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(57) Abstract: A touch screen is disclosed. The touch screen can comprise a substrate having a first surface upon which a touch or
proximity event is to be detected, and a second surface that opposes the first surface, and a touch sensor electrode and a first display
pixel including a first display pixel TFT formed on the second surface of the substrate. The first touch sensor electrode can be dis posed between the second surface of the substrate and the first display pixel TFT, and the first touch sensor electrode can be con
figured to detect the touch or proximity event. In some examples, the substrate can comprise a TFT glass substrate. In some ex amples, the touch screen can comprise a first touch sensor routing electrically coupled to the first touch sensor electrode, wherein the
first touch sensor routing is disposed between the second surface of the substrate and the first display pixel TFT.

STRUCTURE FOR INTEGRATED TOUCH SCREEN

Field of the Disclosure
[0001]

This relates generally to touch sensor panels that are integrated with

displays.
Background of the Disclosure
[0002]

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 touchsensitive 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
(UI) 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
touch. For example, in some capacitive-type touch sensing systems, fringing electrical

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.
[0003]

Some capacitive touch sensor panels can be formed by a matrix of

substantially transparent conductive plates made of materials such as Indium Tin Oxide
(ITO). 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. Some
touch screens can be formed by at least partially integrating touch sensing circuitry into a
display pixel stackup (i.e., the stacked material layers forming the display pixels).
Summary of the Disclosure
[0004]

Some capacitive touch sensor panels can be formed by a matrix of

substantially transparent conductive plates made of materials such as Indium Tin Oxide
(ITO), and some touch screens can be formed by at least partially integrating touch

sensing circuitry into a display pixel stackup (i.e., the stacked material layers forming the
display pixels). The examples of the disclosure provide various techniques for integrating
touch sensing circuitry into a display pixel stackup using independent touch sensing and
display structures to reduce the overall thickness of the display pixel stackup.
Brief Description of the Drawings
[0005]

FIGs. 1A-1C illustrate an example mobile telephone, an example media

player, and an example portable computing device that each include an exemplary touch
screen according to examples of the disclosure.
[0006]

FIG. ID illustrates an exemplary touch sensor circuit corresponding to a

self-capacitance touch pixel electrode and sensing circuit according to examples of the
disclosure.
[0007]

FIG. 2 is a block diagram of an example computing system that illustrates

one implementation of an example touch screen according to examples of the disclosure.
[0008]

FIG. 3 illustrates an exemplary display stackup according to examples of

the disclosure.
[0009]

FIG. 4 illustrates an exemplary touch and display stackup of an integrated

touch screen according to examples of the disclosure.
[0010]

FIGs. 5A-5F illustrate an exemplary process for fabricating a touch and

display stackup according to examples of the disclosure.

Detailed Description
[0011]

In the following description of examples, reference is made

accompanying drawings which form a part hereof, and in which it is shown by way of
illustration specific examples that can be practiced. It is to be understood that other
examples can be used and structural changes can be made without departing from the
scope of the disclosed examples.
[0012]

Some capacitive touch sensor panels can be formed by a matrix of

substantially transparent conductive plates made of materials such as Indium Tin Oxide
(ITO), and some touch screens can be formed by at least partially integrating touch
sensing circuitry into a display pixel stackup (i.e., the stacked material layers forming the
display pixels). The examples of the disclosure provide various techniques for integrating
touch sensing circuitry into a display pixel stackup using independent touch sensing and
display structures to reduce the overall thickness of the display pixel stackup.
[0013]

FIGs. 1A-1C show example systems in which a touch screen according to

examples of the disclosure may be implemented. FIG. 1A illustrates an example mobile
telephone 136 that includes a touch screen 124. FIG. IB illustrates an example digital
media player 140 that includes a touch screen 126. FIG. 1C illustrates an example
portable computing device 144 that includes a touch screen 128. It is understood that the
above touch screens can be implemented in other devices as well, including in wearable
devices.
[0014]

In some examples, touch screens 124, 126 and 128 can be based on self-

capacitance. A self-capacitance based touch system can include a matrix of small,
individual plates of conductive material that can be referred to as touch pixel electrodes
(as described below with reference to touch screen 220 in FIG. 2). For example, a touch

screen can include a plurality of individual touch pixel electrodes, each touch pixel
electrode identifying or representing a unique location on the touch screen at which touch
or proximity (i.e., a touch or proximity event) is to be sensed, and each touch pixel
electrode being electrically isolated from the other touch pixel electrodes in the touch
panel/screen. Such a touch screen can be referred to as a pixelated self-capacitance touch
screen. During operation, a touch pixel electrode can be stimulated with an AC
waveform, and the self-capacitance to ground of the touch pixel electrode can be

measured. As an object approaches the touch pixel electrode, the self-capacitance to
ground of the touch pixel electrode can change. This change in the self-capacitance of the
touch pixel electrode can be detected and measured by the touch sensing system to
determine the positions of multiple objects when they touch, or come in proximity to, the
touch screen. In some examples, the electrodes of a self-capacitance based touch system
can be formed from rows and columns of conductive material, and changes in the selfcapacitance to ground of the rows and columns can be detected, similar to above.
[0015]

FIG. ID illustrates an exemplary touch sensor circuit corresponding to a

self-capacitance touch pixel electrode 152 and sensing circuit 164 according to examples
of the disclosure. Touch pixel electrode 152 can correspond to touch pixel electrode 222
in FIG. 2, below. Touch pixel electrode 152 can have an inherent self-capacitance to
ground associated with it, and also an additional self-capacitance to ground that is formed
when an object, such as finger 155, is in proximity to or touching the electrode. The total
self-capacitance to ground of touch pixel electrode 152 can be illustrated as capacitance
154. Touch pixel electrode 152 can be coupled to sensing circuit 164. Sensing circuit

164 can include an operational amplifier 158, feedback resistor 162, feedback capacitor
160 and an input voltage source 156, although other configurations can be employed. For

example, feedback resistor 162 can be replaced by a switched capacitor resistor in order
to minimize any parasitic capacitance effect caused by a variable feedback resistor.

Touch pixel electrode 152 can be coupled to the inverting input of operational amplifier
158. An AC voltage source 156 (Vac) can be coupled to the non-inverting input of

operational amplifier 158. The touch sensor circuit can be configured to sense changes in
the total self-capacitance 154 of the touch pixel electrode 152 induced by a finger or
object either touching or in proximity to the touch sensor panel. Output 170 can be used
by a processor to determine the presence of a proximity or touch event, or the output can
be inputted into a discrete logic network to determine the presence of a touch or
proximity event.
[0016]

In some examples, touch screens 124, 126 and 128 can be based on mutual

capacitance. A mutual capacitance based touch system can include, for example, drive
regions and sense regions, such as drive lines and sense lines. For example, drive lines
can be formed in rows while sense lines can be formed in columns (e.g., orthogonal).
Mutual capacitance touch pixels can be formed 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 mutual
capacitance touch pixel. As an object approaches the mutual capacitance touch pixel,
some of the charge being coupled between the row and column of the mutual capacitance
touch pixel can instead be coupled onto the object. This reduction in charge coupling
across the mutual capacitance 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 mutual capacitance 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 when they touch the touch screen. In some examples, a
touch screen can be multi-touch, single touch, projection scan, full-imaging multi-touch,
capacitive touch, etc.
[0017]

FIG. 2 is a block diagram of an example computing system 200 that

illustrates one implementation of an example touch screen 220 according to examples of
the disclosure. Computing system 200 can be included in, for example, mobile telephone
136, digital media player 140, portable computing device 144, or any mobile or non-

mobile computing device that includes a touch screen, including a wearable device.
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 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 and channel scan logic 210. Channel scan logic 210 can access RAM 212,
autonomously read data from sense channels 208 and provide control for the sense
channels. In addition, channel scan logic 210 can control sense channels 208 to generate
stimulation signals at various frequencies and phases that can be selectively applied to the
touch pixel electrodes of touch screen 220, as described in more detail below. In some
examples, touch controller 206, touch processor 202 and peripherals 204 can be
integrated into a single application specific integrated circuit (ASIC), and in some
examples can be integrated with touch screen 220 itself.
[0018]

Touch screen 220 can be a self-capacitance touch screen, and can include

touch sensing circuitry that can include a capacitive sensing medium having a plurality of

electrically isolated touch pixel electrodes 222 (e.g., a pixelated self-capacitance touch
screen). It is understood that while touch screen 220 is described here as including touch

pixel electrodes 222, the touch screen can additionally or alternatively include rows and
columns of conductive material; the operation of such a touch screen would be similar to
that described here. Additionally, it is understood that in some examples, touch screen
220 can be a mutual capacitance touch screen, as described above, though the description
that follows will assume that the touch screen is a self-capacitance touch screen having a
plurality of touch pixel electrodes. Touch pixel electrodes 222 can be coupled to sense
channels 208 in touch controller 206, can be driven by stimulation signals from the sense
channels through drive/sense interface 225, and can be sensed by the sense channels
through the drive/sense interface as well, as described above. Labeling the conductive
plates used to detect touch (i.e., touch pixel electrodes 222) as "touch pixel" electrodes
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 an amount of touch

detected at each touch pixel electrode 222 in touch screen 220, the pattern of touch pixel
electrodes 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 screen).
[0019]

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. The LCD driver 234 can provide voltages on
select (gate) lines to each pixel transistor and can provide data signals along data lines to
these same transistors to control the pixel display image as described in more detail

below. 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. 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.

[0020]

Note that one or more of the functions described above, including the

configuration of switches, 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 non-transitory computer-readable storage 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 "non-transitory computer-readable storage
medium" can be any medium (excluding signals) that can contain or store the program for

use by or in connection with the instruction execution system, apparatus, or device. The
computer-readable storage 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.
[0021]

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 medium can

include, but is not limited to, an electronic, magnetic, optical, electromagnetic or infrared

wired or wireless propagation medium.
[0022]

In some examples, a touch screen can be formed by overlaying a touch

sensor panel (e.g., a self-capacitance touch sensor panel and/or a mutual capacitance
touch sensor panel having electrode configurations as described above) on a display to
form the touch screen. However, in some examples, it may be desirable to integrate the
structure of the touch sensor panel with the structure of the display to, for example, make
the combined touch screen structure thinner than it might have otherwise been if the touch
sensor panel had been overlaid on the display. The examples of the disclosure provide
one or more ways of accomplishing such integration.
[0023]

FIG. 3 illustrates an exemplary display stackup 300 according to examples

of the disclosure. Display stackup 300 can be a stackup of an exemplary liquid crystal
display (LCD), though it is understood that other LCD configurations, and other display
technologies (e.g., organic light-emitting diode (OLED)), can similarly be utilized in the
examples of the disclosure. Display stackup 300 can be formed of one or more layers, as
described below. Specifically, thin film transistor (TFT) 313 can be formed on substrate
302, which can be any substrate suitable for use in a display stackup as a TFT substrate,

such as TFT glass. TFT 313 can control the luminance of its associated display pixel, and

can include data line portion 316, gate line portion 314 and pixel electrode portion 318.
In operation, gate line portion 314 can control whether TFT 313 is in an "on" or an "off
state, and/or how "on" or "off the TFT is. When TFT 313 is in an "on" state, a voltage

on data line portion 316 can be substantially transferred to pixel electrode portion 318,
which can determine the luminance of the display pixel with which the TFT is associated.
Specifically, in some examples, a voltage difference between pixel electrode 322 and
common electrode 320 can determine the luminance of the display pixel. Therefore,
setting the voltage at pixel electrode 322 via pixel electrode portion 318 of TFT 313, as
described above, can determine the luminance of the display pixel. In some examples,
common electrode 320 can determine the luminance of multiple display pixels (i.e., the
common electrode can be associated with multiple display pixels) in conjunction with
individual pixel electrodes of the multiple display pixels. When TFT 313 is in an "off"
state, data line portion 316 and pixel electrode portion 318 can be substantially

disconnected from each other, thus substantially insulating the pixel electrode portion
from any changes in voltage that might occur on the data line portion.
[0024]

Material 304 can be any insulator (e.g., SiN) suitable for insulating gate

line portion 314 from data line portion 316 and/or pixel electrode portion 318 of TFT 313.

Material 306 can be any insulator (e.g., a spin-on-glass (SOG) material) for insulating
components such as data line portion 316 from pixel electrode 322 and common electrode
320. Material 306 can also provide a planar surface upon which subsequent layers can be

formed. Via 324 can electrically connect pixel electrode 322 to pixel electrode portion
318 such that TFT 313, using gate line portion 314 and data line portion 316, can control

the luminance of the display pixel with which the TFT is associated. Common electrode
320 can be any conductive material (e.g., Indium Tin Oxide (ITO)) that can be used by

one or more display pixels such that a voltage difference between the pixel electrodes of
those display pixels (e.g., pixel electrode 322) and the common electrode can determine
the luminance of the respective display pixels. A liquid crystal material can exist
between pixel electrode 322 and common electrode 320.
[0025]

Material 308 can be any insulator (e.g., a spin-on-glass (SOG) material)

for insulating components such as pixel electrode 322 from components above. Material
308 can also provide a planar surface upon which subsequent layers can be formed.

Black mask 328 can hide TFT 313, its related components, and/or optical imperfections
that the above may introduce on the display such that a user looking at the display from
above may not see or notice such imperfections. Black mask 328 can also separate color
filter 326 from color filter 330. Color filter 326 can impart a color (e.g., red, green or
blue for an RGB display) to light passing through it for display. Color filter 330 can

similarly impart color to light passing through it for display.
[0026]

Black mask 328 and color filters 326 and 330 can reside underneath

substrate 310, which can be any substrate suitable for such a purpose, for example, a color
filter glass substrate. Cover glass 312 can be any material suitable for protecting the
various components of the display below.
[0027]

In some examples, adding touch functionality to display stackup 300 can

include integrating touch circuitry within the stackup, and in some examples, can include
utilizing some of the existing display circuitry as touch circuitry (i.e., dual-use circuitry).

Such integration can sometimes pose challenges that can be difficult to overcome. Thus,
it can be beneficial to integrate touch circuitry with display stackup 300 in a way that can
minimize the effect of the touch circuitry on the operation of the display stackup.
[0028]

FIG. 4 illustrates an exemplary touch and display stackup 400 of an

integrated touch screen according to examples of the disclosure. Touch and display
stackup 400 can be formed of one or more layers, as described below. Specifically,
display portion 401 of touch and display stackup 400 can be substantially the same as
display stackup 300 of FIG. 3, except that display portion 401 can be flipped (i.e., upside
down) with respect to the orientation of display stackup 300. Note that although black
mask 428 is now underneath display pixel TFT 413, it can still serve to hide the TFT, as
discussed above. Display portion 401 can extend from color filter glass 410 to material
404, including TFT 413. Because display portion 401 can be substantially the same as

display stackup 300 (i.e., have substantially the same layers as display stackup 300), the
structure and operation of display portion 401 can be substantially the same as the
structure and operation of display stackup 300 (e.g. , the structures identified by reference
characters 306, 308, 320, 322, 324, 326 and 320 in FIG. 3 are substantially the same as
the structures identified by reference characters 406, 408, 420, 422, 424, 426 and 420 in
FIG. 4, respectively), and the details will be omitted here for brevity.

[0029]

Touch portion 403 of touch and display stackup 400 can provide touch

detection functionality to the touch screen of the disclosure. Material 436 can insulate
TFT 413 and other structures in display portion 401 from structures in touch portion 403,
and can be any material suitable for such a purpose, such as an SOG material.

Additionally, material 436 can be designed to have any thickness as appropriate for
desired touch screen operation—for example, if minimization of capacitances between
components in touch portion 403 and components in display portion 401 is desired,
material 436 can be relatively thick to minimize the capacitive coupling between the
touch portion and the display portion. Touch sensor routing 434 can route signals to
and/or from touch sensor electrode 421 to allow for touch detection, as previously
described (e.g., the touch sensor routing can carry one or more stimulation signals to the
touch sensor electrode for driving the touch sensor electrode, and/or the touch sensor
routing can carry one or more touch signals from the touch sensor electrode to sense
circuitry for sensing touch). Touch sensor electrode 421 can correspond to a touch pixel

electrode in a pixelated self-capacitance touch screen, a drive/sense region in a mutual
capacitance touch screen, or any other type of electrode used to detect touch or proximity
events on a touch screen. Touch sensor routing 434 can generally be insulated from touch
sensor 421 (except where contact is specifically made) by insulator 432, which can be any
material suitable for such a purpose, such as SiN.
[0030]

Touch sensor 421 can be part of any touch sensor pattern that can be used

for touch detection. For example, touch sensor 421 can be part of: a self-capacitance
touch sensor pattern made up of a matrix of individual and/or electrically isolated touch
pixel electrodes (e.g., touch sensor 421 can be one of the touch pixel electrodes of a
pixelated self-capacitance touch screen); a self-capacitance touch sensor pattern made up
of a collection of individual and/or electrically isolated row and column touch electrodes
(e.g., touch sensor 421 can be one of the rows and/or columns of a row/column self-

capacitance touch screen); a mutual capacitance touch sensor pattern made up of a
collection of row and column electrodes (e.g., touch sensor 421 can be one of the rows
and/or columns of a row/column mutual capacitance touch screen); or any other pattern of
touch sensors that can be used for touch detection. The area covered by touch sensor 421
can encompass one or more display pixels, each being associated with a respective TFT.
Touch signals from touch sensors across the touch screen can be carried by routing such
as touch sensor routing 434, as appropriate.

[0031]

Material 438 can insulate and separate touch sensor 421 from structures

above, and can be any material suitable for such a purpose, such as an SOG material.
Black mask 429 can, similar to above, hide touch sensor routing 434, its connection (e.g.,
via) to touch sensor 421, its related components, and/or optical imperfections introduced

by the above on the touch screen. In some examples, black mask 429 can additionally or
alternatively hide TFT 413 and its related components (e.g., gate line portion 414, data
line portion 416, etc.). Finally, material 438 and black mask 429 can reside below

substrate 402, which can form the surface of the touch screen, and can be any substrate
suitable for such a purpose, such as a TFT glass material (like TFT glass 302 in FIG. 3),
plastic, or the like. As illustrated in FIG. 4, in some examples, substrate 402 can have
two surfaces that oppose each other: one surface upon which touch and proximity events
are to be detected, and another surface on which touch 403 and display 401 portions of

touch and display stackup 400 can be formed.

[0032]

Therefore, in accordance with examples of the disclosure, touch sensing

circuitry can be integrated with a display in such a way that the structure and operation of
the touch sensing circuitry can be substantially independent from the structure and
operation of the display. In other words, while display portion 401 and touch portion 403
of touch and display stackup 400 can be integrated in a single stackup, the two portions
can be completely separate within the stackup. As such, the touch sensing circuitry can
be designed substantially solely based on desired touch sensing operation with

substantially no regard for display operation. Additionally, whereas display stackup 300
can include cover glass 312, touch and display stackup 400 can include TFT glass 402 as
the layer forming the surface of the touch screen (i.e., TFT glass 402 can have a surface
upon which touch and proximity events can be detected), which can eliminate the need
for the touch and display stackup to include a separate cover glass layer. As such, the
thickness of touch and display stackup 400 can be less than other touch and display
stackups that might require a cover glass layer. Further, without a cover glass layer,
touch and proximity events on the touch screen can occur closer to touch sensor 421 (i.e.,
a distance between the touch sensor and the surface of the touch screen can be less than in
a touch screen including a cover glass layer), and therefore better touch screen touch
sensitivity can result as touch and proximity events can result in greater changes in selfand/or mutual capacitance measurements of the touch sensor. In addition, by flipping
display portion 401 and laying out touch portion 403 as described, touch sensor routing
434, gate line portion 414 and data line portion 416 can be brought relatively close

together in touch and display stackup 400 (e.g., closer than they would otherwise have
been if display portion 401 had not been flipped), thus making it easier to route
connections to the above from a single location on the touch screen, such as from a single
flex circuit and/or flex circuit connection utilized to route both touch and display signals
on and off the touch screen.
[0033]

It is understood that exemplary touch and display stackup 400 provides

one possible touch screen configuration according to examples of the disclosure, and that
other variations of touch and display stackup in which touch sensing circuitry can be
integrated with a display are similarly within the scope of the disclosure.
[0034]

FIGs. 5A-5F illustrate an exemplary process for fabricating touch and

display stackup 400 according to examples of the disclosure. Although touch and display

stackup 400 can have TFT glass 402 as the "top" layer (i.e., the material forming the
surface of the touch screen upon which touch or proximity events are to be detected), in
some examples, the touch and display stackup can be fabricated starting with the TFT
glass on the "bottom," and the stackup can be subsequently flipped for touch screen

operation.
[0035]

FIG. 5A illustrates the first step of the exemplary process. Black mask

529 can be formed on one surface of a substrate having two opposing surfaces, such as

TFT glass 502— the other surface of the TFT glass can be a surface upon which touch and
proximity events are to be detected. Black mask 529 can be formed of any material
suitable for the purposes described above, including a polyimide or polysiloxane base
having carbon black and/or titanium black coloring agents. Black mask 529 can be part
of a black mask layer that can be formed on the one surface of TFT glass 502.
[0036]

FIG. 5B illustrates the second step of the exemplary process. Material 538

can be formed over black mask 529 and the one surface of TFT glass 502. Material 538
can be any material for insulating and protecting the layers above from the layers below,
and can also fulfill a planarization role so that subsequent process steps can be performed

on a substantially flat surface. Material 538 can be any material suitable for such a
purpose, including an SOG material.
[0037]

FIG. 5C illustrates the third step of the exemplary process. Touch sensor

521 can be formed over material 538. Touch sensor 521 can be one of a plurality of

individual and/or electrically isolated touch sensor electrodes that can be formed across
the touch screen in any desired touch sensor pattern, as described above. Touch sensor
521 can be formed of any material suitable for such a purpose, such as an ITO material,

and can be part of a touch sensor electrode layer that can be formed over material 538.
[0038]

FIG. 5D illustrates the fourth step of the exemplary process. Material 532

can be formed over touch sensor 521 and material 538. Material 532 can insulate touch
sensor 521 from routing that can be formed above it, such as touch sensor routing 534.
Material 532 can be any material suitable for such a purpose, such as SiN.
[0039]

FIG. 5E illustrates the fifth step of the exemplary process. Touch sensor

routing 534 can be formed over material 532 to electrically connect to touch sensor 521
and route touch signals to appropriate circuitry (e.g., sense circuitry). Touch sensor

routing 535 can represent touch sensor routing that can electrically connect to one or
more other touch sensor electrodes on the touch screen, but that passes through the area
including touch sensor 521. Touch sensor routing 534 and 535 can be part of a touch
sensor routing layer that can be formed over material 532. Though not illustrated, in
some examples, some or all portions of touch sensor 521 that are underneath touch sensor

routing 535 can include voids/discontinuities/gaps in the touch sensor material such that
capacitances (e.g., parasitic capacitances) that may exist as a result of overlap between
touch sensor routing 535 and touch sensor 521 can be reduced. In some examples, as
illustrated, black mask 529 may be disposed between touch sensor routing 534 and/or 535
and the one surface of TFT glass 502 to hide the touch sensor routing and/or optical

imperfections that the touch sensor routing may introduce on the touch screen.
[0040]

FIG. 5F illustrates the sixth step of the exemplary process. Material 536

can be formed over touch sensor routing 534 and 535, and material 532. Material 536 can
be any material for insulating and protecting the layers above from the layers below, and

can also fulfill a planarization role so that subsequent process steps can be performed on a
substantially flat surface. Material 538 can be any material suitable for such a purpose,
including an SOG material.
[0041]

After the sixth step illustrated in FIG. 5F of the exemplary process, display

portion 401 of touch and display stackup 400 can be formed. Display portion 401 can be
formed of one or more layers, as discussed above, using any number of processes for
forming an LCD display stackup, the details of which are omitted here for brevity.
Because touch portion 403 can be formed before display portion 401, the configuration
and processing of the display portion need not be substantially affected by the existence

of the touch portion below it. Thus, touch portion 403 (and its corresponding function)
can be designed substantially independently from display portion 401.
[0042]

Thus, the examples of the disclosure provide one or more configurations

for integrating touch sensing circuitry with display circuitry to form a touch screen.
[0043]

Therefore, according to the above, some examples of the disclosure are

directed to a touch screen comprising: a substrate having a first surface upon which a
touch or proximity event is to be detected, and a second surface that opposes the first
surface; and a first touch sensor electrode and a first display pixel including a first display

pixel TFT formed on the second surface of the substrate, wherein: the first touch sensor
electrode is disposed between the second surface of the substrate and the first display
pixel TFT, and the first touch sensor electrode is configured to detect the touch or
proximity event. Additionally or alternatively to one or more of the examples disclosed
above, in some examples, the substrate comprises a TFT glass substrate. Additionally or

alternatively to one or more of the examples disclosed above, in some examples, the
touch screen further comprises: a first touch sensor routing electrically coupled to the first
touch sensor electrode and configured to transmit one or more touch signals associated
with the first touch sensor electrode to sense circuitry, wherein the first touch sensor

routing is disposed in a layer between the second surface of the substrate and the first
display pixel TFT. Additionally or alternatively to one or more of the examples disclosed
above, in some examples, the first touch sensor routing is disposed in a layer between the

first touch sensor electrode and the first display pixel TFT. Additionally or alternatively
to one or more of the examples disclosed above, in some examples, the touch screen

further comprises: a second touch sensor routing electrically coupled to a second touch
sensor electrode, the second touch sensor routing disposed in a layer between the second
surface of the substrate and the first display pixel TFT, wherein the first touch sensor
electrode includes a gap at a location corresponding to a location of the second touch
sensor routing in the touch screen. Additionally or alternatively to one or more of the
examples disclosed above, in some examples, the touch screen further comprises: a
common electrode associated with the first display pixel and configured to control a
luminance of the first display pixel; and a pixel electrode associated with the first display
pixel and configured to control the luminance of the first display pixel, wherein the first
touch sensor electrode is disposed in a layer between the common electrode and the
second surface of the substrate, and between the pixel electrode and the second surface of
the substrate. Additionally or alternatively to one or more of the examples disclosed
above, in some examples, the common electrode and the pixel electrode are disposed in

one or more layers between the first display pixel TFT and a color filter associated with
the first display pixel. Additionally or alternatively to one or more of the examples

disclosed above, in some examples, the touch screen further comprises a black mask
disposed between the first touch sensor routing and the second surface of the substrate,
the black mask configured to hide the first touch sensor routing on the touch screen.

Additionally or alternatively to one or more of the examples disclosed above, in some

examples, the touch screen further comprises a second display pixel including a second
display pixel TFT formed on the second surface of the substrate, wherein the first touch
sensor electrode is disposed in a layer between the second surface of the substrate and the
second display pixel TFT. Additionally or alternatively to one or more of the examples
disclosed above, in some examples, the touch screen further comprises: a common
electrode associated with the first display pixel and the second display pixel, the common
electrode configured to control a first luminance of the first display pixel and a second
luminance of the second display pixel, wherein the first touch sensor electrode is disposed
in a layer between the second surface of the substrate and the common electrode.

Additionally or alternatively to one or more of the examples disclosed above, in some
examples, the first touch sensor electrode comprises part of a pixelated self-capacitance
touch sensor electrode pattern.
[0044]

Some examples of the disclosure are directed to a touch screen

comprising: a substrate having a first surface upon which a touch or proximity event is to
be detected, and a second surface that opposes the first surface; and a touch sensor

electrode layer and a display pixel TFT layer formed on the second surface of the
substrate, wherein: the touch sensor electrode layer is disposed between the second

surface of the substrate and the display pixel TFT layer, and the touch sensor electrode

layer has a plurality of touch sensor electrodes configured to detect the touch or proximity
event. Additionally or alternatively to one or more of the examples disclosed above, in
some examples, the substrate comprises a TFT glass substrate. Additionally or

alternatively to one or more of the examples disclosed above, in some examples, the
touch screen further comprises a touch sensor routing layer disposed between the second
surface of the substrate and the display pixel TFT layer, wherein the touch sensor routing

layer includes touch sensor routing electrically coupled to the plurality of touch sensor
electrodes, and is configured to transmit one or more touch signals associated with the

touch sensor electrodes. Additionally or alternatively to one or more of the examples
disclosed above, in some examples, the touch sensor routing layer is disposed between
the touch sensor electrode layer and the display pixel TFT layer. Additionally or

alternatively to one or more of the examples disclosed above, in some examples, one or
more of the touch sensor electrodes include one or more gaps at locations corresponding
to the touch sensor routing. Additionally or alternatively to one or more of the examples

disclosed above, in some examples, the touch screen further comprises: a common
electrode layer configured to control luminances of a plurality of display pixels; and a
pixel electrode layer configured to control the luminances of the plurality of display
pixels, wherein the touch sensor electrode layer is disposed between the common
electrode layer and the second surface of the substrate, and between the pixel electrode
layer and the second surface of the substrate. Additionally or alternatively to one or more
of the examples disclosed above, in some examples, the common electrode layer and the
pixel electrode layer are disposed between the display pixel TFT layer and a color filter
layer. Additionally or alternatively to one or more of the examples disclosed above, in
some examples, the plurality of touch sensor electrodes comprise part of a self-

capacitance touch sensor electrode pattern.
[0045]

Some examples of the disclosure are directed to a method for fabricating a

touch screen, the method comprising: forming a first touch sensor electrode on a second
surface of a substrate, the substrate having the second surface and a first surface that
opposes the second surface, the first surface being a surface upon which a touch or
proximity event is to be detected by the first touch sensor electrode; and forming a first
display pixel including a first display pixel TFT on the second surface of the substrate,
wherein the first touch sensor electrode is disposed between the second surface of the
substrate and the first display pixel TFT. Additionally or alternatively to one or more of
the examples disclosed above, in some examples, the substrate comprises a TFT glass
substrate. Additionally or alternatively to one or more of the examples disclosed above,

in some examples, the method further comprises: forming a first touch sensor routing

electrically coupled to the first touch sensor electrode and configured to transmit one or
more touch signals associated with the first touch sensor electrode to sense circuitry,

wherein the first touch sensor routing is formed in a layer between the second surface of
the substrate and the first display pixel TFT. Additionally or alternatively to one or more

of the examples disclosed above, in some examples, the method further comprises:
forming a second touch sensor electrode on the second surface of the substrate; and
forming a second touch sensor routing electrically coupled to the second touch sensor
electrode, wherein the forming the first touch sensor electrode comprises forming the first

touch sensor electrode with a gap at a location corresponding to a location of the second
touch sensor routing in the touch screen. Additionally or alternatively to one or more of

the examples disclosed above, in some examples, the method further comprises: forming
a common electrode associated with the first display pixel and configured to control a
luminance of the first display pixel; and forming a pixel electrode associated with the first
display pixel and configured to control the luminance of the first display pixel, wherein
the first touch sensor electrode is formed in a layer between the common electrode and
the second surface of the substrate, and between the pixel electrode and the second
surface of the substrate. Additionally or alternatively to one or more of the examples
disclosed above, in some examples, the first touch sensor electrode comprises part of a
pixelated self-capacitance touch sensor electrode pattern.
[0046]

Although examples of this disclosure have been fully described with

reference to the accompanying drawings, it is to be noted that various changes and
modifications will become apparent to those skilled in the art. Such changes and
modifications are to be understood as being included within the scope of examples of this
disclosure as defined by the appended claims.

CLAIMS

1.

A touch screen comprising:

a substrate having a first surface upon which a touch or proximity event is to be
detected, and a second surface that opposes the first surface; and

a first touch sensor electrode and a first display pixel including a first display pixel
TFT formed on the second surface of the substrate, wherein:
the first touch sensor electrode is disposed between the second surface of the
substrate and the first display pixel TFT, and
the first touch sensor electrode is configured to detect the touch or proximity

event.

2.

The touch screen of claim

1,

wherein the substrate comprises a TFT glass

The touch screen of claim

1,

further comprising:

substrate.

3.

a first touch sensor routing electrically coupled to the first touch sensor electrode
and configured to transmit one or more touch signals associated with the first touch

sensor electrode to sense circuitry, wherein the first touch sensor routing is disposed in a
layer between the second surface of the substrate and the first display pixel TFT.

4.

The touch screen of claim 3, wherein the first touch sensor routing is

disposed in a layer between the first touch sensor electrode and the first display pixel
TFT.

5.

The touch screen of claim 3, further comprising:

a second touch sensor routing electrically coupled to a second touch sensor
electrode, the second touch sensor routing disposed in a layer between the second surface

of the substrate and the first display pixel TFT,
wherein the first touch sensor electrode includes a gap at a location corresponding
to a location of the second touch sensor routing in the touch screen.

6.

The touch screen of claim

1,

further comprising:

a common electrode associated with the first display pixel and configured to
control a luminance of the first display pixel; and
a pixel electrode associated with the first display pixel and configured to control
the luminance of the first display pixel,

wherein the first touch sensor electrode is disposed in a layer between the
common electrode and the second surface of the substrate, and between the pixel
electrode and the second surface of the substrate.

7.

The touch screen of claim 6, wherein the common electrode and the pixel

electrode are disposed in one or more layers between the first display pixel TFT and a
color filter associated with the first display pixel.

8.

The touch screen of claim 3, further comprising a black mask disposed

between the first touch sensor routing and the second surface of the substrate, the black
mask configured to hide the first touch sensor routing on the touch screen.

9.

The touch screen of claim

1,

further comprising a second display pixel

including a second display pixel TFT formed on the second surface of the substrate,
wherein the first touch sensor electrode is disposed in a layer between the second
surface of the substrate and the second display pixel TFT.

10.

The touch screen of claim 9, further comprising:

a common electrode associated with the first display pixel and the second display
pixel, the common electrode configured to control a first luminance of the first display
pixel and a second luminance of the second display pixel,
wherein the first touch sensor electrode is disposed in a layer between the second
surface of the substrate and the common electrode.

11.

The touch screen of claim

1,

wherein the first touch sensor electrode

comprises part of a pixelated self-capacitance touch sensor electrode pattern.

12.

A touch screen comprising:

a substrate having a first surface upon which a touch or proximity event is to be
detected, and a second surface that opposes the first surface; and

a touch sensor electrode layer and a display pixel TFT layer formed on the second
surface of the substrate, wherein:
the touch sensor electrode layer is disposed between the second surface of the
substrate and the display pixel TFT layer, and
the touch sensor electrode layer has a plurality of touch sensor electrodes

configured to detect the touch or proximity event.

13.

The touch screen of claim 12, wherein the substrate comprises a TFT glass

substrate.

14.

The touch screen of claim 12, further comprising a touch sensor routing

layer disposed between the second surface of the substrate and the display pixel TFT
layer,

wherein the touch sensor routing layer includes touch sensor routing electrically
coupled to the plurality of touch sensor electrodes, and is configured to transmit one or
more touch signals associated with the touch sensor electrodes.

15.

The touch screen of claim 14, wherein the touch sensor routing layer is

disposed between the touch sensor electrode layer and the display pixel TFT layer.

16.

The touch screen of claim 14, wherein one or more of the touch sensor

electrodes include one or more gaps at locations corresponding to the touch sensor
routing.

17.

The touch screen of claim 12, further comprising:

a common electrode layer configured to control luminances of a plurality of
display pixels; and
a pixel electrode layer configured to control the luminances of the plurality of
display pixels,

wherein the touch sensor electrode layer is disposed between the common
electrode layer and the second surface of the substrate, and between the pixel electrode
layer and the second surface of the substrate.

18.

The touch screen of claim 17, wherein the common electrode layer and the

pixel electrode layer are disposed between the display pixel TFT layer and a color filter
layer.

19.

The touch screen of claim 12, wherein the plurality of touch sensor

electrodes comprise part of a self-capacitance touch sensor electrode pattern.

20.

A method for fabricating a touch screen, the method comprising:

forming a first touch sensor electrode on a second surface of a substrate, the
substrate having the second surface and a first surface that opposes the second surface,
the first surface being a surface upon which a touch or proximity event is to be detected
by the first touch sensor electrode; and

forming a first display pixel including a first display pixel TFT on the second
surface of the substrate,

wherein the first touch sensor electrode is disposed between the second surface of
the substrate and the first display pixel TFT.

21.

The method of claim 20, wherein the substrate comprises a TFT glass

substrate.

22.

The method of claim 20, further comprising:

forming a first touch sensor routing electrically coupled to the first touch sensor
electrode and configured to transmit one or more touch signals associated with the first
touch sensor electrode to sense circuitry, wherein the first touch sensor routing is formed
in a layer between the second surface of the substrate and the first display pixel TFT.

23.

The method of claim 22, further comprising:

forming a second touch sensor electrode on the second surface of the substrate;
and

forming a second touch sensor routing electrically coupled to the second touch
sensor electrode,
wherein the forming the first touch sensor electrode comprises forming the first
touch sensor electrode with a gap at a location corresponding to a location of the second
touch sensor routing in the touch screen.

24.

The method of claim 22, further comprising:

forming a common electrode associated with the first display pixel and configured
to control a luminance of the first display pixel; and

forming a pixel electrode associated with the first display pixel and configured to
control the luminance of the first display pixel,
wherein the first touch sensor electrode is formed in a layer between the common
electrode and the second surface of the substrate, and between the pixel electrode and the
second surface of the substrate.

25.

The method of claim 20, wherein the first touch sensor electrode

comprises part of a pixelated self-capacitance touch sensor electrode pattern.
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