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ABSTRACT

Systems and methods are described here to compensate for
crosstalk (e.g., coupling distortions) that may be caused by
a fanout overlaid or otherwise aflecting signals transmitted
within an active area of an electronic display. The systems
and methods may be based on buflered previous image data.
Technical effects associated with compensating for the
crosstalk may include improved display of image frames
since some 1mage artifacts are mitigated and/or made unper-
ceivable or eliminated.
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ROUTING FANOUT COUPLING
ESTIMATION AND COMPENSATION

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to U.S. Application
No. 63/369,743, entitled “ROUTING FANOUT COU-
PLING ESTIMATION AND COMPENSATION,” filed Jul.
28, 2022, which 1s hereby incorporated by reference 1n 1ts
entirety for all purposes.

SUMMARY

[0002] This disclosure relates to systems and methods that
estimate data fanout coupling effects and compensate 1mage
data based on the estimated coupling eflects to reduce a
likelithood of perceivable image artifacts occurring in a
presented 1image frame.

[0003] A summary of certain embodiments disclosed
herein 1s set forth below. It should be understood that these
aspects are presented to provide the reader with a brief
summary of these certain embodiments and that these
aspects are not mtended to limit the scope of this disclosure.

[0004] Flectronic displays may be found in numerous
clectronic devices, from mobile phones to computers, tele-
visions, automobile dashboards, and augmented reality or
virtual reality glasses, to name just a few. Electronic displays
with self-emissive display pixels produce their own light.
Self-emissive display pixels may include any suitable light-
emissive elements, mcluding light-emitting diodes (LEDs)
such as organic light-emitting diodes (OLEDs) or micro-
light-emitting diodes (WLEDs). By causing different display
pixels to emit different amounts of light, individual display
pixels of an electronic display may collectively produce
1mages.

[0005] In certain electronic display devices, light-emitting
diodes such as organic light-emitting diodes (OLEDs),
micro-LEDs (uULEDs), micro-driver displays using LEDs or
another driving technique, or micro display-based OLEDs
may be employed as pixels to depict a range of gray levels
for display. A display driver may generate signals, such as
control signals and data signals, to control emission of light
from the display. These signals may be routed at least
partially through a “fanout”, or a routing disposed external
to an active area of a display. However, due to an increasing
desire to shrink bezel regions and/or percervable inactive
areas around an active area of a display, this fanout routing
once disposed external to the active area may instead be
disposed on the active area. Certain newly realized coupling
cllects may result from the overlap of the fanout and cause
image artifacts or other perceivable eflects to a presentation
of an 1mage frame.

[0006] To compensate for the coupling eflects, systems
and methods may be used to estimate an error from the
coupling, determine a spatial map corresponding to the
fanout overlap on the active area, and compensate 1mage
data corresponding to the spatial map to correct the error
from the coupling within the localized area corresponding to
the spatial map. Estimating the error may be based on a
previously transmitted image frame. More specifically, the
error may be estimated based on a diflerence in 1image data
between a first portion of a i1mage frame and a second
portion of the image frame. These changes between line-to-
line data within an 1mage frame could result 1n capacitive
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coupling at locations 1n the fanout region of the active area.
The crosstalk eflects of capacitive coupling could, as a
result, produce image artifacts. Thus, the image data of the
current frame may be adjusted to compensate for the esti-
mated eflects of the crosstalk.

[0007] To elaborate, a compensation system may estimate
crosstalk experienced by a gate control signal line overlap-
ping a portion of the fanout. The fanout may be disposed
over or under the gate control signal lines and the data lines
of an active area of a display. The fanout may be disposed
in, above, or under the active area layer of the display. The
crosstalk experienced by the gate control signal line at a
present time may be based on a difference between present
image data (e.g., N data) and past image data that had been
previously transmitted via the gate control signal line (e.g.,
N-1 data). The compensation system may apply a spatial
routing mask, which may be an arbitrary routing shape per
row. The spatial routing mask may enable the compensation
system to focus on crosstalk experienced by one or more
portions of the display that could experience crosstalk due to
the fanout. This 1s because the fanout may be disposed above
or below those portions of the display. The compensation
system may estimate an amount by which image data
transmitted to a pixel would be afiected (e.g., distorted) by
the crosstalk. Using the estimated amount, the compensation
system may adjust a respective portion of image data for the
pixel (e.g., a portion of 1image data corresponding to the
present image data) to compensate for the estimated amount,
such as by increasing a value of the present image data for
the pixel to an amount greater than an original amount. This
way, even 1 a portion of the present image data experiences
crosstalk, image data sent to each pixel 1s mitigated for the
crosstalk and any eflects caused by the crosstalk are visually
unperceivable by a viewer. By implementing these systems
and methods, display image artifacts may be reduced or
climinated, improving operation of the electronic device and
the display.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Various aspects of this disclosure may be better
understood upon reading the following detailed description
and upon reference to the drawings described below.

[0009] FIG. 1 1s a schematic block diagram of an elec-
tronic device, 1n accordance with an embodiment;

[0010] FIG. 2 1s a front view of a mobile phone repre-
senting an example of the electronic device of FIG. 1, 1n
accordance with an embodiment;

[0011] FIG. 3 1s a front view of a tablet device represent-
ing an example of the electronic device of FIG. 1, 1n
accordance with an embodiment;

[0012] FIG. 4 1s a front view ol a notebook computer

representing an example of the electronic device of FIG. 1,
in accordance with an embodiment;

[0013] FIG. 5 are front and side views of a watch repre-
senting an example of the electronic device of FIG. 1, 1n
accordance with an embodiment;

[0014] FIG. 6 1s a block diagram of an electronic display
of the electronic device, 1n accordance with an embodiment;

[0015] FIG. 7 15 a block diagram of an example fanout of
the electronic display of FIG. 1, in accordance with an
embodiment;
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[0016] FIG. 8 1s a circuit diagram of an example pixel of
the electronic display of FIG. 1 showing an example cou-
pling eflect caused by the fanout of FIG. 7, 1n accordance
with an embodiment:

[0017] FIG. 9 1s a diagrammatic representation of the
example coupling effect caused by the fanout of FIG. 7, 1n
accordance with an embodiment:

[0018] FIG. 10 1s a block diagram of a compensation
system operated to compensate for the example coupling
eflects shown 1n FIGS. 8-9, 1n accordance with an embodi-
ment,

[0019] FIG. 11A and FIG. 11B are diagrammatic repre-
sentations of an example compensation system of FIG. 10
operated to compensate for a triangular fanout of FIG. 7, 1n
accordance with an embodiment; and

[0020] FIG. 12 1s a flowchart of a method of operating the
compensation system of FIG. 10 to compensate for the
example coupling eflects shown 1n FIGS. 8-9, 1n accordance
with an embodiment.

DETAILED DESCRIPTION

[0021] One or more specific embodiments will be
described below. In an effort to provide a concise description
of these embodiments, not all features of an actual 1mple-
mentation are described in the specification. It should be
appreciated that in the development of any such actual
implementation, as in any engineering or design project,
numerous implementation-specific decisions must be made
to achieve the developers’ specific goals, such as compli-
ance with system-related and business-related constraints,
which may vary from one implementation to another. More-
over, 1t should be appreciated that such a development effort
might be complex and time consuming, but would never-
theless be a routine undertaking of design, fabrication, and
manufacture for those of ordinary skill having the benefit of
this disclosure.

[0022] When mtroducing elements of various embodi-
ments of the present disclosure, the articles “a,” “an,” and
“the” are itended to mean that there are one or more of the
clements. The terms “including” and “having” are intended
to be inclusive and mean that there may be additional
clements other than the listed elements. Additionally, 1t
should be understood that references to “some embodi-
ments,” “embodiments,” “one embodiment,” or “an embodi-
ment” of the present disclosure are not intended to be
interpreted as excluding the existence of additional embodi-
ments that also incorporate the recited features. Further-
more, the phrase A “based on” B 1s intended to mean that A
1s at least partially based on B. Moreover, the term “or” 1s
intended to be inclusive (e.g., logical OR) and not exclusive
(e.g., logical XOR). In other words, the phrase A “or” B 1s
intended to mean A, B, or both A and B.

[0023] This disclosure relates to electronic displays that
use compensation systems and methods to mitigate effects of
crosstalk from a fanout region intertering with control and
data signals of an active area. These compensation systems
and methods may reduce or eliminate certain image artifacts,
such as flicker or variable refresh rate luminance diflerence,
among other technical benefits. Indeed, an additional tech-
nical benefit may be a more eflicient consumption of com-
puting resources in the event that improved presentation of
image frames reduces a likelihood of an operation launching
an undesired application or otherwise instructing perfor-
mance of an operation.

-
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[0024] With the preceding in mind and to help illustrate,
an electronic device 10 including an electronic display 12 1s
shown 1n FIG. 1. As 1s described in more detail below, the
clectronic device 10 may be any suitable electronic device,
such as a computer, a mobile phone, a portable media
device, a tablet, a television, a virtual-reality headset, a
wearable device such as a watch, a vehicle dashboard, or the
like. Thus, 1t should be noted that FIG. 1 1s merely one
example of a particular implementation and 1s intended to
illustrate the types of components that may be present 1n an
clectronic device 10.

[0025] The electronic device 10 includes the electronic
display 12, one or more mput devices 14, one or more
iput/output (I/0) ports 16, a processor core complex 18
having one or more processing circuitry(s) or processing
circuitry cores, local memory 20, a main memory storage
device 22, a network interface 24, and a power source 26
(e.g., power supply). The various components described 1n
FIG. 1 may include hardware elements (e.g., circuitry),
soltware elements (e.g., a tangible, non-transitory computer-
readable medium storing executable nstructions), or a com-
bination of both hardware and software elements. It should
be noted that the various depicted components may be
combined into fewer components or separated into addi-
tional components. For example, the local memory 20 and
the main memory storage device 22 may be included n a
single component.

[0026] The processor core complex 18 1s operably coupled
with local memory 20 and the main memory storage device
22. Thus, the processor core complex 18 may execute
instructions stored 1n local memory 20 or the main memory
storage device 22 to perform operations, such as generating
or transmitting image data to display on the electronic
display 12. As such, the processor core complex 18 may
include one or more general purpose miCroprocessors, one
or more application specific integrated circuits (ASICs), one
or more field programmable logic arrays (FPGAs), or any
combination thereof.

[0027] In addition to program instructions, the local
memory 20 or the main memory storage device 22 may store
data to be processed by the processor core complex 18.
Thus, the local memory 20 and/or the main memory storage
device 22 may include one or more tangible, non-transitory,
computer-readable media. For example, the local memory
20 may include random access memory (RAM) and the
main memory storage device 22 may include read-only
memory (ROM), rewritable non-volatile memory such as
flash memory, hard drives, optical discs, or the like.

[0028] The network interface 24 may communicate data
with another electronic device or a network. For example,
the network interface 24 (e.g., a radio frequency system)
may enable the electronic device 10 to communicatively
couple to a personal area network (PAN), such as a Blu-
ctooth network, a local area network (LAN), such as an
802.11x Wi-F1 network, or a wide area network (WAN),
such as a 4G, Long-Term Evolution (LTE), or 5G cellular
network. The power source 26 may provide electrical power
to one or more components 1n the electronic device 10, such
as the processor core complex 18 or the electronic display
12. Thus, the power source 26 may include any suitable
source ol energy, such as a rechargeable lithium polymer
(Li-poly) battery or an alternating current (AC) power
converter. The I/0 ports 16 may enable the electronic device
10 to interface with other electronic devices. For example,
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when a portable storage device 1s connected, the 1/0 port 16
may enable the processor core complex 18 to communicate
data with the portable storage device.

[0029] The mput devices 14 may enable user interaction
with the electronic device 10, for example, by recerving user
inputs via a button, a keyboard, a mouse, a trackpad, a touch
sensing, or the like. The input device 14 may include
touch-sensing components (e.g., touch control circuitry,
touch sensing circuitry) in the electronic display 12. The
touch sensing components may receive user inputs by
detecting occurrence or position ol an object touching the
surtace of the electronic display 12.

[0030] In addition to enabling user inputs, the electronic
display 12 may be a display panel with one or more display
pixels. For example, the electronic display 12 may include
a self-emissive pixel array having an array of one or more of
self-emissive pixels. The electronic display 12 may include
any suitable circuitry (e.g., display driver circuitry) to drive
the self-emissive pixels, mncluding for example row driver
and/or column drivers (e.g., display dnivers). Each of the
self-emissive pixels may include any suitable light emitting
clement, such as a LED or a micro-LED, one example of
which 1s an OLED. However, any other suitable type of
pixel, including non-self-emissive pixels (e.g., liquid crystal
as used 1n liquid crystal displays (LCDs), digital micromir-
ror devices (DMD) used in DMD displays) may also be
used. The electronic display 12 may control light emission
from the display pixels to present visual representations of
information, such as a graphical user intertace (GUI) of an
operating system, an application interface, a still image, or
video content, by displaying frames of image data. To
display 1images, the electronic display 12 may include dis-
play pixels implemented on the display panel. The display
pixels may represent sub-pixels that each control a lumi-
nance value of one color component (e.g., red, green, or blue
for an RGB pixel arrangement or red, green, blue, or white
for an RGBW arrangement).

[0031] The electronic display 12 may display an image by
controlling pulse emission (e.g., light emission) from its
display pixels based on pixel or image data associated with
corresponding 1mage pixels (e.g., points) in the image. In
some embodiments, pixel or image data may be generated
by an 1image source (e.g., image data, digital code), such as
the processor core complex 18, a graphics processing unit
(GPU), or an image sensor. Additionally, in some embodi-
ments, image data may be received from another electronic
device 10, for example, via the network interface 24 and/or
an I/0O port 16. Similarly, the electronic display 12 may
display an image frame of content based on pixel or image
data generated by the processor core complex 18, or the
clectronic display 12 may display frames based on pixel or
image data received via the network interface 24, an input
device, or an /O port 16.

[0032] The electronic device 10 may be any suitable
clectronic device. To help illustrate, an example of the
electronic device 10, a handheld device 10A, 1s shown 1n
FIG. 2. The handheld device 10A may be a portable phone,
a media player, a personal data orgamizer, a handheld game
platform, or the like. For illustrative purposes, the handheld
device 10A may be a smart phone, such as any IPHONE®
model available from Apple Inc.

[0033] The handheld device 10A 1ncludes an enclosure 30
(e.g., housing). The enclosure 30 may protect interior com-
ponents from physical damage or shield them from electro-
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magnetic interference, such as by surrounding the electronic
display 12. The electronic display 12 may display a graphi-
cal user interface (GUI) 32 having an array of 1icons. When
an 1con 34 1s selected either by an mput device 14 or a
touch-sensing component of the electronic display 12, an
application program may launch.

[0034] The mput devices 14 may be accessed through
openings 1n the enclosure 30. The mput devices 14 may
enable a user to interact with the handheld device 10A. For
example, the mput devices 14 may enable the user to
activate or deactivate the handheld device 10A, navigate a
user interface to a home screen, navigate a user interface to
a user-configurable application screen, activate a voice-
recognition feature, provide volume control, or toggle
between vibrate and ring modes.

[0035] Another example of a suitable electronic device 10,
specifically a tablet device 10B, 1s shown in FIG. 3. The
tablet device 10B may be any IPAD® model available from
Apple Inc. A further example of a suitable electronic device
10, specifically a computer 10C, 1s shown 1n FIG. 4. For
illustrative purposes, the computer 10C may be any MAC-
BOOK® or IMAC® model available from Apple Inc.
Another example of a suitable electronic device 10, specifi-
cally a watch 10D, 1s shown i FIG. 5. For illustrative
purposes, the watch 10D may be any APPLE WATCH®
model available from Apple Inc. As depicted, the tablet
device 10B, the computer 10C, and the watch 10D each also
includes an electronic display 12, input devices 14, 1/O ports
16, and an enclosure 30. The electronic display 12 may
display a GUI 32. Here, the GUI 32 shows a visualization of
a clock. When the visualization 1s selected either by the input
device 14 or a touch-sensing component of the electronic
display 12, an application program may launch, such as to

transition the GUI 32 to presenting the 1cons 34 discussed in
FIGS. 2 and 3.

[0036] As shown in FIG. 6, the electronic display 12 may
receive 1mage data 48 for display on the electronic display
12. The electronic display 12 includes display driver cir-
cuitry that includes scan driver 50 circuitry and data driver
52 circuitry that can program the 1image data 48 onto pixels
54. The pixels 54 may each contain one or more seli-
emissive elements, such as a light-emitting diodes (LEDs)
(e.g., organic light emitting diodes (OLEDs) or micro-LEDs
(LLEDs)) or liquud-crystal displays (LCD) pixels. Different
pixels 54 may emit different colors. For example, some of
the pixels 34 may emit red light, some may emit green light,
and some may emit blue light. Thus, the pixels 54 may be
driven to emit light at diflerent brightness levels to cause a
user viewing the electronic display 12 to perceive an image
formed from different colors of light. The pixels 54 may also
correspond to hue and/or luminance levels of a color to be
emitted and/or to alternative color combinations, such as
combinations that use cyan (C), magenta (M), and yellow

(Y) or others.

[0037] The scan driver 50 may provide scan signals (e.g.,
pixel reset, data enable, on-bias stress) on scan lines 56 to
control the pixels 54 by row. For example, the scan driver 50
may cause a row ol the pixels 54 to become enabled to
receive a portion of the image data 48 from data lines 38
from the data driver 52. In this way, an 1image frame of image
data 48 may be programmed onto the pixels 54 row by row.
Other examples of the electronic display 12 may program
the pixels 54 1 groups other than by row.
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[0038] The rows and columns of pixels 54 may continue
to fill an entire active area of the electronic display 12. In
some cases, the data driver 52 and the scan driver 50 are
disposed outside the active area and in a bezel region.
However, 1n some cases, the driving circuitry may be
included above or below the active area and may be used 1n
conjunction with a fanout.

[0039] FIG. 7 1s a block diagram of an example electronic
display 12 that includes a fanout 68 and driving circuitry 72
in a different layer than pixels 34 (e.g., above or below an
active area layer in which display pixel 54 circuitry 1s
located). The data driver 52 of FIG. 6, the scan driver 50 of
FIG. 6, or both may be represented by driver circuitry 72.
The driver circuitry 72 may be communicatively coupled to
one or more control signal lines of an active area 74. The
active area 74, and thus the corresponding control signal
lines, may extend to any suitable dimension, as represented
by the ellipsis. The driver circuitry 72 1s shown as coupled
to data lines 58. The control signal lines intersect at an
intersection node 76 to a corresponding control signal line,
here a scan line 56. It 1s noted that the driver circuitry 72
may, 1n some embodiments, be coupled to the scan lines 56
that intersect the data lines 58. Of course, other control lines
may be used 1n addition to or in alternative of the depicted
control lines.

[0040] When a width of the driver circuitry 72 or a flex
cable from the driver circuitry 72 1s not equal to a width of
the electronic display 12, a fanout 68 may be used to route
couplings between the driver circuitry 72 and the circuitry of
the active area 74. Here, as an example, a width (W) of the
driver circuitry 72 1s more narrow than a width (W,) of the
clectronic display 12 panel, and thus the fanout 68 1s used to
couple the driver circuitry 72 to the circuitry of the active
area 74. It 1s noted that, in some cases, a tlex cable may be
coupled between the fanout 68 and the circuitry of the active
arca 74.

[0041] The fanout 68 may have more narrow widths
between couplings (e.g., between data lines 58) on one side
to fit the smaller width of the driver circuitry 72 and on
another, opposing side, the fanout 68 may have expanded
widths between the couplings to expand to the larger width
(W,) of the electronic display 12 panel, where the electronic
display 12 panel may equal or be substantially similar to a
width of the active area 74 when a bezel region of the
clectronic display 12 1s removed. Previously, fanouts similar
to the fanout 68 may have been contained within a bezel
region of an electronic display. Now, increasing consumer
desires for more streamlined designs may demand the bezel
region be shrunk, or eliminated. As such, the fanout 68 may
in some cases be moved to be disposed on the active area 74
to eliminate a need for as large a bezel region. Indeed, the
fanout 68 between the driver circuitry 72 and the active area
74 may be overlaid on circuitry of the active area 74 (e.g.,
the scan lines 56 and data lines 58) to reduce a total
geometric footprint of the circuitry of electronic display 12
and to enable reduction in size or removal of the bezel
region.

[0042] The fanout 68 may introduce a coupling eflect
when the fanout 68 1s disposed on a region 78 of the active
area 74 (e.g., a portion of the scan lines 56 and data lines 58).
Here, the region 78 of the fanout 68 corresponds to a
triangular geometric shape, though any suitable geometry
may be used. The region 78 corresponding to the region of
overlap may be generally modelled as a geometric shape and
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used when mitigating distortion to driving control signals
that may be caused by the overlap of the fanout 68.

[0043] FIG. 8 15 a circuit diagram of an example pixel 54
that may experience distortion from signals transmitted via
the fanout 68. In general, the pixels 54 may use any suitable
circuitry and may include switches 90 (switch 90A, switch
90B, switch 90C, switch 90D). A simplified example of a
display pixel 54 appears in FIG. 8. The display pixel 54 of
FIG. 8 includes an organic light emitting diode (OLED) 70
that emits an amount of light that varies depending on the
clectrical current through the OLED 70. The electrical
current thus varies depending on a programming voltage at

a node 102.

[0044] The switch 90D may be open to reset and program
a voltage of the pixel 54 and may be closed during a light
emission time operation. During a programming operation,
a programming voltage may be stored in a storage capacitor
92 through a switch 90A that may be selectively opened and
closed. The switch 90A 1s closed during programming at the
start of an 1mage frame to allow the programming voltage to
be stored 1n the storage capacitor 92. The programming
voltage 1s an analog voltage value corresponding to the
image data for the pixel 54. Thus, the programming voltage
that 1s programmed 1nto the storage capacitor 92 may be
referred to as “image data.” The programming voltage may
be delivered to the pixel 54 via data line 58A. After the
programming voltage 1s stored 1n the storage capacitor 92,
the switch 90A may be opened. The switch 90A thus may
represent any suitable transistor (e.g., an LTPS or LTPO
transistor) with sufliciently low leakage to sustain the pro-
gramming voltage at the lowest refresh rate used by the
clectronic display 12. A switch 90B may selectively provide
a bias voltage Vbias from a first bias voltage supply (e.g.,
data line 58A). The switches 90 and/or a driving transistor
94 may take the form of any suitable transistors (e.g., LTPS
or LTPO PMOS, NMOS, or CMOS ftransistors), or may be
replaced by another switching device to controllably send
current to the OLED 70 or other suitable light-emitting
device.

[0045] The data line 58A may provide the programming
voltage as provided by driving circuitry 96 (located 1n the
driver circuitry 72) in response to a switch 90A and/or
switch 90B receiving a control signal from the driver
circuitry 72. However, as shown in FIG. 7, for the program-
ming voltage to arrive at the respective pixels 34, a portion
of the data line 58 A may run through the region of the fanout
68 of FIG. 7. If so, a different data line 38B may introduce
clectrical interference (e.g., undesirable electrical charge,
distortion) into the signals of the pixel 54, as represented via
illustration 98. This distortion may transmit to the pixel 54
via parasitic capacitances 100 (parasitic capacitance 100A,
parasitic capacitance 100B, parasitic capacitance 100C).
Once received, 1mage data of the pixel 34 may be altered
prior or during presentation of an 1mage frame, causing
percervable 1image artifacts.

[0046] To elaborate, FIG. 9 1s a diagrammatic illustration
of distortion associated with the fanout 68. A portion of the
data lines 38 associated with the fanout 68 (e.g., a portion of
the data line 58B of FIG. 8) may be referred to as an
“aggressor’” control line 110 when transmitting a signal that
allects another signal transmitted on another control line.
Here, an aggressor control line 110 1s illustrated as aflecting
operations ol other various control lines. A first example
112, a second example 114, and a third example 116 of




US 2024/0038175 Al

arrangements of the aggressor control line 110 are 1llustrated
and described herein. In any of these examples, some or all
of the aggressor control line 110 may be disposed above
and/or below the illustrated data and control signal lines.
Furthermore, the fanout 68 may include one or more aggres-
sor control lines 110, and one aggressor control line 110 1s
used as a representative example herein.

[0047] In a first example 112, the aggressor control line
110 1n a first arrangement 1n and/or on the active area 74 may
influence data transmitted via data lines 58. The aggressor
control line 110 may run partially parallel to and perpen-
dicular to one or more data lines 58. When a signal 118
transmitted via the aggressor control line 110 changes value,
a disturbance may cause a pulse 120 in a data signal 122
transmitted via either of the data lines 58. The signal 118
may disturb the data signal 122 via one or more capacitive
couplings (e.g., parasitic capacitances 100) formed (e.g., 1n
the conductor of the active area) while the signal 118 1s
transmitted. The resulting distortion may be illustrated in

corresponding plot 124 as a pulse 120 1n a value of the data
signal 122.

[0048] In a second example, the aggressor control line 110
in a second arrangement 1n and/or on the active area 74 may
influence data transmitted via gate-in-panel (GIP) lines 126.
The aggressor control line 110 may be arranged perpendicu-
lar to the data lines 58 and parallel to the GIP lines 126.
When the signal 118 transmitted via the aggressor control
line 110 changes value, a disturbance may manifest 1n a
value of a GIP signal 128 transmitted via the GIP line 126.
The signal 118 may disturb the GIP signal 128 via a
capacitive coupling (e.g., parasitic capacitance 100) formed
in the conductor of the active area while the signal 118 1s
transmitted. The resulting distortion may be illustrated in
corresponding plot 130 as a pulse 132 1n a value of the GIP
signal 128.

[0049] In a third example, the aggressor control line 110 1n
a third arrangement 1n and/or on the active area 74 may
influence signals of a pixel 54. The aggressor control line
110 may be arranged perpendicular to the data lines 58 and
adjacent to (or 1n relative proximity to) the pixel 54, where
the pixel 54 may be a pixel 54 relatively near (e.g., adjacent,
within a few pixels of) the aggressor control line 110. When
the signal 118 transmitted via the aggressor control line 110
changes value, a disturbance may manifest in a value of a
pixel control signal 136 transmitted between circuitry of the
pixel 534. The pixel control signal 136 may be any suitable
gate control signal, refresh control signal, reset control
signal, scan control signal, data signal for a different pixel,
or the like. Indeed, the signal 118 may disturb the pixel
control signal 136 via a capacitive coupling (e.g., parasitic
capacitance 100) formed 1n the conductor of the active area
74 while the signal 118 1s transmitted. The resulting distor-
tion may be illustrated 1n corresponding plot 138 as a pulse
140 1n a value of the pixel control signal 136.

[0050] Keeping the foregoing in mind, any of the three
example arrangements of the aggressor control lines 110 and
thus the presence of the fanout 68 may cause 1mage artifacts
in presented 1image data, either by affecting the image data
being presented and/or by aflecting control signals used to
control how and for how long the 1image data 1s presented.
FIG. 10 1s a block diagram of a compensation system 150
that performs operations to mitigate eflects of coupling
between the circuitry of the active area 74 and the fanout 68
(e.g., the aggressor control lines 110) on mput 1image data
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48A via adjustments to generate adjusted 1mage data 48B.
The driver circuitry 72 may include hardware and/or sofit-
ware to implement the compensation system 150. In some
cases, the compensation system 150 may be included 1n a
display pipeline or other image processing circuitry disposed
in the electronic device 10 but outside the electronic display
12.

[0051] The compensation system 150 may include a cross-
talk aggressor estimator 152, a spatial routing mask 154, a
pixel error estimator 156, and/or an 1image data compensator
158, and may use these sub-systems to estimate coupling
error based on an 1mage pattern and apply a compensation
to mitigate the estimated error. The image pattern may
correspond to a diflerence 1n voltage values between pres-
ently transmitted image data 48 A from a host device (e.g., an
image source, a display pipeline) and between previously
transmitted 1mage data 48. The compensation system 1350
may use the 1image pattern to estimate a spatial location of
error. Then, based on the 1mage pattern, the compensation
system may apply correction 1n voltage domain to the image
data corresponding to the estimated spatial location of error.
The estimated spatial location of the errors may be an
approximate or an exact determination of where on a display
panel (e.g., which pixels 54) distortion from a fanout 68 may
yield perceivable 1image artifacts.

[0052] To elaborate, the crosstalk aggressor estimator 152
may receive mput image data 48A and estimate an amount
of crosstalk expected to be experienced when presenting the
input 1image data 48 A. The amount of crosstalk affecting the
data lines 58 may correspond to a change 1in 1mage data
between respective image data on data lines. That 1s, 11 there
1s no change 1n the 1mage data sent on a same data line 58,
no difference i value would be detected by the crosstalk
aggressor estimator 152 and no crosstalk from the fanout 68
may affect the image data. A maximum difference 1n data
value may be a change in data voltage from a lowest data
value (e.g., “0) to a highest data value (e.g., “255” for a b1t
depth of 8 bits) or vice versa.

[0053] For each data line, the crosstalk aggressor estima-
tor 152 may determine a difference between a previous data
voltage and a present data voltage of the image data 48 A,
which indicates a voltage change on each individual data
line. Taking a diflerence being two same rows of data at two
different time (e.g., temporal diflerence determination).

[0054] The crosstalk aggressor estimator 152 may use a
data-to-crosstalk relationship (e.g., function) that correlates
an estimated amount of crosstalk expected to a diflerence 1n
image data between two portions of 1mage data. For data
voltage swing to be compensated may occur between line-
to-line differences of voltage data (e.g., one or more previ-
ous rows of data) within a single image frame. The data-
to-crosstalk relationship may be generated based on
calibration operations, such as operations performed during
manufacturing or commissioning of the electronic device
10, or based on ongoing calibration operations, such as a
calibration regularly performed by the electronic device 10
to facilitate suitable sub-system operations. The data-to-
crosstalk relationship may be stored 1n a look-up table, a
register, memory, or the like. The crosstalk aggressor esti-
mator 152 may generate a crosstalk estimate map 160 that
assoclates, in a map or data structure, each estimate of
crosstalk with a relative position of the active area 74. The
crosstalk estimate map 160 may include indications of
expected voltages predicted to distort the image data 48A 1n
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the future (e.g., the incoming 1mage frame). The crosstalk
estimate map 160 may be generated based on previous
image data (e.g., bullered image data) and, later, a region
once processed via a mask. The estimates of crosstalk may
be associated with a coordinate (e.g., an X-y pair) within the
data structure and the data structure may correspond 1n
dimensions to the active area 74. In this way, the coordinate
of the estimate of crosstalk may correspond to a relative
position within the active area 74 that the crosstalk 1s
expected to occur and thus may be considered a coordinate
location 1n some cases. The crosstalk aggressor estimator
152 may output the crosstalk estimate map 160.

[0055] In some cases, crosstalk from the fanout 68 may
not only affect one data row, but may also aflect previous
data rows (e.g., rows disposed above or below the present
data row being considered at a given time by the crosstalk
aggressor estimator 152). For example, crosstalk from the
fanout 68 may aflect up to six rows 1n the active arca 74
simultaneously (or any number of rows, N, depending on the
display). Thus, the crosstalk aggressor estimator 152 may
store up to N previous rows of the image data to be
referenced when generating the crosstalk estimate map 160.
For example, the crosstalk aggressor estimator 152 may
include a bufler to store 6 rows of previous 1image data 48
processed prior to the present row. In other words, for the
example of 6 rows, if 1image data for a present row being
considered 1s Row N, the crosstalk aggressor estimator 152
may store and reference 1mage data corresponding to Row
N-1, Row N-2, Row N-3, Row N-4, Row N-5, and Row
N-6 (or Rows N+1 . . . N+6) when generating the crosstalk
estimate map 160. The crosstalk aggressor estimator 152
may use a weighted function to respectively weigh an effect
of each of the previous Rows on the present row, Row N. In
some cases, the weighted function may assign a greater
ellect to a more proximate row than a row further from the
Row N. Thus, the crosstalk aggressor estimator 152 may
generate the crosstalk estimate map 160 based on the image
data for the present row, Row N, and based on the image data

builered for one or more previous rows.

[0056] The spatial routing mask 154 may receive the
crosstalk estimate map 160 and may mask (or remove) a
portion of the crosstalk estimate map based on a stored
indication of a spatial map corresponding to the fanout 68 to
generate a masked crosstalk estimate map 162. The 1ndica-
tion of the spatial map may associate the relative positions
of the active area (e.g., used to generate the crosstalk
estimate map) with a region 78 of the fanout 68 described
carlier, like with reference to FIG. 7. That 1s, the compen-
sation system 150 may access an indication of the region 78
corresponding to where the fanout 68 actually 1s overlapping
on the active area and this actual positioning or orientation
1s correlated to data locations within the data structure. The
region 78, and thus the spatial routing mask 154, may
correspond to a geometric shape, such as a triangular logical
region. The spatial routing mask 154 may discard data
disposed outside defined logical boundaries (e.g., locations
in the data structure not corresponding to the region 78) and
retain data disposed within the defined logical boundaries
(e.g., locations in the data structure corresponding to the
region 78). The logical boundaries of the spatial routing
mask 154 may correspond to the region 78 of overlap of the
fanout 68. The spatial routing mask 154 may receive the
crosstalk estimate map 160, zero (or discard) crosstalk
estimates outside the defined logical boundaries correspond-
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ing to the region 78, and retain, 1n a subset of the crosstalk
estimate map 160, a subset of the crosstalk estimates that are
located within the defined logical boundaries corresponding
to the region 78. The retained subset of crosstalk estimates
may be output and transmitted to the pixel error estimator
156 as a masked crosstalk estimate map 162. The masked
crosstalk estimate map 162 may indicate which subset of
circuitry of the active area 74 1s expected to be aflected by
the fanout 68 and a magnitude of crosstalk that subset of
circuitry 1s expected to experience.

[0057] The pixel error estimator 156 may receive the
masked crosstalk estimate map 162 and determine an
amount of error expected to aflect one or more pixels 54
based on the subset of pixels 54 indicated and/or a magni-
tude indicated for the one or more pixels 34. The pixel error
estimator 156 may access an indication ol a voltage rela-
tionship 164 to determine an expected change to image data
from the magnitude indicated in the masked crosstalk esti-
mate map 162. The accessed indication of the voltage
relationship 164 may be a scalar function that correlates an
indication of crosstalk from the masked crosstalk estimate
map to a constant increase in value. For example, a scalar
value of 5 and a masked crosstalk estimate of 2 millivolts
(mV) may vield a compensation value of 10 (mV). In this
way, for each of the one or more pixels 54, the pixel error
estimator 156 1dentifies a magnitude of the expected cross-
talk from the masked crosstalk estimate map 162 and
correlates that magnitude to a manifested change in 1mage
data expected to be experienced by that pixel 54. The pixel
error estimator 156 may access a look-up table to 1dentity
the change 1n 1mage data. In some cases, the pixel error
estimator 156 may use a voltage relationship that accounts
for changes in temperature, process, or voltages 1n the event
that operating conditions aflect how the magnitude of the
expected crosstalk affects image data. The pixel error esti-
mator 156 may generate and output compensation values

166.

[0058] The image data compensator 158 may receive the
compensation values 166 and apply the compensation values
166 to the image data 48 A. When the compensation values
are defined pixel-by-pixel, image data may be adjusted
based on the compensation values 166 for one or more pixels
54, respectively. When compensation values 166 are defined
for multiple pixels 54, the image data 48A may be adjusted
at one time for multiple pixels 54. The compensation values
166 may be applied as an oflset to the image data 48A.
Indeed, when the fanout 68 undesirably decreases voltages,
to adjust the image data 48A, the 1image data compensator
158 may add the compensation values 166 to the image data
48A to generate the adjusted 1image data 48B (e.g., apply a
positive oflset). In this way, when being used at the pixel 54,
any crosstalk experienced 1n the region 78 may decrease the
adjusted 1mage data 48B for that pixel down to a voltage
value set intended as the image data 48 A, thereby mitigating
the eflects of the crosstalk. However, 1f the fanout 68
undesirably increases voltages, to adjust the image data 48 A,
the 1image data compensator 158 may subtract the compen-
sation values 166 to the image data 48A to generate the
adjusted 1mage data 48B (e.g., apply a negative oflset) so
that crosstalk experienced 1n the region 78 may increase the
adjusted 1mage data 48B for that pixel up to a voltage value
set intended as the image data 48A, thereby mitigating the
ellects of the crosstalk. Once compensated, the adjusted
image data 488 may be output to the drniver circuitry 72
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and/or to the data lines 58 for transmission to the pixels 54.
The adjusted 1mage data 48B may be an 1mage data voltage
to be transmitted to the pixel 54 to adjust a brightness of light
emitted from the pixel 34. In some cases, the adjusted image
data 48B may be a compensated grey level to be converted
into control signals to adjust a brightness of light emitted
from the pixel 54.

[0059] FIG. 11A and FIG. 11B are diagrammatic repre-
sentations of an example compensation system 150 of FIG.
10 operated to compensate for a fanout of FIG. 7. FIG. 11A
and FIG. 11B may be referred to herein collectively as FIG.
11. Indeed, 1n both the compensation system 150 of FIG. 10
and FIG. 11 more or less components or circuitry may be
included 1n the systems that what 1s depicted. Furthermore,
as described above, the driver circuitry 72 may include
hardware and/or software to implement the compensation
system 130. In some cases, the compensation system 150
may be included i a display pipeline or other image
processing circuitry disposed in the electronic device 10 but
outside the electromic display 12.

[0060] In one example, the crosstalk aggressor estimator
152 may include a subtractor 180, a bufler 182, and a
differentiated line bufler 184. The bufler 182 may store the
actual image data 48 A sent to the compensation system 150
by another portion of the electronic device 10 and/or 1image
processing circuitry that 1s, the builer 182 receives the image
data intended to be displayed, which may uncompensated
image data. The buller 182 may be a multi-line bufler that
stores a number, Z, of previous rows of image data as
buflered 1image data 186, where a current row 1s row N.

[0061] The image data 48 corresponding to the entire
active area 74 may correspond to thousands of rows (e.g.,
1000, 2000, 3000, . . . X rows) and each row correspond to
cach pixel value for the rows. When the bufler 182 1s a
multi-line bufler, the bufler 182 may store a few of the rows
of data, like 5, 6, 7, or a subset of Y rows. The buffer 182
may be a rolling buller configuration, such that correspond-
ing rows are bullered in line with how an 1image frame 1s
display via rolling the image frame from one side of the
active area 74 to an opposing side of the active area 74.

[0062] The bullered image data 186 may include a number
of columns, j, corresponding to a number of pixels associ-
ated with the respective rows. The number of columns of the
buflered 1mage data 186 may correspond to a number of
columns of pixels in the active area 74, a number of data
values used to represent image data for a pixel 54, a number
of data values used to represent 1mage data for a pixel 54, a
number of binary data bits to represent the image data 48, or
the like. The subtractor 180 may receive the image data 48A
and a corresponding output of previous 1image data (e.g., one
or more rows of the buflered 1mage data 186) from the
multi-line butler 182.

[0063] The subtractor 180 may transmit a difference
between the present image data 48 A and the previous 1mage
data to the differentiated line bufler 184. As described above,
the crosstalk aggressor estimator 152 may generate the
crosstalk estimate map 160 output based on one or more
previous rows of 1mage data, the present row of 1image data,
and previously transmitted image data. Thus, the crosstalk
aggressor estimator 152 may generate the crosstalk estimate
map 160 based on both temporally changing image data and
spatially changing image data. The subtractor 180 shown 1n
FIG. 11 may represent multiple subtractors or may perform
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multiple rounds of difference determination based on a
number of columns and/or a number of rows in the buflered
image data 186.

[0064] The differentiated line builer 184 may output the
generated crosstalk estimate map 160 to one or more mul-
tipliers 188 of the spatial routing mask 154. Here, the spatial
routing mask 154 multiplies the crosstalk estimate map 160
with a routing mask 190 to selectively transmit one or more
portions of the crosstalk estimate map 160. As described
carlier, the routing mask 190 may correspond to logical
boundaries 194 that substantially match or are equal to a
geometric shape, arrangement, or orientation the region 78
of the fanout 68 1s overlaid on the active area 74. The routing
mask 190 may include zeroing data (e.g., “0” data 192) to
cause the spatial routing mask 154 to remove one or more
values from the crosstalk estimate map 160 when generating
the masked crosstalk estimate map 162. The routing mask
190 may include retaining data (e.g., “1”” data 196) to cause
the spatial routing mask 154 to retain one or more values
from the crosstalk estimate map 160 when generating the
masked crosstalk estimate map 162. Here, the masked
crosstalk estimate map 162 may include data corresponding
to the “1” data 196 of the example mask 198 without
including data corresponding to the “0” data 192 of the
example mask 198. Indeed, the masked crosstalk estimate
map 162 may include zero values (e.g., 0 data values) for the
portions of the map corresponding to the “0”” data 192 of the
example mask, which also corresponds to a region of the
active area outside of the region 78 and thus the region
negligibly aflected, 1t at all, by the fanout 68.

[0065] The multiplier 188 may output the masked cross-
talk estimate map 162 to the pixel error estimator 156. The
pixel error estimator 156 may receive the masked crosstalk
estimate map 162 at conversion selection circuitry 200. The
indication of a relationship 164 of FIG. 10 may correspond
to a look-up table 202 shown in FIG. 11. The pixel error
estimator 156 may use the conversion selection circuitry 200
to select between diflerent modes 1n the voltage domain that
may change how the indication of a relationship 164 1s
referenced during the processing.

[0066] The conversion selection circuitry 200 may receive
a selection control signal 204 from external circuitry (e.g.,
display pipeline, processor core complex 18). The selection
control signal 204 may control which mode the conversion
selection circuitry 200 uses to generate the compensation
values 166 from the masked crosstalk estimate map 162. In
response to a first selection control signal 204 (e.g., when the
selection control signal 204 has a logic low value), the
conversion selection circuitry 200 may use a first mode and
convert a change in voltage (e.g., AV) mdicated via the
masked crosstalk estimate map 162 to a change 1n a gate-
source voltage (AV,,) used to change a value of a voltage
sent to the driving transistor 94. In response to a second
selection control signal 204 (¢.g., when the selection control
signal 204 has a logic high value), the conversion selection
circuitry 200 may use a second mode and convert a change
in voltage (e.g., AV) indicated via the masked crosstalk
estimate map 162 to a change in a RGB data voltage (e.g.,
RGB AV) used to change a value of a voltage used to
determine control signals sent to the pixel 54.

[0067] The pixel error estimator 156 may generate a
different set ol compensation values 166 based on which
mode 1s selected of the conversion selection circuitry 200. In
some cases, the pixel error estimator 156 may reference a
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same look-up table 202 for both modes. As an example, the
look-up table 202 shows a relationship between a change 1n
gate-source voltages (AV ;) 206 relative to a change in data
voltage (e.g., AV, ,,) 208. Indeed, the look-up table 202
may also represent different relationships for the different
color values as well (e.g., R, G, B value may correspond to
respective compensations).

[0068] Furthermore, 1n some cases, the pixel error estima-
tor 156 may generate the compensation values 166 while in
a grey code (grey) domain. For example, an image process-
ing system may generate image data as one or more bits
(e.g., 8 bits) and transmit the binary image data as the 1mage
data 48A to the compensation system 1350. The compensa-
tion system 150 may receive the binary image data via the
image data 48A and process the binary image data to
determine the compensation values. The image data 48A,
binary or analog, 1s used represent a brightness of the pixel
54, and thus the binary data transmitted as the image data
48 A may indicate 1n the grey domain a brightness at which
the pixel 54 1s to emut light. The look-up table 202 of FIG.
11 and/or the indication of a relationship 164 of F1G. 10 may
be used to transform the i1mage data between the grey
domain and the voltage domain. Indeed, the look-up table
202 and/or the 1indication of a relationship 164 may 1nclude
information to aid the generation of grey domain pixel data
(Q,ixez) Trom voltage data (V) and vice versa, and then
to aid generation of gate-source voltages (V) from the grey
domain pixel data, and vice versa. The look-up table 202
and/or the indication of a relationship 164 may include
information to transform changes 1n 1mage data between the
grey domain and the voltage domain, such as generating a
change m grey domain pixel data (AQ,..,) based on a
change 1n voltage data (AV , . ) for that pixel, and vice versa,
and/or generating a change in gate-source voltages (AV )
from a change in the grey domain pixel data (AQ,, .,), and
viCe versa.

[0069] The pixel error estimator 156 may generate the
compensation values 166 based on respective RGB data

values 210 (R data values 210A, G data values 210B, B data
values 210C) of the look-up table 202. The pixel error
estimator 156 may transmit the compensation values 166 to
the 1image data compensator 158. The compensation values
166 may match a formatting of the look-up table 202, which
may use less resources to output to the image data compen-
sator 158. The compensation values 166 alternatively may
be modified during generation as to include RGB data to be
used directly by the image data compensator 158 at an adder
212 (e.g., adding logic circuitry, adder logic circuitry, adding
device). In this way, the compensation values 166 output
from the pixel error estimator 156 may be 1n a suitable

format for use by the adder 212 when oflsetting the image
data 48A.

[0070] To elaborate, the image data compensator 158 may
add the compensation values to the image data 48A as
described above with regards to FIG. 10. Here, the image
data compensator 158 uses an adder 212 to add the com-
pensation values 166 to the image data 48A (e.g., original
image data, unchanged image data). The image data com-
pensator 158 may recerve the same 1image data 48 A recerved
by the crosstalk aggressor estimator 152 and process the
image data 48A 1n a same domain as that used by the pixel
error estimator 156 (e.g., voltage domain, grey domain).
Here, the compensation values 166 are used as an oflset to
adjust (e.g., increase via adding a positive value, decrease
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via adding a negative value) a value of one or more
respective portions ol 1image data 48A. The compensation
values 166 may cause an oflset to be added to the value of
the image data 48 A to oppose an expected change caused by
the disturbance from the fanout 68 region 78, such as was
described with reference to FIG. 10.

[0071] Keeping the foregoing in mind, FIG. 12 1s a
flowchart of a method 230 of operating the compensation
system 150 to compensate for crosstalk that may be caused
by the fanout 68. While the method 230 1s described using
process blocks 1 a specific sequence, i1t should be under-
stood that the present disclosure contemplates that the
described process blocks may be performed in different
sequences than the sequence 1llustrated, and certain
described process blocks may be skipped or not performed
altogether. Furthermore, although the method 230 1s
described as being performed by processing circuitry, it
should be understood that any suitable processing circuitry
such as the processor core complex 18, image processing
circuitry, 1image compensation circuitry, or the like may
perform some or all of these operations.

[0072] At block 232, the compensation system 150 may
generate a crosstalk estimate map 160. The compensation
system 150 may process the image data 48 A to be sent to one
or more pixels 54 (e.g., self-emissive pixels) disposed 1n an
active area 74 (e.g., an active area semiconductor layer
comprising circuitry to provide an active area). The pixels
54 may emit light based on 1image data 48. The compensa-
tion system 150 may process and adjust each value of the
one or more values of the image data independently, and
thus may eventually generate compensation values 166
tailored for each of one or more pixels 54 or for each pixel
54 of the active area. A fanout 68 may couple driver circuitry
72 to the one or more pixels 54 of the active area 74.
However, the active area 74 may be disposed on the driver
circuitry 72. Thus, to couple the active area 74 and the driver
circuitry 72, the fanout 68 may fold over some of the active
area 74. In this way, as shown in FIG. 7, the fanout 68 may
be disposed at least partially on the active areca 74 in
association with a region, where the region corresponds to a
physical overlapping portion of the circuitry of the fanout 68
with the circuitry of the active area 74. The fanout 68 may
transmit the 1image data 48 to the one or more self-emissive
pixels. The fanout 68 may include a plurality of respective
couplings that vary imn width between the respective cou-
plings over a length of the fanout. In other words, couplings
between the drniver circuitry 72 may start out tightly packed
together at an 1nput to the fanout 68 and may gradually be
disposed further and further apart as approaching the active
area 74 boundary. When transmitting image data 48 from the
driver circuitry 72 to one or more of the pixels 34, the fanout
68 may capacitively couple to the circuitry of the active area
74 within the region. The compensation system 150 may
adjust one or more values of the image data 48 correspond-
ing to the region based on a spatial routing mask. As
described above, the compensation system 1350 may adjust
one or more values of the image data 48 based on a spatial
routing mask corresponding to the region 78 to negate the
capacitive coupling between the fanout 68 and the active
arca 74.

[0073] With this in mind, the compensation system 150
may include a bufiler 182 that stores one or more previous
rows ol image data 48. The bufler 182 may be used to
generate crosstalk estimate map 160, like was described 1n
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FIGS. 10-11. In some cases, the compensation system 150
may include a differentiated line buller 184 that generates
the crosstalk estimate map 160 based on differences (e.g.,
changes) 1n voltage values between adjacent rows of the one
or more previous rows ol image data 48. Although rows are
described, 1t should be understood that these operations may
be performed relative to regions of pixels 54, portions of the
active area 74, columns of the active area (e.g., scan lines,
gate control lines), or the like.

[0074] At block 234, the compensation system 150 may
determine a portion of the crosstalk estimate map 160 to use
to adjust one or more values of 1mage data 48A based on a
spatial routing mask 154, where the spatial routing mask 154
matches a geometric arrangement of the region 78 (e.g., a
triangular region or other geometric shape)

[0075] At block 236, the compensation system 150 may
determine one or more compensation values 166 based on
the portion of the crosstalk estimate map 160 and an
indication of a relationship 164 (e.g., a voltage-to-data
relationship) to use to adjust one or more values of 1image
data 48A. The one or more compensation values 166 based
reflect logical boundaries 194 of the spatial routing mask
154. For example, a subset of the one or more compensation
values 166 may correspond zeroed data when associated
with a position outside of the logical boundaries 194 of the
spatial routing mask 154.

[0076] At block 238, the compensation system 150 may
adjust the one or more values of the image data 48A based
on the one or more compensation values 166. The compen-
sation system 150 may include an adder 212. The adder 212
may combine the one or more values of the image data 48
and the compensation values 166 to generate adjusted image
data 48B. The adjusted image data 48B may include a
portion of unchanged, original 1mage data and a portion of
adjusted 1mage data, where relative arrangements of both
portions of data correspond to the routing mask 190, and
thus a geometric arrangement of the region. The compen-
sation system 150 may transmit the adjusted 1mage data 48B
to the dniver circuitry 72 as image data 48 in FIG. 6. The
driver circuitry 72 may use the adjusted image data 48B to
generate control and data signals for distribution to the one
or more pixels 54. When driving the pixels 54 with the
compensated 1mage data, any crosstalk or distortions that
may occur from the fanout 68 coupling to one or more
portions of the active area 74 circuitry may merely adjust the
signals down or up to a voltage level originally instructed via
the 1image data 48 A, thereby correcting for effects from the
tanout 68 coupling.

[0077] The operations of FIG. 12 may be applied to
compensate a single pixel 54 as well, or may be described
in terms of compensation of a first pixel 34. To elaborate, a
method may include generating, via a compensation system
150, a crosstalk estimate (e.g., a portion of the crosstalk
estimate map 160) corresponding to a first pixel 54. The
method may include determining, via the compensation
system 150, to adjust a portion of the image data 48A
corresponding to the first pixel 54 based on the crosstalk
estimate, where the determination may be based on a loca-
tion of the first pixel being within a region of the active area
74 corresponding to the spatial routing mask 154. The
method may mnvolve determining, via the compensation
system 150, a compensation value 166 based on the cross-
talk estimate and the indication of a relationship 164 (e.g.,
a voltage-to-data relationship) associated with the first pixel
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54. The method may also include adjusting, via the com-
pensation system 1350, the image data based on the compen-
sation value. Determining to adjust the image data may be
based on a location of the first pixel 54 and based on a value
of the crosstalk estimate. For example, the method may
include comparing, via the compensation system 130, the
value of the crosstalk estimate to a threshold level of
expected crosstalk. In response to the value of the crosstalk
estimate being greater than or equal to the threshold level of
the expected crosstalk and the spatial routing mask 154
indicating that the location of the first pixel 54 falls within
the region 78 of the active area 74 corresponding to the
overlapping fanout 68, determining, via the compensation
system 150, to adjust the portion of the image data 48A
corresponding to the first pixel based on the crosstalk
estimate. However, 1n response to the value of the crosstalk
estimate being less than the threshold level of the expected
crosstalk and/or the first pixel 54 being outside the region
78), determining, via the compensation system 150, to
disregard (e.g., discard or zero) the crosstalk estimate with-
out adjusting the 1image data 48 A corresponding to the first
pixel 54. Although this method 1s described relative to a first
pixel 54, 1t should be understood that multiple pixels could
undergo a similar adjustment operation based on the spatial
routing mask 154 and a threshold.

[0078] Insomeembodiments, the spatial routing mask 154
may be hardcoded at manufacturing since the location of the
fanout 68 relative to the active area 74 may be fixed during
manufacturing and prior to deployment in the electronic
device 10. When hardcoded, the spatial routing mask 154
may be a relatively passive software operation that passes on
a subset of the crosstalk estimate map 160 to the pixel error
estimator 156.

[0079] Furthermore, there may be some instances where
the spatial routing mask 154 1s skipped or not used, such as
when the fanout 68 aflects an entire active area 74. In these
cases, the crosstalk estimate map 160 may be sent directly
to the pixel error estimator 156, bypassing the spatial routing
mask 154 when present as opposed to being omitted. Simi-
larly, any suitable geometric shaped mask may be used.
Herein, a triangular mask (e.g., example mask 198) was
described 1n detail but a rectangular shaped mask, an organic
shaped mask, a circular mask, or the like, may be used. In
some cases, a threshold-based mask may be applied via the
spatial routing mask 154. For example, the crosstalk esti-
mate map 160 may be compared to a threshold value of
crosstalk and a respective coordinate of the crosstalk esti-
mate map 160 may be omitted (e.g., indicated as a “0” in the
mask) when the identified crosstalk of the crosstalk estimate
map 160 does not exceed a threshold value. When a respec-
tive value of the crosstalk estimate map 160 exceeds a
threshold value, the spatial routing mask 154 may retain the
corresponding crosstalk value as part of the masked cross-
talk estimate map 162. Thus, thresholds may be used when
determining a geometry of the spatial routing mask 154
(e.g., during manufacturing to identify regions of the active
area 74 that experience relatively more crosstalk than other
regions, during use to identily a subset of 1mage data to be
compensated when the crosstalk 1s expected to be greater
than a threshold) and/or when determining to which values
of crosstalk to apply an existing geometry of the spatial
routing mask 134. For example, within a triangular “1”
region 78 of the routing mask 190 of FIG. 11, crosstalk
estimates may be omitted (e.g., zeroed) in the masked
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crosstalk estimate map when the crosstalk value 1tself 1s less
than a threshold amount of crosstalk despite the crosstalk
estimates otherwise being flagged for retention by the rout-
ing mask 190. Other thresholding examples may apply as
well.

[0080] In some cases, the data-to-crosstalk relationship
may be defined on a per-pixel or regional basis, such that one
or more pixel behaviors or one or more location-specific
behaviors are captured in a respective relationship. For
example, based on a specific location of a pixel, that pixel
(or circuitry at that location 1n the active area) may experi-
ence a diflerent amount of crosstalk (resulting 1n a different
amount ol data distortion) than a pixel or circuitry at a
different location. A per-pixel (or location-specific) data-to-
crosstalk relationship may capture the specific, respective
behaviors of each pixel (or each region) to allow suitable
customized compensation for that affected pixel. In a similar
way, the pixel error estimator 156 may identily changes in
image data on a regional basis, such as by using relation-
ships that correlate expected crosstalk experienced by a
region to expected changes 1n 1mage data to occur at pixels
within that region.

[0081] This disclosure describes systems and methods that
compensate for crosstalk errors that may be caused by a
fanout overlaid or otherwise aflecting signals transmitted
within an active area of an electronic display. Techmical
cllects associated with compensating for the crosstalk errors
include improved display performance as potentially occur-
ring image artifacts are mitigated (e.g., made unperceivable
by an operator, eliminated). Other effects from compensat-
ing for the fanout crosstalk errors may include improved or
more eflicient consumption of computing resources as a
likelithood of an incorrect application selection may be
reduced when the quality of image presented via a display 1s
improved. Moreover, systems and methods described herein
are based on previously transmitted image data being bull-
ered as well as a routing mask. The routing mask may make
compensation operations more eflicient by enabling local-
1zed compensation operations based on a region correspond-
ing to the crosstalk. Buflering previously transmitted image
data rows may mmprove a quality of compensation by
increasing an ability of the compensation system to tailor
corrections to the crosstalk experienced. Indeed, since cross-
talk varies based on differences in voltages transmitted via
couplings in the active area, bullering past rows of image
data may enable operation-by-operation specific compensa-
tions to be performed.

[0082] The specific embodiments described above have
been shown by way of example, and 1t should be understood
that these embodiments may be susceptible to various modi-
fications and alternative forms. It should be further under-
stood that the claims are not intended to be limited to the
particular forms disclosed, but rather to cover all modifica-
tions, equivalents, and alternatives falling within the spirit
and scope of this disclosure.

[0083] The techniques presented and claimed herein are
referenced and applied to material objects and concrete
examples of a practical nature that demonstrably improve
the present techmical field and, as such, are not abstract,
intangible or purely theoretical. Further, 1if any claims
appended to the end of this specification contain one or more
clements designated as “means for [perform]ing [a function]

7 or “step for [perform]ing [a function] . . . 7, 1t 1s
intended that such elements are to be interpreted under 35
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U.S.C. 112(1). However, for any claims containing elements
designated in any other manner, it 1s intended that such
clements are not to be mterpreted under 35 U.S.C. 112(1).
[0084] It 1s well understood that the use of personally
identifiable information should follow privacy policies and
practices that are generally recognized as meeting or exceed-
ing industry or governmental requirements for maintaining
the privacy of users. In particular, personally i1dentifiable
information data should be managed and handled so as to
minimize risks of umintentional or unauthorized access or
use, and the nature of authorized use should be clearly
indicated to users.

What 1s claimed 1s:

1. An electronic device, comprising:

one or more display pixels disposed in an active area,
wherein the one or more display pixels are configured
to emit light based on 1image data;

a Tanout configured to couple to the one or more display
pixels, wherein the fanout 1s disposed at least partially
on the active area 1n a region, and wherein the fanout
configured to transmit the image data to the one or more
display pixels; and

a compensation system configured to determine one or
more compensation values to use to adjust one or more
values of the 1mage data corresponding to the region
based on a spatial routing mask corresponding to the
region.

2. The electronic device of claim 1, wherein the fanout
comprises a plurality of respective couplings having a {first
coupling and a second coupling, wherein the fanout is
characterized by a first width between the first coupling and
the second coupling at a first side at an 1nput, and wherein
the fanout 1s characterized by a second width between the
first coupling and the second coupling at an output.

3. The electronic device of claim 1, comprising driving
circuitry configured to output the image data, wherein the
fanout 1s configured to transmit the image data from the
driving circuitry to the one or more display pixels.

4. The electronic device of claim 1, wherein the fanout 1s
configured to couple via a capacitance to at least a portion
of the active area when transmitting the image data to the
one or more display pixels.

5. The electronic device of claim 1, wherein the spatial
routing mask matches a geometric arrangement of the
region.

6. The electronic device of claim 1, wherein the compen-
sation system comprises a buller configured to store one or
more previous rows ol image data, and wherein the com-
pensation system 1s configured to:

generate a crosstalk estimate map based on the one or
more previous rows ol 1mage data and the region
assoclated with the fanout, wherein the crosstalk esti-
mate map comprises indications of a plurality of
expected voltages configured to distort the image data;

determine a portion of the crosstalk estimate map based
on the spatial routing mask;

determine the one or more compensation values based on
the portion of the crosstalk estimate map and an 1ndi-
cation of a relationship; and

adjust the one or more values of the 1mage data based on
the one or more compensation values.

7. The electronic device of claim 6, wherein the compen-

sation system comprises an adder, wherein the adder 1s
configured to combine the one or more values of the image
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data and the one or more compensation values, wherein
resulting adjusted image data comprises:
a portion of unchanged 1mage data; and
a portion ol adjusted image data corresponding to a
geometric arrangement of the region.

8. The electronic device of claim 6, wherein the compen-
sation system comprises a diflerentiated line bufller config-
ured to generate the crosstalk estimate map based on dii-
ferences 1n voltage values between adjacent rows of the one
Or more previous rows of 1mage data.

9. The electronic device of claim 6, wherein the spatial
routing mask 1s configured as a triangular logical region.

10. The electronic device of claim 1, wherein the com-
pensation system 1s configured to adjust the one or more
values of the image data independently.

11. A method comprising:

generating, via a compensation system, a crosstalk esti-

mate for a first pixel;

determining, via the compensation system, to adjust

image data for the first pixel based on the crosstalk
estimate based on a location of the first pixel being
within a region of an active area corresponding to a
spatial routing mask;

determining, via the compensation system, a compensa-

tion value based on the crosstalk estimate and an
indication of a voltage relationship associated with the
first pixel; and

adjusting, via the compensation system, the image data

based on the compensation value.

12. The method of claim 11, wherein determining to
adjust the 1mage data 1s based on the location of the first
pixel and based on a value of the crosstalk estimate.

13. The method of claim 12, comprising:

comparing, via the compensation system, the value of the

crosstalk estimate to a threshold level of expected
crosstalk;

in response to the value of the crosstalk estimate being

greater than or equal to the threshold level of the
expected crosstalk and the spatial routing mask indi-
cating that the location of the first pixel falls within the
region of the active area, determining, via the compen-
sation system, to adjust the 1mage data based on the
crosstalk estimate; and

in response to the value of the crosstalk estimate being

less than the threshold level of the expected crosstalk,
determining, via the compensation system, to discard
the crosstalk estimate before adjusting the 1image data
with the crosstalk estimate.

14. The method of claim 11, wherein generating the
crosstalk estimate comprises:
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recerving, via the compensation system, the image data;

reading, via the compensation system, one or more pre-
vious rows of 1image data stored 1n a bufler; and

generating, via the compensation system, the crosstalk
estimate based at least 1n part on changes 1n voltage
between the 1image data and the one or more previous
rows of 1image data diflerent from a row of the image

data.
15. The method of claim 11, comprising:

determining that the location of the first pixel being within
the region of the active area corresponding to the
spatial routing mask based on the image data corre-
sponding to a coordinate location within logical bound-
aries of the spatial routing mask.

16. A system, comprising:

a first pixel disposed 1n an active area;

a Tanout configured to couple to the first pixel to deliver
image data to the first pixel, wherein the fanout is
disposed at least partially on the active area in a region;
and

a compensation system configured to:
determine a compensation value to use to adjust a value

associated with the image data at least 1n part by:
generating a crosstalk estimate for the first pixel; and
determining to adjust the image data corresponding
to the first pixel based on a spatial routing mask
associated with the region; and
adjust the image data based on the crosstalk estimate 1n
response to determining to adjust the image data
based on the spatial routing mask.

17. The system of claim 16, wherein the compensation
system 1s configured to determine to adjust the image data
based on a location associated with the first pixel being
within the region.

18. The system of claim 16, determiming, via the com-
pensation system, the compensation value based on the
crosstalk estimate and an indication of a voltage relationship
associated with the first pixel, wherein the voltage relation-
ship corresponds the crosstalk estimate to an oflset value to
be applied to the image data to compensate for a coupling
ellect associated with the fanout.

19. The system of claim 18, wherein the compensation
system comprises adder logic circuitry, wherein the adder
logic circuitry 1s configured to increase the value associated
with the image data by the offset value to generate adjusted
image data.

20. The system of claim 16, wherein the compensation
system 1s configured to generate the crosstalk estimate based
on a plurality of previous rows of 1image data corresponding
to a row comprising the first pixel.
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