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CAPACITIVE BASELINING

CROSS REFERENCE TO RELATED APPLICATION

This Patent Cooperation Treaty patent application claims priority to U.S. non-provisional
application No. 61/800,943, filed March 15, 2013, and titled “Capacitive Baselining”, the
contents of which are incorporated herein by reference in their entirety.

TECHNICAL FIELD

This application generally relates to sensing a force exerted against a surface, and more
particularly to sensing a force through capacitance changes.

BACKGROUND

Touch devices generally provide for identification of positions where the user touches the
device, including movement, gestures, and other effects of position detection. For a first
example, touch devices can provide information to a computing system regarding user
interaction with a graphical user interface (GUI), such as pointing to elements, reorienting or
repositioning those elements, editing or typing, and other GUI features. For a second example,
touch devices can provide information to a computing system suitable for a user to interact with
an application program, such as relating to input or manipulation of animation, photographs,
pictures, slide presentations, sound, text, other audiovisual elements, and otherwise.

Some touch devices are able to determine a location of touch, or multiple locations for more
than one touch, using sensing devices that are additional to those sensing devices already part
of the touch device.

Generally, however, touch is binary. The touch is present and sensed, or it is not. This is true of
many user inputs and input/output devices. A key of a keyboard, for example, is either pressed
sufficiently to collapse a dome switch and generate an output signal, or it is not. A mouse
button is either pressed sufficiently to close a switch, or it is not. Very few electronic devices
employ force as a variable input.

BRIEF SUMMARY OF THE DISCLOSURE

This application provides techniques, including devices and method steps, which can determine
amounts of force applied, and changes in amounts of force applied, by a user. For example, the
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user could contact a device (such as a touch device including a touch-sensitive surface, one
example of which is a touch display), or other pressure- sensitive elements (such as a virtual
analog control or keyboard), or other input devices. These techniques can be incorporated into
various devices also using touch recognition, touch elements of a GUI, touch input or
manipulation in an application program, and otherwise (such as touch devices, touch pads, and
touch screens). This application also provides techniques, including devices and method steps
that apply those techniques, which can determine amounts of force applied, and changes in
amounts of force applied, by the user, as described herein, and in response thereto, provide
additional functions available to a user of a device embodying those techniques.

In one embodiment, the device can include a flexible element, such as a flexible touchable
surface, coupled to circuits capable of determining an amount and location of applied force. For
example, the flexible touchable surface can include a touch device or a touch display. In such
embodiments, the flexible element can include a device stack, including a compressible gap and
a capacitive sensor capable of detecting changes in capacitance in response to surface flex,

such as caused by applied force.

For some first examples, (1A) the device stack can include either mutual capacitance or self-
capacitance circuits; (1B) the device stack can include opaque, translucent, or transparent
circuits disposed for detecting or measuring capacitance or changes in capacitance.

For some second examples, the capacitive sensor can be positioned at one (or possibly more)
of various positions in the device stack, including (2A) above or below a display element, (2B)
integrated into a display element, (2D) above or below, or integrated into, a backlight unit.

For some third examples, the compressible gap can include an air gap, a compressible

substance, or a compressible structure.

In one embodiment, the device can include one or more techniques, including circuits and
designs, or including method steps, which can determine a set of zero-force measurements,

from which the device can determine a set of changes and one or more applied forces.

For example, the device can include a set of zero-force measurements determined when
manufactured, or at another step earlier than distribution to a user, differences from which can
be used to determine actual applied forces, even when those zero-force measurements would

otherwise indicate some degree of surface flex.
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For example, the device can include a measure of bending, torque or twist, or other surface
deformation in response to forces applied to a device frame, to adjust such zero-force

measurements.

For example, the device can use one or more alternative measures of determining orientation or
position, such as one or more inertial sensors, to adjust such zero-force measurements. In such
cases, the device can incorporate adjustments of zero-force measurements into one or more
user interface features. In examples of such cases, a measure of torque or twist, or a measure
of orientation or position, could be used as an input, or to adjust an input, to one or more

elements of a game or simulator.

For example, the device can use one or more measures of surface flex that can appear at
surface locations other than the precise location of applied force. In such cases, the device can
incorporate such measures of surface flex to detect and measure applied force at locations
other than where capacitance detectors of applied force are actually positioned. In examples of
such cases, detection and measurement of applied force beyond the range of capacitance
detectors can be used to provide "soft" user interface buttons beyond an effective surface of
applied force detection or measurement.

While multiple embodiments are disclosed, including variations thereof, still other embodiments
of the present disclosure will become apparent to those skilled in the art from the following
detailed description, which shows and describes illustrative embodiments of the disclosure. As
will be realized, the disclosure is capable of modifications in various obvious aspects, all without
departing from the spirit and scope of the present disclosure. Accordingly, the drawings and
detailed description are to be regarded as illustrative in nature and not restrictive.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1A is a front perspective view of a first example of a computing device incorporating a force

sensing device.

FIG. 1B is a front perspective view of a second example of a computing device incorporating a

force sensing device.

FIG. 1C is a front elevation view of a third example of a computing device incorporating the

force sensing device.



10

15

20

WO 2014/149243 PCT/US2014/015864

FIG. 2 is a simplified cross-section view of the computing device taken along line 2-2 in FIG. 1A.
FIG. 3A is a cross-section view of the force sensing device taken along line 3-3 in FIG. 1B.

FIG. 3B is a cross-section view of an alternative embodiment of the force sensing device taken
along line 3-3in FIG. 1B.

FIG. 3C is a cross-section view of still another alternative embodiment of the force sensing
device taken along line 3-3 in FIG. 1B.

FIG. 3D is an expanded, cross-section view of the detail area of Fig. 3C, showing details of a
sample flexible substrate in which certain capacitive sensing elements may be placed.

FIG. 3E is a simplified top view of an array of capacitive sensing elements, as may be used by

various embodiments.

FIG. 4A shows a first conceptual drawing of a portion of a device for force sensing through
capacitance changes.

FIG. 4B shows a second conceptual drawing of a portion of a device for force sensing through
capacitance changes.

FIG. 4C shows a third conceptual drawing of a portion of a device for force sensing through
capacitance changes.

FIG. 4D shows a fourth conceptual drawing of a portion of a device for force sensing through
capacitance changes.

FIG. 5 shows a first conceptual drawing of a set of force sensing elements.

FIG. 6 shows a conceptual drawing of a device for force sensing being manipulated.
FIG. 7 shows a second conceptual drawing of a set of force sensing elements.

FIG. 8 shows a conceptual diagram of a method of operation.

FIG. 9 shows a conceptual drawing of communication between a touch I/O device and a
computing system.
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FIG. 10 shows a conceptual drawing of a system including a force sensitive touch device.
FIG. 11A s a first example of a timing diagram for the computing device.

FIG. 11B is a second example of a timing diagram for the computing device.

FIG. 11C is a third example of a timing diagram.

DETAILED DESCRIPTION

TERMINOLOGY
The following terminology is exemplary, and not intended to be limiting in any way.

The text “applied force”, and variants thereof, generally refers to a degree or measure of an
amount of force being applied to a device. The degree or measure of applied force need not
have any particular scale. For example, the measure of applied force can be linear, logarithmic,
or otherwise nonlinear, and can be adjusted periodically (or otherwise, such as aperiodically, or
otherwise from time to time) in response to one or more factors, either relating to applied force,

location of touch, time, or otherwise.

The text “force sensing element”, and variants thereof, generally refers to one or more sensors
or sensing elements, that may detect an input that may be correlated to force, or a direct force
input. For example, a capacitive sensor may serve as a force sensing element by measuring a
change in capacitance that occurs due to a deflection or motion of some portion of a device.
That change in capacitance may be employed to determine a force acting on the device.
Likewise, strain sensors may function as force sensing devices. Generally, a force sensing
element may detect an input or generate an output correlative to a force, including information
sensed with respect to applied force, whether at individual locations or otherwise. For example
and without limitation, a force sensing element may detect, in a relatively small region, where a

user is forcibly contacting a device.

The text "surface flex", and variants thereof, generally refers to any substantial amount of flex or
other deformation of a device when force is applied to that device. For example and without
limitation, surface flex can include deformation, at one or more points, of a cover glass element
or other surface of the device, of a device stack positioned below that cover glass element, or

otherwise.
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The text “touch sensing element”, and variants thereof, generally refers to one or more data
elements of any kind, including information sensed with respect to individual locations. For
example and without limitation, a touch sensing element can include data or other information

with respect to a relatively small region of where a user is contacting a touch device.

The text “user contact’, and variants thereof, and references to applied force, or contact, or
touch by the user, all generally refer to any form by which a user can apply force to the device.
For example and without limitation, this includes contact by a user’s finger, or a stylus or other
device, such as when used by a user to apply force to a touch device, or to otherwise contact a
touch device. For example and without limitation, “user contact” can include any part of the
user’s finger, the user’s hand, a covering on the user’s finger, a soft or hard stylus, a light pen or
air brush, or any other device used for pointing, touching, or applying force to, a touch device or
a surface thereof.

After reading this application, those skilled in the art would recognize that these statements of
terminology would be applicable to techniques, methods, physical elements, and systems
(whether currently known or otherwise), including extensions thereof inferred or inferable by
those skilled in the art after reading this application.

OVERVIEW

The present disclosure is related to a force sensing device that may be incorporated into a
variety of electronic or computing devices, such as, but not limited to, computers, smart s, tablet
computers, track pads, wearable devices, small form factor devices, and so on. The force
sensing device may be used to detect one or more user force inputs on an input surface and
then a processor (or processing element) may correlate the sensed inputs into a force
measurement and provide those inputs to the computing device. In some embodiments, the
force sensing device may be used to determine force inputs to a track pad, a display screen, or
other input surface.

The force sensing device may include an input surface, one or more sensing plates (such as
capacitive plates), a spacing layer, and a substrate or support layer. The input surface provides
an engagement surface for a user, such as the external surface of a track pad or the cover
glass for a display. In other words, the input surface may receive one or more user inputs
directly or indirectly.
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The one or more sensing plates may include capacitive sensors or other sensing elements. The
number of sensing plates may depend on the type of sensors used and in instances where the
sensors sense changes in capacitance, whether the capacitive sensors are configured for
mutual capacitance or self-capacitance. For example, in instances where self-capacitance may
be used, a shielding member or plate may replace one of the sensing plates, such that the force
sensing device may include one sensing plate and one shielding member or plate. In these
examples, the shielding member may help to isolate the sensing plate from noise sources that
may produce errors in the sensed inputs. In some embodiments, the sensing elements, such as
capacitive sensors, may be defined by the intersections of rows and columns. In these
embodiments, the rows and/or columns may be driven any number of ways, for example,
sequentially, in a pattern (e.g., groups of rows and/or columns at a time with different
waveforms), or simultaneously. In other embodiments, the capacitive sensors may be defined
by an array, grid, or other layout of capacitive sense elements that are spaced apart and/or not
connected to each other.

The spacing layer may be a gap between one or more components of the force sensing device
(e.g., air), or may be a gel, foam, or other deformable material. The spacing layer may typically
be configured to change in size or thickness based on a user input. That is, the spacing layer
may be deformable or otherwise variable in at least one dimension.

In embodiments where the force sensing device may use self-capacitance to detect user inputs,
a shielding plate may be operably connected to the input surface. The sensing plate may be
separated from the shielding plate by a spacing layer. In embodiments where the force sensing
device may use mutual-capacitance to detect user inputs, a first sensing plate may be operably
connected to the input surface and separated from a second sensing plate by the spacing layer.
It should be noted that in either mutual or self capacitance embodiments, the orientation and
order of the sensing plates and/or shielding plates may be varied.

In operation, as a force is applied to the input surface (e.g., due to a user pressing on the input
surface), the spacing layer may vary in thickness or size. For example, the spacing layer may
deform or otherwise compress. As the spacing layer changes due to the force, a gap between
the two sensing plates or the sensing plate and the shielding plate may decrease, yielding an
increase in capacitance at either the self- capacitance array (on the sensing plate) or between
the two capacitance sensing arrays or plates.
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The change in capacitance may be correlated to a decrease in distance or a change in
thickness or size of the spacing layer. This change in distance may further be correlated to a
force required to move the input surface the delta distance. The distance between the two
sensing plates (or the sensing plate and the shielding plate) may be smallest or have a
maximum reduction at a location where a user may input the force on the input surface. Using
this information, the force sensing device may then localize the input force to a particular point
or locus of points in the X-Y plane of the input device. For example, the sensed value may be
provided to one or more processors or processing elements that may correlate the sensed value

with an input force magnitude and location.

In some embodiments, the force sensing device may be incorporated into or used in conjunction
with a touch —sensitive device. In these embodiments, touch inputs detected by the touch
device may be used to further refine the force input location, confirm the force input location,
and/or correlate the force input to an input location. In the last example, the force sensitive
device may not use the capacitive sensing of the force sensing device to estimate a location,
which may reduce the processing required for the force sensing device. Additionally, in some
embodiments, a touch sensitive device may be used to determine force inputs for a number of
different touches. For example, the touch positions and force inputs may be used to estimate
the input force at each touch location, thereby detecting and discriminating multiple force inputs

simultaneously (“multi-force”).
FORCE SENSITIVE DEVICE AND SYSTEM

Turning now to the figures, illustrative electronic devices that may incorporate the force sensing
device will be discussed in more detail. FIGS. 1A-1C are cross-sectional views of a sample
electronic device that may incorporate one or more force sensing devices, as described in more
detail herein. With reference to FIG. 1A, the force sensing device may be incorporated into a
computer 10, such as a laptop or desktop computer. The computer 10 may include a track pad
12 or other input surface, a display 14, and an enclosure 16 or frame. The enclosure 16 may
extend around a portion of the track pad 12 and/or display 14. In the embodiment illustrated in
FIG. 1A, the force sensing device may be incorporated into the track pad 12, the display 14, or
both the track pad 12 and the display 14. In these embodiments, the force sensing device may
be configured to detect force inputs to the track pad 12 and/or the display 14.
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In some embodiments, the force sensing device may be incorporated into a tablet computer.
FIG. 1B is a top perspective view of a tablet computer including the force sensing device. With
reference to FIG. 1B, the table computer 10 may include the display 14 where the force sensing
device is configured to detect force inputs to the display 14. In addition to the force sensing
device, the display 14 may also include one or more touch sensors, such as a multi-touch
capacitive grid, or the like. In these embodiments, the display 14 may detect both force inputs,

as well as position or touch inputs.

In yet other embodiments, the force sensing device may be incorporated into a mobile
computing device, such as a smart phone. FIG. 1C is a perspective view of a smart phone
including the force sensing device. With reference to FIG. 1C, the smart phone 10 may include
a display 14 and a frame or enclosure 16 substantially surrounding a perimeter of the display
14. In the embodiment illustrated in FIG. 1C, the force sensing device may be incorporated into
the display 14. Similarly to the embodiment illustrated in FIG. 1B, in instances where the force
sensing device may be incorporated into the display 14, the display 14 may also include one or

more position or touch sensing devices in addition to the force sensing device.

The force sensing device will now be discussed in more detail. FIG. 2 is a simplified cross-
section view of the electronic device taken along line 2-2 in FIG. 1A. With reference to FIG. 2,
the force sensing device 18 may include an input surface 20, a first sensing plate 22, a spacing
layer 24, a second sensing plate 26, and a substrate 28. As discussed above with respect to
FIGS. 1A-1C, the input surface 20 may form an exterior surface (or a surface in communication
with an exterior surface) of the track pad 12, the display 14, or other portions (such as the
enclosure) of the computing device 10. In some embodiments, the input surface 20 may be at
least partially translucent. For example, in embodiments where the force sensing device 18 is
incorporated into a portion of the display 14.

The sensing plates 22, 26 may be configured to sense one or more parameters that may be
correlated to an input force. For example, the sensing plates 22, 26 may include one or more
capacitive sensors. It should be noted that, based on the parameter to be sensed, one of the
sensing plates 22, 26 may not include any sensing elements, but may function as a shield for
the other of the sensing plats 22, 26. For example, in some embodiments, the force sensing
device 18 may utilize mutual capacitance to sense inputs to the input surface 20 and thus only a
single sensing plate may be required. A shielding layer may then be used to shield the sensing

plate from noise.
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The spacing layer 24 or compressible gap may be positioned between the two sensing plates
22, 26 or between a single sensing plate 22, 26 and a shielding plate. The spacing layer 24
may include one or more deformable or compressible materials. The spacing layer 24 may be
configured to compress or vary in at least one dimension when the input surface 20 is pressed
or forced downwards by a user. In some embodiments, the spacing layer 24 may include air
molecules (e.g., an air gap), foams, gels, or the like. Because the spacing layer 24 may
separate the two sensing plates 22, 26 (or may separate one of the sensing plates 22, 26 from
the input surface 18), as the spacing layer 24 compresses due to a user input, the distance
between the two sensing plates 22, 26 (or the distance between one of the sensing plates and
the input surface) varies. The variation in the separation distance may cause a correlated
change in a sensed value (such as a capacitance value) by the sensing plates 22, 26. This

variation may be used to estimate a user input force on the input surface.

The substrate 28 may be substantially any support surface, such as a portion of an printed
circuit board, the enclosure 16 or frame, or the like. Additionally, the substrate 28 may be
configured to surround or at least partially surround one more sides of the sensing device 18.

FIG. 3 is a first conceptual drawing of a cross-section of a device for force sensing through
capacitance changes taken along line 3-3 in FIG. 1B. As discussed briefly above, the force
sensing device 18 may be incorporated into a mobile electronic device, examples of which
include a mobile phone, computer, tablet computing device, appliance, vehicle dashboard, input
device, output device, watch, and so on. Generally, measurements, dimensions, and the like
provided throughout (whether within the specification or the figures) are intended to be
examples only; these numbers may vary between embodiments and there is no requirement
that any single embodiment have elements matching the sample dimensions and/or
measurements herein. Likewise, the various views and arrangements shown in the figures are

intended to show certain possible arrangements of elements; other arrangements are possible.

In one embodiment, a force sensitive device and system can include a device frame, such as
the enclosure 16, enclosing a set of circuits and data elements, as described at least in part with
reference to FIG. 9A and FIG. 9B. In some embodiments, the circuits and data elements can
include a cover glass (CG) element, a display stack, and one or more capacitance sensing
layers, such as described herein. The cover glass (CG) element and display stack can be
flexible with respect to applied force. This can have the effect that the force sensitive device can

determine a measure of capacitance with respect to surface flex, and can determine an amount

10
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and location of applied force in response thereto. Essentially, as the surface of the cover glass
flexes, the compressible gap (e.g., distance between the sensing plate or capacitive sensing
elements) may decrease, resulting in an increase in capacitance measured at one or both of the
plates/elements. This increase in capacitance may be correlated to a force that caused the
surface flex, as described in more detail elsewhere herein.

In one embodiment, the cover glass element is coupled to a frame, such as the enclosure 16,
for the touch device, such as a case constructed of metal, elastomer, plastic, a combination
thereof, or some other substance. In such cases, the frame for the touch device can include a
shelf on which the cover glass element is positioned above circuitry for the touch device. For
example, the frame can include a shelf on which an edge of the cover glass element is
positioned, with at least some of the remainder of the cover glass element positioned over the
circuitry for the touch device. In this context, “over” the circuitry refers to being positioned above
the circuitry when the display for the touch device is positioned for a user above the touch
device.

With reference to FIG. 3A, in one embodiment, a user contacts a device, such as when a user's
finger 105, or other object, applies force (shown with reference to an arrow in FIG. 1), to a cover
glass element 110, the input surface 12, or other element of the device. For example, as
described herein, the user’s finger 105 can apply force to the cover glass element 110 at one or
more locations in which the cover glass element 110 also has a touch sensor (not shown), or
can apply force to the cover glass element 110 at one or more locations in which the cover
glass element 110 does not have a touch sensor.

In one embodiment, the cover glass element 110 includes a relatively translucent or transparent
(in most locations) substance capable of isolating circuitry for the touch device from ambient
objects. For example, glass, treated glass, plastic, diamond, sapphire, and other materials can
serve as such substances. In one embodiment, the cover glass element 110 is positioned above
the device circuits, including an adhesive layer 115. In some embodiments, the edge of the
adhesive layer 115 may mark an edge of the visible portion of the display.

In one embodiment, the adhesive layer 115 is substantially translucent or transparent. This can
have the effect of allowing a set of display circuits to provide a display to the user, without
interference. In one embodiment, the adhesive layer 115 is positioned above a set of display
circuits 120.

11
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In one embodiment, the display circuits 120 provide a display to the user, such as a GUI or an
application program display, although it should be appreciated that some portion of the display
circuits 120 are dedicated to integrated circuitry that is typically not visible to a user and does
not provide any output visible by a user. Such an area may be, for example, to the left of the
edge of the adhesive layer 115 (with respect to the orientation of FIG. 3A). In one embodiment,
the display circuits 120 are positioned above a back light unit (BLU) 125.

In one embodiment, the back light unit 125 provides a back light for the display circuits 120. A
support structure 145 may support the back light unit 125 and/or the display 120.

In one embodiment, the device can include a compressible gap 135 or spacing layer that is part
of a larger sensing gap 137 defining a distance between the two capacitive sensing elements
140a, 140b. For example, the compressible gap 135 can include an air gap, a gap at least partly
filled with a compressible substance (such as a substance having a Poisson's ratio of less than
about 0.48), or a gap at least partly filled with a compressible structure.

As shown in FIG. 3A, an applied force (shown with respect to the arrow) can cause the cover
glass element 110 or other device element to exhibit surface flex. This can have the effect that
one or more elements in the device are brought closer together in response to the applied force.
As described herein, a force sensor detecting or measuring one or more capacitive changes can
determine an amount and location of that applied force based on those capacitive changes.

In short, a force sensor may include one or more sensing elements, such as a capacitive

sensor.

In one embodiment and returning to FIG. 3A, the compressible gap 135 or sensing gap can be
positioned in one or more of several positions in the device. For some examples: (A) The
compressible gap 135 can be positioned above the display circuits 120, such as below the
cover glass element 110, below the adhesive layer 115, and above the display circuits 120; (B)
the compressible gap 135 can be positioned below at least a portion of the display circuits 120,
such as below a polarizer element, as described herein. In such cases, the polarizer can be a
part of the display circuits; and (C) the compressible gap 135 can be positioned below the back
light unit 125 and above the midplate 130. It should be appreciated that a compressible gap
may be located elsewhere in the device, and so the foregoing are merely examples of locations.

12
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In one embodiment, the force sensor can include one or more capacitance sensing elements
140a and 140Db, disposed to determine an amount of capacitance change in response to surface
flex. The capacitance sensing element 140a and 140b can include either mutual capacitance or
self-capacitance features, as described herein. In cases in which the capacitance sensing
element 140a and 140b includes mutual capacitance features, the capacitance sensing element
140a and 140b can be disposed in drive/sense rows/columns, as described herein. Thus,
capacitance sensing elements may be arranged in a variety of configurations, including linearly,
in an array, or at irregular intervals. References to a “capacitive sensing element” herein are
generally meant to encompass multiple capacitive sensing elements in an appropriate

configuration, as well.

Further, although certain figures (such as FIGS. 3A and 3B) depict the capacitive sensing
element as terminating at an edge of a visible display, it should be appreciated that the
capacitive sensing element may extend into a border region, beyond an edge of the visible
display, to provide force sensing in such a region. FIG. 3C shows such an embodiment.
Generally, the visible portion of the display ends at or near the edge of adhesive 115.

In some embodiments, the capacitance sensing element 140a and 140b can include at least
portions that are substantially opaque or translucent or transparent, as described herein. In
cases in which at least a portion of the capacitance sensing element 140a and 140b is
positioned above the back light unit 125, those portions are substantially translucent or
transparent.

Generally, in one embodiment approximately 100 grams of force applied to the front of the cover
glass may cause the sensing gap 137 between elements 140a and 140b to reduce in dimension
by approximately 1.6 micrometers. Likewise, an upward or outward force applied to the cover
glass may cause the sensing gap 137 to increase in dimension. It should be appreciated that
the exact ratio of force to change in sensing gap 137 may vary between embodiments, and the
numbers provided herein are meant purely as one example. It should also be appreciated that
the sensing gap 137 may include intermediate elements between the sensing elements 140a
and 140b; that is, the entire gap may not be solely air.

Regardless, as the sensing gap 137 decreases, the capacitive sensing elements move closer to
one another and thus the capacitance measured between the elements 140a, 140b may
increase. In a mutual capacitance system employing multiple planes of capacitive sensing
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elements, as shown in FIG. 3A, this change in the mutual capacitance may result from a change
in the distance between two capacitive sensing elements, for example due to a surface flex of
the cover glass or other surface on which a force is exerted. Accordingly, as the distance
changes with the force exerted on the cover glass, the change in mutual capacitance may be
correlated to a force exerted to create the change in distance/surface flex.

In one embodiment, the force sensor can include a piezoelectric film (not shown). This can have
the effect that the piezo film generates an electric charge (or other electromagnetic effect) in
response to surface flex. This can have the effect that the capacitance sensing element 140a
and 140b can sense any change in the electric charge and determine an amount and location of
surface flex. This can have the effect that the force sensor can determine an amount and
location of applied force providing that surface flex.

In one embodiment, the amount and location of surface flex can be distributed with respect to
the surface of the device, such as with respect to a usable surface of the cover glass element
110, and can be responsive to one or more locations where applied force (such as by the user’s
finger) is presented to the surface of the device. At least one example of a “heat map” of surface
flex is shown with respect to FIG. 5.

In one embodiment, the capacitance sensing element 140a and 140b can be integrated into a
device circuit that is disposed for touch sensing. This would have the effect that circuits for
detection and measurement of applied force can integrated together with circuits for detection of
touch.

SELF-CAPACITANCE. It should be appreciated that either of the capacitive sensing elements
140a, 140b may be replaced with a ground or shield layer. By replacing either of the capacitive
sensing elements with a shield layer, the device may employ a self-capacitive force sensor. Fig.
3B illustrates such an embodiment. As shown, capacitive sensing elements 140 may be
positioned at or adjacent a midplate 130 or other support structure that is relatively immobile
with respect to a frame or enclosure of the electronic device. For example, the element may be
placed on a graphite layer or other substrate 133 and/or a within flexible circuit 131, affixed to
the midplate. It should be appreciated that the capacitive sensing elements need not be placed
within a flexible substrate 131, although this is shown in Fig. 3B and discussed in more detalil
below with respect to Fig. 3D. The capacitive sensing element 140 may measure its
capacitance with respect to the ground layer 155.
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Forces exerted on the cover glass 110 will generally cause the display stack beneath the glass
to move downward, at least to a small extent. Accordingly, distance between the ground layer
155 and the capacitive sensing element 140a may decrease, which in turn may cause the
capacitance measured by the capacitive sensing element to increase. Likewise, as a force is
removed from the cover glass, the ground layer 155 may move away from the capacitive
sensing element 140 and so the measured capacitance may decrease. These changes in
capacitance are generally due to the force exerted on the cover glass, for example by a user’s
finger 105. Accordingly, embodiments employing a self-capacitive sensing system, as shown
generally in Fig. 1B, may correlate the capacitance measured at any given capacitive sensing
element 140 to a particular force exerted on the cover glass.

In addition, the ground layer 155 may shield the capacitive sensing element from external noise,
cross-talk and parasitic capacitances. The ground layer may be passive or actively driven to a
voltage, depending on the embodiment.

In other embodiments, the positions of the ground layer 155 and the capacitive sensing element
140 may be reversed, such that a force exerted on the cover glass may move the capacitive
sensing element while the ground plane remains immobile. Otherwise, operation of such an

embodiment is generally the same as has been previously described.

Although embodiments have been discussed with respect to a display and a cover glass, it
should be appreciated that alternative embodiments may omit one or both elements. For
example, the cover glass may be replaced by a trackpad surface and the display stack may be
omitted, while the ground layer is affixed to an underside of the trackpad surface. Such an
embodiment would operate to measure (or more precisely, estimate) force exerted against the
surface of the trackpad.

BASELINING

It should be appreciated that, with time and/or use of the electronic device, the gap 137 between
the ground layer 155 and the capacitive sensing elements 140a may change. Typically, the gap

137 decreases, but in certain circumstances it is possible for the gap to increase. The change in
the size of the gap 137 may introduce inaccuracies into the capacitive measurements performed
by the capacitive sensing elements 140a.
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In some embodiments, a gain factor may be applied to the output of the capacitive sensing
elements 140a (or, in some cases, their input) in order to account for changes in the gap 137
width. The gain factor may be determined by calculating a baseline for the capacitive sensing
elements 140a.

In one embodiment, the drive signal that is applied to the capacitive sensing elements 140a
during their operation may be periodically coupled to the ground layer 155. The capacitance
between the capacitive sensing elements 140a (or any single capacitive sensing element) and
the ground layer 155 may then be measured, while the ground layer is driven by the AC drive
signal. This value may be considered the “coupled capacitance.”

Likewise, the ground layer 155 may periodically remain in an undriven state (e.g., not coupled to
the drive signal of the capacitive sensing elements 140a). The capacitance between the two
may be measured in this state to determine a ground capacitance value.

The embodiment may determine the difference or delta between the coupled capacitance and
the ground capacitance. This delta represents the absolute capacitance of the capacitive
sensing elements 140a. If the absolute capacitance of the capacitive sensing elements
changes over time, then the distance between the ground layer 155 and capacitive sensing
elements has likely changed. Thus, a gain constant may be applied to the output (or input) of
the capacitive sensing elements during operation to compensate for this change in the sensing
gap 137. Accordingly, the gain constant may be updated periodically to ensure accurate
measurement from capacitive sensing elements 140a over time. Essentially, the gain constant
is a function of the absolute capacitance, and application of the gain constant may serve to
adjust the data provided by the capacitive sensing elements 140a, thereby ensuring accuracy
even as the gap 137 shifts with time and/or age.

ARRANGEMENT OF CAPACITIVE SENSING ELEMENTS

FIG. 3D is an expanded, schematic cross-section view of a portion of FIG. 3C, generally
showing certain details of a flexible substrate in which one or more capacitive sensing elements
140 may be located. It should be appreciated that the capacitive sensing elements 140 are
generally analogous to elements 140a, 140b; in some embodiments the structure shown in FIG.
3D may be used with either or both sets of capacitive sensing elements 140a, 140b. Likewise,
this structure may be employed in substantially any embodiment discussed herein.
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A flexible substrate 131 may be formed of a variety of layers, as generally shown in FIG. 3D.
One or more support layers 160 may define various regions of the flexible substrate 131. These
support layers may form, for example, a top and bottom surface of the flexible substrate, as well
as an inner layer. In certain embodiments, the support layers may be formed from a dielectric
material and are typically flexible. It should be appreciated that the support layers may be of

varying dimensions or may all have the same or similar dimensions.

An array of capacitive sensing elements 140 may be disposed between two support layers 160
of the flexible substrate 131. For example and as shown in FIG. 3D, the capacitive sensing
elements may be placed between the top and middle support layers. A shield 165 may be
positioned between the middle and lower support layers 160. The shield may partially or fully
insulate the capacitive sensing elements 140 from noise, crosstalk, parasitic capacitances, and
the like.

In some embodiments, the position of the shield 165 and array of capacitive sensing elements
140 may be reversed. For example, if the flexible substrate is located beneath the display 120,
such as beneath and adjacent to a thin-film transistor layer patterned on a bottom of the display,
the shield 160 may occupy the upper cavity or open layer within the flexible circuit and the
capacitive sensing elements 140 may occupy the lower cavity or open layer. This arrangement
may be used with the capacitive sensing elements 140b, as one example.

FIG. 3E is a top view of a sample array of capacitive sensing elements 140. It should be
appreciate that FIG. 3E is not to scale and intended to be illustrative only.

Generally, the capacitive sensing elements 140 may be arranged in an array (here, shown as a
grid) of any desired shape and/or size. Each capacitive sensing element 140 is connected by
its own dedicated signal trace 180 to an integrated circuit 175 that receives the output of the
capacitive sensing element and may, for example process that output in order to correlate it to a
force exerted on a cover glass or other surface. The integrated circuit 175 may include one or
more processing units to perform such operations, for example. It should be appreciated that
the integrated circuit 175 may be located remotely from the capacitive sensing array and may
be displaced therefrom substantially along any axis. Accordingly, the positioning of the
integrated circuit 175 is provided only for purposes of example.
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The array of capacitive sensing elements may be placed in the position or positions shown by
capacitive sensing elements 140a, 140b in FIGs. 3A-3C and likewise anywhere else a

capacitive sensing element is shown or discussed in this document.

Each capacitive sensing element 140 effectively functions to sense a change in capacitance
due to a surface flex directly above its area. As previously mentioned, this change in
capacitance may be correlated to a force, which in turn may be used as an input for an
electronic device. Generally, the resolution of the array to a force may be varied by varying the
spacing between capacitive sensing elements 140, varying the size of the elements, or both. It
should be appreciated that there is no requirement that the spacing between elements and/or
the size of the elements remain constant in any embodiment. Thus, some embodiments may
have regions where the capacitive sensing elements are smaller and/or positioned closer
together than in other regions. This may provide a surface for an electronic device that has

variable resolution of force across its area.
CAPACITANCE SENSING ELEMENTS

FIG. 4A shows another conceptual cross-section drawing of a portion of a device for force
sensing through capacitance changes. In the embodiments of FIGs. 4A-4D, both capacitive
sensing elements may be integrated into a display stack, but generally may operated in fashions
similar to those previously described. Further, although the embodiments of FIGs. 4A-4D may
generally be described with respect to a mutual capacitive arrangement, either of the capacitive
sensing elements 140a, 140b may be replaced with a ground layer.

In one embodiment, a device for force sensing can include the cover glass element 110, a first
frame element 205, a second frame element 210, a first clearance gap 215, the display circuits
120, the back light unit 125, a second clearance gap 220, and the midplate 130. The first frame
element 205 can be disposed at an edge (such as, around a perimeter) of the device, with the
effect of supporting the elements of the device. The second frame element 210 can be
positioned at an edge (such as, around a perimeter) of the cover glass element 110, with the
effect of supporting the cover glass element 110. The first clearance gap 215 can be positioned
around a perimeter of the cover glass element 110, with the effect of providing an amount of
clearance around a perimeter of the display circuits 120. The second clearance gap 220 can be
positioned between the back light unit 125 and the midplate 130, with the effect of providing an
amount of clearance below the cover glass element 110, such as to provide for surface flex. As
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noted above, the second clearance gap 220 can be compressible, such as including a
compressible gap 135, a gap at least partly filled with a compressible substance, or a gap at
least partly filled with a compressible structure, as described herein.

In one embodiment, the display circuits 120 can include a polarizer 225a, which can be
positioned below the cover glass element 110 and have a thickness of approximately 70
microns (although it is possible for the polarizer 225a to have a substantially different thickness,
such as about 150 microns). The display circuits 120 can include an internal compressible gap
225b (such as could comprise the compressible gap 135), which can be positioned below the
polarizer 225a and have a thickness of approximately 150 microns. The display circuits 120 can
include a single- layer indium tin oxide (“SITO”) layer 225c¢. In some embodiments, the SITO
may be positioned below the internal compressible gap 225b and above the back light unit 125.
In other embodiments, dual-layer indium tin oxide (“DITO”) may be used instead of SITO.

In one embodiment, the display circuits 120 can include a spacer element 230, positioned to a
side of the internal compressible gap 225b. The spacer element 230 can include a first adhesive
layer 235a, a metal L-frame 235b, and a second adhesive layer 235c¢. The first adhesive layer
235a can be positioned below circuit structures that are just above the display circuits 120, and
can have a thickness of approximately 25 microns. The metal L-frame 235b can be positioned
below the first adhesive layer 235a, and can have a thickness of approximately 170 microns.
The second adhesive layer 235c can be positioned below the metal L-frame 235b and above
the SITO layer 225¢, and can have a thickness of approximately 25 microns. The spacer
element can have the effect of disposing elements above and below the spacer element so that
the internal compressible gap 225b remains open to the possibility of surface flex.

In one embodiment, the capacitance sensing element 140a and 140b can be positioned above
and below the internal compressible gap 225b, respectively. A top layer thereof 140a can be
positioned above the polarizer 225a, while a bottom layer thereof 140b can be positioned below
the internal compressible gap 225b and above the SITO layer 225¢. As described above, the
capacitance sensing element 140a and 140b can be disposed to use indium tin oxide (ITO), and
can be disposed to provide a signal using either mutual capacitance or self-capacitance.

For a first example, in cases in which the capacitance sensing element 140a and 140b is
disposed to use mutual capacitance, the top layer thereof 140a and the bottom layer thereof
140b can be disposed to use driving elements and sensing elements respectively. In such
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cases, the top layer thereof 140a can include the driving elements, while the bottom layer
thereof 140b would include the sensing elements, or the reverse. In such cases, the driving
elements can include a set of rows and the sensing elements can include a set of columns, or
the reverse. In cases in which driving elements and sensing elements are disposed in rows and
columns, the rows and columns can intersect in a set of force sensing elements, each of which
is responsive to applied force in a region of the cover glass element 110. The force-sensitive
region may be of any shape or size.

FIG. 4B shows a second conceptual cross-section drawing of a portion of a device for force
sensing through capacitance changes. Generally, FIG. 4B depicts an embodiment having a
second spacer element 240 in lieu of the aforementioned L-frame 235b, as well as a different
structure for connecting certain elements of the display circuits 120.

In one embodiment, a device for force sensing can include the cover glass element 110, the first
frame element 205, the second frame element 210, the first clearance gap 215, the second
clearance gap 220, the display circuits 120, the back light unit 125, and the midplate 130. The
first frame element 205, second frame element 210, first clearance gap 215, and second
clearance gap 220 can be disposed as described with respect to FIG. 4A.

In one embodiment, the display circuits 210 can include the polarizer 225a, the internal
compressible gap 225b, and the capacitance sensing element 140a and 140b. The polarizer
225a, the internal compressible gap 225b, and the capacitance sensing element 140a and 140b
can be disposed as described with respect to FIG. 4A.

In one embodiment, the device can include a second spacer element 240, also positioned to a
side of the internal compressible gap 225b. The second spacer element 240 can include a snap
element 245a, an adhesive spacer 245b, and a ring tape 245c. The snap element 245a can
include a set of snaps coupled to a P-chassis 231 of the device. The adhesive spacer 245b can
include a silicone rubber adhesive in which are disposed a set of plastic spacer balls. For
example, the silicone rubber adhesive can be positioned in the region of the internal
compressible gap 225b. The ring tape 245c¢ can be positioned below the snap element 245a
and above the back light unit 125.

In one embodiment, the capacitance sensing element 140a and 140b can be positioned above
and below the internal compressible gap 225b, respectively. A top layer thereof 140a can be
positioned above the polarizer 225a, while a bottom layer thereof 140b can be positioned below
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the internal compressible gap 225b and above the SITO layer 225c¢, as described with respect
to FIG. 4A.

FIG. 4C shows a third conceptual cross-section drawing of a portion of a device for force
sensing through capacitance changes.

In one embodiment, a device for force sensing can include the cover glass element 110, the first
frame element 205, the second frame element 210, the first clearance gap 215, the second
clearance gap 220, the display circuits 120, the back light unit 125, and the midplate 130. The
first frame element 205, second frame element 210, first clearance gap 215, and second
clearance gap 220 can be disposed as described with respect to FIG.4A.

In one embodiment, the display circuits 210 can include the polarizer 225a, the internal
compressible gap 225b, and the capacitance sensing element 140a and 140b. The polarizer
225a, the internal compressible gap 225b, and the capacitance sensing element 140a and 140b
can be disposed as described with respect to FIG. 4A.

In one embodiment, the device can include a third spacer element 250, also positioned to a side
of the internal compressible gap 225b. The third spacer element 250 can include the first
adhesive layer 235a, a metal U-frame 255, and the second adhesive layer 235c. The first
adhesive layer 235a can be positioned as described with respect to FIG. 4A. The second
adhesive layer 235c¢ can be positioned above the SITO layer 225¢ and can have a thickness of
approximately 25 microns. The metal U-frame 255 can be positioned below the first adhesive
layer 235a and above the second adhesive layer 235¢, and can have an upper portion 255a
disposed as the metal L-frame 235b is described with respect to FIG. 4A, and a lower portion
disposed 255b positioned above the SITO layer 225c.

In one embodiment, with respect to the capacitance sensing element 140a and 140b, the back
light unit 125 can include a set of films that can be positioned between the top layer thereof
140a and the bottom layer thereof 140b, and can include a set of multiple internal compressible
gaps 225b (which collectively comprise a single internal compressible gap 225b). The multiple
internal compressible gaps 225b can be distributed throughout the back light unit 125 and can
have a total thickness of approximately 100 microns to 200 microns.

In one embodiment, the capacitance sensing element 140a and 140b can be positioned above
and below the back light unit 125 and the multiple internal compressible gaps 225b,
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respectively. A top layer thereof 140a can be positioned above the polarizer 225a, while a
bottom layer thereof 140b can be positioned below the multiple internal compressible gaps 225b
and above the SITO layer 225c.

FIG. 4D shows a fourth conceptual cross-section drawing of a portion of a device for force
sensing through capacitance changes.

In one embodiment, a device for force sensing can include the cover glass element 110, the first
frame element 205, the second frame element 210, the first clearance gap 215, the second
clearance gap 220, the display circuits 120, the back light unit 125, and the midplate 130. The
first frame element 205, second frame element 210, first clearance gap 215, and second
clearance gap 220 can be disposed as described with respect to FIG. 4A.

In one embodiment, the display circuits 210 can include the polarizer 225a, the internal
compressible gap 225b, and the capacitance sensing element 140a and 140b. The polarizer
225a, the internal compressible gap 225b, and the capacitance sensing element 140a and 140b
can be disposed as described with respect to FIG. 4C.

In one embodiment, the back light unit 125 can include a set of films that can be positioned
between the top layer thereof 140a and the bottom layer thereof 140b, and can include a set of
multiple internal compressible gaps 225b (which collectively comprise the internal compressible
gap 225b), as described with respect to FIG. 4C. The multiple internal compressible gaps 225b
can be distributed throughout the back light unit 125 and can have a total thickness of
approximately 100 microns to 200 microns, as described with respect to FIG. 4C.

In one embodiment, the device can include a fourth spacer element 260, also positioned to a
side of the internal compressible gap 225b. The fourth spacer element 260 can include the first
adhesive layer 235a, a second metal L-frame 265, and the second adhesive layer 235c¢. The
first adhesive layer 235a can be positioned as described with respect to FIG. 4A. The second
adhesive layer 235¢ can be positioned above the back light unit 125 and can have a thickness
of approximately 25 microns. The second metal L-frame 255 can be positioned below the first
adhesive layer 235a and above the second adhesive layer 235c¢, and can be disposed as the
metal L-frame 235b is described with respect to FIG. 4A.

In one embodiment, the back light unit 125 can include a layered structure 265 and a reflector
film 270. The layered structure 265 can include a first dispersing element 265a, backlight glass
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element 265b, and a second dispersing element 265b. The first dispersing element 265a can
include a rough-surfaced substantially translucent or transparent substance having a thickness
of approximately 100 microns. The backlight glass element 265b can include a substantially
translucent or transparent substance having a thickness of approximately 300 microns, such as
glass, or such as any of the substances used for the cover glass element 110. The second
dispersing element 265b can include a substantially translucent or transparent substance
having a thickness of approximately 100 microns, and having multiple (such as periodic or
aperiodic) bumps that can aid in dispersing light. In some implementations, the backlight glass
element 265b may include patterned indium tin oxide (ITO) 331 or other conductive coating. The
reflector 270 can include a reflective substance.

In one embodiment, the capacitance sensing element 140a and 140b can be disposed that the
bottom layer thereof 140b is disposed in the back light unit 125. For a first example, the bottom
layer thereof 140b can be integrated into the back light unit 125 as one or more laminated
circuits, such as features of a light guide panel (“LGP”). The laminated circuits can be
positioned in one or more ways: (A) The laminated circuits can be positioned below the first
dispersing element 265a and above the backlight glass element 265b. (B) The laminated
circuits can be positioned by dividing the backlight glass element 265b into two or more pieces,
and depositing the laminated circuits between the two or more pieces. (C) The laminated
circuits can be positioned by depositing them on a surface of the first dispersing element 265a.
In such cases, the laminated circuits would be deposited on top of the rough surface of the first
dispersing element 265a. (D) The laminated circuits can be positioned by depositing them on a
surface of the first dispersing element 265a, but with smooth pathways cut into the first
dispersing element 265a so that the laminated circuits are deposited on those smooth
pathways.

While various alternative devices for force sensing through capacitance changes have been
described, those skilled in the art, after reading this application, will recognize that there are
many alternatives which are also within the scope and spirit of the disclosure and the invention.
In alternative embodiments, an amount of surface flex can provide for a change in distance (and
thus capacitance) between drive and sensor circuits, with the effect that surface flex can be
detected and located.

In alternative embodiments, a laminated piezo-active film (such as a piezo electric film or a

piezo resistive film) provides a charge (or a set of localized charges) in response to surface flex,
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which provides a capacitive measurement circuit with the ability to determine an amount and
location of that surface flex. For example, the amount and location of that surface flex can be
distributed across the body of the device, which can have the effect that a capacitive
measurement circuit can determine one or points of localized maximum surface flex, including a

measurement of strength of those localized maxima.
FORCE SENSING ELEMENTS

FIG. 5 shows a first conceptual drawing of a set of force sensing elements, which may be used
as (or in place of) capacitive sensing elements 140a, 140b.

ROWS AND COLUMNS. In one embodiment, a force sensitive device and system can include
a set of drive columns 305 and a set of sense rows 310. In alternative embodiments, the
columns may be sensed and the rows may be driven. The drive columns 305 are coupled to
one or more drive signals, such as from a drive circuit 315. For example, the drive circuit 315
can include a timed circuit that selects each drive column 305 in turn and drives that column for
a relatively short period of time, eventually selecting each such drive column 305 in a round-
robin fashion. Similarly, the sense rows 310 are coupled to one or more sense receivers, such
as a sense circuit 320. For example, the sense circuit 320 can also include a timed circuit that
selects each sense row 310 in turn and senses that row for a relatively short period of time,
eventually selecting each such sense row 310 in a round-robin fashion.

This can have the effect that each intersection 325 of row and column (one example of a “force
sensing element” 325) is selected in turn for a relatively short period of time, relatively rapidly.
For example, when each force sensing element 325 is selected sufficiently rapidly that a user
cannot discern the time when they are selected, it can appear to that user that all force sensing
elements 325 are sensed essentially simultaneously.

It should be appreciated that alternative embodiments may drive multiple force sensing
elements simultaneously as opposed to sequentially. Further, different force sensing elements
325 may be driven at different frequencies and/or phases, or both, in order to permit multiple
elements to be driven at the same time and minimize cross-talk or other interference between

sensing elements.

FIGs. 11A-11C generally describe a variety of timing schemes for use by various embodiments
when incorporated into an electronic device with other driven elements, such as a display and/or
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another sensing element (one example of which is a touch sensor), and will be described in
more detail below.

In one embodiment, the force sensitive device and system determines an amount of force
applied to that individual force sensing element 325. This can have the effect of producing a
map of applied force at each individual force sensing element 325, sometimes herein called a
“heat map”. For example, as shown in the inset figures, the heat map of applied force can show
both the amount of applied force, but also the location at which that force is applied.

For example, an amount of applied force Fa at an applied location [X, Y] can provide a
substantial amount of sensed force Fs, even a substantial distance away from the applied
location [Xa, Ya], such as at a sensed location [Xs, Ys]. This can be due to substantial surface
flex being detected at the sensed location [Xs, Ys]. In one embodiment, a force sensitive device
can determine the applied force Fa at the applied location [Xa, Ya] in response to the heat map
of sensed forces Fs at sensed locations [Xs, Ys]. For example, the force sensitive device can
determine a set of local maxima of sensed forces Fs at sensed locations [Xs, Ys], and conclude
that the local maximum of sensed forces Fs is also the location and amount of applied force Fa.

In alternative embodiments, one or more touch sensors can also assist in determining a location
at which force is applied, in response to determining a location of touch. The touch sensors may
detect a user touch on an input surface of an electronic device, for example. Concurrently or
additionally, one or more force sensors may determine that a force has been applied to the input
surface. Insofar as an overall force is known and a location of a touch (or touches, in the case of
multitouch-capable touch sensors), a force may be assigned to a particular location on an input
surface corresponding to a touch. In the event that a single touch is detected, the force may be
assigned completely to the location of the touch. If multiple touch locations are detected, then
the force may be weighted and assigned to the various touch locations through a variety of
manners. As one example, the sensed force may be greater in one portion of the input surface
than in another. If a touch is near this portion, a majority of a force may be assigned to that
particular touch location. A centroid of the applied and sensed forces may also be determined if
a number of touch locations is known, insofar as an embodiment may presume that at least
some amount of force is exerted at each touched location. The centroid may be used to assign
force to the various touch locations, for example based on the touch locations’ distances from
the centroid. Yet other manners of associating force with one or more touch locations, as
measured by one or more touch sensors, may be employed by alternative embodiments.
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CALIBRATION TO ZERO. In one embodiment, the force sensitive device can determine an
amount of detected surface flex at a time before delivery of the device to the user. For example,
the amount of detected surface flex can be measured at each force sensing element 325, as
determined when the device is manufactured. It might occur that when there is no force being
applied to the device, there is still some measured surface flex at one or more force sensing
elements 325. For a first example, it might occur that the device is slightly warped, with the
effect that surface flex of that warping would be measured. For a second example, it might
occur that one or more sensors in the device is not identically calibrated, with the effect that

surface flex would be measured by that sensor even if there were no actual surface flex.

In one embodiment, the force sensitive device can measure surface flex when there is known to
be no applied force, and can generate an offset for each force sensing element 325 so that the
measurement for each force sensing element 325 is zero when there is known to be no applied
force. Similarly, in one embodiment, the force sensitive device can measure surface flex when a
designated applied force is known to be present, such as when a known weight is placed at a
known location on the surface of the device.

In one embodiment, the force sensitive device can be responsive to surface flex even when
there are no force sensing elements 325 immediately below the location where force is being
applied. For example, as shown in inset A and inset B, when the user applies a force to a
particular location, the surface flex is responsive below that location and in other locations as

well.

In one embodiment, the force sensitive device can be responsive to surface flex even when the
force is applied outside the range of where the entire set of force sensing elements 325 is
located. For example, as shown in inset C, when the user applies a force to a particular location
outside the range of where the entire set of force sensing elements 325 is located, the surface
flex is responsive below locations where the force sensing elements 325 are in fact located.

SOFT BUTTON. In an example device 350, as shown in the inset C, the user could apply force
to a soft button 355. The soft button 355 could be marked in one of several ways: (A) The soft
button 355 could be marked on the device 350 using ink, or otherwise indicated on the face of
the device 350. (B) The soft button 355 could be marked using the display using an arrow 365
or other indicator. (C) The user could simply choose a location that is available for the soft
button 355, at the user’s discretion. For example, when the user applies force to the soft button
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355, the device 350 can detect and measure surface flex in the range where the force sensing
elements 325 are located, detecting and measuring isobars 360-1 through 360-N of surface flex.
In such cases, when the user applies force to the soft button 355, the device 350 can, in
response to that applied force, detect and measure those isobars 360-1 through 360-N, and
determine, in response thereto, where the soft button 355 is being pressed by the user. In such
cases, there could be one or more such soft buttons 355.

In some embodiments, force sensing as described generally herein may be used in virtually any
segment or portion of a device. For example, consider an electronic device with a touch-
sensitive display, as may be embodiment in a variety of smart phones, tablet computing
devices, computer monitors, touchscreens, and the like. Many such devices have a boundary
about the display. Likewise, many such devices have non-display regions that may be adjacent
to or near a display. As one specific example, many smart phones and tablet computing
devices include a border about a display; this border may have a base area beneath the display,
an upper area above the display, and/or side areas. In many such devices, only the display
itself is touch- sensitive; the border is not. The border may be force-sensitive, however. In
certain embodiments, the structures and methods described herein may be implemented in
such a border region. Presuming the device’s display is touch-sensitive, the device may
determine that any sensed force is exerted in the border if the device does not sense any touch
on the display.

EXTERNAL MANIPULATION
FIG. 6 shows a conceptual drawing of a device for force sensing being manipulated.

In one embodiment, the force sensitive device can be sufficiently responsive to surface flex that
it can determine and measure surface flex in response to strain on the device, or a frame of the
device, or even in response to orientation of the device. As described herein, the force sensor
can be responsive to inertial forces applied to the device, other than pressure on a display
surface of the device. In one embodiment, such inertial forces can include one or more of the
following: (A) Inertial forces can include gravity, such as due to the physical orientation of a
force sensor with respect to the Earth’s gravitational field, which can change when the force
sensor, or device including the force sensor, is turned over or otherwise has its orientation
changed. (B) Inertial forces can include acceleration, such as due to the force sensor or device
being moved, such as held in a hand while walking, swinging one’s arms, being jostled, or being
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accelerated in a moving vehicle. In one embodiment, as described herein, gravity can reduce
the capacitive gap when the unit is turned upside-down, such as by drawing the upper and
lower portions of the capacitance together in that configuration.

In such cases, specific details of what could occur to the gap between the capacitive plates of
the capacitive sensing element 140a and 140b could also depend on the relative stiffness and
the relative densities of the materials of those capacitive plates. Accordingly, while inertial forces
on the device can affect the force sensor, the relative amount of the effect due to those inertial
forces could vary depending on those factors or other factors. In one embodiment, the response
of the force sensor to inertial forces could be tuned by adjustment of mechanical properties of
those capacitive places. For example, the force sensor could be tuned to provide little or no
relative change in the capacitive gap in response to inertial forces.

For a first example, the device 350 could be turned upside down, such as about an axis 405,
such as with the device display pointing downward or away from the user, rather than upward
and presenting toward the user, such as if the user were to apply forces 405a and 405b. In such
cases, action of gravity would tend to draw the compressible gap 135 in a different direction
than when the device 350 is right side up. In particular, when the device 350 is right side up,
gravity pulls the upper and lower portions of the capacitance sensing element 140a and 140b
apart, while when the device 350 is up side down, gravity draws those upper and lower portions
together. In such cases, the device 350 can determine its orientation in response to one or more
inertial sensors, such as accelerometers or gyroscopic devices incorporated within the device
350, and can adjust the measurement of capacitance by the capacitance sensing element 140a
and 140b accordingly.

For a second example, the device 350 could be bent, such as about an axis 410, such as if the
user were to apply forces 410a and 410b. In such cases, the device 350 could determine and
measure, in response to surface flex, an amount of bending force about the axis 410. In
response to the amount of bending force about the axis 410, the device 350 could adjust the
amount of surface flex from which it determines an amount and location of applied force.
Moreover, in response to the amount of bending force, the device 350 could provide one or
more signals to a GUI or application program, in response to which that GUI or application
program could perform (or alter) one or more functions associated with that bending force.
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For a third example, the device 350 could be twisted, such as with respect to an axis 415, such
as if the user were to apply forces 415a and 415b. In such cases, the device 350 could
determine and measure, in response to surface flex, an amount of twisting force about the axis
415. In response to the amount of twisting force about the axis 410, the device 350 could adjust
the amount of surface flex from which it determines an amount and location of applied force.
Moreover, in response to the amount of twisting force, the device 350 could provide one or more
signals to a GUI or application program, in response to which that GUI or application program
could perform (or alter) one or more functions associated with that twisting force.

For a fourth example, the device could have been deformed (not shown), such as due to having
been dropped, struck, or otherwise damaged. In such cases, forces from a device frame, such
as a device frame which has been distorted and now exerts internal forces on circuits and other
elements within the device, might have the effect of showing one or more capacitance changes.
For example, a damaged corner of the device might have the effect of providing a strain or
stress on the device, which might appear as one or more capacitance changes. In such cases,
the device could determine a relatively sudden and persistent change in capacitance changes,
in response to which the device could conclude that its frame has been distorted and that the
distortion should be compensated for by determining a new constant or factor that may be
applied to any sensed or correlated force, in order to offset the effects of such distortion.
Likewise, any other element of an electronic device other than a frame may suffer distortion that
may impact force sensing. Such distortion may be subject to detection and/or compensation in
a similar manner. Further, to the extent that a capacitance change due to any such distortion is
localized in a particular region of the device and/or force sensor, the compensation may be
applied only to force sensing in that region.

FIG. 7 shows a second conceptual drawing of a set of force sensing elements.

In one embodiment, a force sensing device can include a display and sense circuit (such as
described below), including an array 500 of display and sense elements. The array 500 can
include one or more drive lines 505-N, one or more sense lines 510-N for a first sense feature,
one or more sense lines 515-N for a second sense feature, a set of first sense elements 520
each at an intersection of a drive line and first sense line, a set of second sense elements 525
each at an intersection of a drive line and second sense line, one or more ground elements 530-

N, and one or more tunnel elements 535-N.
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In one embodiment, the drive lines 505-N and the one or more sense lines 510-N for a first
sense feature combine to provide first sense elements 520 each at an intersection of a drive line
and first sense line, as described with respect to FIG. 5. Similarly, the drive lines 505-N and the
one or more sense lines 515-N for a second sense feature combine to provide second sense
elements 525 each at an intersection of a drive line and second sense line, as described with
respect to FIG. 5. As described herein, the first sense feature and the second sense feature can
include two of several features: (A) a touch feature, including touch sense elements, (B) a force
sense feature, including force sense elements. For example, the array 500 can include a touch

sense circuit and a force sense circuit.

In one embodiment, one or more ground elements 530-N can separate each pair of sense lines
510-N for a first sense feature and sense lines 515-N for a second sense feature. This can have
the effect that the drive lines 505-N are directed to driving either the sense lines 510-N for the
first sense feature, or the sense lines 515-N for the second sense feature, but not both
simultaneously. The drive lines 505-N can be alternated between the sense lines 510-N for the
first sense feature, and the sense lines 515-N for the second sense feature. This can have the
effect that the drive lines 505-N are directed to driving both sets of sense lines concurrently, but

not simultaneously.

In one embodiment, the drive lines 505-N are connected across the sense lines 510-N and 515-
N by tunnel elements 535-N. This can have the effect that the drive lines 505-N are fully
connected across all sense lines 510-N while they are driving the first sense elements 525, and
all sense lines 515-N while they are driving the second sense elements 530, without the
involvement of overlap between those drive lines 505-N and both sets of those sense lines 510-
N and 515-N.

In one embodiment, the display elements can be substantially smaller than the touch sense
elements or the force sense elements. This can have the effect that the display can be
presented at a finer level of detail than the touch sensing circuits or the force sensing circuits
might be able to operate. In such cases, the display elements can be operated in a time-
multiplexed fashion, or in another type of multiplexed fashion.

METHOD OF OPERATION

FIG. 8 shows a conceptual diagram of a method of operation. A method 600 includes a set of
flow points and method steps.
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Although these flow points and method steps are shown performed in a particular order, in the
context of the invention, there is no particular requirement for any such limitation. For example,
the flow points and method steps could be performed in a different order, concurrently, in
parallel, or otherwise. Similarly, although these flow points and method steps are shown
performed by a general purpose processor in a force sensitive device, in the context of the
invention, there is no particular requirement for any such limitation. For example, one or more
such method steps could be performed by special purpose processor, by another circuit, or be
offloaded to other processors or other circuits in other devices, such as by offloading those
functions to nearby devices using wireless technology or by offloading those functions to cloud

computing functions.
At a flow point 600a, the method 600 is ready to begin.

At a step 605, the force sensitive device can be constructed, including its compressible gap and

its capacitive sensor.

At a step 610, the force sensitive device can be calibrated with respect to a known set of forces
applied to at least one surface of the force sensitive device. For a first example, the force
sensitive device can be calibrated with respect to zero forces applied to a top surface of the
force sensitive device. For a second example, the force sensitive device can be calibrated with
respect to a known set of forces applied to a top surface of the force sensitive device.

At a flow point 615, the force sensitive device attempts to detect a “drop event”, such as any
event having the property of changing the detection and measure of capacitance on the
compressible gap. If a drop event is detected, the method 600 proceeds with the earlier step
610. If no drop event is detected, the method 600 proceeds with the next step 620.

At a step 620, the force sensitive device uses a touch sensor to attempt to detect whether a
user’s finger (or other body part) is touching a display surface of the device. If not, the method
600 proceeds with the next step 625. If so, the method 600 proceeds with the step 630.

At a step 625, the force sensitive device, having determined that no user’s finger is touching a
display surface of the device, that is, that no applied force should be measured at time of this
step, the force sensitive device resets its baseline “zero force” measurement of capacitance to
the current lack of applied force due to no user’s finger presently touching a display surface of
the device. In alternative embodiments, the force sensitive device can decide that when no
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user’s finger is touching a display surface of the device, the force sensitive device should be
disabled, and the method 600 may proceed with the flow point 600b.

At a step 630, the force sensitive device attempts to detect forces on its frame, such as bend or
twist, or such as acceleration (including centripetal forces). For example, if the force sensitive
device is tilted or upside down, unusual acceleration due to gravity should be detected. If the
force sensitive device detects any such forces, the method 600 proceeds with the next step 635.
If the force sensitive device does not detect any such forces, the method 600 proceeds with the
next flow point 640.

At a step 635, the force sensitive device adjusts its calibration to account for forces on its frame.
At a flow point 640, the force sensitive device is ready to measure a heat map of capacitance.

At a step 645, the force sensitive device measures a heat map of capacitance, including a

measurement of surface flux at substantially each of a set of force sensing elements.

At a step 650, the force sensitive device determines an amount and location of an applied force

on its surface.

At a step 655, the force sensitive device determines if the amount and location of the applied
force is out of the range of its force sensing elements. If so, the force sensitive device sends a
signal to a GUI or application program to that effect. If not, the force sensitive device proceeds
with the flow point 615.

At a flow point 600b, the method 600 is over. In one embodiment, the method 600 is repeated
so long as the force sensitive device is powered on.

TOUCH DEVICE SYSTEM

FIG. 9A shows a conceptual drawing of communication between a touch I/O device and a
computing system.

FIG. 9B shows a conceptual drawing of a system including a force sensitive touch device.

Described embodiments may include touch 1/O device 1001 that can receive touch input and
force input (such as possibly including touch locations and applied force at those locations) for
interacting with computing system 1003 (such as shown in FIG. 9A) via wired or wireless
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communication channel 1002. Touch 1/O device 1001 may be used to provide user input to
computing system 1003 in lieu of or in combination with other input devices such as a keyboard,
mouse, or possibly other devices. In alternative embodiments, touch /O device 1001 may be
used in conjunction with other input devices, such as in addition to or in lieu of a mouse,
trackpad, or possibly another pointing device. One or more touch 1/O devices 1001 may be used
for providing user input to computing system 1003. Touch I/O device 1001 may be an integral
part of computing system 1003 (e.g., touch screen on a laptop) or may be separate from
computing system 1003.

Touch I/O device 1001 may include a touch sensitive and/or force sensitive panel which is
wholly or partially transparent, semitransparent, non- transparent, opaque or any combination
thereof. Touch I/O device 1001 may be embodied as a touch screen, touch pad, a touch screen
functioning as a touch pad (e.g., a touch screen replacing the touchpad of a laptop), a touch
screen or touchpad combined or incorporated with any other input device (e.g., a touch screen
or touchpad disposed on a keyboard, disposed on a trackpad or other pointing device), any
multi- dimensional object having a touch sensitive surface for receiving touch input, or another

type of input device or input/output device.

In one example, touch I/O device 1001 embodied as a touch screen may include a transparent
and/or semitransparent touch sensitive and force sensitive panel at least partially or wholly
positioned over at least a portion of a display. (Although the touch sensitive and force sensitive
panel is described as at least partially or wholly positioned over at least a portion of a display, in
alternative embodiments, at least a portion of circuitry or other elements used in embodiments
of the touch sensitive and force sensitive panel may be at least positioned partially or wholly
positioned under at least a portion of a display, interleaved with circuits used with at least a
portion of a display, or otherwise.) According to this embodiment, touch I/O device 1001
functions to display graphical data transmitted from computing system 1003 (and/or another
source) and also functions to receive user input. In other embodiments, touch 1/0O device 1001
may be embodied as an integrated touch screen where touch sensitive and force sensitive
components/devices are integral with display components/devices. In still other embodiments a
touch screen may be used as a supplemental or additional display screen for displaying
supplemental or the same graphical data as a primary display and to receive touch input,
including possibly touch locations and applied force at those locations.

33



10

15

20

25

30

WO 2014/149243 PCT/US2014/015864

Touch I/O device 1001 may be configured to detect the location of one or more touches or near
touches on device 1001, and where applicable, force of those touches, based on capacitive,
resistive, optical, acoustic, inductive, mechanical, chemical, or electromagnetic measurements,
in lieu of or in combination or conjunction with any phenomena that can be measured with
respect to the occurrences of the one or more touches or near touches, and where applicable,
force of those touches, in proximity to deice 1001. Software, hardware, firmware or any
combination thereof may be used to process the measurements of the detected touches, and
where applicable, force of those touches, to identify and track one or more gestures. A gesture
may correspond to stationary or non-stationary, single or multiple, touches or near touches, and
where applicable, force of those touches, on touch I/O device 1001. A gesture may be
performed by moving one or more fingers or other objects in a particular manner on touch 1/0
device 1001 such as tapping, pressing, rocking, scrubbing, twisting, changing orientation,
pressing with varying pressure and the like at essentially the same time, contiguously,
consecutively, or otherwise. A gesture may be characterized by, but is not limited to a pinching,
sliding, swiping, rotating, flexing, dragging, tapping, pushing and/or releasing, or other motion
between or with any other finger or fingers, or any other portion of the body or other object. A
single gesture may be performed with one or more hands, or any other portion of the body or
other object by one or more users, or any combination thereof.

Computing system 1003 may drive a display with graphical data to display a graphical user
interface (GUI). The GUI may be configured to receive touch input, and where applicable, force
of that touch input, via touch 1/0 device 1001. Embodied as a touch screen, touch /O device
1001 may display the GUI. Alternatively, the GUI may be displayed on a display separate from
touch 1/O device 1001. The GUI may include graphical elements displayed at particular
locations within the interface. Graphical elements may include but are not limited to a variety of
displayed virtual input devices including virtual scroll wheels, a virtual keyboard, virtual knobs or
dials, virtual buttons, virtual levers, any virtual Ul, and the like. A user may perform gestures at
one or more particular locations on touch I/O device 1001 which may be associated with the
graphical elements of the GUI. In other embodiments, the user may perform gestures at one or
more locations that are independent of the locations of graphical elements of the GUI. Gestures
performed on touch 1/O device 1001 may directly or indirectly manipulate, control, modify, move,
actuate, initiate or generally affect graphical elements such as cursors, icons, media files, lists,
text, all or portions of images, or the like within the GUI. For instance, in the case of a touch
screen, a user may directly interact with a graphical element by performing a gesture over the
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graphical element on the touch screen. Alternatively, a touch pad generally provides indirect
interaction. Gestures may also affect non-displayed GUI elements (e.g., causing user interfaces
to appear) or may affect other actions within computing system 1003 (e.g., affect a state or
mode of a GUI, application, or operating system). Gestures may or may not be performed on
touch I/O device 1001 in conjunction with a displayed cursor. For instance, in the case in which
gestures are performed on a touchpad, a cursor (or pointer) may be displayed on a display
screen or touch screen and the cursor may be controlled via touch input, and where applicable,
force of that touch input, on the touchpad to interact with graphical objects on the display
screen. In other embodiments in which gestures are performed directly on a touch screen, a
user may interact directly with objects on the touch screen, with or without a cursor or pointer
being displayed on the touch screen.

Feedback may be provided to the user via communication channel 1002 in response to or
based on the touch or near touches, and where applicable, force of those touches, on touch I/O
device 1001. Feedback may be transmitted optically, mechanically, electrically, olfactory,
acoustically, haptically, or the like or any combination thereof and in a variable or non-variable

manner.

Attention is now directed towards embodiments of a system architecture that may be embodied
within any portable or non-portable device including but not limited to a communication device
(e.g. mobile phone, smart phone), a multi-media device (e.g., MP3 player, TV, radio), a portable
or handheld computer (e.g., tablet, netbook, laptop), a desktop computer, an All-In-One
desktop, a peripheral device, or any other (portable or non-portable) system or device adaptable
to the inclusion of system architecture 2000, including combinations of two or more of these
types of devices. FIG. 7B shows a block diagram of one embodiment of system 2000 that
generally includes one or more computer-readable mediums 2001, processing system 2004,
Input/Output (1/0) subsystem 2006, electromagnetic frequency circuitry, such as possibly radio
frequency (RF) or other frequency circuitry 2008 and audio circuitry 2010. These components
may be coupled by one or more communication buses or signal lines 2003. Each such bus or
signal line may be denoted in the form 2003-X, where X can be a unique number. The bus or
signal line may carry data of the appropriate type between components; each bus or signal line
may differ from other buses/lines, but may perform generally similar operations.

It should be apparent that the architecture shown in FIG. 9A and FIG. 9B is only one example
architecture of system 2000, and that system 2000 could have more or fewer components than
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shown, or a different configuration of components. The various components shown in FIGS. 6-7
can be implemented in hardware, software, firmware or any combination thereof, including one

or more signal processing and/or application specific integrated circuits.

RF circuitry 2008 is used to send and receive information over a wireless link or network to one
or more other devices and includes well-known circuitry for performing this function. RF circuitry
2008 and audio circuitry 2010 are coupled to processing system 2004 via peripherals interface
2016. Interface 2016 includes various known components for establishing and maintaining
communication between peripherals and processing system 2004. Audio circuitry 2010 is
coupled to audio speaker 2050 and microphone 2052 and includes known circuitry for
processing voice signals received from interface 2016 to enable a user to communicate in real-
time with other users. In some embodiments, audio circuitry 2010 includes a headphone jack
(not shown).

Peripherals interface 2016 couples the input and output peripherals of the system to processor
2018 and computer-readable medium 2001. One or more processors 2018 communicate with
one or more computer-readable mediums 2001 via controller 2020. Computer-readable medium
2001 can be any device or medium that can store code and/or data for use by one or more
processors 2018. Medium 2001 can include a memory hierarchy, including but not limited to
cache, main memory and secondary memory. The memory hierarchy can be implemented using
any combination of RAM (e.g., SRAM, DRAM, DDRAM), ROM, FLASH, magnetic and/or optical
storage devices, such as disk drives, magnetic tape, CDs (compact disks) and DVDs (digital
video discs). Medium 2001 may also include a transmission medium for carrying information-
bearing signals indicative of computer instructions or data (with or without a carrier wave upon
which the signals are modulated). For example, the transmission medium may include a
communications network, including but not limited to the Internet (also referred to as the World
Wide Web), intranet(s), Local Area Networks (LANs), Wide Local Area Networks (WLANS),
Storage Area Networks (SANs), Metropolitan Area Networks (MAN) and the like.

One or more processors 2018 run various software components stored in medium 2001 to
perform various functions for system 2000. In some embodiments, the software components
include operating system 2022, communication module (or set of instructions) 2024, touch and
applied force processing module (or set of instructions) 2026, graphics module (or set of
instructions) 2028, one or more applications (or set of instructions) 2030, and force sensing
module (or set of instructions) 2038. Each of these modules and above noted applications
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correspond to a set of instructions for performing one or more functions described above and
the methods described in this application (e.g., the computer-implemented methods and other
information processing methods described herein). These modules (i.e., sets of instructions)
need not be implemented as separate software programs, procedures or modules, and thus
various subsets of these modules may be combined or otherwise rearranged in various
embodiments. In some embodiments, medium 2001 may store a subset of the modules and
data structures identified above. Furthermore, medium 2001 may store additional modules and
data structures not described above.

Operating system 2022 includes various procedures, sets of instructions, software components
and/or drivers for controlling and managing general system tasks (e.g., memory management,
storage device control, power management, etc.) and facilitates communication between

various hardware and software components.

Communication module 2024 facilitates communication with other devices over one or more
external ports 2036 or via RF circuitry 2008 and includes various software components for
handling data received from RF circuitry 2008 and/or external port 2036.

Graphics module 2028 includes various known software components for rendering, animating
and displaying graphical objects on a display surface. In embodiments in which touch 1/0 device
2012 is a touch sensitive and force sensitive display (e.g., touch screen), graphics module 2028
includes components for rendering, displaying, and animating objects on the touch sensitive and
force sensitive display.

One or more applications 2030 can include any applications installed on system 2000, including
without limitation, a browser, address book, contact list, email, instant messaging, word
processing, keyboard emulation, widgets, JAVA-enabled applications, encryption, digital rights
management, voice recognition, voice replication, location determination capability (such as that
provided by the global positioning system, also sometimes referred to herein as “GPS”), a music
player, and otherwise.

Touch and applied force processing module 2026 includes various software components for
performing various tasks associated with touch 1/O device 2012 including but not limited to
receiving and processing touch input and applied force input received from 1/O device 2012 via
touch I/O device controller 2032.
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System 2000 may further include force sensing module 2038 for performing force sensing.

I/O subsystem 2006 is coupled to touch I/O device 2012 and one or more other I/O devices
2014 for controlling or performing various functions. Touch I/O device 2012 communicates with
processing system 2004 via touch 1/O device controller 2032, which includes various
components for processing user touch input and applied force input (e.g., scanning hardware).
One or more other input controllers 2034 receives/sends electrical signals from/to other 1/O
devices 2014. Other I/O devices 2014 may include physical buttons, dials, slider switches,
sticks, keyboards, touch pads, additional display screens, or any combination thereof.

If embodied as a touch screen, touch I/O device 2012 displays visual output to the userin a
GUI. The visual output may include text, graphics, video, and any combination thereof. Some or
all of the visual output may correspond to user-interface objects. Touch 1/O device 2012 forms a
touch-sensitive and force-sensitive surface that accepts touch input and applied force input from
the user. Touch I/O device 2012 and touch screen controller 2032 (along with any associated
modules and/or sets of instructions in medium 2001) detects and tracks touches or near
touches, and where applicable, force of those touches (and any movement or release of the
touch, and any change in the force of the touch) on touch 1/O device 2012 and converts the
detected touch input and applied force input into interaction with graphical objects, such as one
or more user-interface objects. In the case in which device 2012 is embodied as a touch screen,
the user can directly interact with graphical objects that are displayed on the touch screen.
Alternatively, in the case in which device 2012 is embodied as a touch device other than a touch
screen (e.g., a touch pad or trackpad), the user may indirectly interact with graphical objects
that are displayed on a separate display screen embodied as I/O device 2014.

Embodiments in which touch I/O device 2012 is a touch screen, the touch screen may use LCD
(liquid crystal display) technology, LPD (light emitting polymer display) technology, OLED
(organic LED), or OEL (organic electro luminescence), although other display technologies may
be used in other embodiments.

Feedback may be provided by touch 1/O device 2012 based on the user’s touch, and applied
force, input as well as a state or states of what is being displayed and/or of the computing
system. Feedback may be transmitted optically (e.g., light signal or displayed image),
mechanically (e.g., haptic feedback, touch feedback, force feedback, or the like), electrically
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(e.g., electrical stimulation), olfactory, acoustically (e.g., beep or the like), or the like or any

combination thereof and in a variable or non- variable manner.

System 2000 also includes power system 2044 for powering the various hardware components
and may include a power management system, one or more power sources, a recharging
system, a power failure detection circuit, a power converter or inverter, a power status indicator
and any other components typically associated with the generation, management and
distribution of power in portable devices.

In some embodiments, peripherals interface 2016, one or more processors 2018, and memory
controller 2020 may be implemented on a single chip, such as processing system 2004. In
some other embodiments, they may be implemented on separate chips.

In one embodiment, an example system includes a force sensor coupled to the touch I/O device
2012, such as coupled to a force sensor controller. For example, the force sensor controller can
be included in the I/O subsystem 2006. The force sensor controller can be coupled to a
processor or other computing device, such as the processor 2018 or the secure processor
2040, with the effect that information from the force sensor controller can be measured,
calculated, computed, or otherwise manipulated. In one embodiment, the force sensor can
make use of one or more processors or other computing devices, coupled to or accessible to
the touch 1/0O device 2012, such as the processor 2018, the secure processor 2040, or
otherwise. In alternative embodiments, the force sensor can make use of one or more analog
circuits or other specialized circuits, coupled to or accessible to the touch 1/O device 2012, such
as might be coupled to the I/O subsystem 2006. It should be appreciated that many of the
components described herein may be optional and omitted in some embodiments, such as the
secure processor 2040, or combined, such as the processor and secure processor. The same is
generally true for all figures described herein.

TIMING DIAGRAM

In some embodiments various components of the computing device and/or touch screen device
may be driven or activated separately from each other and/or on separate frequencies.
Separate drive times and/or frequencies for certain components, such as the display, touch
sensor or sensors (if any), and/or force sensors may help to reduce cross-talk and noise in
various components. Figs. 11A-11C illustrate different timing diagram examples, each will be
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discussed in turn below. It should be noted that the timing diagrams discussed herein are

meant as illustrative only and many other timing diagrams and driving schemes are envisioned.

With respect to FIG. 11A, in some embodiments, the display 14 and the force sensor 18 may be
driven substantially simultaneously, with the touch sensitive component 1001 being driven
separately. In other words, the driver circuits for the force sensing device 18 may be activated
during a time period that the display is also activated. For example, the display signal 30 and
the force sensing signal 34 may both be on during a first time period and then may both inactive
as the touch sensing device signal 32 is activated.

With respect to FIG. 11B, in some embodiments, the touch and force devices may be driven at
substantially the same time and the display may be driven separately. For example, the display
signal 40 may be set high (e.g., active) during a time that the touch signal 42 and the force
signal 44 may both be low (e.g., inactive), and the display signal 40 may be low while both the
touch signal 42 and the force signal 44 are high. In this example, the touch signal 42 and the
force signal 44 may have different frequencies. In particular, the touch signal 42 may have a
first frequency F1 and the force signal 44 may have a second frequency F2. By utilizing
separate frequencies F1 and F2, the computing device may be able to sample both touch inputs
and force inputs at substantially the same time without one interfering with the other, which in
turn may allow the processor to better correlate the touch inputs and the force inputs. In other
words, the processor may be able to correlate a force input to a touch input because the
sensors may be sampling at substantially the same time as one another. Additionally, the
separate frequencies may reduce noise and cross-talk between the two sensors. Although the
example in FIG. 11B is discussed with respect to the force and touch signals, in other
embodiments each of the drive signal, the touch signal, and/or the force signal may have
separate frequencies from each other and may be activated simultaneously or correspondingly
with another signal.

With respect to FIG. 11C, in some embodiments, various components in the computing device
may be driven separately from one another. For example, the display signal 50 may be driven
high, while both the touch signal 52 and the force signal 54 are low. Additionally, the touch
signal 52 may be high while both the force signal 54 and the display signal 50 are low and
similarly the force signal 54 may be high while both the display signal 50 and the touch signal 52
are low. In these examples, the force signal’s active period may be positioned between the
active periods of the display and the touch sensor. In other words, the force sensor 18 may be
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driven between the display being driven and the touch sensors being driven. In these
examples, each of the devices may be active at separate times from one another, thereby
reducing inter- system noise. In some embodiments, the force sensor may have a shorter drive
time than the display or touch signals; however, in other embodiments, the force sensor may
have a drive time that is substantially the same as or longer than the display and/or touch

sensor.
ALTERNATIVE EMBODIMENTS

After reading this application, those skilled in the art would recognize that techniques for
obtaining information with respect to applied force and contact on a touch I/O device, and using
that associated information to determine amounts and locations of applied force and contact on
a touch 1/O device, is responsive to, and transformative of, real-world data such as attenuated
reflection and capacitive sensor data received from applied force or contact by a user’s finger,
and provides a useful and tangible result in the service of detecting and using applied force and
contact with a touch 1/O device. Moreover, after reading this application, those skilled in the art
would recognize that processing of applied force and contact sensor information by a computing
device includes substantial computer control and programming, involves substantial records of
applied force and contact sensor information, and involves interaction with applied force and
contact sensor hardware and optionally a user interface for use of applied force and contact

sensor information.

Certain aspects of the embodiments described in the present disclosure may be provided as a
computer program product, or software, that may include, for example, a computer-readable
storage medium or a non-transitory machine-readable medium having stored thereon
instructions, which may be used to program a computer system (or other electronic devices) to
perform a process according to the present disclosure. A non-transitory machine-readable
medium includes any mechanism for storing information in a form (e.g., software, processing
application) readable by a machine (e.g., a computer). The non-transitory machine-readable
medium may take the form of, but is not limited to, a magnetic storage medium (e.g., floppy
diskette, video cassette, and so on); optical storage medium (e.g., CD-ROM); magneto-optical
storage medium; read only memory (ROM); random access memory (RAM); erasable
programmable memory (e.g., EPROM and EEPROM); flash memory; and so on.
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While the present disclosure has been described with reference to various embodiments, it will
be understood that these embodiments are illustrative and that the scope of the disclosure is not
limited to them. Many variations, modifications, additions, and improvements are possible. More
generally, embodiments in accordance with the present disclosure have been described in the

context of particular embodiments.

Functionality may be separated or combined in procedures differently in various embodiments
of the disclosure or described with different terminology. These and other variations,
modifications, additions, and improvements may fall within the scope of the disclosure as
defined in the claims that follow.
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CLAIMS

1. A method of calibrating a capacitive sensor, comprising steps of

applying a drive signal to at least a first capacitive sensing element;

capacitively coupling the at least a first capacitive sensing element to at least a first
ground layer;

determining a coupled capacitance between the at least a first capacitive sensing
element and the at least first grounding layer;

removing the drive signal applied to the at least a first capacitive sensing element;

determining a ground capacitance between the at least a first capacitive sensing
element and the at least first grounding layer while the drive signal is not applied to the at least
a first ground layer;

determining a determined capacitance based on the coupled capacitance and the
ground capacitance;

based on the determined capacitance, determining a gain constant; and

applying the gain constant to at least one of the an input or output of the at least a first

capacitive sensing element.

2. The method of claim 1, wherein the gain constant is applied to modify the input of
the at least first capacitive sensing element.

3. The method of claim 1, wherein the gain constant is applied to modify the output
of the input of the at least first capacitive sensing element.

4, The method of claim 1, wherein the gain constant is greater than one.

5. The method of claim 1, the capacitive element is located beneath a cover glass

of an electronic device.

6. The method of claim 5, wherein the at least first grounding layer is located on a
midplate of the electronic device.

7. The method of claim 1, wherein the gain constant is updated at regular intervals.

8. A method of calibrating a plurality of capacitive sensors, comprising steps of
applying a signal to a plurality of capacitive sensing elements;
capacitively coupling the plurality of capacitive sensing elements to a coupling layer;

43



10

10

WO 2014/149243 PCT/US2014/015864

determining a first capacitance between each of the plurality of capacitive sensing
elements and the coupling layer;

determining a second capacitance between each of the plurality of capacitive sensing
elements and the coupling layer;

deriving a gain constant for each of the plurality of capacitive sensing elements; and

modifying an output of each of the plurality of capacitive sensing elements through
application of its gain constant, thereby producing a modified output for each of the plurality of

capacitive sensing elements.

9. The method of claim 8, wherein at least one of the applied gain constants is
applied to modify the input of the respective capacitive sensing element.

10. The method of claim 8, wherein at least one of the applied gain constants is
applied to modify the output of the respective capacitive sensing element.

11. The method of claim 8, wherein at least one of the applied gain constants is
greater than one.

12. The method of claim 8, wherein the plurality of capacitive sensing elements
forms an array, the array spaced about a perimeter of an electronic device.

13. The method of claim 12, wherein the coupling layer comprises a single layer
underlying at least the plurality of capacitive sensing elements.

14. The method of claim 8, wherein at least one of the applied gain constants is
updated at regular intervals.

15. An apparatus employing a capacitive signal to measure an input, comprising:

a first capacitive element;

a first reference element;

a processing element operatively coupled to the first capacitive element and first
reference element; wherein

the processing element is operative to measure a first capacitance between the
first capacitive element and first reference element when a signal is applied to one of the first
capacitive element and first reference element;

the processing element is further operative to measure a second capacitance
between the first capacitive element and the first reference element in the absence of the signal;
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the processing element is further operative to determine an adjustment value
from the first and second capacitances; and

the processing element is further operative to adjust an input signal generated by
one of the first capacitive element and first reference element by application of the adjustment
value, thereby creating a weighted input signal.

16. The apparatus of claim 15, wherein the processing element comprises at least
two physically separated processors.

17. The apparatus of claim 15, wherein the first capacitive element is one of a
plurality of capacitive elements.

18. The apparatus of claim 15, wherein the first reference element is one of a
plurality of reference elements.

19. The apparatus of claim 15, further comprising an output element, wherein an
output is facilitated by the output element, the output element varying in response to the
weighted input signal.

20. The apparatus of claim 15, wherein the input signal corresponds to a measure of
force.
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