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(57) Abstract: Displays with touch sensing circuitry integrated into the display pixel stackup are provided Circuit elements, such
as touch signal lines, drive lines, sense lines, grounding regions, in the display pixel stackups can be grouped together to form
touch sensing circuitly that senses touch on or near the display An integrated touch screen can include multi-function circuit ele-
ments that can operate as circuitry of the display system to generate an image on the display, and can also form part of a touch
sensing system that senses touch on or near the display The multi-function circuit elements can be capacitors in display pixels that
can be configured to operate as storage capacitors/electrodes, common electrodes, conductive wires/pathways, etc of the display
circuitry in the display system, and that may also be configured to operate as circuit elements of the touch sensing circuitry
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INTEGRATED TOUCH SCREEN

Cross Reference to Related Applications

[0001] This application claims benefit of U.S. Provisional Application No.
61/149,340 filed February 2, 2009, and U.S. Provisional Application No.
61/156,463, filed February 27, 2009, the contents of which are incorporated by

reference herein in their entirety for all purposes.

Field of the Disclosure

[0002] This relates generally to displays including display pixel stackups,
and more particularly to touch sensing circuitry integrated into the display pixel

stackup of a display.

Background of the Disclosure

[0003] Many types of input devices are presently available for performing
operations in a computing system, such as buttons or keys, mice, trackballs,
joysticks, touch sensor panels, 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, and a display
device such as a liquid crystal display (LCD) that can be positioned partially or fully
behind the panel so that the touch-sensitive surface can cover at least a portion of the
viewable area of the display device. Touch screens can allow a user to perform
various functions by touching the touch sensor panel using a finger, stylus or other
object at a location often dictated by a user interface (Ul) being displayed by the
display device. In general, touch screens can recognize a touch and the position of
the touch on the touch sensor panel, and the computing system can then interpret the
touch in accordance with the display appearing at the time of the touch, and
thereafter can perform one or more actions based on the touch. In the case of some

touch sensing systems, a physical touch on the display is not needed to detect a
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touch. For example, in some capacitive-type touch sensing systems, fringing fields used
to detect touch can extend beyond the surface of the display, and objects approaching

near the surface may be detected near the surface without actually touching the surface.

[0004] Capacitive touch sensor panels can be formed from a matrix of drive and
sense lines of a substantially transparent conductive material, such as Indium Tin Oxide
(ITO), often arranged in rows and columns in horizontal and vertical directions on a
substantially transparent substrate. It is due in part to their substantial transparency that
capacitive touch sensor panels can be overlaid on a display to form a touch screen, as
described above. However, overlaying a display with a touch sensor panel can have
drawbacks, such as added weight and thickness, additional power required to drive the

touch sensor panel, and decreased brightness of the display.
Summary

[0005] This disclosure relates to touch sensing circuitry integrated into the
display pixel stackup (i.e., the stacked material layers forming the display pixels) of a
display, such as an LCD display. Circuit elements in the display pixel stackups can be
grouped together to form touch sensing circuitry that senses a touch on or near the
display. Touch sensing circuitry can include, for example, touch signal lines, such as
drive lines and sense lines, grounding regions, and other circuitry. An integrated touch
screen can include multi-function circuit elements that can form part of the display
circuitry designed to operate as circuitry of the display system to generate an image on
the display, and can also form part of the touch sensing circuitiy of a touch sensing
system that senses one or more touches on or near the display. The multi- function
circuit elements can be, for example, capacitors in display pixels of an LCD that can be
configured to operate as storage capacitors/electrodes, common electrodes, conductive
wires/pathways, etc., of the display circuitiy in the display system, and that may also be
configured to operate as circuit elements of the touch sensing circuitry. In this way, for
example, in some embodiments a display with integrated touch sensing capability may
be manufactured using fewer parts and/or processing steps, and the display itself may be

thinner, brighter, and require less power.
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[0005A] In a first aspect of the present invention, there is provided a stackup of a
plurality of display pixels, the stackup comprising: a first layer of conductive material
including gate lines; a second layer of conductive material including data lines; a first,
second and third region each having circuit elements of the display pixels, the third
region disposed between the first and second regions, wherein circuit elements of the
display pixels in the first region are electrically connected together in a first direction
by a first plurality of first line portions, and the circuit elements of the display pixels in
the first region are electrically connected together in a second direction by a first
plurality of second line portions, wherein at least one conductive pathway connects
circuit elements of the first region to circuit elements of the second region wherein the
at least one conductive pathway electrically bypasses circuit elements of the third

region.

[0005B] In a second aspect of the present invention, there is provided a touch
screen comprising: display circuitry including first circuit elements of display pixels and
connections to a display driver; and touch sensing circuitry including: first regions, each
having first conductive lines connecting together some of the first circuit elements of
the display pixels, and second regions, each having second conductive lines that include
second, different circuit elements of the display pixels; at least one first region disposed
between adjacent pairs of second regions; at least one conductive pathway electrically
connecting together each adjacent pair of second regions while bypassing the at least
one first region; and wherein one of the first and second conductive lines are drive lines
of the touch sensing circuitry, and the other of the first and second conductive lines are

sense lines of the touch sensing circuitry.

[0005C) In a third aspect of the present invention, there is provided a computer
system comprising: a processor; a memory; a display system including: display circuitry
that includes a plurality of circuit elements of display pixels, and a display controller;
and a touch sensing system including: touch sensing circuitry that includes the plurality
of circuit elements grouped into a plurality of first regions and a plurality of second
regions, wherein electrically conductive pathways through the second regions connect a

plurality of first regions while bypassing the second regions, the circuit elements of

2A
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each of the first regions being electrically connected together along a first direction and

along a second direction, transverse to the first direction, and a touch controller.

[0005D] In a fourth aspect of the present invention, there is provided a touch
screen having an integrated display, the touch screen comprising: a plurality of display
pixels, each having a corresponding circuit element; a plurality of drive lines, each
including at least a first plurality of circuit elements of the display pixels; a plurality of
sense lines disposed transverse to the drive lines and including at least a second
plurality of circuit elements of the display pixels; and a plurality of touch pixels formed
by adjacent ones of the plurality of drive lines and the plurality of sense lines; the
plurality of display pixels including a first pixel type which includes a first conductive
layer connected to the corresponding circuit element of the first pixel type and
electrically connected to at least an adjacent first pixel type along a first, second, third

and fourth directions.

[000SE) In a fifth aspect of the present invention, there is provided a touch screen
having a plurality of touch pixels responsive to a touch or near touch of the touch screen
wherein each touch pixel comprises: a first group of display pixels forming a part of a
drive line; a second group of display pixels, adjacent the first group of display pixels
along a first direction and forming at least a part of a sense line; a third group of display
pixels adjacent the second group of display pixels along the first direction and forming
another part of the drive line, the display pixels of the first, second and third groups
comprising common electrodes; drive line conductors electrically connecting together
the common electrodes of the display pixels of the first group of display pixels along, or
substantially parallel to, the first direction and along, or substantially parallel to, a
second, different direction, and electrically connecting together the common electrodes
of the display pixels of the third group of display pixels along, or substantially parallel
to, the first direction and along, or substantially parallel to, the second direction; and at
least one conductive pathway electrically connecting together the common electrodes of
the display pixels of the first and third groups of display pixels while bypassing the third
group of display pixels; wherein the first, second and third groups are disposed along

the first direction and wherein each of the first, second and third groups comprises

2B
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display pixels arranged along, or substantially parallel to, both the first direction and

along, or substantially parallel to, the second direction.
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[0005F] In a sixth aspect of the present invention, there is provided a method of
manufacturing an integrated touch screen stackup having a plurality of display pixels,
5 and circuit elements including common electrodes of the display pixels, the method
comprising: forming a segmented touch signal line including: forming a first line
segment in a first region of the touch screen, the first region including plural display

pixels and the first line segment connecting circuit elements of the display pixels in the

2010207973

first region in a first direction and in a second, different direction; forming a second line
10 segment in a second region of the touch screen that is separated from the first region by
a third region of the touch screen, the second and third region including plural display
pixels and the second line segment connecting circuit elements of the display pixels in
the second region in the first direction and in the second direction; and forming a
conductive pathway running through the third region, the conductive pathway
15 electrically bypassing circuit elements of display pixels the third region and electrically

connecting the first line segment and the second line segment.
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Brief Description of the Drawings

[0006] FIGS. 1A-1C illustrate an example mobile telephone, an example
digital media player, and an example personal computer that each include an

example integrated touch screen according to embodiments of the disclosure.

[0007] FIGS. 1D-G illustrate an example integrated touch screen system

including a touch screen according to embodiments of the disclosure.

[0008] FIG. 2 is a block diagram of an example computing system that
illustrates one implementation of an example integrated touch screen according to

embodiments of the disclosure.

[0009] FIG. 3 is a more detailed view of the touch screen of FIG. 2 showing
an example configuration of drive lines and sense lines according to embodiments of

the disclosure.

[(0010] " FIG. 4 illustrates an example configuration in which touch sensing
circuitry includes common electrodes (Vcom) according to embodiments of the

disclosure.

[0011] FIG. S illustrates an example configuration of conductive lines

according to embodiments of the disclosure.

[0012] FIGS. 6-8 illustrate plan and side views showing more detail of

example display pixels according to embodiments of the disclosure.

[0013] FIG. 9 is a partial circuit diagram of an example touch screen

including a plurality of sub-pixels according to embodiments of the disclosure.

[0014] FIGS. 10-12B illustrate an example touch sensing operation

according to embodiments of the disclosure.

[0015] FIGS. 13A-B show another example configuration of multi-function
display pixels grouped into regions that function as touch sensing circuitry during a

touch phase of a touch screen according to embodiments of the disclosure.

[0016] FIGS. 14A-16C illustrate another example configuration of multi-
function circuit elements of display pixels according to embodiments of the

disclosure.

121059243 3
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[0017] FIGS. 17-20 illustrate example display pixels in different stages of

manufacture according to embodiments of the disclosure.

[0018] FIG. 21A illustrates an example layout of display pixels for one

example touch pixel according to embodiments of the disclosure.

[0019] FIG. 21B is a magnified view of a portion of FIG. 21A illustrating an

example drive tunnel according to embodiments of the disclosure.

[0020] FIGS. 22-1 and 22-2 illustrate an example touch pixel layout that can

include example touch pixels such as those shown in FIG. 21A.

[0021] FIG. 23 is a side view of an example touch screen including a high

resistance (R) shield according to embodiments of the disclosure.

[0022] FIG. 24 is a partial top view of another example integrated touch

screen in accordance with embodiments of the disclosure.

Detailed Description

[0023] In the following description of example 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 embodiments of the
disclosure 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 disclosure.

[0024] The following description includes examples in which touch sensing
circuitry can be integrated into the display pixel stackup (i.e., the stacked material
layers forming the display pixels) of a display, such as an LCD display. While
embodiments herein are described in reference to LCD displays, it is understood that
alternative displays may be utilized instead of the LCD display, such as generally
any electrically imageable layer containing an electrically imageable material. The
electrically imageable material can be light emitting or light modulating. Light
emitting materials can be inorganic or organic in nature. Suitable materials can
include organic light emitting diodes (OLED) or polymeric light emitting diodes
(PLED). The light modulating material can be reflective or transmissive. Light

modulating materials can include, without limitation, electrochemical materials,

1a-1059243 4
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electrophoretic materials such as Gyricon particles, electrochromic materials, or
liquid crystal materials. Liquid crystal materials can be, without limitation, twisted
nematic (TN), super-twisted nematic (STN), ferroelectric, magnetic, or chiral
nematic liquid crystals. Other suitable materials can include thermochromic
materials, charged particles, and magnetic particles. Touch sensing circuitry can
include, for example, touch signal lines, such as drive lines and sense lines,
grounding regions, and other circuitry. Display pixel stackups are typically
manufactured by processes including depositing, masking, etching, doping, etc., of
materials such as conductive materials (e.g., metal, substantially transparent
conductors), semiconductive materials (e.g., polycrystalline silicon (Poly-Si)), and
dielectric materials (e.g., S102, organic materials, SiNx). Various structures formed
within a display pixel stackup can be designed to operate as circuitry of the display
system to generate an image on the display. In other words, some of the stackup
structures can be circuit elements of the display circuitry. Some embodiments of an
integrated touch screen can include multi-function circuit elements that can form
part of the display circuitry of the display system, and can also form part of the
touch sensing circuitry of a touch sensing system that senses one or more touches on
or near the display. The multi-function circuit elements can be, for example,
capacitors in display pixels of an LCD that can be configured to operate as storage
capacitors/electrodes, common electrodes, conductive wires/pathways, etc., of the
display circuitry in the display system, and that may also be configured to operate as
circuit elements of the touch sensing circuitry. In this way, for example, in some
embodiments a display with integrated touch sensing capability may be
manufactured using fewer parts and/or processing steps, and the display itself may

be thinner, brighter, and require less power.

[0025] Example embodiments may be described herein with reference to a
Cartesian coordinate system in which the x-direction and the y-direction can be
equated to the horizontal direction and the vertical direction, respectively. However,
one skilled in the art will understand that reference to a particular coordinate system
is simply for the purpose of clarity, and does not limit the direction of the structures
to a particular direction or a particular coordinate system. Furthermore, although
specific materials and types of materials may be included in the descriptions of

example embodiments, one skilled in the art will understand that other materials that

1a-1059243 5
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achieve the same function can be used. For example, it should be understood that a
“metal layer” as described in the examples below can be a layer of any electrically

conductive material.

[0026] In some example embodiments, an LCD display with integrated
touch sensing functionality may include a matrix of voltage data lines to address
multi-function circuit elements of the display pixels to display an image during a
display phase, and to address the multi-function circuit elements of the display to
sense touch during a touch sensing phase. Thus, in some embodiments, the multi-
function circuit elements may operate as part of the display system during the
display phase, and may operate as part of the touch sensing system during the touch
sensing phase. For example, in some embodiments, some of the voltage lines may
be driven with a first drive signal to drive the drive regions of the touch screen
during the touch sensing phase. In addition, one or more of the voltage lines may be
driven with a second drive signal that is 180 degrees out of sync with respect to the
first drive signal used to drive the drive regions of the touch screen. These out of

sync voltage lines may be used to reduce the static capacitance of the touch screens.

[0027] Some of the potential advantages of various embodiments of the
disclosure, such as thinness, brightness, and power efficiency, may be particularly
useful for portable devices, though use of embodiments of the disclosure is not
limited to portable devices. FIGS. 1A-1C show example systems in which an
integrated touch screen according to embodiments of the disclosure may be
implemented. FIG. 1A illustrates an example mobile telephone 136 that includes an
integrated touch screen 124. FIG. 1B illustrates an example digital media player 140
that includes an integrated touch screen 126. FIG. 1C illustrates an example

personal computer 144 that includes an integrated touch screen 128.

[0028] FIGS. 1D-G illustrate an example integrated touch screen system
150, including an example integrated touch screen 153, according to embodiments
of the disclosure. Referring to FIG. 1D, touch screen 153 includes display pixels
155 that include multi-function circuit elements. FIG. 1D shows a magnified view
of one display pixel 155, which includes multi-function circuit elements 157, 159,
and 161 that can operate as part of a display system controlled by a display system

controller 170 and can operate as part of the touch sensing circuitry of a touch

1a-1059243 6
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sensing system controlled by a touch sensing system controller 180. Display pixel
155 also includes a multi-function circuit element 163 that can operate as part the
display circuitry of the display system, the touch sensing system, and a power
system controlled by a power system controller 190. Display pixel 155 also includes
a single-function, display circuit element 165 that in some embodiments can operate
as part of the display circuitry only, and a single-function, touch sensing circuit
element 167 that in some embodiments can operate as part of the touch sensing

circuitry only.

[0029] FIGS. 1E-G illustrate an example operation of touch screen system
150, including different phases of operation. FIG. 1E shows an example operation
during a display phase, in which circuit elements of display pixel 155 can operate to
display an image on touch screen 153. Operation during the display phase can
include, for example, actively configuring display pixel 155 into a display
configuration by, for example, electrically separating or disconnecting touch sensing
circuit element 167 from circuit elements of the display circuitry with switches
169a-e. Actively configuring circuit elements of a display pixel to operate as part of
the circuitry of a particular system of an integrated touch screen can include, for
example, switching connections between lines of different systems, turning circuit
elements on/off, changing voltage levels in voltage lines, changing signals, such as
control signals, etc. Active configuration can occur during the operation' of the
touch screen and can be based at least in part on the static configuration, i.e., the
structural configuration, of the touch screen. Structural configuration can include,
for example, the size, shape, placement, material composition, etc., of structures in
the stackups of the display pixels, such as the number and placement of conductive
pathways in the display pixel stackups, permanent connections such as conductor-
filled vias connecting contact points of two conductive layers, permanent breaks
such as an portion of a conductive pathway in which the conductive material has

been removed in the design, etc.

[0030] Display system controller 170 can transmit control signals 171, 173,
and 175 through multi-function circuit elements 159 and 163, and display system
circuit element 165, respectively, to cause multi-function circuit elements 157 and

161 of display pixels 150 to display an image on touch screen 153. In some

1-1059243 7T
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embodiments, control signals 171, 173, and 175 can be, for example, a gate signal, a

Vcom signal, and a data signal.

[0031] FIG. 1F shows an example operation during a touch sensing phase, in
which circuit elements of display pixel 155 can operate to sense touch, including
actively configuring the display pixel for touch sensing by, for example, electrically
connecting touch sensing circuit element 167 with switches 169b and 169¢c, and
electrically disconnecting display system circuit element 165 with switches 169a and
169d. Touch sensing system controller 180 can transmit a control signal 181 and
can receive information signals 183 and 185. In some embodiments, control signal
181 can be, for example, a drive signal for capacitive sensing, a drive signal for
optical sensing, etc. In some embodiments, information signal 183 can be, for
example, a sense signal for capacitive, optical, etc. sensing, and information signal

185 can be, for example, a feedback signal of the touch sensing system.

[0032] FIG. 1G shows an example operation during a power system phase,
in which multi-function circuit element 163 of display pixel 155 can be electrically
disconnected from both the display system and the touch sensing system with

switches 1696, 169d, and 169e. Power system controller 190 can transmit a signal
192 through multi-function circuit element 163. Signal 192 can be, for example, a

signal indicating a recharge state of the power system, a power supply voltage, etc.

[0033] In some embodiments of the disclosure, the touch sensing system can
be based on capacitance. By detecting changes in capacitance at each of the touch
pixels and noting the position of the touch pixels, the touch sensing system can
recognize multiple objects, and determine the location, pressure, direction, speed

and/or acceleration of the objects as they are moved across the touch screen.

[0034] By way of example, some embodiments of an integrated touch
sensing system may be based on self capacitance and some embodiments may be
based on mutual capacitance. In a self capacitance based touch system, each of the
touch pixels can be formed by an individual electrode that forms a self-capacitance
to ground. As an object approaches the touch pixel, an additional capacitance to
ground can be formed between the object and the touch pixel. The additional
capacitance to ground can result in a net increase in the self-capacitance seen by the

touch pixel. This increase in self-capacitance can be detected and measured by the

141059243 8
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touch sensing system to determine the positions of multiple objects when they touch
the touch screen. In a mutual capacitance based touch system, the touch sensing
system can include, for example, drive regions and sense regions, such as drive lines
and sense lines. In one example case, drive lines can be formed in rows while sense
5 lines can be formed in columns (e.g., orthogonal). The touch pixels can be provided

at the intersections of the rows and columns. During operation, the rows can be
stimulated with an AC waveform and a mutual capacitance can be formed between
the row and the column of the touch pixel. As an object approaches the touch pixel,
some of the charge being coupled between the row and column of the touch pixel

10 can instead be coupled onto the object. This reduction in charge coupling across the
touch pixel can result in a net decrease in the mutual capacitance between the row
and the column and a reduction in the AC waveform being coupled across the touch
pixel. This reduction in the charge-coupled AC waveform can be detected and
measured by the touch sensing system to determine the positions of multiple objects

15  when they touch the touch screen. In some embodiments, an integrated touch screen
can be multi-touch, single touch, projection scan, full-imaging multi-touch, or any

capacitive touch.

[0035] FIG. 2 is a block diagram of an example computing system 200 that
illustrates one implementation of an example integrated touch screen 220 according

20. to embodiments of the disclosure. Computing system 200 could be included in, for
example, mobile telephone 136, digital media player 140, personal computer 144, or
any mobile or non-mobile computing device that includes a touch screen.
Computing system 200 can include a touch sensing system including one or more
touch processors 202, peripherals 204, a touch controller 206, and touch sensing

25  circuitry (described in more detail below). Peripherals 204 can include, but are not
limited to, random access memory (RAM) or other types of memory or storage,
watchdog timers and the like. Touch controller 206 can include, but is not limited
to, one or more sense channels 208, channel scan logic 210 and driver logic 214.
Channel scan logic 210 can access RAM 212, autonomously read data from the

30  sense channels and provide control for the sense channels. In addition, channel scan
logic 210 can control driver logic 214 to generate stimulation signals 216 at various
frequencies and phases that can be selectively applied to drive regions of the touch

sensing circuitry of touch screen 220, as described in more detail below. In some

1a-1059243 9
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embodiments, touch controller 206, touch processor 202 and peripherals 204 can be

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

[0036] Computing system 200 can also include a host processor 228 for
receiving outputs from touch processor 202 and performing actions based on the
outputs. For example, host processor 228 can be connected to program storage 232
and a display controller, such as an LCD driver 234. Host processor 228 can use
LCD driver 234 to generate an image on touch screen 220, such as an image of a
user interface (UI), and can use touch processor 202 and touch controller 206 to
detect a touch on or near touch screen 220, such a touch input to the displayed UI.
The touch input can be used by computer programs stored in program storage 232 to
perform actions that can include, but are not limited to, moving an object such as a
cursor or 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 228 can also perform additional functions that may not be related to

touch processing.

[0037] Touch screen 220 can include touch sensing circuitry that can include
a capacitive sensing medium having a plurality of drive lines 222 and a plurality of
sense lines 223. It should be noted that the term “lines” is a sometimes used herein
to mean simply conductive pathways, as one skilled in the art will readily
understand, and is not limited to structures that are strictly linear, but includes
pathways that change direction, and includes pathways of different size, shape,
materials, etc. Drive lines 222 can be driven by stimulation signals 216 from driver
logic 214 through a drive interface 224, and resulting sense signals 217 generated in

sense lines 223 can be transmitted through a sense interface 225 to sense channels
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208 (also referred to as an event detection and demodulation circuit) in touch
controller 206. In this way, drive lines and sense lines can be part of the touch
sensing circuitry that can interact to form capacitive sensing nodes, which can be
thought of as touch picture elements (touch pixels), such as touch pixels 226 and

5  227. This way of understanding can be particularly useful when touch screen 220 is
viewed as capturing an "image" of touch. In other words, after touch controller 206
has determined whether a touch has been detected at each touch pixel in the touch
screen, the pattern of touch pixels in the touch screen at which a touch occurred can
be thought of as an "image" of touch (e.g. a pattern of fingers touching the touch

10  screen).

[0038] FIG. 3 is a more detailed view of touch screen 220 showing an
example configuration of drive lines 222 and sense lines 223 according to
embodiments.of the disclosure. As shown in FIG. 3, each drive line 222 can be
formed of one or more drive line segments 301 that can be electrically connected by
15  drive line links 303 at connections 305. Drive line links 303 are not electrically
connected to sense lines 223, rather, the drive line links can bypass the sense lines
through bypasses 307. Drive lines 222 and sense lines 223 can interact capacitively
to form touch pixels such as touch pixels 226 and 227. Drive lines 222 (i.e., drive
line segments 301 and corresponding drive line links 303) and sense lines 223 can
20  be formed of electrical circuit elements in touch screen 220. In the example
configuration of FIG. 3, each of touch pixels 226 and 227 can includes portion of
one drive line segment 301, a portion of a sense line 223, and a portion of another
drive line segment 301. For example, touch pixel 226 can include a right-half
portion 309 of a drive line segment on one side of a portion 311 of a sense line, and
25  aleft-half portion 313 of a drive line segment on the opposite side of portion 311 of

the sense line.

[0039] The circuit elements can include, for example, structures that can
exist in conventional LCD displays, as described above. It is noted that circuit
elements are not limited to whole circuit components, such a whole capacitor, a

30  whole transistor, etc., but can include portions of circuitry, such as only one of the
two plates of a parallel plate capacitor. FIG. 4 illustrates an example configuration

in which common electrodes (Vcom) can form portions of the touch sensing
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circuitry of a touch sensing system according to embodiments of the disclosure.
Common electrodes are circuit elements of the display system circuitry in the
stackup (i.e., the stacked material layers forming the display pixels) of the display
pixels of some types of conventional LCD displays, e.g., fringe field switching
(FFS) displays, that can operate as part of the display system to display an image. In
the example shown in FIG. 4, a common electrode (Vcom) 401 (e.g., element 161 of
FIG. 1D) can serve as a multi-function circuit element that can operate as display
circuitry of the display system of touch screen 220 and can also operate as touch
sensing circuitry of the touch sensing system. In this example, common electrode
401 can operate as a common electrode of the display circuitry of the touch screen,
and can also operate together when grouped with other common electrodes as touch
sensing circuitry of the touch screen. For example, a group of common electrodes
401 can operate together as a capacitive part of a drive line or a sense line of the
touch sensing circuitry during the touch sensing phase. Other circuit elements of
touch screen 220 can form part of the touch sensing circuitry by, for example,
electrically connecting together common electrodes 401 of a region, switching
electrical connections, etc. In general, each of the touch sensing circuit elements
may be either a multi-function circuit element that can form part of the touch
sensing circuitry and cén perform one or more other functions, such as forming part
of the display circuitry, or may be a single-function circuit element that can operate
as touch sensing circuitry only. Similarly, each of the display circuit elements may
be either a multi-function circuit element that can operate as display circuitry and
perform one or more other functions, such as operating as touch sensing circuitry, or
may be a single-function circuit element that can operate as display circuitry only.
Therefore, in some embodiments, some of the circuit elements in the display pixel
stackups can be multi-function circuit elements and other circuit elements may be
single-function circuit elements. In other embodiments, all of the circuit elements of

the display pixel stackups may be single-function circuit elements.

[0040] In addition, although example embodiments herein may describe the
display circuitry as operating during a display phase, and describe the touch sensing
circuitry as operating during a touch sensing phase, it should be understood that a
display phase and a touch sensing phase may be operated at the same time, e.g.,

partially or completely overlap, or the display phase and touch phase may operate at
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different times. Also, although example embodiments herein describe certain circuit
elements as being multi-function and other circuit elements as being single-function,
it should be understood that the circuit elements are not limited to the particular
functionality in other embodiments. In other words, a circuit element that is
described in one example embodiment herein as a single-function circuit element
may be configured as a multi-function circuit element in other embodiments, and

vice versa.

[0041] For example, FIG. 4 shows common electrodes 401 grouped together
to form drive region segments 403 and sense regions 405 that generally correspond
to drive line segments 301 and sense lines 223, respectively. Grouping multi-
function circuit elements of display pixels into a region can mean operating the
multi-function circuit elements of the display pixels together to perform a common
function of the region. Grouping into funciional regions may be accomplished
through one or a combination of approaches, for example, the structural
configuration of the system (e.g., physical breaks and bypasses, voltage line
configurations), the operational configuration of the system (e.g., switching circuit

elements on/off, changing voltage levels and/or signals on voltage lines), etc.

[0042] In some embodiments, grouping of circuit elements can be
implemented as a layout of display pixels, each display pixel being selected from a
set of a limited number of display pixel configurations. In some embodiments, a
particular function of touch sensing circuitry may be served by a particular type of
display pixel having a configuration that can perform the function. For example,
one embodiment described below with reference to FIGS. 17-22 can include display
pixels of a type that can connect together one or more adjacent pixels in a
connection layer of the stackup, display pixels of a type that can provide a contact to
another layer of the stackup, and display pixels of a type that can connect together

one or more adjacent pixels in the other layer.

[0043] In some embodiments, regions may be reconfigurable, for example,
to allow pixels to be grouped into regions of different sizes, shapes, etc. For
example, some embodiments may include programmable switching arrays to allow
reconfigurable switching schemes to group display pixels into regions of different

sizes depending on, for example, variations in environmental noise, size and/or
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distance of the object to be sensed from the touch screen, etc. Other aspects of
configurations that can allow grouping may not be reconfigurable, for example,
physical breaks in lines in the stackup of a display pixel are not reconfigurable.
However, a touch screen configuration including physical breaks, for example, may
still allow reconfigurable grouping of display pixels into differently sized, shaped,
etc., regions by including other circuit elements that are reconfigurable, such as

programmable switches, signal generators, etc.

[0044) Multi-function circuit elements of display pixels of the touch screen
can operate in both the display phase and the touch phase. For example, during a
touch phase, common electrodes 401 can be grouped together to form touch signal
lines, such as drive regions and sense regions. In some embodiments circuit
elements can be grouped to form a continuous touch signal line of one type and a
segmented touch signal line of another type. For example, FIG. 4 shows one
example embodiment in which drive region segments 403 and sense regions 405
correspond to drive line segments 301 and sense lines 223 of touch screen 220.
Other configurations are possible in other embodiments, for example, common
electrodes 401 could be grouped together such that drive lines are each formed of a
continuous drive region and sense lines are each formed of a plurality of sense
region segments linked together through connections that bypass a drive region.
More details of operations in an example display phase and an example touch phase

are described below in reference to FIGS. 11A-B.

[0045] The drive regions in the example of FIG. 3 are shown in FIG. 4 as
rectangular regions including a plurality of common electrodes of display pixels, and
the sense regions of FIG. 3 are shown in FIG. 4 as rectangular regions including a
plurality of common electrodes of display pixels extending the vertical length of the
LCD. In some embodiments, a touch pixel of the configuration of FIG. 4 can
include, for example, a 64x64 area of display pixels. However, the drive and sense
regions are not limit.ed to the shapes, orientations, and positions shown, but can
include any suitable configurations according to embodiments of the disclosure. It is
to be understood that the display pixels used to form the touch pixels are not limited
to those described above, but can be any suitable size or shape to permit touch

capabilities according to embodiments of the disclosure.
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[0046] FIG. S illustrates an example configuration of conductive lines that
can be used to group common electrodes 401 into the regions shown in FIG. 4 and
to link drive region segments to form drive lines according to embodiments of the
disclosure. Some embodiments can include other regions, such as a grounding

5 region between drive lines and/or between drive lines and sense lines, as illustrated

in the example embodiment shown in FIG. 13.

[0047] FIG. 5 shows a plurality of xVcom lines 501 along the x-direction
and a plurality of yVcom lines 503 along the y-direction. In this embodiment, each
row of common electrodes 401 can have a corresponding xVcom line 501 and ecach

10 column of common electrodes 401 can have a corresponding yVcom line 503. FIG.
S further shows a plurality of drive region segments 403 (illustrated by dashed
lines), where each drive region segment 403 can be formed as a group of common
electrodes 401 connected together through x-y-com connections 505, which connect
each common electrode to an xVcom line 501 and a yVcom line 503 in the drive

15 region segment, as described in more detail below. The yVcom lines 503 running
through the drive region segments 403, such as yVcom line 503a, can include break
509 that provide electrical separation of each drive region segment from other drive
region segments (e.g., segments above and below a given drive region segment).
Breaks 509 can provide a y-disconnection (an electrical disconnection in the y-

20  direction).

[0048] Drive lines 511 can each be formed by a plurality of drive region
segments 403 which can be formed by the common electrodes 401 and their
interconnecting conducting lines xVcom. Specifically, drive lines 511 can be
formed by connecting drive region segments 403 across sense regions 405 using
25  xVcom lines 501. As shown in FIG. 5, a first drive line 511a can be formed by the
top row of drive region segments 403, and a next drive line 511b can be formed by
the next row of drive region segments 403. The xVcom lines are conductive
pathways that bypass the yVcom lines in-the sense region 405 using bypasses 513,

as described in more detail below.

30 [0049] FIG. 5 further shows a plurality of sense regions 405 (illustrated by
dashed lines). Each sense region 405 can be formed as a group of common

electrodes 401 connected together through y-com connections 507, which can
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connect each common electrode of the sense region 405 to one of the yVcom lines
503. Additional connections (see, for example, FIG. 10) can connect together the
yVcom lines of each sense region 405. For example, the additional connections can
include switches in the border of touch screen 220 that can connect together the
yVcom lines of each sense region during the touch phase of operation. The yVcom
lines 503 running through the sense regions 405, such as yVcom line 503b, can
electrically connect all of the common electrodes 401 in the y-direction, therefore,
the yVcom lines of the sense regions do not include breaks. In this way, for
example, a sense region can be formed by a plurality of vertical common voltage
lines yVcom connected to one another and to circuit elements of corresponding
display pixels, thereby forming a sense line 512 consisting of electrically connected
circuit elements of display pixels in the sense region. In the example sense region
shown in FIG. 5, the vertical common voltage lines yVcom can be unconnected
from and can cross over (at 513) the horizontal common voltage lines xVcom to
form a structure for capacitive touch sensing. This cross over yVcom and xVcom
may also form an additional parasitic capacitance between the sense and drive

regions.

[0050] Each common electrode 401 can correspond to a display pixel of
touch screen 220, such as display pixels 515 and 517. During a display phase,
common electrodes 401 an operate along with other display pixel components as
display circuitry of the display system of touch screen 220 to display an image on
the touch screen. During a touch phase, groups of common electrodes 401 can
operate as touch sensing circuitry of the touch sensing system of touch screen 220 to

detect one or more touches on or near the touch screen.

[0051] In operation during a touch phase, the horizontal common voltage
lines xVcom 501 can transmit stimulation signals to stimulate the drive lines 511
and form electric fields between the stimulated drive lines and sense lines 512 to
create touch pixels, such as touch pixel 226 in FIG. 3. When an object such as a
finger approaches or touches a touch pixel, the object can affect the electric fields
extending between the drive line 511 and the sense line 512, thereby reducing the

amount of charge capacitively coupled to the sense line. This reduction in charge
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can be sensed by the sense channel and stored in memory along with similar

information of other touch pixels to create an “image” of touch.

[0052] In some embodiments, the drive lines and/or sense lines can be
formed of other structures including, for example other structures already existing in
typical LCD displays (e.g., other electrodes, conductive and/or semiconductive
layers, metal lines that would also function as circuit elements in a typical LCD
display, for example, carry signals, store voltages, etc.), other structures formed in
an LCD stackup that are not typical LCD stackup structures (e.g., other metal lines,
plates, whose function would be substantially for the touch sensing system of the
touch screen), and structures formed outside of the LCD stackup (e.g., such as
external substantially transparent conductive plates, wires, and other structures). For
example, part of the touch sensing system can include structures similar to known
touch panel overlays. Forming a touch sensing system in part or in whole using
structures that already exist in displays can potentially increase the image quality,
brightness, etc. of the touch screen by reducing the amount of structure dedicated

primarily to touch sensing that would typically overlay the display.

[0053] In some embodiments, display pixels can be grouped into regions
between a drive region and a sense region and/or between two drive regions, for
example, and these regions may be connected to ground or a virtual ground to form
a grounded region in order to further minimize the interference between drive
regions and/or between the drive regions and the sense regions. FIGS. 13A-B show
an example layout of regions according to embodiments of the disclosure including
a grounding region between drive regions and between drive regions and sense
regions. In other embodiments, the vertical common voltage line breaks can be

omitted and the lines shared in their entirety among the drive regions.

[0054] As seen in FIG. 5, display pixel 515 can be grouped into a sense
region 405, and display pixel 517 can be grouped into a drive region segment 403.
FIGS. 6-8 illustrate plan and side views showing more detail of display pixels 515
and 517 in “Box A” of FIG. 5, and show one example configuration including
example breaks/bypasses that are in-plane/in-layer and example breaks/bypasses that

are out-of-plane/out-of-layer according to embodiments of the disclosure.
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[0055] FIG. 6 is a magnified view of “Box A” in FIG. §, showing more
detail of display pixels 515 and 517 and other structures of touch screen 220
according to embodiments of the present disclosure. Display pixels 515 and 517 can
each include a common electrode 401 and three display pixel electrodes 601, one
each for a red (R) sub-pixel, a green (G) sub-pixel, and a blue (B) sub-pixel
corresponding to an R data line 603, a G data line 605, and a B data line 607 that
provide color data to the sub-pixels when the sub-pixels’ transistors 609 are
switched on by a voltage applied across a gate line 611 during the display phase of

the touch screen.

[0056] In some embodiments, other types of display pixels can be used, such
as monochrome (e.g., black and white) display pixels, display pixels including more
than or fewer than three sub-pixels, display pixels that operated in a non-visible
spectrum, such as infrared, etc. Different embodiments can include display pixels
having a different size, shape, optical properties. The display pixels of some
embodiments may be of different sizes, shapes, optical properties, etc., with respect
to each other, and the different types of display pixels utilized in a touch screen may

provide different functionalities in some embodiments.

[0057] FIG. 6 also illustrates that yVcom line 503 running through display
pixel 517 has break 509 separating display pixel 517 (and display pixel 517’s drive
region segment 403, see FIG. 5) from the adjacent drive region segment. Break 509
is an example of an in-plane break that is an electrical open between conductive
pathways running in substantially the same plane, in this case the x-y plane in which
yVcom line 503 runs. Likewise, break 509 is an example of an in-layer break that is
an electrical open between conductive pathways running in the same layer, in this
case the second metal layer, as described below. While many in-layer breaks may
also be in-plane breaks, this is not necessarily the case. For example, a break in a
conductive pathway of a material layer in a stackup could occur at a location at
which the layer is formed at different stackup heights (i.e., different planes), and
thus a break at such a location would be an in-layer, out-of-plane break, rather than

an in-layer, in-plane break.

[0058] On the other hand, yVcom line 503 running through display pixel 515

of sense region 405 does not include a break, so that display pixel 515 may be
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electrically connected to other display pixels of sense region 405 in the y-direction,

i.e., the display pixels in the sense region are y-connected.

[0059] An xVcom line 501 runs in the x-direction through display pixels 515
and 517. The xVcom line 501 lies behind R, G, and B data lines 603, 605, and 607,
respectively, as shown in the magnified view of the xVcom behind the R data line
603 at the upper left corner of display pixel 515. Connections between the xVcom
and yVcom lines and the common electrodes 401 of display pixels 515 and 517 are
shown in more detail in exploded views in FIG. 6, which also show that xVcom line
501 lies behind yVcom line 503, and yVcom line 503 lies behind common electrode
401. For the sense region’s display pixel 515, the exploded view of y-com
connection 507 of display pixel 515 shows that the y-com connection is a conductive
line 613 (e.g., a via filled with a conductive material) between yVcom line 503 and
common electrode 401 of the display pixel, and shows that there is no connection,
i.e., a bypass 513, between xVcom line 501 and yVcom line 503 (and therefore, no
connection between the xVcom line and the common electrode). As a result of
bypass 513, display pixel 515 can be x-disconnected, or isolated in the x-direction,
that is, disconnected or isolated from adjacent display pixels along the x-direction.
In this example embodiment, the additional connections of the sense region’s
yVcom lines 503, such as the border switches described above, electrically connect
the common electrode 401 of display pixel 515 to the common electrode of the
adjacent sense region display pixel to the left of display pixel 515, therefore bypass
513 “right-disconnects” display pixel 515 from the adjacent drive region display
pixel 517 to the right of display pixel 515 (in other words, display pixel 515 can be
x-disconnected from display pixels in the positive x-direction, i.e., positive x-

disconnected).

[0060] Bypass 513 is an example of an out-of-plane bypass that can be an
electrical open between conductive pathways running in substantially different
planes; in this case the x-y plane in which yVcom line 503 runs can be different than
the x-y plane in which xVcom line 501 runs. Likewise, bypass 513 is an example of
an out-of-layer bypass that can be an electrical open between conductive pathways
running in different layers, in this case the second metal layer of yVcom 503 and the

first metal layer of xVcom 501, as described below. This configuration, including
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the yVcom-to-common electrode connection, yVcom-to-yVcom connections in the
touch screen border (for yVcom lines of the same sense region, as described above),
and bypasses between the xVcom and yVcom lines, is one example of grouping
together circuit elements of a display in a sense region to form a sense line for touch
sensing, and bypassing the sense line with an xVcom line that links together drive
region segments that are separated from each other by the sense region to form a

drive line for touch sensing.

[0061] For the drive region segment’s display pixel 517, the exploded view
of x-y-com connection 505 of display pixel 517 shows that the x-y-com connection
can include a conductive line 615 connecting the xVcom line to the yVcom line, and
one of conductive lines 613 connecting the yVcom line to the common electrode.
Thus, the common electrodes of each display pixel in a drive region segment can be
electrically connected together because each display pixel can be connected to the
same conductive grid of vertical lines (yVcom), i.e., y-connected, and horizontal
lines (xVcom), i.e., x-connected. In this example configuration, the common
electrodes, vertical lines, and horizontal lines can be oriented in different
substantially coplanar planes and connected together through two sets of
connections, one set connecting the vertical and horizontal lines, and the other set
connecting the vertical lines and the common electrodes. This configuration,
including the breaks in the vertical lines, is one example of grouping together circuit
elements of a display in a drive region segment to form touch sensing circuitry of a
drive line that can be linked to other drive line segments through drive line links that

bypass intervening sense lines.

[0062] FIGS. 7-8 are cross section views illustrating a portion of the display
pixel 515 stackup and a portion of the display pixel 517 stackup, respectively. FIG.
7 shows a view of a cross section of display pixel 515 taken along the arrowed line
from 7-7° of FIG. 6. FIG. 7 includes gate line 611 and xVcom line 501 formed in a
first metal layer (M1), B data line 607, a drain 701, and yVcom line 503 formed.in a
second metal layer (M2). The figure also includeé common electrode 401 and
display pixel electrode 601 formed of a transparent conductor, such as ITO.
Common electrode 401 can be electrically connected to yVcom line 503 through a

via in a dielectric layer 707a that can be filled with a conductive material,

121059245 20



WO 2010/088666 ) PCT/US2010/022883

conductive via 703, which is one example of conductive line 613 of FIG. 6. FIG. 7
also shows bypass 513 (no connection) between xVcom 501 and yVcom 503. In
this regard, bypass 513 can be regarded as the structure that separates xVcom 501
and yVcom 503, which can include a portion of dielectric layer 707b. A gate

5  insulator layer 705 may comprise a dielectric material, such as SiO2, SiNx, etc. The
liquid crystal layer can be disposed above the pixel electrodes followed by color
filters, and polarizers can be positioned on top and bottom of the stackup (not

shown). The touch screen is viewed from the top in relation to FIG. 7.

[0063] FIG. 8 shows a view of a cross section of display pixel 517 taken

10  along the arrowed line from 8-8’ of FIG. 6. FIG. 8 is identical to FIG. 7 except that
a conductive via 801 in FIG. 8 replaces bypass 513 in FIG. 7. Thus, xVcom 501 can
be electrically connected to yVcom 503 in the drive region segment display pixel
517. Thus, conductive line 615 in FIG. 6 can be a conductor-filled via in this

example stackup.

15 [0064)] Taken together, FIGS. 7-8 illustrate one example of how the use of
out-of-plane/out-of-layer breaks/bypasses according to embodiments of the
disclosure may, in some embodiments, provide an efficient way to create a multi-
function touch sensing LCD structure including multi-function circuit elements. In
this case, in some embodiments connections/bypasses made between the conductive

20  pathways in different planes/layers can allow for more options in the design of a
multi-function configuration, and could potentially reduce the number of added
structures, e.g., lines, that would otherwise need to be added to form bypasses in the
same plane/layer. In this regard, y-disconnections and/or x-disconnections in some
embodiments may be conveniently formed by simply forming conductive pathways

25  indifferent planes/layers of a display pixel stackup, for example. Likewise, y-
connections and/or x-connections in some embodiments may be conveniently
formed using conductive pathways between different planes/layers to connect
conductive pathways in the different planes/layers. In particular, this may allow
existing LCD design to be more easily modified to add integrated touch

30 functionality according to embodiments of the disclosure. In this regard, selective
use of in-plane/in-layer and out-of-plane/out-of-layer breaks and bypasses may

allow more of the structures in existing LCD designs to be used as circuit elements
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in the touch sensing system, and may reduce the number of changes needed to

existing manufacturing processes, such as masking, doping, depositing, etc.

[0065] Further details of an example touch screen and an example method of
operating multi-function touch screen LCD circuit elements will be described in
reference to FIGS. 9-12B. FIG. 9 is a partial circuit diagram of an example touch
screen 900, including a plurality of sub-pixels according to embodiments of the
disclosure. As in example embodiments described above, the sub-pixels of touch
screen 900 can be configured such that they are capable of multi-functionality as
both LCD sub-pixels and touch sensor circuit elements. That is, the sub-pixels can
include circuit elements that can operate as part of the LCD circuitry of the display
pixels and that can also operate as circuit elements of touch sensing circuitry. In this
way, touch screen 900 can operate as an LCD with integrated touch sensing
capability. FIG. 9 shows details of sub-pixels 901, 902, and 903 of touch screen
900. In this example embodiment, each sub-pixels can be a red (R), green (G) or
blue (B) sub-pixel, with the combination of all three R, G and B sub-pixels forming
one color display pixel. Although this example embodiment includes red, green, and
bluc sub-pixels, a sub-pixel may be based on other colors of light or other
wavelengths of electromagnetic radiation (e.g., infrared) or may be based on a

monochromatic configuration.

[0066] Sub-pixel 902 can include a thin film transistor (TFT) 955 with a gate
955a, a source 955b, and a drain 955c. Sub-pixel 902 can also include a common
electrode (Vcom) 957b that can be, for example, a continuous plate of substantially
conductive material shared among sub-pixels 901, 902, and 903, such as common
electrode 401 shown in FIG. 6. Sub-pixel 902 can also include a pixel electrode
957a that can operate with common electrode 957b as part of the display system
circuitry. Pixel electrode 957a can, for example, be the pixel electrode 601 shown in
FIGS. 6-8. Touch screen 900 can operate as an FFS display system in which the
pixel electrode of each sub-pixel and the common electrode generate the fringe field
applied to the liquid crystal of the sub-pixel, and can also form a storage capacitor of
the sub-pixel. Sub-pixel 902 can include a storage capacitor 957 formed by pixel
electrode 957a and common electrode 957b. Sub-pixel 902 can also include a

portion 917a of a data line for green (G) color data, Gdata line 917, and a portion
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913b of a gate line 913. Gate 955a can be connected to gate line portion 913b, and
source 955b is connected to Gdata line portion 917a. Pixel electrode 957a can be

connected to drain 955¢ of TFT 955.

[0067] Sub-pixel 901 can include a thin film transistor (TFT) 905 with a gate
905a, a source 905b, and a drain 905c. Sub-pixel 901 can also include a pixel
electrode 907a that can operate with common electrode 957b to generate the fringe
field for the sub-pixel and to form a storage capacitor 907. Sub-pixel 901 can also
include a portion 915a of a data line for red (R) color data, Rdata line 915, and a
portion 913a of gate line 913. Gate 905a can be connected to gate line portion 913a,
and source 905b can be connected to Rdata line portion 915a. Pixel electrode 907a
can be connected to drain 905¢ of TFT 905. Sub-pixels 901 and 902 can include, for

example, most or all of the structure of conventional LCD sub-pixels.

[0068] Sub-pixel 903 can include a thin film transistor (TFT) 975 with a gate
975a, a source 975b, and a drain 975¢c. Sub-pixel 903 can also include a pixel
electrode 977a that can operate with common electrode 957b to generate the fringe
field for the sub-pixel and to form a storage capacitor 977. Sub-pixel 903 can also
include a portion 919a of a data line for blue (B) color data, Bdata line 919, and a
portion 913c¢ of gate line 913. Gate 975a can be connected to gate line portion 913c,
and source 975b can be connected to Bdata line portion 919a. Pixel electrode 977a
can be connected to drain 975¢ of TFT 975. Unlike sub-pixels 901 and 902, sub-
pixel 903 can also include a portion 925a of a common voltage line running in the y-
direction, yVcom 925, and a connection point 929. In other embodiments, the
yVcom could run through the red sub-pixels or the green sub-pixels, instead of the
blue sub-pixels. A connection, such as y-com connection 507 or x-y-com
connection 505 described above in reference to FIG. 6, can be made at connection
point 929 in order, for example, to connect common electrode 957b to yVcom 925
(which runs vertically through other display pixels), to connect common electrode
957b to yVcom 925 and xVcom 921 (which runs horizontally through other pixels),
etc. In this way, for example, common electrode 957b can be connected with
common electrodes of other display pixels to create regions of connected common

electrodes.
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[0069] One way to create separate regions is by forming breaks (opens) in
the horizontal and/or vertical common lines, as described above in some example
embodiments. For example, yVcom 925 can have an optional break as shown in
FIG. 9, which can allow sub-pixels above the break to be isolated from sub-pixels
below the break, i.e., the sub-pixels can be bottom-disconnected. An x-
disconnection can be created by forming a y-com connection instead of an x-y-com
connection at connection point 929, thus, disconnecting xVcom 921 from common
electrode 957b. In some embodiments, xVcom 921 may include breaks, which can
allow sub-pixels to the right of the break to be isolated from sub-pixels to the left of
the break. Other configurations can allow display pixel circuit elements to be
grouped as described above with drive line segments linked together through

bypasses of sense lines.

[0070] In this way, common electrodes of touch screen 900 can be grouped
together to form a structure within the display pixels that can operate as part of the
touch sensing circuitry of a touch sensing system. For example, the common
electrodes can be configured to form drive regions or sense regions, to form
bypasses and links as described above for some embodiments, etc. In this regard,
circuit elements such as the common electrodes, the xVcom lines, etc. can operate as

multi-function circuit elements.

[0071] In general, touch screen 900 could be configured such that the
common electrodes of all sub-pixels in the screen can be connected together, for
example, through at least one vertical common voltage line with connections to a
plurality of horizontal common voltage lines. Another touch screen could be
configured such that different groups of sub-pixels can be connected together to

form a plurality of separate regions of connected-together common electrodes.

[0072] A touch sensing operation according to embodiments of the
disclosure will be described with reference to FIGS. 10-12B. FIG. 10 shows partial
circuit diagrams of some of the touch sensing circuitry within display pixels in a
drive region 1001 and a sense region 1003 of an example touch screen dccording to
embodiments of the disclosure. For the sake of claﬁty, FIG. 10 includes circuit
elements illustrated with dashed lines to signify some circuit elements operate

primarily as part of the display circuitry and not the touch sensing circuitry. In

1a-1059243 24



WO 2010/088666 PCT/US2010/022883

10

15

20

25

30

addition, a touch sensing operation is described primarily in terms of a single drive
display pixel 1001a (e.g., a single display pixel of drive region 1001) and a single
sense display pixel 1003a (e.g., a single display pixel of sense region 1003).
However, it is understood that other drive display pixels in drive region 1001 can
include the same touch sensing circuitry as described below for drive display pixel
1001a, and the other sense display pixels in sense region 1003 can include the same
touch sensing circuitry as described below for sense display pixel 1003a. Thus, the
description of the operation of drive display pixel 1001a and sense display pixel
1003a can be considered as a description of the operation of drive region 1001 and

sense region 1003, respectively.

[0073] Referring to FIG. 10, drive region 1001 includes a plurality of drive
display pixels including drive display pixel 1001a. Drive display pixel 1001a
includes a TFT 1007, a gate line 1011, a data line 1013, an xVcom line portion 1015
and a yVcom line portion 1017, a pixel electrode 1019, and a common electrode
1023. FIG. 10 shows common electrode 1023 connected to the common electrodes
in other drive display pixels in drive region 1001 through xVcom line portions 1015
and yVcom line portions 1017 to form a structure within the display pixels of drive
region 1001 that is used for touch sensing as described in more detail below. Sense
region 1003 includes a plurality of sense display pixels including sense display pixel
1003a. Sense display pixel 1003a includes a TFT 1009, a gate line 1012, a data line
1014, a yVcom line portion 1016, a pixel electrode 1021, and a common electrode
1025. FIG. 10 shows common electrode 1025 connected to the common electrodes
in other sense display pixels in sense region 1003 through yVcom line portions 1016
that can be connected, for example, in a border region of the touch screen to form a
structure within the display pixels of sense region 1003 that is used for touch sensing

as described in more detail below.

[0074] During a touch sensing phase, drive signals applied to xVcom line
portions 1015 generate an electrical field between the structure of connected
common electrodes 1023 of drive region 1001 and the structure of connected
common electrodes of 1025 of sense region 1003, which is connected to a sense
amplifier, such as a charge amplifier 1026. Electrical charge is injected into the

structure of connected common electrodes of sense region 1003, and charge
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amplifier 1026 converts the injections of charge into a voltage that can be measured.
The amount of charge injected, and consequently the measured voltage, can depend
on the proximity of a touch object, such as a finger 1027, to the drive and sense

regions. In this way, the measured voltage can provide an indication of touch on or

near the touch screen.

[0075] FIG. 11A shows example signals applied through xVcom 1015 to the
drive display pixels of drive region 1001, including drive display pixel 1001a,
during an example LCD or display phase and during an example touch phase.
During the LCD phase, xVcom 1015 and yVcom 1017 can be driven with a square
wave signal of 2.5V +/- 2.5V in order to perform LCD inversion. The LCD phase

is 12 ms in duration.

[0076] In the touch phase, xVcom 1015 can be driven with an AC signal,
such as a sinusoidal wave, a square wave, a triangular wave, etc. In the example
shown in FIG. 11A, *Vcom can be driven with 15 to 20 consecutive stimulation
phases lasting 200 microseconds each while yVcom 1016 is maintained at the virtual
ground of charge amplifier 1026 as shown in FIG. 11B. The drive signals in this
case can be square or sinusoidal signals of 2.5V +/- 2V each having the same
frequency and a relative phase of either 0 degrees or 180 degrees (corresponding to

“+” and “-“ in FIG. 11A). The touch phase is 4 ms in duration.

[0077] FIG. 12A shows details of the operation of common electrode 1023
during the touch phase. In particular, because the capacifance of the storage
capacitor formed by common electrode1023 and pixel electrode 1019 is much higher
than other capacitances in the system (i.e., stray capacitances between various
conductive structures and between the common electrode and finger 1027), almost
all (approximately 90%) of the AC component of the 2.5V +/- 2V sinusoidal drive
signal that is applied to common electrode 1023 is also applied to pixel electrode
1019. Thus, the voltage difference between common electrode 1023 and pixel
electrode 1019 can be kept small, and the liquid crystal will experience minimal
electric field changes due to the touch stimuli and maintain its charge state as it was
set during the LCD phase. The common electrodes 1023 and 1025 can be charged
typically to O or 5 volts DC (square wave 2.5 +/-2.0V) during display phase

operation of the LCD. However, during touch mode, the common electrode in the
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drive region 1023 can be charged to a DC voltage of 2.5 V with superimposed
sinusoidal signal of 2 V amplitude. Similarly, the common electrode in the sense
region 1025 can be kept at the virtual ground of charge amplifier 1026 at DC level
of 2.5 volts. During the touch phase, the sinusoidal signals on common the
electrode 1023 in the drive region 1001 can be passed to common electrodes 1025 of
sense region 1003. Due to high coupling between the common pixel electrodes in
both drive and sense regions, 90% of the voltage changes on the common electrode
is transferred to corresponding pixel electrodes, hence minimizing the disturbance of
image charge stored during the display phase while performing touch sensing. In
this manner, the common electrodes of the drive and sense regions can operate as
circuit elements of the touch sensing circuitry by forming a structure for capacitance

touch sensing without effecting the LCD image.

[0078] At the same time the common electrodes and pixel electrodes are
configured to operate as circuit elements of the touch sensing circuitry, the
electrodes may continue to operate as a part of the LCD system. As shown in FIGS.
12A-B, while the voltages of the structures of pixel electrode 1021 are each
modulated at approximately +/- 2V, the relative voltage between pixel electrode
1021 and common electrode 1025 remains approximately at a constant value +/-
0.1V. This relative voltage is the voltage that is seen by the liquid crystal of the
display pixel for the LCD operation, and its magnitude can determine the gray scale
level of the image (for example in Fig. 12A, this relative voltage is 2V). The 0.1V
AC variance in the relative voltage during the touch (sense) phase should have an
acceptably low affect on the LCD, particularly since the AC variance would
typically have a frequency that is higher than the response time for the liquid crystal.
IFor example, the stimulation signal frequency, and hence the frequency of the AC
variance, would typically be more than 100 kHz. However, the response time for
liquid crystal is typically less than 100 Hz. Therefore, the common and pixel
electrodes’ function as circuit elements in the touch system should not interfere with

the LCD function.

[0079] Referring now to FIGS. 10, 11B, and 12B, an example operation of
sense region 1003 will now be described. FIG. 11B shows signals applied through
yVcom 1016 to the display pixels of the sense region, including display pixel 1003a,
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during the LCD and touch phases described above. As with the drive region,
yVcom 1016 is driven with a square wave signal of 2.5V +/- 2.5V in order to
perform LCD inversion during the LCD phase. During the touch phase, yVcom
1016 is connected to charge amplifier 1026, which holds the voltage at or near a
virtual ground of 2.5V. Consequently, pixel electrode 1021 is also held at 2.5V. As
shown in FIG. 10, fringe electrical fields propagate from common electrode 1023 to
common electrode 1025. As described above, the fringe electrical fields are
modulated at approximately +/- 2V by the drive region. Whén these fields are
received by pixel electrode 1021, most of the signal gets transferred to common
electrode 1025, because display pixel 1003a has the same or similar stray

capacitances and storage capacitance as display pixel 1001a.

[0080] Because yVcom 1016 is connected to charge amplifier 1026, énd 1s
being held at virtual ground, charge injected into yVcom 1016 will produce an
output voltage of the charge amplifier. This output voltage provides the touch sense
information for the touch sensing system. For example, when finger 1027 gets close
to the fringe fields, it causes a disturbance in the fields. This disturbance can be
detected by the touch system as a disturbance in the output voltage of charge
amplifier 1026. Approximately 90% of a fringe field impinging onto pixel electrode
1021 that is connected to the drain of the TFT 1009 will be transferred to charge
amplifier 1026. 100% of the charge impinging onto common electrode 1025 that is
connected directly to yVcom 1016 will be transferred to charge amplifier 1026.

The ratio of charge impinging onto each electrode will depend on the LCD design.
For non-IPS, nearly 100% of the finger affected charge may impinge on the
common electrode because the patterned CF plate is nearest the finger. For an IPS-
type display the ratio may be closer to 50% because each part of the electrode has
approximately equal area (or % vs. %) facing the finger. For some sub-types of IPS
displays, the pixel electrodes are not coplanar, and the majority of the upward facing

area is devoted to the common electrode.

[0081] FIG. 13A shows another example configuration of multi-function
display pixels grouped into regions that function in the touch sensing system during
a touch phase of a touch screen according to embodiments of the disclosure. FIG.

13B shows a more detailed view of the touch screen with grounding regions of FIG.
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13A. Asshown in FIGS. 13A-B, a region of display pixels can be formed between
drive regions and sense regions, for example, and the region can be grounded to true
ground to form a drive-sense grounding region 1301. FIGS. 13A-B also show a
similar grouping of display pixels between two drive regions, which can be likewise
grounded to form a drive-drive grounding region 1303. Grounding regions, and
other regions, can be formed from, for example, a connection structure, such as grid
of conductive line portions. For example, FIGS. 13A-B show a grounding region
connection grid 1304 of horizontal and vertical conductive pathways that include in-
plane/layer breaks (y-disconnections) 1305 and in-plane/layer breaks (x-
disconnections) 1309. Lines linking the drive regions can bypass the grounding
regions and the sense regions with out-of-plane/layer bypasses 1308. In the example
configuration of FIGS. 13A-B, drive-sense grounding region 1301 is clectrically
connected to drive-drive grounding regions-1303 through connections 1310, and all
of the grounding regions can be grounded to a single ground 1313 through a

multiplexer 1311 at one border of the touch screen.

[0082] FIG. 13B shows grounding region connection grid 1304 can connect
common electrodes of grounding regions 1301 and 1303 through connections 1310,
while maintaining electrical separation from other regions with in-plane breaks 1305
(y-disconnections) and in-plane breaks 1309 (x-disconnections). The common
electrodes of the sense region can be similarly connected with a grid. FIG. 13B also
shows the common electrodes of drive regions can be formed of a different grid of
conductive lines connected by connections 1323 to form a drive region connection
grid 1321. Horizontal lines of drive region connection grid can bypass the
grounding regions and the sense regions with a bypassing conductive pathway 1325
running through the grounding and sense regions using out-of-plane bypasses 1308,
for example, to prevent electrical contact between the drive region and the
grounding and sense regions. Bypassing conductive pathway can be, for example, a
drive tunnel described in more detail below. In the example configuration of FIGS.
13A-B, grounding regions 1301 and 1303 are each two display pixels wide;
however, the width of a grouﬁding region is not limited to two display pixels, but
can be fewer or more display pixels in width. Likewise, although FIGS. 13A-B
show drive-drive grounding regions connected to drive-sense grounding regions, in

other embodiments grounding regions can be electrically separated from other
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grounding regions. In other embodiments, grounding regions can be grounded to
other types of ground, such as an AC ground. Grounding regions 1301 and 1303
can help to reduce a static capacitance that can form between drive and sense
regions and/or drive and drive regions. Reducing such static capacitances in the
touch system configuration can improve the accuracy and power consumption of the

touch screen, for example.

[0083] FIGS. 14A-16C illustrate another example configuration of multi-
function circuit elements of display pixels according to embodiments of the
disclosure including a third metal (M3) layer, and illustrate example methods for
manufacturing the display pixels according to embodiments of the disclosure. FIGS
14A-16C show an example set of three different display pixels in a side-by-side
view simply for ease of comparison, and is not intended to imply a particular
ordering of display pixels. FIGS. 14A-14C show an example display pixel 1401 in a
drive region, such as display pixel 517 described above in reference to FIGS. 5-6.
FIGS. 15A-15C show an example display pixel 1501 in the sense region with a drive
tunnel, such as pixel 515 described in reference to FIGS. 5-6. FIGS. 16A-16C show
an example display pixel 1601 in the sense region without a drive tunnel. In the
following description, processes and structures common to all of display pixels
1401, 1501, and 1601 are described with respect to a single display pixel, simply for
the purpose of clarity.

[0084] FIGS. 14A, 15A, and 16A show earlier stages of processing
including a first stage of forming a poly-silicon layer, including circuit elements of
the transistors. A second stage includes forming gate lines in an M1 layer of all
display pixels, and forming an xVcom line in the M1 layer of display pixels 1401
and 1501. The xVcom line of display pixel 1401 includes an expanded portion at
the left side to allow for connection to a yVcom line. The xVcom line of display
pixel 1501 acts as a drive tunnel that bypasses the other conductive pathways in the
sense region because no connection is made between the xVcom line and the other
conductive pathways of the sense region (i.e., there is a bypass). Next, a connection
layer (CON1) is formed including connections on transistor circuit elements of the

display pixels. Display pixel 1401 includes an additional connection on the
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expanded xVcom portion. Data lines are formed in the M2 layer of the display

pixels, and the M2 layer of display pixel 1401 includes a yVcom line.

[0085] FIGS. 14B, 15B, and 16B show middle stages of processing. For

reference, the M2 layer is also shown. A second connection layer (CON2) is formed
5  to connect the transistor drains to a pixel electrode. Display pixel 1401 includes

another connection in CON2 that connects yVcom to the common electrode. Next,

.the common electrode is formed, for example, of ITO.

[0086] FIGS. 14C, 15C, and 16C show later stages of the processing, and
show the Vcom from prior processing for reference. A third metal (M3) layer is

10  formed. The M3 layer of display pixel 1401 is different than the M3 layer of display
pixels 1501 and 1601, as shown. The M3 layer configurations of the sense region
display pixels, 1501 and 1601, includes vertical lines that connect to display pixels
above and below, thus allowing the sense region display pixels to be connected in
the y-direction without the use of a yVcom line. Mimicking this M3 structure in the

15  drive region display pixels 1401 can help reduce visual incongruities of the touch
screen that may result from the additional metal in the sense region. A third
connection layer (CON3) is formed and then display pixel electrodes are formed on

all display pixels.

[0087] Taken together, FIGS. 14A-C show a display pixel 1401 configured
20  for a drive region similar to display pixel 517 described above. Display pixel 1401
includes a gate line 1403 and an chorﬁ line 1405 in a first metal (M1) layer, and a
yVcom line 1407 and data lines 1409 in a second metal (M2) layer. Display pixel
1401 can include a connection such as an x-y-com connection 1411, such as
connection 505 described above. The x-y-com connection 1411 connects xVcom

25 line 1405, yVcom line 1407, with a common electrode (Vcom) 1413.

[0088] Taken together, FIGS. 15A-C shows a touch screen display pixel
1501 configured for a sense region similar to display pixel 515 described above.
Display pixel 1501 includes a gate line 1503 and an xVcom line 1505 in an M1
layer, and data lines 1507 in an M2 layer. Because xVcom line 1505 is formed in a
30  lower layer of the stackup (M1), and because no connection is provided between
xVcom and yVcom, the xVcom lines “tunnel” horizontally through the sense region

display pixel 1501 without connecting to the common electrodes (Vcom) 1513 of
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the sense region. This is one example of a drive tunnel, which can connect drive
regions through a conductive pathway running through the display pixel stackup of
another type of region, such as a sense region, while bypassing that region, i.e., does
not electrically contact with the touch sense circuit elements in the display pixel
stackup of the bypassed region. Likewise, in other embodiments, other types of
tunnels could be used, such as sense tunnels connecting sense regions. FIG. 15C
shows a third metal (M3) layer is used, in part, as a connection structure to
electrically connect display pixel circuit elements in the sense region, in both the x
and y directions, as shown by the connection grid 1509. Note that while yVcom is
used in drive pixel electrodes 1401, no yVcom is used in the sense pixel electrodes
1501 and 1601. Rather, y connectivity is provided by the M3 layer. In some
embodiments, the display pixels in the sense region can be connected together in the
horizontal direction through connections and switches in the border of the touch

screen.

[0089] Taken together, FIGS. 16A-C show a display pixel 1601 that is
identical to display pixel 1501, except that display pixel 1601 does not include a
drive tunnel. Display pixel 1601 does include a connection structure in the M3 layer
to electricaliy connect display pixel circuit elements in the sense region, as shown by

the connection grid 1603 in FIG. 16C.

[0090] FIGS. 17-23 illustrate other example configurations of display pixels
including another configuration of a third metal (M3) layer, example methods for
manufacturing the display pixels, an example touch pixel layout, and an example
touch screen according to embodiments of the disclosure. As with FIGS. 14A-16C
above, FIGS. 17-20 illustrate a side-by-side view of an example set of display pixels
in different stages of manufacture simply for ease of comparison. FIGS. 21A and
21B illustrate an example layout of display pixels for one example touch pixel
according to embodiments of the disclosure. FIGS. 22-1 and 22-2 illustrate an
example touch pixel layout that can include example touch pixels such as those

shown in FIG. 21A.

[0091] Referring to FIGS. 17-20, an example manufacturing processes for
display pixel stackups of a set of eight example display pixels (labeled A_pixel,
B_pixel, ... H pixel). As explained in more detail below, each of the display pixels
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in the set is one of three types of display pixels, a connection layer type, a contact
type, and a tunnel type, as described in more detail below. In the following
description, processes and structures common to all of display pixels A-H may be

described with respect to a single display pixel, simply for the purpose of clarity.

[0092] FIG. 17 shows earlier stages of the example processing including a
first stage of forming a poly-silicon layer, including circuit elements of the
transistors 1701. A second stage includes forming gate lines 1703 in an M1 layer of
all display pixels, and forming an xVcom line 1705 in the M1 layer of display pixels
E-H. The xVcom lines of display pixels E-F include an expanded portion 1706 at
middle sub-pixel to allow for connection to a common electrode. The xVcom lines
of display pixels G-H act as drive tunnels that bypass the other conductive pathways
in the sense region because no connection is made between the xVcom line and the
other conductive pathways of the sense region (i.e., there is a bypass). Next, a
connection layer (CON1) is formed including connections 1707 on transistor circuit
elements of the display pixels, and on the expanded xVcom portion 1706. Data lines

1709 are formed in the M2 layer of the display pixels.

[0093] FIG. 18 shows middle stages of the éxample processing. For
reference, the M2 layer is also shown. A second connection layer (CON2) is formed
to connect the transistor drains to a common electrode (Vcom) 1805 with a
connection 1801. Display pixels E-F include another connection 1803 in CON2 that
connects xVcom 1705 to the common electrode 1805. Next, the common electrode
1805 may, for example, be formed of a substantially transparent conductor, such as

ITO.

[0094] FIG. 19 shows later stages of the example processing, and shows the
Vcom 1805 from prior processing for reference. In the processing shown in FIG.
19, a third metal (M3) layer and a third connection layer (CON3) are formed. The
CON3 layer 1905 connects to display pixel electrodes. The M3 layer is formed in
electrical contact with Vcom 1805. The M3 layers of each display pixel includes
two vertical lines 1901 and one horizontal line 1903. In some embodiments, the M3
layer can serve the same purpose as a yVcom line in other embodiments. In general,
in some embodiments the M3 layer can have certain advantages in that it can

provide relatively low cross capacitance coupling between itself and the data/gate
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lines. Further, in the sense regions, the horizontal (x-direction) connection of the
M3 layer can serve to couple all the sense common electrodes together to enhance
the y-direction charge sensing. The x-y connections of the common electrodes in
the sense region can be repeated in the drive region for uniformity. Yet further, by
5  positioning the vertical M3 lines (y-direction) over the data lines, an enhanced
aperture ratio may be a_chieved. Since the drive tunnel can still be used even with
the M3 layer to bypass the sense regions, the horizontal (x-direction) of the M3 layer
can be disposed over the drive tunnel and over any xVcom layer aligned therewith
so as to increase the aperture ratio. In pixel embodiments in which no xVcom line is
10  used, the stimulating drive line signal can be fed to the M3 layer. In general, the
simulating drive line signal may be fed to one or both of the xVcom line and the M3
layer. Vertical lines 1901 in each display pixel may include y-disconnections or y-
connections, depending on the particular display pixel of the set (i.e., A pixel,
B_pixel, etc.). A y-connection of the B_pixel and a y-disconnection of the C_pixel
15  are highlighted in FIG. 19. Horizontal lines 1903 in each display pixel may include
x-disconnections or x-connections, depending on the particular display pixel of the
set. An x-connection of A_pixel and an x-disconnection of E_pixel are highlighted
in FIG. 19. The vertical lines 1901 and horizontal lines 1903 of the M3 layer of
display pixels A, F, and H extend to the edges (top, bottom, left, and right) of the
20  display pixel, and can potentially connect display pixels A, T, and H to adjacent
‘ display pixels in each direction. Thus, display pixels A, F, and H provide x- and y-
connections (x-con, y-con). Display pixels A, F, and H are labeled as x-and y-
connected display pixels because the horizontal line 1903 of each display pixel
forms a conductive pathway between adjacent display pixels on the right and left,
25  and vertical lines 1901 of each display pixel form a conductive pathway between
adjacent display pixels on the top and bottom. However, while display pixels A, F,
and H have the connection structure to connect in both the x-direction and the y-
direction, the display pixels are not necessarily connected to adjacent display pixels
because one or more of the adjacent display pixels can include, for example, a
30  disconnection in the M3 layer that disconnects the adjacent display pixel from pixel

A, F, or H.

[0095] The M3 layer in each of display pixels B, E, and G extends fully in
the vertical direction, but does not extend to the right edge of the display pixel.
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These display pixels provide x-disconnections and y-connections (x-discon, y-con).
More specifically, display pixels B, E, and G are “right disconnected”, 1.e., they do
not connect to the M3 layers of display pixels on their right. Likewise, the M3 layer
of display pixel C provides x-connection and y-disconnection (x-con, y-discon), and
more specifically, pixel C is “bottom disconnected.” The M3 layer of display pixel
D provides x- and y- disconnections (x-discon, y-discon), and more specifically,
pixel D is “right and bottom disconnected”. It should be noted that disconnections
are not limited to right and/or bottom, but there could be disconnections at the top,
left, or in the interior of the M3 layer of a display pixel, and in any number and

combination.

[0096] FIG. 20 shows even later stages of the example processing. The M3
and CON3 layers are shown for reference. Display pixel electrodes 2001 and black
masks (BM) 2003 are formed on all display pixels. In FIGS. 17-20, there is no
yVcom line connectivity as there is in the embodiment of FIG. 5. Rather, the M3
layer can serve the purpose of connecting the common electrodes in the x and y
directions. However, xVcom can still be used in some pixels, i.e., E, F, G, H, to

provide a drive tunnel, i.e., a sense region bypass.

[0097] FIGS. 21A & 21B show an example layout of display pixels for one
example touch pixel 2103. Touch pixel 2103 includes a region of 64x64 display
pixels, each of the display pixels being one of display pixels A-H described above
according to the legend of display pixels shown in the figure. FIG. 21A also shows
an example touch screen 2101 including an example arrangement of 150 (15x10)
touch pixels 2103. The display pixel layout creates groupings of display pixels that
can substantially correspond to the drive region segments, sense regions, and
grounding regions described above in reference to FIGS. 4 and 13. In particular, the
layout of display pixels forms two X regions (X1 and X2), two Y regions (Y1 and
Y?2), and one Z region. The X1 and X2 regions can be, for example, a right-half
portion of a drive region segment and a left-half portion of another drive region
segment, such as right-half portion 309 and left-half portion 313, respectively; in
FIG. 3. The Y regions can be, for example, portions of grounding regions such as
drive-sense grounding region 1301 of FIG. 13. The Z region can be, for example, a

portion of a sense region such as sense line 223 of FIG. 3. The particular
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configurations of the set of eight display pixels shown in FIGS. 17-20, along with
the particular design pixel layout shown in FIGS. 21A and 21B, creates the grouping

of circuit elements that can be used in a touch sensing system to detect touch.

[0098] As can be seen in light of the FIGS. 17-20, and the legend of FIG.
21A, display pixels from column 1-23, and display pixels from rows 1-64 are
connected together in the M3 layer to form the drive region X1. Grounding region
Y1 includes display pixels of columns 24-25, and rows 1-64. Sense region Z
includes columns 26-39, rows 1-64. Grounding region Y2 includes display pixels of
columns 40-41, and rows 1-64. Drive region X2 includes columns 42-64, rows 1-

64.

[0099] Drive regions X1 and X2 are electrically connected together through
circuit elements of display pixels of drive tunnels (bypasses) 2105. Drive tunnel
2105 includes display pixels E, H, G, and F. Referring to FIG. 20, display pixels E
and F provide a “contact” between the M3 layer (at contact points 2005 of FIG. 20)
through conductive layers Vcom ITO, CON2, M2, and CONI to connect with
xVcom in the M1 layer, as seen in the figures. Thus, display pixels E and F allow
the M3 layer of a drive region to bypass a grounding and sense regions by tunneling

(creating an out-of-layer/out-of-plane bypass to the xVcom (M1) layer).

[00100] Display pixels G and H include circuit element xVcom, and do not
include a connection between xVcom and any of the other circuit elements of the
display pixels that operate in the touch sensing system described in more detail
below. Thus, display pixels type G and H are examples of tunneling connections
that bypass grounding and sense regions to connect together two drive regions e.g.,

drive regions X1 and X2.

[00101] Referring again to FIGS. 17-20, the three example types of display
pixels, connection layer type, contact type, and tunnel type, will now be described in
more detail with reference to the example display pixel layout of FIGS. 21A and
21B. In this example, the common electrodes of the display pixels in each region
are connected together primarily through the M3 layer, which is referred to as a
connection layer herein. A_pixels, B_pixels, C_pixels, and D_pixels are connection
layer type display pixels, which can serve the common function of connecting

together the common electrodes of the display pixels through the connection layer.
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In particular, as described above vertical lines 1901 and horizontal lines 1903 are
electrically connected to the common electrodes of the display pixels. The four
different M3 layer configurations of the connection layer type display pixels provide
four different ways to connect the M3 layer between display pixels. A_pixels can
connect the M3 layer in all adjacent display pixels (top, bottom, left, and right).
B_pixels can connect to the top, bottom, and left, but provides a disconnection from
display pixels to the right. C_pixels can connect to the top, left, and right, but
provides a disconnection from display pixels below. D_pixels can connect to the top
and left, but provides a disconnection from display pixels to the right and display
pixels below. Referring to FIG. 21A, the majority of display pixels of the display
pixel layout can be A_pixels, which typically can be located in interior areas of

regions to connect all adjacent pixels efficiently.

(0100] B _pixels, C_pixels, and D_pixels can be located at the boundaries of
regions because the x- and y-disconnections of these display pixels can provide the
disconnection that forms the boundaries of regions. For example, the right-
disconnected B_pixels can be arranged in vertical lines, as shown in FIG. 21A, to
separate regions left and right. C_pixels can be arranged in horizontal lines, as
shown in FIG. 21A, to separate regions above and below. D_pixels can be placed in

the corners of regions to separate regions left and right and above and below.

[0101] Using pixels A-D alone, it is possible to form the drive region
segments, the sense line, and the grounding regions shown in FIG. 21A. In some
embodiments of the disclosure, however, drive region segments are electrically
connected together through conductive pathways that bypass other regions, such as
the grounding regions and the sense region. The contact type display pixels, i.e.,

E pixelsand F_pixels, and the tunnel type display pixeils, 1.e., G_pixels and

H _pixels, can form conductive pathways bypassing other regions. The contact type
pixels can electrically connect or disconnect two or more conductive layers in the
stackup of the display pixel. The example contact type display pixels described
herein include a connection between the M3 layer and an xVcom line, which can be
formed in a first metal layer (M1 layer). Thus, the contact type pixels form an out-
of-plane/layer bypass by connecting the connection layer (M3 layer) of a drive

region segment to a different conductive pathway, the xVcom line in the M1 layer.
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The tunnel type display pixels include the xVcom line, but do not include a
connection between the xVcom line and any other circuit element of the display

pixel stackup, such as the M3 layer.

[0102] The bypassing conductive pathways will now be described in more
detail. As shown in FIGS. 21A and 21B, touch pixel 2103 includes three drive
tunnels 2105. Each drive tunnel 2105 includes display pixels in the following
pattern of pixel types: E, H, G, H, ... H, G, H, G, F. A drive tunnel 2105 is one
example of a bypassing conductive pathway. Starting at the left end of drive tunnel
2105, the bypassing conductive pathway begins with an E pixel, which includes a
right-disconnection in the connection layer to disconnect the connection layer
between the drive region segment and the grounding region in FIG. 21.
Consequently, the right disconnection of the E_pixel results in a +x-disconnection in
the connecting layer between the two drive region segments, and the out-of-
plane/layer connection of the E_pixel results in an x-connection in another layer

(M1) between the two drive region segments.

[0103] Once the out-of-plane/layer connection to the other ]éyer 1s made, the
bypassing conductive pathway runs through the other regions, i.c., the grounding
regions and the sense region, using the tunnel type display pixels. The tunnel type
display pixels each include the xVcom line and alternatively include an x-
disconnection and an x-connect. More specifically, the G_pixels include a right
disconnection, and the H_pixels include a right connect. The x-connect/disconnect
of the tunnel type display pixels can, for example, allow more than one other region
to be formed between the two drive region segments. In particular, as shown in FIG.
21 the G_pixels can be formed in a vertical column of B_pixels to create
disconnections to form the border between grounding region Y1 and sense region Z,
the border between sense region Z and grounding region Y2, and the border between
grounding region Y2 and drive region segment X2. H_pixels can be located in
interior areas of the other regions, such as the grounding regions and the sense
region because the connection layer (M3 layer) of the H_pixels connects to all

adjacent pixels, similar to the A_pixels.

[0104] FIGS. 22-1 and 22-2 show an example touch pixel layout and touch

screen 2201 according to embodiments of the disclosure. Touch screen 2201
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includes an LCD FPC (flexible printed circuit board) that connects 2201 to LCD
circuitry (not shown), an LCD drive that drives the display pixels in a display phase,
a Vcom line carrying a common voltage for the touch screen. The Touch FPC
includes the following lines: r0-r14 and r14-r0 lines that transmit drive signals to the
5  drive regions, c0-c9 lines that receive sense signals from the sense regions, tswX,
tswY, and tswZ (sometimes referred to as “tswX,Y,Z” herein) lines that connect to a
touch switch (TSW) that can control various switching, such as switching from
connecting all data lines to a virtual ground in a touch phase to connecting the
respective data lines to corresponding data outputs from LCD drive during a display
10  phase, switching between sense regions during the touch sense phase, etc. The
Touch FPC also includes gl and g0 lines for connecting data lines and grounding
regions, respectively, to virtual grounds. Gate drivers that drive gate lines are

included.

[0105] FIG. 22-2 also shows a side view of touch screen 2201. The side
15  view illustrates some of the connections in more detail. For example, FIG. 22-2
shows M3 connections from Y regions allow those regions to be grounded to g0.
M3 connections from Z regions allow the Z regions to be connected to c0-c9 lines.
M2 connections allow data lines to be grounded to gl during the touch sensing

phase.

20  [0106] FIG. 23 is a side view of an example touch screen including a high
resistance (R) shield according to embodiments of the disclosure. FIG. 23 shows a
portion of a touch screen 2300, including a cover 2301, an adhesive 2302, a
polarizer 2303, a high resistance (R) shield 2304, a color filter glass 2305, drive
regions 2309, sense region 2313, grounding region 2315, a TFT glass 2316, and a

25  second polarizer 2317. The liquid crystal layer can be disposed below the color
filter glass. A high resistance shield, such as high R shield 2304, may be placed
between a CF glass and a front polarizer in place of a low resistivity shielding layer
for a FFFS LCD, for example. The sheet resistance of the high R shield may be, for
example, 200M Ohm/square ~ 2G Ohm/square. In some embodiments, a polarizer

30  with high resistivity shielding film may be used as a high R shielding layer, thus
replacing polarizer 2303 and high R shield 2304 with a single high R shielding
polarizer, for example. A high R shield may help block low frequency/DC voltages
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near the display from disturbing the operation of the display. At the same time, a
high R shield can allow high-frequency signals, such as those typically used for
capacitive touch sensing, to penetrate the shield. Therefore, a high R shield may
help shield the display while still allowing the display to sense touch events. High R
5 shields may be made of, for example, a very high resistance organic material, carbon

nanotubes, etc.

[0107] FIG. 24 is a partial top view of another example capacitive-type
integrated touch screen 2400, in accordance with embodiments of the disclosure.
This particular touch screen 2400 is based on self capacitance and thus it includes a
10  plurality of touch sensing regions 2402, which each represent different coordinates
| in the plane of touch screen 2400. Touch pixels 2402 are formed of display pixels
2404 that include multi-function circuit elements that operate as part of the display
circuitry to display an image on touch screen 2400 and as part of a touch sensing
circuitry to sense a touch on or near the touch screen. In this example embodiment,
15  the touch sensing circuitry and system operate based on self capacitance, thus, the
self capacitance of the circuit elements in a touch pixel 2402. In some
embodiments, a combination of self capacitance and mutual capacitance may be

used to sense touch.

[0108] Although embodiments of this disclosure have been fully described
20  with reference to the accompanying drawings, it is to be noted that various changes

and modifications including, but not limited to, combining features of different

embodiments, omitting a feature or features, etc., as will be apparent to those skilled

in the art in light of the present description and figures.

[0109] For example, one or more of the functions of computing system 200

25  described above can be performed by firmware stored in memory (e.g. one of the
peripherals 204 in FIG. 2) and executed by touch processor 202, or stored in
program storage 232 and executed by host processor 228. The firmware can also be
stored and/or transported within any computer-readable medium for use by or in
connection with an instruction execution system, apparatus, or device, such as a

30 computer-based system, processor-containing system, or other system that can fetch
the instructions from the instruction execution system, apparatus, or device and

execute the instructions. In the context of this document, a "computer-readable
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medium" can be any medium that can contain or store the program for use by or in
connection with the instruction execution system, apparatus, or device. The
computer readable medium can include, but is not limited to, an electronic,
magnetic, optical, electromagnetic, infrared, or semiconductor system, apparatus-or
device, a portable computer diskette (magnetic), a random access memory (RAM)
(magnetic), a read-only memory (ROM) (magnetic), an erasable programmable
read-only memory (EPROM) (magnetic), a portable optical disc such a CD, CD-R,
CD-RW, DVD, DVD-R, or DVD-RW, or flash memory such as compact flash

cards, secured digital cards, USB memory devices, memory sticks, and the like.

[0110] The firmware can also be propagated within any transport medium
for use by or in connection with an instruction execution system, apparatus, or
device, such as a computer-based system, processor-containing system, or other
system that can fetch the instructions from the instruction execution system,
apparatus, or device and execute the instructions. In the context of this document, a
"transport medium" can be any medium that can communicate, propagate or
transport the program for use by or in connection with the instruction execution
system, apparatus, or device. The transport readable medium can include, but is not
limited to, an electronic, magnetic, o})tical, electromagnetic or infrared wired or

wireless propagation medium.
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WHAT IS CLAIMED IS:

1. A stackup of a plurality of display pixels, the stackup comprising:
a first layer of conductive material including gate lines;
a second layer of conductive material including data lines;

a first, second and third region each having circuit elements of the display pixels,

the third region disposed between the first and second regions,

wherein circuit elements of the display pixels in the first region are electrically
connected together in a first direction by a first plurality of first line portions, and the
circuit elements of the display pixels in the first region are electrically connected

together in a second direction by a first plurality of second line portions,

wherein at least one conductive pathway connects circuit elements of the first
region to circuit elements of the second region wherein the at least one conductive

pathway electrically bypasses circuit elements of the third region.

2. The stackup of claim 1, wherein within at least the first region, the first plurahty
of first line portions and the first plurality of second line portions are disposed in a

single conductive layer.
3. The stackup of claim 2, wherein:

circuit elements of the display pixels in the third region are electrically

connected together in at least one of the first and second directions.

4. The stackup of claim 3, wherein the circuit elements are common electrodes of
the display pixels.
5. The stackup of claim 3, wherein the circuit elements of the display pixels in the

third region are electrically connected together in the first direction and in the second

direction.

6. The stackup of any of claim 1-5, wherein the conductive pathway includes:
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a common line in the first layer;

a first conductive contact electrically connecting at least some of the circuit

elements of the first region to the common line; and

a second conductive contact electrically connecting at least some of the circuit

elements of the second region to the common line.
7. The stackup of claim S, further comprising:

a fourth region of the display pixels located between the first region and the
second region, wherein at least some of the conductive pathway runs through one or
more display pixels of the fourth region without electrically connecting to the circuit

elements of the fourth region.

8. A touch sensing system comprising the stackup of claim 7 and further

comprising:
a conductive line connecting the fourth region to a ground.

9. A touch sensing system comprising the stackup of claim S and further

comprising:
a drive signal generator connected to one of the first and second regions; and
a sense channel connected to the third region.

10. The touch sensing system comprising the stackup of claim 1 wherein each

display pixel has a separate common electrode and wherein:

the first plurality of first line portions and the first plurality of second line
portions connect together the common electrodes of the display pixels in the first

region,

a second plurality of first line portions and a second plurality of second line
portions connect together the common electrodes of the display pixels in the second

region,
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at least one of a third plurality of first line portions and a third plurality of
second line portions connect together the common electrodes of the display pixels in the

third region, and

wherein a drive signal generator is connected to at least one of the first plurality
of first line portions or the first plurality of second line portions in the first region or to
at least one of the second plurality of first line portions or the second plurality of second

line portions in the second region.

11.  The touch sensing system of claim 10 wherein the sense channel is connected to
the third plurality of first line portions, and the sense channel includes a charge

amplifier.
12. A touch screen comprising:

display circuitry including first circuit elements of display pixels and

connections to a display driver; and
touch sensing circuitry including:

first regions, each having first conductive lines connecting together some

of the first circuit elements of the display pixels, and

second regions, each having second conductive lines that include second,

different circuit elements of the display pixels;

at least one first region disposed between adjacent pairs of second

regions;

at least one conductive pathway electrically connecting together each

adjacent pair of second regions while bypassing the at least one first region; and

wherein one of the first and second conductive lines are drive lines of the
touch sensing circuitry, and the other of the first and second conductive lines are sense

lines of the touch sensing circuitry.
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13.  The touch screen of claim 12, wherein the first circuit elements include common
electrodes of the display pixels and wherein the second circuit elements include

common voltage lines.

14.  The touch screen of claim 12, wherein the touch sensing circuitry further

includes:

a conductive region substantially between two conductive lines of the first and

second conductive lines, wherein the conductive region is grounded.
15. A computer system comprising:

a processor;

a memory;

a display system including:

display circuitry that includes a plurality of circuit elements of display

pixels, and
a display controller; and
a touch sensing system including;:

touch sensing circuitry that includes the plurality of circuit elements
grouped into a plurality of first regions and a plurality of second regions, wherein
electrically conductive pathways through the second regions connect a plurality of first

regions while bypassing the second regions,

the circuit elements of each of the first regions being electrically
connected together along a first direction and along a second direction, transverse to the

first direction, and
a touch controller.

16. A touch screen having an integrated display, the touch screen comprising:
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a plurality of display pixels, each having a corresponding circuit element;

a plurality of drive lines, each including at least a first plurality of circuit

elements of the display pixels;

a plurality of sense lines disposed transverse to the drive lines and including at

least a second plurality of circuit elements of the display pixels; and

a plurality of touch pixels formed by adjacent ones of the plurality of drive lines

and the plurality of sense lines;

the plurality of display pixels including a first pixel type which includes a first
conductive layer connected to the corresponding circuit element of the first pixel type
and electrically connected to at least an adjacent first pixel type along a first, second,

third and fourth directions.

17.  The touch screen as recited in claim 16, wherein the display comprises a liquid

crystal display, and the touch screen further comprises:
a plurality of gate lines connected to the plurality of display pixels; and
a plurality of data lines connected to the plurality of display pixels;

wherein the corresponding circuit element of each of the plurality of display

pixels comprises a common electrode of the liquid crystal display.
18.  The touch screen as recited in claim 16 further comprising:

a second pixel type which includes the first conductive layer connected to the
corresponding circuit element of the second pixel type and electrically connected at
least to an adjacent second pixel type along all but one or all but two of the first, second,

third and fourth directions;

a third pixel type which includes the first conductive layer connected to the
corresponding circuit element of the third pixel type and electrically connected at least
to an adjacent third pixel type along all or along all but one of the first, second, third

and fourth directions, the first conductive layer of the third pixel type connected to a
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drive tunnel formed by a second conductive layer separated from the first conductive

layer by one or more insulating layers; and

a fourth pixel type which includes the first conductive layer connected to the
corresponding circuit element of the fourth pixel type and electrically connected at least
to an adjacent fourth pixel type along all or along all but one of the first, second, third
and fourth directions, the fourth pixel type having the drive tunnel formed by the second
conductive layer, and the first conductive layer of the fourth pixel type not connected to
the drive tunnel of the fourth pixel type, the drive tunnel of the fourth pixel type

connected to the drive tunnel of an adjacent fourth pixel type.

19. A touch screen having a plurality of touch pixels responsive to a touch or near

touch of the touch screen wherein each touch pixel comprises:
a first group of display pixels forming a part of a drive line;

a second group of display pixels, adjacent the first group of display pixels along

a first direction and forming at least a part of a sense line;

a third group of display pixels adjacent the second group of display pixels along

the first direction and forming another part of the drive line,

the display pixels of the first, second and third groups comprising common

electrodes;

drive line conductors electrically connecting together the common electrodes of
the display pixels of the first group of display pixels along, or substantially parallel to,
the first direction and along, or substantially parallel to, a second, different direction,
and electrically connecting together the common electrodes of the display pixels of the
third group of display pixels along, or substantially parallel to, the first direction and

along, or substantially parallel to, the second direction; and

at least one conductive pathway electrically connecting together the common
electrodes of the display pixels of the first and third groups of display pixels while
bypassing the third group of display pixels;
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wherein the first, second and third groups are disposed along the first direction
and wherein each of the first, second and third groups comprises display pixels arranged
along, or substantially parallel to, both the first direction and along, or substantially

parallel to, the second direction.

20. A method of manufacturing an integrated touch screen stackup having a plurality
of display pixels, and circuit elements including common electrodes of the display

pixels, the method comprising:
forming a segmented touch signal line including;:

forming a first line segment in a first region of the touch screen, the first region
including plural display pixels and the first line segment connecting circuit elements of
the display pixels in the first region in a first direction and in a second, different

direction;

forming a second line segment in a second region of the touch screen that is
separated from the first region by a third region of the touch screen, the second and third
region including plural display pixels and the second line segment connecting circuit
elements of the display pixels in the second region in the first direction and in the

second direction; and

forming a conductive pathway running through the third region, the conductive
pathway electrically bypassing circuit elements of display pixels the third region and

electrically connecting the first line segment and the second line segment.

21.  The method of claim 20, wherein the first line segment includes a first structure
of conductive material connected to circuit elements of a plurality of display pixels in
the first region, and the second line segment includes a second structure of conductive
material connected to circuit elements of a plurality of display pixels in the second

region.

22.  The method of claim 21, wherein the first structure and the second structure are
formed in a first layer of the stackup, and the first layer includes disconnections

between the first and second structures.
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23.  The method of claim 22, wherein the conductive pathway includes a third
structure of conductive material formed in a second layer of the stackup different than
the first layer and connections between the third structure and the circuit elements of
first region and connections between the third structure and the circuit elements of the

second region.

24. The method of claim 23, wherein the circuit elements of the first and second

regions are common electrodes of the display pixels.

49



PCT/US2010/022883

WO 2010/088666

1/31

oL 9l gL 9l

43LNdNOD ,_\ e N
TYNOSY3d N _7 ) %»ﬂa
\ .
gcl 9z! VIQIN
N3343S NEENN
HONOL HONOL

7!

Il

7__

AN

_;

/.o.?

ANOHd3 131
J1I80W

\
vcl

N3340S
HONOL



PCT/US2010/022883

WO 2010/088666

2/31

SERROTLNONE

WN3LSAS ONISN3IS HONOL

09!
ININI T3 INIWTT3
INISNS NILSAS
HONOL AV1dSIa
4ITI0MINOD
NILSAS £91 e
¥IMOd (HONOL ONV
\ AV1dSIQ) ININ3T3
NOILONNA—ILINN
T |
06! v m m 191
| |
£91 S
|
oo B
| |
..... : NILSAS
INIWIT3 ] B~ N AY1dSIa
NOILLONNA=ILINW L_\ | E
A—" / Sﬂ

651
(HONOL ANV AY1dSIQ)
ININ3T3
NOILONN—ILINW

(

51

mmﬁ //Q&

(HOnoL GNV AV1dSIQ) ST3XId AVIdSIQ

INELENE
NOILONNA—ILINW

£Gl
N3340S HONOL Q \

94



PCT/US2010/022883

WO 2010/088666

3/31

d3T1041INOD

N3LSAS
AV1dSId

3/ 94
HOLIMS
9691
T | TV
omm“///,k/w/ f/// W‘
G/l
‘ 3 NN
\ I
MAKM\\ a\m\ “
£/1
197
v m/ o35 NN
e —
661 ﬂ\ /&E “
) N\\ I%m,w 7 o \. m m% HOLIMS 44

13XId AV1dSIA

\

0/l



PCT/US2010/022883

WO 2010/088666

4/31

13X1d
AV1dSId
661

Q&\\

g3 TI0HINOD WILSAS
ONISN3S HONOL

N

/91 g9l
HOLIMS HOLIMS
Iwwwvm ..JS b\ms
L/DN(( ¢ U .\\
£81
191
. I m/
PR N
m— .
9691

HOLIMS

D69/
 HOLIMS ey

Il4



PCT/US2010/022883

oL 9l

5/31

WO 2010/088666

HOLIMS
£91 269t P69!
/ | / HOLIMS
4ITI04INOD / N V H/ /
N3LSAS T ¥
A ras~7 |
\ HOLINS
061
197
VY'Y
\ HOLIMS
A'ﬂ . A-ﬂ
.vh\ R [ ] N
\ [ ] N N [ ]
\ _/mﬂ
XL
\\ ook AY1dSIa

051



WO 2010/088666

PCT/US2010/022883

FIG.

COMPUTING 6/31
SYSTEM
200 PERIPHERALS
204
202 ;23
TOUCH HOST
PROCESSOR PROCESSOR
206 _
/ 212 215 292
TOUCH / / PROGRAM
CONTROLLER STORAGE
oA CHARGE
208 PUMP STIMULATION
- SIGNALS
TouCH / 210 216
PIXEL c 214
26| | sense || CHANNEE ]| DRIVER /
\ CHANNELS[ | ot LOGIC
I
Y
227  CONTROL R g e
\ SIGNALS ——
Y DRIVE
coe — INTERFACE
] 224
L —
______ .. '_/
\ 923 TOUCH
* SENSE LINE SCREEN
220
| ’ 234
— . /
/ LCD
( DRIVER
225
SENSE
217
217 INTERFACE
SIGNALS



PCT/US2010/022883

WO 2010/088666

7/31

£08

N o N en3s
INIT 3ATH0 TIXId Honol

£I8

127 SSVdAR £22

INDT 3SN3S g7z
T3XId HONOL

108
INIWO3S
ANIT 3AT4A

— ¢CC
ANTT 3ALYA

¥5%

—-— dCC
ANTT 3ATHA

G058

NOILO3NNOD

N

Occ
N330S HONOL



PCT/US2010/022883

WO 2010/088666

8/31

10%
300410313

ININO3S
NOIOJY 3AINA

NOWWOD



PCT/US2010/022883

9/31

WO 2010/088666

[ WOIAL  WOIAK
</ mw.% mwam& | c%%m./ //Am\@/m\oh
| P |
B
I ST | i
ﬁWUuu_rUuun_wH)_L_ _w h_wbunuun__un_Huu_uu_wnuu/\:W_% __4\ _menuuwun_uuuu_nu_ﬂunﬂ_d S www%_
o e B o o
- __f 1 o o L T paus
S - 1 A R
) s o e s e
e __ " “ , _ e wl - I" —— = T T = l(QQW
o e o T O 72
m_ ik ik J" ’ 4 T ;“+ Y T i
] o o o o o o
SO OO h DO mE |
_ ] ) i ' : >D
T T | A e s £ s e T = 0
i o o o 1 S
o o o o e e e v
............. AR e S S = A
04
Loy £07v —f—
. mmww,_?o%% NOIO3d mmzummm«%m e ININOIS woo—A-x
m. Q\L\ fxl\zoZomzzoo NOIO3Y 3JAINd
92Z 13X1d HONOL 419 WoI—AK

ANIT 3SN3S



PCT/US2010/022883

WO 2010/088666

WOINA 7

OL193NNO Q 8 [ 95 09 L wo1SISNWVAL X _
0 AN i NOILDINNOD N | 609 1
s I woot | [ viva s 509 £09
- 206 =y - NI NI mex
H.__h.__h WWKHHHHHHHHHHE“ HHHHHHHHHL_W_WHHHHHHHHHHK ;_L_hHHHHHHHHHm_m_H wv”HHM..FI.,QHQHH@HH__J_HHHH <%M@H,M|._W_WWH‘\
606 — 1 | § R e | —— R 1
V348 ] - \// - - - N " . \/./ ~ : ” <~ j
oo n_Nn Fallial _ o _rk Faliia) FalliaY 119
NOILOINNOOD 11 (1 Aw i i e m.\ i i ) L3N]
WOo—A—X M % ¥ D b ] X b
GOS I I \ N | SRR \ N N TREEAR
| ) ] | IR | ¥ ol
WOOAX X ] \ % X ) m L \ ) ¥ ) m
S i ! I i ¥ ! || o
S U UL i A UL i |
INIT _i MMM MY Yy A Y ML M T M |
IAILONANOD 7)) iumn-::-u-_ﬁTn---:%H__wﬂmmn ...... Lm_-”::--u-mu"w.r ..... — @yﬁeoﬁ
619 CH———— = i) —— = H=—F" I
WOIAL _ LIS 109
Lo 13XId Q0410313 i
mm i WOOA 13XId VIV
L0¥
) GlS
4 p (o11) £06  3Xid A00dLI13
% £0S 300819313 NOILO3NNOD NOWNOD
o7 / (01) woopd NONWOD clg  Woo—k
300410373 £19 INIT SSYdAS ,@ ,Q \ b\
NOANOO  INIT JALLONANOD NOILO3INNOD |
JALLONANOD €19 Y



PCT/US2010/022883

WO 2010/088666

11/31

VARN/E |

NI
JOIVINSNI 31V9
31v9 119 141
A s0L NIV 609

106G Y
(SSVdAB) / 10/ p |
NOILOINNOD ON / \ /
£S5 Y
R 1 W3] DIMIOFT3IC 9Z07 /ﬁ {W_I\

WooMk  £0G 0
[ ¥3AY] OI4L0FTAIC 09
VIA JALLONANOD £0/ os0/ <08
I VIO g
A%w.\r 111 43AY1 DI¥10T13IC
300810313 _\ I
NOWNOD
109
(o11)
300410313
1IX1d

(919



PCT/US2010/022883

WO 2010/088666

g 9l

INIT
319
WOIAX OLVINSNI 31¥9 | L9 mww
10 §0L Lo/ 0%
\ / NIVID N\ N
IN~—X |

VIA 3AILONGNOD 08

12/31

! N\
N
[ ¥3AV1 JIYL0313I0  9Z0/ /NE
S

woopM  £06 44
11 ¥3IAY] DINIOFTAI0  DLO/ /09
VIA ALLONONOD £0/ INTT
_ VIVO §
Lor—"" [T 43AY] OI81037310 \ / |
uo%%ﬂm — — |
NONWOD 4

109

(oL1)
300410313 /16

13X1d



PCT/US2010/022883

NVERLE —7 /

13/31

WooAA 01008

6z6
P N 206

Ol A
D A = - N A H
\ mmmm . 9556
| | 9GG6
{7
| AT G/6 _ =
|| 266 ||o256
| 19456 0G/6 "
| |
P56 —| | 456
N _ |
“ '“ b
| o516~ i 016~
_ |
| 7
m |
| |
TS 1 N N
/ 2/26 9126

WO 2010/088666




PCT/US2010/022883

WO 2010/088666

S3ANT
WOIAX
G0l

SNOIL40d
ANI
WOIAA

Z101

WOIA

L 300410373
X NOWWOD
£201

ANTI

31V9
110!

s

s

]

|

NEIRIREIL
JOUVHO S3NIT
920!

WooAA
910!

]

340419313
13X1d

£20!

WOOA

3d0¥193114
NOWWNOO

\\\\lllllllll.mNGN
NI

300419313

31v9
_ clol

J\
1001

NOIOJY 3AINA

NOIO3Y 4ASN3S



WO 2010/088666 PCT/US2010/022883

15/31
+ + -
5V
2.5V
I I
| |
i l
xVCOMOV | 14200’15»1
I
\ ' J
Y e
LCD TOUCH (VSTIM)
12ms 4dms
5V -
2.5V
~y'oon® ,
|
§ ' Y,
Y '
LCD TOUCH
12ms 4ms

FIG. 118



WO 2010/088666 PCT/US2010/022883

16/31

1019

[ 0.9XVOLTS

FIG. 125



WO 2010/088666

PCT/US2010/022883

17/31
OUT OF PLANE/
DRIVE-SENSE LAYER BYPASSES

GROUNDING ‘ (Z-BYPASSES)
REGION 1308

1301 ch’om }

DRIVE-DRIVE
GROUNDING
REGION
1303

r

DRIVE DRIVE

GRID —

— ]
1304 .

o
N
o

GRID =~

1321—

x\Vcom

wal

—
1T
(6]

iS|s

jmml
1

law]
)

=
-

CONNECTION

1310——=

M~

2T,

)
1305 /

IN-PLANE/
LAYER BREAK
(Y-~DISCONNECT)

1309—
IN—PLANE/
LAYER BREAK |

DRIVE DRIVE

(X-DISCONNECT)

Y

==l
+ I ~>\1377

ST MULTIPLEXER

FIG. 13A



PCT/US2010/022883

WO 2010/088666

(1O3INNOOSSIO-X)  AVMHLV (10ANNODSIO-A)

NUENTE JALLONANOD : NUENe]
SSVdAG  INVId-NI  9NISSYdAS gl 9l NOILOINNOD INVId-NI
INVId-40-1N0 605 Gzl a1y9 0l5! coc!
805! p0S1 \
gt wm
_ & _\\ A INDT
£05! tm e — L — / m m /_ \.CHHHHHHHH —m—————= A coct
NOI93Y N 4~ NOIO
INIONNOYI b >
INHO-3ANC I ONIONNOEY
_ | J 3AT¥0-3ATH0
m - -—=-—=—=—Z “ “ _\_HHHHHHHHH.IIH.IIHHHHHHH N
]k I
w N/ \Y/ Y/ “ “ YV \U— :
[ H
i !
i : et
_ | __ m>Hw_Q
™ T
[} I
| ]
|| 1 a
= m
J U J /
Y Y '
1051 NOI93Y 105! 126 YAy
X NOIO3Y ISNIS NOI93Y
_ INIANNOYI INIONNOY9
A ISNIS—3AINA ISNIS-IAINA



V9l o1 VGl 914 Cvel 9l

A

PCT/US2010/022883

Y4 Y4 ) \
(NOILYOd)
MOISISNYYL
1S—-A10d

I 4

]

r—-
o
L—a
—
111N
i
r—]
[ -
=
I’_ﬂ}_‘
11N
1]
—=
—
e
=
1—n !-\
TN

19/31

WO 2010/088666

Y )
\ /T \ /| —
< (TAINNNL , /\ \\
JALNQ) | 2071
£051 WIOOAX 6071 woopx | | WO
SINTT [+1]4]] IW SINIT Gorl
viva ) ) VIvQ )
- B L — B L
m m] 1 !_ﬁ_l_ e H— 1,_1 — “],ﬁnq
! I I O T I A /20 A Y A Y A Wi
\ \ Lit!
£06! £ovl NOILJ3INNOD
INTT INIT Woo—A—X
1091 e 1061 (NOLL0d) e 10k] WO
HOLSISNYAI (030NvdX3d
1S—A10d



PCT/US2010/022883

WO 2010/088666

20/31

91 Ol

51 Ol gvl 9l

Y4 N N

N

Livl
NOILO3NNOD

iyl ZNOD  wod—A—X
(woop) /M

1091 1054 300410373 NOWWOJ
Loyl




PCT/US2010/022883

WO 2010/088666

21/31

091 9l 061 Ol

A A A
Ve Ve
¢NOD
\ \ :
(r———=\| |(r=—=\| |(r=—~= r (r——=1\| |r=——=) \1H1|I1Jr (r=———==1) (r=—~=1) \1$J
() =) =) Ity ST O | Rt oo [fSo] (S D
T AR TT AN TTAAT ! ITTAR TTAATTAAST | IMMARTTAR TTAA
IRINNINN N VD O U U L L
- -4 4 —4— PR WS I U ~-444 1 L 1 1 1 L 44+ 4414 J S § N U i . . - -
U J U J U U |, J U O U _ _ YAV ' O U _. U U
TT " TT " I\ 7 ﬂ ™" y "~ 7 ﬂ I o \___~~
7 T

, cN

o N }
a9 1051

NOILOINNOD  £094 v 153NN0D

\

43AV1
e
300419311
13XId

}

10¥1




PCT/US2010/022883

WO 2010/088666

22/31

13XId H

13XId 9

/1l

Il

13X1d 4

13XId 3

60}
|

[T T T T mg T I T [T T T T n T T
= Tt= = = Tt= = TT= t= = = = =
ilENcEcEN E e e S S S ENE = =
\
ozt 4 N/ 2021~
601 90/1
9041 —|_
L / | /
M [ — e
g I r AWt T - Tr T
[ I r r r [ f r L=J r ! f L=J f
_j_ _j_. _m....J__ _J_ __II.__ _]_ _]_ ] _]_ _1|__ 1l _]_
1 R i 1 HEE 1 HH i HER [ HE [ R 1 R 1 [} 1 I}
m T ™ I ™ T g ) - uge T ™ ) . ¢ age - ™ T T ) = [ X T T T T
Tt= t= Tt= T t= T t= Tt= Tt= Tt= t= T = T t= T Tt=
ilEEEEESEEEESEETEEEE S S SRS
n _ .|||Il_
H HEH I [ H HH K HEH 1 HEH [N I H HElH 1 R lH HEH 1 I A

13XId @
£0L1

13XId 9

13XId 8§

13XId v
1041

(VIYQ/ LNOD/3LV9/A10d) JONINDIS MSYA




MASK SEQUENCE (DATA/CON2/ITOVCOM)

WO 2010/088666 PCT/US2010/022883
23/31
—rI] ]
——] —
Il Lo
el |-
_ _
| (]
< >
a o_l
Q] —
'e)
S
Q
A
_ _
) 0
> =
a a
S~
| ] T~
] o L
dd |
O S S S —— S s U O S —— _J:
n e g o § s i L —
1 — —|
] [ _ ] __ || @O
fa r - =
a. [ ] {_r ﬂ - A
| ] ] I
m .—..1 ———————————————————— b Yt e — ] e ¥ L
n e g U o | oo e g —
—
| [~
L B
- i
— — LU
=)
- 1 @
— =
_ _
] i
> >
— —_
a o
< N
B B




61 "9l ]

1061 5061
T3X1d7H / TXIdD TaX1d j TaX1d 3 X

0 ol o o o|{@ ol ol oo/ ol o f_&|o oo

PCT/US2010/022883

LO3NN0ISIC
—X

44

24/31

WO 2010/088666

q _ T _
11 11 11 1_.3 [
0o [0 oo {00 o o) o oo o|}o ol oo]||0 o||[0g
1OINNOSIO 193NNOD \ y
o i E@S ~ |
W
1 i
\
TIXIdQ | TIXId D 13XId 78 TIXId Y
£06! |

QZSEEEEQESSE JONINDIS MSYN




PCT/US2010/022883

WO 2010/088666

25/31

13XI1d H

1XId 9

13X1d 4 13X1d 3 s00¢

N

J ay ave
N A /
\( [ \
‘\\
I
\\

COOZOCLT ﬁ”HHHHHH 10T MI-CEL OAZEEEH HHHHHH@I H1-[CT ﬁHqulll% T1-CCT n[HHHH.”-; ﬁ[n! \ x; ﬁHIHHHH”
—{2A LA AL lﬁ\--(.\ L 1(.?.( LA A AL |(J_G I Iﬁﬁr\. ] IC.J_.G.[ I |C..(\_P

O 0
ava

oy

O oOjg o o 0. opfa /o
ave ave ava)

O

g

8 1 G SN N M B

ASLAL

L E U A R P L

HA -+ H+H H +t M-t HH —H4-H~t+th H4—-H—-+t M1-HF1
LANA A AL AN ﬁ A — AL AA l(\,|C ﬁ A A

13XId"a

13XId 9

13XId 4 13XId
(Wg/0L1 13X1d/ENOJ/ VLN om@ JON3ND3S USYA



PCT/US2010/022883

WO 2010/088666

=T RS K3 T asiesetintasts: gisssissssssicaisesin] .
S kS *
E i VIZ 94N {
WN Nﬁ 65 o
s G N =
B s : A =
5 5 .\ - @
KK s 1v4 5 —
KK S “, N3340S BN =
== N =N 8y IODO._. S
= o =
o p =
S o ¥id N
K3 2y B N
o RN Wamﬁ% ..... % N
oS S o NA(
: e | (60 01 00)___]
5 : B - v SLINN 0!
X K3 ke
— ENE N =N £ —
g ThnnEe L s (uoo—£ ‘u00-X) TIXId I%
N % S M e ‘ -
5 : i (u0a—f ‘uoosip-x+) TaXI4OEE
S e
o } H (u0o—A ‘u02-X) T3XId .._@
o 61
TS < mr +m (u0o—A ‘u0dsIp—x+) TIXId "3
q _‘_N S AN NN NNARNN= N ] T
< m ; N 3 (uodsip—A- ‘uodsip-x+) TIXId o@
\ —
3 2 ~—c012 _ -
y. 83 ANNNL (uoosip—A- ‘u0o-x) I3XId 7D
3 m S : e (u0o—K ‘u0dSIp—X+) 7 uxElm%
alcsres BRER] SHPY CH 1 Iov e 9 24 995E] P [£€] 261 1€ OF| mmwmaﬁ_n:__nﬂd_c:_ AR THINANEBERBEEEAR e 3 I e
N =N 7 A= X - (uod—A *uoo-x) TIKId V|

<
13XId HONOL £0lc



WO 2010/088666

27/31

PCT/US2010/022883

7 _ | \\\
%% D% PSSO
XXX o
/ T
= \ QQ
[ T \ ~
= N
* Q)
\ = /
= ] I
\ = /
V\ T ‘ /
%2076 ;9% X /&’
(S LK 5
AN




WO 2010/088666 . PCT/US2010/022883

28/31 10
/-LCD FPC FIG. 29-2

TOUCH FPC—~—

tsw X,Y,Z
g
q0

/

gnd
0~ ri4

e g
S~

| 0~ c4
vcom
lcH~ 9

LEDGE

FOREHEAD

‘ / v LCD DRIVE

r0

r

r2

VA INVARNVEN ANRNNRNY
=S ¢
S

N\
A\

R
GATE DRIVER
£
GATE DRIVER

PIXELS
PER /
ROW

LY

ri4

1
1 T - I 1
A )|

TSW tsw X.Y.Z|

L
Q%m I i1 Wﬁ

DOUBLE LAYER 3RD METAL METAL 2 METAL 1

10
FIG. 22-2

FIG. 22—1



WO 2010/088666 PCT/US2010/022883

29/31

FROM
FIG. 22-1

PIN ASSIGNMENT

12 3~ 18 19~25 24 N~ 50 H~4 46~48 49 30

PIN NAME|| g0 | g1 {r14 ~r0gnd|cO ~ cdfvcomicd ~ c9 gnd Jr0 ~ r14} tswX ~ Z | g1 | g0

TSW S
(DATA RN 2 NNIRY N \\N N
TN NN NN YRNX \x Y YR
N\ N
3rd METAL
= [t sw X
= ==/
7 DATA ML DATA (7 DATA
T LINES I LNes ] I LINES

X & Y DATA LINES X & Y DATA LINES X & Y DATA LINES X & Y DATA LINES

FROM
FIG. 22-1

FIG. 222



PCT/US2010/022883

WO 2010/088666

30/31

£IsZ
NOI93Y
mmumm ‘Amz%
e [
43718104 aNZ | —
e \ \\ INIONNOY9
91£Z Y
SSVI9 1L | | |
cocz—" \ / | __—oez
SSV19 40 \ 7 F—T3IHS § HOIH
£05Z N .
¥37T9V10d / \ . T~—z0c7
= JAISIHAY
1082
43000
6052
SNOTLMOd

NOIO3Y 3AIYd
00sec



PCT/US2010/022883

WO 2010/088666

31/31

ve 9l

\

LI d Tl

| ___J

miminlnlniEi=is
OOl _: 1 [ Fl__
s {m f n  wn
DDEZ_;: _:U,.

L1 :f _[DDD

O, E_I_EED

|||||ﬂ|||||ll\ —_——— e —
\
/
/




