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provided by CIRQUE CORPORATION. Multiple substrate
layers and thus multiple or overlapping layers of
electrodes generally results in a touchpad that is

mostly transparent, but can be difficult to see

through. This becomes a problem of usability when the

touchpad is disposed on the display screen.

It is worth noting that attempts have been made
to make the substrate layers and the inks used for
electrical traces to be thinner and therefore to have
greater apparent transparency. The attempts so far
have still resulted in a display screen that is
uncomfortably dimmed by the touchpad electrodes.

Accordingly, what is needed is a touchpad
providing complete touchpad functionality that is more
transparent than those in the state of the art in

order to provide greater viewing comfort to the user.

BRIEF SUMMARY OF THE INVENTION

It is an object of the present invention to
provide a touchpad that includes only one active
electrode and one sense electrode on a single
substrate, thereby improving display screen clarity by
reducing the total number of electrodes used in the
touchpad.

It is another object to provide the one active
electrode in a plurality of different locationg within
the sensor area of the touchpad.

It is another object to provide the one active
electrode and the one sense electrode on a generally
transparent substrate.

It is another object to provide the one active
electrode and the one sense electrode as generally

transparent ITO ink.
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It is another object to provide the single-layer
touchpad wherein the touchpad is capable of detecting
an object touching a zone, and determining in which
zone the object has been detected.

It is another object to provide the single-layer
touchpad wherein the touchpad is capable of
simultaneously detecting the presence of multiple
objects touching a plurality of different zones of the
touchpad.

It is another object to provide the single-layer
touchpad wherein the one active and the sense
electrodes of the touchpad are arranged in a desirable
pattern, .and wherein the desired pattern is made
visible when viewing the display screen, but with
minimal interference.

In a preferred embodiment, the present invention
is a single-layer touchpad comprised of a relatively
clear substrate, a first active electrode disposed
thereon, and a sense electrode disposed thereon,
wherein the first active electrode and the sense
electrode are comprised of a conductive material,
wherein the first active electrode in combination with
the sense electrode are used to detect the presence of
a pointing ocbject in a zone, determining in which zone
the pointing object has been detected, or the
simultaneous presence of multiple pointing objects in
multiple zones, and wherein the first active electrode
and/or the sense electrode are made sufficiently
vigible so that a pattern is visually detectable to
the user when looking at the display screen.

These and other objects, features, advantages and
alternative aspects of the present invention will

become apparent to those skilled in the art from a
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consideration of the following detailed description

taken in combination with the accompanying drawings.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

Figure 1 is a perspective view of a portable
electronic appliance having a display screen and a
clear touchpad disposed thereon to provide input.

Figure 2 is an illustration of zones arranged as
a column to provide scrolling input.

Figure 3 is an illustration of two parallel
columns of zones for providing scrolling control for
two different inputs.

Figure 4 is an enlarged schematic diagram of the
layout of electrodes for a clear touchpad that is made
in accordance with the principles of the present
invention.

Figure 5 is an enlarged schematic diagram of a
different layout of electrodes for a clear touchpad.

Figure 6 is an enlarged cross-sectional view of a
clear touchpad having mechanical dome switches

disposed thereover.

DETAILED DESCRIPTION OF THE INVENTION

Reference will now be made to the drawings in
which the various elements of the present invention
will be given numerical designations and in which the
invention will be discussed so as to enable one
gkilled in the art to make and use the invention. It
is to be understood that the following description is
only exemplary of the principles of the present
invention, and should not be viewed as narrowing the
claims which follow.

When discussing features of touchpads, it was

mentioned that cursor control is often a desired
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function of complete functionality touchpads. Other
desired functions include scrolling capabilities and
navigation keys for moving through documents or
controlling navigation through pages in a web browser.
However, these features are not always required in the
particular device for which the touchpad is being
used.

Returning to the clear touchpad that was first
described, the present invention provides touch zone
control in a capacitance sensitive limited
functionality touchpad. Touch zone control is a
useful feature wherein the clear touchpad of the
present invention sends data to a device such as a
portable electronic appliance having a display screen
ag mentioned above.

In figure 1, a clear touchpad 100 shown as
various electrodes 102 is disposed over a display
screen 104. The display screen 104 and clear touchpad
100 are part of a portable electronic appliance 106.
The portable electronic appliance can be any mentioned
previously in this document, or any other type of
device having a display screen that can take advantage
of touchpad input. It is noted that the various
electrodes 102 are shown without the detail of the
electrical connections required to make the clear
touch pad functional. These electrical connections
are shown in subsequent figures. Furthermore, the
various electrodes 102 are shown as very dark lines on
the display screen 104. This exaggeration of the
darkness of the various electrodes 102 is for
illustration purposes only. It should be remembered
that the inks or other conductive materials being used
for the various electrodes 102 are relatively

transparent to the user.
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The clear touchpad 100 shown in figure 1 is also
notable in that it defines distinct and separate zones
as will be shown in greater detail. Data sent by
sensing circultry associated with the clear touchpad
100 indicates to the portable electronic appliance 106
the detection of contact by a pointing object. The
pointing object can be a finger or other object that
can be detected by a capacitance sensitive clear
touchpad 100. 1In addition, the clear touchpad 100 can
also indicate in which zone the contact has occurred.

Accordingly, the present invention provides the
functionality of a one dimensional input device. For
example, the clear touchpad 100 can provide the input
of buttons. Each separate is a single button. By
detecting which zone or button has been touched, a
distinct operation can be performed by the portable
electronic appliance.

Another example of a one dimensional input is a
slide or scroll control. Figure 2 illustrates that if
the zones 108 are lined up to form a column, then
movement from zone to zone can be detected asg discrete
steps. If more sophisticated touchpad circuitry is
provided, then it may be possible to determine finer
movement along the column, and thusg provide smaller
incremental movement along the column.

Furthermore, more than one column may be provided
as shown in figure 3, so that multiple scrolling
regions can be controlled by the same clear touchpad
as demonstrated by columns 1 (110) and 2 (112),
parallel clear touchpads, perpendicular clear
touchpads, or scme other arrangement of zoneg as may
be desired. The pattern or layout of one dimensional

regions or zones may be guite varied, and should not
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be considered a limiting factor of the present
invention.

Figure 4 is an enlarged schematic layout of the
presently preferred embodiment of the inventiom.
Figure 4 shows a single-layer substrate 10 which is
assumed to be the plane of the figure. Only a sgingle
active electrode (X or Y) is needed to detect touching
in a zone. Assume that the electrodes 20, 22, 24, 26
are X electrodes. Figure 4 has four zones 12, 14, 16,
18. These four zones are defined only generally be
the dotted lines that include each of the item
numbers. The four zones 12, 14, 16, 18 are comprised
of the corresponding electrodeg 20, 22, 24, 26 and the
space around them, out to the one sense electrode 30.
Notice that the sense electrode 30 is surrounded by a
grounding ring 32 that shields the one sense electrode
from signals on other electrode wires or other
interference.

The present invention operates when the active
electrodes 20, 22, 24, 26 and the one sense electrode
30 are coupled to a touchpad sensing circuit
associated with the clear touchpad 10. The touchpad
sensing circuit may be the circuit sold by Cirque @
Corporation in its touchpads. It ie noted that a
touchpad sensing circuilt that is desgigned for
providing complete touchpad functionality can be used
in a clear touchpad having a single layer. However,
the touchpad sensing circuitry can also be modified to
operate more efficiently without an input for an
active electrode that is not being used when only
providing limited touchpad functionality.

An important aspect of the present invention is
to also provide the feature of shaping the active

electrode, the one sense electrode, or both the active
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and the one sense electfodes in desirable patterns.

It was stated earlier that it is desirable to make the
electrodes as transparent to the user as possible in
order to avoid dimming a display screen. However, it
may be desirable to make at least a portion of the
electrodes visible to a user when looking at the
display screen.

Thus, an important aspect of the invention is the
ability to make visible a desirable pattern as seen
when looking at the display screen. Assuming that a
single-layer touchpad has been disposed between the
display screen and the user, or the touchpad is
vigible from the underside of the display screen, it
may be desirable that the touchpad not be made
completely transparent to the user.

For example, the electrodes of the touchpad can
be made vigible to the user by taking advantage of
certain characteristics of the materials used in them.
Consider a conductive material for the electrodes
whose width or thickness can be varied in order to
obtzin wvariocus degrees of visibility. Furthermore,
additional materials may be added to the conductive
material used for the electrodes, wherein the
additional materiale darken or lighten the appearance
of the conductive material.

The purpose of increasing the opacity of the
electrodes would seem to be contrary to the goal of
making the presence of the clear touchpad
unnoticeable. However, making the electrodes at least
partially visible in at least one zone enables a
seller of a device to make a particular image visible
to users of buyers of its product. In other words,
the seller can brand the device so that there is no

mistake as to the seller of the device when a logo or
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other service or trademark is visually discernible to
the user or buyer.

Using the illustration of figure 4, assume that
the logo of the seller is the shape of one of the
electrodes 20, 22, 24, or 26. One or all of these
electrodes 20, 22, 24, 26 could be made slightly
vigible when looking at the display screen.

The number of zones that can be provided by the
clear touchpad can be modified as well, depending upon
the characteristics of the clear touchpad being used.
The number of zones should not be considered a
limiting factor, as the touchpad and its associlated
touchpad sensing circuitry can be modified to provide
many distinct zones of desired.

Figure 5 ig an enlarged schematic block diagram
of another clear touchpad of the present invention.
Note that the shape of the active electrodes 40, 42,
44, 46 are different from those of figure 4. This is
simply to make it plain that the shape of the
electrodes can be modified to be many desirable shapes
and patterns.

Another important aspect of the invention is that
the functionality of the clear touchpad can be
combined with other mechanical features. TFor example,
one degirable mechanical feature might be a dome
button. Figure 6 is an enlarged and cross-sectional
illustration of this concept, wherein a touchpad
gsubstrate 50 is shown. The substrate 50 has disposed
thereon a desired pattern or layout of electrodes 52
of the clear touchpad. Disposed over these electrodes
are mechanical dome switches 54. The functionality
provided by the electrodeg 52 may be that of a
scrolling region. The mechanical dome switches 54

would thus provide a different function in the same

10
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space. However, the electrodes 52 might also function
as buttons. Thus, there could be dual use of the same
area. If the electrodes are active, then an electrode
switch might be actuated. If the electrodes are
inactive, then the mechanical dome switches maybe
actuated to provide a different input.

It i1s to be understood that the above-described
arrangements are only illustrative of the application
of the principles of the present invention. Numerous
modifications and alternative arrangements may be
devised by those skilled in the art without departing
from the spirit and scope of the present invention.
The appended claimg are intended to cover such

modifications and arrangements.

11
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CLAIMS
What is claimed is:
1. A single-layer touchpad for providing input to a
device having a display screen, said single-layer
touchpad comprised of:

a first active electrode disposed in at least two
discrete regions of a touch-gsensitive area, wherein
the first active electrode is generally transparent
when disposed over a display screen;

a sense electrode disposed adjacent to the first
active electrocde in the at least two discrete regions,
wherein the sense electrode is generally transparent
when disposed over the display screen; and

a touchpad sensing circuit coupled to the first
active electrode and to the sense electrode, wherein
the touchpad sensing circuit determines when a
pointing object makes contact in the touch-sensitive
area, and wherein the touchpad sensing circuit
determines in which of the at least two discrete

regiong the pointing object has made contact.

12
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Application/Control Number: 10/840,862 Page 2
Art Unit: 2629

DETAILED ACTION
1 This application has been examined. The claims 1, 2, 4-13, 15-26 and 32-50 are pending.
The examination results are as following.
Claim Rejections - 35 USC § 103
2. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are
such that the subject matter as a whole would have been obvious at the time the invention was made to a person
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the
manner in which the invention was made.

3. Claims 13 and 47-50 are rejected under 35 U.S.C. 103(a) as being unpatentable over Hsu

et al. (US 7,030,860) in view of Fujimoto (US 6,061,177).

As to claim 13, Hsu disclose in fig. 5D, a display arrangement comprising: a display
having a screen for displaying a graphical user interface (see abstract); and a transparent touch
panel (transparent touch sensing, see abstract) allowing the screen to be viewed therethrough the
sensor (see abstract) and capable of recognizing multiple touch events that occur at different
locations on the touch panel (see finger position X/Y, that is different locations at X and Y) at a
same time and to output this information to a host device to form a pixilated image (by X/Y
positions); wherein the touch panel includes a multipoint sensing (X/Y positions, see abstract)
arrangement configured to detect a change in capacitive coupling associate with those touch
events (see col. 8, lines 38-41) and should be at distinct points across the touch panel. However,
Hsu does not specifically disclose multipoint sensing configured to simultaneously detect and

monitor the touch events.
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Fujimoto discloses in fig. 1, a touch screen input device and method for use with a rear-
mounted video. The touch screen input device operates equally well in an environment with any
level of ambient light or no ambient and can simultancously detect multiple touches (see

abstract, see col. 11, 7-16).

It would have been obvious to one of ordinary skill in the art at the time the invention
was made to implement the touch screen input device operates and can simultaneously detect
multiple touches as taught by Fujimoto into display system comprising graphic user interface and
multipoint sensing arranged of Hsu for producing the claimed invention because this would the
coordinates of the remaining, approximately finger tip-sized, touches are sent to the computer

operation system as touch inputs (see col. 11, lines 13-15).

As to claims 47-50, Hsu et al. disclose further the display comprising multipoint sensing
(coordinates X/Y) arrangement formed on single side of a substrate or on both sides of a single
substratc (scc col. §, lincs 1-21), and thc transparcent substrate is formed from glass (becausc
transparent substrate always formed by glass for human eye can easily detect any systematic

misalignment between the trace array patterns (see col. 8, lines 13-21).

Allowable Subject Matter
4, Claims 1-2, 4-12, 32-45 are allowed.
5. Claims 24-26 and 46 are objected to as being dependent upon a rejected base claim, but
would be allowable if rewritten in independent form including all of the limitations of the base

claim and any intervening claims.
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The following 1s a statement of reasons for the indication of allowable subject matter:
None of the cited art teaches or suggests a touch panel having a transparent capacitive sensing

medium, wherein the transparent capacitive sensing medium comprises a transparent electrode

laver, the electrode layer including a plurality of electrically isolated electrodes and electrode

traccs formed from a transparcnt conductive matcrial, cach of the clectrodes being placed at

different locations in the plane of the touch panel, each of the electrodes having an individual

trace for operatively coupling to capacitive monitoring circuitry as claims 1 and 39; or a second

layer spatially separated from the first layer and having a plurality of transparent second

conductive lines that are electrically isolated from one another, the second conductive lines being

positioned transverse to the first conductive lines, the intersection of transverse lines being

positioned at different locations in the plane of the touch panel, each of the second

conductive lines being operatively coupled to capacitive monitoring circuitry wherein the

capacitive monitoring circuitry is configured to detect changes in charge coupling between the

first conductive lines and the second conductive lines as claim 7; or wherein the multipoint

sensing arrangement provides a plurality of transparent capacitive sensing nodes that work

independent of one another and that represent different points on the touch as claim 15; or a glass

member disposed over the screen of the display; a transparent conductive layer disposed over the
glass member, the conductive layer including a pixilated array of electrically isolated electrodes;
a transparent cover sheet disposed over the electrode layer; and one or more sensor integrated

circuits operatively coupled to the electrodes as claim 24; or a second transparent conductive layer

disposed over the second glass member, the second transparent conductive layer comprising a

plurality of spaced apart parallel lines having the same pitch and linewidths, the parallel lines of
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the second transparent conductive layer being substantially perpendicular to the parallel lines of

the first transparent conductive layer; a third glass member disposed over the second transparent

conductive layer; and one or more sensor integrated circuits operatively coupled to the lines as

claim 25; or a virtual ground charge amplifier coupled to the touch panel for detecting the touch

cvents on the touch pancl as claim 46.

Response to Arguments

6. Applicant's arguments with respect to claims 1-2, 4-13, 15-26 and 32-50 filed 2/20/09
have been considered but are moot in view of the new ground(s) of rejection.
Correspondence

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to KIMNHUNG NGUYEN whose telephone number is (571)272-
7698. The examiner can normally be reached on MON-FRI, FROM 8§:30 AM-5:30 PM.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Richard Hjerpe can be reached on (571) 272-7691. The fax phone number for the

organization where this application or proceeding is assigned is 571-273-8300.
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Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
applications is available through Private PAIR only. For more information about the PAIR
system, scc http://pair-dircct.uspto.gov. Should you have qucestions on acccss to the Privatc PAIR
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would
like assistance from a USPTO Customer Service Representative or access to the automated
information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/Kimnhung Nguyen/
Examiner, Art Unit 2629
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AMENDMENTS TO THE CLAIMS

Claim 1 (previoﬁsly presented): A touch panel having a transparent capacitive
sensing medium configured to detect multiple touches or near touches that occur at a same time
and at distinct locations in a plane of the touch panel and to produce distinct signals
representative of a location of the touches on the plane of the touch panel for each of the multiple
touches;

wherein the transparent capacitive sensing medium comprises a transparent electrode
layer, the electrode layer including a plurality of electrically isolated electrodes and electrode
traces formed from a transparent conductive material, each of the electrodes being placed at
different locations in the plane of the touch panel, each of the electrodes having an individual

trace for operatively coupling to capacitive monitoring circuitry.

Claim 2 (original):  The touch panel as recited in claim 1 wherein the transparent

sensing medium includes a pixilated array of transparent capacitance sensing nodes.

Claim 3 (canceled)

Claim 4 (previously presented): The touch panel as recited in claim 1 further
including one or more integrated circuits for monitoring the capacitance at each of the electrodes,

the integrated circuits being operatively coupled to the electrodes via the traces.

Claim 5 (previously presented): The touch panel as recited in claim 1 wherein the

electrodes are placed in rows and columns.

Claim 6 (previously presented): The touch panel as recited in claim 1 wherein the

electrodes and traces are formed from indium tin oxide (ITO).
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Claim 7 (previously presented): A touch panel comprising a transparent capacitive
sensing medium configured to detect multiple touches or near touches that occur at a same time
and at distinct locations in a plane of the touch panel and to produce distinct signals
representative of a location of the touches on the plane of the touch panel for each of the multiple
touches, wherein the transparent capacitive sensing medium comprises:

a first layer having a plurality of transparent first conductive lines that are electrically
isolated from one another; and

a second layer spatially separated from the first layer and having a plurality of transparent
second conductive lines that are electrically isolated from one another, the second conductive
lines being positioned transverse to the first conductive lines, the intersection of fransverse lines
being positioned at different locations in the plane of the touch panel, each of the second
conductive lines being operatively coupled to capacitive monitoring circuitry;

wherein the capacitive monitoring circuitry is configured to detect changes in charge

coupling between the first conductive lines and the second conductive lines.

Claim 8 (original):  The touch panel as recited in claim 7 wherein the conductive lines

on each of the layers are substantially parallel to one another.

Claim 9 (original):  The touch panel as recited in claim 8 wherein the conductive lines

on different layers are substantially perpendicular to one another.

Claim 10 (currently amended): The touch panel as recited in claim 7 wherein the
transparent first conductive lines of the first layer are disposed on a first glass member, and

wherein the transparent second conductive lines of the second layer are disposed on a second

glass member, the first glass member being disposed over the second glass member.
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Claim 11 (original): The touch panel as recited in claim 10 further including a third
glass member disposed over the first glass member, the first and second glass members being
attached to one another via an adhesive layer, the third glass member being attached to the first

glass member via another adhesive layer.

Claim 12 (original): The touch panel as recited in claim 7 wherein the conductive lines

are formed from indium tin oxide (ITO).

Claims 13 and 14 (canceled)

Claim 15 (currently amended): The-display-arrangement-as recited in-claim13A

display arrangement comprising:

a display having a screen for displaying a graphical user interface; and

a transparent touch panel allowing the screen to be viewed therethrough and capable of

recognizing multiple touch events that occur at different locations on the touch panel at a same

time and to output this information to a host device to form a pixilated image;

wherein the touch panel includes a multipoint sensing arrangement configured to

simultaneously detect and monitor the touch events and a change in capacitive coupling

associated with those touch events at distinct points across the touch panel; and

wherein the multipoint sensing arrangement provides a plurality of transparent capacitive
sensing nodes that work independent of one another and that represent different points on the

touch sereenpanel.

Claim 16 (original): The display arrangement as recited in claim 15 wherein the

capacitive sensing nodes are formed with a transparent conductive medium.

Claim 17 (original):  The display arrangement as recited in claim 16 wherein the

transparent conductive medium corresponds to indium tin oxide (ITO).
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Claim 18 (original): The display arrangement as recited in claim 16 wherein the

capacitive sensing nodes are based on self capacitance.

Claim 19 (currently amended): The display arrangement as recited in claim 18
wherein the transparent conductive medium is patterned into electrically isolated electrodes and
traces, each electrode representing a different coordinate in the plane of the touch sereenpanel,

and the traces connecting the electrodes to a capacitive sensing circuit.

Claim 20 (original): The display arrangement as recited in claim 16 wherein the

capacitive sensing nodes are based on mutual capacitance.

Claim 21 (currently amended): The display arrangement as recited in claim
[[18]]20 wherein the transparent conductive medium is patterned into a group of spatially
separated lines formed on two different layers, driving lines are formed on a first layer and
sensing lines are formed on a second layer, the sensing lines being configured to traverse across
the driving lines in order to form a capacitive sensing node, the driving lines being connected to
a voltage source and the sensing lines being connected to a capacitive sensing circuit, the voltage
source driving a current through one driving line at a time and because of capacitive coupling,

the current is carried through to the sensing lines at each of the capacitive sensing nodes.

Claim 22 (original): The display arrangement as recited in claim 16 wherein the
capacitive sensing nodes are coupled to a capacitive sensing circuit, and wherein the capacitive
sensing circuit monitors changes in capacitance that occurs at each of the capacitive sensing
nodes, the position where changes occur and the magnitude of those changes being used to help

recognize the multiple touch events.
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Claim 23 (currently amended): The display arrangement as recited in claim 22
wherein the capacitive sensing circuit comprises:
a multiplexer (MUZX) that receives signals from each of the capacitive sensing nodes at
the same time, stores all the signals and sequentially releases the signals one at a time through an
output channel;
an analog to digital converter operatively coupled to the MUX through the output
channel, the analog to digital converter being configured to convert the incoming-analog-signals
into outgoing digital signals;
a digital signal processor (DSP) operatively coupled to the analog to digital converter, the
DSP filtering noise events from the-raw data, calculating the-touch boundaries for each touch
event that occurs on the touch sereenpanel at the same time and thereafter determining the

coordinates for each touch_event.

Claim 24 (currently amended): The-display-arrangement-as-recited-in-elaim13-A

display arrangement comprising:

a display having a screen for displaying a graphical user interface; and

a transparent touch panel allowing the screen to be viewed therethrough and capable of

recognizing multiple touch events that occur at different locations on the touch panel at a same

time and to output this information to a host device to form a pixilated image;

wherein the touch panel includes a multipoint sensing arrangement configured to

simultaneously detect and monitor the touch events and a change in capacitive coupling

associated with those touch events at distinct points across the touch panel; and

wherein the touch panel comprises:
a glassymember disposed over the screen of the display;
a transparent conductive layer disposed over the glass member, the conductive
layer including a pixilated array of electrically isolated electrodes;
a transparent cover sheet disposed over the eleetredeconductive layer; and

one or more sensor integrated circuits operatively coupled to the electrodes.
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Claim 25 (currently amended): The-display-arrangement-asreeited-in-elaim13-A

display arrangement comprising:

a display having a screen for displaving a graphical user interface; and

a transparent touch panel allowing the screen to be viewed therethrough and capable of

recognizing multiple touch events that occur at different locations on the touch panel at a same

time and to output this information to a host device to form a pixilated image;

wherein the touch panel includes a multipoint sensing arrangement configured to

simultaneously detect and monitor the touch events and a change in capacitive coupling

associated with those touch events at distinct points across the touch panel; and

wherein the touch panel comprises:

a first glass member disposed over the screen of the display;

a first transparent conductive layer disposed over the first glass member, the first
transparent conductive layer comprising a plurality of spaced apart parallel lines having the same
pitch and linewidths;

a second glass member disposed over the first transparent conductive layer;

a second transparent conductive layer disposed over the second glass member, the
second transparent conductive layer comprising a plurality of spaced apart parallel lines having
the same pitch and linewidths, the parallel lines of the second transparent conductive layer being
substantially perpendicular to the parallel lines of the first transparent conductive layer;

a third glass member disposed over the second transparent conductive layer; and

one or more sensor integrated circuits operatively coupled to the lines.
Claim 26 (original): The display arrangement as recited in claim 25 further including
dummy features disposed in the space between the parallel lines, the dummy features optically
improving the visual appearance of the touch screen by more closely matching the optical index

of the lines.

Claims 27-31 (canceled)
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Claim 32 (previously presented): The touch panel as recited in claim 1, further
comprising a virtual ground charge amplifier coupled to the touch panel for detecting the touches

on the touch panel.

Claim 33 (previously presented): The touch panel as recited in claim 1, the

transparent capacitive sensing medium formed on a single side of a substrate.

Claim 34 (previously presented): The touch panel as recited in claim 1, the

transparent capacitive sensing medium formed on a transparent substrate.

Claim 35 (previously presented): The touch panel as recited in claim 34, wherein the

transparent substrate is formed from glass.

Claim 36 (previously presented): The touch panel as recited in claim 7, wherein the

capacitive sensing medium is a mutual capacitance sensing medium.

Claim 37 (previously presented): The touch panel as recited in claim 7, the

transparent capacitive sensing medium formed on both sides of a single substrate.

Claim 38 (previously presented): The touch panel as recited in claim 36, further
comprising a virtual ground charge amplifier coupled to the touch panel for detecting the touches

on the touch panel.
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Claim 39 (previously presented): A touch panel having a transparent capacitive
sensing medium configured to detect multiple touches or near touches that occur at a same time
and at distinct locations in a plane of the touch panel and to produce distinct signals
representative of a location of the touches on the plane of the touch panel for each of the multiple
touches;
wherein the transparent capacitive sensing medium comprises a transparent electrode
layer, the electrode layer including a plurality of electrically isolated electrodes and electrode
traces formed from a transparent conductive material, each of the electrodes being placed at
different locations in the plane of the touch panel, each of the electrodes operatively couplable to

capacitive monitoring circuitry.
Claim 40 (previously presented): The touch panel as recited in claim 39, further
comprising a virtual ground charge amplifier coupled to the touch panel for detecting the touches

on the touch panel.

Claim 41 (previously presented): The touch panel as recited in claim 39, the

transparent capacitive sensing medium formed on a single side of a substrate.

Claim 42 (previously presented): The touch panel as recited in claim 39, the

transparent capacitive sensing medium formed on a transparent substrate.

Claim 43 (previously presented): The touch panel as recited in claim 42, wherein the

transparent substrate is formed from glass.

Claim 44 (previously presented): The touch panel as recited in claim 39, wherein the

capacitive sensing medium is a mutual capacitance sensing medium.

Claim 45 (previously presented): The touch panel as recited in claim 39, the

transparent capacitive sensing medium formed on both sides of a single substrate.
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Claim 46 (currently amended): The-display-arrangementasrecited-in-elaim13+-A

display arrangement comprising:

a display having a screen for displaying a graphical user interface; and

a transparent touch panel allowing the screen to be viewed therethrough and capable of

recognizing multiple touch events that occur at different locations on the touch panel at a same

time and to output this information to a host device to form a pixilated image;

wherein the touch panel includes a multipoint sensing arrangement configured to

simultaneously detect and monitor the touch events and a change in capacitive coupling
associated with those touch events at distinct points across the touch panel: and

further comprising a virtual ground charge amplifier coupled to the touch panel for

detecting the touch events on the touch panel.

Claims 47-50 (canceled)
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VIA EFS
Docket No.: 106842009000
Client Ref. P3266US1

(PATENT)
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re Patent Application of:
Steve HOTELLING et al.
Application No.: 10/840,862 Confirmation No.: 8470
Filed: May 6, 2004 Art Unit: 2629
For: MULTI-POINT TOUCHSCREEN Examiner: Kimnhung T. Nguyen
AMENDMENT UNDER 37 CFR 1.111
MS Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450
Dear Madam:

INTRODUCTORY COMMENTS

This is in response to the non-final Office Action dated June 2, 2009, for which a
response is due on September 2, 2009. Reconsideration and allowance of the pending claims, as

amended, in light of the remarks presented herein are respectfully requested.
There are no amendments to the specification or drawings.

Amendments to the Claims are reflected in the listing of claims which begins on page 2
of this paper.

Remarks/Arguments begin on page 11 of this paper.
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REMARKS

Claims 1, 2, 4-13, 15-26 and 32-50 were pending in the application, with claims 27, 28,
30 and 31 previously withdrawn from consideration, and claims 3, 14 and 29 previously canceled.
Claims 13 and 47-50 were rejected under 35 U.S.C. §103(a) as being unpatentable over Hsu et al. in
view of Fujimoto. Claims 1, 2, 4-12 and 32-45 have been allowed. Claims 24-26 and 46 were
objected to as being dependent upon a rejected base claim, but were indicated to be allowable if
rewritten in independent form including all of the limitations of the base claim and any intervening
claims. Claims 10, 15, 19, 21, 23, 24, 25 and 46 have been amended, and claims 13, 27, 28, 30, 31
and 47-50 have been canceled, leaving claims 1, 2, 4-12, 15-26 and .32—46 presently under
consideration. Reexamination and reconsideration of the application in view of the amendments

and following remarks is respectfully requested.

Claims 13 and 47-50 were rejected under 35 U.S.C. §103(a) as being unpatentable
over Hsu in view of Fujimoto. Claims 13 and 47-50 have now been canceled, making their

rejections moot.

Claims 1, 2, 4-12 and 32-45 have been allowed. The Applicants thank the Examiner

for the indication of allowable subject matter.

Claims 24-26 and 46 were objected to as being dependent upon a rejected base
claim, but were indicated to be allowable if rewritten in independent form including all of the
limitations of the base claim and any intervening claims. Claims 24, 25 and 46 have been
amended to independent form, including all of the limitations of the base claim (claim 13). There

were no intervening claims. As such, claims 24-26 and 46 are now allowable.

Claims 27, 28, 30 and 31 had been previously withdrawn from consideration.

Claims 27, 28, 30 and 31 have now been canceled.

In view of the above, each of the presently pending claims in this application is believed

to be in immediate condition for allowance. Accordingly, the Examiner is respectfully requested to
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withdraw the outstanding rejection of the claims and to pass this application to issue. Ifit is

determined that a telephone conference would expedite the prosecution of this application, the

Examiner is invited to telephone the undersigned at the number given below.

In the event the U.S. Patent and Trademark Office determines that an extension and/or
other relief is required, applicant petitions for any required relief including extensions of time and
authorizes the Commissioner to charge the cost of such petitions and/or other fees due in connection
with the filing of this document to Deposit Account No. 03-1952 referencing Docket No.
106842009000.

Dated: July 1, 2009 Respectfully submitted,

Glenn ¥1. Kubota

Registration No.: 44,197
MORRISON & FOERSTER LLP
555 West Fifth Street, 35™ Floor
Los Angeles, CA 90013-1024
(213) 892-5752
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A FLEXIBLE TRANSPARENT TOUCH SENSING SYSTEM
FOR ELECTRONIC DEVICES

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to touch sensing transducers and
systems. More particularly, the present invention relates to flexible and
transparent object position recognition devices useful in applications such
as cursor movement and user input for computing devices and other
applications.
Description of the Related Field

Touch sensing technology can be used to provide a variety of input
to electronic devices, from emulating physical buttons or slider switches
to more sophisticated recognition of patterns or gestures. For example,
United States Patent No. 5,880,411 to Gillespie, which is hereby
incorporated in its entirety for its teaching of touch sensor technology,
discloses a capacitive sensor trace array object position detector with
edge motion feature and gesture recognition. United States Patent No.
5,305,017 to Gerpheide teaches an object position detector using
capacitive sensing and is also incorporated in its entirety by reference for
its teaching of touch sensor technology. Another example of capacitive
touchpads is United States Patent No. 5,543,588 to Bisset.

However, in many applications it is desirable to display the surface
underlying the touchpad. For example, the touchpad can be overlaid on
an active display such as a LCD or CRT screen to facilitate input to a

graphical user interface (GUI). Alternatively, it may be desired to have
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the underlying surface display static information such as a button pattern
to guide user input or advertising. Neither Gillespie nor Bisset disclose or
suggest the ability to display a surface underlying the touchpad sensor.

| The general strategy employed by the prior art to provide
transparent touch sensing technology for portable devices utilizes a
resistive pad. A typical resistive pad consists of two substantially
transparent substrates separated by a thin air gap, typically about 0.006
inches. One substrate is deformable, such as a polyester film, while the
other is typically rigid, such as glass or polycarbonate plastic. Both
substrates are coated with a substanfially transparent, conductive coating
like Indium Tin Oxide on the surface where they face one another. On
the ITO-coated surfaces, one substrate contains conductors at its left and
right edges while the other substrate contains conductors at its top and
bottom. To measure position in one axis, a voltage gradient is applied to
one set of conductors while voltage is measured on the other set. When
an object deforms the resistive pad so that one substrate contacts the
other, the point of contact will contain a voltage proportional to the
distance from the conductor where the voltage was applied. To measure
position in the other axis, the conductors for voltage application and
measurement are switched.

There are other variations of the previously described 4 wire
resistive pad sensors. One example is a 5-wire design which alternately
applies an X-axis, than Y-axis voltage gradient to the one layer and then
uses the second layer simply to sense voltage.

Different prior art techniques deal with the difficulty of maintaining
a constant air gap between the two ITO layers and the stretching of the
deformable substrate as it wears. For example, substantially transparent
dielectric spacer dots, usually about 0.010” in diameter, can be arranged
in a regular, grid-like fashion over one of the ITO surfaces. These dots

help maintain the air gap to prevent the two ITO layers from accidentally
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contacting. Further, the dots help counteract the decreasing performance

of the deformable substrate as it wears and stretches. However, the use
of these spacer dots generally reduces the resolution of the touchpad, as
not all locations of such a resistive pad will nhecessarily generate a signal
when the two substrates come in contact.

In addition to the resistive pad technologies, other examples of
prior art include capacitance based technologies, stylus based
technologies and pressure actuation technologies. Prior art capacitive
touchpads such as United States Patent Nos. 5,457,289 to Huang and
4,806,709 and 4,733,222 to Evans suffer from various drawbacks of

their own. For example, Huang requires frontal shielding for its capacitive

touch sensor system and the Evans ‘709 requires a uniformly electrically

conductive surface. Stylus based pads such as United States Patent Nos.

5,381,160 to Landmeir and 4,945,348 to Ibamoto require an
electromagnetic tool to provide input. Finally, pressure actuated
touchpads such as United States Patent No. 4,484,038 to Dorman and
3,757,322 to Barkan have moving parts and thus suffer from drawbacks

similar to the resistive pad technologies.

SUMMARY OF THE INVENTION

The invention is a capacitive sensor system comprising a sensor
trace and a processor configured to detect capacitance changes in the
sensor trace to determine proximity of a conductive object. Preferably,
the sensor trace is a part of a first plurality of sensor traces oriented in a
first direction and the processor detects capacitance changes in the
sensor traces to determine proximity and positioning of the finger in the
first dimension. More preferably, the system further comprises a second
plurality of sensor traces oriented in a second dimension, wherein the
processor is further configured to detect capacitance changes in the first

plurality of sensor traces and the second plurality of sensor traces to
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determine proximity and positioning of the conductive object along the
first and second dimensions. The preferred conductive object for this
invention is a human finger, but a conductive stylus or other suitable
device can be used as well.

To maximize transparency, the sensor system should have a
uniform density of sensor traces. Thus, preferred configurations minimize
the overlap of the first plurality and the second plurality of sensor traces.
For example, each sensor trace may be configured as a series of diamond
shapes aligned along a common axis. Accordingly, each plurality of
sensor traces thus creates a pattern of diamond shaped open spaces. By
positioning the first plurality of sensor traces over the second plurality so
that the diamond shaped sensor traces fall over the diamond shaped open
spaces, the amount of overlap between the each plurality of sensor
traces is minimized. Transparency is also maximized by utilizing materials
having similar indices of refraction.

A primary object of this invention is a positioning system that uses
a low-cost, highly integrated, low poWer, capacitive transparent sensor.
This invention is suitable for many handheld electronic applications such
as, but not limited to, cell phones, pagers, personal digital assistants,
remote controls, and computers. Non-handheld devices that require a
positioning system with a thin transparent sensor are also appropriate for
this invention. Preferably, the sensor system is equipped with a
processor capable of recognizing gestures such as tapping or dragging to
increase the flexibility of user input. ’

The current invention described offers a number of advantages
over resistive pads and the other prior art technologies. First, this art is
rugged. lts performance will not degrade over time and is not subject to
mechanical wear and stress, being completely solid state and having no
moving parts. Because this art does not rely on deforming a substrate,

the sensor can be activated with no actuation force. Second, the
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resolution of sensing is determined by the density of sensor traces and
the precision of the A/D converters in the processor, not the physical
properties of the materials as in resistive pads. Thus, very high
positioning accuracy can be achieved. Because the current invention does
not require an air gap to be maintained between the sensing layers,
positioning performance is hardly affected by mechanical damage or
environmental conditions such as temperature, humidity or power supply
voltage. Consequently, the positioning capabilities of this art require little
to no user calibration. Furthermore, the lack of an air gap, with an index
of refraction much different than the substrate layers, allows this art to
achieve greater transparency. Finally, the ability to use flexible substrate
material to build the sensor facilitates the integration of this art onto
devices that require a touch-sensing system on a curved, three-
dimensional surface. Alternatively, the sensor array itself can be directly
applied to a rigid, curved three-dimensional surface without the

requirement of a flexible substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a schematic representation of a proximity transparent

capacitive sensing system of the present invention.

FIG. 2 shows a cross sectional view of the embodiment of the
proximity and one-dimensional sensor transducer shown in Fig.1.

FIG. 3 shows a schematic representation of a one-dimensional
transparent capacitive sensing system of the present invention.

FIG. 4 shows a schematic representation of a two-dimensional
transparent capacitive sensing system of the present invention.

FIG. BA is a top view of the X sensor array in the embodiment
shown in FIG. 4.

FIG. 5B is a top view of the Y sensor array in the embodiment
shown in FIG. 4.
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FIG. bC is a top view of the combined X and Y sensor arrays in the
embodiment shown in FIG. 4.

FIG. 6 is a cross sectional view of a two-dimensional sensor
transducer embodiment of the invention with a transparent ground plane
to shield X and Y trace arrays from electrical noise that might arise
beneath the sensor.

FIG. 7 is a cross sectional view of an alternate embodiment of the
two-dimensional sensor transducer of the invention.

FIG. 8 is a cross sectional view of a two-dimensional transparent
sensor transducer embodiment of the invention that allows use of a
conductive stylus in additional to finger for input.

FIG. 9 is a cross sectional view of a two-dimensional sensor
transparent transducer embodiment of the invention that allows use of

any general stylus in addition to finger for input.

DETAILED DESCRIPTION OF THE INVENTION

Figure 1 is a schematic representation of a preferred embodiment
of the invention, comprising a O-dimensional, capacitive proximity sensing
system 2. System 2 accurately determines the proximity and contact of
finger 4 or any other conductive object to the sensor 6. Capacitance
changes induced by finger 4 on the sensor trace in the sensor 6 are
digitized by the input processing block 8. The digitized values of
capacitance values are processed by arithmetic unit 10 and then decoded
by gesture unit 12 to determine if a finger was present. Gesture unit 12
also processes input signals to determine the difference between
constant finger contact and a finger tap. Blocks 8-12 may also
incorporate methods to suppress electrical noise that may be sensed by
sensor 6. Suitable means of implementing this sensor include the
technologies described in United States Patent Nos. 5,880,411 and

5,305,017, which were incorporated in their entirety by reference thereto
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above for these teachings. Other means of capacitive sensing technology
known to those of skill in the art are also suitable.

The sensor trace in sensor 6 must be designed so that the trace
provides adequate capacitive coupling to the finger. In the preferred
embodiment, the sensor trace is a thin line of conductor that is drawn to
the location where the finger is designed to contact. At this preferred
contact area, the trace widens to a square or a circle approximately the
dimensions of a typical fingerprint. This ensures that adequate capacitive
coupling will occur between the sensor and the finger. Non-visible
portions of the sensor can optiona!ly be drawn with an opaque conductor
with better handling properties and lower resistance. Examples of an
opaque conductor include, but are not limited to, silver ink and
conductive carbon ink.

Figure 2 is a cross sectional view of the preferred embodiment of
the capacitive sensor 6 (and also one-dimensional capacitive sensor 20
described below). A top transparent and electrically insulating substrate
52 is adhered with an optically transparent and electrically insulating
adhesive 54 to another transparent, electrically insulating substrate 58
that is coated with a transparent conductor 56. Typically, the
substantially transparent conductor 586 is deposited onto the substrate 58
either by a sputtering process or by a printing method. The pattern of the
transparent conductor trace 56 can be done by a photoresist and acid-
etch process. Alternatively, conductor 56 may be selectively coated,
either by sputtering or printing, onto a negative pattern overlaying the
substrate 58. Then, removing the negative pattern leaves the appropriate
transparent conductor trace pattern. Because sensor 6 only detects
contact and proximity, only one sensor trace and one conductor layer is
needed.

Examples of transparent, electrically insulating substrates 52 and

58 include, but are in no way limited to, polyester film, glass, and
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polycarbonate plastic. One example of a transparent, electrically
insulating adhesive is 3M #8142. Examples of substantially transparent
conductors include, but are not limited to, Indium Tin Oxide (ITO),
transparent conductive plastic, and silver, gold, aluminum alloys. Those
skilled in the art will recognize that no material is completely transparent.
To improve transparency of the sensor a number of techniques can be
utilized. First, substrates 52 and 58 and adhesive 54 can be chosen to
have similar indices of refraction. This improves transparency by
minimizing the distorting effects of light traveling through materials of
different refraction indices. Second, employing the sensing art described
U.S. Patent No. 5,880,411 allows the use of high impedance output
drivers. Hence, the resistivity of transparent conductor layer 56 can be
relatively high and still be usable with such a sensing system. A high
resistivity such as, but not limited to, 300 Q/square increases
transparency of the substantially transparent conductor layer 56.

Layer 60 shows the location of an opaque substrate that would be
viewable through transparent layers 52-58. Examples of such a substrate
include, but are not limited to, a graphical display device such as, but not
limited to a Liquid Crystal Display (LCD} or Cathode Ray Tube (CRT),
artwork, or additional electronics suck a fingerprint recognizer. In some
embodiments, layer 60 may be omitted altogether. Alternatively,
substrate 58 can be omitted and transparent conductor 56 can be
patterned directly on layer 60.

In yet other alternative embodiments, layers 52-58 can be reversed
without loss of functionality. Furthermore, adhesive 54 can be eliminated
so long as substrate 52 is electrically insulating and self-adhering to
conductor 56. One example of a self-adhering, transparent, electrically
insulating substrate is transparent-coat paint. -

Figure 3 shows a schematic representation of a one-dimensional

position sensing system 16. Such a system can detect not just finger
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contact (like proximity sensing system 2), but also the location of a finger
4 or other conductive object along the direction of the sensor trace array.
In Figure 3, sensor 20 contains a plurality of traces oriented along one
direction, such as the Y axis, aIIowiné, sensing system 16 to determine
the position of finger 4 along that direction. Finger location is computed
by measuring the capacitance of the traces and then computing finger
position based on the increase in capacitance in traces covered or near
the finger. Specifically, Y input processing block 22 measures trace
capacitance simultaneously in all sensor traces, and digitizes the analog
capacitance values. These values are then converted to position and
pressure information in arithmetic block 24. Next, position and pressure
data are fed into a motion block 26 and gesture block 28. Motion block
26 computes finger motion along the trace array axis based on storing a
successive history of finger position values. Gesture block 28 determines
if a finger is actually in contact with sensor 20 and whether the finger
presence over a short period of time is considered a “tap”. If a tap
gesture is registered, the gesture unit suppresses the output of the
motion unit. Blocks 22-28 also incorporate methods to suppress electrical
noise that may be sensed by sensor 20. Suitable algorithms and means
for implementing this sensor include the technologies described in United
States Patent Nos. 5,880,411 and 5,305,017, incorporated in their
entirety by reference thereto as described above. Those skilled in the art
will recognize that such algorithms are only illustrative and in no way
limiting of the capacitive sensing technology that is possible with this
sensor.

The one-dimensional sensor 20 is comprised of a plurality of sensor
traces equally spaced along a given axis. To achieve adequate positional
resolution, spacing of each sensor trace is typically designed so that a
finger 4 covers at least two traces at any given location in the sensing

area to allow interpolation between the traces. A higher trace density or
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higher precision A/D converters improves the resolution to which sensing
system 16 can compute finger position. To maximize capacitive coupling
between a trace and a finger, a trace is typically made as wide as
possible (for example, slightly less than a trace spacing) without touching
neighboring traces. As described above with respect to the proximity
sensing system 2, non-visible portions of the sensor can optionally be
drawn with an opaque conductor.

A cross-sectional view of one-dimensional position sensor 20 is
shown in Figure 2, previously described. In the preferred, but not limiting
embodiment, the substrate 58 is uniformly coated with the transparent
conductor and then the trace array is patterned using a photoresist and
acid-etch process. Alternatively, a negative photoresist pattern can be
screened on transparent substrate 62 and 68, the transparent conductor
deposited using a sputtering or screening process and then the
photoresist pattern removed. As discussed above with respect to the
proximity sensing system 2, the stack-up of one-dimensional position
sensor 20 comprising layers 52-60 can be reversed and a self-adhering,
insulative substrate 52 can obviate the need for adhesive 54.

Figure 4 is a schematic representation of a two-dimensional
position sensing system 32. Such a system can determine finger
presence as finger position along two direction axes. Finger 4
capacitively couples to sensor traces in sensor 36. X input processing
block 38 and Y input processing block 40 measure capacitance values of
sensor traces in the X and Y trace arrays and digitize the capacitance
values. Arithmetic unit 42 computes position and pressure coordinates
based on the digitized capacitance values. Next position and pressure
coordinates are fed into motion unit 44 and gesture unit 46. Motion unit
44 computes relative movement of the finger compared to the previous
position of the finger. Gesture unit 46 determines the finger presence

over time and whether it constitutes a gesture such as a tap. If gesture
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unit 46 recognizes a particular gesture, it will suppress the output of the
motion unit 44. Blocks 38-46 also incorporate methods to suppress
electrical noise that may be sensed by sensor 36. Suitable algorithms
and means for implementing this sensor include the technologies
described in United States Patent Nos. 5,880,411 and 5,305,017,
incorporated in their entirety by reference thereto as described above.
Those skilled in the art will recognize that such algorithms are only
illustrative and in no way limiting of the capacitive sensing technology
that is possible with this sensor.

Figure 5A shows the preferred embodiment for the array of sensor
traces used to compute position in the X-axis in sensor 36. Each trace
64 is a transparent conductor, equally spaced on a transparent,
electrically insulating substrate 62. Each diamond 66 increases the trace
area and also leaves a pattern of diamond-shaped regions containing no
conductive material. Figure 5B is the corresponding preferred
embodiment for the array of sensor traces used to compute position in
the Y-axis for sensor 36. Each trace 70 is also a transparent conductor,
equally spaced on transparent, electrically insulating substrate 68.
Diamonds such as diamond 72 increase trace area and leave a diamond-
shaped region where there is no conductive material.

The actual number of sensor arrays and the presence of two axes
of sensors will depend on the positioning area and resolution
requirements of a particular device. To achieve adequate positional
resolution, spacing of each sensor trace is typically designed so that a
finger 4 covers at least two traces in each axis at ény given location in
the sensing area. A higher trace density or more precise A/D converters
improves the resolution that sensing system 32 can compute finger
position. In some embodiments of the art, fewer X and Y traces will

suffice to achieve the desired sensing resolution. Non-visible portions of
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the sensor can optionally be drawn with an opaque conductor such as,
but not limited to, silver ink.

In the preferred, but not limiting embodiment, substrates 62 and
68 are uniformly coated with the transparent conductor and then
patterned using a photoresist and acid-etch process. Alternately, a
negative photoresist pattern can be screened on transparent substrate 62
and 68, the transparent conductor deposited using a sputtering or
screening process and then the photoresist pattern removed.

Figure 5C is a top view of sensor 36 with Y-axis traces from
substrate 68 on top and X-axis traces from substrate 62 on the bottom.
X-traces 66 are positioned so that their trace diamonds 72 fill diamond
spaces between the Y axis traces 70. For illustrative purposes, Y-axis
trace diamonds 72 are reduced in size to visually distinguish the
diamonds in the two different arrays. In the preferred embodiment, these
diamonds are enlarged to the size of the spaces between X traces 66 so
that sensor 36 appears to have a single uniform layer of transparent
conductive material (except for the small regions where an X trace 64
overlaps a Y trace 70). Filling the entire active area with at least one
layer of transparent conductor is desirable, but not limiting for the overall
transparency of sensor 36 since transparent conductive material such as
{but not limited to) Indium Tin Oxide {ITO), gold, and silver are not
perfectly transparent. Any region not covered with at Ieas’t one layer of
conductor in sensor 36 may be seen because it will have greater
transmissivity compared to a region covered with a conductor.

Figure 5D shows a cross sectional view of the preferred
embodiment of two-dimensional sensor 36. This stack-up can be
reversed in order without loss of functionality. X-axis transparent,
electrically insulating substrate 62 is the top surface that the finger or
conductive object touches. The bottom side of the transparent,

electrically insulating substrate 62 is the transparent conductor traces 64.
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A thin, transparent, preferably adhesive, insulator 74 separates X
conductive traces 64 from Y conductive traces 70. Similar to X traces, Y
conductive traces are coated on transparent, electrically insulating
substrate 68.

Examples of transparent substrates 62 and 68, insulator 74, and
conductive layers 64 and 70 have been described for Figure 2 and are
equally applicable for the two-dimensional sensor. Similarly, the same
techniques to improve transparency such as, but not limited to, matching
indices of refraction among layers, and using a relatively thin layer of
transparent conductor, can also be applied to the two-dimensional sensor.
Similar to Figure 2, layer 60 is an optional opaque layer that can be
viewed through the transparent sensor. . In some embodiments, layer 60
may be omitted altogether. Alternatively, in some embodiments,
substrate 68 can be omitted and transparent conductor 70 can be

patterned directly on layer 60.
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A number of additional alternative embodiments of the invention
are possible. For example, electrical shielding may be required to isolate
sensor traces from electrical noise that arises from electrical circuits that
are present below the sensor. One preferred, but not limiting
embodiment is shown in Figure 6 on two-dimensional sensor 36. Layers
62-68 are the same art as described in Figure 5D. Beneath transparent
substrate 68, another layer of transparent insulator 74 attaches another
layer of transparent conductor 78 and substrate 80. Unlike transparent
conductor layers 64 and 70, transparent conductor 78 is a uniform layer
of conductor that is connected to an electrical ground. Grounding
transparent conductor 78 provides sensor 36 with electrical shielding
from electrical noise sources that might radiate from the opaque layer 60
or below. Examples of materials suitable for transparent conductor 78
and substrate 80 have already been described in Figure 2.

Adding a transparent ground plane using layers 74-80 can also be
applied to the contact and one-dimensional sensor stack-ups shown in
Figure 2 if such a layer were inserted between layers 58 and 60.

In yet another embodiment, Figure 7 shows a two-dimensional
transparent capacitive sensor 36. Transparent substrate 84 is adhered
using transparent insulator 74 to transparent conductor layer 64.
Transparent conductor 64 contains the X trace pattern as shown in
Figure 5A and is coated onto transparent substrate 86. On the other
surface of transparent substrate 86, transparent conductor layer 70
contains Y trace array shown Figure 5B. Finally, transparent substrate 88
is adhered to transparent conductor 70 with transparent insulator 74.
This particular embodiment, with substrate 86 coated on both sides with
transparent conductor layers may allow for less error when aligning
diamonds in the X trace array and the Y trace array. Because substrate
86 contains both conductor layers 64 and 70, the alignment of trace

arrays can occur prior to the etching/deposition of the trace arrays with
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the opaque photoresist pattern, greatly simplifying pattern alignment of X
and Y traces. Proper alignment of the X and Y trace arrays is critical to
the overall transparency of two-dimensional sensor 36 because the
human eye can easily detect any systematic misalignment between the
trace array patterns.

Examples of transparent, electrically insulating substrates 84,86,
and 88 have been described in previous embodiments of two-dimensional
sensor 36 and one-dimensional sensor 20. Additionally, for electrical
shielding, transparent substrate 88 can be replaced with layers 78 and 80
as shown in Figure 6.

This invention may also be adapted for use with a stylus in addition
to the human finger. One method for doing so is to enlarge the contact
area for a conductive stylus until its contact area is similar to that of a
finger. This has the obvious disadvantage of the stylus needing to be
both conductive and the contact area needing to be large enough to
capacitively couple to enough sensor traces. To reduce the contact area
of the conductive input, one method is to increase the trace density so
that even a fine, pointed conductive stylus can capacitively couple to at
least two sensor traces. Alternatively, A/D converter precision can also
be increased to detect minute capacitance changes in sensor traces that
result from a pointed stylus.

One preferred alternative method that removes the restriction of a
large contact area involves a resistive transparent coating applied to the
top surface of the sensor array, resulting in the stack-up of layers shown
in Figure 8. For two-dimensional position sensor 92, the X and Y trace
arrays are identical to that described in Figures bA, 5B, and 5C. The
stack-up of layers 62-68 is identical to that described in Figure 5D. Layer
94 is a rugged, resistive transparent coating that spreads the effective
contact area of a pointed stylus, thus allowing a pointed stylus’s

capacitive coupling to the sensor 92 to be similar to a conductive object
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with a larger contact area (such as a finger). Examples of such a layer 94
can be found, but are not limited to, those commonly used for electro-
luminescent lighting surfaces. Further details of such a sensing
technology can be found in co-pending United States Patent Application
Serial No. 09/176,639.

An approach for a two dimensional sensor that accepts any stylus
input is to include a transparent, deformable layer sandwiched between
the bottom sensor array layer and a ground plane. Figure 9 illustrates the
stack up of a preferred but not limiting embodiment of such a sensor 92.
Layers 62-68 are the same as those described for a finger input two-
dimensional sensor 36 as described in Figures 5A-D. The only additional
requirement for this art is that substrates 62 and 68 be flexible and
deformable. An example of such a substrate is, but is not limited to,
polyester film.

Beneath transparent substrate 68 is transparent insulator 74. This
adheres to a transparent, deformable dielectric layer 96. Another layer of
transparent insulator 74 adheres deformable layer 96 to a transparent,
conductive layer 78 and transparent substrate 80. Transparent substrate
80 is typically made of a rigid material. Examples of such a transparent
rigid substrate include, but are not limited to, glass and polycarbonate
plastic. Transparent conductive layer 78 is a uniform layer of transparent
conductor that is electrically grounded.

Functionally, a pointed stylus input will deform the X and Y sensors
in layers 62-68 as well as layer 96, bringing the point of contact closer to
the ground plane. This deformation increases the capacitive coupling to
ground for sensor traces near the point of contact. This capacitance
increase is then detected by the sensing electronics. For finger input,
capacitance is sensed by sensor layers 62-68 using traditional capacitive

means. A detailed description of this art, though not in a transparent
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embodiment, can be found in U.S. Patent No. 5,942,733, which is
hereby incorporated in its entirety by reference thereto.

Yet another alternative method is to combine the transparent
capacitive finger sensor of the present invention with a second
independent stylus input device. For example, a flexible transparent
capacitive pad could be overlayed on a conventional resistive pad to
provide superior finger sensitivity to that achievable with a resistive pad
alone. Or, a transparent capacitive pad could be overlayed on a solid
state sensor such as an inductive stylus sensor (e.g., U.S. Patent No.
4,848,496 to Murakami, hereby incorporated by reference thereto for this
teaching) to produce a rugged sensor with high quality finger and stylus
performance.

The transparent position sensing system has a number of
applications for portable electronic devices. Some examples (but not an
exhaustive list) of applications include:

a) Pointing device for a touchscreen in a handheld electronic
device. In the simplest implementation, a transparent two-dimensional
capacitive sensor is affixed directly on top of a display device like an LCD
screen to detect a finger’'s location on the display. The X-Y position of a
finger atop the sensor (and thus, the display) can then be fed to the
device’s main processing unit to control the user interface in the device.
Such a user interface could include, but is not limited to, the control of a
cursor on the screen, detection of taps for on-screen graphics that
represent buttons, control of on-screen scroll bars, pull-down menu
selection, and stroke or gesture recognition for text-entry.

b) Input device for a soft button array or scroll bar. In this
application, the transparent sensor covers only the portion of the display
device that is dedicated to displaying an array of buttons or a scroll bar.
For a scroll bar application or a one-dimensional button array, the

transparent sensor would only contain a plurality of sensor traces in one
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axis. By implementing the input device with a transparent sensor, the
underlying graphics can change to suit the functionality required by the
user interface

c) Integration of input devices in a handheld electronic device. For
some handheld devices, one surface of the device may contain a display
that requires a touch sensitive positidﬁing system while another surface
may require a button array. Because this art can be made from
transparent, flexible material, the same capacitive sensor could be curved
over the handheld device so that one portion of the sensor’s trace arrays
covers the display surface while another portion of the sensor serves as
the button array on another surface. This could reduce the cost of the
handheld device by eliminating the need for additional mechanical contact
switches.

d) Transparent sensor for portable computer. The transparent
nature of the transparent two-dimensional position sensor allows the
addition of apparatus for applications such as, but not limited to security
and video to be designed into portable personal computers without
consuming more real estate than a standard, opaque two-dimensional
position sensor. In the case of security applications, the pointing nature
of the touchpad is a logical location to embed a fingerprint-based security
system. Other biometric security systems such as a retinal scanner can
also be placed underneath the transparent touchpad. The electronic
sensor for the biometric system can be located underneath the sensor
array (i.e. layer 60 in Figures 2 and 5D) and will be minimally affected by
the transparent sensor. Also, the transparent nature of the touchpad is
also a reasonable location for a video camera since the touchpad surface
protects the camera from the environment

e) Graphic underlays beneath the transparent capacitive sensor
{other than a display device). In some applications, the use of a display

device such as an LCD screen may not be necessary or cost-effective. In
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