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(57) Abstract: Embodiments described herein include an in-
put device and associated processing system for sensing
force applied by input objects. The input device comprises a
display device comprising a plurality of layers formed as a
display stack, the display stack including a top surface. The
input device further comprises one or more strain gauges
disposed within the display stack and configured to detect
force applied to the top surface, and a processing system
configured to perform display updating using the display
device and to perform force sensing using the one or more
strain gauges.
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FORCE SENSING WITHIN DISPLAY STACK

BACKGROUND

Field of the Disclosure
0001} Embodiments of the present disclosure generally relate o techniques for

sensing force applied by input objects for an input device comprising a display device.

Description of the Related Art

[0002] Input devices including proximily sensor devices (also commonly called
touchpads or touch sensor devices) are widely used in a variely of electronic systems.
A proximity sensor device typically inciudes a sensing region, often demarked by a
surface, in which the proximity sensor device determines the presence, location andfor
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 computing systems {(such as opagque touchpads
integrated in, or peripheral to, notebook or deskiop computers). Proximily sensor
devices are also often used in smaller computing systems (such as touch screens

integrated in cellular phones).

SUMMARY

[0003] Cne embodiment described herein is an input device for sensing force
applied by input objects. The input device comprises a display device comprising a
plurality of layers formed as a display stack, the display stack including a top surface.
The input device further comprises one or more strain gauges disposed within the
display stack and configured to delect force applied o the top surface, and a processing
system configured to perform display updating using the display device and to perform

force sensing using the one or more strain gauges.

[0004] Another embodiment described herein is a processing system for an input
device with an integrated display device, the inpul device comprising one or more sirain

gauges configured to sense force applied by input objects. The processing system
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comprises a dispiay driver module comprising circuitry configured o update the display
device and a capacilive sensing module comprising circuitry configured o operate a
plurality of sensor electrodes of the input device to acquire capacitive sensing data.
The processing system further comprises a force sensing module comprising circuitry
configured o acquire force sensing data using the one or more sirain gauges. The one
or more strain gauges are formed using one or more sensor electrodes selected from
the plurality of sensor electrodes, and wherein the selected one or more sensor

electrodes are configured to perform force sensing and capacitive sensing.

[0005] Another embaodiment described herein is a display device comprising a
plurality of layers formed as a display stack, the display stack including a top surface.
The display device further comprises a plurality of display electrodes disposed within
the display stack and configured to be driven by a processing system {o perform display
updating. The display device further comprises one or more strain gauges disposed
within the display stack and configured to detect force applied to the top surface based

on signals driven by the processing system.

BRIEF DESCRIPTION OF THE DRAWINGS

[0606] so that the manner in which the above reciied features of the present
disclosure can be undersiood in detail, a more particular description of the disclosure,
briefly summarized above, may be had by reference o embodiments, some of which
are iflustrated in the appended drawings. i3 {0 be noted, however, that the appended
drawings illustrate only typical embodiments of this disclosure and are therefore not to
be considered limiting of its scope, for the disclosure may admit to other equally

effactive embodiments.

[0007] Figure 1 is a schemalic block diagram of an input device, according o

embodiments described herein.

[0008] Figures 2A, 2B, and 3 illustrate portions of exemplary sensor electrode

arrangements, according o embodiments described herein.
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[0009] Figure 4 iliusirates an exemplary arrangement of a plurality of layers forming

a display stack of a display device, according {0 embodiments described herein.

[0010] Figures 5 and 6 illustrate exemplary interfaces of multiple layers of the display

stack, according to embodiments described herein.

0011} Figure 7 illustrates an exemplary interface with a layer comprising a strain-

concentrating feature, according to embodiments described herein.

0012} Figures 8 and 9 illustrate exemplary arrangements of strain gauges disposed
outside the display region of a display device, according o embodiments described

harein.

0013} Figure 10 illustrates an exemplary arrangement of multiple strain gauge

bridges coupled with a processing system, according to embodiments described herein.

[0014] Figure 11 illustrates an exemplary arrangement for sensing signal using a
strain gauge bridge, according to embodiments described herein.

10615} To facilitate understanding, identical reference numersals have been used,
where possible, {o designate identical elements that are common {o the figures. it is
contemplated that elements disclosed in one embodiment may be beneficially utilized
on other embodiments without specific recitation. The drawings referred to here should
not be understood as being drawn {o scale unless specifically noted. Also, the drawings
are often simplified and details or components omitied for clarity of presentation and
explanation. The drawings and discussion serve to explain principles discussed below,

where like designations denote like elements.

[00186] The following detailed description is merely exemplary in nalture and is not
intended to limit the disclosure or the application and uses of the disclosure.
Furthermore, there is no intention to be bound by any expressed or implied theory

presented in the preceding background, summary, or the following detailed description.
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[0017] Various embodiments of the present fechnology provide input devices and
methods for improving usability.  An input device may include electrodes that are
operated as sensor electrodes to detect interactions belween the inpul device and an
input object (e.g., a stylus or g user’s finger). The input device may further include one
or more strain gauges for measuring forces applied during interactions with input
objects. The acquired force sensing data can be used {o validate acquired capacitive
sensing data, to discern the intent of the user applying the force, to perform different
functions, and so forth. Further, the strain gauges used for force sensing may be
integrated into an existing display stack structure, which mitigates certain challenges
faced using other force sensing {echniques. For example, integrated force sensing can
often be accomplished without introducing significant additional thickness or
complication to the manufacture and assembly processes for the input device.
Additionslly, the strain gauges can be grouped into bridges o provide a more linear

force response.

[0018] Figure 1 is a schematic block diagram of an input device 100, in accordance
with embodiments of the present {echnology. Although the illustrated embodiments of
the present disclosure are shown as being integrated with a display device 180, it is
contemplated that the disclosure may be embodied in input devices that are not
integrated with display devices. The inpul device 100 may be configured o provide
input to an electronic system 150, As used in this document, the term “electronic
sysiem” {(or “electronic device”) broadly refers {0 any system capable of eleclronically
processing information.  Some non-limiting examples of electronic systems include
personal computers of sl sizes and shapes, laptop computers, netbook compulers,
tablets, web browsers, e-book readers, and persconal digital assistants (PDAs).
Additional example electronic systems include composite input devices, such as
physical keyboards that include input device 100 and separate joysticks or key
switches. Further example electronic systems include peripherals such as data input
devices (including remote conirols and mice), and data output devices (including display
screens and printers). Other examples include remote terminals, kiosks, and video

game machines (e.g., video game consoles, portable gaming devices, and the like).

4
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Other examples include communication devices (including cellular phones, such as
smart phones), and media devices {including recorders, editors, and players such as
televisions, music players, digital photo frames, and digital cameras). Additionally, the

electronic system could be a host or a slave to the input device,

[0019] The input device 100 can be implemented as a physical part of the electronic
system, or can be physically separate from the electronic system. As appropriate, the
input device 100 may communicate with parts of the electronic system using any one or
more of the following: buses, networks, and other wired or wireless interconnections.
Examples include I°C, SPI, PS/2, Universal Serial Bus (USB), Blustooth, RF, and IRDA.

0020} 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 objects 140 in a sensing region 170 Example input

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

[0021] Sensing region 170 encompasses any space above, around, in and/or near
the input device 100 in which the input device 100 is able to detect user input (e.g., user
input provided by one or more input objects 140). The sizes, shapes, and iocations of
particuiar sensing regions may vary widely from embodiment o embodiment. In some
embaodiments, the sensing region 170 exiends from a surface of the input device 100 in
one or more directions into space untl signal-to-noise ratios prevent sufficiently
accurate object detection. The distance to which this sensing region 170 exiends in a
particular direction, in various embodiments, may be on the order of less than a
millimeter, millimeters, centimeters, or more, and may vary significantly with the type of
sensing technology used and the accuracy desired. Thus, some embodiments sense
input that comprises no contact with any surfaces of the input device 100, contact with
an input surface (e.g. a touch surface) of the input device 100, contact with an input
surface of the input device 100 coupled with some amount of applied force or pressure,
and/or a combination thereof. In 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, etc. In some embodiments, the sensing
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region 170 has a rectangular, circular, or similar shape when projected onto an input

surface of the input device 100.

[0022] The input device 100 may utilize any combination of sensor components and
sensing fechnologies to detect user input in the sensing region 170, The input device
100 comprises a plurality of sensor electrodes 120 for defecting user input. The input
device 100 may include one or more sensor electrodes 120 thai are combined to form
sensor electrodes. As several non-limiling examples, the input device 100 may use
capacitive, elastive, resistive, inductive, magnetic acoustic, ultrasonic, and/or oplical

technigques.

[0023] Some implementations are configured {o provide images that span one, two,
three, or higher dimensional spaces. Some implementations are configured {o provide

projections of input along particular axes or planes.

[6624] In some resistive implementations of the input device 100, a flexible and
conductive first layer is separated by one or more spacer elements from a conduclive
second layer. During operation, one or more voliage gradienis are created across the
layers. Pressing the flexible first layer may deflect it sufficiently to create electrical
contact between the layers, resulting in voltage oulputs reflective of the point{s) of
contact between the layers. These voltage outpuls may be used to determine positional
information.

[0825] in some inductive implementations of the input device 100, one or more
sensor electrodes 120 pickup 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.

[0028] in some capacitive implementations of the input device 100, voltage or
current is appiied to create an electric field. Nearby input objects cause changes in the
electric field, and produce detectable changes in capacitive coupling that may be

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

[0027] Some capacitive implementations utilize arrays or other regular or irregular

patterns of capacitive sensor electrodes 120 {o create electric fields. In some capacitive

6
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implementations, separate sensor electrodes 120 may be ohmically shorted together o
form larger sensor electrodes. Some capacitive implementations utilize resistive

sheets, which may be uniformly resistive.

[0628] As discussed above, some capacilive implementations utilize “self
capacitance” (or “absolile capacitance”) sensing methods based on changes in the
capacitive coupling between sensor electrodes 120 and an input object. In one
embodiment, processing system 110 is configured fo drive a vollage with known
amplitude onto the sensor elecirode 120 and measure the amount of charge required to
charge the sensor slectrode {o the driven voltage. In other embodiments, processing
system 110 is configured to drive a known current and measure the resulling voltage.
in various embodiments, an input object near the sensor electrodes 120 alters the
electric field near the sensor electrodes 120, thus changing the measured capacilive
coupling. In one implementation, an absolute capacitance sensing method operates by
modulating sensor electrodes 120 with respect to & reference vollage {(e.g. system
ground} using a modulated signal, and by detecting the capacitive coupling between the

sensor electrodes 120 and input objects 140.

[0029] Additionally as discussed above, some capacitive implementations utilize
‘mutual capacitance” (or “transcapacitance”) sensing methods based on changes in the
capacitive coupling between sensing eleclrodes. In various embodiments, an input
object 140 near the sensing elecirodes aiters the eleciric field between the sensing
glecirodes, thus changing the measured capacitive coupling. In one implementation, a
transcapacitive sensing method operates by detecting the capacitive coupling between
one or more transmitier sensing electrodes {(also “transmitter electrodes”) and one or
more receiver sensing elecirodes {(aiso “receiver elecirodes” as further described
below. Transmitter sensing electrodes may be modulated relative to a reference
voltage {e.g., system ground) to transmit a fransmitter signails. Receiver sensing
glecirodes may be held substantially constant relative to the reference voltage to
facilitate receipt of resulling signals. A resulting signal may comprise effect(s)
corresponding 1o one or more transmitter signals, andfor {0 one or more sources of

ervironmental interference (e.g. other electromagnetic signals). Sensing electrodes

\E
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may be dedicated transmitier elecirodes or receiver electrodes, or may be configured to

both transmit and receive.

[0030] in Figure 1, the processing system 110 is shown as part of the input device
100. The processing system 110 is configured o operale the hardware of the input
device 100 to detect input in the sensing region 170. The processing system 110
comprises parts of or all of one or more integrated circuits (ICs) and/or other circuitry
components. For example, a processing sysiem for a muiual capacitance sensor
device may comprise transmitier circuilry configured to transmit signals with transmitter
sensor electrodes, and/or receiver circuitry configured {o 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
ike. In some embodiments, components composing the processing system 110 are
located together, such as near sensor elecirode(s) 120 of the input device 100, In other
embaodiments, components of processing system 110 are physically separate with one
or more compoenents close 1o sensor electrode(s) 120 of input device 100, and one or
more components elsewhere. For example, the input device 100 may be a peripheral
coupled {0 a deskiop computer, and the processing system 110 may comprise software
configured o run on a central processing unit of the deskiop computer and one or more
iICs (perhaps with associated firmware) separate from the central processing unit. As
anocther 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 functions, such as operating display screens, driving haptic

actuators, elc.

(0031} The processing system 110 may be implemented as a set of modules that
handle different functions of the processing system 110. Each module may comprise
circuitry that is a part of the processing system 110, firmware, software, or a
combination thereof. In various embodiments, different combinations of modules may

be used. Example modules include hardware operation modules for operating
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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 {0 operate sensor electrodes 120 o detect input, identification
modules configured to identify gestures such as mode changing gestures, and mode
changing modules for changing operation modes. Processing system 110 may also

comprise one or more controllers.

[0032] n some embodiments, the processing system 110 responds {o user input (or
fack of user input) in the sensing region 170 directly by causing one or more actions.
Example actions include changing operation modes, as well as GUI aclions such as
cursor movement, selection, menu navigation, and other functions. in some
embaodiments, the processing system 110 provides information about the input (or lack
of input} to some part of the electronic system (e.g. {0 a ceniral processing system of
the electronic system that is separate from the processing system 110, if such a
separate central processing system exists). In some embodiments, some part of the
electronic system processes information received from the processing system 110 {o
act on user input, such as to facilitate a full range of actions, including mode changing

actions and GUI actions.

[0033] For example, in some embodiments, the processing system 110 operates the
sensor electrode(s) 120 of the input device 100 to produce electrical signals indicative
of input {or lack of input) in the sensing region 170. The processing system 110 may
perform any appropriate amount of processing on the electrical signals in producing the
information provided o the electronic system. For example, the processing system 110
may digitize analog electrical signals obtained from the sensor electrodes 120, As
another example, the processing system 110 may perform filtering or other signal
conditioning. As vet another example, the processing system 110 may subtract or
otherwise account for a baseline, such that the information reflects a difference between
the electrical signals and the baseline. The baseline may be oblained when no input
obhijects are delermined 10 be in the sensing region. As yet further examples, the
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processing system 110 may determine positional information, recognize inputs as

commands, recognize handwriting, and the like.

[0034] ‘Positional information” as used herein broadly encompasses absolute
position, relative position, velocily, acceleration, and cother iypes of spatial information.
Exemplary “zero-dimensional” positional information includes nearffar or confact/no
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
reprasentations of apatial information. Historical data regarding one or more types of
positional information may also be delermined and/or stored, including, for example,

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

[6635] In some embodiments, the inpul device 100 is implemented with additional
input components that are operated by the processing system 110 or by some other
processing system. These addifional input components may provide redundant
functionality for input in the sensing region 170, or some other functionality. Figure 1
shiows buttons 130 near the sensing region 170 that can be used to facilitate selection
of items using the input device 100. Other types of additional input components include
sliders, balls, wheels, swilches, and the like. Conversely, in some embodiments, the

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

10636} It some embodiments, the input device 100 comprises a touch screen
interface, and the sensing region 170 overiaps at least part of an aclive area of a
display screen of the display device 160. For example, the input device 100 may
comprise substantially transparent sensor electrodes 120 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 to a
user, and may include any type of light emitting diode (LED), organic LED (OLED),
cathode ray tube (CRT), liquid crystal display (LCD), plasma, electroiuminescence (EL),
or other display technology. The inpul device 100 and the display device 160 may

share physical elements. For example, some embodiments may utilize some of the

10
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same electrical components for displaying and sensing. As another example, the

display device 160 may be operated in part or in {ofal by the processing system 110,

[0037] it should be undersiood that while many embodiments of the present
technology are described in the context of a fully functioning apparatus, the
mechanisms of the present technology are capable of being distributed as a program
product (8.g., software) in a variety of forms. For example, the mechanisms of the
present technology may be implemenied and distributed as a sofiware program on
information bearing media that are readable by electronic processors (e.g., non-
transitory computer-readable andfor recordablefwritable information bearing media

readable by the processing system 110)

7

Additionally, the embodiments of the present
technology 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.
Electronically readable media may be based on flash, optical, magnetic, holographic, or
any other storage technology.

Sensor Electrode Arrangements

[0038] Figures 2A, 2B, and 3 illustrate porlions of exemplary sensor elecirode
arrangements, according to embodiments described herein.  Specifically, sensor
glecirode arrangement 200 (Figure 2A) Hllustrates a portion of a pattern of sensor
electrodes configured to sense in a sensing region 170 associated with the pattern,
according to several embodiments. For clarity of iliustration and description, Figure 2A
shows the sensor electrodes in a pattern of simple rectangles, and does not show
various associated components. This patiern of sensing electrodes comprises a first
plurality of sensor electrodes 205 (e.g., 205-1, 205-2, 205-3, 205-4), and a second
plurality of sensor electrodes 215 (e.g., 215-1, 215-2, 215-3, 215-4) disposed over the
plurality of sensor electrodes 205, The sensor electrodes 205, 215 are each examples
of the sensor electrodes 120 discussed above. In one embodiment, processing system
110 operates the first plurality of sensor elecirodes 205 gs a plurality of transmitier
glectrodes, and the second plurality of sensor elecirodes 215 as a plurality of receiver

electrodes. In another embodiment, processing system 110 operates the first plurality

11
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of sensor electrodes 205 and the second plurality of sensor elecirodes 215 as absolute

capacitive sensing electrodes.

[0039] The first plurality of sensor electrodes 205 and the second plurality of sensor
glectrodes 215 are typically ohmically isolated from each other. That is, one or more
insulators separate the first plurality of sensor electrodes 205 and the second plurality of
sensor electrodes 215 and prevent them from electrically shorting to each other. in
some embodiments, the first plurality of sensor elecirodes 205 and the second plurality
of sensor electrodes 215 may be disposed on a common layer. The pluralities of
sensor elecirodes 205, 215 may be electrically separaled by insulative material
disposed between them at cross-over areas; in such constructions, the first plurality of
sensor electrodes 205 and/or the second plurality of sensor electrodes 215 may be
formed with jumpers connecling different portions of the same slectrode. In some
embodiments, the first plurality of sensor electrodes 205 and the second plurality of
sensor electrodes 215 are separated by one or more layers of insulative material. in
some embodiments, the first plurality of sensor electrodes 205 and the second plurality
of sensor electrodes 215 are separated by one or more subsirates, for example, they
may be disposed on opposite sides of the same substrate, or on different substrates

that are laminated together.

[G6640] in some embodiments, the pluralities of sensor electrodes 2086, 215 may be
operated for position sensing (capacitive) and for force sensing. For example, a
particular sensor electrode 208, 215 operated as a capacitive sensing electrode may be
modulated relative to system ground or other reference voltage for performing
capacitive sensing, and the sensor electrode 205, 215 may also have a current flowing

through it to measure change related to strain from the force applied by an input object.

[0041] The pluralities of sensor electrodes 205, 215 may be formed into any desired
shapes. Moreover, the size and/or shape of the sensor electrodes 205 may be different
than the size and/or shape of the sensor electrodes 215 Additionally, sensor
electrodes 208, 215 iocated on a same side of a subsirate may have different shapes

andfor sizes. In one embodiment, the first plurality of sensor elecirodes 205 may be

12
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larger (e.g., having a larger surface area) than the second plurality of sensor electrodes
215, although this is not a requirement. in other embodiments, the first and second

pluralities of sensor electrodes 205, 215 may have a similar size and/or shape.

[0842] Furthermore, in some embodiments, some or all of the sensor electrodes 205,
215 may individually comprise a plurality of smaller elecirodes. Figure 2B illustrates an
exemplary sensor electrode 205 comprising a plurality of electrode segmenis 255A-
2560, Each eleclrode segment 2554, 2558, 255C, 255D comprises a respective
resistance 260 and variable resistance 265, For example, electrode segment 255A
comprises a resistance 260A and variable resisiance 265A. The processing sysiem
110 connects with sensor electrode 205 at a first node 270-1 of eleclrode segment
265A, and at a second node 170-2 of the electrode segment 258D, The electrode
segment 255A is coupled with the electrode segment 2558 al conneclion 275-1.
Likewise, electrode segments 2558B, 255C are coupled at connection 275-2, and

electrode segments 255C, 255D are coupled at connection 275-3.

[6643] The variable resistances 2654, ..., 265D are configured to change when the
corresponding sensor elecirode segment 2554, ..., 255D is deformed. In some
gmbodiments, the resistances 260A, .., 2600 andfor variable resistances 265A, .,
2650 are configured to correspond to a predefined force range, e.g., & maximum
amount of deformation that can be sensed when a force is applied to the input surface.
The resistances 260A, ..., 260D and/or variable resistances 265A, ..., 265D may be
controlied through material selection and/or patterning technigues. For example, the
resistances 260A, ..., 260D andfor variable resistances 2854, ..., 265D can be
controlled by changing a size, length, widith, and/or shape of the sensor elecirode 205,
in some embodiments, the sensor electrode 208 is comprised of indium tin oxide (ITO),
but other materials are also possible. Further, the sensor electrode 205 may comprise
different materials in different regions, e.g., in different electrode segments 2554, |
255D,

[0044] in one embodiment, the first plurality of sensor electrodes 205 extends

substantially in a first direction while the second plurality of sensor electrodes 215

13
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extends substantially in a second direction. For example, and as shown in Figure 2, the
first plurality of sensor electrodes 205 extend in one direction, while the second plurality
of sensor electrodes 215 extend in a direction substantially orthogonal io the sensor
glectrodes 205 Other crientations are alsc possible {e.g., parallel or other relative

orientations).

[0045] The processing system 110 is coupled with sensor elecirodes 205, 215 and
inciudes capacitive sensing circuitry 220, force sensing circuitry 230, and display driver
circuitry 240. The capacitive sensing circuitry 220 includes circuitry configured to drive
at least one of the sensor electrodes 205, 215 for capacitive sensing during periods in
which input sensing is desired. In one embodiment, the capacitive sensing circuitry 220
is configured to drive a modulated signal onto the at least one sensor elecirode 205,
215 to detect changes in absclute capaciiance between the at least one sensor
electrode and an input object. In another embodiment, the capacitive sensing circuitry
220 is configured to drive a transmitier signal onto the at least one of the sensor
electrodes 205, 215 {o detect changes in a transcapacitance between the at least one
sensor electrode 205, 215 and ancther sensor slectrode 205, 215, The modulated and
transmitter signals are generally varying voltage signais comprising a plurality of vollage

transitions over a period of time allocated for input sensing.

[00486] The force sensing circuitry 230 includes circuitry configured {o drive signals
across one or more strain gauge elements and measure the resulling signals to acquire
force sensing data. For example, a voliage may be driven across the sensor elecirodes
in a half-bridge configuration, and the vollage is measured at the middie of the haif-
bridge. For resistive implementations of the strain gauges, the resistance of the strain
gauges changes depending on the amount and location of applied force. Thus,
resistance measuremenis may be used to determine the amount and/or location of
applied forces. Cther implementations of strain gauges are possible. In an optical
implementation, the sitrain gauges may exhibit polarization or inference fringes when
force is applied, and these may be measured and assessed to determine the amount

and/or location of applied forces.
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[0047] The acquired force sensing data may provide additional input information {o
processing system 110, In some embodiments, the force sensing data can be used (o
validate capacitive sensing data acquired by the capacilive sensing circuitry 220. Inone
example, the processing sysiem 110 may use the force sensing data {o determine the
accuracy of touch locations determined by using capacilive sensing data, or vice versa.
in some embodiments, the force sensing data can be used to discern the intent of the
user applying the force. In one example, the processing system 110 determines
whether a detected touch event was intentional or merely incidental — and whether the
touch should be treated as valid input — based on the amount of applied force (e.g., a
ight touch of one part of the user's hand may be determined incidental where ancther
part of the user's hand is providing a more forceful input). In some embodiments, the
force sensing data can be used {o perform different funclions, activate different user
interface (Ul) elements, satc. depending on the amount of applied force. For example, a
light press at a Ul element may cause a first function to be performed, while a stronger
press may cause a second function to be performed. In some embodiments, the force
sensing data may be used to wake at least g portion of processing system 110 out of &
predefined low power stale, such g5 a snooze or sleep mode. For exampile, the force
sensing data may be used {0 wake a capacitive sensing circuitry 220 of the processing
sysiem 110. In other embodiments, the force sensing data may be used {o wake a

display driver circuiiry 240 and/or a capacitive sensing circuitry 220.

[0048] I some embodiments, the strain gauges are discrete elements that are
separate from the sensor elecirodes 208, 215, In other embodiments, the strain gauges
may additionally or alternatively use one or more of the sensor electrodes 208, 215, As
shown, each of sensor electrodes 205, 215 projects significantly along a long axis,
which makes the sensor electrodes 205, 215 more sensitive to strain in the respective
long axis direction. Additional detail regarding construction of the strain gauges is

included with the discussion of Figures 4 and following.

[0049] In some embodiments, the force sensing circuitry 230 and capacitive sensing

circuitry 220 share at least some circuitry. For example, the force sensing circuitry 230
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and capacitive sensing circuitry 220 may share one or more analog front ends (AFEs)
for acquiring and/or processing sensing data. The AFEs used for capacitive sensing
may be shared where the strain gauges associated with the AFE are manufaciured with
a suitable dynamic range (e.g., a bridge resistance offset variation of about 1%) and
gauge factor (e.g., ~2 or more). Alternatively, some AFEs or other receiver circuitry
such as amplifiers may be designated for force sensing and not used for touch sensing.

[0050] The display driver circuitry 240 may be included in or separaie from the
processing system 110, The display driver circuitry 240 includes circuitry configured {o
provide display image update information to the display of the display device 160, The
display update periods may be non-overlapping with capacitive sensing and/or force

sensing periods

[0051] in one embodiment, the processing system 110 comprises a first integrated
controller circuit comprising the display driver circuitry 240 and at least a portion of the
capacitive sensing circuitry 220 (e.g., a transmitter module and/or receiver module). In
another embodiment, the processing system 110 comprises a first integrated controller
circuit comprising the display driver circuitry 240 and a second integrated controller
circuit comprising the capacitive sensing circuitry 220, In yet ancther embodiment, the
processing system comprises a first integrated controller circuit comprising display
driver module 320 and a first portion of the capacitive sensing circuitry 220 (e.g., one of
a transmitier module and a receiver module) and a second integrated controlier circuit
comprising a second portion of the capacitive sensing circuitry 220 (e.g., the other one
of the transmitter and receiver modules). In variocus embodiments, the force sensing
circuiiry 230 may be included with the capacitive sensing circuitry 220 in one or muitipie
integrated controller circuits of the processing system 110, In other embodiments, a
portion or the entire force sensing circuitry 230 may be included in a separate integrated
controller circuit from the capacitive sensing circuitry 220, in those embodiments
comprising multiple integrated controlier (IC) circuits, a synchronization mechanism may
be coupled between the ICs {e.g., an electrical signal on a connecting wire and a
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shared clocking signal), configured to synchronize display updating periods, capacitive

and/or force sensing periods, transmitter signals, display update signals, and the like.

[0052] in some embodiments, capacitive sensing may occur during periods that are
at least partially overlapping with display updating periods. For example, as a common
electrode is driven for display updating, the common elecirode may aiso be driven for
capacitive sensing. In other embodiments, capacitive sensing and display updating
may occur during non-overiapping periods, aiso referred to as non-display update
pericds. In various embodimenis, the non-display update periocds may occur between
display line update periods for two display lines of a display frame and may be at least
as long in time as the display update period. In such embodiments, the non-display
update period may be referred to as a “long horizontal blanking period,” “long h-blanking
period” or a “distributed blanking period,” where the blanking pericd occurs between fwo
display updating periods. Further, the non-display update pericd may also be at [east
as long as a display update period. In one embodiment, the non-display update period
occurs between display line update periods of a frame and is long enough to allow for
muitiple transitions of the transmitter signal {o be driven onto the sensor electrodes 120.
in other embodiments, the non-display update period may comprise horizontal blanking
periods and vertical bilanking periods. Processing system 110 may be configured to
drive sensor electrodes 120 for capacitive sensing during any one or more of or any
combination of the different non-display update times. Synchronization signals may be
shared between capacitive sensing circuitry 220 and display circuitry 240 {o provide
accurate control of overlapping display updating and capacitive sensing periocds with
repeatably coherent frequencies and phases. in one embodiment, these
synchronization signails may be configured to allow the relatively stable voltages at the
beginning and end of the input sensing pericd to coincide with display update pericds
with relatively stable voltages (e.g., near the end of g input integrator reset time and
near the end of a display charge share time). A modulation frequency of a moduliated or
transmitter signal may be at a harmonic of the display line update rate, where the phase
is determined to provide a nearly constant charge coupling from the display elemenis to

the receiver elecirode, allowing this coupling to be part of the baseline image.
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[0053] The capacitive sensing circuitry 220 includes circuitry configured {0 receive
resulling signals with the sensor electrodes 120, The sensor module 310 may
determine a position of the input object in the sensing region 170 or may provide a
signal including information indicative of the resulting signal to ancther module or
processor, for example, a determination module or a processor of an associated
glectronic device 150 (/.e., a host processor), for determining the position of the input

object in the sensing region 170.

[0054] in some embodiments, force sensing may occur during periods that are at
least partially overlapping with display updating periods and/or capacitive sensing
pericds. For example, force sensing may be performed during display updating periods
as the sirain gauges are disposed away from the display region of a display device,
such that force measurements are less affected by capacitive coupling of display update
signals on display electrodes. In some embodiments, force sensing is performed
overlapping with capacitive sensing. In other embodiments, force sensing is performed
during non-display updating periods, but during periods separate from capacitive

sensing periods.

[0055] Sensor electrode arrangement 300 of Figure 3 illustrates a portion of a
patlern of sensor electrodes configured 10 sense in sensing region 170, according o
several embodiments. For clarity of illustration and description, Figure 3 shows the
sensor electrodes 120 in a patlern of simple rectangles and does not show cther
associated components.  The exemplary pallern comprises an array of sensor
electrodes 120x v arranged in X columns and Y rows, wherein X and Y are posilive
integers, although one of X and Y may be zero. It is contemplated that the patiern of
sensor electrodes 120 may have other configurations, such as polar arrays, repeating
patterns, non-repeating patterns, a single row or column, or other suitable arrangement.
Further, in various embodiments the number of sensor electrodes 120 may vary from
row to row andfor column o column. In one embodiment, at least one row and/or
column of sensor elecirodes 120 is offsel from the others, such i extends further in at

least one direction than the others. The sensor electrodes 120 is coupled to the
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processing system 110 and utilized to determine the presence (or lack thereof) of an

input object in the sensing region 170.

[G056] in a first mode of operation, the arrangement of sensor electrodes 120
(12044, 12024, 12054, ..., 120xy) may be ulilized to detect the presence of an input
object via absolute sensing techniques. That is, processing system 110 is configured to
modulate sensor electrodes 120 to acquire measurements of changes in capacitive
coupling between the modulated sensor electrodes 120 and an input object to
determine the position of the input object. Processing system 110 is further configured
to determine changes of absolute capacitance based on a measurement of resulling
signals received with sensor electrodes 120 which are modulated.

[G057] In some embodiments, the sensor electrode arrangement 300 includes one or
more grid elecitrodes (not shown) that are disposed between at least two of the sensor
electrodes 120. The gnd electrode(s) may at least partiaily circumscribe the plurality of
sensor electrodes 120 as a group, and may also, or in the alternative, completely or
partially circumscribe one or more of the sensor electrodes 120, In one embodiment,
the grid electrode is a planar body having a plurality of apertures, where each aperiure
circumscribes a respective one of the sensor electrodes 120.  In other embodiments,
the grid electrode(s) comprise a plurality of segments that may be driven individually or
in groups or two or more segments. The grid electrode(s) may be fabricated similar {o
the sensor electrodes 120, The grid slectrode(s), along with sensor eleclrodes 120,
may be coupled o the processing system 110 utilizing conductive routing traces and

used for input object detection.

[0058] The sensor electrodes 120 are typically ohmically isolated from each other,
and are alsc ohmically isolated from the grid electrode(s). That is, one or more
insulators separate the sensor electrodes 120 and grid electrode(s) and pravent them
from elecirically shorting to each other. In some embodiments, the sensor electrodes
120 and grid electrode(s) are separated by an insulative gap, which may be filled with
an electrically insulating material, or may be an air gap. In some embodiments, the

sensor electrodes 120 and the grid electrode(s) are vertically separated by one or more
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layers of insulative material. In some other embodiments, the sensor electrodes 120
and the grid electrode(s) are separaled by one or more substrates; for example, they
may be disposed on opposite sides of the same substrale, or on different substrates. in
yet other embodiments, the grid electrode(s) may be composed of mulliple layers on the
same substrate, or on different substrates. In one embodiment, a first grid electrode
may be formed on a first subsiraie (or a first side of a substrate) and a second grid
electrode may be formed on a second substrate (or a second side of a substrate). For
example, a first grid electrode comprises one or more commaon electrodes disposed on
a thin-film transistor (TFT) layer of the display device 160 {Figure 1} and a second grid
electrode is disposed on the color filter glass of the display device 160, The dimensions

of the first and second grid electrodes can be equal or differ in at least one dimension.

[085%] in a second mode of operation, the sensor electrodes 120 (12044, 12054,
12014, ..., 120xy) may be utilized o detect the presence of an inpul object via
transcapacitive sensing techniques when a fransmitter signal is driven onto the grid
electrode(s). That is, processing system 110 is configured to drive the grid electrode(s)
with a transmitter signal and {o receive resulling signals with each sensor electrode 120,
where a resuiting signal comprising effects corresponding o the transmitler signal,
which is utilized by the processing system 110 or other processor {0 determine the

paosition of the input object.

[0060] in a third mode of operation, the sensor electrodes 120 may be spiit into
groups of transmitter and receiver electrodes utilized {o detect the presence of an input
object via transcapacitive sensing techniques. That is, processing system 110 may
drive a first group of sensor elecirodes 120 with a transmilter signal and receive
resulting signals with the second group of sensor electrodes 120, where a resuiting
signal comprising effects corresponding to the transmitter signal. The resulting signal is
utilized by the processing system 110 or other processor (o determine the position of

the input object.
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[0061] The input device 100 may be configured to operale in any one of the modes
described above. The input device 100 may also be configured 1o swilch between any

two or more of the modes described above.

[0062] The areas of localized capacitive sensing of capacitive couplings may be
termed “capacitive pixels,” “touch pixels,” “lixels,” efc. Capacitive pixels may be formed
between an individual sensor electrode 120 and a reference voltage in the first mode of
operation, between the sensor electrodes 120 and grid electrode(s) in the second mode
of operation, and belween groups of sensor electrodes 120 used as fransmitler and
receiver electrodes (e.g., sensor elecirode arrangement 200 of Figure 23 The
capacitive coupling changes with the proximity and motion of inpul objects in the
sensing region 170 associated with the sensor electrodes 120, and thus may be used
as an indicator of the presence of the input object in the sensing region of the input
device 100.

[0863] in some embodiments, the sensor electrodes 120 are “scanned’ to determine
these capacitive couplings. That is, in one embodiment, one or more of the sensor
electrodes 120 are driven {o transmit transmitier signals. Transmitiers may be operated
such that one fransmiller electrode fransmits at one time, or such that multiple
transmitter electrodes transmit at the same fime. Where muitiple transmitter electrodes
transmit simultanecusly, the mulliple transmitter eleclrodes may transmit the same
transmitier signal and thereby produce an effeclively larger transmitier electrode.
Alternatively, the mulliple transmiller elecirodes may transmit different transmiiter
signals. For example, mulliple transmitier electrodes may transmit different transmitter
signals according {0 one or more coding schemes that enable their combined effects on
the resulling signals of receiver elecirodes to be independently determined. In one
embodiment, multiple transmitter elecirodes may simuitaneously transmit the same
transmitier signal while the receiver elecirodes receive the effects and are measured
according 1o a scanning scheme. Further, coded signals may be used o
simultaneously transmit and receive independent measurements between multiple
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transmitiers and at ieast one receiver for capacitive sensing and/or sirain gauge

sensing.

[0064] The sensor electrodes 120 configured as receiver sensor electrodes may be
operated singly or muliiply {o acquire resulting signals. The resuiting signals may be
used to determine measurements of the capacilive couplings at the capacitive pixeis.
Processing system 110 may be configured to receive with the sensor elecirodes 120 in
a scanning fashion and/or a multiplexed fashion o reduce the number of simultaneous
measurements {0 be made, as well as the size of the supporting electrical structures. in
one embodiment, one or more sensor electrodes are coupled to a receiver of
processing system 110 via a swilching element such as a multiplexer or the like. In
such an embodiment, the switching element may be internal to processing system 110
or external to processing system 110, In one or more embodiments, the swiiching
elements may be further configured o couple a sensor electrode 120 with a transmitter
or other signal and/or voltage potential. In one embodiment, the switching element may
be configured to couple more than one receiver electrode to a common receiver al the

same time.

[0065] in an alternative embodiment, the resulling signals may be demodulated at
different phases {g.¢., sine and cosing phases) and/or polarities (e.g., positive and
negative polarities) o distinguish the contributions from different fransmitier signals
and/or from interfering signals.  The resulling signals received from the sensor
glecirodes may be summed together, which may be done before or after processing of

the resulting signals’ data.

[6666] i other embodiments, “scanning” sensor electrodes 120 o determing these
capacitive couplings comprises modulating one or more of the sensor electrodes and
measuring an absclute capacitance of the one or sensor electrodes.  In anocther
embodiment, the sensor electrodes may be operated such that more than one sensor
glecirode is driven and received with at a time.  In such embodiments, an absolute
capacitive measurement may be obtained from each of the one or more sensor

glecirodes 120 simultaneously. In one embodiment, each of the sensor elecirodes 120
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are simultaneously driven and received with, obtaining an absoluie capacilive
measurement simultaneously from each of the sensor electrodes 120, In various
embodiments, processing system 110 may be configured {o selectively modulate a
portion of sensor electrodes 120, For example, the sensor elecirodes may be selected
based on, bul not limited to, an application running on the host processor, a status of
the input device, and an operating mode of the sensing device. In an exemplary
interference measurement mode, there i3 no modulation performed on the sensor
electrodes 120 (i.e., the sensor electrodes 120 are held at a substantially constant
voltage), while receiving resulting signals with all or a portion of the sensor elecirodes
120. The resulting signais may be used 10 measure interference. Further, a sensing
frequency (e.g., carrier signal frequency) may be adjusied based on the measured

interferencea.

[0067] In various embodiments, processing system 110 may be configured (o
selectively shield at least a portion of sensor electrodes 120 and to selectively shield or
transmit with the grid elecirode(s) 122 while selectively receiving and/or transmitling
with other sensor electrodes 120, In some embodiments, a switching mechanism may
be configured to guard using sensor electrodes 120 that are not connecled o receivers

of the processing system 110.

[6068] in some embodiments, the moduiation of a sensor electrode 120 for
performing absolute capacitance may be provided by modulation of the power supply
for the display device and/or sensing device, relative 1o a sysiem power supply vollage
such as ground. By modulating the power supply of the display device, all of the driven
voltages in the display device are modulated, causing the slements of the display
device to be guarded during periods of capacitive sensing. In such an embodiment, the
modutation used can be similar to the modulation driven on a sensor electrode 120 for

capacitive sensing.

[0069] A set of measurements from the capacitive pixels form a “capacitive image”
(also “capacitive frame”) represeniative of the capacitive couplings at the pixels.

Multiple capacitive images may be acquired over multipie time periods, and differences
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between them used to derive information aboul inpul in the sensing region. For
example, successive capacitive images acguired over successive periods of time can
be used to track the motion(s) of one or more input objects entering, exiting, and within

the sensing region.

[0070] in any of the above embodiments, multiple sensor electrodes 120 may be
ganged together such that the sensor elecirodes 120 are simultaneously modulated or
simultaneousiy received with. As compared {o the methods described above, ganging
together multiple sensor elecirodes may produce a coarse capacilive image that may
not be usable to discern precise positional information. However, 8 coarse capacitive
image may be used to sense presence of an input object. In one embodiment, the
coarse capacitive image may be used {o move processing system 110 or the input
device 100 out of a8 "doze” mode or low-power mode. In one embodiment, the coarse
capacitive image may be used to move a capacitive sensing 1C out of a “doze” mode or
low-power mode. In ancther embodiment, the coarse capacitive image may be used (o
move a host IC out of a “doze” mode or low-power mode. The coarse capacitive image
may correspond {0 the entire sensor area or only o a portion of the sensor area. The
processing system 110 may reenter the low-power mode upon determining an input

object has left the sensing region 170 and/or after a predetermined period of fime.

0071} The background capacitance of the input device 100 is the capacitive image
associated with no input object in the sensing region 170. The background capacitance
changes with the environment and opersting conditions, and may be estimated in
various ways. For example, some embodiments {ake “baseline images” when no input
object is determined to be in the sensing region 170, and use those baseline images as
estimates of their background capacitances. The background capacitance or the
baseline capacitance may be present due to stray capacitive coupling between a sensor
electrode and another sensor electrode or at least one other electrode within the input
device (e.qg., strain-sensing elecirodes, display electrodes), where one sensor elecirode
is driven with a modulated signal and the other is held stationary relalive to system

ground, or due to stray capacitive coupling belween a receiver elecirode and nearby
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modulated elecirodes. In many embodiments, the background or baseline capacitance

may be relatively stationary over the time period of a user input gesture.

[0072} Capacitive images can be adjusted for the background capacitance of the
input device 100 for more efficient processing. Some embodiments accomplish this by
“‘baselining” measurements of the capacitive couplings at the capacitive pixels {o
produce a “baselined capacitive image.” That is, some embodiments compare the
measurements forming a capacitance image with appropriate “baseline values” of a
‘baseline image” associated with those pixels, and determine changes from that

baseline image.

[0673] i some touch screen embodiments, one or more of the sensor elecirodes
120 comprise one or more display electrodes used in updating the display of the display
screen. The display electrodes may comprise one or more elements of the aclive
matrix display such as one or more segments of a segmented Veom electrode (common
electrode(s)), a source drive line, gate ling, an anode sub-pixel electrode or cathode
pixel electrode, or any other suitable display element. These display elecirodes may be
disposed on an appropriate display screen substrate.  For example, the common
electrodes may be disposed on the a transparent substrate (a glass substrate, TFT
glass, or any other transparent material) in some display screens {(e.g., In-Plane
Switching (IPS), Fringe Field Switching (FFS) or Plane to Line Switching (PLS) Organic
Light Emitting Diocde (OLED)), on the botiom of the color filler glass of some display
screens (g.g., Fatterned Vertical Alignment (FVA) or Multi-domain Vertical Alignment
(MVA)Y), over an emissive layer (OLED), etc. In such embodiments, the display
glecirode can aiso be referred to as a “combination electrode,” since it performs multipie
functions. In various embodiments, each of the sensor electrodes 120 comprises one
or more common electrodes. In other embodiments, at least two sensor electrodes 120
may share al least one common electrode. While the following description may
describe that sensor electrodes 120 and/or grid electrode(s) comprise ong or more
common electrodes, various other display electrodes as describe above may also be

used in conjunction with the common electrode or as an allernative to the common
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electrodes. In various embodiments, the sensor elecirodes 120 and grid electrode(s)

comprise the entire common electrode layer (Vcom electrode).

[6674] in various touch screen embodiments, the “capacitive frame rate” (the rate at
which successive capacitive images are acquired) may be the same or be different from
that of the “display frame rate” (the rate at which the display image is updated, including
refreshing the screen {o redisplay the same image). In various embodiments, the
capacitive frame raile is an integer mulliple of the display frame raie. In other
embaodiments, the capacitive frame rate is a fractional multiple of the display frame rale.
in yet further embodiments, the capacitive frame rate may be any fraction or integer
multiple of the display frame rate. In one or more embodiments, the display frame rate
may change (e.g., 1o reduce power or {0 provide additional image data such as a 3D
display information} while touch frame rate maintains constant. In other embodiment,
the display frame rate may remain constant while the fouch frame rale is increased or

decreased.

[0075] Continuing to refer {o Figure 3, the capacilive sensing circuitry 220 of
processing system 110 includes circuitry configured {o drive at least one of the sensor
electrodes 120 for capacitive sensing during periods in which input sensing is desired.
in one embodiment, the capacitive sensing circuitry 220 is configured to drive a
modulated signal onte the at least one sensor slectrode 120 to detect changes in
absolute capacitance between the al least one sensor electrode and an input object. in
another embodiment, the capacitive sensing circuitry 220 is configured to drive a
transmitier signal onto the at least one sensor electrode 120 {o detect changes in a
transcapacitance between the at least one sensor electrode and another sensor
electrode 120, The modulated and transmilter signals are generally varying voltage
signals comprising a plurality of voltage transitions over a period of time allocated for
input sensing. In various embodiments, the sensor electrodes 120 and/or grid
glecirode(s) may be driven differently in different modes of operation. In one
embodiment, the sensor elecirodes 120 and/or grid electrode(s) may be driven with

signals (modulated signals, transmitter signals and/or shield signals) that may differ in
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any one of phase, amplitude, and/or shape. In varicus embodimenis, the modulaied
signal and transmilier signal are similar in at least one shape, frequency, amplitude,
and/or phase. In other embodiments, the modulated signal and the transmitier signals
are different in frequency, shape, phase, amplitude, and phase. The capacitive sensing
circuitry 220 may be seleclively coupled one or more of the sensor electrodes 120
and/or the grid electrode(s). For example, the capacitive sensing circuitry 220 may be
coupled selected portions of the sensor electrodes 120 and operate in either an
absolute or transcapacitive sensing mode. In another example, the capacitive sensing
circuitry 220 may be a different portion of the sensor electrodes 120 and operate in
either an absolute or transcapacitive sensing mode.  In yet another example, the
capacitive sensing circuitry 220 may be coupled to all the sensor eleclrodes 120 and

operate in either an absolute or transcapacitive sensing mode.

[00786] The capacitive sensing circuitry 220 is configured {o operaie the grid
electrode(s} as a shield electrode that may shield sensor eleclrodes 120 from the
electrical effects of nearby conductors. In one embodiment, the processing system is
configured to operate the grid eleclrode(s) as a shigld elecirode that may “shisld”
sensor electrodes 120 from the electrical effects of nearby conductors, and o guard the
sensor electrodes 120 from grid electrode(s), at least partially reducing the parasitic
capacitance between the grid electrode(s) and the sensor elecirodes 120, In one
embodiment, a shielding signal is driven onto the grid electrode(s). The shielding signal
may be a ground signal, such as the system ground or other ground, or any other
constant voltage {(/.e., non-modulated) signal.  In another embodiment, operating the
grid electrode(s} as a shield electrode may comprise electrically floaling the grid
electrode. In one embodiment, grid electrode(s) are able to operate as an effective
shield elecirode while being electrode floated due io its large coupling to the cother
sensor electrodes. In other embodiment, the shielding signal may be referred {0 as a
‘guarding signal” where the guarding signal is a varying voltage signal having at least
one of a similar phase, frequency, and amplifude as the modulated signal driven on {o
the sensor electrodes. In one or more embodiment, routing traces may be shielded

from responding to an inpui obhject due to routing beneath the grid electrode(s) and/or
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sensor electrodes 120, and therefore may not be part of the aclive sensor elecirodes,

shiown as sensor electrodes 120.

Force Sensing Within Display Stack

[0077] Figure 4 illustrates an exemplary sensor electrode arrangement of a plurality
of layvers forming a display stack of a display device, according o embodiments
described herein. More specifically, Figure 4 provides a cross-section view of a sensor
electrode arrangement 400, which includes a pluralily of layers 410 (i.e., 410-1, 410-2,
..., 410-N) included within a display stack 402 of display device 160. The display stack

402 has a top surface 405, at or near which interaction with input devices occurs.

[0078] As shown, the plurality of layers 410 of display stack 402 comprises a lens
layer 410-1, polarizer layer 410-2, sensor electrodes layer 410-3, color filter layer 410-4,
display elecirodes layer 410-5 corresponding to Vcom electrodes, display material layer
410-6, display elecitrodes layer 410-7, thin-fiim iransistor (TFT) glass layer 410-8,
polarizer layer 410-9, and backlight layer 410-N. In some OLED implementations, the
TFT glass layer 410-8 may be replaced with a flexible material layer. Further, some
OLED implementations may selectively emit different colors, such that the color filter
fayer 410-4 is not required. The thicknesses of the varicus layers 410 are not drawn {o
scale; for example, the sensor electrodes included in sensor electrode layer 410-3 may
be relatively thin and deposited on a relatively thick substrate, e g., a glass subsirale
inciuded as part of color filter layer 410-4. The depicted sensor elecirode arrangement
400 of display stack 402 is meant as one non-limiting example, as suitable alternate
arrangements of display stack 402 can include more or less layers, may arrange the
layers with a different order, etc. The sensor electrode layer 410-3 may be disposed in
an alternate location, e.g., between color filter layer 410-4 and TFT glass layer 410-8.
For example, the sensor electrode layer 410-3 can be disposed on a bottom surface of
the lens layer 410-1 (i.e., between lens layer 410-1 and polarizer layer 410-2). While
display stack 402 generally depicts a vertically-aligned display device 160, other types
of display devices are possible. For example, an in-plane switching (IPS) or fringe-field

switching (FFS) display device 160 may include display material layer 410-6 arranged
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above the display elecirodes layers 410-5, 410-7. Some embodiments may include
additional layers that are not depicted, such as a stiffening layer beneath polarizer layer
410-9.

[0079] According to embodiments described herein, one or more strain gauges may
be disposed within the display stack 402, e.g., at an interface between two adjacent
lavers 410. For resistive implementations, the strain gauges can be made of a metal
(e.g., aluminum, copper), transparent conductors {e.g., indium tin oxide (ITO)),
semiconductors (e.g., amorphous silicon {(a-5i), low-temperature polysilicon (LTPS),
indium gallium zine oxide (1GZ0)), and so forth.  In some cases, the material forming
the strain gauges is piezoresistive or piezoelectric. The selected material for the strain
gauges can be deposited onto a particular layer 410, such as the TFT glass layer 410-8,
or attached {o a particular layer 410 using a film, such as the polarizer layer 410-2. The
strain gauges may be disposed in areas having relatively concentrated bending strain,
such as al lateral edges of the display stack 402 where supporling members

concentrate bending strain when a user applies force near the {op surface 405,

0080} The force measurement values that are measured by the sirain gauges may
be used by a user inferface (Ul) implemented in a processing system (e.g., processing
system 110 of Figure 1). For example, the force measurement values can be combined
with touch or press measurements to estimate force andfor pressure at one or more
touch locations. in this way, the user's intent can be betier determined and the user
interface design can be made more robust, inluitive, and effeclive. In some
embodiments, the force measurement values may be used to control operation of the
processing system. For example, the force measurement values can be used to wake
up the touch sensing or display from a low-power “sleep” mode, or to activate a Ul

press-mode.

{0081} integrating force sensing by including strain gauges within the existing display
stack 402 miligates certain challenges faced using other techniques for force
measurement. For example, other force sensing implementations may require adding

one or more layers and/or air gaps to the display stack 402, infroducing significant

29



WO 2017/165089 PCT/US2017/019865

thickness and complicaling the manufaciuring and assembly processes. For example,
force sensors configured 1o detect changes as sensor electrodes move closer to each
other could be used io detect changes in transcapacitance or absolute capacitance.
Also, many alternate force sensing designs may increase cost as  additional

layers/electrodes are included.

[0082] Moreover, certain other force sensing implementations (e.g., parallel plate
capacitive) may have a less linear response depending on the amplitude or location of
applied force, which in turn requires larger deflections, larger forces, and/or a greater
sensitivity (or dynamic range). Integraiing strain gauges into the display stack 402
between the lens layer 410-1 and above the backlight layver 410-N provides a simpler

integration and yield higher performance force sensing.

[0083] Force sensing capability can also be integrated into an alternate arrangement
of display stack 402 having sensor electrodes configured for capacitive sensing
inciuded between color filter layer 410-4 and TFT glass 410-8 (also referred to as an “in-
cell” implementation, “full in-celi)” etc.}, and/or into an integrated display solution without
requiring additional components and only few additional conneclions. The sensor
electrodes may allernately be included on top of the color filler layer 4104 (ie,

between color filter layer 410-4 and polarizer layer 410-2}.

[0084] Figures & and 6 illustrate exemplary interfaces of multiple layers of the display
stack, according to embodiments described herein.  More specifically, Figure 5
flustrates a cross-section view of one arrangement 500 of input device 1060,
Arrangement 500 shows a plurality of layers 410 of a display stack 402 and supporting
members 505 configured to support the display stack 402 near lateral edges of the
layers 410, The supporling members 505 may be part of a larger support structure,
such as a single support ring that circumsgribes the display region of the display device.
Additionally, supporting members 505 may include a sealing area enclosing a display
material layer (e.g., protecting a liquid crystal of the display stack 402) or an
encapsulation ring area (e.g., material separating an OLED display stack 402 from

gnvironmental issues).
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[0085] The lens layer 410-1 is sealed laterally against a first edge 510 of the
supporting member 505, When the display stack 402 is seated againsi the supporting
members 505, the lens layer 410-1 {or aiternate top-most layer) and portions of the
supporting members 505 can form a substantially continuous surface including the top
surface 450 of the display stack 402. The lens layer 410-1 generally operates {0 seal
the display stack 402 from foreign material around the edge. A number of layers are
disposed beneath lens layer 410-1 (i.e., at a raverse surface from the top surface 406)
and may be sealed against a second edge 515 of the supporting members 505, In
some cases, the layers beneath the lens layer 410-1 have a lesser areal exient than the
lens layer, such that the layers beneath the lens layer 410-1 that seat against the
second edge 515 (as shown, layers 410-2, 410-3, 410-4, eic) form a siaggered
interface 530 with the lens layer 410-1. Mechanically, the lens layer 410-1 tends to
provide the dominant stiffness within the display stack 402, Thus, the stack of layers
determines (by the relalive dimensions and material properties) the stiffness and strain

concentration when a force is applied {o the lens layer 410-1.

[00886] When the display stack 402 is seated against the support member(s) 505, the
staggered interface 530 with the support members 505 forms a cavity 525 (shown as
hatched). When input device 140 deflecis the display stack 402 by touching the {op
surface 405, the strain is relatively concenirated at the staggered interface 530
compared to other iocations on the layers 410. Therefore, placing one or more strain
gauges 540 (shown as an outlined area) in proximity of the staggered interface 530,
such as within a region 5353, 535b near lateral supporting edges of the layers 410, can
provide sifrain data having greater resolution for force sensing due {o sirain
concentration. Fully-supported corners of the lens layer 410-1 {e.g., region 535b) are
constrained and may have lower shear. Areas near the middie of the supporting edges
(e.g., region 535a) may have a substantially constant strain for a given force. Areas in
the middie of the supported display stack area (e.g., region 535¢) may have uniform

strain.
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[0087] Certain display implementations, such as an OLED or LCD can be formed as
part of a flexible membrane (e.g., having a laminated glass or plastic lens layer 410-1)
that deflects under force while it is supported at the edges. Further, some display
implementations may include a flex circuit layer that provides support {0 the side edges
of a display. The flex circuit layer may be constructed of any suitable flexible material,
such as polyimide or polyethylene terephthalate (PET), and attached with the display
stack 420 by an anisotropic conductive film (ACF) and/or a structural adhasive. in some
embaodiments, the strain gauge(s) 540 are disposed on the flex circuit layer and detect
force on the flex circuit layer, but route the force sensing signals through one or more
other (e.g., through the TFT giass layer 410-8) layers {o the processing system 110.

[0028] The strain gauges 540 can be mounted alternately on other substrates within
the display stack 402 and connected with a touch and/or force sensing controller circuit,

which may also include a timing controller and/or other display processing capabilities.

00849} The sirain gauges 540 may be placed at locations that optimize the strain
response (o force and deflection. The center of an edge-supported membrane exhibits
a relatively constant curvature, whereas support locations having a transition from
relatively stiff to relatively flexible may focus strain at the support locations.  Further,
fully-supported comers have relatively lower bending strain. Thus, thinning or stiffening
of local areas o concentrate strain, and/or creating regions of smooth transitions (e.g.,
radius cuts) to prevent cracking of one or more layers can improve performance and
religbility. For example, the supporting members 505 may be located at comers of the
display stack 402 and the display stack 402 may have g greater thicknass at its outer
edge (interfacing with the supporting members 508) for increased stiffness and reduced

local bending.

[0050] I some embodiments, the supporting members 505 can pre-load the display
stack 402 {o deflect toward the user inpul such thal applied force reduces strain
measured by the strain gauges. Such an implementation of the display stack 402 with
integrated force sensing can have a more simple assembly, as defleclion of the display

stack 402 into a recessed area behind the display stack 402 may be reduced or entirely
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removed.  The supporting members 505 may be further configured o restrain the
display stack 402, such that the display stack 402 will not easily separate from the input
device 100 once installed {i.e., providing a stronger connection than adhesive alone).
Figure 6 illustrates one example where supporting members 505 restrain the display
stack 402. In arrangement 600, the lens layer 410-1 is disposed above the supporting
members 505 but one or more layers {(here, layers 410-5, 410-6, ...} are disposed
beneath a projection 805 of the supporting members 505, In alternate arrangement, the
lens layer 410-1 and/or other layers 410-2, 410-3, 410-4 may be disposed beneath the
projection 805, As in arrangement 500, in arrangement 800 the strain gauges 540 may
be disposed within region 535 near the staggered interface 530 {o provide betler
resoiution force sensing data.  As discussed above, the strain gauges 540 may be
arranged near the center of the display stack for a more uniform strain response orin a
fully-supported corner with a minimum strain response.

[0091] The iocation of force response in the multiple strain gauges 540 along with
determined user input iocation {e.g., an inpul object position) can be used {o calibrate
the estimated force of the user inputs. This may require performing a calibration
procedure for a given design or for each sample. Further, non-force responsive gauges

may be used for performing temperature and other external factor compensation.

[00s2] As discussed above, the strain gauges 540 can be disposed al any suitable
layer of the display stack 402, such as the TFT giass layer 410-8, or attached to a
particular layer 410 using a film, such as the polarizer layer 410-2. In some cases, the
TFT glass layer 410-8 may be made larger in order {o provide the strain measuring
support and capture points. The strain gauges 540 may be disposed over/behind a
black mask that partially or fully circumscribes the viewable area of the display, and the
supporting members 505 can be at a further lateral exient than the strain gauges 540.
For exampie, a tablet {one example of input device 100) may have a relatively larger

support area than a mobile phone (another example).

[0093] Figure 7 illustrates an exemplary interface with a layer comprising a strain-

concentrating feature, according to embodiments described herein.  As discussed
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above, force sensing may be done by measuring the strain at lateral edges of the
display stack 402, which can be accomplished through placement of strain gauges 540,
in arrangement 700, the strain gauges 540 are placed outside of a display region 710,
such as beneath a black mask 705, Although shown within lens layer 410-1, the black
mask 705 may alternately be disposed in a different layer (e.g., layer 410-2), may be
formed as a separate layer, and so forth. Placing strain gauges 540 outside of the
display region 710 may permil a less restrictive construction and connection of the
strain gauges 540, since the effect of the strain gauges 540 on viewability of the display
s no longer a concermn. For example, the strain gauges 540 may be constructed of a
preferential conductive material andfor in an arrangement that is not transparent, which
ordinarily may not be suitable for use within a display region 710 due to the effects on

the viewability of portions of the display region 710.

[6694] I arrangement 700, the lens layer 410-1 also includes one or more features
715 disposed at the interface of the lens layer 410-1 with other adjacent layers of the
display stack 402. As shown, the feature 715 generally projects out from a lower
surface of the lens layer 410-1, having a larger area at the lower surface and a
decreased area af the interface with other adjacent layers 410, In some embodiments,
around the area of features 715, a compressible or shear strain may be measured
instead of a bending sirain. Fealures 715 may have any shape that is suitable for
concentrating strain at the interface of the layers, such as one or more points, a ridge,
and so forth. As shown, the strain gauges 540 are disposed benegath the interface of

feature 715 with adjacent layers 410.

[0095] Figures 8 and 9 iliustrate exemplary arrangements of strain gauges disposed
outside the display region of a display device, according to embodiments described
herein.  In arrangement 800, display area 710 is circumscribed by black mask 705,
which is circumscribed by a support ring 805, In an alternate arrangement, the black
mask 705 may be integraied within the support ring 805 The strain gauges 540 are
located at one or more positions relative to the display region 710, such as at comers

and at mid-points along each side of the perimeter of the display region 710. Other
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configurations of strain gauges 540 are possible, include greater or fewer strain gauges
540 and arrangement in different relative positions. In one example, discrete supporting
members are located near the corners of the display stack, and sirain gauges 540 may
be positioned near the corners {0 measure the concentrated sirain. In another example,
the support ring 805 is uniform and the strain may be concentrated near the midpoints
of each side of the display stack.

[0096] The amount of deflection required can be reduced by adding siiffening
glements, which can also concentrate strain in desired locations. In some cases it may
be easier to use thin or flexible displays {e.g., OLED) since flexible displays tend to
concentrate strain at their support points (where a fransition from relatively stiff to
flexible occurs). Generally, a thicker lens layer 410-1 (or facesheet) relative to the
diagonal dimension of the display stack results in more broad (and less localized)
deflection. In some embodiments, as few as four or six strain gauges (e.g., as few as
one or two strain gauges 540 along each side of the display stack) can produce suitably

high-resoiution force sensing data.

[0097] The routing between the processing system and the strain gauges 540 may
also be disposed ocutside the display region 710 and under the black mask so that it is
not visible, The routing for force sensing in some cases may be on the same layer(s) of
the display stack as rouling for capacitive sensing. In one embodiment, a pattern for a
strain gauge 540 as well as contacts o the strain gauge 540 are formed in a single layer
of conductive material. Generally, operating strain gauges 540 comprises transmitiing
one or more excitation signals and receiving resulting signals using the routing. In
some implemenigtions, the electrodes carrying the excilation signals can be shared
between different sirain gauges 540, reducing the amount of routing and number of
contacts required. In some implementations, the routing of electrodes carrying the
excitation signals can operate to shield the strain gauge and related electrodes used for
measurement, using technigues similar to those described above with respect {o

capacitive sensing.
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[0098] Sensor electrode arrangement 900 Hlustrates a number of strain gauges 540
disposed ocutside the display region 710. As shown, each sirain gauge 540 comprises a
first strain gauge S05A, BOBA, 907A, 908A and a second strain gauge 9058, 9068,
8078, 908B. The strain gauges 905A-008A, B0O5B-208B may be comprised of any
suitable material, such as metal (g.¢., aluminum, copper), transparent conductors {e.g.,
indium tin oxide (ITQO)), semiconductors {e.g., amorphous silicon {a-8i), low-temperature

polysilicon (LTPS), indium gallium zine oxide (1GZ0)), and so forth.

[0099] The first strain gauges 205A-808A and second sirain gauges 905B-0088B
each have a gauge pattern that is more sensitive to strain along a particular axis (or
dimension), which may correspond to an axis of the display stack and/or display region
710, Further, display-integrated strain gauges may be folded in order to reduce length
and to optimize strain response in small areas. For example, the first strain gauges
S05A, B07A are more sensilive to force along the vertical axis, while the first strain
gauges 906A, 908A are more sensitive to force along the horizontal axis. The second
strain gauges 205B-8088 are generally included to provide more accurate force sensing
data by accounting for effects of thermal expansion, manufacturing, eic. at each of the
first strain gauges 905A-908A. Each of the second sirain gauges S05B-808B generally
has the same consiruction {e.g., same material, gauge pattern) as the corresponding
first strain gauge S05A-908A, but is generally criented transverse or perpendicular {0
the patiern of the corresponding first strain gauge 905A-908A 50 as to be negligibly
affected by force sensed by the corresponding first sirain gauge 905A-908A. In some
embodiments, at least one sirain gauge bridge is formed using certain ones of the first
strain gauges 905A-808A and second strain gauges 905B-908B. Sirain gauge bridges
generally provide an increased resolution of force sensing by accounting for
temperature and manufacturing effects. In another embodiment, three strain gauges
may be used at relative 120-degree phases for similar reasons and a larger angular
strain resolution. For example, and within each grouping of strain gauge 540, each of
the first strain gauges B05A, Q06A, 807A, and 908A is coupled with a respective one of
the second strain gauges 9058, 906B, 9078, and 908B. These couplings can be used
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to form half-bridges, full-bridges, etc. to provide force sensing input to the processing

system.

[6400] Each of the first and second strain gauges 905A-808A, 905B-908B are
coupled with a plurality of routing electrodes 910 for receiving excitation signals from the
force sensing circuitry 230 and for transmitting resulling signals o the force sensing
circuitry 230. The routing elecirodes 910 may be routed outside the display region 710,
although alternate implementations may include transpareni conductors that extend at
least partly into the display region 710 or are fully integrated within the display region
(e.g., a transmitter electrode). Some of the routing electrodes 910 are driven by the
force sensing circuitry 230 with excitation signals used to acquire a resulling force

measurement on other routing electrodes 810.

(0161} in some embodiments, one or more routing electrodes are shared by multiple
ones of the first and second strain gauges 905A-008A, B05B-808B. in some cases, the
one or more shared routing eleclrodes are shared between multiple strain gauge
bridges. Referring to both sensor electrode arrangement 900 of Figure 9 and sensor
electrode arrangement 1000 of Figure 10, first sirain gauges 9054, 908A and second
strain gauges 9058, 908B are arranged as a first full-bridge 1005A. The first strain
gauges 906A, S07A and second strain gauges 9068, 29078 are arranged as a second
full-bridge 10058, In alternate implementations, first and second strain gauges 905A-
908A, 905B-808B may be arranged as quarier-bridges, half-bridges, full-bridges, or
combinations thereof. The rouling elecirodes 910-1, 910-3 each carry a first excitation
signal TX+ from an internal net 1010 of the processing system 110, The routing
glecirodes 910-2, 910-4 each carry a second excitation signal TX- from an internal net
1015 of the processing system 110 In some embodiments, the first and second
gxcitation signals TX+, TX- gre complementary, providing twice the signal magnitude
across strain gauge bridges and an improved force sensing signal-to-noise ratio (SNR).
Further, offseis of the receiver circuitry may be calibrated with conirolled charge
cancellation electronics.
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[0102] Routing elecirode 910-1 couples with first strain gauge 905A of the first full-
bridge 1005A, and with first strain gauge Q06A of the second full-bridge 10058, Routing
electrode 910-2 couples with second strain gauges 8068, 8078, and routing electrode
910-4 couples with second strain gauges 9058, 208B. Routing elecirodes 801-3
couples with first strain gauges 908A and 907A, a portion of the coupling is shown as a
dashed line, as further routing may in some cases be necessary (o route around other
display and/or sensor electrodes coupled with the processing system 110, The routing
electrodes 915, 916, 817, 918 are coupled with various ones of the first and second
strain gauges 905A-808A, 2056B-808B and configured o carry force sensing signals
(e.g., modulated voltages proportional to sirain differences between different elements

of a bridge) to the processing system 110,

0163} Within sensor electrode arrangement 1000, processing system 110 includes a
plurality of analog front-ends (AFEs) 1028-1, 1025-2, 1025-3, ..., 1025-K configured {o
sample signals and perform variocus signal processing. The AFEs 1025-1, 1025-2,
1025-3, ..., 1025-K may be included as a part of capacitive {touch) sensing circuitry 220
(Figures 2, 3), of force sensing circuitry 230, and/or may be shared by the different
circuitry. As shown, AFE 1025-1 includes an integrator 1030, a mixer 1032, and an
analog-to-digital converter (ADC) 1035, although other implementations are possible.
Each AFE 1025-1, 1025-2, 1025-3, ..., 1025-K may be coupled with a routing elecirode

915, 816, 917, 518 and configured {o receive force sensing signals therefrom.

[08104] The AFEs 1025-1, 1025-2, 1025-3, ..., 1025-K may be coupled with the
routing electrodes 915, 816, 917, 818 through capacitances 1020-1, 1020-2, 1020-3, ...,
1020-J. In some embodiments, an AFE used for capacitive sensing can be capacitively
coupled with one or more of the strain gauges SO5A-G08A, S05B-9088 such that if can
compensate for strain gauge bridge offsets. By scaling the size of capacitances 1020-1,
1020-2, 1020-3, ..., 1020-J the sirain resolution (e.g., microstrain or y-sirain) of the
sensor can be controlled relative to the dynamic range {e.g., limited by the bridge offset
~1% and any offset correction).
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[0105] In some embodiments, the capacitive sensing circuiiry 220 and force sensing
circuitry 230 include shared circuitry 1040. For example, the AFks 1025-1, 1025-2,
1025-3, ..., 1025-K used for performing force sensing may aiso be used for capacitive

sensing if the strain gauges are have a sufficient dynamic range (e.g., about 1% offset
varigtion) and gauge facior {e.g., about 2 or more). As discussed above, the force
sensing data can then be combined with capacitive sensing data to estimate force at
one or more touch locations for a more robust, intuitive, and effective input, as

discussed above.

[01086] Figure 11 iliustrates an exemplary arrangement for sensing signal using a
strain gauge bridge, according o embodiments described herein.  More specifically,
arrangement 1100 idlustrates a sensing half-bridge 1105 comprising resistances 11104,
1110B and strain gauges 1115A, 11158, The arrangement 1110 further comprises
switches 1120A, 1120B configured o seleclively couple the half-bridge 1105 with a
selected one of a guarding signal (represented by an AC power source 1125) and with a
BC power source 1130, in some embodiments, the haif-bridge 1108 is coupled with the
DC power source 1130 when performing force sensing, and is coupled with the
guarding signal when not performing force sensing. Further, in some embodiments, the
half-bridge 1108 is coupled with the guarding signal when touch sensing is performed.
The arrangement 1135 further comprises an instrumentation amplifier 1135 and an

analog-to-digital converter (ADC) 1140,

0107} Thus, the embodiments and examples set forth herein were presented in
order {0 best explain the embodiments in accordance with the present technology and
its particular application and to thereby enable those skilled in the art {0 make and use
the disclosure. 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 i3 not intended to be exhaustive or to limit

the disclosure to the precise form disclosed.

[0108] in view of the foregoing, the scope of the present disclosure is determined by

the claims that follow.
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WE CLAIM:

1. An input device for sensing force applied by input objects, the input device
comprising:

a display device comprising a plurality of layers formed as a display stack, the
display stack including a top surface,

one or more sirain gauges disposed within the display stack and configured to
detect force applied to the fop surface; and

a processing system configured to perform display updating using the display

device and to perform force sensing using the one or more strain gauges.

2. The input device of claim 1, wherain the one or more strain gauges are arranged

to form at least one strain gauge bridge disposed within the display stack.

3. The input device of claim 2, wherein the at least one strain gauge bridge
comprises two strain gauge bridges, the input device further comprising a plurality of
routing electrodes coupling the processing system with the two strain gauge bridges,
whergin at least one of the plurality of routing electrodes is shared by the two sirain
gauge bridges.

4, The input device of claim 1, further comprising:

a plurality of sensor electrodes arranged to at least partly overlap a display
region of the display device, wherein the processing system is further configured to
perform capacitive sensing of input objects using the plurality of sensor electrodes.

5. The input device of claim 4, wherein each of the one or more strain gauges
comprises one or more sensor electrodes selected from the plurality of sensor
glecirodes, and wherein the selected one or more sensor elecirodes are configured to

perform force sensing and capacitive sensing.
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53 The input device of claim 5, wherein the plurality of sensor electrodes comprises
a plurality of transmitter electrodes and a plurality of receiver electrodes configured to
perform capacitive sensing, wherein each of the one or more strain gauges comprises

one or more transmitier elecirodes selected from the piurality of transmitter electrodes.

7. The input device of claim 4, wherein at least one of the one or more strain

gauges are disposed ouiside of the display region.

8. The input device of claim 4, wherein al least one of the one or more strain
gauges and at least one of the plurality of sensor electrodes are disposed on a same

tayer of the display stack.

9. The input device of claim 4, wherein each of the plurality of sensor elecirodes
comprises at least one common electrode of a plurality of common electrodes of the
display device, the plurality of common electrodes configured to perform capacitive

sensing and display updating.

10, The input device of claim 1, wherein the one or more sirain gauges are disposed
at an interface between adjacent first and second layers of the display stack, wherein
the first layer overlaps the second layer to form a staggered interface, wherein the one

or more strain gauges are disposed at the staggered interface.

11, The input device of claim 10, further comprising:
a supporting member interfaced with one of the first and second layers at the

staggered interface.

12.  The input device of claim 1, wherein a first layer of the display stack comprises:
a feature configured o concentrate strain at the interface of the feature and an
adjacent member of the display device, wherein at least one of the one or more sirain

gauges is disposed proximate to the interface.

41



WO 2017/165089 PCT/US2017/019865

13.  The inpui device of claim 1, wherein the processing system is further configured
to transition the input device out of a predefined low power mode upon sensing force

applied by an input object.

14.  The input device of claim 1, wherein the one or more strain gauges are formed

from an optically fransmissive conductive material.

16, A processing system for an inpul device with a display device, the input device
comprising one or more strain gauges configured to sense force applied by input
objects, the processing system comprising:

display driver circuitry configured to update the display device,;

capacitive sensing circuitry configured to operaie a plurality of sensor electrodes
of the input device to acquire capacitive sensing data; and

force sensing circuitry configured to acquire force sensing data using the one or
more strain gauges,

wherein the one or more strain gauges are formed using one or More sensor
electrodes selected from the plurality of sensor electrodes, and wherein the seiecied
one or more sensor electrodes are configured to perform force sensing and capacitive

sensing.

16.  The processing sysiem of claim 15, wherein the plurality of sensor electrodes
includes a plurality of transmitter elecirodes and a plurality or receiver electrodes
configured to perform capacitive sensing, wherein each of the one or more strain
gauges comprises one or more transmitier electrodes selected from the plurality of

transmitler electrodes.

17.  The processing system of claim 15, wherein the force sensing circuitry and the

capacitive sensing circuitry include shared circuitry.
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18.  The processing system of claim 15, wherein the force sensing circuitry is further
configured to refine the acquired force sensing data based on the acquired capacitive

sensing data.

19, The processing system of claim 15, wherein the processing system is configured
to fransition the input device out of a predefined low power maode upon sensing force

applied by an input object.

20, The processing system of claim 15, wherein sach of the plurality of sensor
electrodes comprises at least one common electrode of a plurality of common
electrodes of the display device, wherein the plurality of common eleclrodes are

configured to perform capacitive sensing and display updating.

21. A display device comprising:

a plurality of layers formed as a display stack, the display stack including a top
surface;

a plurality of display electrodes disposed within the display stack and configured
to be driven by a processing system to perform display updating, and

one or more sirain gauges disposed within the display stack and configured to
detect force applied fo the top surface based on signals driven by the processing

system.
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