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INTEGRATED TOUCH AND DISPLAY ARCHITECTURES FOR
SELF-CAPACITIVE TOUCH SENSORS

Field

[0001] This relates generally to touch sensor panels that are integrated with displays,
and more particularly, to integrated touch sensors/displays in which a self-capacitance touch
sensor is utilized to detect the presence of an object in contact with or in close proximity to a

touch sensor panel.

Background

[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 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 (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] Capacitive touch sensor panels can be formed from a matrix of substantially

transparent conductive plates made from materials such as Indium Tin Oxide (ITO). It is due
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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
partially integrating touch sensing circuitry into a display pixel stackup (i.e., the stacked

material layers forming the display pixels).
Summary

[0004] The following description includes examples of integrated touch screens
including touch pixels formed of circuit elements of a liquid crystal display (LCD) or organic
light emitting diode (OLED). In an LCD display, the common electrodes (Vcom) in the TFT

layer can be utilized during a touch sensing operation to form touch pixels.

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 can each include an example touch

screen according to examples of the disclosure.

[0006] 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.

[0007] FIG. 3 illustrates an exemplary electrical circuit corresponding to a self-
capacitance touch sensor electrode and sensing circuit according to examples of the

disclosure.

[0008] FIG. 4 illustrates exemplary layers of an LCD display screen stack-up

according to some disclosed examples.

[0009] FIG. 5 illustrates an exemplary stack-up layer that can be used as both touch

circuitry and display circuitry according to examples of the disclosure.

[0010] FIGs. 6A-6D illustrate exemplary wire routing schemes for an integrated

touch and display layer according to examples of the disclosure.

[0011] FIG. 6F illustrates an exemplary routing connecting for a single touch pixel

according to examples of the disclosure.

[0012] FIGs. 6F-61 illustrate additional wire routing schemes for an integrated touch

and display layer according to examples of the disclosure.
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[0013] FIG. 7 illustrates an exemplary OLED display circuit according to examples of

the disclosure.

[0014] FIG. 8 illustrates an exemplary OLED display stack-up according to examples

of the disclosure.

[0015] FIG. 9 illustrates a close up view of a portion of the exemplary stack-up of
FIG. 8.
[0016] FIG. 10 illustrates an integrated OLED display and self-capacitive touch

sensor circuit according to examples of the disclosure.

[0017] FIG. 11 illustrates an exemplary bootstrapping circuit for an integrated touch

sensor and OLED display according to examples of the disclosure.

[0018] FIG. 12 illustrates an integrated on-cell touch sensor and OLED display

according to examples of the disclosure.

[0019] FIG. 13 illustrates an exemplary close up view of the stack-up depicted in
FIG. 12.
[0020] FIG. 14 illustrates an exemplary time line for operating the device in a touch

detection mode and a display operation mode.

Detailed Description

[0021] In the following description of examples, reference is made to the
accompanying drawings which form a part hereof, and in which it is shown by way of
illustration specific examples in which examples of the disclosure 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 examples of this disclosure.

[0022] The following description includes examples of integrated touch screens
including touch pixels formed of circuit elements of a liquid crystal display (LCD) or organic
light emitting diode (OLED). In an LCD display, the common electrodes (Vcom) in the TFT

layer can be utilized during a touch sensing operation to form touch pixels.

[0023] During a display operation, in which an image is displayed on the touch
screen, the Vcom can serve as part of the display circuitry, for example, by carrying a

common voltage to create, in conjunction with a pixel voltage on a pixel electrode, an electric
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field across the liquid crystal. During a touch sensing operation, a group of Vcom electrodes
can be used to form touch pixel electrodes that are coupled to sense circuitry to form touch

SENSOrs.

[0024] 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. 1B 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. 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 screen/panel.
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 self-capacitance to ground of the rows and columns can be
detected, similar to above. In some examples, a touch screen can be multi-touch, single

touch, projection scan, full-imaging multi-touch, capacitive touch, etc.

[0025] In contrast to self-capacitance based touch systems, 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
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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. Thus, a mutual capacitance
based touch system can operate differently than a self-capacitance based touch system, the

operation of which was described above.

[0026] 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 could 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. 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, channel scan logic 210 and driver logic 214. Channel scan logic
210 can access RAM 212, autonomously read data from the 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 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).

[0027] 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
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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.

[0028] Touch screen 220 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). Touch pixel electrodes 222 can be
driven by stimulation signals 216 from driver logic 214 through touch interfaces 224a and
224b, and resulting sense signals 217 generated from the touch pixel electrodes 222 can be
transmitted through a sense interface 225 to sense channels 208 (also referred to as an event
detection and demodulation circuit) in touch controller 206. The stimulation signal may be
an alternating current (AC) waveform. 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 in
the touch screen, 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). It is understood that while driver logic 214 and sense channels 208 are illustrated as
being separate blocks in touch controller 206, in a self-capacitance touch system, the sense
channels alone can drive and sense touch pixel electrodes 222, as described in this disclosure.
Further, in some examples, touch pixel electrodes 222 can be driven and sensed using the
same line (e.g., sense signals 217).

[0029] FIG. 3 illustrates an exemplary electrical circuit corresponding to a self-

capacitance touch sensor electrode (e.g., touch pixel electrode 222) and sensing circuit
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according to examples of the disclosure. Electrode 302 can have an inherent self-capacitance
to ground associated with it, and also an additional self-capacitance to ground that is formed
only when an object is in proximity to the electrode. Touch electrode 302 can be coupled to
sensing circuit 314. Sensing circuit 314 can include an operational amplifier 308, feedback
resistor 312, feedback capacitor 310 and an input voltage source 306, although other
configurations can be employed. For example, feedback resistor 312 can be replaced by a
switched capacitor resistor in order to minimize any parasitic capacitance effect caused by a
variable feedback resistor. The touch electrode can be coupled to the inverting input of
operational amplifier 308. An AC voltage source 306 (Vac) can be coupled to the non-
inverting input of operational amplifier 308. The touch sensor circuit 300 can be configured
to sense changes in the total self-capacitance of the electrode induced by a finger or object
either touching or in proximity to the touch sensor panel or touch screen. The output 320 of
the touch sense circuit 300 is used to determine the presence of a proximity event. The
output 320 can either be used by a processor to determine the presence of a proximity or
touch event, or output 320 can be inputted into a discrete logic network to determine the
presence of a touch or proximity event.

[0030] FIG. 4 illustrates exemplary layers of an LCD display screen stack-up
according to some disclosed examples. Backlight 404 can provide white light that can be
directed towards the aperture of the stack-up. As will be discussed below, the backlight can
supply the rest of the display stack-up with light that can be oriented in particular orientation
based on the needs of the rest of the stack-up. In order to control the brightness of the light,
the white light produced by the backlight 404 can be fed into a polarizer 406 that can impart
polarity to the light. The polarized light coming out of polarizer 406 can be fed through
bottom cover 408 into a liquid crystal layer 412 that can be sandwiched between an Indium
Tin Oxide (ITO) layer 415 and a Thin Film Transistor (TFT) layer 410. TFT substrate layer
410 can contain the electrical components necessary to create the electric field, in conjunction
with ITO layer 414 that drives the liquid crystal layer 412. More specifically, TFT substrate
410 can include various different layers that can include display elements such as data lines,
gate lines, TFT's, common and pixel electrodes, etc. These components can help create a
controlled electric field that orients liquid crystals located in liquid crystal layer 412 into a
particular orientation, based on the desired color to be displayed at any particular pixel. The
orientation of a liquid crystal element in liquid crystal layer 412 can alter the orientation of
the polarized light that is passed through it from backlight 404. The altered light from liquid
crystal layer 412 can then be passed through color filter layer 416. Color filter layer 416 can
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contain a polarizer. The polarizer in color filter layer 416 can interact with the polarized light
coming from liquid crystal layer 412, whose orientation can be altered depending on the
electric field applied across the liquid crystal layer. The amount of light allowed to pass
through color filter layer 416 into top cover 418 can be determined by the orientation of the
light as determined by the orientation of the liquid crystal layer 412. While the top cover 418
is described as being glass, any type of transparent cover can be used including plastic for
example. By polarizing the white light coming out of backlight 404, changing the orientation
of the light in liquid crystal layer 412, and then passing the light through a polarizer in color
filter layer 416, the brightness of light can be controlled on a per pixel basis. Color filter
layer 416 also can contain a plurality of color filters that can change the light passed through
it into red, green and blue. By controlling the brightness and color of light on a per pixel
basis, a desired image can be rendered on the display.

[0031] Integrating a touch sensor described above in reference to FIG. 3, with a
display stack-up described above in reference to FIG. 4 can provide many benefits. For
instance, by integrating the touch sensor with the display, the total width of the device can be
minimized since the touch and display occupy a common layer. In an architecture in which
the display and the touch sensor are mutually exclusive, the total thickness of the device may
be greater. Thus, by integrating the touch and display -- in other words, to have the touch
sensor occupy one of the layers in the display stack-up -- the total weight and thickness of the
device can be minimized. In order to integrate layers such that both the touch sensor panel
and the display share a layer, the circuit elements of a particular layer may be used as both
display hardware and touch hardware. The touch functionality and the display functionality
of the device can be time multiplexed (as will be described below) such that during a touch
mode, the circuit elements of the common layer can be used as touch circuitry and during a
display mode the circuit elements of the common layer can be used as display circuitry. In
some examples, one or more of touch controller 206, touch processor 202 and host processor
228 can control the time multiplexing of the touch and display functionalities of the device.
[0032] FIG. 5 illustrates an exemplary stack-up layer that can be used as both touch
circuitry and display circuitry according to examples of the disclosure. In the example of
FIG. 4, the TFT layer 410 can be modified such that circuit elements residing on the TFT
layer can be used as display circuitry during a display mode of the device and as touch
circuitry during a touch mode of the device. TFT layer 509 can have circuit elements 511
formed on it. Circuit elements 511 can constitute the Vo layer of a display. Circuit

elements 511 can be, for example, multi-function circuit elements that operate as part of the
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display circuitry of the touch screen and also as part of the touch sensing circuitry of the
touch screen. In some examples, circuit elements 511 can be single-function circuit elements
that operate only as part of the touch sensing system. In addition to circuit elements 511,
other circuit elements (not shown) can be formed on TFT glass 509, such as transistors,
capacitors, conductive vias, data lines, gate lines, etc. Circuit elements 511 and the other
circuit elements formed on TFT glass 509 can operate together to perform various display
functionality required for the type of display technology used by touch screen 220, as one
skilled in the art would understand. The circuit elements can include, for example, elements
that can exist in conventional LCD displays. It is noted that circuit elements are not limited
to whole circuit components, such a whole capacitor, a whole transistor, etc., but can include
portions of circuitry, such as only one of the two plates of a parallel plate capacitor.

[0033] During a touch mode of the device, some or all of the circuit elements 511 can
be electrically connected to sense circuitry such that each circuit element can be used as a
touch pixel electrode with the circuit configuration illustrated in FIG. 3. The circuit elements
511 can act as electrodes 302 in the circuit configuration of FIG. 3 during a touch detection
mode of the device. During a display mode of the device, the circuit elements 511 can be
configured such that they act as plate capacitors biased at a common voltage in an LCD
display as in known in the art.

[0034] FIG. 5 also shows a pixel material 515 disposed between TFT glass 509 and a
color filter glass (see FIG. 4). Pixel material 515 is shown in FIG. 6 as separate volume
regions or cells above the circuit elements 511. For example, when the pixel material is a
liquid crystal, these volume regions or cells are meant to illustrate regions of the liquid crystal
controlled by the electric field produced by the pixel electrode and common electrode of the
volume region or cell under consideration. Pixel material 515 can be a material that, when
operated on by the display circuitry of touch screen 220, can generate or control an amount,
color, etc., of light produced by each display pixel. For example, in an .LCD touch screen,
pixel material 515 can be formed of liquid crystal, with each display pixel controlling a
volume region or cell of the liquid crystal. In this case, for example, various methods exist
for operating liquid crystal in a display operation to control the amount of light emanating
from each display pixel, e.g., applying an electric field in a particular direction depending on
the type of LCD technology employed by the touch screen. In an in-plane switching (IPS),
fringe field switching (FFS), and advanced fringe field switching (AFFS) LCD displays, for
example, electrical fields between pixel electrodes and common electrodes (Vcom) disposed

on the same side of the liquid crystal can operate on the liquid crystal material to control the
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amount of light from a backlight that passes through the display pixel. One skilled in the art
would understand that various pixel materials can be used, depending on the type of display
technology of the touch screen.

[0035] Using circuit elements 511 as touch pixel electrodes can create wire routing
issues, since each circuit element may need to be individually connected to a touch controller
so that each touch pixel electrode is connected to a sense circuit that can detect changes in a
self-capacitance of the pixel caused by a finger or object in contact with or in close proximity
to the touch sensor panel. FIG. 6a illustrates a wire routing scheme for an integrated touch
and display layer according to examples of the disclosure. As illustrated, a TFT layer 600
can be populated with circuit elements 511 that, in some examples, can act as both a touch
pixel electrode in a touch mode and as a LCD display electrode in a display mode of the
device. As described above, because each and every circuit element 511 may need to be
individually connected to a sense circuit to detect changes in self-capacitance caused by a
touch event (e.g., by using a touch signal line, such as lines 602 or 604, connected to touch
chips 606 or 610), and because display pixels associated with the circuit elements may
require separate wiring for display functionality (e.g., display data lines connecting TFT(s) in
a display pixel to display controller chip 608), there can be many wires that need to be routed
from each pixel to a touch chip or display controller. In some examples, touch signal lines,
display data lines and circuit elements 511 can be routed and formed in different metal layers
than each other. For example, circuit elements 511 can be formed in a first metal layer,
display data lines can be routed in a second metal layer, and touch signal lines can be routed
in a third metal layer—in some examples, either the display data lines or the touch signal
lines can be routed in the same layer in which circuit elements 511 are formed. The above
routing schemes may need to be “invisible” to the user of the device. In other words, since
parts of the display are visible to the user, the wire routing scheme may need to avoid
occupying “active areas” of the display (i.e., areas that are visible to the user).

[0036] In one example, each circuit element 511 can be connected to a touch
controller via a wire that can be routed to a touch controller through “non-active” areas of the
touch screen. FIG. 6e illustrates an exemplary routing connection for a single touch pixel
electrode according to examples of the disclosure. A circuit element 511 can be connected to
a wire 616 through a via structure 614. The via structure 614 can provide a connection point
between the circuit element and the wire 616. Referring back to FIG. 6a, the wire, for
example wire 602, can be routed back to a touch chip 606 as illustrated. As discussed above,

wire 602, which can carry touch signals from circuit element 511 to a touch chip 606/608,

10
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can be routed in a different metal layer than the circuit element 511; thus, via structure 614
can provide for an electrical connection between circuit element 511 and wire 602. Touch
chips 606 and 610 can include sense circuitry (e.g., sense channels), as described above. In
some examples, each circuit element 511 can be assigned its own, dedicated sense circuitry
(e.g., its own sense channel) in touch chips 606/610. In some examples, a single sense
circuitry (e.g., a single sense channel) in touch chips 606/610 can be shared by two or more
circuit elements 511 using, for example, time-multiplexing with one or more multiplexers. In
some examples, each circuit element 511 in a column of circuit elements can share a single
sense circuitry (e.g., a single sense channel) using, for example, time-multiplexing with one
or more multiplexers.

[0037] Another consideration in developing a routing scheme is ensuring that each
path between a circuit element and a touch chip has substantially the same resistance. If each
path between a circuit element 511 and a touch chip 606 or 610 had varying resistance, the
RC time constant of each path may also vary, thus causing a lack of uniformity in bandwidth
and ultimately in the signal to noise ratio of each touch pixel electrode. One way to ensure
uniformity can be to vary the width of the wire 616 based on the distance the wire has to
travel between a circuit element 511 and a touch chip 606 and 610. For example, touch wire
602 has to travel from one side of the TFT layer 600 to the opposite side. In contrast, touch
wire 604 only has to connect a circuit element 511 that is proximal to the touch chip 606. In
order to account for the varying resistance, touch wire 602 can be patterned to be thicker (i.e.,
wider) than touch wire 604. In this way, the wide but long wire 602 may have substantially
the same resistance as the short but narrow wire 604.

[0038] During a display operation of the device, the circuit elements 511 may be
driven by a display controller 608. The display controller 608 can route display control
signals to display driver circuit 618. Display drive circuit 618 can be disposed on a border
region of the device that is not visible to a user. The display drive circuit 618 can then route
the signals to a wire matrix 612. The wire matrix 612 can be made from conductive material
that may or may not be transparent. The wire matrix 612, as illustrated, can be routed such
that it does not cross into an active area of the display. During a touch mode, the device
could utilize wire matrix 612 to transmit touch signals; however, the touch signals may see an
increased routing resistance since each touch pixel electrode may need to share routing paths
with other touch pixel electrodes.

[0039] While touch chips 606 and 610 and display controller 608 are illustrated in

FIG. 6a as being three separate chips, other configurations are contemplated. For example,

11
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touch chips 606 and 610 and display controller 608 can be integrated into a single chip or
logic circuit, as illustrated in FIG. 6b (integrated touch and display chip 607). In some
examples, the routing from such an integrated touch and display chip to circuit elements 511
can remain substantially as illustrated in FIG. 6a. In some examples, display controller 608
can be split into two or more separate display controller chips, as illustrated in FIG. 6¢ (split
display controller chips 608a and 608b). In such examples, the split display controller chips
can be disposed between touch chips 606 and 610, and routing from circuit elements 511 on
one side of TFT layer 600 (e.g., the left half of the TFT layer) can be connected to one of the
split display controller chips (e.g., the display controller chip 608a disposed on the left),
while routing from circuit elements on the other side of the TFT layer (e.g., the right half of
the TFT layer) can be connected to the other of the split display controller chips (e.g., the
display controller chip 608b disposed on the right)—routing from circuit elements 511 to
touch chips 606 and 610 can remain substantially as illustrated in FIG. 6a. In some
examples, touch chips 606 and 610 and the split display controller chips can be disposed in
an alternating manner (e.g., touch chip 606, display controller chip 608a, touch chip 610,
display controller chip 608b)—in such examples, routing from circuit elements 511 to the
touch and display controller chips can be arranged appropriately. In another example in
which display controller 608 can be split, touch chips 606 and 610 can be interleaved
between split display controller chips, as illustrated in FIG. 6d (split display controller chips
608a, 608b and 608c). For example, display controller 608 can be split into three separate
chips. Touch chip 606 can be disposed to the right of a first display controller chip 608a, a
second display controller chip 608b can be disposed to the right of touch chip 606, touch chip
610 can be disposed to the right of the second display controller chip 608b, and a third
display controller chip 608c can be disposed to the right of touch chip 610—routing between
circuit elements 511 and the various touch and display chips can be arranged appropriately.
For example, a left-third of circuit elements 511 can be routed to the first display controller
chip 608a, a middle-third of the circuit elements can be routed to the second display
controller chip 608b, and a right-third of the circuit elements can be routed to the third
display controller chip 608c. Routing from circuit elements 511 to touch chips 606 and 610
can remain substantially as illustrated in FIG. 6a. The above examples are illustrative only,
and do not limit the scope of the disclosure. Other configurations of touch and display chips
are similarly contemplated, such as configurations in which touch chips 606 and 610 are
integrated, or split into more than two chips. Further, those of ordinary skill in the art will

understand that touch chips 606 and 610 and display controller 608 can be disposed in
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arrangements different from those illustrated in FIGs. 6a-6d while still allowing for proper

touch screen operation.

[0040] FIGs. 6f-6i illustrate additional wire routing schemes for an integrated touch
and display layer according to examples of the disclosure. Circuit elements 511 can be
routed to touch and/or display chips 622, as shown. Touch and/or display chips 622 can
correspond to touch chips 606 and 610 and/or display controller 608 in FIGs. 6a-6d. It is
understood that those circuit elements 511 that are illustrated as not being connected to touch
and/or display chips 622 can be connected to those chips or other chips in a manner
analogous to that displayed for other circuit elements. Further, touch and/or display chips
622 can be the same chip or different chips. Details of the routing of circuit elements 511 to
touch and/or display chips 622 can be similar to as described in FIGs. 6a-6e, the details of

which will not be repeated here for brevity.

[0041] The touch pixel electrode circuit configuration of FIG. 3 is not limited to being
integrated with an LLCD display, and could also be integrated into various other types of
displays such as an organic light emitting diode (OLED) display. FIG. 7 illustrates an
exemplary OLED display circuit according to examples of the disclosure. The pixel circuit
750 can include an OLED element 701 having two terminals (a cathode terminal and an
anode terminal), a p-type transistor such as TFT T2 705, and an n-type transistor such as TFT
T1 707. The cathode terminal of OLED element 701 can be electrically connected to cathode
703. Cathode 703 can be the signal line common to a plurality of pixel circuits in the touch
screen, and can correspond to common electrode 401 or 509, for example. The anode
terminal of OLED element 701 can be electrically connected to anode 709. OLED element
701 can be connected to cathode 703 and anode 709 in such a way as to allow current to flow
through the OLED element when the voltage at the anode is higher than the voltage at the
cathode (i.e., OLED element is on, or “forward biased”). OLED element 701 can emit light
when it is on. When the voltage at anode 709 is lower than the voltage at cathode 703,
substantially no current can flow through OLED element 701 (i.e., OLED element is off, or

“reverse biased”). OLED element 701 can emit substantially no light when it is off.

[0042] Anode 709 can be electrically connected to the drain terminal of T2 705. The
gate and source terminals of T2 705 can be capacitively coupled by way of capacitor Cy 711,
where one terminal of Cy can be electrically connected to the gate terminal of T2 and the
other terminal of Cy can be electrically connected to the source terminal of T2. The source

terminal of T2 705 can further be electrically connected to Vpp 713. The gate terminal of T2
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705 can further be electrically connected to the drain terminal of T1 707. The gate terminal
of T1 can be electrically connected to gate line 715, and the source terminal of T1 can be
electrically connected to data line 717.

[0043] FIG. 8 illustrates an exemplary OLED display stack-up according to examples
of the disclosure. As illustrated in FIG. 8, an OLED structure can include an encapsulation
layer 810, a cathode layer 808, an organic layer 806 that includes organic light emitting
diodes, and an anode layer 804 that can be disposed on top of a TFT glass 802. The stack-up
can further include a polarizer 814, a pressure sensitive adhesive layer 8§16, and a cover glass
818. The cathode layer 808 can contain circuit elements that act as cathodes to an OLED
display during a display mode of the device and act as touch pixel electrodes during a touch
mode of the device.

[0044] FIG. 9 illustrates a close up view of a portion of the exemplary stack-up of
FIG. 8. The close up view can include a cathode layer 902, an organic layer that includes
organic light emitting diodes 910, and an anode layer that includes anodes 904. As
illustrated, the cathode layer 902 can include individual cathode plates 906 that can function
as described above in FIG. 7. Each individual cathode 906 can be connected to its own diode
910 and its own anode 904.

[0045] As illustrated in FIG. 9, a cathode layer made up of conductive plates can look
similar to a TFT layer populated with common voltage electrodes on an LCD display as
illustrated in FIG. 4. Thus, similar to an L.CD display, an OLED display can have its cathode
layer integrated with a self-capacitive sensor similar to the LCD display of FIG. 4.

[0046] FIG. 10 illustrates an integrated OLED display and self-capacitive touch
sensor circuit according to examples of the disclosure. The circuit of FIG. 10 can be similar
to the circuit depicted in FIG. 3. A circuit element 1002 can be connected to a sense circuit
1014. The sense circuit 1014 can be configured to detected changes in a self-capacitance of
the circuit element due to an object touching or in close proximity to it. Sensing circuit 1014
can include an operational amplifier 1008, feedback resistor 1012, feedback capacitor 1010
and an input voltage source 1006, although other configurations can be employed. For
example, feedback resistor 1012 can be replaced by a switched capacitor resistor in order to
minimize any parasitic capacitance effect caused by a variable feedback resistor. The touch
electrode 1002 can be coupled to the inverting input of operational amplifier 1008. An AC
voltage source 1006 (Vac) can be coupled to the non-inverting input of operational amplifier
1008. The touch sensor circuit 1000 can be configured to sense changes in self-capacitance

induced by a finger or object either touching or in proximity to the touch sensor panel. The
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output 1020 of the touch sense circuit 1000 can be used to determine the presence of a
proximity event. The output 1020 can either be used by a processor to determine the
presence of a proximity or touch event, or output 1020 can be inputted into a discrete logic
network to determine the presence of a touch or proximity event.

[0047] The operational amplifier 1008 can also be coupled to a reference voltage
1020 at its non-inverting input. Both the reference voltage 1020 and the AC voltage source
1006 can be coupled to the non-inverting input of the operational amplifier 1008 via switches
1016 and 1018 respectively. During a touch mode of the device, switch 1018 can be closed,
while switch 1016 can be opened, thus operating the circuit to detect changes in self-
capacitance as discussed above. During a display mode of the device, switch 1016 can be
closed, while switch 1016 can be opened, thus biasing the cathode of the OLED structure
according to the discussion above. Switches 1016 and 1018 can be time multiplexed in order
to time multiplex touch and display functionality as discussed above and as will be further
discussed below.

[0048] In an integrated touch and OLED display device, during a touch mode, the
light emitting diode may act as a large parasitic capacitance due to the fact that it is not being
utilized and is still connected to the touch pixel electrode. The parasitic capacitance caused
by the diode may act to limit the bandwidth of the touch detection as well as degrade the
signal to noise ratio. “Bootstrapping” the anode and cathode of the diode may work to limit
the parasitic capacitance caused by the diode. FIG. 11 illustrates an exemplary bootstrapping
circuit for an integrated touch sensor and OLED display according to examples of the
disclosure. The circuit 1100 can include an integrated touch and display pixel 1114 coupled
with sense circuitry 1102. The details of the integrated touch and display pixel 114 and sense
circuitry 1102 have been previously discussed. In order to bootstrap the anode 1118 and
cathode 1112 of the diode, the stimulation voltage of sense circuit 1102 can be transmitted to
the source and gate of transistor 1116 via voltage buffers 1108 and 1110 respectively. By
stimulating the source and gate of transistor 1116 with the same AC voltage, the source and
the gate are tied together, causing transistor 1116 to act as a short circuit between the source
and the drain. With the source voltage flowing into the drain, the anode 1118 can be biased
by the same stimulation voltage as the cathode 1112. Having the anode 1118 and the cathode
1112 stimulated by the same AC voltage can ensure that the DC current across the diode
remains constant and thus can work to mitigate any parasitic capacitance effects caused by

the diode during a touch sensing mode.
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[0049] The example above illustrates an integrated “in-cell” touch and display (i.e.,
the display and touch pixel share a common layer), but a touch sensor can also be integrated
into an OLED display using an *“on-cell” architecture in which the touch sensor occupies its
own layer within the display stack-up. FIG. 12 illustrates an integrated on-cell touch sensor
and OLED display according to examples of the disclosure. As illustrated in FIG. 12, an
OLED structure can include an encapsulation layer 1210, a cathode layer 1212, an organic
layer 1214 that includes organic light emitting diodes, and an anode layer 1216 that can be
disposed on top of a TFT glass 1218. The stack-up can further include an ITO layer 1208
that is patterned with the touch pixel electrodes similar to the touch pixel electrode and
wiring descriptions discussed above, a polarizer 1206, a pressure sensitive adhesive layer
1204, and a cover glass 1202. The cathode layer 1212 can be switchably configured to be
coupled to an AC ground during a touch mode so as to minimize parasitic capacitance as will
be described below.

[0050] FIG. 13 illustrates an exemplary close up view of the stack-up depicted in
FIG. 12. Touch pixel electrodes 1302 and 1304 can be patterned on ITO layer 1208. Touch
pixel electrodes 1302 and 1304 can be coupled to sense circuitry 1306 and 1308 respectively,
and the sense circuitry can be coupled to a stimulation source 1310 to operate in a self-
capacitance touch sensor configuration as described above. Due to their proximity to the
cathode layer 1212, touch pixel electrodes 1302 and 1304 may experience a parasitic
capacitance arising from the interaction between the touch pixel electrodes and the cathode
layer as depicted by capacitances 1312 and 1314. This parasitic capacitance may cause
current to flow from the sense circuitry 1306 and 1308 towards the individual touch pixel
electrodes 1302 and 1304. This current flow can waste analog signal dynamic range at the
outputs of sense circuitry 1306 and 1308. In order to mitigate the phenomenon described
above, cancellation circuits 1316 and 1318 can be coupled to the touch pixel electrodes 1302
and 1304. Cancellation circuits 1316 and 1318 can produce current that can be injected into
the touch circuit such that any current flows generated by a parasitic capacitance can be offset
such that the effect of the of the parasitic capacitance is cancelled. The cancellation circuits
1316 and 1318 can be set during an initial calibration, while no touch event is occurring, to
ensure that any currents generated by parasitic capacitances are cancelled. Finally, the
cathode layer can be AC grounded to further limit the parasitic capacitance seen by the touch
circuitry.

[0051] FIG. 14 illustrates an exemplary time line for operating the device in a touch

detection mode and a display operation mode. As illustrated, a touch detection mode 1402
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can be alternated with a display operation mode 1404 such that the two modes are mutually
exclusive in time. In other words, the two modes 1402 and 1404 can be multiplexed in time.
The duration in time of each mode can vary and can depend on other functions of the device.
For example, the touch detection mode can occur while the display is in a vertical blanking
mode as is known in the art. Further, touch may be detected (e.g., the touch sensor panel may
be scanned for touch) one or more times during touch mode 1402. In addition, although
examples herein may describe the display circuitry as operating during a display operation,
and describe the touch sensing circuitry as operating during a touch sensing operation, it
should be understood that a display operation and a touch sensing operation may be operated
at the same time, e.g., partially or completely overlap, or the display operation and touch

phase may operate at different times.

[0052] Also, although examples 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 examples. In
other words, a circuit element that is described in one example herein as a single-function
circuit element may be configured as a multi-function circuit element in other examples, and

vice versa.

[0053] 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
including, but not limited to, combining features of different examples, omitting a feature or
features, etc., as will be apparent to those skilled in the art in light of the present description

and figures.

[0054] For example, one or more of the functions of computing system 200 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 non-
transitory computer-readable storage medium (not including signals) 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 other than a signal that can contain or store the program for use by or in

connection with the instruction execution system, apparatus, or device. The non-transitory
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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.

[0055] 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, optical, electromagnetic or infrared

wired or wireless propagation medium.

[0056] Examples 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 elements to a particular direction or a particular coordinate system.
Furthermore, although specific materials and types of materials may be included in the
descriptions of examples, one skilled in the art will understand that other materials that
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.

[0057] In some examples, the drive lines and/or sense lines can be formed of other
elements including, for example other elements 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 elements formed in an LCD stackup that are not typical LCD stackup
elements (e.g., other metal lines, plates, whose function would be substantially for the touch

sensing system of the touch screen), and elements formed outside of the LCD stackup (e.g.,
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such as external substantially transparent conductive plates, wires, and other elements). For
example, part of the touch sensing system can include elements similar to known touch panel

overlays.

[0058] Although various examples are described with respect to display pixels, one
skilled in the art would understand that the term display pixels can be used interchangeably
with the term display sub-pixels in examples in which display pixels are divided into sub-
pixels. For example, some examples directed to RGB displays can include display pixels
divided into red, green, and blue sub-pixels. In other words, in some examples, each sub-
pixel 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. One skilled in the art would understand
that other types of touch screen could be used. For example, in some examples, 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, in which each structure shown
in the figures as a sub-pixel can be a pixel of a single color.

[0059] Therefore, according to the above, some examples of the disclosure are
directed to a touch sensitive device including a plurality of display pixels, the touch sensitive
device comprising: a TFT layer, the TFT layer comprising a plurality of circuit elements that
are configurable as a plurality of self-capacitance touch pixel electrodes during a touch
detection mode of the device, and are configurable as display circuitry during a display mode
of the device, wherein each of the plurality of self-capacitance touch pixel electrodes is
electrically isolated from others of the plurality of self-capacitance touch pixel electrodes,
and wherein each of the plurality of self-capacitance touch pixel electrodes represents a
unique touch location on a touch sensor panel; a plurality of conductive wires, each wire of
the plurality of conductive wires configured to transmit a touch signal from one of the
plurality of circuit elements to a touch controller of the device; and one or more processing
units configured to switch the device between the touch detection mode and the display
mode, wherein during the touch detection mode, the plurality of circuit elements are
configured as self-capacitance touch pixel electrodes, and during the display mode, the
plurality of circuit elements are biased at a common voltage. Additionally or alternatively to
one or more of the examples disclosed above, in some examples, the one or more processing
units comprise the touch controller. Additionally or alternatively to one or more of the
examples disclosed above, in some examples, the touch controller comprises a plurality of

sense circuits, and the plurality of conductive wires are configured to transmit the touch
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signals to the plurality of sense circuits. Additionally or alternatively to one or more of the
examples disclosed above, in some examples, the touch detection mode of the device and the
display mode of the device are time multiplexed. Additionally or alternatively to one or more
of the examples disclosed above, in some examples, a first conductive wire of the
plurality of conductive wires has a first width and a first length, and a second conductive wire
of the plurality of conductive wires has a second width and a second length, the second length
being greater than the first length, the second width being greater than the first width such
that a first resistance of the first conductive wire is substantially equal to a second resistance
of the second conductive wire. Additionally or alternatively to one or more of the examples
disclosed above, in some examples, the device further comprises a wire matrix disposed in a
non-active area of a display comprising the plurality of display pixels, the wire matrix
configured to transmit display control signals to the plurality of display pixels during the
display mode.

[0060] Some examples of the disclosure are directed to an organic light emitting
diode (OLED) touch sensitive device including a plurality of display pixels, the device
comprising: an anode layer; and a cathode layer, the cathode layer comprising a plurality of
circuit elements that are configurable as a plurality of self-capacitance touch pixel electrodes
during a touch detection mode of the device, and are configurable as a cathode for an OLED
display during a display mode of the device, wherein each of the plurality of self-capacitance
touch pixel electrodes is electrically isolated from others of the plurality of self-capacitance
touch pixel electrodes, and wherein each of the plurality of self-capacitance touch pixel
electrodes represents a unique touch location on a touch sensor panel. Additionally or
alternatively to one or more of the examples disclosed above, in some examples, the device
further comprises: a stimulation circuit, the stimulation circuit configured to stimulate the
self-capacitance touch pixel electrodes during the touch detection mode of the device; and a
bootstrapping circuit, the bootstrapping circuit configured to stimulate the anode layer of the
device with substantially the same signal as being used by the stimulation circuit to stimulate
the self-capacitance touch pixel electrodes during the touch detection mode of the device.
Additionally or alternatively to one or more of the examples disclosed above, in some
examples, the anode layer comprises a plurality of anode elements, and during the display
mode of the device, each of the plurality of circuit elements is electrically coupled to a
respective anode element of the plurality of anode elements. Additionally or alternatively to
one or more of the examples disclosed above, in some examples, each of the plurality of

circuit elements is electrically coupled to a respective anode element of the plurality of anode
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elements via an organic layer comprising a plurality of organic light emitting diodes.
Additionally or alternatively to one or more of the examples disclosed above, in some
examples, a DC current between the anode layer and the self-capacitance touch pixel
electrodes remains substantially constant during the touch detection mode of the device.
Additionally or alternatively to one or more of the examples disclosed above, in some
examples, the touch detection mode of the device and the display mode of the device are time
multiplexed.

[0061] Some examples of the disclosure are directed to an organic light emitting
diode touch sensitive device including a plurality of display pixels, the device comprising: a
cathode layer; an ITO layer, the ITO layer configurable as a plurality of self-capacitive touch
sensors during a touch detection mode of the device, and configurable as an anode layer
during a display mode of the device, wherein each of the plurality of self-capacitive touch
sensors is electrically isolated from others of the plurality of self-capacitive touch sensors,
and wherein each of the plurality of self-capacitive touch sensors represents a unique touch
location on a touch sensor panel; and an encapsulation layer disposed between the cathode
layer and the ITO layer. Additionally or alternatively to one or more of the examples
disclosed above, in some examples, the device further comprises: a metal layer, the metal
layer connected to the ITO layer through a plurality of vias. Additionally or alternatively to
one or more of the examples disclosed above, in some examples, the device further
comprises: a cancellation circuit, the cancellation circuit coupled to the ITO layer and
configured to cancel a parasitic capacitance effect of one or more of the self-capacitive touch
sensors. Additionally or alternatively to one or more of the examples disclosed above, in
some examples, the parasitic capacitance effect comprises an offset current, and the
cancellation circuit is configured to cancel the parasitic capacitance effect by at least
producing an offset cancellation current to offset the offset current. Additionally or
alternatively to one or more of the examples disclosed above, in some examples, an operation
of the cancellation circuit is determined when no touch event is occurring at the device.
Additionally or alternatively to one or more of the examples disclosed above, in some
examples, the touch detection mode of the device and the display mode of the device are time

multiplexed.

[0062] Although the disclosed examples 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
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understood as being included within the scope of the disclosed examples as defined by the

appended claims.
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WHAT IS CLAIMED IS:

1. A touch sensitive device including a plurality of display pixels, the touch sensitive
device comprising:

a TFT layer, the TFT layer comprising a plurality of circuit elements that are
configurable as a plurality of self-capacitance touch pixel electrodes during a touch detection
mode of the device, and are configurable as display circuitry during a display mode of the
device, wherein each of the plurality of self-capacitance touch pixel electrodes is electrically
isolated from others of the plurality of self-capacitance touch pixel electrodes, and wherein
each of the plurality of self-capacitance touch pixel electrodes represents a unique touch
location on a touch sensor panel;

a plurality of conductive wires, each wire of the plurality of conductive wires
configured to transmit a touch signal from one of the plurality of circuit elements to a touch
controller of the device; and

one or more processing units configured to switch the device between the touch
detection mode and the display mode,

wherein during the touch detection mode, the plurality of circuit elements are
configured as self-capacitance touch pixel electrodes, and during the display mode, the

plurality of circuit elements are biased at a common voltage.

2. The device of claim 1, wherein the one or more processing units comprise the touch
controller.
3. The device of claim 2, wherein:

the touch controller comprises a plurality of sense circuits, and
the plurality of conductive wires are configured to transmit the touch signals to the

plurality of sense circuits.

4. The device of claim 1, wherein the touch detection mode of the device and the display

mode of the device are time multiplexed.
5. The device of claim 1, wherein:

a first conductive wire of the plurality of conductive wires has a first width and a first

length, and
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a second conductive wire of the plurality of conductive wires has a second width and
a second length, the second length being greater than the first length, the second width being
greater than the first width such that a first resistance of the first conductive wire is

substantially equal to a second resistance of the second conductive wire.

6. The device of claim 1, further comprising:
a wire matrix disposed in a non-active area of a display comprising the plurality of
display pixels, the wire matrix configured to transmit display control signals to the plurality

of display pixels during the display mode.

1. An organic light emitting diode (OLED) touch sensitive device including a plurality
of display pixels, the device comprising:

an anode layer; and

a cathode layer, the cathode layer comprising a plurality of circuit elements that are
configurable as a plurality of self-capacitance touch pixel electrodes during a touch detection
mode of the device, and are configurable as a cathode for an OLED display during a display
mode of the device, wherein each of the plurality of self-capacitance touch pixel electrodes is
electrically isolated from others of the plurality of self-capacitance touch pixel electrodes,
and wherein each of the plurality of self-capacitance touch pixel electrodes represents a

unique touch location on a touch sensor panel.

8. The device of claim 7, the device further comprising:

a stimulation circuit, the stimulation circuit configured to stimulate the self-
capacitance touch pixel electrodes during the touch detection mode of the device; and

a bootstrapping circuit, the bootstrapping circuit configured to stimulate the anode
layer of the device with substantially the same signal as being used by the stimulation circuit
to stimulate the self-capacitance touch pixel electrodes during the touch detection mode of

the device.

0. The device of claim 7, wherein:
the anode layer comprises a plurality of anode elements, and
during the display mode of the device, each of the plurality of circuit elements is

electrically coupled to a respective anode element of the plurality of anode elements.

24



WO 2015/088629 PCT/US2014/058367

10. The device of claim 9, wherein each of the plurality of circuit elements is electrically
coupled to a respective anode element of the plurality of anode elements via an organic layer

comprising a plurality of organic light emitting diodes.

11. The device of claim 8, wherein a DC current between the anode layer and the self-
capacitance touch pixel electrodes remains substantially constant during the touch detection

mode of the device.

12. The device of claim 7, wherein the touch detection mode of the device and the display

mode of the device are time multiplexed.

13. An organic light emitting diode touch sensitive device including a plurality of display
pixels, the device comprising:

a cathode layer;

an ITO layer, the ITO layer configurable as a plurality of self-capacitive touch sensors
during a touch detection mode of the device, and configurable as an anode layer during a
display mode of the device, wherein each of the plurality of self-capacitive touch sensors is
electrically isolated from others of the plurality of self-capacitive touch sensors, and wherein
each of the plurality of self-capacitive touch sensors represents a unique touch location on a
touch sensor panel; and

an encapsulation layer disposed between the cathode layer and the ITO layer.

14. The device of claim 13, further comprising:

a metal layer, the metal layer connected to the I'TO layer through a plurality of vias.

15. The device of claim 13, further comprising:
a cancellation circuit, the cancellation circuit coupled to the ITO layer and configured

to cancel a parasitic capacitance effect of one or more of the self-capacitive touch sensors.

16. The device of claim 15, wherein:
the parasitic capacitance effect comprises an offset current, and
the cancellation circuit is configured to cancel the parasitic capacitance effect by at

least producing an offset cancellation current to offset the offset current.
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17. The device of claim 15, wherein an operation of the cancellation circuit is determined

when no touch event is occurring at the device.

18. The device of claim 13, wherein the touch detection mode of the device and the

display mode of the device are time multiplexed.
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