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TIME SHARING OF DISPLAY AND SENSING DATA

BACKGROUND
Field

[0081] Embodiments of the present invention generally relate to input devices for

touch sensing, and more specifically, to input devices that maintain substantially
equal capacitive sensing frame reporting rates when operated at different display
refresh rates.

Background of the invention

[06082] input devices including proximity sensor devices {also commonly called
touchpads or fouch sensor devices) are widely used in a variety of electronic
systems. A proximity sensor device typically includes a sensing region, often
demarked by a surface, in which the proximily sensor device determines the
presence, location and/or motion of one or more input objects. Proximity sensor
devices may be used to provide interfaces for the electronic system. For example,
proximity sensor devices are ofien used as input devices for larger computing
systems (such as opaque touchpads integrated in, or peripheral to, notebook or
deskiop computers). Proximity sensor devices are alsc often used in smaller
computing systems {(such as fouch screens integrated in cellular phones).

[0003] When integrated with a display device, such as a iablet or smart phone,
the time utilized for sensing is typically interleaved in some manner with display line
updates or refresh. Nominal dispiay refresh rate is 80 Hz (or less e.g., 24 or 48 for
film, etc.} and may be variable, while sensing frame rate is typically 100-120 Hz and
it is desirable for sensing measurement rate to remain relatively fixed as refresh
rates and sensing frequencies vary (e.g., to avoid interference). In the event of that
display refresh rate is changed, the evenly distributed time periods belween display
line updates also change, resulting in a corresponding change in the sensing frame
rate when it is locked to the display line (2.g., Vbiank, efc) timing. However,
accounting for changes in the sensing frame rate is a significant challenge, which
increases the device complexity.

[0084] This there is a need for an improved input device which more easily

handles changes in display rates.
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BRIEF SUMMARY OF THE INVENTION

[0005] This disclosure generally provides input devices, processing systems and

methods for fouch sensing that mainiain substantially equal capacitive sensing
frame reporting rates when operated st different display refresh rates. In one
example, an input device is provided that includes a display device iniegrated with a
plurality of sensor electrodes, and a processing system operafively coupled to the
plurality of sensor eleclrodes and to the display device. The processing system is
configured to operate the sensor electrodes for capacitive sensing during a non-
display update pericd, and operate in at [east a first mode and a second mode. In
the first mode of operation, the processing system is configured to update the
display device at a first display refresh rate with a first capacitive sensing frame
report rate during a first display update period. In the second mode of operation, the
processing sysiem is configured to update the display device at a second display
refresh rate with a second capacitive sensing frame report rate during a second
display update period, wherein the first display refresh rate and the second display
refresh rate are substantially different (e.q., 25% difference between 48Hz and
80Hz, efc.) and wherein the first capacitive sensing frame report rate and the
second capacitive sensing frame report rate are about equal (8.q., <8% difference
between 128Hz and 120Hz, etc.) for at ieast half of the first and second dispiay
update periods.

{B006] in ancther example, a processing system is provided that includes a
sensor module configured to operate a plurality of sensor electrodes during a non-
display update period for capacilive sensing. The sensor module has sensor
circuitry that is configured to operate in at least a first mode of operation and a
second mode of operation. In the first mode of operstion, the sensor circuitry is
configured to updale the display device at a first display refresh rate with a first
capacitive sensing frame report rate during a first display update period. In the
second mode of operation, the sensor circuitry is configured 1o update the display
device at a second display refresh rate with a second capacitive sensing frame
report rate during a second display update period, wherein the first display refresh
rate and the second display refresh rate are different and wherein the first
capacitive sensing frame report rate and the second capacitive sensing frame
report rate are about equal for at least half of the first and second display update

periods.
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[18087] in another vet example, a method for operating an input device is
provided that includes operating a plurality of sensor elecirodes during a non-
display update period for capacitive sensing; in a first mode of operation, updating a
display device at a first display refresh rate with a first capacitive sensing frame
report rate during a first display updaie period; and in a second mode of operation,
updating the display device at a second display refresh rate with a second
capacitive sensing frame report rate during a second display update period, wherein
the first display refresh rate and the second display refresh rate are different (e.q.,
one more than 10% larger than another, eic.) and wherein the first capacitive
sensing frame report rate and the second capacitive sensing frame report rate are
about equal (2.g., both are less than 10% larger or smaller than the other, etc.) for
at least half of the first and second display update periods.

BRIEF DESCRIPTION OF DRAWINGS

[0008] So that the manner in which the above recited features of the present
invention can be understood in delall, a more particular description of the
disclosure, briefly summarized above, may be had by reference io embodiments,
some of which are illustrated in the appended drawings. it is {0 be noted, however,
that the appended drawings iustrate only typical embodiments of this disclosure
and are therefore not to be considered limiting of its scope, for the disclosure may
admit to other egually effective embodiments.

{8069] Figure 1 is schematic diagram of an exemplary input device integrated
with a display device;

[0010] Figure 2A is a schematic plan view of the input device of Figure 1
iilusirating an exemplary pattern of sensor electrodes of the input device coupled 1o
a processing system;

[0011] Figure 2B is a schemalic plan view of the input device of Figure 1
illustrating another exemplary pattern of sensor elecirodes of the input device
coupled to a processing system;

18042] Figure 3 is a block diagram of one embodiment of a synchronization
module of a processing system;

[8013] Figure 4 is a schematic diagram of the operation of synchronization

module of Figure 3;
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18014] Figure 4A Hllustrate two timing diagrams contrasting different horizontal
blanking periods in timing sequences having the same constant display line update
time.

[0018] Figure 5 is a timing diagram illustrating scheduling of touch sensing and
display updating events;

[0016] Figure 6 is a flow diagram of a method for operating an input device;
{8047] Figure 7 is a timing comparison of an input device operating at different
display refresh rates while having substantially similar capacitive sensing frame
reports rates; and

[0018] Figure 8 is another timing comparison of an input device operating at
different display refresh rates while having substantially similar capacitive sensing
frame reporis rates.

{06019] To facilitate understanding, identical reference numerals have been used,
where possible, {0 designate identical elements that are common o the figures. His
cortemplated that elements disclosed in one embodiment may be beneficially
utilized on other embodiments without specific recitation. The drawings referred 1o
here should not be understood as being drawn 1o scale unless specifically noted.
Also, the drawings are often simplified and details or components omitted for clarity
of presentation and explanation. The drawings and discussion serve 10 explain
principles discussed below, where like designations denote like elements.
DETAILED DESCRIPTION

[10020] The following detailed description is merely exemplary in nature and is

not intended {o limit the disclosure or its application and uses. Furthermore, there is
no intention to be bound by any expressed or implied theory presented in the
preceding technical field, background, brief summary or the following detailed
description.

[8021] Various embodiments of the present disclosure provide input devices,
processing systems and methods for touch sensing that maintain substantially
equal capacitive sensing frame {(e.¢., set of capacitive measuremenis covering the
touch area, etc.) reporting rates when operaied at different display refresh rates. In
one example of operation at subsiantially equal capacitive sensing frame reporting
rates, a first capacilive sensing frame reporting rate when operated at g first display
refresh rate over a first display updaie period may be about equal to a second

capacitive sensing frame reporting rate when operated at a second display refresh
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rate over a second display update period for at least half or more of the display
update periods. Such input devices, processing systems and methods
advantageously allow the display refresh rate {o change for any number of reasons,
while maintaining a substantially constant capacitive sensing frame reporiing rate
which enables more efficient and predictable fouch sensing. As utilized herein,
capacitive sensing is described as a touch sensing fechnigue utilizing information
received from capacitive sensing electrodes.

18081] Tumning now to the figures, Figure 1 is a block diagram of an sxemplary
input device 100, in accordance with embodiments of the invention. The input
device 100 may be configurad to provide input 1o an electronic system 150, As used
in this document, the term “electronic system” (or “electronic device”) broadly refers
to any system capable of electronically processing information. Some non-limiting
examples of electronic systems 150 include personal computers of all sizes and
shapes, such as desktop computers, laptop computers, netbook computers, tablets,
web browsers, e-book readers, and personal digital assistants (PDAs). Additional
example electronic sysiems 150 include composiie input devices, such as physical
kevboards that include input device 100 and separate joysticks or key switches.
Further example electronic systems 150 include peripherais such as data input
devices (including remoie conirols and mice), and data output devices (including
display screens and printers). Other examples include remote terminals, kiosks, and
video game machines (e.g., video game consoles, portable gaming devices, and
the like). Other examples include communication devices {including cellular phones,
such as smart phones), and media devices {including recorders, editors, and
players such as televisions, set-top boxes, music players, digital photo frames, and
digital cameras). Additionally, the electronic system 150 could be a host or a slave

to the input device.

[0082] The input device 100 can be implemented as a physical part of the
electronic system 150, or can be physically separate from the elecironic sysiem
150. As appropriate, the input device 100 may communicate with parts of the
electronic system 150 using any one or more of the following: buses, networks, and
other wired or wireless interconnections. Examples include °C, SPi, PS/2,
Universal Serial Bus (USB), Bluetooth, RF, and IRDA.
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18083] in Figure 1, the input device 100 is shown as a proximity sensor device
(also often referred to as a “touchpad” or a “touch sensor device”) configured to
sense input provided by one or more input objects 140 in a sensing region 120,

Example input objects include fingers and styli, as shown in Figure 1.

[0004] Sensing region 120 encompasses any space above, around, in and/or
near the input device 100 in which the input device 100 is abie to detect user input
{e.g., user input provided by one or more input objects 140). The sizes, shapes, and
jocations of parlicular sensing regions may vary widely from embodiment {o
embodiment. In some embodiments, the sensing region 120 extends from a surface
of the input device 100 in one or more directions into space uniil signal-to-noise
ratios prevent sufficiently accurate object detection. The distance to which this
sensing region 120 extends in a particular direction, in various embodiments, may
be on the order of less than a millimeter, millimeters, centimeters, or more, and may
vary significantly with the type of sensing technology used and the accuracy
desired. Thus, some embodiments sense input that comprises no contact with any
surfaces of the input device 100, contact with an input surface {(e.g., a touch
surface) of the input device 100, contact with an input surface of the input device
100 coupled with some amount of applied force or pressure, and/or a combination
thereof. In varicus embodiments, input surfaces may be provided by surfaces of
casings within which the sensor elecirodes reside, by face sheets applied over the
sensor electrodes or any casings, etc. In some embodiments, the sensing region
120 has a rectanguiar shape when projected onto an input surface of the input
device 100.

[0085] The input device 100 may utilize any combination of sensor components
and sensing technologies to detect user input in the sensing region 120. The input
device 100 comprises one or more sensing elements for detecting user input. As
several non-limiting examples, the input device 100 may use capacitive, slastive,

resistive, inductive, magnetic, acoustic, ulirasonic, and/or optical techniques.

{0006] Some implementiations are configured to provide images that span one,
two, three, or higher dimensional spaces. Some implementations are configured to

provide projections of input along particular axes or planes.
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[18087] fn some capacitive implementations of the input device 100, voliage or
current is applied o create an electric field. Nearby input objects cause changes in
the electric field, and produce delectable changes in capacitive coupling that may

be detected as changes in voltage, current, or the like.

[0008] Some capacitive implementations ulilize arrays or other regular or
irreqular paiterns of capacitive sensing elements to creaie eleciric fields. In some
capacitive implementations, separate sensing elements may be ohmically shorted
together to form larger sensor electrodes. Some capacitive implementations utilize

resistive sheets, which may be uniformly resistive.

n g

[8009] Some capacitive implementations uiilize “self capacitance” {(or “absolute
capacitance™ sensing methods based on changes in the capacitive coupling
between sensor glectrodes and an input object. in various embodiments, an input
object near the sensor electrodes alters the electric field near the sensor electrodes,
thus changing the measured capacitive coupling. In one implemeniation, an
absolute capacitance sensing method operaies by modulating sensor electrodes
with respect {o a reference vollage {e.g., system ground), and by detecling the

capacitive coupling between the sensor sleciredes and input objects.

(80107 Some capacilive implementations ulilize “mutual  capacitance” {or
“ranscapacitance”) sensing methods based on changes in the capacitive coupling
between sensor electrodes. In varicus embodiments, an input object near the
sensor electrodes aiters the electric field between the sensor elecirodes, thus
changing the measured capacitive coupling. in one implemeniation, a
transcapacitive sensing method operates by delecling the capacitive coupling
between one or more transmitter sensor electrodes (also “transmitier electrodes” or
“tfransmitters™ and one or more receiver sensor elecirodes (also ‘receiver
electrodes” or “receivers”). Transmitier sensor electrodes may be modulated
refative o a reference voltage (e.g., system ground) {0 transmit transmilter signais.
Receiver sensor electrodes may be held substantially constant relative o the
reference voltage to facilitate receipt of resulting signals. A resulling signal may
comprise effect(s) corresponding to one or more fransmitier signals, and/or to one

or more sources of environmental interference {e.g., other slectromagnetic signals).



WO 2016/111939 PCT/US2016/012075

Sensor electrodes may be dedicated transmitiers or receivers, or may be

configured io both transmit and receive.

[8011] it Figure 1, a processing system 110 is shown as part of the input device
100. The processing system 110 is configured to operate the hardware of the input
device 100 to detect input in the sensing region 120. The processing system 110
comprises parts of or all of one or more integrated circuits (ICs) and/or other
circuitry components. For example, a processing system for a mutual capacitance
sensor device may comprise transmitter circuitry configured to transmit signals with
transmitter sensor electrodes, and/or receiver circuitry configured to receive signals
with receiver sensor electrodes). In some embodiments, the processing system 110
aiso comprises electronically-readable instructions, such as firmware code,
software code, and/or the like. In some embodiments, components composing the
processing system 110 are located together, such as near sensing element(s) of
the input device 100. In other embodiments, components of processing system 110
are physically separate with one or more components close to sensing slement(s)
of input device 100, and one or more components elsewhere. For example, the
input device 100 may be a peripheral coupled to a deskiop computer, and the
processing system 110 may comprise software configured to run on a central
processing unit of the deskiop computer and one or more [Cs {perhaps with
associated firmware) separate from the central processing unit. As another
example, the input device 100 may be physically integrated in a phone, and the
processing system 110 may comprise circuits and firmware that are part of a main
processor of the phone. In some embodiments, the processing system 110 is
dedicated to implementing the input device 100. In other embodiments, the
processing system 110 also performs other functions, such as operaling display

screens, driving haptic actuators, etc.

[0012] The processing system 110 may be implemented as a set of modules
that handle different functions of the processing system 110. Each moduie may
comprise circuitry that is a part of the processing system 110, firmware, sofiware, or
a combination thereof. In various embodiments, different combinations of modules
may be used. Example modules include hardware operation modules for operating
hardware such as sensor electrodes and display screens, data processing moduies

for processing data such as sensor signais and positional information, and reporting
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modules for reporting information. Further example modules include sensor
operation modules configured 0 operate sensing element(s) o detect input,
identification modules configured to identify gestures such as mode changing

gestures, and mode changing modules for changing operation modes.

[0013] In some embodiments, the processing system 110 responds o user input
{or lack of user input) in the sensing region 120 directly by causing one or more
actions. Example actions include changing operation modes (e.g., full touch report
rate mode, low display power mode, high interference mode, low iouch power
mode, eic. }, as well as GUI actions such as cursor movement, selection, menu
navigation, and other functions. In some embodiments, the processing system 110
provides information about the input {or lack of inpul} 1o some part of the elecironic
system 150 (e.q., t©o a central processing system of the electronic system that is
separate from the processing system 110, if such a separate central processing
system exists). In some embodiments, some part of the electronic system 150
processes information received from the processing system 110 to act on user
input, such as to facilitate a full range of actions, including mode changing actions

and GUI actions.

[8014] For example, in some embodiments, the processing system 110 operates
the sensing element(s) of the input device 100 1o produce eleclrical signals
indicative of input {or lack of input) in the sensing region 120. The processing
systemn 110 may perform any appropriate amount of processing on the electrical
signals in producing the information provided to the electronic system 150, For
example, the processing system 110 may digitize anaiog electrical signais oblained
from the sensor elecirodes. As ancther example, the processing system 110 may
perform fillering or other signal conditioning. As yet another example, the
processing system 110 may subtract or otherwise account for a baseling, such that
the information reflects a difference betwesen the electrical signals and the baseline.
As yet further examples, the processing sysiem 110 may determine positional

information, recognize inpuis as commands, recognize handwriting, and the like.

[0015] “Positional information” as used herein broadly encompasses absoluie
position, relative position, velocity, acceleration, and other types of spatial

information. Exemplary “zero-dimensional” positional information includes nearffar
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or contact/no contact information. Exemplary  “one-dimensional” positional
information includes posifions along an axis. Exemplary “two-dimensional’
positional information includes motions in a plane. Exemplary “three-dimensional”
positional information includes instantaneous or average velocities in space. Further
examples include other representations of spatial information. Historical data
regarding one or more types of positional information may also be determined
and/or stored, including, for exampile, historical data that tracks position, motion, or

instantaneocus velocity over time.

[100186] fn some embodiments, the input device 100 is implemenied with
additional input components that are operated by the processing system 110 or by
some other processing system. These additional inpul components may provide
redundant functionality for input in the sensing region 120, or some other
functionality. Figure 1 shows buftons 130 near the sensing region 120 that can be
used to facilitate selection of items using the input device 100. Other types of
gdditional input components include sliders, balls, wheels, switches, and the like.
Conversely, in some embodiments, the input device 100 may be implemented with

no other input components.

{80471 in some embodiments, the input device 100 comprises a touch screen
interface, and the sensing region 120 overlaps at least part of an active area of a
display screen. For example, the input device 100 may comprise substantially
transparent sensor eleclrodes overlaying the display screen and provide a touch
screen interface for the associated electronic system 150. The display screen may
be any type of dynamic display capable of displaying a visual interface 1o a user,
and may include any type of light emitting diode (LED), organic LED (OLED),
cathode ray tube (CRT), liguid crystal display (LCD), plasma, electroluminescence
(EL), or other display technology. The input device 100 and the display screen may
share physical elements. For example, some embodimentis may utilize some of the
same electrical components for displaying and sensing {(e.g., an Active Matrix of
Thin Film a-5i fransistors for AMOLED and AMLCD, etc.). As another example, the

display screen may be operated in part or in total by the processing system 110,

16018] ft should be understood that while many embodiments of the invention

are described in the context of a fully functioning apparatus, the mechanisms of the

10
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present invention are capable of being distributed as a program product {e.q.,
software) in a variety of forms. For example, the mechanisms of the present
invention may be implemented and distiibuled as a sofiware program on
information bearing media that are readable by electronic processors {e.g., non-
transitory computer-readable and/or recordable/writable information bearing media
readable by the processing sysiem 110). Additionally, the embodiments of the
present invention apply equally regardiess of the pariicular type of medium used {o
carry out the distribution. Examples of non-transitory, electronically readable media
include various discs, memory sticks, memory cards, memory modules, and the
like. Electronically readable media may be based on flash, optical, magnelic,

holographic, or any other storage technology.

[0022] Figure 2A illustrates a portion of an sxemplary pattemn of sensing
elements according o some embodiments. For clarity of illustration and description,
Figure 2ZA shows the sensing elements in a pattern of simple rectangles and does
not show various components, such as variocus interconnects between the sensing
elements and the processing system 110. The sensing elements disposed below
the sensing region 120 may be arranged in an electrode patiern 210. The electrode
pattern 210 comprises a first plurality of sensor elecirodes 220 and & second
plurality of sensor electrodes 230. The sensor electrodes 230 may be disposed
orthogonally over the first pluralily of electrodes 220. it is contemplaied that the
electrode pattern 210 may be configured with elecirodes 220, 230 arranged in other
suitable patiermns. Further, the shape of sensor electrodes 230 may not be
constrained to rectangular dimension, and may be tessellated or approximately
space filling repeating array structure. In various embodiments, the first plurality of
sensor electrodes 220 are operated as a plurality of transmitter electrodes (referred
to specifically as “transmitier electrodas 2207, and the second plurality of sensor
electrodes 230 are operated as a plurality of receiver electrodes (referred to
specifically as “receiver glectrodes 2307). In another embodiment, one plurality of
sensor electrodes may be configured to transmit and receive and the other plurality
of sensor slecirodes may alse be configured o transmit and receive. Further
processing system 110 receives resulting signals with one or more sensor
glectrodes of the first and/or second plurality of sensor electrodes while the one or

more sensor electrodes are modulated with absolute capacitive sensing signals.

11
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The first plurality of sensor electrodes 220, the second plurality of sensor slectrodes
230, or both can be disposed within the sensing region 120. The sensor electrodes
220, 230 of the slectrode patiern 210 can be coupled to the processing system 110,
[0023] The first plurality of electrodes 220 and the second plurality of electrodes
230 are typically ohmically isolated from each other. That is, one or more insulators
separate the first plurality of electrodes 220 and the second plurality of electrodes
230 and prevent them from electrically shording t© each other. In some
embodiments, the first plurslity of electrodes 220 and the second plurality of
electrodes 230 are separated by insulative maiterial disposed between them at
cross-over areas,; in such constructions, the first plurality of electrodes 220 andfor
the second plurality of electrodes 230 can be formed with jumpers and/or vias
connecting different portions of the same electrode. In some embodiments, the first
plurality of electrodes 220 and the second plurality of electrodes 230 are separated
by one or more layers of insulative material. In such embodiments, the first plurality
of electrodes 220 and the second plurality of electrodes 230 can be disposed on
separate layers of a common subsirate. In some other embodiments, the first
plurality of electrodes 220 and the second plurality of electrodes 230 are separated
by one or more substrates; for example, the first plurality of electrodes 220 and the
second pluralily of electrodes 230 can be disposed on opposite sides of the same
subsirate, or on different substraies that are laminated {iogether. In some
embodiments, the first plurslity of electrodes 220 and the second plurality of
electrodes 230 can be disposed on the same side of a single substrate.

[0024] The areas of localized capacitive coupling between the first plurality of
sensor electrodes 220 and the second plurality sensor elecirodes 230 may be form
“‘capacitive pixels” of a “capacitive image.” The capacitive coupling between sensor
electrodes of the first and second pluralities 220 and 230 changes with the proximity
and motion of input objects in the sensing region 120. Further, in various
embodiments, the localized capacitive coupling between each of the first plurality of
sensor electrodes 220 and the second plurality of sensor electrodes 230 and an
input object may be termed “capacitive pixels” of a “capacitive image” (2.g., as part
of a sensing measurement image frame, efc.). In some embodiments, the localized
capacitive coupling between each of the first plurality of sensor electrodes 220 and

the second plurality of sensor elecirodes 230 and an inpui object may be termed

12
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‘capacitive measurements” of “capacitive profiles” (e.g., where a profile may be a
linear projection of an array of electrodes, ofc.).

[0025] The processing systermn 110 can indude a sensor module 208 having
sensor circuitry. The sensor module 208 may include a sensing controller 250, and
one or more source drivers (2.g., Chip On Glass COG or Chip On Flex COF ASICs,
etc.y 252 (shown as 252, to 252y, wherein N is an integer greater than 2). The
sensing controller 250 uses the sensor circuitry {0 operate the sensor electrode
patiern 210 10 receive resulting signals from sensor slectrodes in the sensor
electrode patiermn using a capacitive sensing signal having a sensing freguency
(2.g., a sguare wave, sine wave or other narrow band carrier, etc.). In one or more
embodiments, the sensor module 208 may comprise a synchronization module 254,
Processing system 110 may aiso comprise one or more multiplexers coupled to
sensor elecirodes 220, 230. One or more sensor electrode from sensor electrodes
220 or 230 may be coupled 0 each multiplexer, where a multiplexer at least one of
couples one or more sensor electrodes o the sensing circuitry and the source
driver 252. Further, a muitiplexer may be disposed within sensor module 208 or
exiernal to sensor module 208. The processing system 110 may comprise a timing
controlier 258. The processing system 110 may include a gate control module 258
which provides gate clocking and configuration signals {e.g., Clock1, Clock2,
Clock3, Clock4, reset, start pulse, direction, output enable, gate voltage control,
efc.} in the proper sequence for each line (e.g., first line of display frame, last line of
display frame, vertical blank time, display line to non-display line transition, non-
display line to display line transition, display line to display line transition, and non-~
display line {0 non-display line transition, repeated same line, etc.) to the gate logic
(e.g.,, COG - Gate IC or TFT - Gate in Panel) during the frame controlled by the
timing controller 258 and/or synchronization module 254,

{0026] The determination module 256 includes firmware and/or circuitry, and is
configured to determine capacitive measurements from the resulting signals. The
determination module 256 can track changes in capacitive measurements to detect
input object(s) in the sensing region 120, and from the changes in capacilive
measurements, provide a signal indicative of the location of the input object(s) in
the sensing region 120. The processing system 110 can include other modular
configurations, and the functions performed by the sensor module 208 can, in

general, be performed by one or more modules in the processing system 110, The
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processing system 110 can include modules, and can perform other functions as
described in some embodiments below.

[06027] The sensing moduie 208 of the processing system 110 can operate in an
absolute capacitive sensing mode or a transcapacitive sensing mode. In an
absolute capacitive sensing mode, receiver(s) in the sensor circuitry measure
voltage, current, or charge on sensor electrode(s) in the electrode patiern 210 while
the sensor slectrode(s) are modulated with absolute capacitive sensing signals o
generate the resulting signals. The delermination module 256 generates absolute
capacitive measuremenis from the resulling signais. The determination module 256
can track changes in absolute capacitive measurements o detect input objeci(s) in
the sensing region 120.

[0028] in a transcapacitive sensing mode, transmitter(s) in the sensor circuitry of
the sensing module 208 drive one or more of the first plurality of electrodes 220 with
the capacitive sensing signal (also referred to as a transmiter signal or modulated
signal in the transcapacitive sensing mode). Receiver{s) in the sensor circuitry of
the determination module 256 measure vollage, curreni, or charge on one or more
of the second plurality of slectrodes 230 {fo generate the resulting signals. The
resulting signals comprise the effects of the capacitive sensing signal and input
object(s) in the sensing region 120. The determination module 256 generates
transcapacitive measurements from the resulting signals. The determination module
256 can track changes in transcapacilive measurements to detect input object{(s) in
the sensing region 120. In various embodiments, one or more electrodes may be
modulated with a shield signal {0 reduce extraneous charge coupling between
electrodes. These electrodes may be other sensor elecirodes, display electrodes or
any other slectrede in input device 100, Further, a modulated shield signal may be
referred to as a gquard signal and may have at least one of an amplitude, frequency
and/or phase in common with the sensing signal driven onto the sensor elecirode.
8029] in some embodiments, the processing system 110 “scans” the electrode
patitern 210 to determine capacitive measurements. Each line scanned of the
electrode patiern 210 may be referred 0 as a sensing event. in the franscapacitive
sensing mode, the sensing controller 250 of the processing system 110 can drive
the first plurality of slectrodes 220 to transmit transmitter signal(s). A line of the
paitern of sensor electrodes may refer 10 a grouping of sensor electrodes. The line

may be a row, column or any other grouping of sensor electrodes. Line rate refers
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to the period utilized o update a line, either for display updating or for capacitive
sensing. Mulliplexers may be used io define the order in which the sensor
glectrodes are scanned. The mulliplexers may selectively configure which sensor
glectrode or sensor electrodes are coupled to the sensing circuitry of the
determination moduie 256. The sensor circuitry may comprise a plurality of analog
front ends (AFEs), each coupled to a multiplexer. The analog front end may
comprise an integraior and other cdircuitry configured o integrate the amount of
charge driven onto the sensor electrode. The analog measurement is typically
converted into digital data by an Analog to Digital Converter {e.g., Successive
Approximation ADC, Sigma Delta ADC or other ADC, etc.) so that digital processing
may take place. The sensing controller 250 of the processing system 110 can
operate the first pluralily of electrodes 220 such that one transmitter elecirode
transmits at one time, or mullipie transmitter electrodes fransmit at the same time.
Where multiple transmilter electrodes fransmit simulianeously, these multiple
transmitter electrodes may transmit the same transmitier signal and effectively
produce a larger transmitier electrode, or these multiple transmitier electrodes may
transmit different transmitier signals. For example, multiple transmitter elecirodes
may transmit different transmilter signals according 1o one or more coding schemes
that enable their combined effecis on the resulting signals of the second plurality of
electrodes 230 to be independently determined. In the absolute capacitive sensing
mode, the determination module 256 of the processing system 110 can receiving
resulting signals from one sensor electrode 220, 230 at a time, or from a plurality of
sensor electrodes 220, 230 at a time. In either mode, the sensing controller 250 of
the processing system 110 can operate the second plurality of electrodes 230 singly
or collectively to acquire resulting signals. In absolute capacitive sensing mode, the
sensing controller 250 of the processing system 110 can concurrently drive all
electrodes along one or more axes. In some exampies, the processing system 110
can drive eglectrodes along one axis {e.q., along the first plurality of sensor
electrodes 220) while electrodes along ancther axis are driven with a shield signal,
guard signal, or the like. In some examples, some elecirodes along one axis and
some electrodes along the other axis can be driven concurrently. In the absolute
capacitive sensing mode, the power supply of the source driver or PMIC may be
isolated from system ground and modulated relative to system ground. The host

display data interface may remain reference to sysiem ground while the source

15



WO 2016/111939 PCT/US2016/012075

driver processed display data and/or gate control signals are modulated relative to
system ground.

[0030] in the franscapacitive sensing mode, the determination module 256 of the
processing system 110 can use the resulling signals o determine capacitive
measurements at the capacitive pixels. A set of measuremenis from the capacitive
pixels form a “capacitive image” {(also “capacitive frame”) representative of the
capacitive measurements at the pixels. The determination module 256 of the
processing system 110 can acguire multiple capacitive images over multiple time
periods {(i.e., sensing events), and can determine differences between capacilive
images to derive information about input in the sensing region 120, For exampile,
the determination module 256 of the processing system 110 can use successive
capacitive images acquired over successive periods of time to track the motion(s) of
one or more input obiects eniering, exiting, and within the sensing region 120.

{8031] in absolule capacitive sensing mode, the determination module 258 of
the processing system 110 can use the resulting signals to determine capacitive
measurements along an axis of the sensor electrodes 220 and/or an axis of the
sensor electrodes 230 (e.q., along one or more columns or rows). A set of such
measurements forms a “capacitive profile” representative of the capacitive
measurements along the axis. The determination module 256 of the processing
system 110 can acquire multiple capacitive profiles along one or both of the axes
over multiple time periods and can determine differences between capacitive
profiles to derive information about input in the sensing region 120. For exampls,
the determination module 256 of the processing system 110 can use successive
capacitive profiles acquired over successive periods of time to track location or
proximity of input objects within the sensing region 120. In other embodiments,
each sensor electrode can be a capacitive pixel of a capacitive image and the
absolute capacitive sensing mode can be used 0 generate capacitive image(s) in
gddition 1o or in place of capacitive profiles.

18032] The baseling capacitance of the input device 100 is the capacitive image
or capacitive profile associated with no input object in the sensing region 120. The
baseline capacitance changes with the environment and operating conditions, and
the determination module 256 of the processing system 110 can estimate the
baseline capacitance in various ways. For exampile, in some embodiments, the

determination module 256 of the processing system 110 takes “baseline images” or
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‘baseline profiles” when no input object is determined 1o be in the sensing region
120, and uses those baseline images or baseline profiles as estimates of baseline
capacitances. The determination module 256 can account for the baseline
capacitance in the capacitive measurements and thus the capacitive measurements
can be referred to as “delia capacitive measurements”. Thus, the term “capacitive
measurements” as used herein encompasses delta-measurements with respect {o
a determined baseline.

18033] The time required o obiain a complete capacitive frame by scanning all
the capacitive pixels across the sensing region 120 divided by the number of
discreet capacitive scanning evenis defines the capacitive sensing frame rate. The
capacitive sensing frame report rate is based on the duty cycle of the sensing
module 208 and the duty cycle indicated by the host device of the electronic system
150 communicating with the input device 100, As discussed above, it is
advantageous for the capacitive sensing frame rate to be maintained substantially
constant, even when the display refresh rate and/or sensing frequency is changed.
The methodology maintaining a fairly constant capacilive sensing frame rate is
further detailed below.

[0034] In some touch screen embodiments, at least one of the first plurality of
sensor elecirodes 220 and the second plurality of sensor electrodes 230 comprise
one or more display electrodes of a display device 280 used in updating a display of
g display screen, such as one or more segments of a “Veom” slectrode (common
electrodes), gate electrodes, source electrodes, anode electrode and/or cathode
electrode. The updating or refresh of each line of the panel of the display device
280 may be referred {0 as a display line update event. These display electrodes
may be disposed on an appropriate display screen substrate. For example, the
display electrodes may be disposed on a transparent or flexible substrate {a giass
subsirate, TFT (e.g., amorphous silicon, indium gallium zinc oxide, low temperature
polysilicon or other thin film transistor) glass, a polyimide flexible substrate, or any
other transparent andf/or flexible material) in some display screens {e.qg., In Plane
Switching (IPS), Fringe Field Switching (FFS) or Plane to Line Switching (PLS)
Organic Light Emitting Diode (OLED)), on the bottom of the color filter glass of
some display screens {e.g., Pattemmed Vertical Alignment (PVA) or Multi-domain
Vertical Alignment (MVA)), over an emissive layer (OLED), eic. Conductive routing

traces coupled to the sensor elecirodes may be disposed in a metal laver of the
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display stack-up while the sensor electrodes may be disposed on a separate layer
and be comprised of a transparent material (e.q., indium tin oxide, other meial
oxides, eic.). Alternately, the sensing electrodes may be entirely composed of
opague metallic materials (e.g., molybdenum, aluminum, titanium, etc.) The display
electrodes can also be referred to as “combination electrodes,” since the display
electrodes perform functions of display updating and capacifive sensing. In various
embodiments, each sensor electrode of the first and second plurality of sensor
electrodes 220 and 230 comprises one or more combination electrodes. In other
embodiments, al least two sensor elecirodes of the first plurality of sensor
electrodes 220 or at least two sensor electrodes of the second plurality of sensor
glectrodes 230 may share at least one combination electrode. Furthermore, in one
embodiment, both the first plurality of sensor electrodes 220 and the second
plurality electrodes 230 are disposed within a display sfack on the display screen
substrate. Additionally, at least one of the sensor electrodes 220, 230 in the display
stack may comprise a combination electrode. However, in other embodiments, only
the first plurality of sensor electrodes 220 or the second plurality of sensor
electrodes 230 {(but not both) are disposed within the display stack, while other
sensor electrodes are outside of the display stack {e.g., disposed on an opposite
side of a color filter glass).

[0035] in an embodiment, the processing system 110 comprises a single
integrated controller, such as an application specific integrated circuit (ASIC),
having at least the sensing controller 250, the source drivers 252, the
synchronization module 254, and the determination module 256 formed on a single
IC chip. In another embodiment, the processing system 110 can include a plurality
of integrated circuit (IC) chips, where the sensing controller 250, the source drivers
252, and synchronization module 254 (and optionally the determination module
258) can be divided among two or more {C chips. For example, at least the sensing
controlier 250 and synchronization module 254 can be configured as one integrated
circuit chip. In some embodiments, a first portion of the sensor module 208 can be
on one integrated circuit and a second portion of the sensor module 208 can be on
second integrated circuit. In such embodimenis, at least one of the first and second
integrated circuits comprises at least portions of other modules such as a touch
driver module and/or a display (i.e., source) driver module. in various embodiments,

where the processing sysiem 110 comprises a plurality of integrated circuits

18



WO 2016/111939 PCT/US2016/012075

comprising a timing controller 258 (e.g., TCON IC) and source driver {e.g., COG)
integrated circuits. The timing controller is typicaily configured receive dispiay
update dala and sensing configuration data from a host device of the electronic
system 150 communicating with the input device 100. Display data may also be
infernally generated by the sensing controller 250 to minimize latency between user
input and user interface (Ul) update, but typically this is an overlay (e.¢., pop-up
button, moving slider, cursor text selection, efc) over host display images {e.g.,
rendered video, email application, web page, etc.). Overlay display image content
(i.e., separate from the refresh rate) and sensing controller 250 display overiay
response 1o user inpul {e.g., user touch input location or motion) may also be
controlied by the electronic system 150, The timing control processes the received
display updaie data and sensing configuration data and communicates the
processed display data to each of the source driver integrated circuits. The TCON
IC may contain a display data buffer (e.g., frame or line buffers) and may process
{e.q., compress} and resynchronize the display data betwesn the host and the
source driver. The source driver integrated circuils comprise one or more source
drivers, each coupled to and configured to drive a source line of the display device
for display updating. Further, the source driver integrated circuit may comprise
sensing circuit configured to modulate sensor electrodes and/or receive resulling
signals from the sensor electrode for capacitive sensing. The TCON IC, source
driver IC or host may comprise the determination module 256 configured to process
the resulting signals o delermine positional information. The source driver
integrated circuits may be configured to communicale raw sensing data, partially
processed sensing data or positional information to the fiming controlier, for further
processing or the timing controlier may directly communicate this information o the
host. in other embodiments, the timing control may be configured 1o process the
sensing data received from the source driver integrated circuits o determine
positional information for one or more input objects. In various embodiments each
source driver integrated circuit may comprise one or more of plurality of digital-to-
analog converters (DAC), gamma control, source buffer, Vcom reference, data
receiver, buffer, modulator, AFEs, etc. The timing controlier may comprise one or
more of a frame buffer {Jull or partial), host dala receiver, gate control,
determination module etc. A separate die containing RAM (e.g., Static or Dynamic

Random Access Memory) for the frame buffer may be stacked on the TCON either
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as a die {e.¢., with wire bonds connecting them) or as a wafer {e.q., with through
Silicon Vias connecting them). A power management integrated circuit (PMIC) may
be coupled to at least one of the timing controlier and each source driver integrated
circuit and may configured to provide {(e.g., generate from a another supply voltage
by inductive or capacitive boost circuits, etc.) a high gate voliage, low gate voltage,
YVeom voltage, display voltage supply modulation, efc.

{80386] Figure 2B illustrates a portion of ancther exemplary pattern of sensing
elements according o some embodiments. For darity of illustration and description,
Figure 2B presents the sensing elements in a malrix of reciangles and does not
show various components, such as varicus interconnects {e.g., rouling, jumpers,
vias, elc) beilween the processing system 110 and the sensing elements. An
electrode pattern 210 comprises a plurality of sensor electrodes 280 disposed in a
rectangular matrix, or other suitable fessellated or approximately space filling
repeating array structure. The electrode pattern 210 comprises sensor electrodes
260,k (referred to colleclively as sensor electrodes 260) arranged in J rows and K
columns, where J and K are positive integers, although one or J and K may be zero.
It is contemplated that the electrode pattern 210 may comprise other patterns of the
sensor electrodes 260, such as polar arrays, repeating patlerns, non-repeating
patterns, non-uniform arrays a singie row or column, or other suitable arrangement.
Further, the sensor electrodes 260 may be any shape, such as circular, rectangular,
diamond, star, square, noncovex, convex, nonconcave concave, interdigitated,
interlocking, etc. Further, the sensor electrodes 260 may be sub-divided into a
plurality of distinct sub-elecirodes. The elecirode paitern 210 is coupled io the
processing system 110 as discussed above with reference to Figure 2A.

[0037] The sensor electrodes 260 are typically ohmically isolated from one
another. Additionally, where a sensor elecirode 260 includes mulliple sub-
electrodes, the sub-electrodes may be ohmically isolated from each other
Furthermore, in one embodiment, the sensor electrodes 260 may be ohmically
isclated from a grid electrode 218 that is between the sensor electrodes 260. In one
example, the grid electrode 218 may surround one or more of the sensor elecirodes
260, which are disposed in windows 216 formed in the grid electrode 218, The grid
glectrode 218 may be used as a shield or to carry a guarding signal for use when
performing capacitive sensing with the sensor electrodes 2860, Alternatively or

additionally, the grid elecirode 218 may be used as sensor electrode when
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performing capacitive sensing. Furthermore, the grid slectrode 218 may be co-
planar with the sensor elecirodes 260, but this is not a requirement. For instance,
the grid electrode 218 may be located on a different subslrate or on a different side
of the same substrate as the sensor electrodes 260. in other embodiments, the grid
electrode 218 may be segmented into a plurality of grid electrode segments. In
other embodiments, input device 100 may comprise a plurality of grid electrodes
218. Frocessing system 110 may be coupled 1o the one or more grid elecirodes 218
and acquire sensing data from the grid electrodes. The sensing data may be used
to determine (e.g., based on a change in user input coupling touch signal, styius
data, or external interference, eic.} which mode or which sensor electrodes {0 drive
for capacitive sensing. In other embodiments, sensing data received from one or
more of the sensor electrodes may be used o defermine which of the one or more
grid electrodes is driven for capacitive sensing. The grid electrode 218 is optional
and in some embodiments, the grid electrode 218 is not present.

[10038] fn a first type of operation, the processing system 110 can use at least
one sensor electrode 2680 fo detect the presence of an input object via absolute
capacitive sensing. The sensor module 208 can measure voltage, charge, or
current on sensor electrode(s) 210 o oblain resulling signals indicative of a
capacitance between the sensor electrode{s) 210 and an input object. The
determination module 222 uses the resulling signals to determine absolute
capacitive measurements. When the electrode patiern 210 is arranged in a matrix
array, the absolute capacilive measurements can be used to form capacitive
images.

[6039] in a second type of operation, the processing system 110 can use groups
of the sensor electrodes 2860 to detect presence of an input object wvia
transcapacitive sensing. The sensor module 208 can drive at least one of the
sensor electrodes 260 (or grid electrode 218) with a transmitter signal, and can
receive a resulting signal from at least one other of the sensor elecirodes 260. The
determination module 222 uses the resulling signals to determing transcapacitive
measurements and form capacitive images {(or profiles, efc.).

[6040] The input device 100 may be configured to operate in any one of the
modes described above. The input device 100 may also be configured to switch
between any two or more of the modes described above. The processing system

110 can be configured as described above with respect to Figure 2A. Further, the
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input device 100 may be configured o operate in additional modes. For exampls,
the input device 100 may be configured o operate in an interference measurement
mode. In the interference measurement mode, the processing system 110 is
configurad o receive resulling signals with one or more of the sensor electrodes
and/or grid elecirodes while the sensor elecitrodes and/or grid electrode is not
substaniially modulated relative to system ground. The resuling signals may be
used {o determine interference measurements. The interference may be from
system power scurces, input object coupled, local power supplies, etc. Allernately,
resulting signals may be used {0 rapidly determine the presence of user input over a
period of time to enter or leave a low power mode.

[0041] Figure 3 is a block diagram of one embodiment of the synchronization
module 254 of the processing system 110. The synchronization module 254
includes synchronization circuity configured to control the capacitive frame reporting
rate. The synchronization circuity of the synchronization module 254 may also be
configured to schedule display line updating evenits and sensing svents.
Additionally, the synchronization circuity of the synchronization module 254 may
aiso be configured to conirol the time period and seguence relative to the display
line updates (i.e., display source data refresh and gate selection) in which the
sensing eventis (e.g.. ADC capture of the touch pixel images) occur.

[0042] The synchronization circuity of the synchronization module 254 includes
an input block 302 (e.g., operating in the host display dala interface clock domain),
a synchronization control block 304, an cutput block 306 (e.g., operating on the
source driver processed data domain) and a buffer block 308. The input block 302
communicaies with the synchronization conirol block 304 and the output block 306.
The input block 302 provides the synchronization control biock 304 with touch
and/or dispiay update information provided by the fiming confrolier 258 the sensing
condrolier 250 or directly from the host display data interface (e.q., by bypassing the
timing controlier and/or sensing controller). The input block 302 also provides the
synchronization control block 304 and/or the cutput block 308 with a display timing
signal (e.g., Veriical blank, STV- Start of Video, a line signal, efc.).

[6043] The output block 306 is coupled between the synchronization control
block 304 and the source driver(s) 252 and gate driver 259. The output block 308 is
primarily used for line based touch sensing and/or display update event scheduling

{e.g., in the source and gate driver clock domain).
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[18044] The synchronization controf block 304 is coupled {o the buffer block 308,
the input block 302 and the oulput block 306. The synchronization control block 304
arbitrates between the read/wrile requests from the input block 302 and the output
block 306. The synchronization control block 304 allows the time-per-display-line at
the output block 306 {0 be artificially reduced or increased — limited by the panel
size of the display device 280 being driven and the buffer size of block 308 — and
the exira lines {or additional fractional lines), which are not used for display, can be
allocated for touch or non-touch operation.

[0045] The buffer block 308 isolates the input block 302 and the ouiput biock
306 of the synchronization module 254. The buffer block 308 is utilized to regulate
the line time (line rate) difference between information received from the input block
302 and the output block 306. The buffer block 308 includes a data buffer that is
sufficiently sized to allow the synchronization control block 304 to store at least one
line worth of display update data, such that the synchronization module 254 may
insert (or remove) one or more synchronization delay lines into the touch and
display timing segquence in response to the buffer not having enough data to update
or refresh a complete display line. The buffer block and synchronization module
may operale in a separate buffer clock domain or may reside in either of the input or
ouiput clock domains. In some cases the buffer may be bypassed by the
synchronization module allowing display line dafa fo transfer directly from input
block 302 to output block 308 {(e.g., in the case of a buffer overfiow, low power
mode, eic.).

[0048] in one or more embodiments, the buffer may be large enough o limit
overflow for the input display data ling rate received from the host display data
interface {(s.g., from electronic system 150} during the longest blanking period
before display update starts. The ouipul line rate may be fast enough to limit
overflow for the data received, during the largest fraction of the blanking period
during a display frame. The blanking period is the time between display line update
periods of a display frame. The blanking pericds may be horizontal blanking periods
such that they provide fime to avoid gale non-overlapping. Further, some blanking
periods may be long horizontal blanking periods (i.e., at ieast as long as a non-
blanking display update line) that occur between display line update periods, during
which user input sensing may be performed. Some long horizontal blanking may be

synchronization blanking pericds (i.e., substantially the same length as a display
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update line), which maintain synchronization as refresh rates, sensing frequencies,
and capacitive sensing frame rates change. Synchronization blanking periods may
be used for user input sensing, interference sensing, etc. The blanking periods may
also cccur between display frames, which is conventionally known as a vertical
blanking period (shown as by reference numeral 401 in Figure 4) and is fypically
more than 1 display line update period in length. In one or more embodiments, a
jong horizontal blanking pericd occurs between two display line update periods of a
display frame and is at least as long as a display line update period. Further, sach
display frame may comprise a plurality of horizontal blanking periods, at least one
long horizontal blanking period and at least one vertical blanking period. Gate
control logic 258 may provide different sequencing signals (e.qg., clocks, enables,
resefs, {0 a panel gate driver o transition between various lines (e.g., vertical
blanking lines, display update lines, long horizontal blanking lines, and
synchronization lines) o minimize display image or touch sensing artifacts.
Processing system 110 may be configured fo drive one or more of the sensor
electrodes for capacitive sensing during the long horizontal blanking periods. In
other embodiments, processing system 110 is confiqured to acquire interference
measurements from one or more sensor electrode during one or more iong
horizontal blanking periods. In still other embodiments the processing system 110 is
configured o acquire siylus data (e.g., force, stylus button state, styius ID number,
eic.}.

[18047] in one embodiment, when the input line rate is consiant and the output
line rate is fixed for over at least half of a display refresh period, there is a number
of additional output lines and/or fractional lines where the display electrodes are not
driven for capacitive sensing. For example, a gate line selection may not increment
(2.g., a foken in a shift register may not clocl {0 the next gate line output buffer on
the gate driver) to the next display line during a blanking period. Furthermore, in
order 1o minimize the buffer size used to synchronize the input line rate and the
output line rate while distributing the synchronization lines to minimize {and improve
sensing frame report lalency) display artifacts, a blanking period buffer may be
included. In such an instance, the input line rate may not be known (i.e., perhaps
only the maximum and minimum rates are known) at the beginning of the display

frame or the input line rate varies within a display frame. Additionally, the buffer
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usage may be distributed through the display frame refresh, 1o allow the buffer to fill
and empty multiple times during a display frame.

[0048] For example, shouid the synchronization module 254 determine that a
change in the input display refresh line rale would increase the capacitive sensing
frame rate at the current display line raie, the synchronization module 254 may
insert one or more synchronization delay lines to maintain the capacitive sensing
frame rate substantially despite of the change. In another example, should the
synchronization module 254 determine that a change in the display refresh rale
would decrease the capacitive sensing frame rate, the synchronization module 254
may remove one or more synchronization delay lines to maintain the capacitive
sensing frame report rate substantially despite of the change. In other
embodiments, the synchronization module may be configured to change the
capacitive sensing frame rate or capacifive sensing frequency andfor display line
rate based on a measured interference. In such embodiments, display updating and
capacitive sensing may occur during at least partially overlapping periods. Further,
the display updating and capacitive sensing may be fully overlapping. in such
embodiments, at least one sensor electrode is driven (e.g., Vcom voltage changed
refative to system ground) for capacitive sensing while at least one display
electrode is driven (e.g., source voltage is changed and/or gate is selected) for
display updating. When the capacitive frame rate (e.q., number of display line times
per capacitive sensing measurement) is coupled o the display frame rate {e.g.,
number of display update line times per full display update) and the frequency of
the sensing signal is based on the capacitive frame rate (e.g., 2 sensing frequency
cycles per display ling, 1 sensing frequency cycle per 2 display lines, or other ratio),
by adding or removing one or more synchronizing delay lines, the capacitive frame
rate and/or the frequency of the sensing signal may be changed at a substantiaily
constant display refresh rate. In one embodiment, the power supply signals of the
display device and the sensing device may be modulated relative to system ground
to measure user input. The modulated signals may be provided by a power
management integrated circuit (PMIC). As the sensor electrodes of the sensing
device may comprise one or more display electrodes of the display device (e.g.,
VCOM for an LCD, Cathode for an OLED, etfc ), since the power supply signals are
modulated, display updating and capacilive sensing may occur in at least partially

overlapping pericds.
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[10049] During synchreonization delay lines, the processing system 110 may be
configured to not drive the sensor electrodes for capacitive sensing and display
glectrodes for display updating. Further, a long horizontal blanking periocd may
comprise one or more synchronization delay lines that may occur at the beginning
of the jong horizontal blanking period, at the end of the long horizontal blanking
periods and/or at the middle of a long horizonfal blanking period. The
synchronization module 254 may insert any number of synchronization delay lines
into the long horizontal blanking period, such that the long horizontal blanking
period may be at least as long as one synchronization delay line.

[0050] Figures 4-5 are schematic timing diagrams which illustrate examples of
the operation of synchronization module 254 of Figure 3. Figure 4 is a schematic
timing diagram illustrating touch sensing and display updating events, while Figure
5 is a timing diagram illustrating scheduling of fouch sensing and display updating
events. Referring first to Figure 4, the center box 400 represents a display update
period 406, with a portion of the previously updated display frame shown in
phaniom above the box 400 and portion of the next display frame t0 be updated
shown in phaniom below the box 400. The timing lines to the left of the box 400 and
labeled as 440 are provide as input to the input block 302, while timing lines 1o the
right of the box 400 and labeled as 450 are provide as input {0 the output block 308.
[8051] During each display update pericd 406, all the lines in a panel of the
display device 280 are updaled over a single display refresh cycle. The time
between the first display line to be updated and the last display line {0 be updated
defines the display frame time 402. Typically, the display updaie period 408 is
updated at a rate referred to as a display refresh rate of about 80Hz. However, the
display refresh rate may be adjusted as desired t0 meet display or sensing needs
(e.g., the display of cinema video shot at 24 frames per second, etc.). Information
for updating each display line generally occurs periodically, such as defined by the
lineg time 404. In some embodiments, the display update period 406 may vary with
the input frame rate. Further a delay may be inserted at or before the start of display
frame time 402. The information for updating each display line is provided by the
TCON 258 to the input block 302 at the period indicated by each line time 404. The
display frame time 402 comprises a horizontal blanking period between (e.g., before
or after) each display line update period (e.g., while the gaie is selected and source

ouiput voltage seis that display ling’s valug). Further at the end of display frame
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time 402 (i.e., between frames), a frame start signal may be sent and this may be
used to reset a gate driver shift regisier. The host display data interface may
provide either constant or variable input line rate 404 and constant or variable
vertical blanking time 401 when display input refresh rate is changed. As is shown
in Figure 44, a variable horizontal blanking period is shown by 411a and 411b and
a constant display line update time is shown by 410a and 410b. Such a variable
horizontal blanking time may be present in the output timing generated by block
308.

[8052] The synchronization module 254 utilizes the information received by the
input block 302 and display data stored in the buffer block 308 {o schedule times for
updating the display lines and performing capacitive sensing. Since updating the
display and performing capacifive sensing can require significantly more {e.g., 50
lines, hundreds of lines, to thousands of lines, etc.) line time driving events {e.g.,
display output lines, long horizontal blanking lines, or synchronization lines, etc)
than simply updating the display alone {(i.e., only display ouiput lines and vertical
blanking lines), the line update time 410 (as defined between to resync trigger
pulses 420 generated by the input block 302) provided by the ouiput block 306 is
significantly shorter in duration than the line time 404 provided o the input block
302. The shorter line time 410 allows the display frame {ime 402 {0 be segmented
into a plurality of sensing intervals 412 and a plurality of display update intervals
414. The synchronization control block 304, coupled with the buffer biock 308,
alfows the time allocated 1o both the sensing intervals 412 and the display update
intervals 414 {0 be adjusted so that the capacitive sensing frame rate, which occurs
over each sensing inferval 412, to remain substantially constant even if the display
refresh rate changes. The timings of the sensing intervals 412 may (e.q., for ease of
configuration) be measured in lines or line timings. in some embodiments, it may
also be comprised of fractional lines. The horizontal bianking periods 411a and
411b may be varied 1o allow a variable number of cutput lines even as the display
line update pericds {g.g., 413a and 413b) remain substantially constant {o minimize
display artifacts.

[6053] Referring now to Figure 5, the resync trigger pulses 420 establishes the
cadence of touch sensing, display updating and synchronization delay events. The
first resync trigger puise 420 is labeled as “zero” which corresponds to when

information for the first input display line is writien into the buffer block 308, which
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may also be thought of as the beginning of the display update period 406 and
display frame time 402 (shown by dashed line 500). The subsequent resync trigger
pulses 420 sequentially increase from “zerc” until the display update period 406 is
complete at the end of the display frame lime 402. In one or more embodiments,
the number of output display lines equals the number of input display lines (i.e., not
including vertical blanking lines). Synchronization lines may be added when there is
an underflow of the buffer.

[10054] The display update period 408 may be segmented into discrest
scheduling windows (collectively referred to as scheduling windows 502) wherein at
least one or more of a touch sensing, display updating and synchronization delay
event occurs. During most scheduling windows 502, both touch sensing and display
updating events occur. During some scheduling windows 502, a synchronization
delay event may be inserted or adjusied to maintain the desired capacitive sensing
frame reporting rate. Dashed lines 510 are utilized to indicate the beginning and
end of adjacent scheduling windows 502.

[0055] in the timeline depicted in Figure 5, an initial {e.g., first) scheduling
window 502, begins at first resync trigger pulse 420 (zero), followed sequentially by
scheduling window 502y, where N is the number of scheduling windows 502 which
comprise a single display update period 406 within a predefined display frame time
402. In the embodiment depicted in Figure 5, each scheduling windows 502
includes at least a fouch sensing interval 508, and optionally (and predominantly) a
display update interval 504. The touch sensing interval 508 may also be a non-
display update period of the display refresh update period 408 or as a non-display
update interval of the display update period 406 as shown in

[0056] During the display update interval 504, the lines in that portion of the
display are refreshed with information from the source drivers 252 (e.g., the gatle
drivers are selected to update stored charQe at those display pixels in an active
matrix display). Buring at least a portion of the touch sensing interval 508, the lines
{i.e., sensor electrodes 230) in that portion of the display are driven by the touch
controlier 250 for touch sensing, while resulting signals comprising effects of the
signal driven on the sensor elecirodes 230 are received by the sensor electrodes
220 and provided to the determination module 256 for determining the presence of

an input object 140 in the sensing region 120.
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[18057] The duration of the first scheduling window 502, may be treated
differently from the subsequeni scheduling windows 502 {e.q., windows 5022
through 502n.)due 1o there being only one line worth of data in the buffer block
308, so the first scheduling window 502, is essentially totally allocated for capacitive
sensing operation over the capacitive sensing interval 508. The subsequent
scheduling windows 502, through 502y, may be used to aliocate additional time for
display updating {i.e., longer display update intervals 504), while the capacitive
sensing intervals 506 within the scheduling windows 502: through 502, are
adjusted by adding or adjusting a synchronization delay. This aliows the touch
sensing rate {and consequently the capacilive sensing frame report rate), defined
as how many touch pericds per unit time, will stay roughly constant or always at a
higher rate than the display refresh rate, regardiess of how the dispiay refresh rate
may vary. in some embodiments, the capacitive frame rate is at least 10 Hz greater
than the display frame rate. The scheduling windows 502y may be treated
differently depending on the display frame time 402 remaining, and if display line
information is available for updating the first display line in the next display frame.
Where a sensing period 506 in window 502y has not compleied before the first line
of the next display refresh frame is received, it may continue while the sensing
period 506 within the first window 502, of the next refresh frame may be canceled.
Alternately, a sensing period 506 may not normaily be scheduled in the first sensing
window 502, except in the case where sensing period 506 from the last window
502y of a previous frame cannot complete before the first line of the next display
refresh frame is received.

[6058] The buffer block 308 of the synchronization module 254 provides a higher
line rate at the output of ocutput block 306, and thus, the display refresh rate at the
input block 302 {(more time per line or fawer vertical blanking lines) can be balanced
against the oufput of the output block 308 (less time per ling) over a short period of
time, while supporting touch operation when there is no display data at the output of
output block 306. For example, when changing from operating in first mode at a
nominal display refresh rate of 60 Hz o a different, such as a reduced, dispiay
refresh rate when operating in a second mode or when the sensing frequency
changes to avoid interference, the number of ocutput line times per frame at output
of output block 308 will increase proportionally (i.e., the output line rate will

increase), and automatically result in more lines being available to touch operations
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during the touch sensing interval 506 during the second mode of operation {e.q.,
ailocated to non-display time belween display updaie lines comprised of capacitive
sensing time and synchronization delay lines). Alternalely, the oulput block 306 may
maintain a relatively constant oufput line rate and period 410 sufficient to provide
the maximum required non-display sensing time at the maximum required input
display refresh line rate for the shortest input line period 404 and inserting
synchronization lines as necessary. The result is that capacitive sensing frame
report rate that will be almost constant over at least half of the display update period
over the display frame time. In some embodiments, the capacitive sensing frame
rate may maintain a constantly higher rate than the display refresh rate. Small
variation may occur due {o frame boundary conditions, for example at scheduling
windows 502, and 502y occurring at the beginning and end of the display update
period 408, which prevent the capacitive sensing frame rates 1o be exacily equal for
the entire display update periods 406 of each operational mode, but allow for
synchronization between the capacitive sensing frame and display frame.

[0059] Figure § is a flow diagram of a method 600 for operating an input device,
such as the input device 100 described above, among others. The method 600
begins at operation 602 by operating a plurality of sensor electrodes during a non-
display update period for capacitive sensing. The sensor electrodes, such as one or
more of the sensor electrodes 220, 230, 260 and the like, may be operated using
gither a transcapacitive or absolute sensing technique.

[10060] At operation 604, the input device 100, is operating in a first mode of
operation. While operating in the first mode of operation, the display device 280 is
updated at a first display refresh rate while capacitive sensing is performed at a first
capacitive sensing frame report rate over a first display update period. Typically, the
period of time for the capacitive frame rate acquisition {e.g., 10ms for 100Hz) will be
less than the display refresh (e.q., 20ms to 16ms for 50 Hz {0 62.5 Hz). In the first
mode of operation, the display device is updated at a first display refresh rate while
the sensor electrodes for capacitive sensing are driven at a first capacitive sensing
frame rate during a first display frame, wherein the first capacilive sensing frame
rate is greater than the first display refresh rate.

[0061] Subsequently at operation 606, the operational mode of the input device
100 changes to a second mode of operation. While operating in the second mode

of operation, the display device 280 is updated at a second display refresh rate.
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The second display refresh rate is different than the first display refresh rate. For
example, the first display refresh rate may be about 60 Hz while the second display
refresh rate may be reduced to a lower refresh rate or a higher refresh rate.
Capacitive sensing is performed at a second capacitive sensing frame rate over a
second display update period. A difference beilween the capacitive sensing frame
rate performed during the first display update period and the second display update
period may be expressed as an amount, which is less than the difference between
the first and second display refresh rates. Although the refresh rates are different
while operaiing in the first and second modes, the second capacitive sensing frame
rate is maintained substantially equal to the first capacitive sensing frame rate over
at least half of the first and second display update periods.

[0062] As discussed above, in order to maintain capacitive sensing frame rates
substantially equal while the display refresh rates changes, a synchronizing delay is
selected to maintain capacitive sensing frame rate substantially constant relative to
the capacitive sensing frame rate of the first mode of operation. The delay time
provided by synchronizing delay may be configured as one or more discrete
synchronizing delay lines, or by selecting an appropriate time length for the
synchronizing delay line. The presence and/or duration of the synchronizing delay
line(s) is conirclied by the synchronization conirol block 304 of the synchronization
module 254, The synchronization control block 304 may insert or adjust the duration
of the synchronizing delay line during the non-display updating periods (i.e., during
the touch sensing intervals 506) of at lsast half of the scheduling windows 502
comprising a single display update period 408. The synchronization control block
304 may insert the synchronizing delay line between display updating intervals. The
synchronization control block 304 may insert the synchronizing delay line between
touch sensing intervals. The synchronization control block 304 may insert the
synchronizing delay line between sequential display updating and touch intervals.
Alternatively, or in addition to, the synchronization control biock 304 may insert or
adjust the duration of the synchronizing delay line during a non-display updating
period occurring after the last the display update interval 504 but before the
beginning of the subsequent the display update period 406. this non-display
updating period also known as a vertical blanking period.

[0063] The following are some non-imiting examples of the use of a

synchronizing delay line that may be inserted into a display update pericd. In a first
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example, a first source line is driven with display data o update a pixel in the
display during a first period of time during the second mode of operation while at
least one of the plurality of sensor electrodes is driven during a second period of
time. Al least one synchronizing delay line is inserted betlween the first period of
time and the second period of tfime, wherein a length or number of the
synchronizing delay ling is selected to mainfain capacitive sensing frame rate
substantially constant relative {0 the capacitive sensing frame rate of the first mode
of operation.

[0064] in a second example, a processing system is further configured to drive a
second source line with display data to update a pixel in the display during a third
period of time, wherein the second prior of time is between the first and third time
period.

[B065] in a third example, a processing system, while in the second mode of
operation, is further configured to drive at least one of the plurality of sensor
glectrodes during the non-display update period between portions of a single
display update frame.

[80686] in a fourth example, the processing system, during the display update
period and while in the second mode of operation, is further configured to insert the
synchronizing delay after driving all of the source lines with display data.

[0067] in a fifth example, the processing system, during the display update
period and while in the second mode of operation, is further configured {0 insert the
synchronizing delay prior to driving a second source ling with display data within a
single display update cycie.

[6068] i a sixth example, the processing sysiem, while in the second mode of
operation, is further configured 10 drive a source line with line refresh data in
response {0 a complete set of line refresh data being available in a buffer, and
insert a synchronization delay in response to a complete set of line refresh data not
being avaiiable in the buffer.

[0069] n a seventh example, the processing system, during the display update
period and while in the second mode of operation, is further configured to drive a
first source line with display data during a first period of time, drive a second source
line with display data during a second pericd of time, drive the second source line
with synchronization delay during a third period of time, wherein a length of the third

period of time is selected to maintain the capacitive sensing frame rate substaniiaily
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constant during the first and second modes of operation, and drive at least one of
the piurality of sensor elecirodes during the non-display update period after the
second time period and between portions of a singie display update frame.

[0070] In an eighth example, the processing system is further configured to drive
the plurality of sensor electrodes during display update periods to refresh the
display device and during non-display update periods for capacitive sensing.

{8071] in a ninth example, a display device includes a plurality of source drivers
and gate drivers configured to drive the sensor electrodes for capacitive sensing,
and a touch controlier coupled to each source driver through a at least one wire, the
touch controlier configured o communicate display and touch data through the at
least one wire.

[0072] During the synchronizing delay, the gate line is not advanced to move {0
the next line of the panel of the display device 280. In some implementations, the
synchronizing delay is inserted in response (o no video data information coming into
the synchronization module 254, and/or in response o there not being a completes
sef of line refresh data present in the buffer block 308 or the data in the buffer block
308 feli below a predefined threshold. In one embodiment, during the synchronizing
delay lines, touch sensing does not occur. Further, in other embodiments, during
the synchronizing delay lines, the display line may be driven by the source drivers
252 with the previcus video data information, next video data information, or
optionally left to be high- Ziidle (i.e., electrically floated or coupled to a high
impedance), 1o reduce display artifacts (s.g., display line brightening or dimming
due to charge loss or extended setfling times). Further, in some embodiments,
during the synchronizing delay lings, neither the display electrodes are driven for
display update nor the sensor slectrodes are driven for capacitive sensing. Further,
in some embodiments, during the synchronizing delay lines, the source drivers 252
may be driven with a ground voltage, a rail voltage or any other voltage.

{8073] Figure 7 is a timing comparison of an input device operating at different
display refresh rates that illustrates the effect of synchronizing delays {0 maintain
substantially similar capacitive sensing frame rates. Timing diagram 702 illustrates
the input device 100 operating in the first mode of operation. As discussed above,
in the first mode of operation the display device 280 is updated at a first display
refresh rate over a first display update period 708, while capacitive sensing is

performed at a first capacitive sensing frame rate. Timing diagram 704 illustrates
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the input device 100 operating in the second mode of operation. As discussed
above, in the second mode of operation the display device 280 is updated at a
second display refresh rate over a second display update period 708 that is
different than the first display while capacitive sensing is performed at a second
capacitive sensing frame rate. In the example of Figure 7, the second display
refresh rate is slower than the first display refresh rate, for example 30 Hz as
compared to 60 Hz. At a display refresh rate of 30Hz, the display frame time is
twice as long as a display refresh rate of 80Hz.

[8074] Since the input device 100 operating in the second mode has a longer
second display update period 708, the second capacitive sensing frame rate would
decrease if not adjusted. In the embodiment depicted in Figure 7, the
synchronization module 254 slows down the input line rate by inserting one or more
synchronization delay lines in each scheduling window 502 to space the line update
events while allowing the sensing events 10 be maintained at a constant rate. The
synchronization delay lines are indicated by reference numeral 730, the display line
updaie evenis are indicated by reference numeral 750, while the sensing events
are indicated by reference numeral 740. The number and duration of the
synchronization delay lines are selecied to maintain the first and second capacitive
sensing frame rates substantially equal over at least half the display update periods
while the input device 100 is operating in the first and second modes.

[8075] Conversely, it is contemplated that the second display refresh rate may
alternatively be faster than the first display refresh rate. When the second display
refresh rate is faster than the first dispiay refresh rate, the synchronization delays
may be shortened or eliminaied to maintain the first and second capacitive sensing
frame rates substantially egual over at least half the display update periods while
the input device 100 is operating in the first and second modes.

{0076] in some embodiments, the sequential position, number and/or duration of
the synchronization delay lines may be predetermined, for example, using an
algorithm or look-up able to insert one or more synchronization delays in each
scheduling window 502, In other embodiments, the synchronization delay line is
inserted in response to a complete set of input data not being available for updating
the next line of the display (e.g., a buffer underflow).

[0077] Figure 8 is another timing comparison of an input device operating at

different display refresh rates that illustrates the effect of synchronizing delay(s) o
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maintain substantially similar capacitive sensing frame rates. Timing diagram 802
filusirates the input device 100 operating in the first mode of operation. As
discussed above, in the first mode of operation the display device 280 is updated at
a first display refresh rate over a first display update period 806, while capacitive
sensing is performed at a first capacilive sensing frame rate. Timing diagram 804
illustrates the input device 100 operating in the second mode of operation. As
discussed above, in the second mode of operation the display device 280 is
updated at a second display refresh rate over a second display update period 808
that is different than the first display while capacitive sensing is performed at a
second capacitive sensing frame rate. In the example of Figure 8, the second
display refresh rate is slower than the first display refresh rate, for example 30 Hz
as compared to 60 Hz.

[0075] in the embodiment depicted in Figure 8, the synchronization module 254
mainiaing the sensing events at a constant rate by inserting one or more
synchronization delay lines, indicated by reference numeral 830 within a vertical
blanking period 810, ie., after the last line update event, indicated by reference
numeral 850, is performed for the display period 408. The sensing events, indicated
by reference numeral 840, continue to occur during the vertical bianking period 810
while being separated by synchronization delay lines 830 such thai the second
capacitive sensing frame raie is maintained substantially egual o the first capacitive
sensing frame rate over at least half the display update periods 406 while the input
device 100 is operating in the first and second modss. In other embodiments the
display lines and the sensing lines may at ieast partially overiap, while
synchronization lines are inserted to maintain constant capacitive sensing frame
rates with constant display line pericds at variable refresh rates or to maintain
constant capacitive sensing frame rates with variable line periods at constant
refresh rates.

{8079] Thus, the embodiments and exampies set forth herein were presented in
order to best explain the embodiments in accordance with the present technology
and its particular application and 1o thereby enable those skilied in the art io make
and use the present technology. However, those skilled in the art will recognize that
the foregoing description and examples have been presented for the purposes of
fllustration and example only. The description as sei forth is not intended to be

exhaustive or to limit the disclosure to the precise form disclosed.
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[10050] in view of the foregoing, the scope of the present disclosure is

determined by the claims that follow.
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WE CLAIM:

1.

An input device comprising:

a plurality of sensor electrodes;
a display device integrated with the plurality of sensor electrodes; and

a processing system operatively coupled to the plurality of sensor electrodes

and {o the display device, the processing system configured to:

2.

operate in a first mode to update the display device at a first display
refresh rate and drive the sensor electrodes for capacitive sensing at a first
capacitive sensing frame rate during a first display frame, wherein the first
capacitive sensing frame rate is greater than the first display refresh rate;
and

operate in a second mode to update the display device at a second
display refresh rate and drive the sensor electrodes for capacitive sensing at
a second capacitive sensing frame rate during a second display frame,
wherein the second capacitive sensing frame rate is greater than the second
display refresh rate, wherein the first display refresh rate and the second
display refresh rate differ by a first amount, wherein the first capacitive
sensing frame rate and the second capacitive sensing frame rate differby a

saecond amount, wherein the second amount is less than the first amount.

The input device of claim 1, wherein the processing sysiem, while in the

second mode of operation, is further configured to:

drive at least one of the plurality of sensor electrodes for capacitive sensing

during a long horizonial blanking period, wherein the long horizontal period

comprises at least one synchronizing delay line/period.

3.

The input device of claim 2, wherein the processing sysiem, while in the

second mode of operation, is further configured to:

drive a second source line with display data during a second display update

interval, wherein the touch sensing interval is between the first display update

interval and the second display update interval.
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4. The input device of claim 2, wherein the processing system, while in the
second mode of operation, is further configured to:
diive at least one of the plurality of sensor electrodes during the non-display

update period between portions of a single display update frame.

5. The input device of claim 2, wherein the processing system, during the
second display update period and while in the second mode of operation, is further
cordigured to:

insert the synchronizing delay after driving all of the source lines with display

data.

6. The input device of claim 2, wherein the processing system, during the
display update period and while in the second mode of operation, is further
configured to:

insert the synchronizing delay prior to driving a second source ling with

display data within a single display update cycie.

7. The input device of claim 1, wherein the processing system, while in the
second mode of operation, is further configured to:

drive a source line with line refresh data in response {0 a complete set of ling
refresh data being available in a buffer, and

insert a synchronization delay in response to a complete set of line refresh

data not being available in the buffer.

8. The input device of claim 1, wherein the processing system, during the
display update pericd and while in the second mode of operation, is further
configured to:

drive a first source iine with display data during a first display update interval;

drive a second source line with display data during a second display update
intervak;

drive the second source line with synchronization delay, wherein a length of
time that the second source line is driven with synchronization delay is selected to
maintain the capacitive sensing frame report rate substantially constant during the

first and second modes of operation; and
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drive at least one of the plurality of sensor electrodes during the non-display
update period after the second display update interval and between portions of a

single display update frame.

9. The input device of claim 1, wherein the processing system is further
configured to:

drive the plurality of sensor electrodes during display update pericds o
refresh the display device and during non-display update periods for capacitive

sensing.

10, The input device of claim 1, wherein the display device comprises:

a plurality of source drivers configured o drive the sensor electrodes for
capacitive sensing; and

a touch controller coupled to each source driver through a single wire, the

touch controller configured to communicate display and touch data through the wire.

11. The input device of claim 1, wherein the plurality of sensor electrodes are

arranged in a matrix array.

12. The input device of claim 1, wherein, the processing system, while operating
in the first mode, is further configured 1o drive the sensor electrodes for capacitive

sensing during long horizontal blanking periods.

13, The input device of claim 1, wherein the second amount is fraction of the first

amount.

14, The inpui device of claim 1, wherein the second amount is approximately

Zero.

15.  Processing sysitem comprising:
a sensor module configured to operate a plurality of sensor elecirodes during
a non-display update period for capacitive sensing, the sensor module having

sensor circuitry configured to:

39



WO 2016/111939 PCT/US2016/012075

in a first mode of operation, update the display device at a first display
refresh rate with a first capacitive sensing frame report rate during a first
display update period; and

in a second mode of operation, update the display device at a second
display refresh rate with a second capacitive sensing frame report rate during
a second display update period, wherein the first display refresh rafe and the
second display refresh rate are different and wherein the first capacitive
sensing frame report rate and the second capacitive sensing frame report
rate are about equal for at least half of the first and second display update

periods.

16.  The processing system of claim 15, wherein the sensor circuitry, while in the
second mode of operation, is further configured to:

drive a first source iine with display data during a first display update interval;

drive at least one of the plurality of sensor glectrodes during a touch sensing
interval, and

insert a synchronizing delay between the first display update interval and the
touch sensing interval, a length of the synchronizing delay selected to maintain
capacitive sensing frame report rate substantially constant relaiive to the capacitive

sensing frame report rate of the first mode of operation.

17.  The processing system of claim 16, wherein the sensor circuitry, while in the
second mode of operation, is further configured to:

drive a second source line with display data during a second display update
interval, wherein the touch sensing interval is between the first display update

interval and the second display update interval.

18. The processing system of claim 13, wherein the sensor circuilry, while in the
second mode of operation, is further configured to:
drive at least one of the plurality of sensor electrodes during the non-display

update period between portions of a single display update frame.

19.  The processing system of claim 13, wherein the sensor circuitry, while in the

second mode of operation, is further configured to:
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drive a source line with the line refresh data in response 1o a complete set of
line refresh data being available in a buffer; and
insert a synchronization delay in response to a complete set of line refresh

data being not available in the buffer.

20, The processing system of claim 18, wherein the sensor circuitry, during the
second display update period and while in the second mode of operation, is further
cordigured to:

drive a first source iine with display data during a first display update interval;

diive a second source line with display data during a second display update
interval;

drive the second source line with synchronization delay, wherein a length of
the synchronization delay is selected to mainiain the capacitive sensing frame
report rate substantially constant during the first and second modes of operation;
and

drive at least one of the plurality of sensor electrodes during the non-display
update period after the second display update interval and between portions of a

single display update frame.

21, The processing system of claim 13, wherein the sensor circuifry, during the
second display update period and while in the second mode of operation, is further
cordigured to:

insert the synchronizing delay prior to driving a second source line with

display data within a single display update cycie.

22.  The processing system of claim 13, wherein the sensor circuitry, during the
second display update period and while in the second mode of operation, is further
configured to:

insert the synchronizing delay after driving all of the source lines with display

data.

23. The processing system of claim 18, wherein the sensor circuitry is further

configurad to:
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drive the plurality of sensor electrodes during display update pericds to
refresh the display device and during non-display update periods for capacitive

sensing.

24, The processing system of claim 18, wherein the sensor circuitry further
COMpPrises:

a plurality of source drivers configured 1o drive the sensor electrodes for
capacitive sensing; and

a touch coniroller coupled to each source driver through a single wire, the

touch controller configured to communicate dispiay and touch data through the wire.

25, The processing system of claim 13, wherein the sensor circuifry, during
synchronizing delay, is further configured to:

does not update the display device.

26.  The processing system of claim 13, wherein the sensor circuitry, during
synchronizing delay, is further configured to:
update the display device with display data from a buffer previously driven

onto the sensor electrodes.

27. A method for operating an input device, the method comprising:

operating a plurality of sensor elecirodes during a non-display update period
for capacitive sensing;

in a first mode of operation, updating a display device at a first display
refresh rate with a first capacitive sensing frame report rate during a first display
update period; and

in a second mode of operation, updating the display device at a second
display refresh rate with a second capacitive sensing frame report rate during a
second display update period, wherein the first display refresh rate and the second
display refresh rate are different and wherein the first capacitive sensing frame
report rate and the second capacitive sensing frame report rate are about equal for

at least half of the first and second display update periods.

28, The method of claim 27 further comprising:
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driving a first source line with display data during a first display update
intervak;

diiving at least one of the plurality of sensor electrodes during a touch
sensing interval, and

inserting a synchronizing delay between the first display update interval and
the touch sensing interval, a length of the synchronizing delay selected {o maintain
capacitive sensing frame report rate substantially constant relative {o the capacitive

sensing frame report rate of the first mode of operation.
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