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(57) Abstract: Techniques for obtaining for-
ce-based data of an input device are provided. The
techniques include driving sensor electrodes in tran-
scapacitive mode and in absolute capacitive mode,
obtaining profiles for each of the modes, scaling the
transcapacitive profile, and subtracting the scaled
transcapacitive profile from the profile for absolute
capacitive sensing. The result of this subtraction is
force-based data that indicates the degree of force
with that input object applies to the input device.
These techniques may be used with an input device
in which a plurality of sensor electrodes are divided
into two or more segments. Independent sets of for-
ce-based data can be obtained for each segment,
which allows for determination of a location associ-
ated with each set of force-based data.
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PER-FINGER FORCE DETECTION USING SEGMENTED SENSOR
ELECTRODES

BACKGROUND

Field of the Disclosure

(0001}  Embodiments generally relate to input sensing and, in particular, to per-finger

force detection using segmented sensor electrodes.

Description of the Related Art

(0002} input devices including proximity sensor devices (alsoe commonly called
touchpads or touch sensor devices) are widely used in a variety of electronic systems.
A proximity sensor device typically includes a sensing region, often demarked by a
surface, in which the proximity sensor device determines the presence, location, and/or
motion of one or more input objects. Proximity sensor devices may be used to provide
interfaces for the electronic system. For example, proximity sensor devices are often
used as input devices for larger compuling systems (such as opaque 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). Many proximity sensors do not have the ability fo

accurately measure the force applied by an input object within the sensing region.

SUMMARY

[0003] A method for oblaining first and second force-based data associated with a
touch event for first and second portions of an input device is provided. The method
inciudes driving a first segment of a plurality of sensor electrodes located within the first
portion of the input device in transcapacitive mode to obtain a first pluralily of
transcapacitive measurements. The method also includes driving a second segment of
the plurality of sensor elecirodes iocated within the second portion of the input device in
transcapacitive mode to oblain a second plurality of transcapacilive measuremenis.

The method further includes driving the first segment of the plurality of sensor

1
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glecirodes in absolute capacitive mode to obtain a first plurality of absolute capacitive
measurements. The method also includes driving the second segment of the plurality of
sensor electrodes in absolute capacitive mode to obtain a second plurality of absolute
capacitive measuremenis. The method further includes determining the first force-
based data based on differences belween the first plurality of transcapacitive
measurements and the first plurality of absolute capacitive measurements. The method
further includes determining the second force-based data based on differences between
the second plurality of transcapacitive measuwrements and the second plurality of

absolute capacitive measurements.

[0004] A processing system for obtaining first and second force-based data
associated with a touch event for first and second portions of an inpul device is
provided. The processing system includes sensor circuitry and a determination
processor. The sensor circuilry is configured fo drive a first segment of a plurality of
sensor elecirodes located within the first portion of the input device in transcapacitive
mode to obtain a first plurality of franscapacitive measuremenis. The sensor circuitry is
also configured {o drive a second segment of the plurality of sensor electrodes iocated
within the second portion of the input device in transcapacitive mode to oblain a second
plurality of transcapacitive measurements. The sensor circuitry is further configured {o
drive the first segment of the plurality of sensor electrodes in absolute capacitive mode
to obtain a first plurality of absolute capacitive measurements. The sensor circuitry is
also configured to drive the second segment of the piurality of sensor electrodes in
absolute capacitive mode o obtain a second plurality of absclute capacitive
measurements. The determination processor is configured to determine the first force-
based data based on differences belween the first plurality of transcapacitive
measurements and the first plurality of absoluie capacitive measurements and to
determine the second force-based data based on differences between the second
plurality of transcapacilive measurements and the second plurality of absolute
capacitive meagsuremenis.

[0005]  An input device for obtaining first and second force-based data associaled

with a touch event for first and second portions of the input device is provided. The
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input device includes a plurality of sensor elecirodes comprising a first segment located
within the first portion of the inpul device and a second segment located within the
second portion of the input device. The input device also includes a processing system.
The processing system includes sensor circuitry and a determination processor. The
sensor circuitry is configured to drive a first segment of a plurality of sensor elecirodes
located within the first portion of the input device in transcapacitive mode to obtain a first
plurality of transcapacitive measuremenis. The sensor circuitry is also configured {o
drive a second segment of the plurality of sensor electrodes located within the second
portion of the input device in transcapacitive mode to obtain a second plurality of
transcapacitive measurements. The sensor circuitry is further configured to drive the
first segment of the plurality of sensor electrodes in absolute capacitive mode o obtain
a first plurality of absolute capacitive measurements. The sensor circuitry is also
configured {o drive the second segment of the plurality of sensor electrodes in absolute
capacitive mode o obtain a second plurality of absolute capacitive measurements. The
determination processor is configured o determine the first force-based data based on
differences between the first plurality of transcapacitive measurements and the first
plurality of absolute capacitive measurements and {o determing the second force-based
data based on differences between the second plurality of transcapacitive
measurements and the second plurality of absolute capacitive measurements.

BRIEF DESCRIPTION OF THE DRAWINGS

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

imiting of scope, for other effective embodiments may be admitted.

[0007] Figure 1 is a block diagram of a sysiem that includes an input device

according {o an exampile.
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[0008]  Figure 2A is a block diagram depicting a capacitive sensor device according

to an example.

[0009] Figure 2B is a block diagram depicting another capacilive sensor device

according to an example.

[0010]  Figure 3 is a side view of a portion of the capacitive sensor device of Figure
2A, according to an example.

[0011]  Figures 4A and 4B are block diagrams that illusirate the manner in which
profiles are obtained from transcapacitive and absolute capacilive sensing, according to

an example.

[0012]  Figures 5A-5E illustrale techniques for scaling composite franscapaciiive

sensing measurements and generaling force-related data, according {0 an example.

[0013]  Figure 6 illustrates a method for estimating force applied by an input object,

according {o an example.

(0014}  Figures 7A-78 illustrate a sensor electrode configuration for obtaining force-

related data, according to an example.

[0016]  Figure 8 illustrates a method for estimating force applied by an input object

and obtaining location data for estimated force, according o an example.

(0016}  To facilitate undersianding, identical reference numerals have been used,
where possible, to designate identical elements that are common to the figures. it is
contemplated that elements of one embodiment may be beneficially incorporated in

other embodiments.

DETAILED DESCRIPTION
[0017]  The following detailed description is merely exemplary in nature and is not
intended to limit the embodiments or the application and uses of such embaodiments,

Furthermore, there i3 no intention to be bound by any expressed or implied theory
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presented in the preceding technical field, background, brief summary or the following

detailed description.

[0018]  Various embodiments provide techniques for obtaining force-related data. An
input device obfains capacitive measurements in absolute capacitive mode and
transcapacitive mode. The input device sums transcapacitive measurements aligned in
the same dimension to generate a profile and performs a transform on the profile to
generate a scaled transcapacitive profile. The input device then sublracts the scaled
transcapacitive profile from the absolute capacitive measurements to obtain force-
related data.

[0018]  Turning now to the figures, Figure 1 is a block diagram of an exemplary input
device 100, in accordance with embodiments of the invention. The input device 100
may be configured to provide input 1o an electronic system (not shown). As used in this
document, the term “electronic system” (or “electronic device”) broadly refers o any
system capable of electronically processing information. Some non-limiting examples of
glectronic systems include personal computers of all sizes and shapes, such as deskiop
computers, laptop computers, netbook computers, tablets, web browsers, e-book
readers, and personail digital assistants (PDAs). Additional example electronic systems
inciude composite input devices, such as physical keyboards that include input device
100 and separate joysticks or key switches. Further example electronic systems
inciude peripherals such as data input devices (including remote controls and mice),
and data oulput devices (including display screens and printers).  Other examples
inciude remote terminals, kiosks, and video game machines (e.qg., video game consoles,
portable gaming devices, and the like). Other examples include communication devices
(including cellular phones, such as smart phones), and media devices (including
recorders, editors, and players such as televisions, set-top boxes, music players, digital
photo frames, and digital cameras). Additionally, the electronic system could be a host

or a slave to the input device.

[0020]  The input device 100 can be implemented as a physical part of the elecironic
system or can be physically separate from the electronic system. As appropriate, the
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input device 100 may communicate with parts of the electronic system using any one or
more of the following: buses, networks, and other wired or wireless interconnections.
Examples include I“C, SPI, P5/2, Universal Serial Bus (USH), Bluetooth, RF, and IRDA.

[0021] in Figure 1, the input device 100 is shown as a proximity sensor device (also
often referred {0 as a “touchpad” or a “touch sensor device”) configured to sense input
provided by one or more input obiects 140 in a sensing region 120, Example input
obhjects include fingers and styli, as shown in Figure 1.

[0022]  Sensing region 120 encompasses any space above, around, in, and/or near
the input device 100 in which the input device 100 is able o detect user input (e.g., user
input provided by one or more input objects 140). The sizes, shapes, and locations of
particuiar sensing regions may vary widely from embodiment {o embodiment. iIn some
embodiments, the sensing region 120 exiends from a surface of the input device 100 in
one or more directions into space until signal-to-ncise ratios prevent sufficiently
accurate object detection. The distance to which this sensing region 120 exiends in a
particular direction, in various embodiments, may be on the order of iess than a
millimeter, millimeters, centimeters, or more, and may vary significantly with the type of
sensing technology used and the accuracy desired. Thus, some embodiments sense
input that comprises no contact with any surfaces of the input device 100, contact with
an input surface {e.g., a touch surface) of the input device 100, contact with an input
surface of the input device 100 coupled with some amount of applied force or pressure,
andfor a combination thersof. In 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, elc.  In some embodiments, the sensing
region 120 has a rectangular shape when projecied onto an input surface of the input
device 100.

[0023] The input device 100 may ulilize any combination of sensor components and
sensing technologies (o detect user input in the sensing region 120. The input deavice
100 comprises one or more sensing elements for detecting user input. As several non-
imiting examples, the input device 100 may use capacilive, elastive, resistive, induclive,
magnetic, acoustic, ultrasonic, and/or optical technigues. Some implementations are
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configured to provide images that span one, two, three, or higher dimensional spaces.
Some implementations are configured to provide projections of input along particular
axes or planes. In some resistive implementations of the input device 100, 3 flexible
and conductive first layer is separated by one or more spacer elements from a
conductive second layer. During operation, one or more voitage gradients are created
across the layers. Pressing the flexible first layer may deflect it sufficiently to create
glectrical contact between the layers, resulting in voltage oulputs refleclive of the
point{s) of contact between the layers. These voltage oulputs may be used {o

determine positional information.

[0024] In some inductive implementations of the input device 100, one or more
sensing elements pick up loop currents induced by a resonating coil or pair of coils.
Some combination of the magnitude, phase, and frequency of the currents may then be

used o determine positional information.

[0025] In some capacitive implementations of the input device 100, vollage or
current is applied to create an electric field. Nearby input objects cause changes in the
electric field and produce deteciable changes in capacitive coupling that may be

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

[0028] Some capacitive implementations utilize arrays or other regular or irregular
patlerns of capacitive sensing elements to create electric fields. In some capacilive
implementations, separate sensing elements may be ochmically shorted together {o form
larger sensor electrodes. Some capacitive implementations utilize resistive sheets,

which may be uniformly resistive.

[0027] 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 object near
the sensor elecitrodes allers the electric field near the sensor electrodes, changing the
measured capacitive coupling. In one implementation, an absolute capacitance sensing
method operates by modulating sensor electrodes with respect {0 a reference voltage
(e.g., system ground) and by detecting the capacitive coupling between the sensor

glecirodes and input objects.



WO 2017/172159 PCT/US2017/019657

[0028] Some capacitive implementations ulilize ‘“mutual  capacitance” (or
“transcapacitance”) sensing methods based on changes in the capacitive coupling
between sensor electrodes. In various embodiments, an input object near the sensor
electrodes alters the electric field between the sensor electrodes, changing the
measuwred capacitive coupling. In one implementation, a transcapacitive sensing
method operates by detecling the capacitive coupling between one or more transmitter
sensor electrodes (also “transmitier electrodes” or “fransmitters”) and one or more
receiver sensor elecitrodes {(also “receiver elecirodes” or “receivers”). Transmitter
sensor electrodes may be modulaied relative fo a reference vollage (e.g., system
ground) to transmit transmitter signals. Receiver sensor elecirodes may be held
substantially constant relative o the reference voltage to facilitate receipt of resulting
signals. A resulting signal may comprise effect(s) corresponding {o one or more
transmitter signals andfor to one or more sources of environmental interference {(e.qg.,
other electromagnetic signals). Sensor electrodes may be dedicated fransmilters or
receivers, or sensor electrodes may be configured to both transmit and receive.

Alternatively, the receiver electrodes may be modulated relative to ground.

(00291 in Figure 1, a processing system 110 is shown as part of the input device
100. The processing system 110 is configured {o operate the hardware of the input
device 100 to delect input in the sensing region 120. The processing system 110
comprises parts of, or all of, one or more integrated circuits (ICs) andfor other circuitry
components. For example, a processing sysiem for a mutual capaciiance sensor
device may comprise transmitter circuitry configured {o transmit signals with transmitter
sensor electrodes and/or receiver circuitry configured {0 receive signals with receiver
sensor electrodes. In some embodiments, the processing system 110 also comprises
electronically-readable instructions, such as firmware code, software code, and/or the
like. In some embodiments, components composing the processing system 110 are
located together, such as near sensing element(s) of the input device 100. In other
embodiments, components of processing system 110 are physically separate with one
or more components close to sensing element(s) of input device 100 and one or more
components elsewhere. For example, the input device 100 may be a peripheral

coupled to a desktop computer, and the processing system 110 may comprise software
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configured {o run on a central processing unit of the desktop computer and one or more
ICs (perhaps with associated firmware) separate from the central processing unit. As
another exampile, the input device 100 may be physically integrated in a phone, and the
processing system 110 may comprise circuits and firmware that are part of a main
processor of the phone. In some embodiments, the processing system 110 is dedicated
to implementing the input device 100. In other embodiments, the processing system
110 also performs other funclions, such as operating display screens, driving haptic

actuators, eic.

(0030}  The processing system 110 may be implemented as a sel of modules that
handle different funclions of the processing system 110, Each module may comprise
circuitry that is a part of the processing system 110, firmware, software, or a
combination thereof. In various embodiments, different combinations of modules may
be used  Example modules include hardware operation modules for operating
hardware such as sensor electrodes and display screens, data processing modules for
processing data such as sensor signals and positional information, and reporting
modules for reporting information.  Further example modules include sensor operation
modules configured to operate sensing element(s) to detect input, identification modules
configured {o identify gestures such as mode changing gestures, and mode changing
modules for changing operation modes.

(0031} I some embodiments, the processing system 110 responds to user input (or
lack of user input) in the sensing region 120 directly by causing one or more actions.
Example actions include changing operation modes, as well as GU! actions such as
cursor movement, selection, menu navigation, and other funclions. in some
embodiments, the processing system 110 provides information about the input (or lack
of input) 1o some part of the electronic system (e.g., {0 a central processing system of
the eleclronic system that is separate from the processing system 110, i such a
separate central processing system exists). In some embodiments, some part of the
glecironic system processes information received from the processing system 110 to
act on user input, such as to facilitate a full range of actions, including mode changing

actions and GLUI actions.
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[0032] For example, in some embodiments, the processing system 110 operates the
sensing element(s) of the input device 100 to produce electrical signals indicative of
input (or lack of inpul) 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 to the electronic system. For example, the processing system 110
may digitize analog electrical signals obtained from the sensor electrodes. As another
example, the processing system 110 may perform filtering or other signal conditioning.
As yet another example, the processing system 110 may subtract or otherwise account
for & baseline, such that the information reflects a difference between the slectrical
signals and the baseline. As yet further examples, the processing sysiem 110 may
determine positional  information, recognize inpuls as commands, recognize
handwriting, and the like.

(0033} “Positional information” as used herein broadly encompasses absolule
position, relative position, velocily, acceleration, and other types of spatial information.
Exemplary “zero-dimensional” positional information includes nearffar or contact/ne
contact information.  Exemplary “one-dimensional” positional information includes
positions along an axis. Exemplary “two-dimensional” positional information includes
motions in a plane. Exemplary “three-dimensional” positional information includes
instantanecus or average velocities in space. Further examples include other
representations of spatial information. Historical data regarding one or more types of
positional information may also be determined and/or stored, including, for example,

historical data that tracks position, motion, or instantaneous velocity over time.

[0034] in some embodiments, the input device 100 is implemented with additional
input components that are operated by the processing system 110 or by some other
processing system. These additional input componenis may provide redundant
functionality for input in the sensing region 120 or some other functionality. Figure 1
shows buttons 130 near the sensing region 120 that can be used {o facilitale selection
of items using the input device 100. Other types of additional input componentis include
sliders, balls, wheels, switches, and the like. Conversely, in some embodiments, the

input device 100 may be implemented with no other input components.

10
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[0035] I some embodiments, the input device 100 comprises a touch screen
interface, and the sensing region 120 overiaps at least part of an aclive area of a
display screen. For example, the input device 100 may comprise substantially
transparent sensor electrodes overlaying the display screen and provide a touch screen
interface for the associated electronic system. The display screen may be any type of
dynamic display capable of displaying a visual interface {0 a user, and may include any
type of light emitting diode (LED), organic LED (OLED), cathode ray tube (CRT), liguid
crystal display (LCD), plasma, electroluminescence (EL), or other display technology.
The input device 100 and the display screen may share physical elements. For
example, some embodiments may ulilize some of the same electrical components for
displaying and sensing. As ancther example, the display screen may be operaled in
part or in tolal by the processing system 110,

0036} it should be understood that while many embodiments of the invention are
described in the context of a fully functioning apparatus, the mechanisms of the present
invention are capable of being distributed as a program product (e.g., software) in a
variety of forms. For example, the mechanisms of the present invention may be
implemented and distributed as a software program on information bearing media that
are readable by electronic processors (e.q., non-transitory computer-readable and/or
recordablefwritable information bearing media readable by the processing system 110).
Additionslly, the embodiments of the present invention apply equally regardless of the
particular type of medium used {o carry out the distribution. Examples of non-transitory,
glecironically readable media include 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 storage technology.

[0037] Figure 2A is a block diagram depicting a capacitive sensor device 200A
according to an example. The capacitive sensor device 200A comprises an exampile
impiementation of the input device 100 shown in Figure 1. The capacitive sensor
device 200A includes a sensor elecirode coliection 208 coupled to an example
implementation of the processing system 110 (referred {0 as “the processing system
110A”). As used herein, general reference to the processing system 110 is a reference

to the processing system described in Figure 1 or any other embodiment thergof

11
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described herein {e.g., the processing system 110A, 1108, efc.). Note that in some
embodiments, unless otherwise stated, processing system 110B performs the same

functionality as processing system 110A.

[0038] The sensor electrode collection 208 is disposed on a substrate 202 to provide
the sensing region 120. The sensor electrode collection 208 includes sensor elecirodes
disposed on the substrate 202, In the present example, the sensor electrode collection
208 inciudes two pluralities of sensor elecirodes 220-1 through 220-N (collectively
“sensor elecirodes 220", and 230-1 through 230-M (collectively “sensor electrodes
2307, where M and N are integers greater than zero. The sensor electrodes 220 and
230 are separated by a dieleclric (nof shown). The sensor electrodes 220 and the
sensor electrodes 230 can be non-paraliel. In an example, the sensor electrodes 220

are disposed orthogonally with the sensor electrodes 230.

0039} in some examples, the sensor electrodes 220 and the sensor electrodes 230
can be disposed on separate layers of the subsirate 202, In other examples, the sensor
glectrodes 220 and the sensor glectrodes 230 can be disposed on a single layer of the
substrate 202. While the sensor eleclrodes 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 substrate,
and other sensor electrodes can be disposed on a second substrate adhered to the first
substrate. In some embodiments, the sensor electrodes disposed on a single layer may
overlap using jumpers, the jumpers being a second layer. I various embodiments, the
input device 100 may comprise one or more sensor electrodes configured for both
display updating and input sensing. For example, at least one sensor elecirodes that
are used for input sensing may comprise one or more display electrodes of the display
device that are used in updating the display. Further, the dispiay electrode may
comprise one or more of segments of a Vcom electrode {(common electrodes), source
drive lines (electrodes), gate line (electrodes), an anode sub-pixel electrode or cathode
pixel electrode, or any other display element These display electrodes may be
disposed on an appropriate display screen substrate.  For example, the display
glecirodes may be disposed on a transparent subsirate {(a glass substrate, TFT glass,

or any other transparent material) in some display screens {e.g., In Plane Swilching

12
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(IPS), Fringe Field Switching (FFS) or Plane to Line Switching (PLS) Organic Light
Emitting Dicde (OLED)), on the bottom of the color filter glass of some display screens
(e.g., Patterned Vertical Alignment (PVA) Mulli-domain Vertical Alignment (MVA), IPS
and FFS), over an cathode layer (OLED), etc. In such embodiments, the display
glectrode can also be referred to as a “combination electrode”, since it performs multiple
functions. In various embodiments, each of the sensor electrodes comprises one or
more display elecirodes associated with a pixel or sub pixel. In other embodiments, at
least two sensor electrodes may share at least one display elecirode associated with a
pixel or sub-pixel. In various embodiments, a first sensor electrode comprises one or
more display electrodes configured for display updating and capacitive sensing and a
second sensor electrode may be configured for capacitive sensing and not for display
updating. The second sensor electrode may be disposed between substrates of the
display device or external from the display device. In some embodiments, all of the
sensor slectrodes may comprise one or more display elecirodes configured for display

updating and capacitive sensing.

{0040} In the present example, the sensor electrode collection 208 is shown with the
sensor electrodes 220, 230 generally arranged in a rectangular grid of intersections of
orthogonal sensor electrodes. It is 1o be undersiood that the sensor electrode collection
208 is not imited to such an arrangement, but instead can include numerous sensor
patterns.  Although the sensor elecirode collection 208 is depicted as rectangular, the

sensor electrode collection 208 can have other shapes, such as a circular shape.

[0041]  As discussed below, the processing system 110A can operale the sensor
electrodes 220, 230 according o a plurality of excitation schemaes, including excitation
scheme(s) for mutual capacitance sensing {(“transcapacitive sensing”} andfor self-
capacitance sensing (“absoclule capacitive sensing”). In a iranscapaciltive excitation
scheme, the processing system 110A drives the sensor electrodes 230 with transmitter
signals {the sensor electrodes 230 are “ransmitler electrodes”), and receives resulting
signals from the sensor elecirodes 220 (the sensor elecirodes 220 are “receiver
electrodes”). In some embodiments, sensor electrodes 220 may be driven as
fransmitter elecirodes and sensor electrodes 230 may be operated as receiver

electrodes. The sensor electrodes 230 can have the same or different geometry as the

13
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sensor electrodes 220. In an example, the sensor electrodes 230 are wider and more
closely distributed than the sensor electrodes 220, which are thinner and more sparsely
distributed. Similarly, in an embodiment, sensor electrodes 220 may be wider andfor
more sparsely distribuied. Alternatively, the sensor electrodes 220, 230 can have the
same width and/or the same distribution.

[0042] The sensor electrodes 220 and the sensor electrodes 230 are coupled o the
processing system 110A by conductive routing traces 204 and conductive routing traces
206, respeclively. The processing system 110A is coupled to the sensor electrodes
220, 230 through the conductive routing traces 204, 206 10 implement the sensing
region 120 for sensing inputs. Each of the sensor electrodes 220 can be coupled to at
least one routing trace of the routing traces 206. Likewise, each of the sensor

electrodes 230 can be coupled {0 at least one routing trace of the routing traces 204.

(0043} Figure 2B is a block diagram depicting a capacitive sensor device 2008
according to an example. The capacilive sensor device 2008 comprises another
example implementaiion of the input device 100 shown in Figure 1. In the present
example, the sensor eleclrode collection 208 includes a plurality of sensor elecirodes
2104 4 through 210, «, where J and K are integers {(collectively “sensor electrodes 210%).
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 patierns, such as polar arrays, repeating patierns, non-
repeating pallerns, or like type arrangements. in various embodiments, the grid
glectrode(s) is optional and may not be included. Similar to the capacitive sensor
device 200A, the processing system 110B can operale the sensor elecirodes 210
according 1o a plurality of excitation schemes, including excitation scheme(s) for

transcapacitive sensing and/or absolute capacitive sensing.

[0044] It some examples, the sensor electrodes 210 can be disposed on separate
layers of the subsirate 202, In other examples, the sensor electrodes 210 can be
disposed on a single layer of the subsirate 202, The sensor electrodes 210 can be on
the same and/or different layers as the sensor electrodes 220 and the sensor electrodes
230. While the sensor electrodes are shown disposed on a single substrate 202, in
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some embodiments, the sensor electrodes can be disposed on more than one
substrate. For example, some sensor elecirodes can be disposed on a first substrate,
and other sensor electrodes can be disposed on a second substrate adhered to the first

substrate.

[0045]  The processing system 110B is coupled {o the sensor electrodes 210 through
the conductive routing traces 212 to implement the sensing region 120 for sensing
inputs.  In one or more embodiments, sensor electrode collection 208 may further
comprise one or more grid elecirodes that are disposed between sensor electrodes 210.
The grid electrode(s) may at least partially encompass one or more of the sensor

gelectrodes 210.

[0046]  Referring to Figures 2A and 2B, the capacilive sensor device 200A or 2008
can be utilized to communicate user input (e.g., a users finger, a probe such as a
styius, and/or some other external input object) to an electronic system (e.qg., computing
device or other electronic device). For example, the capacilive sensor device 200A or
2008 can be implemented as a capacitive touch screen device that can be placed over
an underlying image or information display device (not shown}. In this manner, a8 user
would view the underlying image or information display by looking through substantially
transparent elements in the sensor elecirode collection 208, When implemented in a
touch screen, the substrate 202 can include at least one substantially transparent layer
(not shown). The sensor electrodes and the conductive routing traces can be formed of
substantially transparent conductive material. Indium tin oxide (ITQ) and/or thin, barely
visible wires are but two of many possible examples of substantially transparent
material that can be used to form the sensor elecirodes andf/or the conductive routing
fraces. In other examples, the conductive routing traces can be formed of non-
transparent material, and then hidden in a border region (not shown) of the sensor

glectrode collection 208.

(00471 In another example, the capacilive sensor device 200A or 2008 can be
implemented as a capacitive touchpad, slider, button, or other capacitance sensor. For
example, the substrate 202 can be implemented with, but not limited to, one or more
clear or opaque materials. Likewise, clear or opaque conductive materials can be
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utilized to form sensor electrodes and/or conductive routing traces for the sensor

glectrode collection 208,

[0048] i general, the processing system 110 (note, processing system 110 may
refer to either or 110A or 110B) excites or drives sensing elements of the sensor
glecirode collection 208 with a sensing signal and measures an induced or resulting
signal that includes effects corresponding to at least one of the sensing signal, an input
obhiject, and interference in the sensing region 120. The iferms “excite” and “drive” as
used herein encompasses controlling some electrical aspect of the driven element. For
example, it is possible o drive current through a wire, drive charge into a conductor,
drive a substantially constant or varying vollage waveform onio an electrode, etc. A
sensing signal can be constant, substantially constant, or varying over time, and
generally includes a shape, frequency, amplitude, and phase. A sensing signal can be
referred to as an “active signal” as opposed {0 a “passive signal,” such as a ground
signal or other reference signal. A sensing signal can aiso be referred {o as a
“fransmitter signal” when used in transcapacitive sensing, or an “absolule sensing

signal” or “modulated signal” when used in absolute sensing.

(00491 in an example, the processing system 110 drives one or more sensor
electrodes of the sensor electrode collection 208 with a voltage and senses resulting
respective charge on the sensor electrode(s). That is, the sensing signal is a voliage
signal and the resulling signal is a charge signal (e.g., a signal indicalive of
accumulated charge, such as an integrated current signal). Capacitance is proportional
to applied volitage and inversely proportional {o accumulated charge. The processing
system 110 can determine measurement(s) of capacitance from the sensed charge. In
another example, the processing system 110 drives one or more sensor electrodeas of
the sensor electrode collection 208 with charge and senses resulting respective voltage
on sensor electrode(s). Thalt is, the sensing signal is a signal to cause accumulation of
charge (e.g., current signal) and the resulting signal is a voltage signal. The processing
system 110 can determine measurement(s) of capacitance from the sensed voltage. In
general, the term “sensing signal” is meant to encompass both driving voltage to sense

charge and driving charge to sense voltage, as well as any other type of signal that can
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be used to obtain indicia of capacitance. “Indicia of capacitance” include measurements

of charge, current, voliage, and the like, from which capacitance can be derived.

[0080]  The processing system 110 can include a sensor circuitry 240, The sensor
circuitry 240 performs sensing-related functions of the processing system 110, such as
driving sensor elecirodes with signals for sensing, receiving signals from sensor
electrode for processing, and other funclions. The sensor circuitry 240 may be partof a
sensor module that includes firmware, software, or a combination therecf operating in

cooperation with the circuitry.

(0051} in some embodiments processing system 110 includes a determination
module 260. The delermination module 260 may be embodied as, or may include, a
determination processor that is configured to perform some or all of the operations
described as being performed by the determination module 260 herein, such as
analyzing signals received via sensor circuitry 240 o determine presence of an input
object.  In some embodimenis, the determination processor is @ miCroprocessor,
microcontroller, or other instruction processing electronic element that executes
instructions, in the form of software or firmware, for performing such operations. in
other embodiments, the determination processor is an application specific integrated
circuit having circuit elements selected and arranged {o perform the described
operations. Note that in various embodiments, the determination processor is included
within the same integrated circuit as some or all of the other portions of the processing

system 110.

[0052]  Note that funclionality performed by sensor circuitry 240 and determination
module 260 may be considered {0 be performed by processing system 110, Note also
that although both sensor circuitry 240 and determination module 260 are described,
and that specific funclionality are ascribed {o these elements, in various embodiments,
functionality may be spiit amongst the sensor circuitry 240 and determination module

260 in different ways.

[0083]  The sensor circuitry 240 seleclively drives sensing signal{s) on one or more
sensing elements of the sensor elecirode coliection 208 over one or more cycles

(“excitation cycles”) in accordance with one or more schemes (“excitation schemes”).
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During each excitation cycle, the sensor circuitry 240 can selectively sense resulting
signal(s) from one or more sensing elements of the sensor electrode coliection 208,
Each excitation cycle has an associated time period during which sensing signais are

driven and resulting signais measured.

[0054] I one type of excitation scheme, the sensor circuitry 240 can selectively drive
sensing elemenis of the sensor electrode collection 208 for absocluie capacitive sensing.
in absolute capacitive sensing, the sensor circuilry 240 drives selected sensor
electrode(s) with an absolute sensing signal and senses resulling signal(s) from the
selected sensor electrode(s). In such an excitation scheme, measurements of absolute
capacitance between the selected sensing elemeni{s) and input object(s) are
determined from the resulting signal(s). In an example, the sensor circuitry 240 can
drive selected sensor glecirodes 220, andfor selected sensor slectrodes 230, with an
absolute sensing signal.  In another example, the sensor circuitry 240 can drive
selecied sensor electrodes 210 with an absolute sensing signal

[0055] in another type of excitation scheme, the sensor circuitry 240 can seleclively
drive sensing elements of the sensor electrode collection 208 for transcapacitive
gensing. In transcapacilive sensing, the sensor circuitry 240 drives selected {ransmitter
sensor slectrodes with transmitter signal(s) and senses resulting signals from selected
receiver sensor electrodes.  In such an excitation scheme, measurements of
transcapacitance between transmitter and receiver glectrodes are determined from the
resulting signals.  In an example, the sensor circuitry 240 can drive the sensor
glecirodes 230 with transmitier signal(s) and receive resulling signals on the sensor
electrodes 220. In another example, the sensor circuitry 240 can drive selected sensor
glecirodes 210 with transmitter signal(s), and receive resulling signals from others of the

sensor electrodes 210,

[0056] iy any excitation cycle, the sensor circuitry 240 can drive sensing elements of
the sensor elecirode collection 208 with other signals, such as shielding or shield
signals. A shield signal may be any substantially constant voltage signal or a varying
voltage signal. The sensor electrodes of sensor electrode collection 208 that are not
driven with a sensing signal, or sensed {o receive resulting signals, can be driven with a
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shield signal or left floating (i.e., not driven with any signal). The shield signal may be a
ground signal (e.g., system ground) of the inpui device. A shield signal comprising a
varying voliage signal may also be referred o as a guard signal. Such a signal can be a
signal that is similar or the same in at least one of shape, amplitude, frequency, or
phase of a transmitter signal or the absoclule capacitive sensing signal.

[0057]  “System ground” may indicate any reference voliage of the input device 100
For example, a capacitive sensing sysiem of a mobile device can, at fimes, be
referenced {0 a system ground provided by the phone’s power source {e.g., a charger or
battery). The system ground may not be fixed reiative {0 earth or any other reference.
For example, a mobile device on a table usually has a floating system ground. A mobile
device being held by a person who is strongly coupled o earth ground through free
space may be grounded relative {o the person, but the person-ground may be varying
relative to earth ground. In many systems, the sysiem ground is connecled o, or
provided by, the largest area electrode in the system. The capacitive sensor device
200A or 2008 can be located proximate {0 such a system ground slectrode {e.g.,

located above a ground plane or backplane).

[0058] The determination module 260 performs capacitance measurements based
on resulting signals oblained by the sensor circuitry 240,  The capaciance
measurements can include changes in capacitive couplings between elements (also
referred to as “changes in capacitance”™). For example, the determination moduie 260
can determine baseline measurements of capacitive couplings between elements
without the presence of input objeci{s). The determination module 260 can then
combine the baseline measurements of capacitive couplings with measurements of
capacitive couplings in the presence of inpul object{s} {o determine changes in

capacitive couplings.

[0059] frn an example, the determination module 260 can perform a plurality of
capacitance measurements associated with specific portions of the sensing region 120
as “capacitive pixels” {o create g “capacitive image” or “capacilive frame.” A capacitive
pixel of a capacitive image represents a location within the sensing region 120 in which
a capacitive coupling can be measured using sensing elements of the sensor elecirode
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collection 208. For example, a capacitive pixel can correspond to a transcapacitive
coupling between a sensor electrode 220 and a sensor electrode 230 affected by input
obiect(s). In another example, a capacilive pixel can correspond to an absolute
capacitance of a sensor electrode 210. The determination module 260 can determine
an array of capacitive coupling changes using the resulling signals obtained by the
sensor circuitry 240 to produce an x-by-y array of capacilive pixels that form a
capacitive image. The capacitive image can be obtained using transcapacitive sensing
(e.g., transcapacitive image), or obtained using absolute capacitive sensing (e.g.,
absolute capacitive image). In this manner, the processing system 110 can capture a
capacitive image that is a snapshol of the response measured in relation to input
ohiect(s) in the sensing region 120. A given capacilive image can include all of the
capacitive pixels in the sensing region, or only a subset of the capacitive pixels.

0060} in another example, the determination module 260 can perform a plurality of
capacitance measurements associated with a particular axis of the sensing region 120
to create a “capacitive profile” along that axis. For example, the determination moduie
260 can determine an array of absolute capacitive coupling changes along an axis
defined by the sensor electrodes 220 andior the sensor electrodes 230 o produce
capacitive profile(s). The array of capacitive coupling changes can include a number of
points less than or equal o the number of sensor elecirodes along the given axis.

[0061] Measurement(s) of capacitance by the processing system 110, such as
capacitive image(s) or capacitive profile(s), enable the sensing of contact, hovering, or
other user input with respect to the formed sensing regions by the sensor elecirode
coliection 208. The determination module 260 can utilize the measurements of
capacitance to determine positional information with respect o a user input relative o
the sensing regions formed by the sensor electrode collection 208, The determination
module 260 can additionally or alternatively use such measuremeni(s) o determine

input object size and/or input object type.

[0062] Processing system 110A and processing system 110B may also include a
display driver 280 that drives display elements of input device 100 for display updates.

in various embodiments, display driver 280 may drive gate lines and source lines,
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where gate lines select a row of display elements for display updating and source lines
provide display update values to particular sub-pixel elements. In the description below,
any portion {including all) of functionality related to display updating described as being
performed by the processing system 110 may be considered to be performed by the
display driver 280. Display driver 280 may be embodied as, or may include, a
processing system configured to perform functionality described herein, by, for example,
executing software or firmware instructions. Display driver 280 may alternatively or
additionally include other non-processor hardware componenis configured to perform

functionality described herein.

[0063] in addition to determining presence and location of input objects 140 via
technigues described above, processing system 110 is also capable of obtaining force-
related data for inpul objecis 140, from capacitive sensing data obtained via sensor
glectrodes. The force-related data includes data that is related to the amount of force
that is applied by an input object 140 to the input device 100, Technigues for

determining force-related data are described in detail below.

[0064]  Figure 3 is a side view of a portion of capacitive sensor device 200A of Figure
2A, according {o an example. As shown, the capacitive sensor device 200A includes a
cover 302, a receiver electrode 304, transmitier electrodes 306, and a reference plate
308. The cover 302 is a protective element that prevents damage to sensor electrodes
or other elements in the input device 100 from external objects such as an input object
140. The cover 302 may be an outermost element of the input device 100 that comes
into contact with input objects 140. Receiver electrodes 304 may be one of sensor
electrodes 220 or sensor electrodes 230 in Figure 2A and transmitier electrodes 306
(“tx"} may be the other of sensor electrodes 220 or sensor electrodes 230, Transmitter
electrodes 306 are substantially perpendicular to receiver electrodes 304 and are
disposed in a different layer than receiver electrodes 304, Because receiver elecirodes
304 are substantially perpendicular to transmitter electrodes 306, only a single length-
wise edge of a receiver electrode 304 is shown in Figure 3, while muitiple head-on
transmitter electrodes 306 are shown in Figure 3. The reference plate 308 is driven with
a voltage signal that is different than the voltage signal with which transmitter electrodes

306 are driven during absolute capacitive sensing. The reference plate 308 may be
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held to a constant voltage and provides functions such as shielding one side of the
sensor electrodes. in some embodiments, the reference plate 308 is part of the display
glements of the input device 100. In other embodiments, the reference plate 308 may
be external to the display elements of the input device 100. In some embodiments, the
reference plate 308 is part of a housing of the input device 100. In any of the above
embodiments, the reference plate 308 may be comprised of one conductor or may be

comprised of mulliple different conductors.

[0065] When an input object 140 contacts cover 302, cover 302, and thus other
glements in input device 100, including receiver elecirodes 304 and transmitter
electrodes 306, may deform lowards the reference plate 308, In absolule sensing
mode, in which transmitler elecirodes 306 are driven with a signal and an “absolute
capacitance” (i.e., capacitance to the “environment”) is detecled, this deformation
modifies the capacitance of the transmitier electrodes 306, because the transmilter
electrode 306 is brought closer to the reference plate 308, However, in transcapacitive
gensing moede, in which one or more fransmitter electrodes 306 may be sequentially
driven and resulling signals are received with receiver electrodes 304, transmitier
electrodes 308 that are not driven for sensing are driven {o a reference voltage, such as
ground voltage, and thus shisld the receiver glectrodes 304 from receiving effects due
to deformation of the t{ransmiiler slectrode 306. In some embodiments, in
transcapacitive sensing mode, multiple transmitter electrodes 306 may be driven
simultaneously.  In some embodiments, in absolute capacilive mode, mulliple
transmitter electrodes 306 may be sensed with simultaneously. Additionally, the signal
driven on fransmitter electrodes 306 may be used for both transcapacitive sensing and

absolute capacitive sensing.

[00B6]  For the above reasons, data that reflects the force applied by an input object
140 to input device 100 {(e.g., to the cover 302} can be obtained by sublracling
measurements performed in transcapacitive mode from measurements performed in
absolute capacitive mode. Processing system 110 oblains transcapacitive
measurements and absoclute capacitive measurements during the same “touch event”
Le., during the same event in which an input object 140 touches the input device 100,

in some embodiments, processing system 110 obtains transcapacitive measurements
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and absolute capacitive measurements close in time {o each other, such as within a
particular threshold of time during which the input object 140 does not move {o a large
degree. In some embodiments, processing system 110 oblains transcapacitive
measurements at the same time as obtaining absolute capacitive measuremenis. The
actual measurements obtained in transcapacitive mode are not necessarily “compatible”
with the measurements oblained in absolute capacitive mode. Processing system 110
thus transforms the transcapacitive mode data by assembling the transcapacitive mode
data to generale a transcapacitive profile and also by appiving scaling to the
franscapacitive profile. Processing system 110 then subtracts the scaled
transcapacitive profile from an absolute capacitive profile that includes the absolute
capacitive measurements. The term “profile” as used herein refers to a sequence of
measurements, where each measurement corresponds to a different location (and

sensor electrode) in the input device 100.

(0067} I some embodiments, the elements illustrated in Figure 3 may be part of an
input device comprising a display device with an integrated capacitive sensing device.
in various embodiments, one or more sensor electrodes comprise at least one display
electrode of the display device. For example, in one embodiment, each of the
transmitter electrodes comprises one or more segments of a segmented common
electrode disposed on a first layer within the display device while the receiver electrodes
may be disposed on a second layer. The second layer may be within the display device
or external o the display device. In one or more embodiments, the liguid crystal
material is disposed between the fransmilter electrodes and the receiver electrodes.
in other embodiments, both the fransmitter elecirodes and receiver electrodes may be
comprised of display electrodes and disposed on a common layer within the display or
separate layers. Further, in some embodiments, the transmitier and receiver electrodes
may be discrete electrodes, such that the transmitier and receiver electrodes are not

comprised of display electrodes.

[0068]  Figures 4A and 4B are block diagrams that iliustrate the sensor elecirode
collection 208 of Figure 2A, and the manner in which profiles are oblained from
transcapacitive and absolute capacitive sensing, according to an example. Figure 4A

llustrates the sensor electrode coliection 208 of Figure 2A driven in absolute capacitive
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mode and Figure 4B illustrates the sensor elecirode collection 208 driven in

transcapacitive mode.

[0069] i Figure 4A the processing system 110 drives each of the vertical sensor
electrodes 230 (which corresponds to g transmitter electrode 306 in Figure 3) to obtain
an absolute capacitive sensor measurement. The absolute capacitive sensor
measurement for each verlical sensor electrode 230 is indicated as “a-x" where “X
uniguely identifies a particular sensor electrode 230, The absolute sensing profile
inciudes a plurality of such measurements, corresponding o a plurality of different
vertical sensor elecitrodes 230, For example, an absolute sensing profile may include

meaasurements from a-1 {0 a-x

0070} in Figure 4B, the processing system 110 obtains transcapacitive sensor
measurements. Specifically, the processing system 110 drives transmitter electrodes
(vertical sensor electrodes 230} with a signal and receives resulling signals with
receiver electrodes (horizontal sensing electrodes 220}, The processing system 110
obtains one measurement for each intersection point between the transmitter electrodes
230 and the receiver electrodes 220, The different measurements oblained are shown
in Figure 48 in the format "a-x, y” where x uniquely identifies a fransmitter electrode 230

and y uniquely identifies a receiver electrode 220

[0071]  Once processing system 110 oblains absolute capacitive measuraments, as
shown in Figure 4A, and transcapacitive measurements, as shown in Figure 4B,
processing system 110 collapses the {ranscapacitive measurements into a profile so
that processing system 110 can sublract the transcapacitive data from absolute

capacitive data {o obtain bending-related data.

[0072]  Collapsing the transcapacitive measurements includes generating a profile
out of the transcapacitive measurements. As shown in Figure 4A, measurements from
the vertical sensor electrodes 230 include one measurement for each of the vertical
sensor electrodes 230, By contrast, as shown in Figure 4B, the franscapaciiive
measurements include measurements for each intersection between verlical elecirodes
230 and horizontal electrodes 220, Because there are many more transcapacitive

measurements, processing system 110 collapses the transcapacitive measurements by,
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for each vertical electrode 230, adding each measurement oblained for that vertical
electrode 230 together, to obtain a composite measurement. A combination of
composite measurements comprises a profile for the transcapacitive data, which is

analocgous to the profile for the absolute capacitive data.

[0073] Measurements obtained via transcapacitive sensing are not necessarily on
the same scale as measuremenis obtained via absolute sensing. For example, a
maximum measurement taken in absolute capacitive mode may be of a substantially
different magnitude than a maximum measurement taken in transcapacitive sensing
mode. Figures 5A-5E illustrate technigues for scaling composite transcapacitive
sensing measurements, and generating a profile of force-related data, according to an

gxample.

[0074]  Figures S5A is a graph 500 that illustrates sensing resuits for absoluie
capacitive sensing in the sensor elecirode collection 208 of Figure 2A, according o an
example. As shown, a graph 500 of sensor electrode position (x-axis) vs signal strength
(y-axis} includes a plot 504(1) of measurements 502. Nole that plot 504(1), itself is
shown only for illustrative purposes — the measurements 502 are what is actually

obtained by processing system 110

[0075] i plot 504(1), a maximal measurement 502 is measurement 502(3}), which is
obtained with an electrode proximate {o an input object 140, Other measurements 502
have lower signal strengths that include contributions from the input object 140,
bending, or both.

[0076] Figure 5B is a graph 520 that illustrates a profile generated by collapsing
measurements for franscapacitive sensing in the sensor electrode collection 208 of
Figure 2A, according to an example. As shown, a graph 520, which is also of sensor
electrode position (x-axis} vs signal strength {(y-axis), inciudes a plot 504(2) of collapsed
measurements 522, In plot 504(2), a maximal measurement 522(3) is received with a
sensor electrode near an input object 140. Cther collapsed measurements 522 are
based on measurements received with sensor eleclrodes in different locations.

Collapsed measurements 522 received in transcapacitive mode include effects from the
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input object 140 but include substantially no effects from bending due to the shielding

effects described with respect {o Figure 3.

[0077]  Figure 5C is a graph 540 that illustrates the absoclute sensing plot 504(1) of
Figure 5A superimposed with the iranscapacitive sensing plot 504(2) of Figure 5B,
according to an example. This superimposition shows the relative magnitudes of the
strengths of plot 504(1) and plot 504(2). The highest magnitude measurement 522(3)
for plot 504(2) is not equal to the highest magnitude measurement 502(3) for plot
504(1).

(0078} Thus, processing system 110 scales the coliapsed transcapacitive
measurements 522 in order to perform subiraction operations on the measurements. in
some embodiments, processing system 110 scales the coliapsed transcapacitive
measurements by determining the raiic belween the maximum collapsed
franscapacitive measurement and the maximum absoclute capacitive measurement and
applying that ratio o each of the other transcapacitive measurement. In some
embaodiments, processing system 110 applies a fixed scaling factor or a dynamically
varying scaling factor to the collapsed franscapacilive measurements. [n some
embaodiments, processing system 110 determines the grounding siate of the input
device 100, where “grounding state” refers to the degree to which the input device is
grounded 100. More specifically, if the input device 100 is not connecled to land-based
power, then the input device 100 may experience low ground mass, leading to different
voltages than if the input device 100 were connecied o land-based power. For these
reasons, the processing system 110 scales the collapsed transcapacitive
measurements differently based on whether the input device 100 is connecied {o land-

based power or not.

[0079] Figure 5D is a graph 560 that Hiusitrales scaled measurements 562
corresponding 1o transcapacitive sensing graph plot {2), superimposed with absolute
sensing plot 504(1), according o an example. This superimposition ilustrates
differences in individual measurements that correspond {o the force-related data that is

to be exiracted via the subtraction operations.
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[0080] Figure 5E is a graph 580 that illustrates force-based data derived from
absolute capacitive and franscapacilive data discussed above, according to an
gxample. As shown, g force-data plot 504(3) is defined by force-based data points 582.
Processing system 110 obtains force-based data points 582 by subtracting the scaled
franscapacitive measurements 562 from the absolute capacitive measurements. More
specifically, processing system 110 sublracis a scaled composite ifranscapacitive
measurement for a particular vertical elecirode generated as described with respect {o
Figure 4B from an absolule capacitive measurement obtained from the same vertical
glectrode. Because force-based data is substantially not present in the composite
transcapacitive measurement, but is present in the absclute daia, the result of the
subtraction is force-based data. Processing system 110 performs this subtraction for a
plurality of vertical sensor electrodes in the sensor electrode collection 208.

(0081} in some embodiments, once processing system 110 oblains the force-based
data in a format illustrated in Figure 5k, processing system 110 calculates a force
metric.  In some embaodiments, the force metric is a scalar value that varies as force
applied by an input object 140 {o the input device 100 varies. In some embodiments,
techniques for calculating a force metric based on force-based data include histogram-
based techniques. In some embodiments, those technigues invoive deriving a force
metric based on sensing data arranged info a histogram. As is generally known, a
histogram comprises a set of bins, each bin being defined by a range of measuremenis
that falls within to that bin. Each bin has an associated count number that identifies the
number of measuremaents that fall within that bin. For force-based data as illustrated in
Figure 5k, each measurement 582 would be placed info a bin. The bins are defined
based on a pre-luned map, which is pre-calculated {or pre-determined in anocther
manner). Pre-tuned maps may vary based on location of the finger. Thus, processing
system 110 determines a location of a finger and looks up a pre-tuned map based on
the location of the finger, and then places measurements into bins based on the pre-
tuned map. Once the measuremenis are placed in the bins, processing system 110
calculates a force melric based on the counis in the bins, where the calculation is

performed based on g pre-defined function that correlates bin counts with force metrics.
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[0082]  Although discussed herein in the context of the collection of sensor elecirodes
of Figure 2A, technigues shown herein may be used in the coliection of sensor
glecirodes shown in Figure 2B, which are arranged in a matrix. More specifically,
processing system 110 may drive sensor electrodes 210 in both absolute sensing mode
and transcapacitive sensing mode, build profiles from the absolute and transcapacitive
data, and subtract the transcapacitive profile from the absociute profile to obtain force-
related data. The sensor elecirodes arranged in a matrix, as shown in Figure 2B, may
be operated 0 detect changes in transcapacitance by driving at least one of the sensor
glectrodes with a transmitter signal while receiving with one or more other sensor
electrodes. in one embodiment, at least one sensor electrode may be driven as 3
fransmitter electrode during a first period and operaied as a receiver electrode during a
first period. While operaling in transcapacitive sensing mode, the sensor electrodes
may be seleclively operated {o generale profiles along one or more axes. To determine
changes in absolute capacitance, one or more sensor electrodes may be modulated
with absolute sensing signals while resulling signals are received on the same ong or
more sensor electrodes.  In various embodiments, the sensor electrodes may be
operated in groups {0 generate absolute capacitive profiles along an axis. Further, in
other embodiments, the absoluie capacitance from each sensor elecltrode may be
determined and profiles may be generated within the processing system 110.

[0083] Figure 6 illustrates a method 800 for estimating force applied by an input
object 140, according to an example. Although described with respect to the system of
Figures 1-3, those of skill in the art will recognize that the method 800, performed in the
context of any system capabie of performing the method 600, and in various technically

feasible alternative orders, falls within the scope of the present disclosure.

[0084]  As shown, the method 800 begins at step 802, where the processing system
110 drives sensor electrodes {o oblain transcapacitive measurements. The processing
system 110 also transforms the transcapacitive measurements by collapsing the
transcapacitive measurements into a profile to maich the format of absolute capacitive
measurements and also by scaling the collapsed transcapacitive measurements,
Coliapsing the franscapacitive measurements includes adding each of the

measurements that fall along a particular axis corresponding o each particular sensor
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glecirode to form a composile iranscapacilive measurement for the respective

glectrods.

[0085] At step ©04, the processing system 110 obtains absociute capacitive
measurements by driving transmitter elecirodes and receiving signais with such
glecirodes. At step 606, the processing system 110 scales the transcapacitive

measurements according to iechnigues described herein.

[0086] At step 608, the processing system 110 subtracts the scaled, transformed
transcapacitive data from the absolute capacitive data to obtain force-related data.
More specifically, for a plurality of measurements of absolute capacitive sensing data
(which corresponds to a particular sensor electrode), the processing system 110
subtracts the composite transcapacitive sensing measurement from the sensor
electrode associated with the absolule capacitive measurement {o oblain a difference.

The result is a plurality of differential values that comprise force-based data.

[0087]  After the processing system 110 performs the method 800 obtains the force-
based data, the processing system 110 may obtain a force metric. As described above,
the force metric is a scalar value that is derived from the force-based data. In some
embaodiments, the processing system 110 obtains the force metric using a histogram-
based technique, as described above.

(0088} The technigues described above are able to provide a measure of force
applied by an input object 140 to the inpul device 100, but are not able o identify a
location for that force. Techniques are thus provided below for obtaining location

information for force data.

(0089}  Figures 7A-7B illustrate a sensor electrode configuration 700 for obtaining
force-related data, according to an example. The sensor electrode configuration
inciudes mulliple segments 702, each of which is able to obtain a different set of force
data. Force dala obtained with one segment 702, such as segment 702(1), is deemed
to be associated with the location of that segment 702,

[0080]  The sensor electrode configuration 700 includes horizontal sensor electrodes

720 and vertical sensor electrodes 730, The vertical sensor electrodes 730 correspond
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to the transmitter elecirodes 306 of Figure 3 and the horizontal sensor electrodes 720
correspond to the receiver electrodes 304 of Figure 3. As shown, the vertical sensor
glecirodes 730 are ohmically divided at a mid-point to define two different sensor
electrode portions 732, The coliection of sensor electrode portions 732, together with
the horizontal sensor electrodes that cross those sensor electrode portions 732, define

a particular segment 702.

(0021}  Because the different sensor electrode portions 732 are ohmically separated,
the two differeni portions 732 of each verlical sensor eleclrode 730 produce
independent measuremenis, and each independent measurement is associated with a
different location within the sensor electrode configuration 700 (e.g., either “top” or
‘bottom” in Figures 7A-7B). Thus, unlike with the sensor elecirode collection 208
described with respect o Figures 4A-4B, force measurements can be obtained for

different locations in the input device 100,

[0092] in the sensor electrode configuration 700 of Figures 7A-7B, each transmitier
glectrode 730 is divided into two different sensor electrode portions 732. However, the
present disclosure does not foreclose the possibility of embodimenis in which the
transmitter electrodes are divided into more than three portions. Dividing the transmitter
electrodes into more portions increases the spatial resolution of the force
measurements because each segment 702 is able {o obtain independent

measurements.

(0093} in some embodiments, the transmitier electrodes 730 comprise a number of
seleclively coupleable sensor elecltrode segments.  Transmilter electrodes 730 are
divided into sensor elecirode portions 732 by selectively coupling the appropriate
sensor electrode segments. In some embodiments, processing system 110 transmiis
signals to coupling elements {(such as swilches) in order to selectively couple the

segments {ogether.

[0084] Figure 8 illustrates g method 800 for estimating force applied by an input
object 140 and oblaining location data for estimated force, according o an example.
Although described with respect to the system of Figures 1-3 and 7A-78, those of skill in

the art will recognize that the method 800, performed in the context of any system
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capable of performing the method 800, and in various technically feasible alternative

orders, falls within the scope of the present disclosure.

[0085]  As shown, method 800 begins at step 802, where processing system 110
obtains absolute capacitive measurements for multiple segments 702. One example of
this operation is described in the context of an input device 100 that includes two
different segmenis 702 of sensor elecirodes, for obtaining two independent sets of
force-related data, as shown in Figures 7A and 7B. As described above, Figure 7A
flustrates measurementis taken in absolute sensing mode. In Figure 7A, an absolute
sensing measurement is taken with each sensor elecirode porlion 732,  More
specifically, processing system 110 drives each sensor elecirode portion 732 and
receives a signal with that sensor electrode portion 732, Absolute sensing
measurements in Figure 7A are denoted as “d-1-X" for measurements taken with the
top portion of the vertical sensor electrodes 730 and as “d-2-X" for measurements taken
with the botiom portion of the vertical sensor electrodes 730

[0026] Al step 804, processing system generates profiles for absolute capacitive
data for each of the segments 702 from which absolule capacilive sensing
measurements were taken. More specifically, processing system 110 assembles the
absolute capacitive measurements for the top segment 702(1) into an absolute sensing
profile for the {op segment 702(1) and assembles the measuremenis for the botiom
segment 702(2) into an absolute sensing profile for the bottom segment 702(2). Using
the example measurements depicted in Figure 7A, processing system 110 assembles
measurements d-1-1, d-1-2, ..., d-1-m inio an absclute sensing profile for the top
segment 702(1) and assembles measurements d-2-1, d-2-2, ..., d-2-m into an absolute
sensing profile for the bottom segment 702(2).  Although the generation of absolute
sensing profiles is described in the coniext of the two-segment example illustrated in
Figures 7A and 7B, profiles may aisc be generated for sensor elecirode configurations
inciude more than two segments. For such configurations, in which the vertical sensor
glecirodes 730 are divided into more than two portions 732, the measurements for any

particular segment are assembled into an absolute sensing profile for that segment.
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[0087] At step 808, processing system 110 obtains transcapacitive measurements {o
generate transcapacitive profiles for the different segments 702. Processing system
110 drives each sensor electrode portion 732 with a signal and receives resulling
signals with horizontal sensor electrodes 720 that cross the particular sensor electrode
portion 732 to obtain franscapacitive measuraments.

[0088] At step 808, processing system 110 combines the transcapacitive
measuwrements for each sensor electrode portion 732 in a particular segment 702 to
obtain a coliapsed transcapacitive measuremeni for that sensor electrode portion 732,
in some embodiments, processing system 110 combines the transcapacitive
measurements by adding the transcapacitive measuremenis together. After combining
the transcapacitive measuremenis 1{o obtain the collapsed transcapacitive
measurements, processing system 110 assembles a transcapacitive profile for the

particuiar segment 702.

[0098] The transcapacilive measurements Hllustrated in Figure 7B include a
measurement for each intersection between a horizontal sensor electrode 720 and a
vertical sensor electrode 730, The measurements are labeled “e3-X)Y,” where S
represents the segment number, X identifies the vertical sensor glectrode 730 and Y
identifies the horizontal sensor eleclrode 720, Processing system 110 collapses the
measurements where “S” and “X” are the same, but where "Y” is different. Thus, for
example, processing system 110 collapses measurements e1-1,1 and &1-1,2 to form
collapsed measuremert e1-1 corresponding o vertical sensor electrode portion 732-
1,1, Processing system 110 collapses other measurements to form the collapsed
measurements e1-2 through e1-m, and assembles collapsed measurements to form a

transcapacitive profile for the particular segment.

[0100] Al step 810, processing system 110 scales the transcapacitive profiles using
the techniques described above with respect {o Figures 5A-5E. In embodiments of
scaling that involve comparison between the transcapacitive profiles and the absolute
capacitive profiles, processing system 110 performs such comparison between the
transcapacitive profile and absolute capacitive profile that correspond o the same

segment 702, For example, in the embodiment of scaling that involves delermining a

32



WO 2017/172159 PCT/US2017/019657

ratio between a maximum measurement of a franscapacitive profile and a maximum
measurement of an absolute capacilive profile, processing system 110 performs this

comparison on the profiles that correspond to the same segment 702.

[0101] Al siep 812, once a franscapacilive profile has been scaled, processing
system 110 subtracis the scaled transcapacitive profile from the absolute capacitive
profile for the same segment in order {o obtain force-based metrics for that segment.
Processing system 110 subtracts franscapacitive profiles from absolule capacitive
profiles to obtain force-based data for each segment 702 for which force-based data is
desired. Subsequently, processing system 110 may obtain a force metric for each
segment 702 for which force-based data is desired as described above with respect {o
Figures BA-5E.

[0102]  Thus, the embodiments and examples set forth herein were presenied in
order {0 best explain the present invention and its particular application and to thereby
enable those skilled in the art o 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 illustration and example only. The description as set forth is not

intended to be exhaustive or to limit the invention to the precise form disclosed.

{0103} it should be understood that while many embodiments of the invention are
described in the context of a fully functioning apparatus, the mechanisms of the present
invention are capable of being distributed as & program product (e.g., software) in a
variety of forms. For example, the mechanisms of the present invention may be
implemented and distributed as a software program on information bearing media that
are readable by electronic processors (e.g., non-transitory computer-readable and/or
recordablefwritable information bearing media readable by the processing system 110},
Additionally, the embodiments of the present invention apply equally regardiess of the
particular type of medium used to carry out the distribution. Examples of non-transitory,
electronically readable media include various discs, memory sticks, memory cards,
memory modules, and the like. Elecironically readable media may be based on flash,

optical, magnetic, holographic, or any other storage technology.

33



WO 2017/172159 PCT/US2017/019657

What is claimed is:

1. A method for obtaining first and second force-based data associated with a touch
event for first and second portions of an input device, the method comprising:

driving a first segment of a plurality of sensor electrodes located within the first
portion of the inpul device in transcapacitive mode to oblain a first plurality of
franscapacitive measurements;

driving a second segment of the plurality of sensor electrodes located within the
second portion of the input device in transcapacitive mode to obtain a second plurality
of transcapacitive measurements,

driving the first segment of the plurality of sensor elecirodes in absolute
capacitive mode to obtain a first plurality of absolute capacitive measurements;

driving the second segment of the plurality of sensor electrodes in absolute
capacitive mode to obtain a second plurality of absolute capacitive measurements;

determining the first force-based data based on differences between the first
plurality of transcapacitive measurements and the first plurality of absolute capacitive
measurements,; and

determining the second force-based data based on differences between the
second plurality of transcapacitive measurements and the second plurality of absolute
capacitive measuremenis.

2. The method of claim 1, wherein:
the pluraiity of sensor electrodes comprises at least one display elecirode,
wherein the display electrode is configured for both display updaling and capacitive

sensing.

3. The method of claim 1, wherein during the touch eveni, an input object causes at
least one of a sensor electrode of either the first segment of the plurality of sensor
glecirodes or the second segment of the plurality of sensor electrodes (o move closer to
a conducior within the input device.
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4. The method of claim 1, wherein:
determining the first force-based data comprises collapsing the first plurality of
transcapacitive measurements to obtain a first plurality of composite transcapacitive
measurements for the first segment of the plurality of sensor electrodes; and
determining the second force-based data comprises collapsing the second
plurality of transcapacitive measurements to obtain a second plurality of composite
transcapacitive measurements for the second segment of the plurality of sensor

glectrodes.

5. The method of claim 4, whersin:

collapsing the first plurality of transcapacitive measurements comprises
combining transcapacitive measurements of the first plurality of iranscapacitive
measurements, each such transcapacilive measurement corresponding to the same
sensor electrode, to form a composite transcapacitive measurement of the first plurality
of composite transcapacitive measurements; and

collapsing the second plurality of transcapacitive measurements comprises
combining transcapacitive measurements of the second plurality of transcapacitive
measurements, each such transcapacitive measurement corresponding to the same
sensor electrode, to form a composite franscapacitive measurement of the second

plurality of composite transcapacitive measurements.

6. The method of claim 4, further comprising:

scaling the first plurality of composite transcapacitive measurements to obtain a
first plurality of scaled composite franscapacitive measurements; and

scaling the second plurality of composite transcapacitive measurements to obtain

a second plurality of scaled composite transcapacitive measurements.
7. The method of claim 6, wherein:

determining the first force-based data comprises subtracting the first scaled
composite transcapacitive measurements from the first plurality of absolute capacitive
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measurements to obtain the first force-based data for the first portion of the input
device; and

determining the second force-based data comprises subtracting the second
scaled composite transcapacitive measurements from the second plurality of absolute
capacitive measurements to obtain the second force-based dala for the second portion

of the input device.

8. The method of claim 7, wherein:

subfracting the first scaled composite transcapacitive measurements from the
first plurality of absolute capacitive measurements comprises subtracting, from a first
absolute capacilive measurement of the first plurality of absolule capacitive
measurements, a scaled composite transcapacitive measurement generated based on
data from a sensor electrode associated with the first absolute capacitive measuremeant;
and

subtracting the second scaled composite transcapacitive measurements from the
second plurality of absclute capacitive measurements comprises subtracting, from a
second absolute capacitive measurement of the second plurality of absolute capacitive
measurements, a scaled composite transcapacitive measurement generated based on
data from a sensor electrode associated with the second absolute capacitive

meaasurement.

Q. A processing system for obtaining first and second force-based data associated
with a touch event for first and second portions of an input device, the processing
system comprising:
sensor circuitry configured to:
drive a first segment of a plurality of sensor electrodes located within the
first portion of the input device in transcapacitive mode to obtain a first plurality of

transcapacitive measurements,
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drive a second segment of the plurality of sensor elecirodes located within
the second portion of the input device in transcapacitive mode to oblain a second
plurality of transcapacitive measurements,

drive the first segment of the plurality of sensor elecirodes in absolute
capacitive mode to obtain a first plurality of absolule capacitive measurements,
and

drive the second segment of the plurality of sensor electrodes in absolute
capacilive mode 1o obtain a second plurality of absclule capacitive
measurements; and
a determination processor configured {o;

determine the first force-based data based on differences between the first
plurality of transcapacilive measurements and the first plurality of absolule
capacitive measurements, and

determine the second force-based data based on differences between the
second plurality of transcapacitive measurements and the second plurality of

absoclute capacitive measurements.

1G.  The processing system of claim 9, wherein:
the pluraiity of sensor electrodes comprises at least one display elecirode,
whergin the display electrode is configured for both display updating and capacitive

sensing.

11, The processing system of claim 9, wherein the sensor electrode is configured
such that during the touch event, an input object causes at least one of 3 sensor
electrode of either the first segment of the plurality of sensor electrodes or the second
segment of the plurality of sensor elecirodes to move closer to a conductor within the

input device.

12.  The processing system of claim 9, wherein:
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determining the first force-based data comprises collapsing the first plurality of
transcapacitive measurements to obtain a first plurality of composite transcapacitive
measurements for the first segment of the plurality of sensor electrodes; and

determining the second force-based data comprises collapsing the second
plurality of transcapacitive measurements to obtain a second plurality of composite
transcapacitive measurements for the second segment of the plurality of sensor

glectrodes.

13.  The processing system of claim 12, wherein:

collapsing the first plurality of transcapacilive measurements comprises
combining transcapacitive measurements of the first plurality of transcapacitive
measurements, each such transcapacilive measurement corresponding to the same
sensor electrode, to form a composite transcapacitive measurement of the first plurality
of composite transcapacitive measurements; and

collapsing the second plurality of transcapacitive measurements comprises
combining transcapacitive measurements of the second plurality of transcapacitive
measurements, sach such transcapacitive measurement corresponding to the same
sensor electrode, to form a composiie franscapacitive measurement of the second
plurality of composite transcapacitive measurements.

14, The processing system of claim 12, wherein the determination processor is
further configured o

scale the first plurality of compaosite transcapacitive measurements {o obtain a
first plurality of scaled composite transcapacitive measuremenis; and

scale the second plurality of compaosite transcapacitive measurements {o obtain a
second plurality of scaled composite transcapacitive measurements,

wherein determining the first force-based data comprises subtracting the first
scaled composite transcapacitive measurements from the first plurality of absolute
capacitive measurements (o obtain the first force-based data for the first portion of the

input device, and
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wherein determining the second force-based data comprises sublracting the
second scaled composite transcapacitive measurements from the second plurality of
absolute capacitive measurements to obtain the second force-based data for the

second portion of the input device.

15, An input device Tor oblaining first and second force-based data associaled with a
touch event for first and second portions of the input device, the input device
comprising:

a plurality of sensor electrodes comprising a first segment located within the first
portion of the input device and a second segment located within the second portion of
the input device; and

a processing system, comprising:

sensor circuitry configurad to:

drive a first segment of a plurality of sensor electrodes iocated
within the first portion of the input device in transcapacitive mode to obtain
a first plurality of transcapacitive measurements,

drive a second segment of the plurality of sensor electrodes located
within the second portion of the input device in transcapacitive mode {o
obtain a second plurality of transcapacitive measurements,

drive the first segment of the plurality of sensor electrodes in
absolute capacitive mode to obtain a first plurality of absolute capacitive
measurements, and

drive the second segmeni of the plurality of sensor elecirodes in
absolute capacitive mode to obtain a second plurality of absolute
capacitive measuremenis; and

a determination processor configured {o:

determine the first force-based data based on differences between the first
plurality of transcapacitive measurements and the first plurality of absolute

capacitive measurements, and

39



WO 2017/172159 PCT/US2017/019657

determine the second force-based data based on differences between the
second plurality of transcapacitive measurements and the second plurality of

absoclute capacitive measurements.

16.  The input device of claim 15, wherein:

the plurality of sensor electrodes comprises at least one display electrode,
wherein the display electrode is configured for both display updaling and capacitive
sensing.

17.  The input device of claim 15, wherein the sensor elecirode is configured such
that during the touch event, an input object causes at least one of a sensor elecirode of
either the first segment of the plurality of sensor slectrodes or the second segment of

the plurality of sensor electrodes to move closer {0 a conductor within the input device.

18.  The input device of claim 15, wherein:

determining the first force-based data comprises collapsing the first plurality of
transcapacitive measurements to oblain a first plurality of composite transcapacitive
measurements for the first segment of the plurality of sensor electrodes; and

determining the second force-based data comprises collapsing the second
plurality of transcapacitive measurements to obtain a second plurality of composite
transcapacitive measurements for the second segment of the plurality of sensor
glecirodes.

19.  The input device of claim 18, wherein:

collapsing the first plurality of transcapacilive measurements comprises
combining transcapacitive measurements of the first plurality of transcapacitive
measurements, each such transcapacitive measurement corresponding to the same
sensor electrode, to form a composite franscapacitive measurement of the first plurslity
of composite transcapacitive measurements; and

collapsing the second pluralily of transcapacitive measurements comprises
combining transcapacitive measurements of the second plurality of ifranscapacitive
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measurements, each such transcapacitive measurement corresponding to the same
sensor electrode, to form a composiie transcapacitive measurement of the second

plurality of composite transcapacitive measurements.

20.  The inpul device of claim 18, wherein the determination processor is further
configured to:

scale the first plurality of compaosite transcapacitive measuremenis to obtain a
first plurality of scaled composite transcapacitive measurements; and

scale the second plurality of composite transcapacitive measurements to oblain a
second plurality of scaled composite transcapacitive measurements,

wherein determining the first force-based data comprises subtracting the first
scaled composite transcapacitive measurements from the first plurality of absolute
capacitive measurements {o obtain the first force-based data for the first portion of the
input device, and

wherein delermining the second force-based data comprises subtracting the
second scaled composite transcapacitive measurements from the second plurality of
absolute capacitive measurements {o obtain the second force-based data for the

second portion of the input device.
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