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CALIBRATING A CONTINUQUS-TIME RECEIVER FOR CAPACITIVE SENSING

FIELD OF THE INVENTION

18081] This invention generally relates to electronic devices and calibrating a

continuous-time receiver for capacitive sensing.

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 proximily sensor device iypically 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 io provide interfaces for the elecironic system. For example,
proximity sensor devices are cofien used as input devices for larger computing
systemns (such as opaque touchpads integrated in, or peripheral to, notebook or
deskiop computers). Proximity sensor devices are also often used in smaller

compuiing systems {(such as touch screens integrated in cellular phones).

BRIEF SUMMARY OF THE INVENTION

[0003] One embodiment described herein is an inpul device thal includes a
plurality of sensor electrodes in a sensing region of the input device and a
processing system coupled io the plurality of sensor electrodes. The processing
system is configured 1o generate a first measurement of a capacitive sensing signal
acquired using a first sensor slectrode of the plurality of sensor slectrodes where
the capacitive sensing signal comprises effects of a modulated signal driven onio at
least one of the plurality of sensor electrodes during a first time period. The
processing system is configured to generate a second measurement of the
capacitive sensing signal acquired using the first sensor electrode during a second
time period where a phase difference between the first and second measurements

is ninety degrees. The processing system is configured to determine a phase offset
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between the capacitive sensing signal and the modulated signal based on the first

and second measurements.

[0004] Another embodiment described herein is a processing system that
includes sensor circuitry configured to drive a modulated signal onto at least one
sensor electrode of a plurality of sensor electiodes for capacitive sensing and a
receiver configured 1o generate a first measurement of a capacitive sensing signal
acqguired using a first sensor elecirode of the plurality of sensor electrodes where
the capacitive sensing signal comprises effects of the moduiated signal being driven
onto the at least one sensor electrode during a first time period. The receiver is
configured to generate a second measurement of the capacitive sensing signal
acqguired using the first sensor elecirode during a second time period where a
phase difference between the first and second measurements is ninety degrees
and determine a phase offset belween the capaditive sensing signal and the

modulated signal based on the first and second measurements.

[0005] Another embodiment described herein is a method for performing
capacitive sensing. The method includes generating a first measurement of a
capacitive sensing signal acquired using a first sensor electrode of a plurality of
sensor electrodes during a first time period where the capacitive sensing signal
comprises effects of a modulated signal driven onto at least one of the plurality of
sensor electrodes and generating a second measurement of the capacitive sensing
signal acquired using the first sensor electrode during a second time period where a
phase difference beilween the first and second measurements is ninety degrees.
The method also includes deiermining a phase offsel between the capacitive
sensing signal and the modulated signal based on the first and second

measurements.

BRIEF DESCRIPTION OF DRAWINGS

[10066] Figure 1 is a block diagram of an exemplary system that includes an input

device in accordance with an embodiment described herein;
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[18087] Figure 2 lustrates portions of exemplary patterns of capacitive sensing

pixels in accordance with an embodiment described herein;

[0008] Figure 3 illustrates an impedance network for a sensing region in

accordance with an embodiment described herein;

[60089] Figure 4 illustrates phase offset between a modulated signal and

capacitive sensing signals in accordance with an embodiment described hersin,

[0010] Figure 5 is a flow chart for generating a capacitive sensing measurement

using phase shifted signals in accordance with an embodiment described herein;

[0011] Figure 6 is receiver for generaling a capacitive sensing measurement
using phase shifted signals in accordance with an embodiment described herein;

and

[8012] Figure 7 is a flow chart for determining a phase offset between the
modulated signal and capacitive sensing signals for each sensor electrode in

accordance with an embodiment described herein.

18043} To facilitate understanding, identical reference numerals have been used,
where possible, to designate identical elements that are common to the figures. it
is contemplated 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 o scale unless spedcifically
noted. Also, the drawings are often simplified and details or components omitted
for clarity of presentation and explanafion. The drawings and discussion serve (o

explain principles discussed below, where like designations denote like elements.

DETAILED DESCRIPTION

8044] The following detailed description is merely exemplary in nature and is
not intended to limit the disclosure or its application and uses. Furthermore, there is

no intention to be bound by any expressed or implied theory presenied in the
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preceding technical field, background, brief summary or the following detailed

description.

[0015] Various embodimenis of the present invention provide input devices and
methods that facilitate improved usability. Embodiments herein describe input
devices that include receivers for sampling capacitive sensing signais.  In one
embodiment, the receivers perform coniinuous demodulation where the sampling of
the capacitive sensing signal is not synchronized with the modulated signal applied
to the sensor. One advantage of using continuous demodulation is that functions in
the receiver that used {0 be performed using analog components can now be
replaced by digital logic. For example, instead of including large capacitors for
performing low pass filtering, this filtering can be performed by digital logic thereby

reducing the size, cost, and/or power consumption of the receivers.

[0016] However, ong disadvantage of not synchronizing the receiver {0 the
modulated signal is that measurements (or samples) captured by the receiver are
dependent on the phase delay of the sensor elecirode. This phase delay can
cause the modulated signal to have a phase offset relative {0 the capacitive sensing
signal at the receiver. As such, the peak of the modulated signal is offset relative 1o
a peak of the capacitive sensing signal.  If the receiver does not sample at the
peaks (i.e., the greatest amplitude) of the capacitive sensing signal, the accuracy of

capacitive sensing may be negatively impacted.

00473 To calibrate the receiver, in one embodiment, the receiver measures or
samples the capacitive sensing signal during two time periods. During a first time
period, the receiver generates a first measurement (or sample) of the capacitive
sensing signal that corresponds to a first sensor electrode. During a second time
period, the receiver generates a second measurement of the capacitive sensing
signal for the same sensor electrode, but the phase difference between the first and
second measurementis is ninety degrees (i.e., 1/2). To achieve this phase
difference, the input device can phase shift a sampling signal used to control when
the first and second measurements are capiured by ninety degrees, or the input
device can phase shift the modulated signal by ninety degree during the first and

second fime periods.
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[8018] Using the first and second measurementis, the receiver can delermine a
phase offset between the capacitive sensing signal and the modulated signal. This
phase offset can be used o alter future measurements generated by the input
device so that at least some of these measurements are capiured when the
capacitive sensing signal is at a peak amplitude. Moreover, in one embodiment, the
input device can use the two measuremenis {o estimate the peak amplilude of the
capacitive sensing signal even if the two measurements where captured when the

capacitive sensing signal was not at its peak amplituds.

10019] Tumning now to the figures, Figure 1 is a block diagram of an exemplary
input device 100, in accordance with embodiments of the invention. The input
device 100 may be configured o provide input to an electronic system (not shown).
As used in this document, the term “electronic system” {or “electronic device™)
broadly refers to any system capable of elecironically processing information.
Some non-limiting examples of electronic systems include personal computers of all
sizes and shapes, such as desktop computers, lapiop computers, netbook
computers, tablets, web browsers, e-book readers, and personal digital assistants
(PDAs). Additional example electronic systems include composite input devices,
such as physical keyboards that include input device 100 and separate joysticks or
key switches. Further example electronic systems include peripherals such as data
input devices (inciuding remoie controls and mice), and data ouiput 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-iop boxes, music players, digital photo
frames, and digital cameras). Additionally, the electronic system could be a host or

a slave to the input device.

[0020] The input device 100 can be implemented as a physical part of the
electronic system, or can be physically separate from the electronic system. As
appropriate, the input device 100 may communicate with parts of the electronic
system using any one or more of the following: buses, networks, and other wired or
wireless interconnections. Examples include 1*C, SP1, PS/2, Universal Serial Bus
(USB), Bluetooth, RF, and IRDA
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18021] n 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.

[0022] 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 locations of particular sensing regions may vary widely from embodiment {o
embodiment.  In some embodiments, the sensing region 120 exiends from &
surface of the input device 100 in one or more directions into space until signal-to-
noise ratios prevent sufficiently accurate object detection. The distance 1o which
this sensing region 120 extends in & particular direction, in various embodiments,
may be on the order of less than a millimeier, millimeters, ceniimeters, 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, coniact with an input surface of the input device 100
coupled with some amount of applied force or pressure, andior 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.

[16023] 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 inputl. As
several non-imiting examples, the input device 100 may use capacitive, slastive,

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

[0024] 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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[0025] fn some resistive implementations of the input device 100, a flexible and
conductive first laver is separated by one or more spacer elemenis from a
conductive second layer. During operation, one or more voliage gradients are
created across the layers. Pressing the flexible first laver may deflect it sufficiently
to create electrical contact belween the layers, resulting in voltage outputs reflective
of the point{s) of contact between the layers. These voltage outpuis may be used to

determine positional information.

{8026] in some inductive implementations of the input device 100, one or more
sensing elements pick up loop currents induced by a resonating coll or pair of coils.
Some combination of the magnitude, phase, and frequency of the currents may

then be used to determineg positional information.

{80271 in some capacitive implementations of the inpuf device 100, voliage or
current is applied o create an electric field. Nearby input objects cause changes in
the electric field, and produce detectable changes in capacilive coupling that may

be delected as changes in voliage, current, or the like.

[0028] Some capacitive implementations ulilize arrays or other regular or
irreqular patterns of capacitive sensing elements to create electric 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.

(80291 Some capacitive implementations uiilize “self capacitance” (or “absolute
capacitance™ sensing methods based on changes in the capacitive coupling
between sensor lectrodes 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 implementation, an
absolule capacitance sensing method operates by modulating sensor electrodes
with respect o a reference vollage {e.g. system ground), and by detecting the

capacitive coupling between the sensor elecirodes and input objects.
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[0030] Some  capacitive implementations  utilize “mutual  capacitance” {or
“transcapaciiance”) sensing methods based on changes in the capacitive coupling
between sensor electrodes. In varicus embodiments, an inpul object near the
sensor electrodes aiters the electric field between the sensor elecirodes, thus
changing the measured capacitive coupling. iIn one implementation, a
transcapacitive sensing method operates by delecling the capacilive coupling
between one or more transmilter sensor electrodes (also “transmitier electrodes” or
“ransmitters™ and one or more receiver sensor sleclrodes (also “receiver
electrodes” or ‘receivers”). Transmitter sensor electrodes may be modulated
refative o a reference voltage {(e.g., system ground) {o transmit ransmitter signals.
Receiver sensor electrodes may be held substantially constant relative o the
reference voltage to facilitate receipt of resulting signals. A resulting 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 electromagnetic signals).
Sensor electrodes may be dedicated transmitiers or receivers, or may be

configured io both transmit and receive.

[8031] in Figure 1, a processing system 110 is shown as part of the input device
100. The processing sysiem 110 is configured o 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 transmilter 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 also comprises electronically-readable instructions, such as firmware code,
software code, and/or the like. In some embodiments, componenis 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 componenis close o sensing slement(s)
of input device 100, and one or more components elsewhers. For example, the
input device 100 may be a peripheral coupled to a deskiop computer, and the
processing system 110 may comprise sofiware configured to run on a central

processing unit of the deskiop computer and one or more ICs (perhaps with
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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 operating display

screens, driving haptic actuators, ete.

8032 The processing system 110 may be implemented as a set of modules
that handle different functions of the processing system 110. Each module may
comprise circuitry that is a part of the processing system 110, firmware, software, 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 modules
for processing data such as sensor signais and positional information, and reporting
modules for reporting information.  Further example modules include sensor
operation modules configured to operate sensing element{s) to detect input,
identification modules configured io identify gestures such as mode changing

gestures, and mode changing moduies for changing operation modes.

[6033] in some embodiments, the processing system 110 responds to 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, as well as GUI
actions such as cursor movement, selection, menu navigation, and other functions.
in some embodiments, the processing system 116 provides information about the
input {or lack of inpul} to some part of the electronic system {e.g. to a ceniral
processing system of the electronic system that is separate from the processing
systermn 110, if such a separate ceniral processing system exists). In some
embodiments, some part of the slectronic system processes information received
from the processing system 110 o act on user input, such as to facilitate a full

range of actions, including mode changing actions and GU! actions.

[8034] For example, in some embodiments, the processing sysiem 110 operates
the sensing element{s} of the inpul device 100 o produce electrical signals

indicative of input {or lack of input) in the sensing region 120. The processing
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system 110 may perform any appropriate amount of processing on the electrical
signals in producing the information provided to the electronic system. For
example, the processing system 110 may digitize analog electrical signals obtained
from the sensor electrodes. As another example, the processing system 110 may
perform fillering or other signal conditioning. As vet another example, the
processing system 110 may subtract or otherwise account for a baseline, such that
the information reflects a difference between the electrical signals and the baseline.
As yet further examples, the processing system 110 may determine positional

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

[0035] “Positional information” as used herein broadly encompasses absolute
position, relative position, velocity, acceleration, and other types of spatial
information. Exemplary “zero-dimensional” positional information includes nearffar
or contactno contact information. Exemplary “one-dimensional” positional
information inciudes positions along an axis. Exemplary “two-dimensional”
positional information includes motions in a plane. Exemplary “three-dimensional”
positional information includes instantanecus or average velocities in space.
Further exampies 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 example, historical data that tracks position, motion, or

instanianeous velocity over time.

[0036] In some embodiments, the input device 100 is implemented with
additional input components that are operated by the processing system 110 or by
some other processing system. These additional input components may provide
redundant functionality for input in the sensing region 120, or some other
functionality. Figure 1 shows buttons 130 near the sensing region 120 that can be
used to facilitate selection of items using the input device 100. Other types of
additional input components include sliders, balls, wheels, switches, and the like.
Conversely, in some embodiments, the input device 100 may be implemenied with

no other input components.

[8037] in some embodiments, the input device 100 comprises a fouch 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

10
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transparent sensor electrodes overlaying the display screen and provide a touch
screen interface for the associated electronic system. 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 emitling diode (LED), organic LED (OLED), cathode
ray tube (CRT), liquid 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 embodimenis may utilize some of the same
glectrical components for displaying and sensing. As ancther example, the display

screen may be operated in part or in {otal by the processing system 110.

[8038] it should be understood that while many embodiments of the invention
are described in the context of a fully functioning apparatus, the mechanisms of the
present invention are capable of being distributed as a program product (8.q.,
software) in a variety of forms.  For example, the mechanisms of the present
invention may be implemenied and distribuied as a software program on
information bearing media that are readable by electronic processors (e.g., non-
transitory computer-readable and/or recordable/writable information bearing media
readabie by the processing sysiem 110). Additionally, the embodiments of the
present invention apply egually regardless of the particular fype of medium used o
carry out the distribution. Exampies of non-transitory, slectronically readable media
include various discs, memory sticks, memory cards, memory modules, and the
like. Elecironically readable media may be based on flash, opiical, magnstic,

holographic, or any other storage technology.

[0039] Figure 2 shows a portion of an exemplary pattern of capacitive sensing
pixels 205 (also referred to herein as capacitive pixels or sensing pixels) configured
to sense in the sensing region 120 associated with a patiem, according to some
embodiments. Each capacitive pixel 205 may include one of more of the sensor
glectrodes described above. For darity of iHustration and description, Figure 2
presents the regions of the capacitive pixels 205 in a pattern of simple rectangles
and does not show various other componenis within the capacitive pixels 205. In
ong embodiment, the capacitive sensing pixels 205 are areas of localized
capacitance {capacitive coupling). Capacitive pixels 205 may be formed between

an individual sensor electrode and ground in a first mode of operalion and between

1
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groups of sensor electrodes used as transmitter and receiver elecirodes in a
second mode of operation. The capacitive coupling changes with the proximity and
motion of input objects in the sensing region 120 associated with the capacitive
pixels 205, and thus may be used as an indicator of the presence of the input object

in the sensing region 120 of the input device.

[0040] The exemplary pattern {(e.g., a matrix forming a rectangular array)
comprises an array of capacitive sensing pixels 205¢y (referred collectively as
pixels 208) arranged in X columns and Y rows in a common plane, wherein X and Y
are posilive integers, although one of X and Y may be zerc. It is contemplated that
the pattern of sensing pixels 205 may comprises a plurality of sensing pixels 205
having other configurations, such as polar arrays, repeating patterns, non-repeating
patterns, non-uniform arrays a single row or column, or other suitable arrangement.
Further, as will be discussed in mora detail below, the sensor slecirodes in the
sensing pixels 205 may be any shape such as circular, rectangular, diamond, star,
sguare, NONCoOVeX, convex, nonconcave concave, etc. As shown here, the sensing

pixels 205 are coupled o the processing system 110,

10041) fn a first mode of operation, at least cne sensor electrode within the
capacitive sensing pixels 205 may be utilized to detect the presence of an input
object via absolute sensing technigues. Sensor circuitry 204 in processing system
110 is configured to drive a sensor electrode using a trace 240 in each pixel 205
with a modulated or unmodulated signal and measure a capacitance between the
sensor electrode and the input object (e.g., free space or earth ground) based on
the driven signal, which is utilized by the processing system 110 or other processor
to determing the position of the input object or features in a finger. In ons
embodiment, the sensor circuitry 204 is part of a larger module in the processing
systermn 110 that may include firmware for performing the functions described
herein. Moreover, the module containing the sensor circuitry 204 may include
additional circuitry or firmware for performing different functions than the ones

recited herein.

[0042] The various electrodes of capacitive pixels 205 are typically ohmically
isclated from the elecirodes of other capacitive pixels 205, Additionally, where a

pixel 205 includes multiple electrodes, the electrodes may be ohmically isclated

12
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from sach other. That is, one or more insulators separate the sensor slectrodes

and prevent them from electrically shorting o each other.

[6043] in a second mode of operation, sensor electrodes in the capacitive pixels
205 are utilized {o detect the presence of an inpul object via transcapacitance
sensing technigues. That is, processing system 110 may drive at least one sensor
electrode in a pixel 205 with a fransmitter signal and receive resulling signais using
one or more of the other sensor electrodes in another pixel 205, where a resulting
signal comprising effeclts corresponding o the transmitter signal. The resulting
signal is utilized by the processing system 110 or other processor to determine the

position of the input object.

[8044] 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 {o switch

between any two or more of the modes described above.

[0045] In some embodiments, the capacitive pixels 205 are “"scanned” (o
determine these capacitive couplings. That is, in one embodiment, one or more of
the sensor electrodes areg driven to transmit transmitter signals. Transmiiters may
be operated such that one transmitler slectrode transmits at one time, or mulliple
transmitter electrodes transmit at the same time. Where mulliple transmitier
electrodes fransmit simultaneously, the multiple transmitter electrodes may transmit
the same transmitter signal and effectively produce an effectively larger transmilter
glectrode. Alternatively, the multiple transmitter electrodes may transmit different
transmitter signais. For exampie, mulliple transmitter electrodes may transmit
different transmitter signals according to one or more coding schemes that enable
their combined effects on the resulting signals of receiver electrodes to be

independently determined.

[0048] The sensor electrodes configured as receiver sensor electrodes may be
operated singly or muitiply to acqguire resulting signals. The resulting signals may
be used to determine measurements of the capacitive couplings at the capacitive
pixels 205,

[0047] In other embodiments, “scanning” pixels 205 {o determine these

capacitive coupling includes driving with a modulated signal and measuring the

13
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absolute capacitance of one or more of the sensor electrodes. In another
embodiment, the sensor electrodes may be operaled such that the modulated
signal is driven on a sensor siectrode in multiple capacitive pixels 205 at the same
time. In such embodiments, an absolute capacitive measurement may be obtained
from each of the one or more pixels 205 simultaneously. In one embodiment, the
input device 100 simultaneously drives a sensor elecirode in a plurality of capacitive
pixels 205 and measures an absolute capacitive measurement for sach of the
pixels 205 in the same sensing cycle. In variocus embodiments, processing system
110 may be configured {0 selectively drive and receive with a portion of sensor
glectrodes. For exampile, the sensor electrodes may be selected based on, but not
limited 10, an application running on the host processor, a status of the input device,
an operating mode of the sensing device and a determined location of an input
object. In another embodiment, the input object (e.q., a finger) is the iransmitier

that is driven with the modulated signal while the sensor electiode is a receiver.

{8048] A set of measurements from the capacitive pixels 205 form a capacitive
image (also capacitive frames) representative of the capacitive couplings at the
pixels 205 as discussed above. Multiple capacitive images may be acguired over
muitiple time perods, and differences between them used to derive information
about input in the sensing region. For example, successive capacitive images
acquired over successive periods of time can be used {0 frack the motion(s) ¢f one

or more input objects entering, exiting, and within the sensing region.

[0049] in some embodiments, one or more of the sensor elecirodes in the
capacitive pixels 205 include one or more display electrodes used in updating the
display of the display screen. In one or more embodiments, the display electrodes
comprise one or more segments of a Voom elecirode {common elecirodes), a
source drive ling, gate line, an anode elecirode or cathode electrode, or any other
display element. These display eleclrodes may be disposed on an appropriate
display screen substraie. For example, the electrodes may be disposed on the a
transparent substrate (a glass substrate, TFT glass, a plastic substrate or any other
transparent material} in some display screens (e.g., In Plane Swiiching (IPS) or
Plane to Line Switching (PLS) Crganic Light Emitting Diode (CLED)), on the bottom
of the color filter glass of some display screens (e.¢., Palterned Vertical Alignment
(PVA) or Multi-domain Vertical Alignment (MVA)), over an emissive layer (OLED),
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etc. In such embodiments, an slectrode that is used as both a sensor and a display
electrode can aiso be referred {0 as a combination electrode, since it performs

muitiple functions.

[8050] Continuing to refer {o Figure 2, the processing system 110 coupled to the
sensor electrodes includes a circuitry 204 and optionally, display driver circuitry
208, In one embodiment the sensor circuitry 204 drives a transmitter signal onto
and receives resulting signals with the sensor elecirodes during periods in which
input sensing is desired. In one embodiment the sensor circuitry 204 includes a
transmitter module including circuitry configured to drive a transmitter signal onto
the sensor electrodes during periods in which input sensing is desired. The
transmitler signal is generally modulated and contains one or more bursts over a
period of time allocated for input sensing. The transmitter signal may have an
amplitude, frequency and voltage which may be changed to obfain more robust
location information of the input object in the sensing region. The modulated signal
used in absolute capacitive sensing may be the same or different from the
transmitter signal used in transcapacitance sensing. The sensor circuitry 204 may
be selectively coupled {0 one or more of the sensor elecirodes in the capacitive
pixels 205. For example, the sensor circuitry 204 may be coupled to selected
portions of the sensor electrodes and operate in either an absolute or
transcapacitance sensing mode. In another example, the sensor circuitry 204 may
be coupled to different sensor electrodes when operating in the absolute sensing

mode than when operating in the transcapaciiance sensing mode.

{8051] in various embodiments the sensor circuitry 204 may comprise a receiver
206 that includes circuitry configured to receive a resulting signal {(e.g., a capacitive
sensing signal) with the sensor electrodes comprising effecis corresponding to the
transmitler signal during pericds in which {ranscapacitive sensing is performed.
Here, a portion of the sensor circuitry 204 is coupled to a fransmitter electrode and
drives the transmitter signal while the receiver 206 is coupled 0 a receiver
electrode and receives the resulting signal comprising effects of the fransmitter
signal. In one or more embodiments, the receiver 206 is configured to drive a
modulated signal onto a first sensor electrode in one of the pixels 205 and measure
a capacitive sensing signal corresponding to the modulated signal to determine

changes in absolute capacitance of the sensor electrode. The receiver 206 may
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determine a position of the input object in the sensing region 120 or may provide a
signal including information indicative of the resulting signal to ancther module in
the processing system 110 or processor, for example, a processor of the elecironic
device {i.e., a host processor), for determining the position of the input object in the
sensing region 120. In one or more embodiments, the receiver 208 comprises a
plurality of receivers, where each receiver may be an analog front ends (AFEs).
Although shown as being part of the sensor module 204, the receiver 206 may be
separate from the sensor module 204, For example, the sensor module 204 may
drive a modulated signal onto one of the sensor electrodes {(e.g., a transmitter

glectrode) while the receiver 206 is coupled 10 a receiver electrode.

[0052] In one or more embodiments, capacitive sensing {or input sensing) and
display updating may occur during at least partially overlapping periods.  For
example, as a combination electrode is driven for display updating, the combination
electrode may aiso be driven for capacitive sensing. Or overlapping capacitive
sensing and display updating may include modulating the reference voltage(s) of
the display device and/or modulating at least one display electrode for a display in a
time period that at least partially overlaps with when the sensor electrodes are
configurad for capacitive sensing. In another embodiment, capacitive sensing and
display updating may occur during non-overlapping periods, also referred {o as non-
display update periods. In various embodiments, the non-display update periods
may occur between display line update periods for fwo display lines of a display
frame and may be at least as long in time as the display update pericd. In such
embodiment, the non-display update period may be referred to as a long horizontal
blanking period, long h-blanking period or a distributed blanking period. In other
embodiments, the non-display update period may comprise horizontal blanking
periods and vertical blanking periods. Processing system 110 may be configured o
drive sensor electrodes for capacilive sensing during any one or more of or any

combination of the different non-display update times.

[0053] The display driver circuiiry 208 includes circuitry configured 1o provide
display image update information to the dispiay of the display device during non-
sensing (e.q., display updating) periods. In one embodiment, the display driver
circuitry 208 may be part of a larger module that can include firmware for

performing the display functions described herein. The display driver circuitry 208
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may be included with or separate from the sensor module 204, In one embodiment,
the processing sysiem comprises a first integrated controlier comprising the display
driver circuitry 208 and at feast a portion of the sensor module 204 (., transmitter
module and/or receiver module}.  In another embodiment, the processing system
comprises a first integrated controller comprising the display driver circuiiry 208 and
a second integrated controller comprising the sensor module 204, In yet another
embodiment, the processing sysiem comprises a first integrated controlier
comprising a display driver circuitry 208 and one of a transmitier module or a
receiver module and a second integrated controller comprising the other one of the

fransmitier module and receiver module.

[8054] Figure 3 illustrates an impedance network for a sensing region 120 in
accordance with an embodiment described herein.  As shown, the sensing region
120 includes a capacilive sensor represented as a network of resistive (R),
inductive (L}, and capacitive (C) values. The region 120 can take on any shape —
rectangular, diamond, circular, efc. Moreover, the sensing region 120 includes a
plurality of capacitive nodes 305 which may be defined by the shape and location of
respective sensor elecirodes in the sensing region 120. Each capacitive node 305
may have different resistive, inductive, and capacitive (R, L, C) values than each of

the other nodes 305 in the region 120.

[0055] As shown, a modulated signal 310 affects the capacitive nodes which
resulls in a capacitive sensing signal 315, Stated differently, the capacitive sensing
signal 315 comprises effects of driving the modulated signal 310 onto one or more
of the sensor electrodes in the region 120, If performing transcapacitance sensing,
the modulated signal 310 is driven onto a first sensor electrode generales the
capacitive sensing signal 315 on a second sensor electrode that is capacitively
coupled to the first sensor electrode. For example, the modulated signal 310 may
be a transmitier signal driven on a transmitier electrode on a first layer in the input
device while the capacitive sensing signal is a resulting signal received on 3

receiver electrode on a second layer of the input device.

[0056] However, if performing absolute capacitive sensing, the modulated signal

310 may be applied by the receiver 206 (e.g., at terminal {0 an integrator) which
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modulates the sensor electrode and enables the receiver 206 o measure the
capacitive sensing signal 315 corresponding io that sensor electrode. Figure 4 is
drawn generically o lllustrate the effects of the R, L, C network when performing

gither transcapacitive or absolute capacitive sensing.

[0057] ECach capacilive node 305 has a shape defined by an outline of a sensor
electrode where the receivers 206 can measure an individual measurement of
capacitance at a particular [ocation in space in order to calculate a location of one
or more input objects. For exampie, the capacitive nodes 305 can be defined by a
crossing between a transmitier and receiver electrode or a physical outline of
sensor electrode used for absolute capacitance sensing. Because the R, LC
values for each capacitive node 305 may be different, this means the relative phase
offset between the modulated signal 310 and the capacitive sensing signal 315 may
be different. That is, the values of R, L, C at each node 305 can alter the phase
and amplitude for each capacitive sensing signal 315 relative {0 the modulated

signal 310.

[0058] Figure 4 illustrates phase offset between the modulated signal 310 and
capacitive sensing signals in accordance with an embodiment described herein.
Chart 400 illustrates the phase offset ¢ between two capacitive sensing signals
315A and 3158 generated at two different capacitive nodes 305 shown in Figure 3.
in this example, the same modulated signal 310 is used to generate the two
capacitive sensing signals 315A and 315B. Because the R,L,C values for the two
capacitive nodes 305 are different, the respective phase offset belween the

capacitive sensing signals 315 and the modulated signal 310 are different.

[10059] The dotted vertical line 405 illustrates the positive peak of the modulated
signal 310 while line 410 and line 415 illusirate the posilive peaks of capacitive
sensing signals 315A and 3158, respectively. As shown, the capacitive sensing
signals 315 have a similar shape as the modulated signal 310 but with different
amplitudes and phase delays. The recsivers 206 shown in Figure 3 sample
different points of the capacitive sensing signals 315 1o generate capacitive sensing
measurements. However, where the receivers 208 sample the capacitive sensing

signals 315A and 3158 can affect the amount of signal measured. For example, if
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the receiver 206 samples the capacitive sensing signals 315A and 315 at the lime
filusirated by iine 405, the signals 3154 and 3158 are not at their peaks, and thus,
the amount of signal measured is less than what would be measured during the
times corresponding to the lines 410 and 415 when the capacitive sensing signals
315A and 3158 are af their peaks.

{6060 Chart 400 illustrates that different capacitive nodes 305 can have different
phase offsets relative to the moduiated signal 310, For example, the modulated
signal 310 may be driven on one transmitier electrode which then resulis in the
capacitive sensing signals 315A and 3158 on two receiver electrodes. Because the
receiver electrodes can have different R, L, C values, the phase offset for the
capacitive sensing signals 315A and 3158 relative to the modulated signal 310 are
different. Further, the R, L, C values for the capacitive nodes 305 may change or
drift based on, for example, temperature fluctuations. Ideally, the receiver can
identify the phase offset and sample when the capacitive sensing signals 315A and

3158 are at their local maximum and minimum.

[8061] Figure 5 is a flow chart of a method 500 for generating a capacitive
sensing measurement using phase shifted signals in accordance with an
embodiment described herein. For clarity, the blocks in method 500 are discussed
in parailel to Figure 8 which illustrates a receiver 206 for generating a capacitive
sensing measurement using phase shifted signals in accordance with an

embodiment describad hersin.

[0062] At block 505, a receiver generates a first measurement of a capacitive
sensing signal for a first sensor electrode during a first time period. Althocugh not
shown in Figure 6, a modulated signal is driven on a sensor electrode (either sensor
glectrode 805 or a transmitier electrode) which results in the capacitive sensing
signal 315 which is received at a sampler 815. The sampler 815 receives an input
from a phase shifter 820 which can delay the phase of a sampling signal 610
provided to the receiver 206. In one embodiment, the sampling signal 610 is a
timing signal generated in the processing system which instructs the sampler 615
when {0 capture a capacitive sensing measurement {(or sampie) of the capacitive

sensing signal 315,
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[0063] if the receiver 206 was synchronized with the capacitive sensing signal
315, the sampling times could be synched {0 the peaks (maximums) and valieys
(minimums) of the capacitive sensing signal 315, However, when performing
continuous demodulation where the receiver 206 is not synchronized, the sampling
signal 810 may be at a higher frequency than the capacitive sensing signal 315 so
that the sampler 815 captures measurements at other locations of the waveform of
the capacitive sensing signal 315 — ie., not only at the peaks and valleys. To
maximize the amount of signal, the embodiments herein provide techniques for
phase shifting the sampling signal 610 such that the sampler 815 generates
measurements corresponding to the maximum amplitude of the capacitive sensing
signal 315. To do so, the receiver 206 (or other circuitry or firmware in the
processing system) calculales a phase offeet between the modulated signal and
capacitive sensing signal 315 which the phase shifter 620 can use {0 so that future
measurements are captured when the capacitive sensing signal 315 is at peaks and

valleys.

[0064] After capturing the first measurement of the capacitive sensing signal
315, the processing system phase shifte the sampling signal 810 or the modulated
signal by ninety degrees relative o the phase of these signals during the first time
period. In the example shown in Figure 8, once the first measurement is captured,
the phase shifter 820 can phase shift the sampling signal 810 by ninety degrees
relative to the phase of the sampling signal 610 during the first time period.
Alternatively, instead of shifting the phase of the sampling signal 610, a driver in the
processing system (if transcapacitive sensing is being performed) or the receiver
208 (if absolute capacitance sensing is performed) can phase shift the modulated
signal by ninety degrees relative to the phase of the modulated signal during the
first fime period. FPhase shifling the modulated signal also phase shifts the

capacitive sensing signal 315 by ninety degrees.

[0065] At block 515, the sampler 815 in the receiver 208 generates a second
measurement of the capacitive sensing signal for the first sensor electrode 605
during a second time period. As a result of the phase shift performed at block 510,
the phases of the first and second measurements are off by a phase difference of

ninety degrees. Although method 500 illustrates capturing the first and second
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measurements using two different time periods, similar measurements could ocour
by using two different receivers which boih receive the same capacilive sensing
signal 315. In this case, the first and second measurements could be obtained in
parallel. However, doing so may require duplicate hardware {(e.¢., lwo receivers
rather than one) which can increase the cost of the inpuf device. Instead, by using
two time periods, only one receiver 206 is used. So long as the first and second
time periocds are taken close together, the R, L, C values for the sensor electrode

6805 are substantially the same.

100686] in one embodiment, the first and second time pericds are consecutive
capacitive sensing bursts in the same capacitive frame (or capacitive image). Each
capacitive sensing burst may include a predefined number of cycles of the
modulated signal (e.g., five cycles of the modulated signal) used o generale a
single measurement for a capacitive node or sensor electrode in the sensing region.
in this exampile, the first measurement is captured during a first capacitive sensing
burst while the second measurement is captured during the next subsequent
sensing burst. Alternatively, the first and second measurements may be obtained
using capacitive sensing bursts in segquential capacitive frames. Although this
means the first and second time periods are separated by a greater time period, the
R, L, C values which determine the phase offset corresponding o sensor electrode
605 typically do not change substantially between iwo consecutive capacitive
frames. Thus, the first and second measurements are very similar but with a ninety

degree phase difference.

[0067] A harmonic of the capacitive sensing signal 315 can be represenied as

follows:
S; = sin(:wt + $( f;)) = sin{wt) cos(qﬁ(i, t:}) +cos{wt) + sin( @)y (1)

[0068] Eqguation 1 represents the harmonic of the capacitive sensing signal 315
in its in-phase and an out-of-phase (guadrature) parts of a signal. When the in-
phase part is at ifs maximum, the quadrature part is at its minimum, and vice versa.
Time t can denote a discrete moment in time (or continuous time), depending on the

receiver 206, Moreover, wt represents the sampling frequency used o sample the
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signal 315 while ¢(i,t) is the demodulation rate. Because ¢{i, t) for the different
capacitive sensing signals for the different capacitive nodes can be different, the
receivers coupled to the nodes can measure different amplitudes of the samples
which results in a dependency of the gain of the receivers on phase as illustrated in

Figure 4.

10069} Using the first and second measurements, the receiver 208 can estimale
an actual value of (i, t) and thus, measure a full amplitude A(?) for each capacitive
sensing signal i The first and second measurements {(when taken close in time)

provide in-phase and quadrature data so the following assumptions are true:

B, t) — Al )| = w/2 (3

[8070] Because the R,L,C values for sensor electrode 805 do not change
substantiaily between the first and second time periods, the ¢ values for the two
measurements are the same as shown in Egquation 2. In bquation 3, because the
sampling signal or the modulated signal were phase shified by ninety degrees when
taking the second measurements, subtracting the change in the ¢ values belween
the two time periods is ninety degrees —i.e., /2. As a result, the full amplitude (4)

of the capacitive sensing signal 315 can be estimated using the following:

A= (St Ap0 6002 + 510, BGCL0)? (4)

[0071] In this example, S;{t,, A¢(i, t,) represents the first measurement taken
during the first time period while S;(t,, Ad (i, t,) represents the second measurement

taken during the second time period.

18072) At block 520, the receiver 260 estimates a measurement at the peak
amplifude of the capacitive sensing signal 315 using the first and second
measurements.  Using Equation 4, even if the sampler 615 did not generate a
measuremeant when the amplitude of the capacitive sensing signal 315 is at a

maximum, the first and second measurements can be processed o vield the peak

22



WO 2018/004827 PCT/US2017/031516

amplitude of the signal 215, Stated differently, because of the relationships shown
in Equation 2 and 3, the receiver 206 can generate a measurement using Equation
4 that is an estimate of the measurement that would have been obiained if the
sampler 615 had captured a measurement at the peak amplitude of the capacitive
sensing signal 315,  in this manner, the receiver 206 (or other logic in the
processing system) can perform post processing on the first and second
measurements o determine the measurement corresponding o the peak amplitude
of the signal 315.

18073] Figure 7 is a flow chart of a method 700 for determining a phase offset
between the modulated signal and capacitive sensing signais for a sensor electrode
in accordance with an embodiment described herein. In this embodiment, method
700 begins after block 515 of Figure 5 has been performed and the receiver 206
has captured first and second measurements with a phase difference of ninsty
degrees. In another embodiment, the method 700 may begin after block 520 where
the processing system estimates the measurement corresponding o the peak

amplitude of the capacitive processing system.

180743 At block 705, the receiver determines the phase offsel between the
capacitive sensing signal and the modulated signal using the first and second
measurements to calibrate the receiver for fulure capacilive sensing
measurements. As shown in Figure 8, the receiver 200 includes a phase offset
module 8320 which is coupled o an output of an analog digital converter (ADC) 625.
For example, after the sampler 615 measures the first and second measurements,
the ADC 625 transmits the digital representation of these measurements to the
phase offset module 630 to determine the phase offsel. The oulput of the ADC 825
can be used by the processing system to determine the location of an inpuf object

based on sampling the capacitive sensing signal 315,

[8075] The phase offset module 830 determines the phase offset between the
capacitive sensing signal 315 and the modulated signal. That is, the phase offset
module 630 determines the phase offsets ¢ shown in Figure 4 beitween each

capacitive sensing signal 315 and the respective moduiated signal. Because the
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phase of the driving waveform — Le., the modulated signal - is known, the phase

offset can be calculated using the following:

Gt + Ty = &, + (¢t + TY — @i, t,)) {5}

[0076] In equation 5, ¢ represents the phase offset between the capacitive
sensing signal 315 and the modulated signal. Moreover, ¢, represents an estimate
of the phase of the modulated signal. Ferforming the calculation indicated in
Equation 5, the phase offset module 8320 can determine the appropriate phase shift
for the sampling signal 610 that ensures at least one sample is capiured when the
capacitive sensing signal 315 is af its peak amplitude. In one example, the phase
offset module 830 transmits the phase offset ¢ to the phase shifter 620 which shifts
the sampling signal 610 such that sampler 615 caplures a measurement of the
capacitive sensing signal 315 at ils peak. Of course, because the frequency of the
sampling signal 810 may be faster than the capacitive sensing signal 315 and the
modulated signal, the sampler 615 may generate other measurements or samples
of the capacitive sensing signal 315 other than at its peak amplitude. Nonetheless,
the techniques described herein permit the receiver to identify the phase offset
caused by the R,L,C values of each capacitive node and compensate for this offset

by phase shifting the sampling signal 610.

[0077] At block 710, the receiver phase shiffs the sampling signal using the
phase offset and generates a third measurement of the capacitive sensing signal for
the first electrode 605 during a third time period. For example, once the phase
offset module 630 determines the phase offset ¢, for a subsequent capacitive
sensing burst, the receiver can phase shift the sampling signal 610 by the phase
offset ¢ so that the third measurement is aligned with the peak of the capacitive
sensing signal 315. Although method 700 illusirates determining the phase offset
corresponding to a first electrode — i.e., sensor electrode 605 — the process may be
repeated using respective first and second measurements for other sensor
electrodes (e.q., other capacitive nodes) in the sensing region to determine
respective phase offsels relative to a modulated signal and the capacitive sensing

signal for all the sensor electrodes or capacitive nodes.
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[18078] At block 715, the recsiver dithers a phase to generale an extrapolation
error when generating a fourth measurement of the capacitive sensing signal 315.
As mentioned above, the R L .C values of each capacitive node may drift because
of, e.¢., temperaiure variations or because a input object is proximate to the node.
Changing the R L,C value changes the phase offset between the modulated signal
and the capacitive sensing signal. Thus, the phase offset determined at block 710
may become stale or inaccurate over time which means using that phase offset to
control when the sampler 615 samples the capacitive sensing signal 315 means the
measurements are no longer aligned with peaks or valleys in the signal 315, One
way of handling this drift in the phase offset is {0 repeat method 500 where two new
measuremeants {(with a phase difference of ninety degrees) are captured during two
consecutive bursts or two consecutive capacitive frames. However, doing requires

two bursts which can slow down or interrupt capacitive sensing.

[0079] Instead, by dithering the phase, the receiver can update the phase offset
as the offset drifts so that repeating method 500 can be avoided {or at least
delayed). In one embodiment, when generating the fourth measurement, the
receiver 208 introduces a small variation or dithering of phase () to either the
modulated signal or the sampling signal 810. For example, the phase shifter 620
may change the phase offset provided by the phase offset module 630 by 1-5
degrees in order {o dither the phase. That is, the receiver 208 intentionally applies
a non-optimal phase offset o the sampling signal 810 which generales the
exirapolation emor. The amount of dithering between the samples can be varied
vary depending on the accuracy of the phase offset estimate, which can be
determined by comparing measured amplitudes of a signal. The closer in time 1©
the initial phase offset calculation determined at block 705, the phase shifter 620
may use smailer dithering parameters (i.e., a smaller range and smaller siep sizes
between the samples). The phase shiffer 820 may use larger dithering parameiers
{i.e., a larger range and larger siep sizes) the further away in time from the initial

phase offset calculation.

[10050] After generating the fourth measurement, the phase offset module 830

can calculate an updated phase offset ¢,(T) using the following:
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él(T) = AV GMAX e lT —pistory,T) Ai(‘?i(i)) (\6>

[0081] The dithering function &,(¢) can be any periodic, symmeitrical, zero mean
function with an amplitude corresponding 0 a possible exirapolation of a phase. By
tracking a history of the extrapolation error, the receiver can adjust the phase offset
for sach subsequent measurement and account for drifls in the phase offset
between the modulated signal and the capacitive sensing signal over time. At block
720, the receiver updates the phase offset using the exirapolation error and
dithering history. In this manner, the receiver 206 can delay or avoid having to
repeat method 500 in Figure 5 when the R,L,C values for any given capacitive node

change.

[0082] in another embodiment, the phase shifter 620 can rely on dithering the
phase to identify the initial phase offset between the capacitive sensing signal and
the modulated signal. That is, instead of capturing two measurements as described
above, the phase shifter 620 can capture multiple measurements while applying
different phase shifts to either the modulaied signal or the sampling signal between
zero and ninety degrees o determine the initial estimate of the phase offset. In this
example, method 500 would not be used. Once the initial phase offset is identified,
the phase shifter 620 can use smalier phase shifis as described in block 715 to
update the phase offset between the capacitive sensing signal and modulated

signal over multiple samples.

{8083] Al block 725, the receiver determines whether the change in phase
determined at block 715 exceeds a threshold. That is, dithering the phase offset
away from its optimal value may work if the R L C values do not change
dramatically. However, if these values change quickly, dithering the phase as
described above may not be sufficient to identify the new phase offset. If the
threshold is exceeded, method 700 returns 1o block 505 of Figure 5 and repeats
method 500. That is, the receiver 206 captures two measurements with a ninety

degree phase difference and again identifies the phase offset.

[0084] However, if the updated phase offset does not exceed the threshold —

i.e., the phase offset changed a small amount or not at all — method 700 retumns {o
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block 715 where the receiver 208 can again generate another measurement of the
capacitive sensing signal while dithering the phase offsel. While the receiver 206
can dither the phase offsel each time the capacitive node is sensed, in another
embodiment, the receiver 206 may dither the phase offset for some capacditive
sensing bursts but not for others. For example, the receiver 206 may dither the
phase offset every other time the sampler 615 captures 3 measurement for the

sensor electrode 605.

{B085] in one embodiment, the receiver 206 may be selectively coupled o
multiple sensor electrodes. In such a case, the phase offset module 830 may
calculate respective optimal phase offsets for each of the different sensor
electrodes. Thus, the phase shifter 820 may apply a different phase shift to the
sampling signal 610 depending on which sensor electrode 605 is currently
generating the capacitive sensing signal 315. The respective phase offsets {(and
updated phase offsets calculated by dithering) can be stored in the receiver 208 or

gisewhere in the processing system.

[0086] The embodiments and examples set forth herein were presented in order
to best explain the embodiments in accordance with the present technology and its
particular application and to thereby enable those skilled in the art o 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 set forth is not intended {o be

exhaustive or to limit the disclosure to the precise form disclosed.

[0087] in view of the foregoing, the scope of the present disciosure is

determined by the claims that follow.
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WE CLAIM:

1. An input device, comprising:
a plurality of sensor electrodes in a sensing region of the input device; and
a processing system coupled to the plurality of sensor electrodes, the
processing system configured to:
generate a first measurement of a capacitive sensing signal acquired
using a first sensor electrode of the plurality of sensor electrodes during a
first time period, wherein the capacitive sensing signal comprises effecis of a
first modulated signal driven onto at least one of the plurality of sensor
electrodes;
generate a second measurement of the capacitive sensing signal
acquired using the first sensor electrode during a second time period,
whersein a phase difference between the first and second measurements is
ninety degrees; and
determine a phase offset between the capacitive sensing signal and

the first modulated signal based on the first and second measurements.

2. The input device of claim 1, wherein the processing sysiem is configured to,
during the second time period:

phase shift a second sampling signal used to generate the second
measurement by ninaty degrees relative 1o a phase of a first sampling signal used

to generate the first measurement during the first time period.

3. The input device of claim 1, wherein the processing system is configurad to,
during the second time period:
phase shift 2 second modulated signal by ninety degrees relative {0 a phase

of the first modulated signal used during the first time period.

4, The input device of claim 1, wherein the first and second fime periods
correspond 10 one of. consecutive sensing bursts in a same capacitive sensing

frame and consecutive capacitive sensing frames.

5. The input device of claim 1, wherein the processing system is configured to:
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phase shift a sampling signal used to generate a third measuremeant of the
capacitive sensing signal acquired using the first sensor electrode by the phase
offset, wherein phase shifting the sampling signal by the phase offset aligns the

third measurement with a peak amplitude of the capacitive sensing signal.

6. The input device of claim 5, wherein the processing system is configured to:
phase shift one of the sampling signal and the first modulated signal to
identify an extrapolation error when generating a fourth measurement of the
capacitive sensing signal acquired using the first sensor electrode during a third
time periocd, wherein the third time period occurs afier the first and second time
periods; and
updaie the phase offsef based on the extrapolation error.

7. The input device of claim 1, wherein the processing system includes
cortinuous-time receiver for generating the first and second measurement, wherein
the first modulated signal is not synchronized with a sampiling signal used to

determine when the receiver generaies the first and second measurements.

8. A processing system, comprising:
sensor circuitry configured to drive a first modulated signal onto at least one
of a plurality of sensor electrodes for capacilive sensing;
a receiver configured fo:
generate a first measurement of a capacitive sensing signal acquired
using a first sensor electrode of the plurality of sensor electrodes during a
first fime period, wherein the capacitive sensing signal comprises effects of
the first modulated signal being driven onto the at least one sensor electrode;
generate a second measurement of the capacitive sensing signal
acquired using the first sensor electrode during a second time period,
wherein a phase difference between the first and second measurements is
ninety degrees; and
determine a phase offset between the capacitive sensing signal and

the first modulated signal based on the first and second measurements.

9. The processing system of claim 8, wherein the receiver is configured to,
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during the second time period:
phase shift a second sampling signal used to generate the second
measurement by ninaty degrees relative 10 a phase of a first sampling signal used

to generate the first measurement during the first time period.

10.  The processing system of claim 8, wherein the sensor circuitry is configured
to, during the second time period:
phase shiff a second modulated signal by ninety degrees relative to a phase

of the first modulated signal used during the first time period.

11.  The processing system of claim 8, wherein the first and second time periods
correspond to one of. consecutive sensing bursts in a same capacitive sensing

frame and consecutive capacitive sensing frames.

12.  The processing system of claim 8, wherein the receiver is configured to:
phase shift a sampling signal used to generate a third measurement of the

capacitive sensing signal acquired using the first sensor electrode by the phase

offset, wherein phase shifting the sampling signal by the phase offset aligns the

third measurement with a peak amplitude of the capacitive sensing signal.

13, The processing systemn of claim 12, wherein the receiver is configured to:

phase shiff the sampling signal o identify an extrapolation error when
generating a fourth measurement of the capacitive sensing signal acquired using
the first sensor electrode during a third time period, wherein the third time period
occurs after the first and second time periods; and

update the phase offset based on the extrapolation error.

14, The processing systemn of claim 8, wherein the receiver is a continuous-time
receiver, wherein the first modulated signal is not synchronized with a sampling
signal used to determine when the receiver generaies the first and second

measurements.

15,  The processing system of claim 8, wherein the receiver is configured to:

generate a plurality of first measurements for each of the plurality of sensor
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electrodes when driving a plurality of modulated signals onio the plurslity of sensor
electrodes during the first time period;

generate a plurality of second measurements for each of the plurality of
sensor electrodes during the second time period, wherein respective phase
differences between the pluralily of first and second measurements for each of the
plurality of sensor elecirodes is ninety degrees; and

determine respective phase offsels between a plurality of sensing signals
acquired using the plurality of sensor slecirodes and the plurality of modulated

signals based on the plurality of first and second measurements.

16. A method for performing capacitive sensing, the method comprising:

generating a first measurement of a capacitive sensing signal acquired using
a first sensor electrode of a plurality of sensor electrodes during a first time period,
wherein the capacitive sensing signal comprises effects of a first moduiated signal
driven onio at least one of the plurality of sensor electrodes;

generating a second measurement of the capacitive sensing signal acquired
using the first sensor electrode during a second time period, wherein a phase
difference between the first and second measurements is ninely degrees; and

determining a phase offset between the capacitive sensing signal and the

first modulated signal based on the first and second measurements.

17.  The method of claim 16, further comprising:
phase shifting during the second time period a second sampling signal used
to generate the second measuremaent by ninety degrees relative {0 a phase of a first

sampling signal used to generate the first measurement during the first time period.

18. The method of claim 16, further comprising:
phase shifting during the second time period a second modulated signal by
ninety degrees relative o a phase of the first modulated signal used during the first

time period.

19, The method of claim 18, wherein the first and second time periods
correspond to one of. consecutive sensing bursts in @ same capacitive sensing

frame and consecutive capacitive sensing frames.
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20.  The method of claim 16, further comprising:

phase shifting a sampling signal used to generate a third measurement of
the capacitive sensing signal acquired using the first sensor electrode by the phase
offset, wherein phase shifting the sampling signal by the phase offset aligns the

third measurement with a peak amplitude of the capacitive sensing signal.
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