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(57) Abstract: A touch sensor panel having co-planar single-layer touch sensors fabricated on a single side of a substrate is dis-

& closed. The drive and sense lines can be fabricated as column- like patterns in a first orientation and patches in a second orientation,

@ where each column-like pattern in the first orientation is connected to a separate metal trace in the border area of the touch sensor

O panel, and all patches in each of multiple rows in the second orientation are connected together using a separate metal trace in the
border area of the touch sensor panel. The metal traces in the border areas can be formed on the same side of the substrate as the
patches and columns, but separated from the patches and column-like patterns by a dielectric layer.
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SINGLE-LAYER TOUCH-SENSITIVE DISPLAY

Cross-Reference to Related Applications

[0001] This application claims priority to U.S. Provisional Application Serial
No. 60/977,621 filed on October 4, 2007 and U.S. Serial No. 12/038,760 filed on
February 27, 2008, both entitled “Single-Layer Touch-Sensitive Display,” the

contents of which are incorporated by reference herein.

Field of the Invention

[0002] This relates generally to input devices for computing systems, and
more particularly, to a mutual-capacitance multi-touch sensor panel capable of being

fabricated on a single side of a substrate.

Background of the Invention

[0003] Many types of input devices are presently available for performing
operations in a computing system, such as buttons or keys, mice, trackballs, touch
sensor panels, joysticks, touch screens and the like. Touch screens, in particular, are
becoming increasingly popular because of their ease and versatility of operation as
well as their declining price. Touch screens can include a touch sensor panel, which
can be a clear panel with a touch-sensitive surface. The touch sensor panel can be
positioned in front of a display screen so that the touch-sensitive surface covers the
viewable area of the display screen. Touch screens can allow a user to make
selections and move a cursor by simply touching the display screen via a finger or
stylus. In general, the touch screen can recognize the touch and position of the touch
on the display screen, and the computing system can interpret the touch and thereafter

perform an action based on the touch event.

[0004] Touch sensor panels can be implemented as an array of pixels formed
by multiple drive lines (e.g. rows) crossing over multiple sense lines (e.g. columns),
where the drive and sense lines are separated by a dielectric material. An example of
such a touch sensor panel is described in Applicant's co-pending U.S. Application No.

11/650,049 entitled "Double-Sided Touch Sensitive Panel and Flex Circuit Bonding,"
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filed on January 3, 2007, the contents of which are incorporated by reference herein.
However, touch sensor panels having drive and sense lines formed on the bottom and
top sides of a single substrate can be expensive to manufacture. One reason for this
additional expense is that thin-film processing steps must be performed on both sides
of the glass substrate, which requires protective measures for the processed side while
the other side is being processed. Another reason is the cost of the flex circuit

fabrication and bonding needed to connect to both sides of the substrate.

Summary of the Invention

[0005] This relates to a substantially transparent touch sensor panel having co-
planar single-layer touch sensors fabricated on a single side of a substrate for
detecting single or multi-touch events (the touching of one or multiple fingers or other
objects upon a touch-sensitive surface at distinct locations at about the same time).

To avoid having to fabricate substantially transparent drive and sense lines on
opposite sides of the same substrate, embodiments of the invention can form the drive
and sense lines on a co-planar single layer on the same side of the substrate. The
drive and sense lines can be fabricated as column-like patterns in a first orientation
and patches in a second orientation, where each column-like pattern in the first
orientation is connected to a separate metal trace in the border area of the touch sensor
panel, and all patches in each of multiple rows in the second orientation are connected
together using a separate metal trace (or other conductive material) in the border area
of the touch sensor panel. The metal traces in the border areas can be formed on the
same side of the substrate as the patches and columns, but separated from the patches
and column-like patterns by a dielectric layer. The metal traces can allow both the
patches and column-like patterns to be routed to the same short edge of the substrate
so that a small flex circuit can be bonded to a small area on only one side of the

substrate.

Brief Description of the Drawings

[0006] FIG. 1a illustrates a partial view of an exemplary substantially
transparent touch sensor panel having co-planar single-layer touch sensors fabricated

on a single side of a substrate according to one embodiment of this invention.
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[0007] FIG. 1b illustrates a partial view of an exemplary substantially
transparent touch sensor panel including metal traces running in the border areas of

the touch sensor panel according to one embodiment of this invention.

[0008] FIG. 1c illustrates an exemplary connection of columns and row
patches to the metal traces in the border area of the touch sensor panel according to

one embodiment of this invention.

[0009] FIG. 2a illustrates an exemplary cross-section of touch sensor panel
showing SITO traces and metal traces connected though a via in a dielectric material

according to one embodiment of this invention.

[0010] FIG. 2b is a close-up view of the exemplary cross-section shown in

FIG. 2a according to one embodiment of this invention.

[0011] FIG. 3 illustrates a top view of an exemplary column and adjacent row

patches according to one embodiment of this invention.

[0012] FIG. 4a is a plot of an x-coordinate of a finger touch versus mutual
capacitance seen at a pixel for a two adjacent pixels a-5 and b-5 in a single row

having wide spacings.

[0013] FIG. 4b is a plot of an x-coordinate of a finger touch versus mutual
capacitance seen at a pixel for a two adjacent pixels a-5 and b-5 in a single row
having wide spacings where spatial interpolation has been provided according to one

embodiment of this invention.

[0014] FIG. 4c illustrates a top view of an exemplary column and adjacent
row patch pattern useful for larger pixel spacings according to one embodiment of this

invention.

[0015] FIG. 5 illustrates an exemplary stackup of SITO on a touch sensor
panel substrate bonded to a cover glass according to one embodiment of this

invention.

[0016] FIG. 6 illustrates an exemplary computing system operable with a

touch sensor panel according to one embodiment of this invention.
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[0017] FIG. 7a illustrates an exemplary mobile telephone that can include a
touch sensor panel and computing system according to one embodiment of this

invention.

[0018] FIG. 7b illustrates an exemplary digital audio/video player that can
include a touch sensor panel and computing system according to one embodiment of

this invention.

Detailed Description of the Preferred Embodiment

[0019] In the following description of preferred embodiments, reference is
made to the accompanying drawings which form a part hereof, and in which it is
shown by way of illustration specific embodiments in which the invention can be
practiced. It is to be understood that other embodiments can be used and structural
changes can be made without departing from the scope of the embodiments of this

invention.

[0020] This relates to a substantially transparent touch sensor panel having co-
planar single-layer touch sensors fabricated on a single side of a substrate for
detecting single or multi-touch events (the touching of one or multiple fingers or other
objects upon a touch-sensitive surface at distinct locations at about the same time).

To avoid having to fabricate substantially transparent drive and sense lines on
opposite sides of the same substrate, embodiments of the invention can form the drive
and sense lines on a co-planar single layer on the same side of the substrate. The
drive and sense lines can be fabricated as column-like patterns in a first orientation
and patches in a second orientation, where each column-like pattern in the first
orientation is connected to a separate metal trace in the border area of the touch sensor
panel, and all patches in each of multiple rows in the second orientation are connected
together using a separate metal trace (or other conductive material) in the border area
of the touch sensor panel. The metal traces in the border areas can be formed on the
same side of the substrate as the patches and columns, but separated from the patches
and column-like patterns by a dielectric layer. The metal traces can allow both the
patches and column-like patterns to be routed to the same short edge of the substrate
so that a small flex circuit can be bonded to a small area on only one side of the

substrate.
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[0021] Although some embodiments of this invention may be described herein
in terms of mutual capacitance multi-touch sensor panels, it should be understood that
embodiments of this invention are not so limited, but are additionally applicable to
self-capacitance sensor panels and single-touch sensor panels. Furthermore, although
the touch sensors in the sensor panel may be described herein in terms of an
orthogonal array of touch sensors having rows and columns, embodiments of this
invention are not limited to orthogonal arrays, but can be generally applicable to touch
sensors arranged in any number of dimensions and orientations, including diagonal,

concentric circle, three-dimensional and random orientations.

[0022] FIG. 1a illustrates a partial view of exemplary substantially transparent
touch sensor panel 100 having co-planar single-layer touch sensors fabricated on a
single side of a substrate according to embodiments of the invention. In the example
of FIG. 1a, touch sensor panel 100 having eight columns (labeled a through h) and six
rows (labeled 1 through 6) is shown, although it should be understood that any
number of columns and rows can be employed. Columns a through h can generally
be columnar in shape, although in the example of FIG. 1a, one side of each column
includes staggered edges and notches designed to create separate sections in each
column. Each of rows 1 through 6 can be formed from a plurality of distinct patches
or pads, each patch including a trace of the same material as the patch and routed to
the border area of touch sensor panel 100 for enabling all patches in a particular row
to be connected together through metal traces (not shown in FIG. 1a) running in the
border areas. These metal traces can be routed to a small area on one side of touch
sensor panel 100 and connected to a flex circuit 102. As shown in the example of
FIG. 1a, the patches forming the rows can be arranged in a generally pyramid-shaped
configuration. In FIG. 1a, for example, the patches for rows 1-3 between columns a
and b are arranged in an inverted pyramid configuration, while the patches for rows 4-

6 between columns a and b are arranged in an upright pyramid configuration.

[0023] The columns and patches of FIG. 1a can be formed in a co-planar
single layer of conductive material. In touch screen embodiments, the conductive
material can be a substantially transparent material such as Single-layer Indium Tin
Oxide (SITO), although other materials can also be used. The SITO layer can be
formed either on the back of a coverglass or on the top of a separate substrate.

Although SITO may be referred to herein for purposes of simplifying the disclosure, it

5
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should be understood that other conductive materials can also be used according to

embodiments of the invention.

[0024] FIG. 1b illustrates a partial view of exemplary substantially transparent
touch sensor panel 100 including metal traces 104 and 106 running in the border areas
of the touch sensor panel according to embodiments of the invention. Note that the
border areas in FIG. 1b are enlarged for clarity. Each column a-h can include SITO
trace 108 that allows the column to be connected to a metal trace through a via (not
shown in FIG. 1b). One side of each column includes staggered edges 114 and
notches 116 designed to create separate sections in each column. Each row patch 1-6
can include SITO trace 110 that allows the patch to be connected to a metal trace
through a via (not shown in FIG. 1b). SITO traces 110 can allow each patch in a
particular row to be self-connected to each other. Because all metal traces 104 and

106 are formed on the same layer, they can all be routed to the same flex circuit 102.

[0025] If touch sensor panel 100 is operated as a mutual capacitance touch
sensor panel, either the columns a-h or the rows 1-6 can be driven with one or more
stimulation signals, and fringing electric field lines can form between adjacent column
areas and row patches. In FIG. 1b, it should be understood that although only electric
field lines 112 between column a and row patch 1 (a-1) are shown for purposes of
illustration, electric field lines can be formed between other adjacent column and row
patches (e.g. a-2, b-4, g-5, etc.) depending on what columns or rows are being
stimulated. Thus, it should be understood that each column-row patch pair (e.g. a-1,
a-2, b-4, g-5, etc.) can represent a two-electrode pixel or sensor at which charge can
be coupled onto the sense electrode from the drive electrode. When a finger touches
down over one of these pixels, some of the fringing electric field lines that extend
beyond the cover of the touch sensor panel are blocked by the finger, reducing the
amount of charge coupled onto the sense electrode. This reduction in the amount of
coupled charge can be detected as part of determining a resultant “image” of touch. It
should be noted that in mutual capacitance touch sensor panel designs as shown in
FIG. 1b, no separate reference ground is needed, so no second layer on the back side

of the substrate, or on a separate substrate, is needed.

[0026] Touch sensor panel 100 can also be operated as a self-capacitance

touch sensor panel. In such an embodiment, a reference ground plane can be formed
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on the back side of the substrate, on the same side as the patches and columns but
separated from the patches and columns by a dielectric, or on a separate substrate. In
a self-capacitance touch sensor panel, each pixel or sensor has a self-capacitance to
the reference ground that can be changed due to the presence of a finger. In self-
capacitance embodiments, the self-capacitance of columns a-h can be sensed

independently, and the self-capacitance of rows 1-6 can also be sensed independently.

[0027] FIG. 1c illustrates an exemplary connection of columns and row
patches to the metal traces in the border area of the touch sensor panel according to
embodiments of the invention. FIG. 1c represents “Detail A” as shown in FIG. 1b,
and shows column “a” and row patches 4-6 connected to metal traces 118 through
SITO traces 108 and 110. Because SITO traces 108 and 110 are separated from metal
traces 118 by a dielectric material, vias 120 formed in the dielectric material allow the

SITO traces to connect to the metal traces.

[0028] FIG. 2a illustrates an exemplary cross-section of touch sensor panel
200 showing SITO trace 208 and metal traces 218 connected though via 220 in
dielectric material 222 according to embodiments of the invention. FIG. 2a represents

view B-B as shown in FIG. lc.

[0029] FIG. 2b is a close-up view of the exemplary cross-section shown in
FIG. 2a according to embodiments of the invention. FIG. 2b shows one exemplary
embodiment wherein SITO trace 208 has a resistivity of about 155 ohms per square
max. In one embodiment, dielectric 222 can be about 1500 angstroms of inorganic
Si0;, which can be processed at a higher temperature and therefore allows the SITO
layer to be sputtered with higher quality. In another embodiment, dielectric 222 can
be about 3.0 microns of organic polymer. The 1500 angstroms of inorganic SiO; can
be used for touch sensor panels small enough such that the crossover capacitance

(between SITO trace 208 and metal traces 218) is not an issue.

[0030] For larger touch sensor panels (having a diagonal dimension of about
3.5” or greater), crossover capacitance can be an issue, creating an error signal that
can only partially be compensated. Thus, for larger touch sensor panels, a thicker
dielectric layer 222 with a lower dielectric constant such as about 3.0 microns of

organic polymer can be used to lower the crossover capacitance. However, use of a
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thicker dielectric layer can force the SITO layer to be sputtered at a lower

temperature, resulting in lower optical quality and higher resistivity.

[0031] Referring again to the example of FIG. 1c, column edges 114 and row
patches 4-6 can be staggered in the x-dimension because space must be made for
SITO traces 110 connecting row patches 4 and 5. (It should be understood that row
patch 4 in the example of FIG. 1c is really two patches stuck together.) To gain
optimal touch sensitivity, it can be desirable to balance the area of the electrodes in
pixels a-6, a-5 and a-4. However, if column “a” was kept linear, row patch 6 can be

slimmer than row patch 5 or 6, and an imbalance would be created between the

electrodes of pixel a-6.

[0032] FIG. 3 illustrates a top view of an exemplary column and adjacent row
patches according to embodiments of the invention. It can be generally desirable to
make the mutual capacitance characteristics of pixels a-4, a-5 and a-6 relatively
constant to produce a relatively uniform z-direction touch sensitivity that stays within
the range of touch sensing circuitry. Accordingly, the column areas a4, a5 and ag
should be about the same as row patch areas 4, 5 and 6. To accomplish this, column
section a4 and as, and row patch 4 and 5 can be shrunk in the y-direction as compared
to column section a6 and row patch 6 so that the area of column segment a, matches
the area of column segments as and ag. In other words, pixel a4-4 will be wider but

shorter than pixel ag-6, which will be narrower but taller.

[0033] It should be evident from the previously mentioned figures that raw
spatial sensitivity can be somewhat distorted. In other words, because the pixels or
sensors can be slightly skewed or misaligned in the x-direction, the x-coordinate of a
maximized touch event on pixel a-6 (e.g. a finger placed down directly over pixel a-6)
can be slightly different from the x-coordinate of a maximized touch event on pixel a-
4, for example. Accordingly, in embodiments of the invention this misalignment can

be de-warped in a software algorithm to re-map the pixels and remove the distortion.

[0034] Although a typical touch panel grid dimension can have pixels
arranged on 5.0 mm centers, a more spread-out grid having about 6.0 mm centers, for
example, can be desirable to reduce the overall number of electrical connections in the
touch sensor panel. However, spreading out the sensor pattern can cause erroneous

touch readings.
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[0035] FIG. 4a is a plot of an x-coordinate of a finger touch versus mutual
capacitance seen at a pixel for a two adjacent pixels a-5 and b-5 in a single row
having wide spacings. In FIG. 4a, plot 400 represents the mutual capacitance seen at
pixel a-5 as the finger touch moves continuously from left to right, and plot 402
represents the mutual capacitance seen at pixel b-5 as the finger touch moves
continuously from left to right. As expected, a drop in the mutual capacitance 404 is
seen at pixel a-5 when the finger touch passes directly over pixel a-5, and a similar
drop in the mutual capacitance 406 is seen at pixel b-5 when the finger touch passes
directly over pixel b-5. If line 408 represents a threshold for detecting a touch event,
FIG. 4a illustrates that even though the finger is never lifted from the surface of the
touch sensor panel, it can erroneously appear at 410 that the finger has momentarily
lifted off the surface. This location 410 can represent a point about halfway between

the two spread-out pixels.

[0036] FIG. 4b is a plot of an x-coordinate of a finger touch versus mutual
capacitance seen at a pixel for a two adjacent pixels a-5 and b-5 in a single row
having wide spacings where spatial interpolation has been provided according to
embodiments of the invention. As expected, a drop in the mutual capacitance 404 is
seen at pixel a-5 when the finger touch passes directly over pixel a-5, and a similar
drop in the mutual capacitance 406 is seen at pixel b-5 when the finger touch passes
directly over pixel b-5. Note, however, that the rise and fall in the mutual capacitance
value occurs more gradually than in FIG. 4a. If line 408 represents a threshold for
detecting a touch event, FIG. 4b illustrates that as the finger moves from left to right
over pixel a-5 and b-5, a touch event is always detected at either pixel a-5 or b-5. In
other words, this “blurring” of touch events is helpful to prevent the appearance of

false no-touch readings.

[0037] In one embodiment of the invention, the thickness of the coverglass for
the touch sensor panel can be increased to create part or all of the spatial blurring or

filtering shown in FIG. 4b.

[0038] FIG. 4c illustrates a top view of an exemplary column and adjacent
row patch pattern useful for larger pixel spacings according to embodiments of the
invention. FIG. 4c illustrates an exemplary embodiment in which sawtooth electrode

edges 412 are employed within a pixel elongated in the x-direction. The sawtooth
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electrode edges can allow fringing electric field lines 414 to be present over a larger
area in the x-direction so that a touch event can be detected by the same pixel over a
larger distance in the x-direction. It should be understood that the sawtooth
configuration of FIG. 4c is only exemplary, and that other configurations such
serpentine edges and the like can also be used. These configurations can further
soften the touch patterns and create additional spatial filtering and interpolation

between adjacent pixels as shown in FIG. 4b.

[0039] FIG. 5 illustrates an exemplary stackup of SITO on a touch sensor
panel substrate bonded to a cover glass according to embodiments of the invention.
The stackup can include touch sensor panel substrate 500, which can be formed from
glass, upon which anti-reflective (AR) film 510 can be formed on one side and metal
502 can be deposited and patterned on the other side to form the bus lines in the
border areas. Metal 502 can have a resistivity of 0.8 ohms per square maximum.
Insulating layer 504 can then be deposited over substrate 500 and metal 502.
Insulating layer can be, for example, SiO, with a thickness of 1500 angstroms, or 3
microns of organic polymer. Photolithography can be used to form vias 506 in
insulator 504, and conductive material 508 can then deposited and patterned on top of
the insulator and metal 502. The single layer of conductive material 508, which can
be formed from transparent conductive material such as ITO having a resistivity of
155 ohms per square maximum, can be more transparent than multi-layer designs, and
can be easier to manufacture. Flex circuit 512 can be bonded to conductive material
508 and metal 502 using adhesive 514 such as anisotropic conductive film (ACF).
The entire subassembly can then be bonded to cover glass 516 and blackmask 520

using adhesive 518 such as pressure sensitive adhesive (PSA).

[0040] In an alternative embodiment, the metal, insulator, conductive material

as described above can be formed directly on the back side of the cover glass.

[0041] FIG. 6 illustrates exemplary computing system 600 operable with the
touch sensor panel described above according to embodiments of this invention.
Touchscreen 642, which can include touch sensor panel 624 and display device 640
(e.g. an LCD module), can be connected to other components in computing system
600 through connectors integrally formed on the sensor panel, or using flex circuits.

Computing system 600 can include one or more panel processors 602 and peripherals

10
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604, and panel subsystem 606. The one or more processors 602 can include, for
example, ARM968 processors or other processors with similar functionality and
capabilities. However, in other embodiments, the panel processor functionality can be
implemented instead by dedicated logic such as a state machine. Peripherals 604 can
include, but are not limited to, random access memory (RAM) or other types of

memory or storage, watchdog timers and the like.

[0042] Panel subsystem 606 can include, but is not limited to, one or more
analog channels 608, channel scan logic 610 and driver logic 614. Channel scan logic
610 can access RAM 612, autonomously read data from the analog channels and
provide control for the analog channels. This control can include multiplexing or
otherwise connecting the sense lines of touch sensor panel 624 to analog channels
608. In addition, channel scan logic 610 can control the driver logic and stimulation
signals being selectively applied to the drive lines of touch sensor panel 624. In some
embodiments, panel subsystem 606, panel processor 602 and peripherals 604 can be

integrated into a single application specific integrated circuit (ASIC).

[0043] Driver logic 614 can provide multiple panel subsystem outputs 616 and
can present a proprietary interface that drives high voltage driver 618. High voltage
driver 618 can provide level shifting from a low voltage level (e.g. complementary
metal oxide semiconductor (CMOS) levels) to a higher voltage level, providing a
better signal-to-noise (S/N) ratio for noise reduction purposes. Panel subsystem
outputs 616 can be sent to decoder 620 and level shifter/driver 638, which can
selectively connect one or more high voltage driver outputs to one or more panel row
or drive line inputs 622 through a proprietary interface and enable the use of fewer
high voltage driver circuits in the high voltage driver 618. Each panel row input 622
can drive one or more drive lines in touch sensor panel 624, In some embodiments,
high voltage driver 618 and decoder 620 can be integrated into a single ASIC.
However, in other embodiments high voltage driver 618 and decoder 620 can be
integrated into driver logic 614, and in still other embodiments high voltage driver

618 and decoder 620 can be eliminated entirely.

[0044] Computing system 600 can also include host processor 628 for
receiving outputs from panel processor 602 and performing actions based on the

outputs that can include, but are not limited to, moving an object such as a cursor or

11
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pointer, scrolling or panning, adjusting control settings, opening a file or document,
viewing a menu, making a selection, executing instructions, operating a peripheral
device connected to the host device, answering a telephone call, placing a telephone
call, terminating a telephone call, changing the volume or audio settings, storing
information related to telephone communications such as addresses, frequently dialed
numbers, received calls, missed calls, logging onto a computer or a computer
network, permitting authorized individuals access to restricted areas of the computer
or computer network, loading a user profile associated with a user's preferred
arrangement of the computer desktop, permitting access to web content, launching a
particular program, encrypting or decoding a message, and/or the like. Host processor
628 can also perform additional functions that may not be related to panel processing,
and can be coupled to program storage 632 and display device 640 such as an LCD

for providing a user interface (UI) to a user of the device.

[0045] The touch sensor panel described above can be advantageously used in
the system of FIG. 6 to provide a space-efficient touch sensor panel and UI that is
lower cost, more manufacturable, and fits into existing mechanical control outlines

(the same physical envelope).

[0046] FIG. 7a illustrates exemplary mobile telephone 736 that can include
touch sensor panel 724 and display device 730 stackups (optionally bonded together
using PSA 734) and computing system described above according to embodiments of
the invention. FIG. 7b illustrates exemplary digital audio/video player 740 that can
include touch sensor panel 724 and display device 730 stackups (optionally bonded
together using PSA 734) and computing system described above according to
embodiments of the invention. The mobile telephone and digital audio/video player
of FIGs. 7a and 7b can advantageously benefit from the touch sensor panel described
above because the touch sensor panel can enable these devices to be smaller and less
expensive, which are important consumer factors that can have a significant effect on

consumer desirability and commercial success.

[0047] Although embodiments of this invention have been fully described
with reference to the accompanying drawings, it is to be noted that various changes

and modifications will become apparent to those skilled in the art. Such changes and

12
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WHAT IS CLAIMED IS:

1. A touch sensor panel, comprising:

a plurality of columns of a conductive material formed on a single
layer and supported on one side of a substrate; and

a plurality of patches of the conductive material supported on the same
side of the substrate as the plurality of columns, the plurality of patches formed on the
same layer as the plurality of columns adjacent to the plurality of columns and
arranged in a plurality of rows, each patch in a particular row connected together;

wherein each of the plurality of patches and each of the plurality of

columns form a portion of a capacitive sensor.

2. The touch sensor panel of claim 1, wherein each patch together with a

section of a column adjacent to that patch form a mutual capacitance sensor.

3. The touch sensor panel of claim 1, further comprising:
a ground plane supported on the substrate;
wherein each plurality of patches arranged in a row together with the
ground plane form a self-capacitance sensor, and each of the plurality of columns

together with the ground plane forms a self-capacitance sensor.

4, The touch sensor panel of claim 1, wherein the columns are formed

with notches and staggered edges to form the sections of the columns.

5. The touch sensor panel of claim 1, further comprising a plurality of
conductive traces in a border area of the substrate configured for providing a
connection to each patch in a particular row and for providing a connection to each

column.

6. The touch sensor panel of claim 5, wherein the plurality of conductive
traces are formed on the substrate, and the plurality of columns and patches are

formed over the plurality of conductive traces but separated by a dielectric material.
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7. The touch sensor panel of claim 6, further comprising vias formed in
the dielectric material for providing the connections between the columns and

conductive traces and the patches and the conductive traces.

8. The touch sensor panel of claim 1, wherein the conductive material is
Indium Tin Oxide (ITO).
9, The touch sensor panel of claim 5, wherein the conductive traces are

formed from metal.

10. The touch sensor panel of claim 1, wherein the substrate is a cover

material for a touch sensitive device.

11. The touch sensor panel of claim 1, further comprising a cover material

for a touch sensitive device connected to the substrate.

12. The touch sensor panel of claim 5, wherein the plurality of conductive

traces are routed to a single side of the substrate for connecting to a flex circuit.

13. The touch sensor panel of claim 1, wherein each patch and adjacent

column section have about the same surface area.

14. The touch sensor panel of claim 1, each sensor elongated in an x-

direction to create spatial blurring.

15. The touch sensor panel of claim 1, the touch sensor panel integrated

into a computing system.

16. The touch sensor panel of claim 1, the computing system integrated

into a mobile telephone.

17. The touch sensor panel of claim 1, the computing system integrated

into a digital media player.

18. A method for forming a touch sensor panel, comprising:
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forming a plurality of columns of a conductive material on a single
layer on one side of a substrate;

forming a plurality of patches of the conductive material on the same
side of the substrate as the plurality of columns and on the same layer as the plurality
of columns adjacent to the plurality of columns and arranged in a plurality of rows;

connecting each patch in a particular row together; and

forming a portion of a capacitive sensor from each of the plurality of

patches and each of the plurality of columns.

19. The method of claim 18, further comprising forming a mutual
capacitance sensor from each patch together with a section of a column adjacent to

that patch.

20. The method of claim 18, further comprising:
forming a ground plane on the substrate; and
forming a self-capacitance sensor from each plurality of patches
arranged in a row together with the ground plane, and from each of the plurality of

columns together with the ground plane.

21. The method of claim 18, further comprising forming the columns with

notches and staggered edges to form the sections of the columns.

22. The method of claim 18, further comprising forming a plurality of
conductive traces in a border area of the substrate for providing a connection to each

patch in a particular row and for providing a connection to each column.

23. The method of claim 22, further comprising forming the plurality of
conductive traces on the substrate, and forming the plurality of columns and patches

over the plurality of conductive traces but separated by a dielectric material.

24, The method of claim 23, further comprising forming vias in the
dielectric material for providing the connections between the columns and conductive

traces and the patches and the conductive traces.
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25. The method of claim 18, wherein the conductive material is Indium
Tin Oxide (ITO).
26. The method of claim 22, further comprising forming the conductive

traces from metal.

27. The method of claim 18, wherein the substrate is a cover material for a

touch sensitive device.

28. The method of claim 18, further comprising attaching a cover material

for a touch sensitive device to the substrate.

29. The method of claim 22, further comprising routing the plurality of

conductive traces to a single side of the substrate for connecting to a flex circuit.

30. The method of claim 18, further comprising forming each patch and

adjacent column section to have about the same surface area.

31. The method of claim 18, further comprising elongating each sensor in

an x-direction to create spatial blurring.
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32. A mobile telephone including a touch sensor panel, the touch sensor

panel comprising:

a plurality of columns of a conductive material formed on a single
layer and supported on one side of a substrate; and

a plurality of patches of the conductive material supported on the same
side of the substrate as the plurality of columns, the plurality of patches formed on the
same layer as the plurality of columns adjacent to the plurality of columns and
arranged in a plurality of rows, each patch in a particular row connected together;

wherein each of the plurality of patches and each of the plurality of

columns form a portion of a capacitive sensor.

33. A digital media player including a touch sensor panel, the touch sensor

panel comprising:

a plurality of columns of a conductive material formed on a single
layer and supported on one side of a substrate; and

a plurality of patches of the conductive material supported on the same
side of the substrate as the plurality of columns, the plurality of patches formed on the
same layer as the plurality of columns adjacent to the plurality of columns and
arranged in a plurality of rows, each patch in a particular row connected together;

wherein each of the plurality of patches and each of the plurality of

columns form a portion of a capacitive sensor.
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