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DETECTING AN ACTIVE PEN USING A CAPACITIVE SENSING
DEVICE

BACKGROUND

Field of the Disclosure
[0001] Embodiments generally relate {o input sensing and, in particular, to

detecting an active pen using a capacitive sensing system.

Description of the Related Art

[000Z]  Input devices including proximily sensor devices {also commonly called
touchpads or touch sensor devices) are widely used in a variely of elecironic
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. Input objects can be
at or near the surface of the proximity sensor device (“touch sensing’} or hovering
over the surface of the proximity sensor device ("proximily sensing” or “hover
sensing”). Proximity sensor devices may be used o provide interfaces for the
elecironic system. For example, proximily sensor devices are often used as input
devices for larger computing systems {such as touchpads integrated in, or peripheral
to, notebook or deskiop computers). Proximity sensor devices are also often used
in smaller computing systems (such as touch screens integrated in celiular phones

or {ablet computers).

SUMMARY

{00063] Embodiments relate o detecting an active pen using a capacitive sensing
system. In an embodiment, a processing system for an integrated display and
capacilive sensing device includes a sensor module and a determinalion module.
The sensor module includes sensor circuitry configured to be coupled © 2 plurality
of sensor electrodes. The sensor module is configured 1o receive an aclive pen
signal with at least one sensor electrode of the plurality the sensor electrodes. The
determination module is configured to adjust a sensing peried of the sensor module

for alignment with a tfransmission period of the aclive pen signal.
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[G004]  In an embaodiment, an input device integrated with a display includes a
plurality of sensor electrodes and a processing system coupled to the plurality of
sensor electrodes. The processing system is configured 1o: receive an active pen
signal with at least one sensor electrode of the plurality of sensor electrodes; and
adjust a sensing period of the input device for alignment with a transmission period

of the active pen signal.

[0005]  In an embodiment, a method of operating an inpul device integrated with a
display includes: receiving an active pen signal with at ieast one sensor electrode of
a plurality of sensor elecirodes; and adjusting a sensing period of the input device

for alignment with a ransmission period of the aclive pen signal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006]  So that the manner in which the above recited features of embodiments
can be understood in detail, a more particular description of embodiments, briefly
summarized above, may be had by reference to embodiments, some of which are
illustrated in the appended drawings. [t is {0 be noted, however, that the appended
drawings illusirate only typical embodiments and are therefore not {0 be considerad

limiting of scope, for other equally effective embodiments may be admitted.

[0007]  FIG. 1 is a block diagram of a system that includes an input device

according to embodiments.

{0008] Fis. 2 is a block diagram depicting a capacitive sensor device 200

according to embodiments.

{00081 FIG. 3A ilustrates a general relationship between display updating and

active pen ransmission.

{00101 FIG. 3B iHlustrates an aligned relationship between display updating and
active pen fransmission.
[0011]  FiG. 4 is a block diagram iilustrating the processing sysiem in more detadl

according to embodiments,

{0012} FiGG. § is a biock diagram depicting ancther capacitive sensor device

according to embodiments,
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{00131  FIG. 6 is a flow diagram depicting a method of operating an input device

integrated with a display according to embodiments.

[0014]  To facilitate undersianding, ideniical reference numerais have been used,
where possible, o designate ideniical elements that are common o the figures, His
contemplated that slements of one embodiment may be beneficially incorporated in

other embodiments.

DETAILED DESCRIPTION

[0015]  The following detailed description is merely exemplary in nature and is not
intended o limit the ambodimenis or the application and uses of such embodiments.
Furthermore, there is no intention to be bound by any expressed or implied theory
presented in the preceding lechnical field, background, brief summary or the

following detailed description.

{00181  Turning now to the figures, FIG. 1 is a block diagram of an exemplary
input davice 100, in accordance with embodiments of the invention. The input
device 100 may be configured o provide input to an slectronic system {not shown).
As used in this document, the term “electronic syster” {or “electronic device”)
broadly refers {0 any system capable of electronically processing information. Some
non-limiting examples of electronic systems include personal computers of all sizes
and shapes, such as deskiop computers, laplop computers, netbook computers,
tablets, web browsers, e-book readers, and personal digital assistants (PDAs).
Additional example electronic systems include composite input devices, such as
physical kevboards that include input device 100 and separate joyslicks or key
switches. Further example slectronic systems include peripherals such as data
input devices (including remote controls and mice), and data oufput devices
{including display screens and printers). Other examples include remote terminals,
kiosks, and video game machines {e.q., video game consoles, portable gaming
devices, and the like). Other exampies include communication devices (including
cellutar phones, such as smart phones), and media devices {including recorders,
editors, and players such as televisions, sel-top boxes, music players, digital photo
frarmes, and digital cameras). Additionally, the electronic system could be a host or

a slave to the input device.
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{00171 The input device 100 can be implemented as a physical part of the
elecironic sysiem, or can be physically separate from the slectronic system. As
appropriate, the input device 100 may communicate with parts of the slecltronic
system using any one or more of the following: buses, networks, and other wired or
wireless interconnsections. Examples include °C, SPI, PS/2, Universal Serial Bus
(USH), Bluetooth, RF, and IRDA.

{0018} in FiG. 1, the input device 100 is shown as a proximity sensor device (also
often referred to as a “touchpad” or a "touch sensor device”) configured o sense
input provided by one or more input obiects 140 in a sensing region 120, Example

input objects include fingers and siyli, as shown in FIG. 1.

[0018] Sensing region 120 encompasses any space above, around, in andfor
near the input device 100 in which the input device 100 is able t© detect user input
{e.q., user input provided by one or more input objects 140). The sizes, shapes, and
locations of particular sensing regions may vary widely from embodiment {0
embodiment. In some embodiments, the sensing region 120 extends from a surface
of the input device 100 in one or more directions into space untii signal-to-noise
ratios prevent sufficiently accurate object detection. The distance 10 which this
sensing region 120 exiends in a particular direction, in various embodiments, may
be on the order of less than a millimeter, millimeters, centimeters, or more, and may
vary significantly with the type of sensing technology used and the accuracy desired.
Thus, some embodiments sense input that comprises no conlact with any surfaces
of the input device 100, contact with an input surface (e.¢. a touch surface) of the
input device 100, contact with an input surface of the input device 100 coupled with
some amount of applied force or pressure, and/or a combination thereof. In various
embodiments, input surfaces may be provided by surfaces of casings within which
the sensor electrodes reside, by face sheels applied over the sensor electrodes or
any casings, eic. In some embodiments, the sensing region 120 has a rectangular

shape when projecled onto an input surface of the input device 100.

[0020] The input device 100 may utilize any combination of sensor components
and sensing technologies o detect user input in the sensing region 120, The input

device 100 comprises one or more sensing elements for detecting user inpul. As
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several non-limiting examples, the input device 100 may use capacitive, elastive,

resistive, inductive, magnetic, acoustic, ullrasonic, and/or optical technigues.

[0021]  Some implementations are configured o provide images that span one,
two, three, or higher dimensional spaces. Some implementations are configured o

provide projections of input along particular axes or planes.

[0022] in some capacitive implementations of the input device 100, voltage or
current is applied {0 create an electric field. Nearby input cbjecls cause changes in
the electric fieid, and produce detectable changes in capacitive coupling that may be

detectad as changes in voltage, current, or the like.

{00231 Some capacilive implementations utilize arrays or other regular or
irreqular patterns of capacilive sensing elements o create slectric fislds. In some
capacitive implemeniations, separate sensing elements may be ohmically shorted
together 1o form larger sensor slectrodes. Some capacitive implementations utilize

resistive sheets, which may be uniformly resistive.

[0024]  Some capacitive implementations 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
obhject near the sensor electrodes alters the electric fisld near the sensor electrodes,
thus changing the measured capacitive coupling. In one implemeniation, an
absolute capacitance sensing method operates by modulating sensor elecirodes
with respect 1o a reference voltage (e.g. system ground), and by detecting the

capacitive coupling between the sensor slectrodes and input objects.

[0025] Some capacitive implemeniations uliize “mutual capacitance” {(or
“tfranscapacitance”) sensing methods based on changes in the capacitive coupling
between sensor slectrodes. In various embodiments, an input object near the sensor
alecirodes alters the electiic field between the sensor electrodes, thus changing the
measured capacitive coupling. In one implementation, a transcapacitive sensing
method operales by detecting the capacitive coupling betwsen one or more
transmitter sensor elecirodes (also "fransmitier electrodes” or "ransmitters”) and
one or more receiver sensor electrodes {also “receiver electrodes” or “receivars”).

Transmilter sensor elecltrodes may be modulaled relalive o a reference voliage

5
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(e.g., system ground) to transmit transmitter signals. Receiver sensor electrodes
may be held subsianiially constant relative to the reference voltage lo facilitate
receipt of resulting signals. A resulling signal may comprise effect(s) corresponding
to one or more ransmitfer signals, and/or to one or more sources of environmental
interference {e.q. other electromagnetlic signals). Sensor electrodes may be
dedicated transmilters or receivers, or may be configured o both transmit and

receive.

{0026} in FIG. 1, a processing system 110 is shown as part of the input device
100, The processing system 116 is configured {o operate the hardware of the input
device 100 to detect input in the sensing region 120. The processing system 110
comprises parts of or all of one or more integrated circuits (ICs) and/or other circuitry
components. For example, a procsessing system for a mutual capacitance sensor
device may comprise transmitter circuitry configured to fransmit signals with
fransmitter sensor electrodes, and/or receiver circuitry configured {o receive signals
with receiver sensor elecirodes). In some embodiments, the processing systern 110
also comprises electronically-readable instructions, such as firmware code, software
code, and/or the like. In some embodiments, componenis composing the
processing system 110 are located together, such as near sensing element(s) of the
input device 100, In other embodiments, components of processing system 110 are
physically separate with one or more components close {0 sensing element{s) of
input device 100, and cone or more components elsewhere. For example, the input
davice 100 may be a peripheral coupled to a deskiop computer, and the processing
system 110 may comprise software configured o run on a central processing unit of
the deskiop computer and one or more ICs {perhaps with associated firmware)
separate from the central processing unit. As ancther example, the input device 100
may be physically integrated in a phone, and the processing system 110 may
comprise circuits and firmware that are parl of 2 main processor of the phone. In
some embodiments, the processing sysiem 110 is dedicated {o implementing the
input device 100, In other embodiments, the processing system 110 also performs

other functions, such as operating display screens, driving haptic actuators, etc.

{00271  The processing system 110 may be implemented as a sef of modules that

handle different funclions of the processing system 110. Each module may
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comprise circuitry that is a part of the processing system 110, firmware, software, or
a combination thereofl. In various embodiments, different combinations of modules
may be used. Exampie 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 1o operale sensing elemeni(s) to detect inpui,
identification modules configured to identify gestures such as mode changing

gestures, and mode changing modules for changing operation modss.

[0028] in some embodiments, the processing system 110 responds to user input
{or fack of user inputl) in the sensing region 120 directly by causing one or moreg
actions. Example actions include changing operation modes, as well as GUI actions
such as cursor movement, selection, menu navigation, and other functions. In some
embodiments, the processing system 110 provides information about the input (or
lack of inpul) o some part of the electronic system {e.g. {0 a ceniral processing
system of the eleclronic system that is separale from the processing system 110, if
such a separaie ceniral processing system exisis). In some embodiments, some
part of the electronic system processes information received from the processing
system 110 to act on user input, such as o facilitate a full range of actions, including

mode changing aclions and GUI actions.

[0029] For example, in some embodiments, the processing system 110 operales
the sensing element(s) of the inpul device 100 to produce electrical signals
indicative of input (or lack of input) in the sensing region 120. The processing
system 110 may perform any appropriate amount of processing on the electrical
signals in producing the information provided io the electronic system. For example,
the processing system 110 may digitize analog slectrical signals oblained from the
sensor electrodes. As another example, the processing system 110 may perform
filtering or other signal conditioning. As yel another example, the processing system
110 may subltract or otherwise account for a baseline, such that the information
refiacts a difference between the electrical signals and the baseline. As yet further
examples, the processing system 110 may determine positional information,

recognize inputs as commands, recognize handwriting, and the like.
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{00301 “Positional information” as used herein broadly encompasses absolute
position, relative position, velocity, acceleralion, 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 posilions along an axis.  Exemplary “two-dimensional”
positional information includes motions in a plane. Exemplary “three-dimensional”
positional information includes instantanecus or average velocities in space. Further
examples include other represeniations of spatial information.  Historical data
regarding one or more types of posilional information may also be determined
and/or siored, including, for example, historical data that tracks position, motion, or

instantanecus velocity over time.

[0031] in some embodiments, the inpul device 100 is implemented with
additional input components that are operaled by the processing system 110 or by
some other processing system. These additional input components may provide
redundant funclionality for input in the sensing region 120, or some cother
functionality. FIG. 1 shows buttons 130 near the sensing region 120 that can be
used o facilitate selection of items using the inpul device 100. Other types of
additional input components include sliders, balls, whesls, switches, and the like.
Conversely, in some embodiments, the input device 100 may be implemented with

no other input components.

[0032] In some embodiments, the input device 100 comprises a fouch screen
interface, and the sensing region 120 overlaps at least part of an aclive area of a
display screen. For example, the input device 100 may comprise subsiantially
transparent sensor electrodes overlaying the display screen and provide a touch
screen interface for the associated elecironic system. The display screen may be
any type of dynamic display capable of displaying a visual interface {o a user, and
may include any type of light emitting dicde (LED), organic LED (OLED), cathode
ray tube (CRT), hquid crystal display (LCD), plasma, electroluminegscence (EL), or
other display fechnology. The inpul device 100 and the display screen may share
physical elements. For example, some embodiments may utilize some of the same
alecirical components for displaying and sensing. As another example, the display

screen may be operated in part or in total by the processing system 110,
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{0033] it should be understood that while many embodiments of the invention are
described in the context of a fully funclioning apparatus, the mechanisms of the
present invention are capable of being distributed as a program product {(e.g.,
software) in a variety of forms. For example, the mechanisms of the present
invention may be implemented and distribuled 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 the processing systemn 110). Additionally, the embodiments of the present
invention apply equally regardless of the particular type of medium used fo carry out
the distribution. Examples of non-transifory, electronically readable media include
various discs, memory sticks, memory cards, memory modules, and the lke.
Elgctronically readable media may be based on flash, oplical, magnetic,

holographic, or any other storage technology.

{0034] Fis. 2 is a block diagram depicling a capacitive sensor device 200
according to embodiments.  The capacilive sensor device 200 comprises an
example implementation of the input device 100 shown in FIG. 1. The capacitive
sensor device 200 includes sensor electrodes disposed on a substrate 202, In the
present example, the sensor electrodes comprise a plurality of sensor electrodes
21041 through 210, «, where J and K are integers, and a grid electrode 214, The
sensor electrodes 210 are ohmically isolaled from each other and the grid electrode
214, The sensor electrodes 210 can be separated from the grid electrode 214 by a
gap 216. in the present example, the sensor electrodes 210 are arranged in a
rectanguiar matrix pattern, where at least one of J or K is greater than zero. The
sensor electrodes 210 can be arranged in other patterns, such as polar arrays,
repeating patterns, non-repeating patierns, or like type arangements. The sensor
electrodes 210 are coupled fo the processing system 110 by conductive routing
traces 212. In some examples, the grid slectrode 214 can be coupled to the

processing system 110 by a conductive routing trace 213,

{0035] In some examples, the sensor slectrodes can be disposed on separaie
lavers of the substrate 202, in other examples, the sensor electrodes can be
disposed on a single laver of the substrate 202, Whils the sensor electrodes 210

and the grid electrode 214 are shown disposed on a single subslrate 202, in some
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embodiments, the electrodes of the capacitive sensor davice 200 can be disposed
on more than one substirate. For exampls, some sensor slectrodes can be disposed
on a first substrate, other sensor electrodes can be disposed on a second substrate
adhered to the first substrate, and the grid electrode can be disposed on the first,
second, and/or vel ancther substrate. The sensor elecirodes 210 can have the
same or different widths, sizes and/or shapes. While the grid electrode 214 is
shown as a single electrode, in some examples, the grid electrode 214 can be

divided into a plurality of segments.

{0036] in a first mode of operation, the processing system 110 can operate the
sensor slectrodes fo delect the presence of input object{s) 140 via absolute sensing
technigues. That is, the processing system 110 is configured {0 operale the sensor
electrodes to measure self-capacitance and changes thereof over time. The
processing sysiem 110 can determine position of the input object{s) 140 based

changes in self-capacitance (absolute sensing).

{00371 In a second mode of operation, the processing system 110 can operate
the sensor electrodes to detect presence of input object(s) 140 via franscapacitive
sensing fechnigues. That is, the sensor electrodes 210 can be split into groups of
transmitter and receiver electrodes.  The processing system 110 can drive
transmitter elecirodes with transmitier signals and receive resulling signals from
receiver electrodes. The resulling signals comprise effects of input object(s) 140.
The processing system 110 measures mulual capacitance and changes thereof over
time from the resulting signais. The processing systerm 110 can determine position
of the input object(s} 140 based on changes in mutual capacitance (franscapacitive

sensing).

{0038] in a third mode of operation, the processing system 110 can operate the
sensor electrodes o detect presence of an input object 140 comprising an active
pen.  An active pen transmiis a signal ("active pen signal”). The aclive pen signal
can be a modulated signal having a particular frequency, phase, amplitude, shaps,
elc. In some embodiments, the aclive pen periodically transmits the aclive pen
signal according to a particular duty cycle. In a transmission peried, the aclive pen
fransmits the active pen signal. In an idie period, the active pen does not fransmit

the active pen signal. The active pen signal is received by the sensor elscirodes of

10
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the capacitive sensor device 200. The processing system 110 measures changes in
the resulting signals, which comprise effects corresponding to the aclive pen signal

and can determine position of the aclive pen based on such changes in capacitance.

{00381  The capacitive sensor device 200 can operate in any one of the modes
described above. The capacitive sensor device 200 can also swilch between any
two or more of the modes described above. In one embodiment, the capacifive
sensor device 200 can operate in multiple modes within an overlapping time period,
for example, by performing capacitance sensing of input object(s) while performing

sensing of an aclive pen.

{0040} In some embodiments, the capacitive sensor device 200 performs sensing
pericdically according fo a particular duty cycle. During a sensing period, the
processing system 100 can operate in any of the modes described above. During a
non-sensing period, the processing sysiem 110 may perform other operations {e.g.,
display updating) or may be idle. In some embodiments, described below, the
capacitive sensor device 200 continuously senses an active pen in both the sensing

and non-sensing periods.

[0041]  The processing sysiem 110 can include one or more modules, such as a
sensor module 240 and a determination module 260, The sensor module 240 and
the determination module 260 comprise modules that perform different funclions of
the processing system 110. In other examples, different configurations of modules
can perform the funclions described herein. The sensor module 240 and the
determination module 260 can include sensor circuilry 270 and can also include
firmware, software, or a combination thereof operating in cooperation with the
sensor circuitry 270, In some embodiments, the processing system 110 can include

a display driver module 250,

{0042} in an embodiment, the sensor module 240 includes sensor circuilry 275
that can excite or drive sensor slectrodes with signals. The terms “excite” and
“‘drive” as used herein encompasses conirolling some electrical aspect of the driven
slement. For example, it is possible {o drive current through a wire, drive charge
into a conductor, drive a substantially constant or varying voltage waveform onto an
electrode, etc. The sensor module 204 can drive a sensor elecirode using a

modulated signal generally having a shape, frequency, amplitude, and phase. The
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sensor module 204 can also measure some electrical aspect of a driven element
indicative of capacitance (e.g., charge, voltage, curreni). The sensor module 204
can drive a sensor electrode and then measure changes of capacitive load on the
sensor electrode (i.e., changes in absolute capacitance). The sensor moduie 204
can drive a fransmitter electrode to transmit a ransmitler signal and then measure
changes in multual capacitance from a resulling signal on a receiver gleclrode (Le.,
changes in transcapacitance). The sensor module 204 can also hold sensor
alecirodes at a subsiantially constant voliage for detecting an active pen signal. The
sensor module 204 can also receive an aclive pen signal while the sensor
electrodes are modulated. The sensor module 204 can also drive one or more
slectrodes with a shield signal {e.g., a substantially constant voltage or varying
voltage {guard signal}). In general, the sensor module 240 oblains capacitive
sensing  signals derived from operating the sensor electrodes for either

franscapacitive sensing or absolute capacitive sensing.

{0043] The sensor module 240 generates measurements of some characteristic
of the capacitive sensing signals, such as voltage, current, charge, or the like. The
determination module 260 receives the measurements from the sensor module 240.
The determination module 260 derives information from the measuremenis. For
example, the determination module 260 can determine a baseline capacitance for
the sensor electrode pattern, determine changes in muiual capacitance between
sensor electrodes andfor changes in self-capacitance of sensor electrodes, and
compare changes in capacitance with the bassline {0 dsteci object presence,
position, motion, etc. The changes in capacitance can be associated with specific
locations of the sensing region 120 {0 creale a "capacitive image” or “capacitive
frame.” The changes in capacitance can be associated with a specific axis of the
sensing region 120 to creale a “capacitive profile” along that axis.  When
compensated with the bassling, the capacitive image(s) and/or capacitive profile(s)
enable the sensing of contaci, hovering, or other user inpul with respect {o the
formed sensing regions by the sensor electrode pattern. The determination module

2680 can determine positional information, size, type, and the like of input object{s}).

[0044] in some touch screen smbodiments, one or more of the sensor elecirodes
on the substrate 202 comprise one or more display electrodes used in updating the

display of a display screen. In one or more embodiments, the display electrodes

12
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comprise one or more segments of a Veom electrode {common voltage electrode), 8
source drive lineg, gate line, an anode electrode or cathode electrode, or any other
display element. These display electrodes may be disposed on an appropriate
display screen substrate. For example, the display slectrodes may be disposed on
the a transparent subsirate (a glass substrate, TFT glass, or any other transparent
material} in some display screens {e.g., In Plane Switching (IPS) or Plane to Line
Switching (PLS) Organic Light Emilting Diode (OLED}), on the boltom of the color
filter glass of some display screens (e.g., Palterned Vertical Alignment (PVA) or
Multi-domain Vertical Alignment (MVA}}, over an emissive layer (OLED), etc. In
such embodiments, the display electrode can also be referred to as a "combination
electrode”, since it performs multiple functions. The processing system 110 can
include the display driver module 250 configured o drive slectrodes on the subsirale
202 for display updating. The display driver module 250 includes circuitry
configured to provide display image update information {o a display device during a
display update period. Allermatively, the display driver module 250 can be in a
device separale from the processing system 110 and coupled o the processing

system 110,

{0045] in some embodiments, capacilive sensing and display updating occur
during non-overlapping periods.  Each cycle of the sensing period can occur
between consecutive cycles of the display update period. During the display updaie
period, display lines of a display frame are updated. A cycie of the sensing period
can occur between display ling updates, which may be referred to as a horizontal
blanking period or h-blanking period. In some embodiments, the horizontal blanking
period can be lengthened and referred to as a long horizontal blanking pericd, long
h-blanking period, or distributed blanking period. The long h-blanking period can be
at isast as long as the display update pericd. In other embodimenis, a cycle of the
sensing period can occur between display frame updates, which may be referred io
as a vertical blanking period or v-blanking period. The processing system 110 can
operate sensor electrodes on the substrate 202 for capacitive sensing during any
cycie of the sensing period. As described herein, the processing system 110 can
also operate the sensor slectrodes on the substrate 202 for sensing an active pen

during any cydle of the sensing pericd or the display update pericd.
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[0046]  FIG. 3A ilustrates a general relationship between display updating and
active pen transmission. As noled above, an active pen can aliernate between
transrmitting an active pen signal and not transmitling the active pen signal {e.q.,
idling). An active pen duty cycle 304 generally includes a fransmission period and
an idie period. During cycles of the transmission period, the aclive pen transmits the
active pen signal. During cycles of the idle peried, the active pen does not transmit
the active pen signal. A display update duty cycdle 302 generally includes a display
update period and a blanking period {e.q., an h-blanking period or long h-blanking
pericd, as shown). During cycles of the display update period, display lines are
updated. During cycles of the blanking period, display lines are not updated. Alsg,
during cycles of the blanking period, the processing system 110 can perform
capacilive sensing. Thus, the sensing period can occur within the blanking period
(.g., the sensing period can be approximately equal to, or shorler than, the blanking

period).

{00477  As shown in FIG. 3A, the aclive pen duly cycle 304 is asynchronous with
the display update duty cycle 302. Generally, there is a phase difference 3064
between the active pen transmission period and the blanking pericd. In a worst
case, the phase difference 3064 is such that the aclive pen transmission period
occurs completely within the display update pericd. That is, the active pen is not
transmitting during the blanking period. In such case, the active pen signal is not
available for sensing by the processing system 110 during the sensing period within
the blanking period. If the processing system 110 only sensed the active pen during
the sensing period, the aclive pen would not be delected in this worst case scenario.
in other cases, the phase difference 300A can be such that only a portion of the
active pen transmission period occurs during the blanking pericd. While this may
atlow the processing system 110A {o detsct the aclive pen (depending on the length
over the overiap), such portion is insufficient for sensing and tracking the aclive pen

during the entire sensing period.

{3048} Fis. 3B #lustrates an aligned relationship between display updating and
active pen fransmission. As shown in FIG. 3B, a phase difference 3068 betwesn
the active pen transmission period and the blanking period is at or near zero. Thus,
the active pen ftransmission pericd occurs within the blanking period and,

accordingly, within the sensing period. The aclive pen transmission pericd can be
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equal to, longer, or shorter than the sensing period. If the aclive pen transmission
period is al least equal to the sensing period, after alignment the processing system
110 can sense the active pen during the entire sensing peried. H the aclive pen
transmission period is shorter than the sensing period, after alignment the
processing system 110 can sense the active pen during the enlire active pen
fransmission period.

{00481  As described herein, to align the active pen {fransmission period and the
display update period, the processing systemn 110 can monitor for the active pen
signal in both the display update period and the blanking period of the display
update duty cycle 302, The processing system 110 is also configured with
knowledge of the length of the aclive pen transmission period. Upon detection of
the active pen signal, the processing system 110 adjusts the phase difference
between the active pen transmission period and the sensing pericd o be
substantially aligned (e.g., as shown in FIG. 3B). For example, the processing
system 110 can control a display driver module to adjust the blanking pericd to be
aligned with the aclive pen transmission period. In examples described herein, the
sensing period is assumed o begin at the start of the blanking period. Hence,
atignment with the blanking period is substantially equivalent to alignment with the
sensing period. If the sensing period begins some time after the blanking period, the

active pen transmission period is aligned with the sensing period.

[0050]  FIG. 4 is 3 block diagram illustrating the processing systern 110 in more
detail according fo embodiments. The processing system 110 includes the sensor
module 240. The sensor module 240 includes sensor circuitry such as an analog
front end (AFE)} 406 coupled to the grid eleclrode 214, The AFE 406 can include
ong of more integrators 408 coupled fo the grid electrode 214, In some
aembodiments, the grid electrode 214 can include a plurality of segments 402, The
segments 402 can be coupled to a single integrator 408 or individually to a plurality
of integrators 408, The sensor module 240 includes a sensor glectrode mulliplexer
(MUX) 404 coupled to the sensor slectrodes 210, The sensor electrode MUX 404 is
configured to couple the sensor electrodes 210 {0 integrators 412 in an AFE 410,
The sensor elecirode MUX 404 can be configured o couple any subset of the
sensor electrodes 210 to any of the integrators 412, where 2 subset of sensor

glectrodes includes one or more of the sensor electrodes.
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{00511  The integrator{s) 408 and the integrators 312 are configured o integrate
some characleristic of the eleclrodes, such as charge, voltage, current, stc. over
time. For example, the AFE 406 can couple a voltage to the grid electrode 214 and
the integrator(s} 408 can integrate charge over time. Likewise, the AFE 406 can
couple a voltage o the sensor electrodes 210 and the integrators 412 can integrale
charge over time. The AFE 408 and the AFE 410 can sample, demodulate, filter,
elc. the integrated signals output by the integrator(s) 408 and the integrators 412 1o

generate measurement signals.

[0052]  The determination module 260 processes the measurement signals. The
determination module 260 can process the measurement signals using absolute
sensing, ranscapacitive sensing, or aclive pen sensing to detect input object(s).
The determination module 260 can control the sensor module 240 {0 generate the
measurements of interest based on the current mode of operation. The
determination module 260 can, in some embodiments, perform both input sensing

{absolute or transcapacitive} and active pen sensing concurrently.

{0053] In an embodiment, the determination module 260 controls the AFE 4086 to
receive an active pen signal using the grid electrode 214, The determination module
260 can detect presence of an aclive pen based on the active pen signal received
by the AFE 406. For example, the AFE 406 can receive the active pen signal by
measuring current supplied to maintain the grid electrode 214 at a target voltage
{2.g9., a substantially constant voltage). For example, the larget voltage can be
Veom (iLe., the common voltage of the display). When an active pen is transmitting
an active pen signal, the active pen signal is capacitively coupled to the grid
elecirode 214. The AFE 406 supplies current to the grid electrode 214 o mainlain
the grid electrode 214 at the target vollage. The integrator(s) 408 integrate the
supplied current over time. When the aclive pen is not fransmitling the active pen
signal, AFE 406 supplies a baseling current {o the grid electrode 214. The
determination module 260 can process measurements produced by the AFE 406 (o

detect changes from the baseline, which is indicative of the active pen signal.

{0054] if the grid eleclrode 214 is not segmented, the ARE 406 can be used 1o
detect presence of the aclive pen signal. If the gnid electrode 214 include segmenis

402, and the AFE 406 inciudes an integrator 408 coupled to each of the segments,
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measuremsnis from the AFE 406 can be used to both detect presence of the actlive

pen signal and to determine position of the aclive pen relalive to the segmenis 402,

[0065]  In an embodiment, the grid electrode 214 {or segments 402 thereof) is not
used to update the display during the display update period. Thus, the
determination module 260 can control the AFE 406 1o receive the active pen signal
during the display update period. The delermination module 260 can also control
the AFE 406 to receive the active pen signal during the sensing period. Touch
sensing can be performed using the sensor electrodes 210, while aclive pen sensing
is performed using the grid electrode 214 {or segments 402 thereof). In this manner,
the determination module 260 can both perform touch sensing and active pen
sensing concurrently. By detecting the active pen signal, the determination module
206 can determine the phase of the active pen duty cvcle regardiess of how the

active pen transmission period is aligned with the blanking period {sensing period).

[0056] The determination module 280 ¢an include a phase detactor 414 {0 track
the phase of the active pen duty cycle. The determination module 260 can adjust
the sensing period for alignment with the transmission period of the active pen
signal.  In an embodiment, the display module 260 controls the display driver
module 250 to adiust the blanking period {o be substantially aligned with the active

pen transmission period based on oulput of the phase delector 414,

{0057] in another embodiment, the determination module 260 can control the
sensor module 240 to receive the active pen signal using a subset 403 of the sensor
electrodes 210. In such embodiment, the sensor module 240 can be configured
such that the sensor electrode MUX 404 is coupled o the AFE 406, The sensor
elecirode MUX 404 is configured {o couple the slectrode subset 403 to the AFE 406
for receiving the active pen signal. In such a configuration, the connection betwesn
the grid electrode 214 and the AFE 406 can be omitted. The AFE 406 can couple
gach sensor electrode in the selected subset 403 fo an integrator 408.
Measuremenis from the AFE 406 can be used 1o both detsect presence of the aclive
pen signal and to determine position of the active pen relative to the slectrode

subseti 403 used to receive the active pen signal.

{0058] For example, the AFE 406 can receive the active pen signal by

measuring current supplied to maintain the selected elecirode subset 403 at a target
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voltage {e.g., a substantially constant voltage). For example, the target voltage can
be Vcom. When an active pen is transmitting an aclive pen signal, the active pen
signal is capacitively coupled o the selected electrode subset 403, The AFE 406
supplies current 0 the selecled electrode subset 403 © maintain them at the targst
voltage. The integralors 408 integrate the supplied current over time. When the
active pen is not fransmilting the active pen signal, AFE 406 supplies a bassline
current to the selected elecirode subset 403, The determination module 260 can
process measurements produced by the AFE 406 to detect changes from the

baseline, which is indicative of the active pen signal.

[0059] in an embodiment, the selacted slectrode subset 403 is not used
update the display during the display update period. Thus, the determination
module 260 can control the AFE 406 1o receive the active pen signal during the
display update period. The determination module 260 can also control the AFE 406
to receive the active pen signal during the sensing period. Touch sensing can be
performed using those sensor electrodes 210 other than the selected elecirode
subset 403. in this manner, the delermination module 260 can both perform louch
sensing and aclive pen sensing concurrently.  Thus, the delermination module 206
can determine the phase of the active pen duty cycle regardless of how the active

pen transmission period is aligned with the blanking period {sensing period).

{0080] in an embodiment, the selected slecirode subset 403 used to recsive the
active pen signal comprises a static spatial arrangement of the sensor slectrodes
210, For example, a checker-board patlern or the like can be employed.
Alternatively, the determination module 260 can dynamically select the electrode
subset 403 used to receive the active pen signal. For example, different subsets can

be selected as the active pen moves through the sensing area.

{0061} FiGa. 5 is a block diagram depicling another capacitive sensor device 200A
according fo embodiments. The capacilive sensor device 200A comprises an
example implementation of the input device 100 shown in FIG. 1. The capacitive
sensor device 2004 includes sensor electrodes disposed on the substrale 202, in
the pressnt example, the sensor slectrodes include two pluraliies of sensor
glecirodes 520-1 through 520-n {collectively “sensor electrodes 5207), and 530-1

through 530-m (collectively "sensor electrodes §307), where m and n are inlegers
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greater than zero. The sensor electrodes 520 and 530 are separated by a dielectric

{not shown),

[0062] in sorme exampies, the sensor electrodes 520 and the sensor electrodes
530 can be disposed on separate layers of the substrate 202, In other exampies,
the sensor slectrodes 520 and the sensor elecirodes 530 can be disposed on a
single layer of the substrate 202. While the sensor electrodes are shown disposed
on a single substrate 202, in some embodiments, the sensor electrodes can be
disposed on more than one substrate. For example, some sensor electrodes can be
disposed on a first subsirale, and other sensor electrodes can be disposed on a
second substrate adhered to the first substrate. The sensor electrodes 520, 530 can

have the same or different widths, sizes and/or shapes.

{0083] in the present example, the sensor electrode pattern is shown with the
sensor electrodes 520, 530 arranged in an x/y grid of bars and sirips. R is o be
understood that the sensor electrode pattern is not limited {o such bars and stripes
arrangement, but instead can include numerous sensor patterns. For example, the
sensor electrodes on the substrate 202 can be arranged in a matrix patltern of
sensor electrodes surrounded by a grid electrode.  Although the sensor eleclrode
pattern is depicted as reclangular, the sensor electrode paltern can have other

shapes, such as a circular shape.

[0064]  The sensor electrodes 520 and 830 are coupled to the processing system
110 by conduchive routing fraces 504, 506. When in operation, the processing
systerm 110 is coupled o the sensor electrodes 520, 530 through the conductive
routing traces 504, 506 to implement the sensing region 120 for sensing inputs. In
an embodiment, each set of sensor electrodes can have a dedicated function. For
example, the sensor electrodes 530 can ransmit transmitter signais generated by
the processing system 110 or another device under control of the processing system
110. The processing system 110 can receive resulting signals with the sensor
slectrodes 520. In such an embodiment, the sensor eleclrodes 530 are “lransmitier
slectrodes” and the sensor electrodes 520 are “receiver electrodes.” In some
embodiments, one or more of the sensor electrodes 520 may be measured {0 sense
self-capacitance {absolule capacitance). In another embodiment, the sels of sensor
electrodes do not have a dedicated function (undifferentiated electrodes) and the

sensor electrodes 530 can funclion as either transmitter electrodes or receiver
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glectrodes, and the sensor electrodes 520 can function as sither raceiver slectrodes

or transmitier electrodes.

[0065] in some embodiments, the determination module 260 can control the
sensor moduie 240 to receive an active pen signal using the sensor slectrodes 520
in a manner similar to recsiving the active pen signal using the grid electrode 214 {or
segments thereofy and the selecled subsel of sensor eleclrodes 210, In an
embuodiment, the sensor electrodes 520 can include receiver electrodes that are not
used {o update a display during the display update period. In other embodiments,
the determination module 260 can control the sensor module 240 to receive an
active pen signal using the sensor electrodes 530 (e.g., transmitter electrodes not

used o update a display during the display update period).

[0066] FIG. 6 is a flow diagram depicting a method 600 of operating an input
device integrated with a display according to embodimenis. The method 600 can be
performed by the capacitive sensor device 200 or the capacitive sensor device 200A
described above. The method 600 begins at step 802, where the processing system
110 receives an active pen signal with designated sensor elecirode(s). In an
embodiment, the designated sensor slectrode(s) include a grid elecirode 214 or
sagments 402 of a grid electrode 214 disposed betwsen sensor electrodes 210, In
another embodiment, the designated sensor electrode(s) include a selected subsst
of the sensor electrodes 210 circumscribed by the grid slectrode 214, In another
embodiment, the designaled senscor slectrode(s) include a selected set of sensor
slectrodes in bars and stripes type sensor {e.g., FIG. §), such as the receiver
alecirodes 520 or the transmilter electrodes 530. The active pen signal can be
received during a display updale period, during a sensing period, or both. The
active pen signal can be received using designated sensor slectrode(s) not used to
update a display. The aclive pen signal can be received concurrently with touch

sensing using other sensor electrodes.

[0067] Al step 604, the processing system 110 adjusts the sensing period of the
input device for alignment with a transmission period of the active pen signal. This
allows the processing system 110 to sense the entire active pen transmission pericd
during the sensing period, or sense the active pen transmission during the entire
sensing period {depending on which is longer). In an embodiment, the processing

system 110 controls a display driver module (s.g., the display driver module 250
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within the processing system 110 or an external display driver module) to adjust the

blanking peried to be aligned with the active pen transmission period.

[0068]  Thus, the embodiments and examples set forth herein were presented in
order {0 best explain the present invention and its particular application and o
thersby enable those skilled in the art to make and use the invention. However,
those skilled in the art will recognize that the foregoing description and examples
have been presented for the purposes of illustralion and example only. The
description as set forth is not intended 1o be exhaustive or to limit the invention o

the precise form disclosed.



WO 2016/105639 PCT/US2015/055075

What is claimed is:

1. A processing system for an integrated display and capacitive sensing device,
comprising:

a sensor module including sensor circuitry configured 1o be coupled to a
plurality of sensor electrodes, the sensor module configured to receive an active pen
signal with at least one sensor glecirode of the plurality the sensor eleclrodes; and

a determination module configured to adiust a sensing period of the sensor

module for alignment with a transmission period of the active pen signal.

2. The processing system of claim 1, wherein the sensor module is further
configured to detect presence of an active pen based on the received aclive pen

signal.

3. The processing system of claim 1, wherein the at least one sensor electrode
comprises a grid electrode disposed between at least two sensor slectrodes of the
plurality of sensor slectrodes.

4. The processing systemn of claim 3, wherein the grid electrode comprises a
plurality of segments, and wherein receiving the actlive pen signal with the at least
one sensor slectrode comprises receiving the active pen signal with at least two

segments of the plurality of segments.

5. The processing system of claim 1, wherein the sensor module is further
configured to receive the aclive pen signal by measuring current supplied to

maintain the at least one sensor electrode at a target voltage.,

8. The processing system of claim 1, wherein the plurality of sensor slectrodes
comprises a grid electrode, and wherein the al least one sensor elecirode comprises
at least two sensor electrodes circumscribed by the gird slectrode and whersin the
sensor module is configured o receive the active pen signal concurrently with the at

least two sensor electrodes.
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7. The processing system of claim 1, whersin the plurality of sensor elecirodes
comprise al least one elecltrode used to updale the display and at least one
glectrode not used {o updale the display, and wherein the at least one sensor

slectrode comprises the at least one electrode not used o update the display.

8. The processing system of claim 1, wherein the sensor module is configured

o receive the aclive pen signal during a display update period.

8. The processing system of claim 1, wherein the sensor module is configured
to receive the active pen signal by measuring current supplied to maintain the at
least one sensor slectrode at a target voliage while capacitive sensing using sensor
slectrodes in the plurality of sensor electrodes other than the al least one sensor

electrode.

10.  An input device integrated with a display, the input device comprising:
a plurality of sensor electrodes; and
a processing sysiem, coupled to the plurality of sensor electrodes, configured
to:
receive an aclive pen signal with at least one sensor elecirode of the
plurality of sensor elecitrodes; and
adjust a sensing pericd of the input device for alignment with a

fransmission period of the active pen signal.

1. The inpul device of claim 10, wherein the processing system is further
configured to detect presence of an aclive pen based on the received aclive pen

signal.

12, The inpul device of claim 10, wherein the at least one sensor electrode
comprises a grid electrode disposed between at least two sensor slectrodes of the

plurality of sensor electrodes.
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13.  The input device of claim 12, wherein the grid elecirode comprises a plurality
of segments, and wherein the processing sysiem is configured to receive the active

pen signal with at least two segments of the plurality of segments.

14, The input device of claim 11, wherein the processing sysiem is further
configured 1o receive the active pen signal by measuring current supplied o

maintain the at least one sensor electrode at a target voltage.

15,  The input device of claim 10, wherein the plurality of sensor electrodes
comprises a grid electrode, wherein the at least one sensor electrode comprises at
least two sensor electrodes circumscribed by the grid electrode, and wherein the
processing system is configured o receive the active pen signal concurrently with

the at least two sensor electrodes.

16.  The input device of claim 11, wherein the plurality of sensor electrodes
comprises at least one electrode used io update the display and al least ong
glectrode not used {o updale the display, and wherein the at least one sensor

slectrode comprises the at least one electrode not used o update the display.

17.  The input device of claim 11, wherein the processing system is configured o

receive the active pen signal during a display update period.

18. A method of operating an input device inlegrated with a display, the method
comprising:

receiving an active pen signal with at least one sensor electrode of a plurality
of sensor electrodes; and

adjusting a sensing period of the input device for alignment with a

fransmission period of the active pen signal.

19.  The method of claim 18, wherein the pluralily of sensor electrodes comprises
at least one slectrode used to update the display and at least one electrode not used
to update the display, and wherein the at least one sensor electrode comprises the

at least one slectrode not used {0 update the display.
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20, The method of claim 18, wherein the aclive pen signal is received during a

display update period.
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