defined in claim 37,
wherein said detector circuit compares a sensed body
capacitance change caused by the body capacitance
decreasing a second touch terminal signal on the detec-
tor to ground when proximate to the second touch ter- 10
minal to a threshold level to generate the control output
signal, and
wherein feedback to the operator is provided by an indica-
tor activated by the microcontroller after the operator
touches the second touch terminal. 15
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Reel 008254 , Frame 0496 , or for which a copy thereof is attached.
5 From: Byron Hourmand To: Nartron Corporation

The document was recorded in the United States Patent and Trademark Office at

Reel 008443 , Frame 0749 , or for which a copy thereof is attached.

[Page 1 of 2]
This collection of information is required by37 CFR3.73(b). The information is required toobtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentialityis governed by35 U.S.C. 122and 37 CFR1.11 and1.14. Thiscollection is estimated to take 12 minutes to complete, including
gathering, preparing, and submittingthe completed application form to the USPTO.Time will vary depending upon the individual case. Any comments on the amount
of time you require to complete this form and/or suggestions for reducing this burden, should be sent tothe Chief Information Officer, U.S. Patent and Trademark
Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS.SEND
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2.
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PTO/AIA/96 (08-12)

Approved for use through 01/31/2013. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

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

STATEMENT UNDER 37 CFR 3.73(c)

3. From: John M. Washeleski To: Nartron Corporation
The document was recorded in the United States Patent and Trademark Office at
Reel 028804 , Frame 0075 , or for which a copy thereof is attached.
4. From: Stephen R.W. Cooper To: Nartron Corporation
The document was recorded in the United States Patent and Trademark Office at
Reel 028804 , Frame 0137 , or for which a copy thereof is attached.
5. From: Nartron Corporation To: UUSI LLC
The document was recorded in the United States Patent and Trademark Office at
Reel 023679 , Frame 0803 , or for which a copy thereof is attached.
6. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

|:] Additional documents in the chain of title are listed on a supplemental sheet(s).

As required by 37 CFR 3.73(c)(1)(i), the documentary evidence of the chain of title from the original owner to the
assighee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

[NOTE: A separate copy (i.e., a true copy of the original assignhment document(s)) must be submitted to Assignment
Division in accordance with 37 CFR Part 3, to record the assighment in the records of the USPTO. See MPEP 302.08]

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee.

/Brian A. Carlson/ December 24, 2013
Signature Date

Brian A. Carlson 37,793

Printed or Typed Name Title or Registration Number

[Page 2 of 2]
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that yoube given certain informationin connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, pleasebe advised that: (1) the general authority forthe collection of thisinformation is 35
U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and(3) the principal purpose forwhich the
information isused by the U.S. Patent and Trademark Office is to process and/or examine your submission related
to a patent applicationor patent. If you do not furnish the requested information,the U.S. Patent and Trademark
Office may not be able to process and/or examineyour submission,which may result in termination of proceedings
or abandonment of the applicationor expiration of the patent.

The informationprovided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records
may be disclosed to the Department of Justice to determine whether disclosure of these records is
required by the Freedom of Information Act.

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

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

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency
having need for the informationin order to perform a contract. Recipients of information shall be required
to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).
A record related to an InternationalApplication filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

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

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

A record from this system of records may be disclosed, as a routine use, to the public after either
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C.
151. Further, arecord may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the
public if the record was filed in an application which became abandoned or in which the proceedings were
terminated and which application is referenced by either a published application, an application open to
public inspection or an issued patent.

A record from thissystem of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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PTO/SB/80 (11-08)

Approved foruse through 11/30/2011. OMB 0661-0035

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1985, no persons are required fo respond to a collection of information unless it displays & valid OMB control number.

POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO

1 hereby revoke all previous powers of attorney given in the application identified in the attached statement under

37 CFR 3.73(b).
| hereby appoint:
Practitioners associated with the Customer Number: 25962
OR
D Praclitioner{s) named below (if more than ten patent practitioners are to be named, then a customer number must be used):
Name Registration Name Registration
Number Number

a5 allomey(s)-or agent(s) to represent the undersigned before the United States Patent and Trademark Office (USPTO) in connection with
aiiy and all patent applications assigned gnly to the undersigned according to the USPTO assignment records. or assignment documents
attached to this fomn in accordance with 37 GFR 3.73(b).

Please change iHe correspondence address for the application identified in the attached statement under 37 CFR 3.73(b) to:

The address associated with Customer Number: 25962

OR
Fimm or
Individual Name
Address

City I State Zip

Countty

Telephone ‘ Email

Assignee Name and Address:

UuUSI, LLC
5000:North US Highway 131, Twenty-Second Floor
Reed City, Michigan 49677

A copy of this form, together with a statement under 87 CFR 3.73(b) {(Form PTOISBI96 or equivalent) is required to be
filed in each application in which this form is used. The statement under 37 CFR 3.73(b) may be completed by one of
the practitioners appointed in this form if the appointed practitioner is authorized to act on behalf of the assignee,
and must identify the application in which this Power of Attorney is to be filed.

SIGNATURE of Assignee of Record
The fndividual whose sigiatye & }f tle'is supplied below is authorized to act on behalf of the assignee

- iy - el T4 - -
Signature k (/ LJI ' ,ﬁy Q ¢ Date @ ~ 2 & = {2
Name | Narman A. Rautiola Telephone  231-832-5525

Title Manager

THis collection of information {s required by 37 CFR 131, 1.32and 1.38, The information is required o obtain of retain a benefit by the public which is to file-(and
by the USPTO 10 pocess).an application. Confidentiality is govermed by 36 1.5.C. 122 and 37 CFR 1.11 and 1.14. This coliection is estimated to take 3 minules
1o complete, Including gathering, preparing, and submitting the completed application form to the USPTO, Time will vary depending upon the individual case. Any
comments on tha-amount of time you require to-complete this form and/or suggestions for reducing this-burden, should be sent to the Chief Information Officer,
U:S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, eall 1-800-PTO-9199 and select option 2.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

U.S. Patent No.: 5,796,183 B1 N Docket No.: 5796183RX2
Issued: August 18, 1998 N Inventors: Hourmand et al.
Filed: January 31, 1996 N Patent Owner: UUSI, LLC
Control No. TBD § Examiner: TBD

For:  Capacitive Responsive Electronic Switching Circuit

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

INFORMATION DISCLOSURE STATEMENT

Dear Sir:

Patent Owner wishes to bring to the attention of the U.S. Patent and Trademark Office

the information noted on the enclosed form, which may be considered material to the

reexamination of the above-identified patent. Patent Owner makes no assertion that a prior art

search has been made or that any of the cited references are prior art under 35 U.S.C. § 102. In

some instances, publications that are not prior art under 35 U.S.C. § 102 have been cited as they

may discuss prior art systems and may provide insight into the state of the art at the time of the

invention.

December 24. 2013
Date

SLATER & MATSIL, L.L.P.
17950 Preston Rd., Ste. 1000
Dallas, Texas 75252

Tel.: 972-732-1001
docketing @slater-matsil.com
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Respectfully submitted,

/Brian A. Carlson/
Brian A. Carlson
Reg. No. 37,793




Doc code: IDS

Doc description: Information Disclosure Statement (IDS) Filed

PTO/SB/08a (01-10)

Approved for use through 07/31/2012. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF CCMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respend to a collection of information unless it contains a valid OMB control number.

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

Application Number

Filing Date

First Named Inventor | Byron Hourmand

Art Unit |

Examiner Name |

Attorney Docket Number | 5796183RX

U.S.PATENTS Remove
Examiner| Cite Kind Name of Patentee or Applicant Pages,Columns, Lines where
- Patent Number Issue Date . Relevant Passages or Relevant
Initial No Code’ of cited Document )
Figures Appear
1 4766368 1988-08-23 Cox
2 4825385 1989-04-25 Dolph, et al.
3 5305017 1994-04-19 Gerpheide
4 5337353 1994-08-09 Boie, et al.
5 5463388 1995-10-31 Boie, et al.
6 5565658 1996-10-15 Gerpheide, et al.
If you wish to add additional U.S. Patent citation information please click the Add button. Add
U.S.PATENT APPLICATION PUBLICATIONS Remove

Examiner|
Initial*

Cite No

Publication
Number

Kind
Code?

Pubilication Name of Patentee or Applicant
Date of cited Document

Pages,Columns,Lines where
Relevant Passages or Relevant
Figures Appear

EFS Web 2.1.17
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INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

Application Number

Filing Date

First Named Inventor | Byron Hourmand

Art Unit |

Examiner Name |

Attorney Docket Number |5796183RX

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

FOREIGN PATENT DOCUMENTS Remove

Name of Patentee or Pages,Columns,Lines

Examiner| Cite | Foreign Document Country Kind | Publication Applicant of cited where Relevant Ts
Initial* No | Number3 Code? j Code4| Date PP Passages or Relevant
Document .
Figures Appear
1 ]
If you wish to add additional Foreign Patent Document citation information please click the Add button ~ Add
NON-PATENT LITERATURE DOCUMENTS Remove
. . Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
Examiner| Cite S . . )
it (bcok, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s}, Ts
Initials No . - .
publisher, city and/or country where published.
BUXTON, B_, "31.1: Invited Paper: A Touching Story: A Personal Perspective on the History of Touch Interfaces Past
1 and Future,” Society for Information Display {SID) Symposium Digest of Technical Papers, Vol. 41, No. 1, Session 31, |:|
May 2010, pp. 444-448.
2 HINCKLEY, K_, et al_, "38.2: Direct Display Interaction via Simultaneous Pen + Multi-touch Input," Society for D
Information Display (SID) Symposium Digest of Technical Papers, Vol. 41, No. 1, Session 38, May 2010, pp. 537-540.
3 LEE, S., "A Fast Multiple-Touch-Sensitive Input Device," University of Toronto, Department of Electrical Engineering, ]
Master Thesis, October 1984, 118 pages.
4 HILLIS, W.D., "A High-Resolution Imaging Touch Sensor," The International Journal of Robotics Research, Vol. 1, No. D
2, Summer (June - Aug.) 1982, pp. 33-44.
5 LEE, S.K., et al., "A Multi-Touch Three Dimensional Touch-Sensitive Tablet," Proceedings of the SIGCHI Conference |:|
on Human Factors in Computing Systems, April 1985, pp. 21-25.

EFS Web 2.1.17
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Application Number
Filing Date
INFORMATION DISCLOSURE First Named Inventor | Byron Hourmand
STATEMENT BY APPLICANT At Unit |
( Not for submission under 37 CFR 1.99)
Examiner Name |
Attorney Docket Number | 5796183RX
6 HLADY, A.M., "A touch sensitive X-Y position encoder for computer input," Proceedings of the Fall Joint Computer
Conference, November 18-20, 1969, pp. 545-551.
7 SASAKI, L, et al., "A Touch-Sensitive Input Device," International Computer Music Conference Proceedings,
November 1981, pp. 293-296.
CALLAHAN, J._ et al., "An Empirical Comparison of Pie vs. Linear Menus," Human Factors in Computing Systems:
8 Chicago '88 Conference Proceedings: May 15-19, 1988, Washington DC: Special Issue of the SIGCHI Bulletin, New
York, Association for Computing Machinery, pp. 95-100.
9 CASIO, AT-550 Advertisement, published in Popular Science by On The Run, February 1984, p.-129.
10 CASIO, "Module No. 320," AT-550 Owner's Manual, at least as early as December 1984, 14 pages.
11 SMITH, S.D., et al, "Bit-slice microprocessors in h.f. digital communications,” The Radio and Electronic Engineer, Vol.
51, No. 6, June 1981, pp. 299-301.
12 BOIE, R.A_, "Capacitive Impedance Readout Tactile Image Sensor," Proceedings of the IEEE International Conference
on Robotics and Automation, Vol. 1, March 1984, pp. 370-372.
13 THOMPSOCN, C., "Clive Thompson on The Breakthrough Myth," Wired Magazine, http//www.wired.com/
magazine/2011/07/st_thompson_breakthrough, August 2011, 3 pages.
"Innovation in Information Technology," National Research Council of the National Academies, Computer Science and
14 Telecommunications Board, Division on Engineering and Physical Sciences, http:/iwww nap_.edu/catalog/10795_html,
2003, 85 pages.
15 BUXTON, W., et al., "Issues and Techniques in Touch-Sensitive Tablet Input,” Proceedings of SIGGRAFH 85, Vol. 19,
No. 3, July 22-26, 1985, pp. 215-223.
16 BUXTON, W_, et al_, "Large Displays in Automotive Design," IEEE Computer Graphics and Applications, July/August
2000, pp. 68-75.

EFS Web 2.1.17
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Application Number
Filing Date
INFORMATION DISCLOSURE First Named Inventor | Byron Hourmand
STATEMENT BY APPLICANT At Unit |
( Not for submission under 37 CFR 1.99)
Examiner Name |
Attorney Docket Number | 5796183RX
BUXTON, W_, "Lexical and Pragmatic Considerations of Input Structures," ACM SIGGRAPH Computer Graphics, Vol.
17 17, No. 1, January 1983, pp. 31-37.
18 BETTS, P, et al,, "Light Beam Matrix Input Terminal," IBM Technical Disclosure Bulletin, October 1868, pp. 493-494.
19 BUXTON, B., "Multi-Touch Systems that | Have Known and Loved," downloaded from http://iwww.billouxton.com/
multitouchOverview html, January 12, 2007, 22 pages.
20 HEROT, C.F_, et al., "One-Point Touch Input of Vector Information for Computer Displays," Proceedings of the 5th
Annual Conference on Computer Graphics and Interactive Techniques, August 23-25, 1978, pp. 210-216.
WOLFELD, J.A., "Real Time Control of a Robot Tacticle Sensor," University of Pennslyvania, Department of Computer
21 & Information Science, Technical Reports (CIS), Master Thesis, http://repository upenn edu/cis reports/678, August
1981, 68 pages.
LEWIS, J.R., "Reaping the Benefits of Modern Usability Evaluation: The Simon Story,” Advances in Applied
22 Ergonomics: Proceedings of the 1st Intemational Conference on Applied Ergonomics, ICAE May 21-24, 1996, pp.
752-755.
23 NAKATANI, L.H., et al., "Soft Machines: A Philosophy of User-Computer Interface Design," Proceedings of the SIGCHI
Conference on Human Factors in Computing Systems, December 1983, Chicago, pp. 19-23.
24 RUBINE, D.H., "The Automatic Recognition of Gestures," Carnegie Mellon University, Master Thesis, CMU-
CS-91-202, December, 1991, 285 pages.
25 KURTENBACH, G.P_, "The Design and Evaluation of Marking Menus," University of Toronto, Graduate Department of
Computer Science, Master Thesis, May 1993, 201 pages.
HOPKINS, D., "The Design and Implementation of Pie Menus," originally published in Dr. Dobb's Journal, December
26 . . -
1991, lead cover story, user interface issue, reproduced at www DonHopkins.com, 8 pages.
BUXTON, B., "The Long Nose of Innovation," Bloomberg Businessweek, Innovation & Design, January 2, 2008, 3
27 pages, downloaded from: hitp://www businessweek com/stories/2008-01-02/the-long-nose-of-innovationbusinessweek-
business-news-stock-market-and-financialadvice.

EFS Web 2.1.17
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Application Number

Filing Date

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor | Byron Hourmand
Art Unit |
Examiner Name |

Attorney Docket Number |5796183RX

BUXTON, B., "The Mad Dash Toward Touch Technology," Bloomberg Businessweek, Innovation & Design, October

28 21, 2009, 3 pages, downloaded from: http://www businessweek.com/innovate/content/oct2009/id20091021_629186. |:|
htm.

29 "The Sensor Frame Graphic Manipulator,” NASA Phase |l Final Report, NASA-CR-194243, May 8, 1992, 28 pages. |:|

30 IZADI, S., et al., "ThinSight. A Thin Form-Factor Interactive Surface Technology,” Communications of the ACM, D
Research Highlights, Vol. 52, No. 12, December 2009, pp. 90-98.

31 KRUEGER, MW, et al , "VIDEOPLACE - An Artificial Reality," Proceedings of the SIGCHI Conference on Human D
Factors in Computing Systems, April 1885, pp. 35-40.
BROWN, E_, et al., "Windows on Tablets as a Means of Achieving Virtual Input Devices," Proceedings of the IFIP

32 TC13 Third International Conference on Human-Computer Interaction, August 27-31, 1990, in D. Diaper, et al. (Eds), D
Human-Computer Interaction - INTERACT '90, Amsterdam: Elsevier Science Publishers B.V. {(North Holland}, 11
pages.
"A Multi-Touch Three Dimensional Touch-Sensitive Tablet," http:/iwww_youtube com/watch?v=Arrus9CxUiA,

33 |:|
November 18, 2009, 1 page.

24 "Casio AT-550 Touch Screen Calculator Watch (1984)," http://iwww.youtube.com/watch?v=UhVAsqghfhqU, May 24, D
2012, 1 page.

If you wish to add additional non-patent literature document citation information please click the Add button ~ Add
EXAMINER SIGNATURE

Examiner Signature Date Considered

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 801.04. 2 Enter office that issued the document, by the two-letter code (WIPO

Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
1 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 5 Applicant is to place a check mark here if
English language translation is attached.
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Application Number

Filing Date

INFORMATION DISCLOSURE

First Named Inventor | Byron Hourmand

STATEMENT BY APPLICANT At Un
rt Unit |

( Not for submission under 37 CFR 1.99)
Examiner Name |

Attorney Docket Number |5796183RX

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
[] from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[ ] any individual designated in 37 CFR 1.56(c) moare than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e}(2).

[] See attached certification statement.
[] The fee setforth in 37 CFR 1.17 (p) has been submitted herewith.

A certification statement is not submitted herewith.

SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature Brian A. Carlson/ Date (YYYY-MM-DD) 2013-12-24

Name/Print Brian A. Carlson Registration Number 37,793

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTQ. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Privacy Act Statement

1.

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

The information on this form will be treated confidentially to the extent allowed under the Freedom of Infermation Act
(5 U.S.C. 552} and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

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

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

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

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

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

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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31.1 /8 Buxion

/444

31.1: Invited Paper: A Touching Story: A Personal Perspective on the History
of Touch Interfaces Past and Future

8ili Buxton
Microsoft Research, One Microsoft Way, Redmond, WA, USA

Abstract

Touch screens have a 40+
geshuy
provide some persper
some future-relevant insights from those experis
the article does not permit a comprehensive surv

vear history. Mulii-touch: and some of the

ey

aver 25 years old. This
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i Iniroduction

The ammouncement of two new products in 2007, the Apple iPhone
and Microsoft Surface, gave a serious boost to interest i touch
miterfaces — especially those that incorporate multi-touch.  Since then,
touch, raulti-touch, and the gesture-based mterfaces that they
frequently employ, have become close to “must-have” features in
several market segments, mcluding mobie devices, deskiop
computers, laptops, and large format displays.

What is typically missed amongst this newfound interest - but also
typical of virually all “new” technologies - is bow far back these
techniques and technologies go [1]{21. For example, the use of touch
input as a means to interact with computers began, at least, int the mid-
1960s, with early work being done by IBM [3] in Ottawa Canadaf4],
and the University of Hiinois [5]. By the early 19703, a muuber of

Figuy

panel display. (Co
Urban Champaign. Found in B8: 39/2/20, Box COL 1
13 Computer Ed. Research Lab/ PLATO 1952-74)

ity of 1
, Folder COL

By 1972, touch screens had left the labs and computer centers and
entered selected grade-school classtooms as part ofthe PLATO IV
system, Hlustrated in Figure 1. This was all the more remarkable
when one considers that PLATO IV not only preceded the

relatively wide deployment happened when Xerox PARC was just
starting worlk on the Alfo coraputer!

Through the 1970s-80s 2 number of different techuslogies were
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developed to support touch (such as capacitive, resistive, light
interruption, and surface acoustic wave), and a number of
different companies were founded to commercialize these
technologies. ¥ es include, Elographics, Carroll Tonch, and
MicroTouch Systems.

As the options for the interface designer grew, so did the
eranularity of owr understanding of the affordances of the
avaiable technologies and techuiques. Nakatani and Robrlich {61,
for example, gave voice fo the notion of “soft machines”, what
they defined as:

- Msing the symergistic combination of real-time
computer graphics to display "sofi controls,” and «

controls operable like

g

<)

touch screen to make so
conventional havd controls.

However, as Gustave Flaubert said, “God 1s 1n the details,” and
getting the details wrong could make a good technology look
really bad — as was the case with how cursor control was
impiemented on the early Apollo worksiations, using an

Flographics teuchpad.

2. Lost Along the Way

From the time of PLATO IV to close to 2000, the use of iouch-
sensing screens and tablets settled into a number or more-or-less
niche markets. Touchpads/tablets (touch sensors not mounted
divectly over a display) becarse most visible on laptops, where
they were (and are) the dominant technology used for cursor
control.  Touch screens were largely split into three main
segments, kiosks {including ATM machines), point-of-sale
devices {restaurants and retail, for example}, and wobile devi
(starting with PDAs, but as early as 1993 — ag we shall discus
mobile phones).

Many of these markets were not very demanding mn terms of the
richness of the interaction techniques employed. Kiosks, for
example, adopted mainly sivaple touch-to-select operations. At
the same time, however, there was remarkable work which is not
well-known, and beuce worth highlightng.

Figure 2: The PF-8000 Data Bank (1984), Characters can be
eutered by printing them on the touchpad with a finger.

al Papers, May 2010, Volume 41{1}, Session 31, 444-448.
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Take, for example, the Casio PF-8000, shown in Figure 2. This
was a PDA that incorporated an address book and a calculator. It
was released in 1984, which is when I got mine. As can be seen
in the photo, the right side of the unit consists of a touchpad.

One of the ways that you could enter numbers was to tap them out
on a virtual keyboard - defined by the white grid on the touchpad.
More interesting, however, was the ability to enter alphanumeric
information by tracing it out on the touchpad with your finger.
You wrote each character on top of the previous one
(segmentation was determined by the time interval between
characters), so the whole touchpad surface was used for each
character.

Lest one discount the relevance of this device because it used a
touchpad, rather than touchscreen, in the same year, Casio
released a calculator watch, the AT-550. The watch’s crystal was
a touch screen. Numbers and operators are “written” on the
crystal, in the same manner as the PF-8000.

Figure 3: The Simon (1993). The phone’s screen shows the
display for setting the clock to world time. Interaction was via
the touch screen, using either finger or stylus. L-R, the lower
3 images show (a) the desktop icons for accessing applications;
(b) the phone dial pad; (c¢) the manual section for handling
sketches and faxes. To place in context, there was no web
browser: the World Wide Web had not yet happened yet!

Now flash forward and consider these devices in light of today’s
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world of texting and TWITTER. A few minutes of experience
with the PF-8000 or the AT-550 make it clear that one can easily
enter alphanumeric text without looking at the device. That is, the
character recognition offers essentially the same eyes-free
attribute that one has with touch typing on a QWERTY keyboard
— something that I call “touch writing”. Despite its relevance, this
is something that is pretty much unavailable on any of today’s
mobile touch-entry devices. It is somewhat sobering to realize that
Casio was able to do this in products commercially available 25
years ago — the same year that the very first Apple Macintosh
computer was released!

Another important example is what I believe to be the world’s
first smartphone: the Simon [7], shown in Figure 3. This was
developed jointly by IBM and Bell South, and first shown in
1993. How much this first smartphone anticipated the phones of
today is only matched by how little it is known.

The Simon had only two physical controls: the on/off switch and
the volume control. Everything else was controlled by the full-
screen touch display — which like the Palm Pilot (which appeared
in 1996) — supported both finger and stylus control.

In addition to products, early innovative work was being
undertaken in various research labs. Some of the most creative
work is, likewise, little known. It was done by Chris Herot and
Guy Weinzapfel at the Architecture Machine Group at MIT- the
predecessor to MIT’s Media Lab [8].

Their work is one of the first attempts to extend the range of touch
sensing beyond just horizontal and vertical position. By mounting
the touch-screen overlay on strain gauges, they were also able to
sense vector information in six different dimensions, as illustrated
in Figure 4: force in x, y, and z, as well as torque about the x, vy,
and z axes.

{!\\a-\\ [j\ ~Z

\ T

3
Fl
z\\ ! | x-vorgue
< H ¥Fares 1 inbout K Axia)
\,\\\ e

e

H
. 4 ¥=Furne ‘{ Y~Taraue
i 3

. {amant ¥ Axig)
{m \\& ["u\ \\
.
{ \(f"\ N T \

~
oy ~
! #
\., H feFurce {’ SoTorgue
“\<: ( N dawour 3 meisd
_ \,\3

Figure 4: Multidimensional Touchscreen (1978): In addition
to sensing position, this touchscreen [8] was capable of sensing
6 degrees of force vector information, including x, y, z, x-
torque, y-torque, and z-torque.

Of these additional dimensions, sensing force in z (pressure) is the
only one that has gained any prominence, and even that is rare.
But that speaks to the nature of the beast: the challenge is,the
harder one pushes, the more friction there is in sliding the finger
along the surface. Hence, there is an inherent conflict between
forcevs. gesture articulation with touch interfaces.
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This is one area where sensing technology can make a difference.
Capacitive sensing has a useful attribute in this regard, as was
demonstrated by Buxton, Hill and Rowley [9], among others. It
goes like this: if you push hard against a surface with your finger,
the force tends to cause the fingertip to spread across the surface.
Hence, there is a strong correlation between pressure and surface
area. Furthermore, while capacitive technologies cannot sense
pressure, per se, capacitance does vary with the area of contact.
Hence, the technology can sense an approximation of pressure —
what I call “degree of touch”. Knowing this means that the user
can control the degree of touch by pressing lightly and varying the
contact area. Thus, the user can assert degree of touch while
avoiding the friction normally associated with pressure. Yet, just
like pressure, this attribute is seldom exploited by interaction

designers.
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Figure 5: Sensor Frame: A prototype optical touch sensor
that detects not only location, but also angle of approach|[11].

In terms of exploring less commonly considered dimensions of
touch sensing, I want to mention a novel approach to optical
sensing of touch begun at Carnegie Mellon University by
McAvinney [10], and developed further by Sensor Frame [11].
What they developed by 1988 was a device that used imaging
across the display surface to sense touch location. However,
unlike the light interruption techniques used with PLATO IV, this
system — the Sensor Cube — used what were essentially cameras to
detect the finger(s) in the volume above the display, rather than
just at the display surface. Hence, as is illustrated in Figure 5, the
angle of approach as well of the location of the finger could be
determined.

3. Multi-Touch

The Sensor Cube had one other attribute that is sufficiently
important to be worth a section on its own: the ability to sense
simultaneously the location of multiple points of contact — multi-
touch. This also has a history.

In 1984 our group at the University of Toronto developed a
capacitive multi-touch tablet capable of sensing degree of touch
independently for multiple points of contact [12]. Our initial goal in
this work was to make a digital hand drum — a musical percussion
instrument. Since this was, [ believe, the first multi-touch device
reported in the peer-reviewed literature, it is often given credit for
being the first multi-touch device. Such is not the case.

The roots of multi-touch lie partially in attempts to construct
tactile sensors in robotics. Examples include Wolfeld [13] and
Boie [14]. However, to the best of my research, the first use of
multi-touch technology for manual control of a digital system was
performed by Nimish Metha as part of his MSc thesis at the
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University of Toronto [15]. This system has additional interest
since it is the first use that I have found of capturing touch by
using a video camera to optically capture shadows from the
underside of a translucent surface — anticipating many current
multi-touch systems, including Microsoft Surface. Just to
emphasize this point, Metha’s system was not only used to
capture the shadows of fingers, but to capture and recognize
shapes of objects as well!

However, to the best of my research, the first multi-touch display
- the first sensor capable of simultaneously capturing multiple
touch-points on a display — grew out of the aforementioned work
on tactile sensors for robotics by Bob Boie.

After presenting our multi-touch tablet at SIGCHI in 1985, I was
approached by Lloyd Nakatani of Bell Labs, Murray Hill, N.J. He
invited me to visit the lab to see what they were doing. What I
saw when I did so was a capacitive multi-touch screen that Boie
had developed. Besides being transparent (ours was an opaque
tablet), the performance of this device — in terms of response time
— was far beyond what we had accomplished. Seeing the
superiority of their system prompted me to stop working on the
hardware part of the problem, and focus on the software. My
assumption, hope, and expectation was that we would soon be
able to get access to the Bell Labs technology. This turned out
not to be the case, which was too bad, and the Bell Labs
contribution went largely unknown in the larger community —
although it was openly shown to me, as well as others [16].

4. A Sponge Without Water ...

Thus far, the common factor in virtually all of the work discussed
is a desire to extend the range of human capability that can be
captured by touch technologies. The reality is that the simple
poke-to-select techniques and soft keypads seen in early systems -
while useful - only scratched the surface of both the possible and
the desirable.

One of the pioneers at really pushing the boundaries of capturing
human gesture, and thereby laying the foundation for a great deal
of current work, is Myron Krueger [17][18].

Figure 6: Myron Krueger’s Pioneering VIDEODESK, early
work using rich gestures. A two-handed pinch gesture is used
to govern the shape of the closed object.

Myron’s work was all about capturing human gesture, and
demonstrating how it can be effectively used. He used a video
camera to sense the current pose/action of the user, and then
employed digital processing to isolate the human silhouette from
the background. The silhouette was then analyzed and gestures
extracted. These were then interpreted appropriately to bring
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about the intended response in the system. One such silhouette is
illustrated in Figure 6. Here, two hands are used to control the
shape of a closed object. The tips of all four extended fingers
affect the shape — two from each hand in this case.

What is important to recognize in approaching Krueger’s work is
that the technology he used was secondary. It was a means to an
end, not the end itself. The underlying point was all about the
gesture, not the specifics of how it was captured. Hence, while
his work did not sense touch, per se, it is relevant nevertheless.

The primary thing that does differentiate Krueger’s work from
touch systems is that contact with the physical device was not
sensed. Hence, proximity, gesture, and/or dwell time — rather
than physical contact — was required to initiate or terminate
events. However major or minor one views the consequences of
such differences, the fact remains that anyone practiced in the art
of touch systems, and familiar with Krueger’s work, was able to
immediately adapt his work to this technology — and he explicitly
wrote about its applicability to touch systems [18].

There is yet another class of gesture that has early roots, and
which is also having significant impact on touch-based systems.
It is that class of gestures where the resulting action is a function
of both where one touches, and what direction(s) one
strokes/moves, once having made contact. A common example of
this found in many of today’s mobile phones is the ability to move
forward or backward from one image to another by touching the
image and quickly sliding the finger left or right on the screen.

An early (1999) example of this technique was in a product called
PortfolioWall [19], shown in Figure 7. What is important is that this
gesture is a specific instance of a broader class of interaction
techniques known generically as radial menus. Simply stated, radial
menus characterize a class of interaction where the response to an
action is a function of both where you touched, and the direction that
you move in the gesture after that touch. The options used in viewing
images using the PortfolioWall are shown in Figure 8.

Figure 7: The PortfolioWall (1999). A sliding gesture to the
left or right on top of the image moved to the next or previous
image, respectively.

In addition to the left and right strokes, the radial menu shown
supported the following gestures. A stroke up to the right
enabled annotation, while a stroke down to the right enabled one
to scale or crop the image. A stroke down closed the image and
brought one back to the thumbnail view, while down to the left
toggled between Play and Pause as a slideshow viewer. The
menu was only displayed if one touched and held, without

/447

moving. Since the actions were easily learned, they were
normally articulated without any graphical feedback — thereby
illustrating the tight relationship between radial menus and their
(in this case), associated eyes-free gestures.

Figure 8: Radial Menu in PortfolioWall. The options when
viewing a full sized image are shown by the menu.

Radial menus have a long history, beginning with the PIXIE system
of Wiseman, Lemke and Hiles [20]. After a period of neglect, they
were brought back into practice by Callahan, Hopkins, Weiser and
Shneiderman [21], Hopkins [22], and Kurtenbach [23], for example.
The key attribute that distinguishes them from conventional linear
menus is that selection of action is determined by direction not
distance. As human beings, we are not “wired” to make fine
judgments of linear distance without looking. Yet, we are wired to
be able to easily articulate gestures, eyes free, in any one of the
eight primary and secondary directions of the compass. Therein
lays the key to understanding that one should not think about radial
menus as “just” menus. They also define a class of direction-based
gestural interaction. And to emphasize this point, the work of
Hopkins and Kurtenbach, cited above, and the PortfolioWall, makes
clear that they work even if there is no menu displayed during their
use.

The use of stroke direction to control the direction and type of
scrolling on some current mobile devices (such as scrolling
vertically, horizontally, or bi-dimensional dragging, depending on
the direction of the stroke), is a good example of this, and
demonstrates the relevance of radial menus to systems today.

5. Moving Forward: Touch is a Means,
Not an End

Touch technologies are going to continue to evolve in terms of what
they can sense and how they are used. Among other things, we are
going to see ever more integration of the sensing technology with
the display [24]. But while the technologies will continue to
evolve, what must not get lost along the way is that it is just that, a
technology, a means to an end. As I have discussed elsewhere [25],
the conceptual model of the user interface is more important than
the technology, and by that measure, two interfaces using different
technologies (only one of which is touch) may have more in
common than two where both do use touch.

Furthermore, while touch sensing can bring great value to an
interface, even greater value can often be gained when it is used in
combination, even simultaneously, with other technologies such
as a stylus [26]. Again: everything is best for something and
worst for something else.
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6. Cenclusions

From begianings sach as these have emerged the fouch
technologies whi ¢ having such strong impact today —
these and a lot of outstanding work from a number of other
researchers, designers and engineers whose work | had to
neglect in this brief sumraary. With this history lie
important Jessons and contobutions that have the potenbal to
inform our current decisions and thinking about these
technologies, and their effective use going forward.

Finally, there is something in this history that can heip shed light in
our understanding of the natore of innovation. The length of time
that it has taken for these technologies fo reach “priwe time” 35 the
norm, not the exception. Innovation i our industry is almost
always characterized by such a “long nose™ — with 20+ years being
the norm {1]i2]. Hence, this paper serves a second funciion as a
repuinder that the foundation of the next ten vears of inuovation
were almost certainly planted over the past ten vears, and are just
waiting there to be cultivated.
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38.2: Direct Display Interaction via Simultaneous Pen + Multi-touch Input

Ken Hinckley, Michel Pahud, and Bill Buxton
Microsoft Research, Redmond, WA 98052

Abstract

Current developments hint at a rapidly approaching future where
simultaneous pen + multi-touch input becomes the gold standard
for direct interaction on displays. We are motivated by a desire to
extend pen and multi-touch input modalities, including their use
in concert, to enable users to take better advantage of each.

1. Introduction

We are witnessing a shift towards displays that unify input and
output on surfaces that sense as well as emit. In such systems the
user interacts through direct manual input, that is, directly on the
display with his hands. By contrast, traditional graphical
interfaces employ indirect manual input [5] using a relative
pointing device (mouse) and a cursor. This shift has led to
renewed interest in both touch and pen input. When integrated
with a display, both pen and touch are direct input modalities,
albeit through a physical intermediary in the case of the pen. In
what shall become a theme here, this is both a strength and a
weakness for the pen— as is the lack of an intermediary for touch.
Having two opposing sides makes a coin no less valuable.

Despite rapture with the iPhone (and now iPad), multi-touch is not
the whole story. Every modality, including touch, is best for
something and worst for something else. The tasks demanded of
knowledge workers are rich and highly varied [1,13]. As such one
device cannot suit all tasks equally well. Your finger is no more
suited for signing a contract, or drawing a sketch on a napkin,
than is a pen for turning the page in a book, or holding your place
in a manuscript. With the impetus to do everything with touch, we
must underscore this point. The pen has a role to play as well.

But why the pen? Can’t one type faster than one can handwrite?
Yes, but only if our metric for creative output is in the cold
calculus of words-per-minute. What is it that you wish to write?
Are you making high-level comments on a manuscript? If so,
composing your thoughts is likely to devolve into minutiae with a
keyboard, whereas with a pen, brief annotations in context
implicitly emphasize the important points. Likewise, if a pen is a
poor choice to compose a business memo, then a keyboard is an
equally poor choice to generate a breadth of design sketches
[4,16]. That one form of work output is often valued more than
the other in professional life is a deeper reflection on our society
than it is on the effectiveness of the pen as an input device.

The transition to direct input is manifest in form factors ranging
from hand-helds, slates, desktops, table-tops, and wall-mounted
devices. The iPhone, Tablet PC, Wacom Cintiq, Microsoft
Surface, and Smartboard are, respectively, examples of each.
These examples include both pen and touch devices, but seldom
does the same system support both. Even more seldom can one
use both together [2,18,19], as with a stylus in the preferred hand
and touch with the nonpreferred hand (Fig. 1). Here, we pursue
pen and touch as complementary rather than competitive inputs.

Our research is based on the premise that penttouch systems
present new challenges and opportunities for the designer. Our
hypothesis is that the combination of pen and touch yields a richer
design space of natural gestures than multi-touch input alone.
When a system does not have to provide coverage of all possible

functions with a single input modality, implicitly this leads one to
ask where each modality should be used to best advantage, where
a particular modality should not be used, and in what cases
modalities should perhaps be treated interchangeably. To explore
these issues, we prototyped a digital drafting table on the
Microsoft Surface, using multi-touch and an IR-emitting pen. We
developed an application for note-taking and mark-up that
supports the key functions of writing, annotation, selection,
copying, geregation of objects [9,12,18].

S s .

roles of pen, touh, p +touch.

Figu
An earlier generation of devices, such as the Palm Pilot (1996),
supported both pen and touch. Users could punch the on-screen
calculator with their fingers, or enter Graffiti script with the
stylus. Clear lessons were that the best input modality depended
on the task, and that this made a significant difference to the user.
However, these devices were not pen AND touch, but rather pen
exclusive-or (XOR) touch. They sensed only a single point of
contact, and could not distinguish touch from pen inputs. Hence
we lost an opportunity for meaningful exploration of multimodal
interface approaches that combine pen and touch. But a new
generation of digitizers is now emerging [7] that can sense multi-
touch inputs while simultaneously distinguishing pen from touch.

Why is any of this important and not just a technological quibble?
The answer lies not in technology, but in the human mechanism
itself, how we are wired, and how our motor, sensory, and
cognitive skills have evolved. These are the underpinnings of a
natural user experience, not any particular technology or device.

We have multiple fingers for a reason. We do not just point, but
we also grasp and manipulate. Furthermore, our nonpreferred
hand is not a poor approximation of our preferred hand; rather, it
is as skilled at the specialized role that it performs as the preferred
hand is at its own role [8]. For a wide class of everyday actions,
our hands have evolved to complement one another. People are
also predisposed to manipulate physical objects and employ
manual tools. Once again, handedness plays an important role. As
a simple example, when writing, we hold the pencil in our
preferred hand and manipulate the paper with our nonpreferred
hand. If we translate this example to a computer screen, we might
write on a tablet, electronic whiteboard, or desk with a stylus, and
directly manipulate the underlying virtual document, map, or
photo with our nonpreferred hand using touch input.

The leap of faith we ask, and believe is justified, is to assume that
the richness of such examples that exist in the physical world is
matched by analogous transactions in the digital domain. By
building on human behaviors and perceptual mechanisms, a
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foundation of physically-grounded interactions enables natural,
engaging, and novel non-physical interactions to be designed. It is
the implications of this leap that motivate our research, and the
purpose of this paper is to share the insights that we have gained.

2. Asymmetric Division of Labor

Let’s proceed by pushing a bit harder on our pencil and paper
example, by asking you to consider the following question: Which
hand do you write with, your right or your left? Now, whether
you answer “right” or “left,” you are wrong. The answer is “Yes!”
This is not a trick question. Rather the question is ill-posed.
People write with both hands, as demonstrated by Guiard:

Figure 2. Guiard — transfer paper experiment [8]

What the above figure shows is the result of taking dictation on a
sheet of paper. But on the right, we see the impressions left by the
pen on a sheet of transfer paper surreptitiously left underneath.
That is, it records the movements of the pen relative to the desk.
This reveals that the nonpreferred hand sets the firame of reference
for the action of the preferred hand; the nonpreferred hand
repeatedly repositions and reorients the page so as to optimize the
working space of the preferred hand [8]. This further implies that
the nonpreferred hand precedes the preferred hand in its action.

Guiard’s key insight was to turn the classic question asked in the
study of handedness upside-down. Rather than asking which hand
was best for a task— right or left— Guiard observed that most, if
not all, manual interactions fundamentally involve both hands,
with a differentiation of the roles between the hands. The correct
question to ask then becomes: “What is the logic of the division of
labor between the preferred and nonpreferred hands?”

Likewise, if in interface design we find ourselves asking which is
best— touch or pen— then once again we must recognize an ill-
posed question. The question is not which is best, but rather, What
should be the division of labor between pen and touch in interface
design? To begin to answer this question, we must consider the
design properties of pen and touch as input modalities.

3. Properties Shared by Pen and Touch

We stated above that every input modality is best for something
and worst for something else. Ultimately it is the designer’s job to
know what to use when, for whom, for what, and why. From a
technology standpoint much of this turns on a nuanced
understanding of the properties of an input modality. To offer
insight into the main issues, the following tableau summarizes
interaction properties shared by pen and touch. We do not
characterize these properties as “pros” and “cons,” as has been
attempted elsewhere [2], to accentuate our belief that almost any
property of a device can be advantageous in interaction design.

This limited survey shows that pen and touch, while sharing
common ground as direct input modalities, also exhibit many
important differences, and these again differ substantially from
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the properties of indirect pointing devices such as the mouse.
Indeed, this calls into serious question the commonplace strategy
of operating systems to treat all pointing devices as “mice”— that
is, interchangeable “virtual devices” [5]. Consider yourself, armed
with this tableau, as licensed to fire on the spot anyone in your
organization who refers to pen and touch inputs as “the mouse”—

or at least to deliver a well-deserved tongue-lashing.

PROPERTY

Hand

High
Tripod grip / lever arm affords
precision, writing, sketching.

Preferred hand

Moderate
Nominal target width for rapid
pointing is ~ 15 mm [17]}.

Either hand / Both hands

Elementary :Tap, Drag, Draw Path

Inputs

Tap, Hold, Drag Finger, Pinch

Activation Non-Zero Zero (capacitive touch)

Force Tip switch/ minimum pressure. iResistive touch requires force.
False Palm Rejection (while writing) ;"Midas Touch Problem"
Positive Palm triggers accidental inputs, i Fingers brush screen, finger on
Inputs fingers drag on screen, etc. screen while holding device, etc.

Figure 3. Tableau of design properties for pen and touch.

4. Graceful Degradation

We now consider stationary versus mobile usage contexts.
Desktop, table, and wall displays are necessarily stationary, but
form-factors such as slates transition between mobile and
stationary use. To design a consistent user experience spanning all
of these form factors, we seek a conceptual model that supports
graceful degradation between stationary and mobile usage. For
the latter the nonpreferred hand is largely occupied by holding the
device itself, whereas for the former we wish to support efficient
bimanual interactions that leverage the full potential of human
hands, as well as simultaneous pen + touch input.

For example, with physical notebooks we have observed that
people deftly fuck the pen between the fingers of the preferred
hand while flipping pages or grasping scraps of paper [11].
Hence, users can effectively perform multi-touch gestures, such as
pinching, while holding the pen tucked between the fingers, and
thereby derive significant value even from unimanual interactions
that interleave pen and touch inputs as needed. It is important to
observe here that a mobile usage model, which assigns core
operations to unimanual touch with the preferred hand, also
serves a stationary usage model that instead assigns these tasks to
touch with the nonpreferred hand. Bimanual pen + touch gestures
can then be articulated in cooperation with the preferred hand to
support more efficient interaction as well as advanced gestures.

5. Recognition and Modes

The next distinction we draw is that of ink vs. command input.
The specter of recognition arises as soon as one contemplates
marking a virtual sheet of paper. Does drawing a mark leave an
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ink stroke, is it immediately converted to text, or is it perhaps
recognized as a command, such as a gesture to make copies, move
objects, or turn the page? Ascribing intent to the motions of an
input device is a fundamental problem. People often seem to
assume that recognition can overcome this problem. In our view,
it does not and will not. But let’s back up a moment. Who is it that
must do the recognition, and why? Rarely does a user say “/ wish
this sheet of paper could understand what is written on it.” Notes
in a notebook are for oneself. Annotations on a document are
offered as feedback to another person. Significant value arises
from experiences where it is a human who recognizes the marks.

Let’s say that we do wish to recognize some strokes as gestures.
Implicit in this statement is the need to distinguish a command
mode for gestures as distinct from ink mode for leaving marks on
the digital paper. Holding a button on the pen, or tapping on a
lasso-selection icon, for example, are classic ways of mode
switching between ink and commands in pen interfaces [15]. One
often hears that “modes are bad,” but modes are necessary to
provide rich interfaces [10] that don’t depend on the success of
brittle recognition techniques. The key is to rapidly switch modes
in a manner that is minimally demanding of the user’s cognitive
resources. Here, pen+touch has much to offer.

If we assign pen to ink mode and touch to command mode, the
design then puts the mode switch in the user’s hands. For
example, in our prototype the user can jot notes with the pen, but
then pinch with two fingers to zoom, swipe across the margin to
flip pages, or use a single finger to drag objects such as photos.
That is, when considered as unimodal inputs, the logic of the
division of labor between pen and touch is that the pen writes, and
touch manipulates. The mode switch occurs implicitly depending
on whether the user interacts with pen or touch. As a desirable
side-benefit, this strategy also can dispense with many ancillary
interface widgets, such as toolbars stuffed with icons. This leaves
more display space for the user’s work, while reducing the
distraction of secondary controls.

Drawing on all that has preceded, we now see how our approach

falls into place along the dimensions that we have identified:

e Pen vs. touch modalities have differentiated effects in the
interface. Ink mode is assigned to the pen, while multi-touch
articulates commands: the pen writes, and touch manipulates.

e The user can efficiently interleave pen and touch inputs with
the preferred hand for mobile, unimanual usage scenarios;

e Designing core tasks for unimanual touch serves mobility
while also enabling stationary bimanual interaction that
instead assigns these tasks to the nonpreferred hand;

e These benefits are derived while leaving open the possibility
of bimanual manipulations with simultaneous pen and touch.

It is in the consideration of this final point, where some of the
most novel possibilities may lie, that we now turn our discussion.

6. From Elementary Inputs to Phrases

The preceding interactions that interleave pen and touch may
suffice to justify further investment in penttouch displays.
However, we now consider creative ways for interaction designs
to leverage simultaneous pen and multi-touch interactions to
support new capabilities for multimodal bimanual interaction.
Let’s consider a typical direct-manipulation pen interface for
copying an object such as a photo on a digital notebook page [12].
To copy the photo and place it at a desired position, the user must:

1. Switch the pen from ink mode to command mode;
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Select a photo by tapping or lassoing it with the pen;

3. Invoke Copy by selecting a command from a context menu
associated with the selected photo;

4. Invoke the Paste command to place the copy onto the page;

5. Drag the copy to the desired location on the page;

6. Return the pen to ink mode.

Now, let’s contrast this with how our system implements a
simultaneous pen-+touch gesture for copying a photo. All the steps
required by the canonical direct-manipulation approach can be
phrased into a single pen-+touch bimanual gesture as follows:

1. Hold photo and drag off a copy with the pen (Fig. 1, right).

Is this really just one step? Our observations of users suggest that
this dedicated pen+touch gesture corresponds closely to the user’s
mental model of the common use case where one wants to create
and place a copy of an object [14]. Hence, the gesture feels like a
unitary action to the user, despite invocation of multiple input
events on the devices. Consistent with Guiard [8], holding touch
precedes the action of the pen, and frames the context of
subsequent actions of the pen held in the preferred hand.

Not only does this approach have fewer steps, but by its very
nature it encapsulates all the steps into a single gestural phrase. It
is syntactically simpler and precludes many types of errors,
including mode errors, that can occur with a traditional approach.

Where does the syntactical simplification come from? First, note
that holding a finger on the photo integrates object selection with
the transition to gesture mode. This combines two steps. Once the
photo is held with a finger, dragging off a copy with the pen
embeds three different pieces of information: the Copy command
(verb), what is to be copied (direct object), and where it is to be
copied to (indirect object) [14]. Finally, closure is inherent in the
means used to introduce the phrase: simply releasing the
nonpreferred hand from the screen returns the system to its default
state (ink mode), where the pen once again writes. The muscular
tension from maintaining touch on the photo is the glue that holds
all of these steps together. The muscular tension also has the
virtue that it provides continuous proprioceptive feedback to the
user that the system is in a temporary state, or mode, where the
action of the pen will be interpreted differently.

We focus on the copy gesture above, but our system implements
many pen-+touch gestures. For example, users can employ the pen
to slice photos by holding a photo with a finger, and then crossing
the photo with the pen to define a freeform cut path. Or one may
draw a straightedge by holding a photo and stroking the pen along
its edge. One may even combine these actions into compound
phrases, such as by holding an object and then s/icing along the
straightedge thus defined (Fig. 4). This illustrates the richness of
the vocabulary that users may articulate with our approach.

Figure 4. A pen+touch phrase: slice photo along a straightedge.

Earlier in the discussion above we stated a principle: the division
of labor between pen and touch for unimodal inputs is that the pen
writes, and touch manipulates. Now, we can articulate how our



system interprets muidtimodal pen + touch inputs: the combination
of pem + touch yields new tools, such as the aforementioned copy,
slice, and straightedge tools. If penitouch vields new tools,
wnplicitly this means that i sorge contexts we must violate the
original principle: the pen does not always write, nor does touch
always manipulate. Qur explorations convince us that if a system
strictly Hrits itself so that the pen OMNLY writes, and touch
ONLY mampulates, this leads to a simuple and consistent bat
artificially crippled system

By treating multimadal pen + touch inputs differently, our system
opens up a design space of new gestures that also have the virtue
of leveraging how people naturally use their preferred and
noupreferred hands fogether. We emphasize the strengths of pen
and touch as input modalines, while their vse in conjunction
allows us to sirmultanecusly sidestep many of their weaknesses.

7. Incidental Contact (Palin Rejection)
Despite the advantages enumerated above, sumudtanecus pen and
touch suffers 2 seriows hutation in that if cne rests the pale of
the hand on the screen while writing, this represents a “touch” o
the computer. The result may be false inpuis such as accidentally
panning of zooming the page. (e work partially addresses this
problery, but to be clear, we do not claim to have solved it

A simple foom of palin rejection goes a long way: ope just
discards touches with a larpe contact area. However, larpge touches
start small as the hand moves intc contact with the display.
furthermore, the knuckles or side of t'je hand may precede the
pen as it comes into contact with the Hence, deciding
whether a touch is a true intentional mampula[mr- is not an
wstantaneous binary decision, but rather is a real-tirne assessment
that varies as the articulation of a combined pen and touch
movement plays ouf over time.

Likewise, in reference to the tableau of Fig. 3, we
that since many touch technologies require zero contact force to
trigger an input, false positive inputs will remain an inherent
property of multi-touch interaction, including its combination
with pen input. As such, clever interaction technique designs that
take advantage of this fact [3], as well a5 wmore sophisticated
“accidental touch” fltering algorithws, will be integral o a
rewarding pen+tonch user experience. These are fundarental
issues that urgently need further research.

8 Cenclusion

People bave muitiple fingers, two hands, and highly developed
skills for handling physical objects: we have shown how all of
these are defining characteristics of natural pen and touch
mteraction. Likewise we have shown how our design carefully
considers raobile vs. stationary use, 1wk vs. command wmput, and
the phrasing of elementary actions into higher-level constructs
that suit the user’s mental model. The map of issnes that we have
faid out W this manuscript should help the reader to navigate
through this thicket of interrelated issues and considerations.

We have advocated a division of labor befween pen and fouch
where the pen writes, touch manipulates, and the cowbination of
penttouch yields new tools. This articulates how our system
interprefs unimodal pen, unimodal touch, and multimodal pen +
touch inputs, respectively. We have contubuted novel pen + touch
gsa-utes, while also raising, by way of examples, design issues
and questions ’fm the reader to ponder. How should the roles of
pen and touch be differentiated {or not) in your own user interface
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designs? The answers may differ for users of your system, but the
design issues we have ldgntlhcd here will arise again and again.

Widespread enthusiasm for multi-touch interiaces belies an o
yvedooked truth: without careful design and a deep understanding
of the strepgths and weakuesses of fouch as an imderaction
meadality, a nataral interface a touch-screen does not make. {t has
pt it mind that there is a difference between an inpr.'r,
teclmo!o v and either an inferaction fechnigue of a comc
muuch less a natural user experience. Bence, touch and pen
wput technologies onty lead to a natural experience when lots of
hard work meets a thorough and nuanced understanding of these
maodalities, their strengths and weaknesses, when to use them, and
when pot to use themt. Our goal bere has been to impart a seuse of
these issues, as well as to provide exaruple tcd}nzques that
ithuminate the design space. Our hope is that this can help to spur
the further excitement and investment necessary for the emerging
area of pen -+ tonch mput to flovrish as the future of displays.
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