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(57) Abstract: A processing system for a capacitive touch screen comprises
sensor circuitry and control logic. The sensor circuitry is configured to be com-
municatively coupled with sensor electrodes of the capacitive touch screen.
The control logic is configured to operate the capacitive touch screen in a first
mode comprising interference sensing at a first level and input object sensing.
The control logic is also configured to operate the capacitive touch screen in a
second mode instead of in the first mode in response to: interference measured
in the first mode meeting an interference condition; and a determination that
input is in a sensing region of the capacitive touch screen. While operating in
the first mode, interference sensing is performed during a non-display update
time. While operating in the second mode, interference sensing with the capa-
citive touch screen is either not performed or else is performed at a second
level that is lower in fidelity than the first level.
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CAPACITIVE TOUCH SCREEN INTERFERENCE DETECTION AND OPERATION

CROSS-REFERENCE TO RELATED US. APPLICATIONS

[0001] This apphication claims priority to the co-pending provisional patent application,
Serial Number 61/469,065, Attormey Docket Number SYNA-20110209-A2 PRO, by Adam
Schwartz, entitled “NOISE DETECTION FOR INTEGRATED DISPLAY AND
SENSING,” with filing date Mar 29, 2011, and assigned to the assignee of the present

application.

[0002] This application is related to U.S. Patent Application, Serial Number 13/240,377 by
Adam Schwartz ¢t al., filed on September 22, 2011, entitled “CAPACITIVE INPUT
DEVICE INTERFERENCE DETECTION AND OPERATION” with attorney docket

nugnber SYNA-20101025-A1 and assigned to the assignee of the present invention.

BACKGROUND

[0603] Input devices mchuding proximity sensor devices (also commonly called touchpads
or touch sensor devices) are widely used in a vaniety of electronic systems. A proximity
sensor device typically includes a sensing region, often demarked by a surface, in which the
proximity sensor device determines the presence, location and/or motion of one or more
input objects. Proximity sensor devices may be used to provide tnterfaces for the electronic
system. For example, proximity sensor devices are often used as mput devices for larger
computing systems {such as opaque touchpads integrated in, or peripheral to, notebook or
desktop computers). Proximity sensor devices are aiso ofien used in smaller computing
systems {such as touch screcns integrated in cellular phones and tablet computers). Such
touch sereen input devices are typically saperimposed upon or otherwise collocated with a

dispiay of the electronic device.
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SUMMARY

[0604] A processing system for a capacitive touch screen comprises sensor circuitry and
control logic. The sensor circuitry 1s configured to be communicatively coupled with sensor
electrodes of the capacitive touch screen. The control logic is configured (o operate the
capacitive touch screen in a first mode comprising interference sensing at a first level and
input object sensing. The controel logic 18 also configured to operate the capacitive touch
screen in a second mode instead of in the first mode in response to: interference measured in
the first mode moeeting an interference condition; and a determination that inputisina
sensing region of the capacitive touch screen. While operating in the first mode,

Fag
£
)

interference sensing 18 performed during a non-display update time. While operating in the
second mode, interference sensing with the capacitive touch screen is either not performed

or ¢lse is performed at a second level that is lower in fidelity than the first level
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BRIEF DESCRIPTION OF DRAWINGS

[0605] The drawings referred to in this Brief Description of Drawings should not be
understood as being drawn to scale unless specifically noted. The accompanying drawings,
which are incorporated in and form a part of the Bescription of Embodiments, ilhstrate
various cmibodiments and, together with the Description of Embodiments, serve o cxplain
principles discussed below, where hike designations denote like clements, and:

[0006] Figure | is a block diagram of an example input device, in accordance with

embodiments;

[0007] Figure 2A shows a portion of an example sensor clectrode patiern which may be
utitized in a sensor to generate all or part of the sensing region of an tnput device, such as a

touch screen, according to some embodiments;

[0008] Figure 2B shows an input device comprising a sensor electrode patiern which
includes a plurality of comraon electrodes, and which may be utilized i & sensor 1o generate
all or part of the sensing region of an input device, such as a touch screen, according to

some embodiments;

[0009] Figure 3 illustrates an example block diagram of a processing system that may be

oS

utilized with an input device, according to various embodiments;

[0010] Figures 4-6 show flow charts of an example methods of operating a capacitive input

device configured to sense in a sensing region, in accordance with varicus embodiments;

[0011] Figures 7A-7F show an exarople of an integrated touch screen, according to an

embodiment, where the capacitive frame rate is double that of the display update frame rate;

[0012] Figures 8A-8F show another example of an integrated touch screen, according to an
embodiment, where the capacitive frame rate is double that of the display update frame rate;

and

[0613] Figures 9A and 98 show a flow chart of an example method of operating a
capacitive mput device configured to sense in a sensing region, in accordance with various

embodiments.

98]
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DESCRIPTION OF EMBODIMENTS

[0014] The following Description of Embodiments is merely provided by way of example
and not of limitation. Furthermore, there is no intention to be bound by any expressed or
implhied theory presented in the preceding technical field, background, brief summary or the

following detailed description.

Overview of DJiscussion
[06G15] Herein, various embodiments are described that provide mput devices {such as touch
screens), processing systers, display devices, combined input devices/display devices
{integrated touch screens), and methods that facilitate iraproved usability. In varicus
embodiments described hevein, the input device may be a capacitive fnput device in the form
of a touch screen that is associated with a display device and may or may not be integrated
with the display device. Embodiments associated with capacitive touch sereen interference
detection and operation, are described herein, Utilizing techniques described herein,
efficiencies may be achieved by balancing noise detection and input detection operations of

a capacitive touch screen based on various factors.

[0016] Dxscussion begins with a description of an example input device with which or upon
which various emibodimnents described herein may be implemented. Some cxample sensor
electrode patterns are then deseribed, including a sensor electrode pattern which comprises 4
common electrode used for both input sensing operations and display opdate operations in
an integrated touch screen. This is followed by description of an example processing system
and some components thercof. The processing systern may be utilized with an input device,

such as a capacitive sensing touch sereen. Various frame rates for sensing and update are

described. Operation of the capacitive touch screen, processing system, and components

thereof are then further described in conjunction with description of various methods of

operating a capacitive touch screen configured to sense in 2 sensing region

Example Input Device
[0017] Turning now to the figures, Figure 1 is a block diagram of an exemplary input device
100, in accordance with embodiments. Input device 100 may be configured to provide input
to an electronic system (not shown). As used in this document, the term “electronic system”

{or “electronic deviee”) broadly refers to any system capable of electronically processing
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information. Some non-limoiting examples of electronic systers 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
exarple electronic systems inchude composite input devices, such as physical keyboards
that include input device 100 and separate joysticks or key switches. Further example
electronic systems mclude peripherals such as data mput devices (including remote controls
and mice}, and data output devices (including display screens and printers}. Other examples
inchide remote terminals, kiosks, and video game machings {¢.g., video game consoles,
portable gaming devices, and the bke). Other examples include communication devices
{(including celludar phounes, 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 cargeras). Additionally, the clectronic system could be a host or a slave to the

mnput device.

[0018] Input device 100 can be wmplemented as a physical part of the electronic system, or
can be physically separate from the electronic system. As appropriate, input device 100
may coramunicate with parts of the electronic system using any one or more of the
following: buses, networks, and other wired or wireless interconnections. Examples
mchide, but are not Hmited to: Inter-Integrated Circait (120}, Serial Peripheral Interface
{(SPD), Personal System 2 (PS/2), Universal Serial Bus (USB), Bluctooth ®, Radio
Frequency (RF}, and Tnfrared Data Association (IFDA).

[0619] In Figure 1, input device 100 18 shown as a proximity sensor device (also often
referred to as a “touchpad” or a “touch sensor device”) configured to sense mput provided
by one or more input objects 140 in a sensing region 120, Example mput objects include

fingers and styli, as shown in Figure 1.

[0620] Sensing region 120 encompasses any space above, around, in and/or near the nput
device 100 in which the input device 100 is able to detect user input (¢.g., user input
provided by ong or more input objects 140). The sizes, shapes, and locations of particular
sensing regions may vary widely from cobodiment to embodimnent. o some embodiments,
sensing region 120 extends from a surface of mput device 100 in one or more directions into
space until signal-to-noise ratios prevent sufficiently accurate sbject detection. The distance

to which this sensing region 120 extends in a particular direction, in varicus embodiments,
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may be on the order of less than a millimeter, mithmeters, centimeters, or more, and may
vary sigmificantly with the type of sensing technology used and the accuracy desired. Thus,
some embodiments sense fnput that comprises no contact with any surfaces of input device
100, contact with an input surface {c.g., a touch surface} of the input device 100, contact
with an input surface of fnput device 100 coupled with some amount of apphed force or
pressure, and/or a combination thereof. 1o various embodiments, input surfaces may be
provided by surfaces of casings within which the sensor electrodes reside, by face sheets
applied over the sensor electrodes or any casings, ete. In some embodiments, sensing region

120 has a rectangular shape when projecied onto an toput surface of input device 100,

[0021] Input device 100 may utilize any combination of sensor components and sensing
technologies to detect user input in the sensing region 120, Input device 100 comprises one
or more sensing elements for detecting vser mput. As a non-limiting example, input device

100 may use capacitive techniques.

[0022] Some implementations are configured to provide tmages that span one, two, three, or
higher dimensional spaces. Some implementations are configured (o provide projections of

input along particular axes or planes.

[0023] In some capacitive implementations of the input device 100, voltage or current is
applied to create an electrie field. Nearby input objects cause changes in the electric field,
and produce detectable changes in capacitive coupling that may be detected as changes in

voltage, curreni, or the like,

[0024] Some capacitive iropiementations utilize arrays or other regular or irregular pattemns
of capacitive seusing elements to create clectric ficlds. In some capacitive implementations,
separate sensing clements may be chmically shorted together o form larger sensor
clecirodes. Some capacitive implementations utilize resistive sheets, which may be

uniformly resistive.

[0625] Some capacitive traplementations utilize “self capacitance” (or “absolute
capacitance”) sensing methods based on changes in the capacitive coupling between sensor
electrodes and an input object. In various embodiments, an input object near the sensor

clectrodes alters the electric field vear the sensor electrodes, thus changing the measured

6
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capacitive coupling. In one iraplementation, an absoluie capacitance sensing method
operates by modulating sensor electrodes with respect to a reference voliage (e.g., system
ground), and by detecting the capacitive coupling between the sensor electrodes and input

obiects.

[0026] Some capacitive implementations utilize “mtual capacitance” {or
“franscapacitance”’} sensing methods based on changes in the capacitive coupling between
sensor electrodes. In varicus embodiments, an input object near the sensor electrodes alters
the electric ficld between the sensor electrodes, thus changing the measured capacitive
coupling. In one implementation, a transcapacitive sensing method operates by detecting
the capacitive coupling between one or more transmitter sensor electrodes (also “transmitter
electrodes™ or “transmitters”) and one or more receiver sensor electrodes {also “receiver
clecirodes™ or “receivers”). Collectively transmitiers and receivers may be referred to as
sensor clectrodes or sensor elements. Transmitter sensor electrodes may be modulated
relative to a reference voltage (e.g., system ground) to transmit transmitter signals. Receiver
sensor electrodes may be held substantially constant relative to the reference voltage to
facilitate receipt of resuiting signals. A resuliing signal may comprise effect(s}
corresponding to one or more transnuiter signals, and/or to one or more sources of
envirommental mterference (e.g., other electromagnetic signals). Sensor electrodes may be
dedicated transmitters or receivers, or may be configured to both transmit and receive. In
some embodiments, one or more receiver electrodes may be operated to receive a resulting
signal when no transmitier electrodes are transmitting (e.g., the transmitters are disabled).

In this manner, the resulting signal represents noise detected in the operating environment of

sensing region 120.

[0027] o Figure 1, a processing system 110 is shown as part of input deviee 106, The
processing systern 110 s configured to operate the hardware of nput device 100 to detect
mput in the sensing region 120. Processing system 110 comprises parts of or all of one or
morg integrated circuits (ICs) and/or other circuitry componenis, (For example, a
processing system for a mutual capacitance sensor device may comprise fransroifter circuitry

configured to transmit signals with transmitter sensor electrodes, and/or receiver circuiiry

processing sysiern 110 also coraprises electronically-readable mnstructions, such as furaware

code, sofiware code, and/or the like. In some embodiments, cormponents composing

~~1
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processing system 110 are located together, such as near sensing element(s) of input device
100. In other embodimnents, components of processing system 110 are physically separate
with one or more components close to sensing clement(s} of mput device 100, and onc or
more components elsewhere. For example, ioput device 100 may be a peripheral coupled to
a desktop computer, and processing systemn 110 may comprise software configured to run on
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, fnput
device 100 may be physically integrated in a phone, and processing systern 110 may
cormprise cireuits and fivmware that are part of a main processor of the phone. In some
embodiments, processing system 110 is dedicated to implementing input device 100, In
other embodiments, processing system 110 also performs other functions, such as operating

display screens, driving haptic actuators, ete.
5

[0028] Processing system 110 may be iroplemented as a set of modules that handle differcnt
functions of processing systemn 110. Each module may comprise circoitry that is a part of
processing system 118, firmware, software, or a combination thereof. In various
embodiments, different combinations of modules may be used. Exarple modules include
hardware operation modules for operating hardware such as sensor electrodes and display
screens, data processing modules for processing data such as sensor signals and positional
information, and reporting modules for reporting information. Further example modules
include sensor operation modules configured to operate sensing clement(s) to detect nput,
wdentification modules configuired o identity gestures such as mode changing gestures, and

mode changing modules for changing operation modes.

[0029] In some embodiments, processing system 110 responds to user input {or lack of user
inpul) in sensing region 120 directly by causing one or more actions. Example actions
melude changing operation modes, as well as GUI actions such as cursor movement,
selection, menu navigation, and other functions. In some embodiments, processing system
110 provides information about the input (or lack of input) to some part of the electronic
system {e.g., to a central processing system of the clectronic system that is separate from
processing sysiem 110, 10 such a separate central processing system exists). In some
embodiments, some part of the elecironic system processes information received from
processing sysiern 110 fo act on user foput, such as to facihitate a full range of actions,

meluding mode changing actions and GUT actions.

o]
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[0030] For example, in some embodiments, processing system 110 operates the sensing
element(s) of input device 100 to produce electrical signals indicative of input (or tack of
mput) in sensing region 120, Processing system 110 may perform any appropriate amount
of processing on the elecirical signals in producing the information provided to the
clectronic system. For example, processing system 110 may digitize analog clecirical
signals obtained from the sensor electrodes. As another example, processing systern 110
may perform filiering or other signal conditioning. As yet another example, processing
systern 110 may subtract or otherwise account for a baseline, such that the information
reflects a difference between the electrical signals and the bascline. As yet further
examples, processing system 110 may determoine positional nformation, recognize inputs as

commands, recognize handwriting, and the like.

[0031] “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 near/far or contact/no contact
information. Exemplary “one-dimensional” positional information includes positions along
an axis. Exemplary “two-dimensional” positional information includes metions in a plane.
Exerplary “three-dimensional” positional information ncludes instantancous or average
velocities in space. Further examples mclude other representations of spatial information.
Historical data regarding one or more types of positional information may also be
determined and/or stored, mehuding, for example, historical data that tracks position,

motion, or instantaneous velocity over time.

[0032] In some embodiments, mput device 100 is implemenied with additional mput
components that are operated by processing system 110 or by some other processing sysiem.
These additional input components may provide redundant functionality for input in sensing
region 120, or some other fimctionality. Figure 1 shows buttons 130 near sensing region
120 that can be used to facihitate selection of items using input device 100, Other types of
additional input components include sliders, balls, wheels, switches, and the hike.

Conversely, in some embodiments, input device 100 may be implemented with no other

nput components.

[0033] In some embodiments, input device 100 may be a touch screen, and sensing region

120 overlaps at least part of an active arca of a display screen 160, For example, the input
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device 100 may comprise substantially transparent sensor electrodes overlaying the display
screen 160 and provide a touch screen for the associated clectronic aystem. The display
screen 160 may be any type of dynamic display capable of displaying a visual interface to
user, and may include any type of light emitting diode (LED), organic LED (OLED),
cathode ray tube (CRTY, hiquid crystal display (LCD), plasmea, electroluminescence (EL), or
other display technology. The mput device 100 and the display screen 160 may share
physical elements. For example, some embodiments may utilize some of the same electrical
components for displaying and scusing. As another example, the display screen 160 may be
operated in part or in fotal by processing systern 110,

[00347 It should be understood that while many embodiments are described i the context of
a fully functioning apparatus, the mechanisms are capable of being distributed as a program
product {¢.g., software) in a varigty of forms. For example, the mechanisms that are
described may be imaplemented and distributed 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 readable by processing
system 1 10). Additionally, the embodiments apply equally regardless of the particular type
of medium used to carry out the distribution. Examples of non-transitory, electronically
readable media inchude various discs, memory sticks, memory cards, memory modules, and
the like. Electronically readable media may be based on flash, optical, magnetic,

holographic, or any other tangible storage technology.

Example Sensor Electrode Pattern
[0035] Figure 2A shows a portion of an example sensor electrode pattern 200A which may
be utilized in a sensor to generate all or part of the sensing region of a input device 100,
according to various embodirgents. foput device 100 is configured as a capacitive nput
device when utilized with a capacitive sensor electrode pattern. For purposes of clarity of
llustration and description, a non-limiting simple rectangular sensor electrode pattern 200A
is iflustrated. It is appreciated that numerous other sensor elecirode patierns may be
emploved. The ilhustrated sensor electrode pattern is made up of a phurality of receiver
electrodes 270 (270-0, 270-1, 270-2 ... 270-n) and a plurality of transroitter clectrodes 260
(260-0, 260-1, 260-2 ... 260-n} which overlay one another, in this example. In the iflustrated
example, touch sensing pixels are centered at locations where transrottter and receiver

—~

electrodes cross. Capacitive pixel 290 sthustrates one of the capacitive pixels generated by

10
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sensor clectrode pattern 200A. If is appreciated that in a crossing sensor elecirode pattern,
such as the iHlustrated example, some form of insulating material or subsirate 1s typically
disposed between transmitter electrodes 260 and receiver electrodes 270. However, in some
embodiments, transmitter electrodes 260 and receiver electrodes 270 may be disposed on the
saroe layer as one another through use of routing te Chmq res and/or jumpers. Furthermore, in
other embodiments a plurality of receiver electrodes 270 and/or a plarality of transmitter
electrodes 260 may be formed of various shapes, such as pronged or tined electrodes ,U-
shaped electrodes or electrode elements having unigue shapes {¢.g., H or I shaped electrode
clements). In various embodiments, touch sensing includes sensing input objects anywhere
m sensing region 120 and may comprise: no contact with any surfaces of the mput device
100, contact with an input surface {c.g., a touch surface} of the input device 100, contact
with an input surface of the mput device 100 coupled with some amount of applied force o

pressure, and/or a combination thereof.

[0036] Capacitive pixels, such as capacitive pixel 290, are arcas of localized capacitive
coupling between transmitter elecirodes 260 and receiver electrodes 276. The capacitive
coupling between transmitter electrodes 260 and receiver electrodes 270 changes with the
proximity and motion of input objects in the sensing region associated with transmitter

electrodes 260 and receiver electrodes 270

[0037] In some embodiments, sensor electrode patiern 200A is “scanned” to determine
these capacitive couplings. That is, the transmitter electrodes 260 are driven to transmit
transmitter signals. Transmitters may be operated such that ovne transmitier electrode
transmits at one time, or multiple transmitter electrodes transmit at the same time. Where
multiple transmitter ¢lectrodes fransmit simltaneously, these nultiple transmitier electrodes
may fransmoit the same transmitter signal and produce an effectively larger transmitter
electrode, or these multiple transmitter electrodes may transmit different transmitier signals.
For example, multiple transmitier electrodes may transmit different transmitter signals
ceording to onc or more coding schemes that enable thewr combined effects on the resulting

signals of receiver electrodes 270 o be independently determined.

[0038] The receiver electrodes 270 may be operated singly or nudtiply to acquire resulting
signals. The resulting signals may be used to determine measurements of the capacitive

&

couplings at the capacitive pixels.
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[0039] A set of measurements from the capacitive pixels form a “capacitive image” {also
‘capacitive frame”) representative of the capacitive couplings at the pixels. Multiple
capacitive images may be acquired over multiple time periods, 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 to track the

motion{s) of one or more input objects entering, exiting, and within the sensing region.

[0040] The baseline capacitance of a sensor device is the capacitive image associated with
no input object in the sensing region. The baseline capacitance changes with the
environment and operating conditions, and may be estimated fo various ways. For example,
some embodiments take “baseline images” when no mput object is determined to be in the

sensing region, and use those baseline images as estimates of their baseline capacitances.

[00411 Capacitive images can be adjusted for the baseline capacitance of the sensor device
for more efficient processing. Some embodiments accomplish this by “hasclining”
measurements of the capacitive couplings at the capacitive pixels to produce a “baselined

3]

capacitive image.” That is, some embodiments compare the measurements forming a
capacitance image with appropriate “bascline values” of a “bascline image” associated with

those pixels, and determaine changes from that baschine image.

[00421 As described herein, some embodiments are configured to measure environmental
mterference (e.g., ambient noise) during a time when no transmitter signals are being
transmitied. In this way, resulting signals reccived by the receiver clectrodes would not

contain any effects due to the transmitier signals.

[0643] Figure 2B shows an input device comprising a sensor electrode paticrn which
mchides a plurality of common clectrodes, and which may be utilized in a sensor to generate
all or part of the sensing region of an input device, such as a touch screen, according 1o
some embodiments. Figure 2B shows input device 1008 with a sensor electrode pattern
2008 {comprismg cormmon clecirodes 260 and receiver electrodes 270}, and a processing

system 110 Gllustrated in two portions, 110-1 and 110-2).

[0044] In Figure 2B, processing system portion [10-1 is coupled with receiver electrodes
270 and configured to receive resulting signals from recciver electrodes 276, Processing

systern portion 110-2 is coupled with comumon clectrodes 260, and comprises display

12
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circuitry (not shown) configured for displaying images on a combination display
screen/touch screen 160/100 which may be referred to herein as an “integrated touch
screen.” The display circuitry is configured to apply one or more pixel voltage(s) to the
display pixel electrodes through pixel source drivers (not shown). The display circuitry is
also configured to apply one or more convmon drive voliage(s) to the common electrodes
260, and operate them as V-com electrodes of the display screen portion of the integrated
touch sereen. {In some embodiments (e.g., line inversion embodiments), the display
circuitry is also configured to invert the common drive voltage in synchronization with a
drive cycle of the image display upon the display screen portion.) The processing systerg
portion 110-2 i8 also configured to operate coromon clectrodes 260 as transmitler clectrodes

for capacilive sensing on the touch screen portion of integrated touch screen.

[0045] In the embodiment of Figure 28, the processing system for the device {e.g., an
example of the processing system 110 of Figure 1}, comaprises two separate portions 110-1
and 110-2. In other embodiments, the processing system may be implemented as more or
fewer portions. For example, the functions of the processing system portion 116-1 and the
processing system portion 110-2 may be implernented as one integrated circuitry.
Synchronization between separate processing system portions 110-1, 110-2, ete,, may be
achieved by communicating between portions with synchronization mechanism 291, For
example, synchronization mechanism 291 may synchronize display updating and capacitive
sensing by providing a synchronized clock, information about display update state,
miormation about the capacitive sensing state, direction to display circuitry to update (or not

te update), direction to capacitive sensing circuitry to sense (or not to sense), and/or the hke.

[0046] In various embodiments, the common clectrodes transmit signals for display
updating and capacitive sensing in the same time period, or in different tirae periods. For
example, the common electrodes may transmit signals for display updating during a display-
update time of a row update cycle, and transmit signals for capacitive sensing doring a non-
display time of the row update cycle (e.g., sometimes called “horizontal blanking time™).

As another example, the common electrodes may transnut signals for display updating
during row update cycles with actual display row updates, and transmit signals for
capacitive sensing during extra “row update cycles” without actual display row updates
{e.g., the non-display times between updating sections of frames or entire frames, sometimes

called “vertical blanking time”). As a further example, the coromon clecirodes may transmoit
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signals simultancously for display updating and capacitive sensing, but separate them
spatially. As yet another exarople, the common electrodes may use the same transmission

for both display updating and capacitive sensing.

[0047] In some touch screen embodiments, other components are shared in addition {or in
place of) common clecirodes. For example, one processing system may be used to perform
poth capacitive sensing and display updating functions.

[0048] Some embodiments are configured to measure environmental interference {e.g.,
ambient noise} during a time when no transmiiter signals are being transmitted. In this way,
resulting signals received by the receiver electrodes would not contain any effects due to the

transmitier signals.

[0649] Some touch screen embodiments also synchronize environmental mterference
detection with display screen operation, such that interference caused by display sereen
operation 1s aveided in part or in whole, is anticipated and accommodated 1 some other

manuner {e.g., operating at an unlike freguency or phase, filtering, etc.), and/or the like.
Lo - 3 é? 3

[0050] Some touch screen embodiments with synchronized capacitive sensing and display
updating are configured to detect covironmental tderference without changing the
synchronization between display updating and capacitive sensing or disturbing the display
updating sequence. For example, some embodiments with common elecirodes are
configured to detect environmential interference by not driving the common electrodes to
update the display or to transrait fransrottter signals for capacifive sensing during a non-
display time {¢.g., horizontal blanking time, vertical blanking time). These embodiments

g., vertical blanking

P

may or may not sense input objects during another non-display time (e
time or ancther past of the horizontal blanking time if the embodiment senses interference
during the horizoutal blanking time, horizontal blanking tie or another part of the vertical

blanking time if the embodiment senses interference during the vertical blanking time).

[0051] As another example, some embodiments are configured to detect environmental
mterference and not sense input objects doring for one or more parts of a capacitive frame
period, or even for an entire capacitive frame period, while display updating proceeds as
usual. Here, “capacitive frarae period” is used 1o tndicate the time period allotted for

capacitive sensing, which usually corresponds with when a capacitive image is acquired (or
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would have been acquired if not measuring interference}. The embodiments which detect
mierference for part of a capacitive frame period may or may not perform any input objec
detecting during ancther part of that same capacitive frame period. Where input object
detection is performed, 1 may be to the same or a lower resohition than that of a frame
without toterference detection. For example, some such embodimnenis may be configured to
detect presence/no presence of input objects in the sensing region, or to detect positional

information to a coarser resolution.

[0052] Some touch screen emnbodiments with synchronized capacitive sensing and display
updating are configured to detect envirenmental interference in a way that does change the
display updating sequence. For example, some embodiments are configured to pause
display updating while sensing interference. After interference has been sensed, display

updating restarts.

[0053] As vet another example, some embodiments detect interference by pausing the
capacitive scanning associated with input object detection while contimung to update the
display. This approach maay change the synchronization of the capacitive sensing and the
display updating. To accommodate these changes, these embodiments may be configured to
track the relationship between the capacitive scanning associated with input object detection
and the display updating, map portions of different frame types to portions of the capacitive
measurements, and adjust the capacitive measurerents appropriately. (“Frame type” is

discussed further below in conjunction with Figures 7TA-7F and 8A-8F .}

[0054] Some touch screens and/or input devices in accordance with various embodiments
operate according to a method comprising: operating in an interference sensing state and
scparately operating in an input object sensing sate. While sensing interference in the
interierence sensing state, the touch screen/input device may not transmit transroifter
signals. While sensing mput objects in the input object sensing state, the touch screen/input

device does transmit transmitter signals.

[0055] The mterference sensing state and the input object sensing state yoay each have any
appropriate duration. For example, a touch screen/input device may be in the interference
sensing state (or the input object sensing state} for a portion of a capacitive frame, or tagt for
many capacitive frames, before switching out of that state. As another example, a touch

screen/input device may be in the interference sensing state (or the input object sensing
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state) until one or more criteria are met. Example criteria include interference level

detected, the presence {or lack of presence) of input objects, the type of input detected, ete.

[0036] Some touch screens/input devices in accordance with various embodiments operate
according to a roethod that further comprises: operating m an interference avoidance state,
wherein one or more interference avoidance actions is taken. The interference avoidance
statc may similarly last any appropriate duration. For cxample, some touch screens/input
devices may operate with inferference avoidance states that ocour between capacitive
frarnes, for one ot more portions of one or more capacitive frames, or for one or more entire

capacitive frames.

Example Processing System

[0057] Figure 3 illustrates a block diagram of some components of an exarople processing
systern 110A that moay be utilized with an mput device {¢.g., in place of processing system
110 as part of input device 100), according to various ernbodiments. Processing systern
HOA may be implemented with one or more Application Specific Integrated Circuits
(ASICSs), one or more Integrated Circuits (1Cs}, one ot more controllers, or some

combination thercot. Tuo one embodiment, processing system 1104 is commumicatively
coupled with one or more transmitter electrode(s) and receiver electrode(s) that implement a
sensing region 120 of an input device 100, In some embodiments, processing system F10A
and the mput device 100, of which it is a part, may be disposed in or communicatively

coupled with an electronic device 150, such as a display device, computer, or other

electronic device.

[0058] In onc embodiment, of input device 100, processing system 1 OA includes, among
other components: sensor cireuifry 310, control togic 320, and display circuitry 330,
Processing system 1104A and/or components thereof roay be coupled with sensor electrodes
of a sensor electrode pattern, such as sensor electrode patiern 200 (Z00A, 200B). For
example, sensor circuitry 310 is coupled with one or more sensor elecirodes of a sensor

clecirode pattern (¢.g., sensor elecirode patiern 2004, 2008, or the hike) .

[0059] Sensor circuitry 310 operates to interact with recetver and transmitier sensor
electrodes of a sensor patiern that is utihzed to generate a sensing region 120, This inchudes
operating transmitter electrodes to be “silent” {e.g., not transmitting a received transmitic

signal) or fransmit a transmuitter signal. This also includes utilizing receiver sensor
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clecirodes to receive resulting signals and other signals which may be interference. Sensor
circuitry 310 may also deterraine from received resulting signal(s) that an input has occurred
m sensing region 120, as well as determining a location of the input with respect to sensing
region 120. Sensor circuitry 310 may further determine that interference is ocourring and/or
determine the nature of the interference. As depicted in Figure 3, sensor circuitry 310 may
nchide one or more of transmitter circnitry 311, recetver cirenitry 312, computation

circuitry 313, and interference measurement circuitry 314

[0060] Transmitter circuitry 311 operates to transmit received transmitier signals on one or
more transmitter electrodes 260, Ina given time interval, transmutter circuitry 311 may
transiit oF not transmit a ransoutter signal (wavetorm) on one or more of a plurality of
transnutter electrodes 260, Transmitter circuitry 311 may also be utilized to couple one or
more transmifter electrodes 260 {and respective transmitter path(s)) of a plurality of
transmitier electrodes 260 1o high impedance, ground, or to a constant voltage when not
transmitting a waveform on such transmitter electrodes. The transmitter signal may be a
sguare wave, trapezoidal wave, or some other waveform. Transmitter circuitry 311 may
code a transmitier signal, such as 1o a code division moultiplexing scheme. The code may be
altered, such as lengthening or shortening the code, under divection of control logic 320.
Lengthenming the code is one technique for avoiding imterference. The waveforms of the
transmitier signal may be of different frequency, phase, or amplitude. Code divisions may

be temporally or spatially divided.

[0061] Receiver circuttry 312 operates 1o receive resulting signals, via receiver electrodes.
The received resulling signals correspond to and inchuide some version of the transmitter
signai(s) transmitted via the transmitier clectrodes. These transmitted transmitter signals
however, may be altered or changed o the resulting signal due to stray capacitance, noise,
mierference, and/or circuit imperfections among other factors, and thus may differ shightly
or greatly from their transmitted versions. To avoid inlerference, recetver circuitry 312 may
be equipped to implement one or more filtering operations, which may include utilizing
cither or both of linear and nov-linear filtering technigues. The filters may be analog or
digital. Some non-limiting examples of filters include: low pass filters/demodalators, finite
impulse response (FIR) filters, and infinite impulse response (IR filters. As will be further
described herein, filtering operations may be implemented, not implemented, and/or

modified under direction of control logic 320, Resulling signals may be received onone or
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a plurality of receiver electrodes during a time interval. Receiver circuitry 312 includes a
plurality of amplificrs, typically one per receiver electrode. Such amplifiers may be referred
te herein as amplifiers, front-end amphifiers, mtegrating amplifiers, or the bike, and receive a
reference voltage at a first input and a resulting signal at 2 second input. The resulting

signal is from a recetver electrode of a capacitive sensor device.

[0062] Computation circutiry 313 operates to compute/determine a measurement of a
change in a capacitive coupling between a transmitier electrode and a receiver electrode.
Computation circuitry then uses this measurement to determine the position of an input
object (i any) with respect to sensing region 120. Computation circuitry 313 can provide an
indication of the quality of a resulting signal. For example looking at the reported position
of an input object to determine i it is representative of an intended user action; thus a
reported position which appears to “jitter” or otherwise replicate an unrealistic user input
can be an indication of interference in a resulting signal received and interference avoidance
actions can be implemented. Computation circuitry 313 can further produce a confidence

indication as to the quality of demodulated signal.

[0063] Interference measurement circuitry 314 operates {o measure when and {o what extent
interierence is occurring. This can comprise actively sensing for and measuring mterference
using receiver sensor electrodes or sensing the effects of interference. Such sensing may be
accomplished with one, some, or a combination of all receiver sensor electrodes, Active
sensing for and measuring of interference can occur when one or roore fransmitter electrodes
are transmitting or can occur when fransmitter electrodes are not transmitting (this can
mchide simply not transmitting or additionally being coupled to a high impedance).
Tvpically, such active sensing for and measuring interference takes up time that might
otherwise be used for sensing for an actual input from an input object. Bffects which
mdicate mterference is ocowrrmng include difficulty or impossibility of reeciver cireunitry 312
sensing a resulting signal when transmitter electrodes are transmitling (e.g., clipping), and
receiver circuitry 312 experiencing corruption of a received resulting signal {e.g.,
interference typical of a2 known noise source, or  calculated position/motion atypical of user
input such as an input object appearing to jump back and forth quickly in the sensing
region). Whiic the transmitter electrodes may be “oft” or “silent” with respect to
transmitiing signals for capacitive sensing, they may transmit other signals not used for

capacitive sensing. For example, the transmitter electrodes may transmit signals that cannot
g ) 3
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be picked up by the receiver electrodes, such signals arg those that are of band with the
frequency band tracked by the receiver ¢lectrode, on a substantially orthogonal code, or
below a threshold that is sensed. In other examples, the transmitter electrodes may be
utitized to transmit shield or ground signals or may be transmitting RFID or other
commumnications signals that bave nothing to do with capacitive sensing signals that can be
recetved with the receiver electrodes. Certain aspects of signals received by receiver
electrodes can be analyzed to determine if there 1s an interferer present when a transmitter is
active. For example, one or a combination of the power, peak amplitade, or spectrum of a
received signal (inresponse (o transmitting a transmiiter signal) can be analyzed. By
analyzing these or other aspects, the presence of interference can be determined and it can
be determined if the interference is within or outside of an acceptable bound for capacitive
input sensing. o some emboediments, wheu fnterference is measured during periods when
the transmitter electrodes are not being driven by a transmitler signal (for capacitive sensing
purposes), interference can be measured and analyzed directly from the receiver signal
which would otherwise be guiet 1n the absence of interference. Many of the types of effects
of interference can be measured passively. Toterference measurement circuitry 314 may
communicate information about interference determinations to control logic 320 and, under
direction of control logic 320, may also alter one or more aspects of how measuring
interference and resulting signals takes place. Alternately, near or non-linear filters based
on interference models or a user input usage model may be apphied to the capacitance
fmage, the position reporting, or intermediate representations based on one or more

measurements of interference.

(00641 Control logic 320 comprises decision making logic which directs processing system
110A and sensor circuitry 310 to operaie in a selected one of a phirality of differen
operating modes based on various inpuls. Some non-limiting examples of such inpuls
inchide onc or more measurement(s} of interference and/or indication of an input being
sensed or not sensed o sensing region 120 of mput device 100. Countrol logic may be
mplemented as hardware (e.g., hardware logic and/or other circuitry) and/or as a
combination of hardware and instructions stored in a non-transitory manner in a compuier

readable storage mednim,

[0065] Display circuitry 330, when included, displays images on a combination display

screen/touch screen {e.g., 160/100 of Figures 1, 24, and 2B) that may be referred to herein
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as an integrated touch screen, Display circuitry 330 applies one or more pixel voliage(s) or
current(s} to the display pixel electrodes through pixel source drivers (not shown). Display
circuitry 330 applies one or more common drive voltage(s) to the common electrodes {e.g.,
common electrodes 260}, and operates them as V-com electrodes of the display screen
portion of the integrated touch screen. (In some erbodiments (e.g., line inversion
embodiments), display circuitry 330 inverts the common drive voltage i synchronization
with a drive cycle of the image display (e.g., 160} apon the display screen of an integraled

touch screen.

[Jscussion of Capacitive Input Device Interference Sources
[0066] Typically a capacitive mput device, such as a touch screen, sulfers from two distinet
types of interference: noise inlerference that is present without a finger (or other object}
touching or otherwise in proximity to the capacitive input device in the input region and
noise mnterference that is only present when a finger (or other object) is touching ot

otherwise in proximity to the input device in the input region.

[0067] The first case is associated with noise inter{erence from electronic devices in
proxtmity to the capacitive input device. For instance, back-coupled noise from an LCD
underncath a sensor electrode pattern or disposed in conjunction with a sensor clectrode
pattern is a comyon source of noise mterference. Such interference sources are oflen

stationary i the sense that their frequency components are fairly constant over time.

[0068] The second case can arise when noise interference in the environment of the input
device is coupled into the sensor from an jnput object. This is often referred to as “input
object coupled mterference.” The second case can also happen when interference from a
power supply charger causes the potential of a sensor electrode patiern (or one or more
sensors thereof} to vary with respect to carth ground and an input object which is coupled to
carth ground touches the input device. In either case, the conventional strategy s to try o

quickly detect input object coupled interference and respond appropriately.

[0069] There are conventionally two classes of firmware algorithms which have been
proposed to detect input object coupled interference. In one approach, a lincar or nonlinear
filtering operation is performed on the capacitance measurcroenis that are received from

recetver electrodes. The filtering 1s intended to separate a desired input object signal
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component from the undesired interference component. This approach has several
shortcomings with regard to quick and accurate hypothesis testing (i.e., deternining whether
the signal represents an input object or mterference in a timely manner). In a second
approach, a dedicated portion of cach frame of scanning a sensor electrode patiern of the
input device is spent measuring noise with the transmitters turned off. When the

transmitiers are tumed off, the input object signal s absent and the interference component
is much more easily detected. Although this second approach leads to accurate interference
detection, it uses up time which could otherwise be used for input object detection and thus
either reduces the frame rate with which sensor electrode pattern is scanned or else reduces
the SNR. Thas can be particularly unfortunate i the case of large sensors electrode patterns
which have slow sensor settling times and many transmitters electrodes to scan through
when fransroiiting a sigoal. Such large sensor electrode patierns therefore cannot easily
afford the exira tiroe required for dedicated noise scanning during a large portion of the

scemnm s frame.

[0070] The approach for operating a capacitive input device that is taken herein relics upon
two observations: 1) mput object coupled interference is only present when an input object
is present and somehow interacting with the input device; and 2) if there is input object
coupled interference, 1t is present during the entire time the input object is touching the

capacitive input device in the sensing region.

[00711 In particular, observation number two suggests that if there is an interferer it will be

1

aresent when the nput object first touches the mput device i the sensing region. The
r

converse 18 also trae: i the mterference is not present when the put object first touches the
input device in the sensing region, typically it will not spontancously appear during the time

the input object remains in contact within the sensing region of the mput device.

[00721 Because of these observations described herein, it is therefore sufficient o check for
input object coupled noise only up until the time an input object is detected. Once the nput
obiect is detected, if an interference condition is met (for cxample an interference threshold
not being excecded or interference heuristic(s) not occurring, thus mdicating that
mierference 1s not considered to be too high), it 1s no longer necessary to spend significant
time detecting mput object coupled interference so long as the input object 1s in continued

contact with the input device in the sensing region.
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Example Methods of Operation to Detect Interference, Avoid Interference, and Sense
[0073] Figure 4 shows a flow chart 400 for an example method of operating a capacitive
mput device that is configured to sense in a sensing region, according to various
embodiments. in the method llustrated by flow chart 400, noise detection will not suffer
from false positives induced from nput object signals, nor will the frame rate or signal to

noise ration suffer from dedicating a portion of normal frame processing to noise

Processing.

[0074] In procedure 410, the transmitiers are not transmitting transmitter signals, and
interference is sensed. For example, control logic 320 may jostruct transmitter cireuitry 311
not to transmit on fransmitters (e.g., transmitier electrodes 260) of capacitive input device
100. While the transmitters are not ransmitting, the receivers of capacitive input device 100
can be used to sense any nterference that is present. In an embodiment where the
transmitier electrodes 260 are common electrodes utilized in both a touch screen and a
display device, the interforence 1s sensed during a non-display update time so that that no
transmissions, for either sensing or display updating, will be taking place with the common

electrodes.

[0075] In procedure 420, the interference measurement circuitry 314 measures interference
and based on these measurements control Togic 320 determines if the interference is within
appropriale parameters or ouiside of appropriate parameters (e.g., is there too muach
interference for effective input object sensing). For example, control logic 320 deterroines if
an interference condition ndicative of the interference being within acceptable bounds has
been met. This deternunation can be made in various manners, such as by comparison with
one or more interference thresholds, analysis of various heuristics and or analysis of
spectrums or histograms associated with the interference, and/or other technique(s). fthe
mierference condition is not met, then interference is deemed outside of bounds for
ceeptable conduct of input sensing. In procedure 420, the determination by conirol logic
320 as to whether or not an mmterference condition has been met additionally or aliernatively
may involve one or more of detecting the power associated with the interference using 2
power detector (such as a square-law detector), iltering the interference signal (such as with

oo

a sumn of absolute differences), or other interference delermining techniques
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[0076] If the interference condition has not been met (for example if interference is deemed
to be above a pre-established parameter, then control logic 320 fnstructs sensor cireunitry 310
te perform one or more interference avoidance actions in procedure 430 and the system
returng to procedure 410 after the interference avoidance action(s) have been performed.
Some non-hmiting exanples of corrective actions that may be taken in procedure 430
mchuide changing a sensing frequency, changing an order of filters applied, changing the
frequency response{s) of the filter(s) used, lowering the report frame rate, changing a code
or a code length of a transmitter signal, cic. In some embodiments, the system proceeds to
sense input objects 1 procedure 440 after performing interference avoidance actions in

procedure 430,

[00771 If the interference condition 1s met, and thus the interference is not considered to be
too high, then control logic 320 instructs transmitter circuitry 311 {o fransmit fransmitter
signals and the capacitive input device 100 scans for input(s) in sensing region in procedure

440.

[0078] Computation circuilry 313 determines if an input from an fnput object has been
detected in procedure 450. This determination can be accomplished in any appropriate way.
For exaraple, processing sysiem 110A may use only the sigoals just acquired 1o procedure
440, use the signals just acquired in procedure 440 along with signals acquired in earfier
performances of procedure 440, use signals 400 along with signals acquired earlier
performances of procedure 410, efc. As another exaraple, the computation circuitry 313 of
processing sysiem 1 10A may use some or all of the signals acquired in any performance of
procedure 440, If one or more inputs are detected, then the processing system 110A loops
back to procedure 440. In one embodiment, when no tnpui(s) are detected, then processing
systermn 110A returns from procedure 450 to procedure 410, This is illustrated in flow chart
400 by the return loop between procedure 450 and procedure 410 that occurs in response 1o

an mput obicct not being detected.

[0079] Many variations of the procedures iftustrated in flow chart 400 are possible. Various
embodiments may have additional procedures, fower procedures, or other procedures those
shown by flow chart 400, Embodiments may also have ditferent ordering of the procedures.
For example, some embodiments may be configured to sense input from input objects

before finishing a determination of whether the interference condition is within an
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acceptable bound. In such a case, the scanning for input objects may occur in paralict with
processing for evaluating the amount of interference, and procedures such as talking an
mterference avoidance action may be linked differently with other procedures. In some
embodiments, interference sensing may be interleaved with sensing cycies. In some
embodiments, some interfercnce sensing may be performed during procedure 440, however
such sensing 1s accomplished at a lower fidelity that the imterference sensing which 1s
accomplished in procedure 410. For example, after sensing for input objects in procedure
440, some lower fidelity interference sensing may be accomplished and then procedure 440
repeated without moving on to procedure 450, Some interference avoidance actions {¢.g.,
applying filering) may be accomplished i mterforence i3 detected with the lower fidelity
interference sensing. In another example, some embodiment may be configured fo perform
interference avoidance actions 430 while an input object 1s detected during mput object
detection 440, Some embodiments roay be configured (o sense interference during a non-

display update time 410 while an input object is detected during input object detection 440.

[0080] Figure 5 shows a flow chart SO0 for an example method of operating a capacitive
input device that is configured to sense in a sensing region, according to various
embodiments. Flow chart 300 illustrates a variation on the method illustrated in flow chart
400. For example, flow chart 500 illostrates detection of an input object (in procedure S50}
based on the last N frames. Procedures 410-440 of flow chart 500 are analogous to

procedures 410-440 of flow chart 400, while procedure 550 is a variation of procedure 450

[0081] Procedure 550 varies from procedure 450 by being configured to determine if an
fnput associated with an input object was sensed in sensing region 120 for the last frame
acquired, for a selected number of frames acquired, for the last N frames acquired, within a
certain time period, ete. o one crabodiment, when no foput(s) are detected in the last N
fraroes, then processing system 1 10A returns from procedure 550 to procedure 410, Thisis
lustrated in flow chart 500 by the retum loop between procedure 550 and procedure 410
that cccurs in response to an input object not being detected in the last & frames. In one
embodiment, control logic 320 makes the deterroination. Where the determination is based
on a shorter ime period/fewer and more recent frames, transition from procedure 550 1o
procedure 410 is generally more imunediate and very similar to the change between
procedures 450 and 410 of flow chart 400. Where the determination is based on history

{e.g., a longer time period; select frames from a time period priot to the current time; or
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imchiding or not inchuding the most recent sample, such as the last & frames where N> 13,
processing systern 110A generally changes from procedure 350 1o procedure 410 more
slowly than the change from procedure 450 to procedure 416, The change is slower because
processing system 110A generally does not imuediately start sensing interference in
respounse to a deterraination of no joput objects n the sensing region 120. Both approaches
have advantages. For example, processing systeros 100A with mput object detection
periods in procedure 550 that are based on history may be more efficient in sensing and
processing some gestures involving multiple sequential taps by input objects, as noise
detection does not immediately begin afier an input object is lifted. For example, fast finger

taps are processed more efficiently afier the fivst tap is detected iTN > 1.

[0082] As another example of variation, some embodiments are configured to sense
interference even if input objeci{s} are detected i the sensing region, at a siower raic than if
no nput objeci(s}) are detected in the sensing region. For example, some embodiments are
configured to sense interference every M frames when tnput object(s) are detected in the
sensing region. As a further example, some embodiments are configured to sense
interference in response o a determination that the input object data acquired meets or does
not meet some criteria or additional interference condition {e.g., received resulting signals
appear corrupted because of a hearistic meodel, such as a calculated input object position
being outside of an cxpected usage model , or sensor circuitry detecting non-linearity
conditions with the receiver(s)). Heuristic maodels may be based on either the total image or
the portion of the image near where an input objeet is sensed. As yet another example of
variation, varicus embodiments may sense interference if the input{s) detected in the sensing
region are determined to have changed (e.g., input{s} not in contact with the nput surface,
hovering above the input surface, and/or added and/or removed from the sensing region).
[0083] 1t should be appreciated that there is a choice {or how to mmplement the timing of the
sensing of procedures 410 and 440. One option 18 to choose timing so that procedure 440
has the desired frame rate when an input object is present but additional time 1s allowed for
noise detection when no input object is present. In this case there will be a shight increase in

latency in detecting an input object. For instance, if the input object processing frame rate is
100Hz and an additional 25% of time is spent on noisg detection, then the mput object
detection latency can increase by 2.5mS8. However, once an iput object is detected, the

fraroe rate reaches its full rate. In the second case a lesser amount of ime is spent m
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procedure 440 when no input object is present such that the frame rate is the same whether
or not noise detection is active. In this case there might be a slight decrease in position
accuracy for the initial input object position and some complications can be incurred
because the filter settling will be different o the sensing carried out in procedures 410 and

4406.

[0084] Figure 6 shows a flow chart 600 for an example method of operating a capacitive
mput device that is configured to sense in a sensing region, according to various
embodiments. Flow chart 600 llustrates some example variations and adaptations on the
method llustrated in flow chart 500, In flow chart 600, procedures 410-440 and 550 are
analogous to procedures 410-440 and 550 of flow chart 500, In flow chart 600, in response
to no fnput being detected in the sensing region during the last & frames {where N may equal
1}, controd logic 320 checks in procedure 660 if # frames have passed since input objects
have moved or have been removed (where £ s greater or equal to V). I input has been
detected in the last P frames, then control logic 320 returns processing system 110A o
procedure 410 and directs processing system 110A to sense interference. I no input has
heen detected in the last £ frames, then control logic 320 causes processing system 110A
and mput device 100 to enter a low power state m procedure 670 {e.g., a sleep mode where
power utilized by capacitive input device 100 1s lower than in normal operation of
capacitive input device 100}, In this low power state, processing system 1 10A may be
configured by control logic 320 to periodically sense for input in sensing region 120 using
any appropriate method. In response to sensing such mmput, control logic 320 may divect
processing system 110A to procedure 410. Where P equals N, procedures 550 and 660 may
collapse into the same procedure. A longer time {e.g., multiple or narrower bandwidih)
measurement{s) of an input signal {or interference)} can froprove the fidelity or confidence in

that measurement.

[0085] Some embodiments are configured to acquire full capacitive frames at the same
fidelity regardless of whether or not input from one or more input objects is determined to
be in sensing region 120. This may be done by conirol logic 320 directing sensor circuitry
310 1o vary the frame rate. For example, if input associated with one or more input objects
is detected in sensing region 120 in a previous frame {or recent history), conirol logic 320
directs sensor circuitry 310 fo spend less or no time on sensing interference (this is in

accordance with the two observations described above); thus, input device 100 senses for
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inputs associated with input objects at a higher capacitive frame rate. In contrast, if no input
objects are determined to be in in the sensing region in a previous {rame {or recent history),
control logic 320 directs sensor circuitry 310 to spend more time on sensing mterference,
and thus input device 100 senses for input objects at a lower capacitive frame rate or in less
time at a lower fidelity. Herein, the term “frame rafe” refers to the capacitive frame rate and
represents how often new object detection reports (report rate} are provided by processing
systern 110A. Part of a {rame time may be dedicated to touch sensing and part of a frame
time may be dedicated to noise or interference detection. The confidence in the nput
conditions {(¢.g., low/no interference) may allow measurements of resulting signals and
mierference to be traded off to Improve performance based on the caleulated current
interference conditions being experienced. That is, less or ne interference can be
accomplished or the fidelity of interference sensing can be decreased; this results in the
fidehty of input object sensing bemg comrespondingly imcreased. In some embodiments,
control logic 320 directs sensor circuitry 310 to sense at the same capacitive frame rate
regardicss of if input objects are determined to be in the sensing region. This may be
accoroplished in various ways., For example, in some embodiraents sensor cireuitry 310 is
directed to acquire full capacitive frames {e.g., at full fidelity) if inpui(s} associated with one
or more input objects is determined to be in sensing region 120, and to acquive less than full
capacitive frames {(e.g., at less than full fidelity and with a reduced scan time ) #f no input
associated with an input object 1s determined to be in sensing region 120. As another
example, in some embodiments control logic 320 may direct sensor circuitry 310 to spend
more time per scan {at the same frame rate) if input(s} associated with one or more mput
objects is determoined to be in sensing region 120, and spend less time per scan if no input
associated with an input object i1s determined to be m sensing region 120. However, 1t
should be noted that by reducing the scan time, control logic 320 may increase error {e.g.,
reduce the amount of time for setthng, number of measurements, and/or the bandwidth
selected). The potential for increased ervor due fo decreased settling tiroe is somewhat
unigue to the sensor electrode pattern being utilized, and thus needs to be factored in to any
reduction in scan time for a particular sensor electrode paitern. Reduced fidelity may
correspond to less spatial resohution, lower frequency selectivity, lower dynamic range,
fewer measurements, reduced confidence, or the like.
[0086] In some embodiments, conirol logic 320 1s configured to divect sensor circuitry 310

to change both the capacitive {frame rate and the sensing fidehity in response to inpat
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associated with an input object being detected in sensing region 120, Metrics such as
frequency, dynamic range, and resolution can be utihized to measure 4 level of sensing

s 2

fidelity employed.

Discussion of Frame Rates
[0087] In various touch screen embodiments, the “capacitive frame rate” (the rate at which
successive capacitive images are acquired) may be the same or be different from that of the
“display frame rate” (the rate at which the display image is updated, including refreshing the
screen to redisplay the same image). In some enbodiments where the two rates differ,
successive capacitive irnages are acquired at different display updating states, and the
different display updating states may aflect the capacitive iages that are acquired. That is,
display updating affects, m particular, the baseline capacitive image. Thus, i a first
capacitive image is acquired when the display updating is at a first state, and a second
capacitive image 1s acquired when the display updating is at a second state, the first and
second capacitive tmages may differ due to differences in the bascline capacitive image
associasted with the display updating states, and not due to user input changes in the sensing
region. This is more likely where the capacitive sensing and display updating clectrodes are

in close proxamity to cach other, or when they are shared (e.g., common clecirodes).

[008R] For convenience of explanation, a capacitive tmage that is taken during a particular
display updating staic is considered to be of a particular frame type. That is, a particular
frame type s associated with a mapping of a particular capacitive sensing sequence (e.g., a
transmitier frame scan) with a particular display sequence {c.g., half of display lines
updated). Thus, a first capacitive image taken during a first display updating state (e.g.,
quickly scanning all the transmitter elecirodes and updating the top half of the display lines}
is considered to be of a first frame type, a second capacitive image taken during a second
display updating staie {¢.g., quickly scanning all the transmitter electrodes and updating the
bottom half of the display hines) is considered to be of a second frame type, a thid
capacitive image taken during a first display updating state (e.g., slowly scanning the top
half of the transmitter electrodes and updating the top half of the display lines) is
considered 1o be of a third frame type, and so on. Where the relationship of display update
state and capacitive froage acquisition is periodic, capacitive images acquired eycle through

the frame types and then repeat.
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[0089] Although the discussion here focuses on embodiments with common elecirodes, it
also applies to embodiments without common electrodes, if the display operation
sufficiently affects capacitive sensing. Also, the following discussion regularly refers to
exarnples with a 2:1 capacitive frame rate to display frame rate ratio and two frame types
(and thus two bascline images). This is done for case of explanation. Various embodiments
may have various ratios. For example, some embodiments have a three capacitive sensmg
frame to one display frame ratio and three frame types. As another example, some
embodiments have a five capacitive sensing frame to three display frame ratio and fifteen

frarge types.

[0690] Figures TA-TF show an example of such an mtegrated touch screen embodimgent,

where the capacitive frame rate is double that of the display update frame rate.

[0091] Tn this example, cach of the Figures 7A-7F represents the operation during one row
update cycle, and the set of Figures 7TA-7F spans the time needed to update a display frame.
The light gray, dashed horizontal lines in the display screens 710 represent common
clecirodes (e.g., V-com clectrodes) that are being used for both display updating and
capacitive sensing; these common electrodes are may be implemented in the same fashion
as, and interchangeable with, transmuitter electrodes 260 in Figures 2A and 2B. The bold
black horizontal lines 720 (720a - 7201} represent the commen electrodes that are used
during that row update cycle to update the associated row, and the gray rectangles 760 (760a

- To6lc) represent the pluralities of common electrodes that are used during those row update

7

cycles to transmit transmitter signals for capacitive sensing. In this example, the pluralities
of common electrodes represented by a single gray rectangle 760a, 760b, 760c are driven
together to produce larger effective electrodes. As can be scen in Figures 7A-7F, a first full
capacitive frame 18 acquired during the first half of the display update period, and a second

full capacitive frame is acquired during the second half of the display vpdate period.

[0092] Figures 8A-8F show another specific example of an integrated touch screen
embodiment, where the capacitive frame rate is double that of the display update frame rate.
In the example, each of the Figures 8A-8F represents the operation during oune row updaic

cvele, and Figures 8A-RF span half of the time needed to update a display frame.
veie, g

5
H
1

[0093] The hght gray, horizontal lines 10 the display screens 810 represent common

0
electrodes {e.g., V-com electrodes) that are being used for both display updating and
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capacitive sensing; these common electrodes are may be implemented in the same fashion
as, and interchangeable with, transmitter electrodes 260 in Figures 2A and 28, The bold
black horizontal hines 820 {820a - 820c¢) represent the common electrodes that are used
during that row update cycle to update the associated row, and the gray rectangles 860 (860a
— 86{c) represent the phluralities of conwnon electrodes that are used during those row update
cycles to transmit transmitter signals for capacitive sensing. In this example, the pluralities
of common electrodes represented by a single gray rectangle 860a-c are driven together to
produce larger effective elecirodes. In Figures ¥A-8C, the common elecirodes are driven
ounly for display updating, and half of the display is updated by the end of 8C. Then, in
Figures 8A-8F, the common electrodes are driven only for capacitive sensing, and an entire
capacitive frame is acquired. Not shown are the rest of the steps where the common
clecirodes are again driven only for display updating for the other half of the display; and
then again driven only for capacitive sensing and another capacitive frame 1s acquired. With
such an approach, the non-display time when capacitive frames are obtained may be
matched to part or all of the non-display times used to keep display line update raies
substantially the same between different display frame rates {somctimes also called
“blanking times.”). In this way, the example of Figures 8A-8F acquires a frst full
capacitive frame during the first half of the display opdate period, and a second full

capacitive frame during the second half of the display update peviod.

[0094] The examples of Figures 7A-7F and Figures 8A-8F gather the capacitive images in a

2% 4

“raster scan” type way. That is, the capacitive image 18 captured line-by-line, from top to
bottom. However, other embodiments may scan the capacitive images i other ways,
mcluding scanning from the middle outwards, scanming non-adjacent sections in order,
scanning multiple simultanecus mdependent coded sequences, or temporally independent
sequences {(e.g., different phase, frequency, or amoplitude codes), ete. Similarly, the
examples of Figures 7A-7F and Figures 8A-8F updates the displays in a raster scan type

way, and other embodiments may scan the display in other ways.

30957 In the examples of Figures 7A-7F and Figures 8A-8F, the relationship between the
[0095] Inth ples of Fig 7A-7F and Fig 3A-8F, the relationship bet th
capacitive image scanning and the display update scanning are periodic. Specifically, the

o,

capacitive images taken during the first parts of display update cycles face different display
operating conditions than those faced by the capacitive images taken during the second parts
of display updaie cycles. However, the capacitive images taken during the first parts of
display update cycles all face a similar set of Orst display operating conditions, and the
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capacitive images taken during the sccond parts of display update cycles all face a similar
set of second display operating conditions. Thus, the capacitive images taken during the
first parts of display update cycles are of'a first frame type, and the capacitive images taken

during the second parts of display update cycles are of a second frame type.

[0096] In some embodiments, the differences between different frame types cause variances
in the interference measurements. In such cases, comparing inferference measurements
taken in different frame types to each other or applving the same criterion to inferference

measurements taken in different frame types lead to maccurate gauges of interference.

[00971 Some embodiments facing this challenge take interference measurements only in one
frame type. For example, some embodiments only take interference measurements in a first
framae type, and use other frame types for sensing in the sensing region, interference
avoidance operations, etc. Some embodiments keep different interference measurements
and criteria for the different frame types; for example, some embodiment keep separate
threshold levels of acceptable interference for different frame types. Some embodiments
offset, normalize, or otherwise adjust the interference measurements of different frame types

to simnilar references and scales.

[0098] Some touch screen eroboediments are configured with the assumoption that
miterference due to coupling with the input object is only significant when an foput object is
sensed in the sensing region. Thus, if an input object arrives in the sensing region without
significant mterference, these embodiments would operate with the assumption that no
significant mierference from this input object will occur for the time period that this input

object remains in the sensing region.

Example Method of Operating a Capacitive Touch Screen
[0090] Figures 9A and 9B illustraie a flow chart 900 of example methods of operating a
capacitive touch screen configured o sense in a sensing region, in accordance with various
embodiments. For purposes of dhustration, during the description of flow chart 700,
reference will be made to components of input device 100 of Figure 1, sensor electrodes of
Figures ZA, 2B and 3, components of a processing system 110 that as illustrated in Figure 3
{and as also depicted in Figures 1, 2A and 2B), and procedures illustrated in flow charts 400,
500, and 600, In some embodiments, not all of the procedures deseribed i flow chart 900

are implemented. In some embodiments, other procedures in addition to those described
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may be implemented. In some embodiments, procedures described in flow chart 900 may

be implemented in a different order than iHustrated and/or described.

(06100} AL 910 of flow chart 900, in one embodiment, capacitive mput deviee 100,
which may be implemented as a touch sereen, 1s operated in a first mode. For example,
control fogic 320 may direct sensor circutiry 310 to operate in this first mode. Operation in
this first mode is described in conjunction with procedures 410 and 420 of flow charts 400,
500, and 600. The first mode comprises interference sensing at a first level and also
comprises input sensing. The interierence sensing is accomplished during a non-display
update time of a display {e.g., display 160} that is associated with the touch screen 100, The

o~

first mode roay comprise control logic 320 directing sensor cirenitry 310 to utilize a frst
frame rate in which a certain portion of a frame s dedicated to mterference sensing and a
certain portion of a {rame is dedicated fo input sensing. In one embodiment, control logic
320 directs that some or all of the interference sensing performed in the first mode of
operation 1s performed with transmitter electrodes of capacitive input device 100 in a non-
transmitiing state. When the transmitter electrodes are commeon electrodes for a touch
screen/display device, the interference sensing is accomplished when they are not

transmitting and thus no input sensing or display updating is taking place.

[00101] While in thas first mode of operation, if interference is sensed which does not
meet an inlerference condition (and is thus considered too high) one or more interference
avoidance actions may be implemented. Conduct of this interference avoidance while in the
first mode of operation is described m procedure 430 of flow charts 400, 500, and 600.
Some non-hmiting examples of interference avoidance actions which may be implemented
alone or in various combinations include: modifying a sensing frequency, modifying a
filtering operation, increasing a code length utilized 1n a code division multiplexing sensing
scheme, and iroplementing a non-linear iliering techmaque. It is also possible to increase
overall signal quality by lowering the effective report rate or increasing latency {e.g.,
narrowing the receiver bandwidth, applying Infinite frapulse Response filtering, Finite

bropulse Response filicring, or Kaiser filtering).

[00102] AL 920 of flow chart 900, in one embodiment, the capacitive input device is
switched to operating in a second mode, rather than in the {irst mode. This second mode

and switching to this second mode are described in procedures 420 and 440 of flow chart

|8
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400, 500, and 600, Control logic 320, in one embodiment, directs sensor circuitry 310 to
operate in the second mode. The switch to the second mode occurs in response o two
conditions occurring. The first condition is that interference measured with capacitive input
device 100 while in the first mode has met an interference condition, and is thus deemed not
to be within an effective range for nput scosing (e.g., inferference is not too high). The
second condition is a determination that an input is o the sensing region of capacitive mput
device 100, Whale in the second mode, interference sensing with capacitive input device
100 is either not performed or else is performed at a second fevel that is lower in fidelity

than the first level of interforence sensing. The lower fidelity may be due 1o a varicty of

—
pre

factors. Some non-limiting examples of such factors include: different interference
detection techniques being utilized, alteration of the frame rate, and a smaller portion of a
frame being dedicated to interfercnce sensing that the portion which is utilized for

Fag
£
)

nterference sensing in the first mode.

[00103] A1 830 of flow chart 800, in one embodiment, the method as described in 914
and 920 further inclhudes exiting the second mode in response o a second determination,
where the sccond determination comprises determining that no input is sensed in sensing
region 120, This second deternunation is described in procedure 450 of flow chart 400 and
in a modified fashion in procedure 550 of flow charts 500 and 600. In one embodiment,
control fogic utilizes information from computation circuiiry 313 to make this second

determination and direct that sensor circuitry 310 exit the second mode.

[00104] At 940 of flow chart 900, in one embodiment, the method as described in 918
and 920 further includes entering the first mode in response to a second determination,
where the second determination comprises determining that no input is sensed in sensing
region 120. This second deterraimation is described in procedure 450 of flow chart 400 and
m a modified fashion m procedure 556 of flow charts 500 and 600. In one embodiment,
control logic 320 atilizes information from computation circuitry 313 to make this second
determination and direct that sensor circuitry 310 exit the second mode and enter the first
mode. This enfry into the first mode can be an initial entry into the first mode of operation
or can be an exit {rom another mode of operation, such as the second mode, and a re-entry

into the first mode of operation.
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[00105] At 950 of flow chart 900, in one embodiment, the method as described in 910
and 920 further inchides entering the first mode i response to experiencing signal
corruption while in the second mode. This corruption detection is described above as an
aspect of procedures 550 of flow charts 500 and 600, In one embodiment, conivol logic 320
wtihizes fnformation from computation circuitry 313 to determine if signal corruption is
occurring and thus that the second moede should be exited and the first mode should be
entered. This entry into the first mode can be an initial e*ﬂty nto the first mode of operation
or can be an exit from another mode of operatinn, such as the second mode, and a re-entry

into the first mode of operation.

[00106] At 960 of flow chart 900, in one embodiment, the method as described in 918
and 920 further includes entering a third mode of operation in response 1o a second
determination. This third mode and the second determination are described above in
conjunction with description of procedures 550, 660, and 670 of flow chart 600. The second
determination is made by control logic 320, in some embodimenis, and comprises a
determination that no input has been sensed in sensing region 120 for a predetermined
peviod. The period may be a period of tivae or a number of frames of capacitive mnput device
100, In this third meode input sensing is performed at 4 lower fidelity than m the second
mode. The lower fidelity may be as a result of one or more factors. Some of the factors that
may resulf in lower fidelity include, but are not limited to: using fewer sensor elecirodes,
sensing fess frequently, sensing at a different rate, and using a sroaller segment of a frame
for conducting input sensing.

[00107] In one embodiment, the third mode is exited and the first mode 1s enterad in
response to a third determination. This third determination is made, in one embodiment, by
control logic 230 hased on input from compuiation cireuitry 313. The third determination
comprises input being sensed in sensing region 120 while in capacitive input device 16 g
operating 1 the third mode. This shift from the third, low power mode, back to the first

mode is tHustrated in transition from procedure 670 to procedure 410 in flow chart 600.

[00108] Thus, the examples set forth herein were presented i order to best explain, to
describe particular applications, and to thereby enable those skilled in the art to make and
use embodiments of the described examples. However, those skilled in the art will

recognize that the foregoing description and examples have been presented for the purposes
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of illustration and cxample only. The description as set forth is not intended to be

exhaustive or to Hmit the embodiments to the precise form disclosed.
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CLAIMS

What 1s claimed i

1. A processing system for a capacitive touch screen, said processing system
comprising:
sensor cirenitry configured fo be communicatively coupled with sensor electrodes of
said capacitive touch screen; and
control logic configured to:
operate said capacitive touch screen in a first mode comprising interference
sensing at a first level and input object sensing; and
operate said capacitive touch screen in a second mode instead of in said first
mode in response to;
mterference measured o said first mode meeting an interference
condition: and
a determination that inpul is in a sensing region of said capacitive
touch screen,
wherein, interference sensing while in said first mode i3 performed during a
non-display update time, and while in said second mode, interference sensing is
cither not performed or else performed at a second ievel that is lower in fidehity than

satd first level.

2. The processing system of Clamm 1, wherein said processing system forther
comprises display circuitry configured to update a display of said capacitive touch screen
and wherem the sensor elecirodes of the capacitive touch screen comprise common

electrodes used for updating the display and capacitive sensing.

3. The processing system of Claim 2, wherein said common clecirodes are

maintained in a non-transmitting state during interference sensing in said first mode.

4. The processing systern of Claim 1, wherein said control logic is further
configured to:
exit said second mode i response to a second determination while in said second

mode that no inpul 1s in said sensing region.
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5. The processing system of Claim 1, wherein said conirol logic 1s further
configured to:
enter said first mode in response o a second determination that no input has been

sensed in said senstng region for a predetermined period.

6. The processing system of Claim |, wherein said control logic is further
configured to:
enter said first mode 1o response o experiencing signal corruption while in said

second mode,

7. The processing systern of Clamm 1, wherein said condrol logic is further
configured to:

operate said capacitive touch screen in a third mode in response 1o a second
determination, said second determination comprising that no input has been sensed in said
sensing region for a predeterrained period, wherein toput sensing is performed at a lower

fidelity m said third mode than in said {irst moode.

8. The processing systera of Claim 7, wherein said conirol logic is further
configured to:

operate said capacitive touch screen in said {irst mode in response to a third
determination, said third determination coraprising input being sensed in said sensing region

while in said third mode.

9. The processing system of Claim 1, wherein said control logic is further
configured to:
implement an taterference avoidance action while in said first roode in response to

said inter{erence condition not bemng met,

10, The processing sysiem of Claim 9, wherein said interference avoidance action is
selected from the group of mterference avoidance actions consisting oft modifying a
sensing frequency, modifying a {iltering operation, increasing a code length utilized in a
code division multiplexing sensing scheme, and implementing a non-linear filtering

techuique.
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11. A capacitive touch sereen comprising:
a plurality of sensor electrodes; and
a processing system coupled with said plurality of plurality of sensor electrodes, said
processing system configured to:
operate said capacitive fouch screen in a first mode comprising interference
sensing al a first level and mput object sensing; and
operate said capacitive touch screen in a sccond mode instead of in said first
mode in response 1o
nterference measured in said first mode meeting an interference
condition; and
a determaination that mput is in a sensing region of said capacitive
touch screen,
wherein, interference sensing while in said first mode is performed during a non-
display update time, and while in said second mode, interference sensing is either not

performed or else performed at a second level that is lower in fidelity than said first level.

12. The capacitive touch screen of Claim 11, wherein the processing system
comprises display circuitry configured to update a display of said capacitive touch screen
and wherem the sensor elecirodes of the capacitive touch screen comprise common

electrodes used for updating the display and capacitive sensing.

13. The capacitive touch screen of Claim 12 wherein said common electrodes are

maintained in a non-transmitting state during interference sensing in said first mode.

14, The capacitive touch screen of Claim 11, wherein said processing system is

;_:::

rther configured to:
exit said second mode in response to a second determination while in said second
mode that no input is in said sensing region,
15. The capacitive touch screen of Claim 11, wherein said processing system is
further configured to:
enter said first mode in response o a second determination that no input has been

sensed in said senstng region for a predetermined period.

[9%)
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16. The capacitive touch screen of Claim 11, wherein said processing system is

further configured to:
enter said first mode in response to experiencing signal corruption while in said

second mode.

17. The capacitive touch screen of Claim 11, wherein said processing system is

A

uriher configured to:

=

operate said capacitive touch screen in a third mode n response 1o a second
determination, said second determination comprising that no mput has been sensed n said
sensing region for a predetermined period, wherein input sensing is performed at a lower

fidelity m said third roode than in said first mode.

18. A method of operating a capacitive touch screen configured to sense in a sensing
region, said method comprising:
operating in a first mode, said first roode comprising interference sensing at a frst
evel and input sensing; and
switching to operating in a second mode in response to:
miterference measured while in said frst moede satisfying an interference
condition; and
a determination that input 1s in said sensing region,
wherein, interference sensing while in said first mode is performed during a non-
display update time, and while in said second mode, interference sensing is either not

performed or else performed at a second level that is lower in fidelity than said first level.

19. The method as recited in Claim 18, further comprising:
exiting said second mode in response to a second determination, said second

determination comprising that no input i1s sensed in said sensing region.

20, The method as recited in Claim 18, further cornoprising:
entering said first mode i response to a second determunation, said second
determination comprising no input being sensed in said sensing region for a predetermined

period,

|98
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21, The method as recited in Claim 18, further comprising:

entering said first mode in response to experiencing signal corruption while in said

second mode.

22. The method as recifed in Clatm 18, further comprising:

entering a third mode of operation in response to 4 second determination, said
second determinatlion comprising that no input has been sensed in said sensing region for a
predetermined period, wherein input sensing is performed at a lower fidelity in said third

mode than 1o said second mode.

23. The method as recited in Claim 18, wherein said operating in a first mode
comprising interference sensing at a first rate comprises:

performing said interference sensing at said first level with transmitter electrodes of

said capacitive touch screen m a non-transmitting state.
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