wo 2015/047374 A1 |10 OO0 OO0 OO

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

2 April 2015 (02.04.2015)

(10) International Publication Number

WO 2015/047374 Al

WIPOIPCT

(51

eay)

(22)

(25)
(26)
1

74

31

International Patent Classification:
GO6F 3/041 (2006.01) GO6F 3/044 (2006.01)

International Application Number:

PCT/US2013/062562

International Filing Date:
30 September 2013 (30.09.2013)
Filing Language: English
Publication Language: English

Applicant (for all designated States except ). RINAND
SOLUTIONS LLC [US/US]; Corporation Trust Center,
1209 Orange Street, Wilmington, Delaware 19801 (US).

Agents: HEMENWAY, S. Craig et al.; Brownstein Hyatt
Farber Schreck, LLP, 410 Seventeenth Street, Suite 2200,
Denver, CO 80202 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available): AL, AT, AU, BG,

(84)

BH, BR, BW, CA, CH, CN, CO, CZ, DE, DK, EC, EE, E
FL GB, GH, GM, HR, HU, ID, IL, IN, IS, JP, KF, KR, L
LS, LT, LU, LY, MA, MK, MN, MW, MX, MY, MZ, N
NO, NZ, PE, PG, PH, PL, PT, QA, RO, RS, RW, SD, S
SG, SK, SL, SM, SV, SY, TN, TR, TZ, UG, US, VC, Z
M, ZW.

>

=

>

>

>

es|

>

>

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), European (AL, AT, BE, BG, CH, CY, CZ,
DE, DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT,
LU, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI,
SK, SM, TR).

Published:

with international search report (Art. 21(3))

(54) Title: OPERATING MULTIPLE FUNCTIONS IN A DISPLAY OF AN ELECTRONIC DEVICE

500
516 g
—T HRE
[
Display
518
Timing . Storage
Displ
Controller c ol:trr)cjlsér Device
514 506 504
524 | 526 |
Force Sensing Touch Sensing Processing
Device Device Device
508 510 502
520 522
512 o~

FIG. 5

(57) Abstract: A system can include a display, a first device,
and a second device all operatively connected to a controller.
The first and second devices each use or share at least a por-
tion of the display area. The controller is adapted to transmit
during a pixel refresh time period of the display a first signal
that is received by the first device. The first sync signal indic-
ates a first time period in which a first operation can be per-
formed in the first device. The controller is also adapted to
transmit a second sync signal that is received by the second
device indicating a second time period in which a second op-
eration can be performed in the second device. The second
time period can be during the pixel refresh time period or
outside of the pixel refresh time period.
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OPERATING MULTIPLE FUNCTIONS IN A DISPLAY OF AN ELECTRONIC DEVICE

Technical Field

[0001] The present invention relates generally to electronic devices, and more
specifically to performing multiple functions in a display area of an electronic device.

Background

[0002] Electronic devices such as smart telephones and tablet computing devices
include a display a user can use to view images and to interact with various components or
functions in the electronic device. For example, a display can include a multi-touch
touchscreen that the user touches to select or interact with an object or application displayed
on the display. From the perspective of the user, the display simultaneously displays the
object and a touch sensing device detects one or more touch events on the input surface of
the display. However, the circuitry associated with the display and the circuitry associated
with the touch sensing device may or may not operate concurrently due to signal
interference and noise issues that occur when the two functions operate concurrently.
[0003] As the number of functions that use or share the display area increase, issues
such as noise, interference and interference between the devices performing the functions
can also increase and interfere with the operation of at least one function. For example, a
force sensing device can use the top surface of the display as an input surface. In some
situations, the noise produced by one function, such as the display, can overwhelm the
signals produced during another operation, such as a force sensing operation. The display
signals can be noise for the force sensing signals. The magnitude of the display signals can
be much greater than the magnitude of the force sensing signals, making it difficult to
discern the force sensing signals from the noise.

Summary
[0004] In one aspect, a system can include a display, a first device, and a second

device, with the first and second devices sharing at least a portion of an area of the display.
A method for operating the system can include performing a refresh operation on at least a
portion of the pixels in the display during a pixel refresh time period and performing a force
sensing operation in the force sensing device during a first time period that occurs during the
pixel refresh time period. A touch sensing operation in the touch sensing device can be
performed during a second time period. The touch sensing operation can be performed
within the pixel refresh time period or not within (outside of) the pixel refresh time period.
[0005] In some embodiments, the force sensing device can use capacitive sensing
technology to detect force. One or more excitation signals can be received by the force
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sensing device during the pixel refresh time period, and one or more force sense signals can
be received from the force sensing device when noise is minimized or reduced during the
pixel refresh time period. Other embodiments can use a different sensing technology to
detect force, such as ultrasound or piezoelectric technology.

[0006] The touch sensing device can also use capacitive sensing technology to detect
touch in some embodiments. One or more excitation signals can be received by the touch
sensing device during the second time period, and one or more touch sense signals can be
received from the touch sensing device during the second time period. Other embodiments
can use a different sensing technology to detect touch, such as ultrasound or resistive
technology. The second time period may occur during the pixel refresh time period, or the
second time period can occur independent (outside) of the pixel refresh time period. When
the first and second time periods occur during the pixel refresh time period, the first and
second time periods can be non-overlapping distinct time periods.

[0007] In another aspect, a method for operating multiple functions in an area of a
display can include during a pixel refresh time period, performing a refresh operation on at
least a portion of the pixels in the display, and during at least a portion of the pixel refresh
time period, receiving a force sync signal to indicate a first time period in which a force
sensing operation can be performed in the force sensing device. For example, one or more
excitation signals can be received by the force sensing device during the first time period.
Additionally, one or more force sense signals can be received from the force sensing device
during the first time period. A touch sync signal can be received by the touch sensing device
that indicates a second time period in which a touch sensing operation can be performed in
the touch sensing device. For example, during the second time period, the touch sensing
device can receive one or more touch excitation signals and the touch sensing device can
output one or more touch sense signals.

[0008] In another aspect, a system can include a display having a plurality of pixels, a
force sensing device, a touch sensing device, and a controller operatively connected to the
display, to the force sensing device, and to the touch sensing device. The force sensing
device and the touch sensing device can each use or share at least a portion of the area of
the display. At least a portion of the pixels can be refreshed during a pixel refresh time
period. The controller is adapted to transmit during the pixel refresh time period a first sync
signal that is received by the force sensing device indicating a first time period in which a
first operation in the force sensing device can be performed. The controller can be further
adapted to transmit a second sync signal that is received by the touch sensing device
indicating a second time period in which a second operation can be performed in the touch
sensing device. The second time period may occur during the pixel refresh time period, or
the second time period can occur outside of the pixel refresh time period. When the first and
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second time periods occur during the pixel refresh time period, the first and second time
periods can be non-overlapping distinct time periods.

Brief Description of the Drawings

[0009] Embodiments are better understood with reference to the following drawings.
The elements of the drawings are not necessarily to scale relative to each other. Identical
reference numerals have been used, where possible, to designate identical features that are
common to the figures.

[0010] FIG. 1 is a conceptual cross-sectional view of a display screen that can be used
to perform multiple functions;

[0011] FIG. 2 is a perspective view of one example of an electronic device that can
multiplex signals for multiple functions;

[0012] FIG. 3 is a simplified schematic cross-section view of the display 104 taken
along line 3-3 in FIG. 1;

[0013] FIGS. 4A-4B depict conceptual drawings of an array of capacitive sensing
elements that is suitable for use in a touch sensing layer and a force sensing layer;

[0014] FIG. 5 is a block diagram of a system that includes a display, a force sensing
device, and a touch sensing device;

[0015] FIG. 6 is a simplified schematic of a TFT display suitable for use in the display
518 shown in FIG. 5;

[0016] FIG. 7 illustrates an example device operations diagram suitable for use in the
system 500 shown in FIG. 5;

[0017] FIG. 8 depicts an example timing diagram suitable for use in the system 500
shown in FIG. 5;
[0018] FIG. 9 illustrates another example device operations diagram suitable for use in

the system 500 shown in FIG. 5;

[0019] FIG. 10 depicts another example timing diagram suitable for use in the display
system 500 shown in FIG. 5;

[0020] FIG. 11 is a flowchart of a method for performing multiple functions with a display
in an electronic device;
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[0021] FIG. 12 is a flowchart of a method for determining the timing for a force sensing
device; and
[0022] FIG. 13 is a flowchart of a method for determining timing signals for a touch

sensing device.

Detailed Description

[0023] Embodiments described herein provide an electronic device that includes a
display and multiple devices that each use or share at least a portion of the display area. By
way of example only, the multiple devices can include a touch sensing device and a force
sensing device. The touch and force sensing devices can each use at least a portion of the
top surface of the display screen as an input surface.

[0024] A controller can be operatively connected to the display, the touch sensing
device, and the force sensing device. The controller can output a force sync signal to the
force sensing device that indicates one or more first time periods in which a force sensing
operation can be performed in the force sensing device. Similarly, the controller can output
a touch sync signal to the touch sensing device that indicates one or more second time
periods in which a touch sensing operation can be performed in the force sensing device.

[0025] In one embodiment, one or more force sensing operations can be performed
during a pixel refresh time period of the display. The force measurements occur at a time
when the noise produced by the display is minimized, reduced, or settled. In this way, the
force measurements are substantially synchronized to the display noise waveform. One or
more touch sensing operations can be performed during the pixel refresh time period of the
display, or outside of the pixel refresh time period. When the one or more touch sensing
operations occur during the pixel refresh time period, the first and second time periods can
be distinct non-overlapping time periods. Additionally or alternatively, the touch
measurements can occur at a time when the noise produced by the display is minimized,
reduced, or settled and the touch measurements can be substantially synchronized to the

display noise waveform.

[0026] Directional terminology, such as “top”, “bottom”, “front”, “back”, “leading”,
“trailing”, etc., is used with reference to the orientation of the Figure(s) being described.
Because components of embodiments described herein can be positioned in a number of
different orientations, the directional terminology is used for purposes of illustration only and

is in no way limiting.

[0027] Referring now to FIG. 1, there is shown a conceptual cross-sectional view of a
display that can be used to perform multiple functions. The functions can include a display
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function 100, a touch sensing function 102, and a force sensing function 104. These
functions can be performed in conjunction with the display 106. In other words, a user can
interact with an image displayed on the display 106 with one or more touches, an applied
force, or both touch and force. For example, a game that is displayed on the display 106
can receive touch inputs from a user. As another example, an application displayed on the
display 106 can perform one function at one rate of speed when a user applies a small
amount of force to the display and perform the function at a faster rate of speed when the
user applies a greater amount of force to the display 106.

[0028] The touch sensing and force sensing functions can each use or share some or
all of the display area. For example, in one embodiment, a user can interact with a
displayed image by touching and/or by applying a force at an appropriate position on the
display, with the appropriate position located anywhere on the display. In another
embodiment, the display function 100 and the touch sensing function 102 can use the entire
display 106 while the force sensing function 106 involves a portion of the display 106. Thus,
each function can use some or all of the display 106 when in operation. The arrangement of
the functions in FIG. 1 is for illustrative purposes only, and does not correspond to any layers
or devices in the display or in electronic device. Additionally, the arrangement of the
functions does not correspond to the amount of area on the display used by each function.

[0029] FIG. 2 depicts one example of an electronic device that can be configured to
perform multiple functions with respect to a display. In the illustrated embodiment, the
electronic device 200 is implemented as a smart telephone. Other embodiments can
implement the electronic device differently, such as, for example, as a laptop computer, a
tablet computing device, a wearable computing device or display, a digital music player, a
display input device, a kiosk, a remote control device, television, and other types of
electronic devices that include a display.

[0030] The electronic device 200 includes an enclosure 202 surrounding a display 204
and one or more buttons 206 or input devices. The enclosure 202 can form an outer surface
or partial outer surface and protective case for the internal components of the electronic
device 200, and may at least partially surround the display 204. The enclosure 202 can be
formed of one or more components operably connected together, such as a front piece and
a back piece. Alternatively, the enclosure 202 can be formed of a single piece operably
connected to the display 204.

[0031] The display 204 can be implemented with any suitable display, including, but not
limited to, a multi-touch sensing touchscreen device that uses liquid crystal display (LCD)
technology, light emitting diode (LED) technology, organic light-emitting display (OLED)
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technology, or organic electro luminescence (OEL) technology. The button 206 can take the
form of a home button, which may be a mechanical button, a soft button (e.g., a button that
does not physically move but still accepts inputs), an icon or image on a display, and so on.
Further, in some embodiments, the button 206 can be integrated as part of a cover glass of
the electronic device.

[0032] It should be noted that FIG. 2 is illustrative only. In other examples, an electronic
device may include fewer or more components than those shown in FIG. 2.

[0033] FIG. 3 illustrates a cross-section view of the display taken along line 3-3 in FIG.
2. The layers of the display stack 300 illustrate the layers that constitute the display 204.
Other embodiments can omit one or more layers and/or add one or more layers to a display
stack 300. The layer or layers in the display stack may be determined by the type of display
technology included in the display.

[0034] A top layer in the display stack 300 can be a cover glass 302 that is disposed
over one or more intermediate layers 304. The cover glass 302 can be a flexible touchable
surface that is made of any suitable transparent material, such as, for example, a glass, a
plastic, or sapphire. The cover glass 304 receives touch and force inputs from a user and
acts as an input surface for a touch sensing device and a force sensing device. The user
can touch the cover glass 302 with one or more fingers or with another element such as a
stylus.

[0035] The one or more intermediate layers 304 can be implemented with any suitable
layer. Examples of an intermediate layer include an ink layer and an optically clear
adhesive.

[0036] A touch sensing layer 306 can be positioned below the one or more intermediate
layers 304. The touch sensing layer 306 senses a touch event on the cover glass. The
touch sensing layer 306 can be implemented with any suitable touch sensing technology.
For example, capacitive, optical, ultrasonic, and resistive touch sensing technologies can be
included in the touch sensing layer 306.

[0037] A front polarizer 308 can be positioned below the touch sensing layer 306, and a
front transparent conductive layer 310 can be positioned below the front polarizer 308. The
front transparent conductive layer 310 can be made of any suitable material, such as an ITO.
The front transparent conductive layer 310 may, for example, provide electrostatic protection
to prevent electrical discharge into a display.
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[0038] A color filter layer 312 can be positioned below the front transparent conductive
layer 310. The color filter layer 312 can provide the colors for a color display. The color
filter layer 312 can be implemented in any suitable form and can include a color filter layer
that is known and used in the art. By way of example only, a RGB color display can include
a color filter having filter elements that filter red, green, and blue light.

[0039] A display layer 314 can be positioned below the color filter layer 312. The
display layer 314 may take a variety of forms, including a LCD, an LED display, and an
OLED display. In some embodiments, the display layer 314 can be formed from glass or
have a glass substrate. One example of a LCD display that can be included in the display
layer 314 is described in more detail in conjunction with FIG. 6. In some embodiments, the
touch sensing layer 306 can be combined with the display layer 314.

[0040] A back transparent conductive layer 316 can be positioned below the display
layer 314. The back transparent conductive layer 316 may serve to prevent noise from
entering the system through the display stack and thus may function as an isolation plane.
In alternative embodiments, one or both of the conductive layers may have other functions
and/or other layers, elements, and the like may be part of the display stack 300.

[0041] A back polarizer 318 can be positioned below the back transparent conductive
layer 316. The front and back polarizers 308, 318 can be implemented in any suitable form
and can include polarizers that are known and used in the art.

[0042] A force sensing layer 320 can be positioned below the back polarizer 318. The
force sensing layer 320 is used to determine or estimate an amount of force applied to the
cover glass 302. The force sensing layer 320 can be implemented with any suitable force
sensing technology. For example, capacitive, ultrasonic, and piezoelectric force sensing
technologies can be included in the force sensing layer 320.

[0043] In one embodiment, the touch and force sensing layers use capacitive sensing
elements to detect touch and estimate applied force, respectively. Capacitive touch and
force sensing devices detect touch and force by detecting capacitive changes in one or more
capacitive sensing elements. In some embodiments, the capacitive sensing elements are
implemented in the individual pixels of a display, thereby combining the display and
capacitive sensing functions in each pixel. One example of force sensing through
capacitance changes is disclosed in PCT Patent Application PCT/US2013/032712, which is
incorporated herein by reference.

[0044] FIGS. 4A-4B depict conceptual drawings of an array of capacitive sensing
elements that is suitable for use in a touch sensing layer and/or a force sensing layer. Each
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individual capacitive sensing element can be included in a pixel of a display. For simplicity,
only the capacitive sensing function is described herein.

[0045] A conductive layer is patterned into a layer of discrete electrodes 402, with each
electrode 402 included in a pixel and each electrode connected to a sense line 404. The
sense lines 404 can be connected to sense circuits (not shown) through a sense interface
406. The discrete electrodes 402 are spaced apart from a common node layer 408 in the
illustrated embodiment. A compressible gap having a distance D separates the layer of
discrete electrodes 402 from the common node layer 408. The compressible gap can
include an air gap, a compressible substance, or a compressible structure.

[0046] The combination of an individual electrode 402 and the common node 408 forms
a capacitive sensing element 410. Typically, an insulating layer is disposed between the
discrete electrodes 402 and the common node layer 408 to electrical isolate the common
node layer from the discrete electrodes. In other embodiments, the layer of discrete
electrodes 402 is positioned apart from another layer of discrete electrodes (not shown).
The combination of a discrete electrode 402 in one layer and a corresponding spaced-apart
discrete electrode in the other layer from a capacitive sensing element.

[0047] The common node 408 can be driven with an excitation signal when the
capacitive sensors in the array of pixels operate in a mutual capacitance mode. The sense
lines 404 are then scanned to measure the capacitance between each electrode 402 and the
common node layer 410. Alternatively, when the capacitive sensing elements operate in a
self-capacitance mode, the common node layer 408 is connected to a reference voltage,
such as ground. In a self-capacitance system, the capacitance of a single electrode with
respect to the common node layer (e.g., ground) is measured. A sense circuit (not shown)
connected to a discrete electrode 402 through a sense line 404 senses or measures the
capacitance between the electrode 402 and the common node layer 408.

[0048] Capacitive sensing elements can be constructed differently in other
embodiments. For example, the capacitive sensing device can include a set of drive lines
arranged in columns and a set of sense lines arranged in rows. In a mutual capacitance
mode, the drive lines can be charged by drive signals output from one or more drive circuits
(not shown) in or connected to the capacitive sensing device. Each drive line can be
selected in turn and driven for a relatively short period of time, whereby each drive line is
eventually selected in a round-robin fashion.

[0049] Similarly, sense lines can receive sense signals can be output by one or more

sense interfaces in the capacitive sensing device and transmitted to one or more sense



10

15

20

25

30

WO 2015/047374 PCT/US2013/062562

circuits (not shown). Like the drive circuits, the sense circuits can included a timed circuit
that selects each sense line in turn and senses that row for a relatively short period of time,

eventually selecting each sense line in a round-robin fashion.

[0050] Each intersection of a drive line and a sense line forms an individual capacitive
sensing element. The individual capacitive sensing elements can be dispersed such that
each capacitive sensing element represents a different position on the touch or force
sensing device.

[0051] In other embodiments, a touch sensing device can be implemented as a multiple
stimulus mutual capacitive sensing device. Multiple stimulus mutual capacitive touch
sensing devices can be formed from a matrix of drive and sense lines, with sensors or pixels
defined, in some embodiments, by where the drive and sense lines cross over or come close
to each other while being separated by a dielectric material. Drive circuits can be coupled to
the drive lines, and sense circuits can be coupled to the sense lines. During a scanning
process, multiple drive lines are stimulated simultaneously to generate composite sense

signals in the sense lines.

[0052] As described earlier, the capacitive sensing elements 410 can be used to detect
touch and/or force. With touch, the capacitance of one or more capacitive sensing elements
410 changes when a finger or conductive stylus contacts, or hovers closely over the cover
glass 304. A processing device (not shown) can determine the location of the touch based
on the location(s) of the capacitive sensing elements that experience capacitive change(s).
With force, the distance D between a discrete electrode 402 and the common node layer
408 changes when a force is applied to the cover glass 304. The applied force causes the
cover glass 302 to flex, which reduces the distance D in the illustrated embodiment. This
distance change alters the capacitance of one or more capacitive sensing elements 310.
The change in capacitance can be used to determine an amount of force applied to the
cover glass 304, or to determine a change in an amount of applied force.

[0053] Like a touch sensing device, a force sensing device can operate in a self-
capacitance mode or a mutual capacitance mode. In a mutual capacitance mode, as the
display stack is pushed or otherwise moved downward, the capacitance of individual pixel
capacitive sensing elements or row/column intersection may increase, since the layers are
moved closer to one another. This increase in capacitance may be correlated to a decrease
in distance between the layers, and thus, to an amount of force needed to move the layers a
given distance.
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[0054] Alternately, a force sensing device can operate in a self-capacitance mode. As
the active layer moves toward the self-capacitive sense layer in response to an applied force
on the cover glass 302, the capacitance measured at any individual pixel capacitive sensor
or row/column intersection may change. Again, this change in capacitance may be
correlated to a change in distance between the conductive layers and, thus, to an amount of
force required to move the layers that distance.

[0055] In some embodiments, the touch sensing device is implemented as a separate
distinct device from the force sensing device. Other embodiments can perform capacitive
touch and force sensing functions with one capacitive sensing device.

[0056] For brevity, embodiments are described in conjunction with a capacitive force
sensing device and a capacitive touch sensing device. However, as described earlier,
embodiments are not limited to this type of touch and/or force sensing devices. Those
skilled in the art will understand the signals used to control and/or perform touch and force
sensing operations can be modified for the different types of touch and force sensing
technologies.

[0057] FIG. 5 is a block diagram of a system that includes a display, a force sensing
device, and a touch sensing device. A processing device 502 is operably connected to a
storage device 504, a display controller 506, a force sensing device 508, and a touch
sensing device 510. Image data is received by the processing device 502 on signal line 512
and stored in the storage device 504. The processing device 502 can be implemented with
one or more suitable data processing devices, examples of which include a microprocessor,
an application-specific integrated circuit (ASIC), and a central processing unit (CPU). The
storage device 504 can be configured as one or more memories, including, but not limited to,
RAM, ROM, flash memory, and removable memory, or combinations thereof.

[0058] The display controller 506 can include a timing controller 514 that generates
timing and control signals for the display, the force sensing device, and the touch sensing
device. The display controller 506 can be any suitable hardware, software, firmware, or
combination thereof adapted to translate the image data into control signals for driving the
pixels 516 of the display 518. The display controller can include other suitable components,
such as a processing device and/or a storage device.

[0059] The processing device 502 receives the force sense signals from the force
sensing device on signal line 520. The processing device 502 determines an amount of
force, or a change in force, applied to an input surface (e.qg., cover glass 304) based on at
least one force sense signal. Additionally, the processing device 502 receives the touch

10
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sense signals from the touch sensing device on signal line 522. The processing device 502
determines one or more touch locations on the input surface based on at least one touch
sense signal.

[0060] The display controller 506 transmits one or more force sync signals to the force
sensing device on signal line 524. The display controller 506 also transmits one or more
touch sync signals to the touch sensing device on signal line 526. Thus, in the illustrated
embodiment, the display controller 506 functions as a master that transmits signals that
indicate time periods when one or more touch sensing operations or one or more force
sensing operations can be performed. The force and touch sync signals are described in
more detail in conjunction with FIGS. 8 and 10.

[0061] In one embodiment, the display 518 is a multi-touch touchscreen thin-film-
transistor liquid crystal display (TFT LCD). But as described previously, different types of
displays can be used in other embodiments, such as, for example, LED and OLED. FIG. 6
depicts a simplified schematic of a TFT LCD display. The pixels 600 are arranged in rows
and columns to form an array. When the display is a color display, each pixel 600 can
include sub-pixels 602, 604, 606. The sub-pixels are associated with particular filter
elements included in a color filter layer (e.g., 312 in FIG. 3). The filter elements produce a
color image by passing light of certain wavelengths. For example, the filter elements can
include a red filter, a blue filter, and a green filter, with a red filter overlying the sub-pixels
602, the green filter overlying the sub-pixels 604, and the blue filter overlying the sub-pixels
606. The red, green, and blue colors produced by the sub-pixels are combined to produce a
color pixel 600.

[0062] Included in each sub-pixel is a transistor 608. Each transistor 608 connects to a
respective column signal line Co, C4, C....Cy and a respective row signal line Ro, R1, Ra,
...Rwm, where N and M are integer numbers. The sub-pixels are addressed in rows and
columns, and each sub-pixel can be addressed individually. To address a particular sub-
pixel, a row select signal is applied to a respective row signal line (Ro, Ry, ...Ry), which in
turn activates all of the transistors 602 connected to that row signal line. A drive voltage
transition is then applied to a respective column signal line. Since all of the other rows that
intersect with the column signal line are turned off, only the transistor 608 at the designated
sub-pixel receives the drive voltage transition. The picture information for an image can be
received by the display through sub-pixel addressing. For example, the sub-pixels can be
addressed by sequentially addressing one side of the matrix, for example by selecting the
rows one-by-one and applying the pixel value on the other side at the columns row-by-row.

11
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[0063] Many displays include a refresh rate where some or all of the pixels or sub-pixels
in the display receive image data. A refresh rate typically refers to the number of times in a
second that display circuitry refreshes data that is viewed on the display screen. The
refresh rate is typically measured in frequency (Hz), which translates into the number of
times per second a display can “redraw” or refresh the entire display screen. The higher the
number for the refresh rate the faster the display screen is refreshed. For example, a
refresh rate of 60Hz means that a display can redraw the entire screen 60 consecutive times
during a single second. Some displays have a fixed refresh rate that cannot be changed.
Other displays can have a variable refresh rate where a display can operate at more than
one refresh rate.

[0064] The drive voltage transitions on the column lines produce noise spikes that can
adversely affect the force sensing device by overwhelming the force sense signals. The
magnitude of the noise spikes can be much greater than the magnitude of the force sense
signals. Embodiments described herein determine time periods that can improve force
sensing operations and touch sensing operations when force sensing and touch sensing
devices each use or share at least a portion of the display area. In one embodiment, one or
more force sensing operations are performed during a pixel refresh time period, and one or
more touch sensing operations can be performed during the pixel refresh time period or
outside of the pixel refresh time period. A system can determine when the noise spikes are
expected to occur and perform force and/or touch sensing operations at times when the
noise is minimized, reduced, or settled.

[0065] FIG. 7 illustrates an example device operations diagram suitable for use in the
system 500 shown in FIG. 5. The hatched areas in the display, touch sensing, and force
sensing plots represent times when each function is operating and the clear areas when the
function is not operating. In the illustrated embodiment, the display function operates during
a first time period 700 and the touch sensing operation during a separate non-overlapping
second time period 702. Thus, the touch sensing device scans the touch sensing elements
when the display is not active.

[0066] In one embodiment, the force sensing device is operable during the entire first
time period 700 when the display is operating. The force sensing device scans the force
sensing elements when the display is active. In another embodiment, the force sensing
device is operating only during a portion of the first time period when the display is active. In
other words, the force sensing device operates during a third time period 704 which is a
subset of the first time period 700.
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[0067] Different signals can be used to activate or instruct the force and touch sensing
devices of time periods that are optimal or suitable to perform a force or touch sensing
operation. A force and/or touch sensing operation can include one or more steps. For
example, when a force sensing device is a capacitive force sensing device operating in a
mutual capacitance mode, the common node or one set of electrodes are driven with an
excitation signal and then the sense lines are scanned to determine the capacitances of the
capacitive sensing elements. As another example, when a touch sensing device operates in
a self-capacitance mode, the sense lines are scanned to determine the capacitances of the

capacitive sensing elements.

[0068] In one embodiment, a force sync signal (FSync) is transmitted by the display
controller to the force sensing device to indicate when each refresh operation is occurring in
the display. The FSync signal can be used to indicate a low-noise period that can be used
to perform a force sensing operation. As described earlier, a refresh operation can be
performed on a portion of the pixels during one pixel refresh period or on all of the pixels in
the display. By way of example only, during each refresh operation the pixels associated
with one color within a row are refreshed at a time. So in a display that includes red, green,
and blue colors the pixels associated with the color red in one row can be refreshed in one
refresh operation, the pixels associated with the color green in the row can be refreshed in
another refresh operation, and the pixels associated with the color blue in the row can be
refreshed in yet another refresh operation. In another embodiment, the pixels associated
with one color can be refreshed at one time. In one embodiment, the timing of the R,G,B
refresh operations can be altered to change the order of the refresh operations.

[0069] In one embodiment, a different signal, a touch sync signal (TSync) is transmitted
by the display controller to the touch sensing device to indicate time periods that are optimal
or suitable to perform a touch sensing operation. The TSync signal can indicate the edges
of a pixel refresh time period. In one embodiment, touch sensing operations are performed
by the touch sensing device when the display is not active (outside of a pixel refresh time
period). In another embodiment, touch sensing operations are performed by the touch
sensing device during a portion of the time period in which the display is active (during a
pixel refresh time period). In other embodiments, the FSync and TSync signals can be the

same signal.

[0070] In the embodiment shown in FIG. 7, the force sync signal FSync includes a
series of pulses with each pulse indicating when a row of pixels is being refreshed. Each
individual pulse indicates a low-noise period in the display that can be optimal or suitable for
performing force sensing operations. The series of pulses are transmitted during the time
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period 700. The touch sync signal TSync includes a rising edge and a falling edge that
indicate the start and ending times of an optimal or suitable time period for performing one or
more touch sensing operations. TSync is transmitted during the time period 702.

[0071] In the alternate embodiment shown in FIG. 7, the series of pulses are
transmitted during the third time period 704. As described earlier, the third time period 704
occurs during a portion of the first time period 700. The Fsync pulses are transmitted during
the time period 704, with each pulse indicating when a row of pixels in the display is being
refreshed.

[0072] Referring now to FIG. 8, there is shown an example timing diagram suitable for
use in the system 500 shown in FIG. 5. A pixel refresh time period 800 includes one or
more refresh operations that refresh some or all of the pixels in the display. As described
previously, a single refresh operation can refresh only a portion of the pixels in the display,
such as a row of pixels, or a single refresh operation can refresh all of the pixels in the
display at one time.

[0073] In the illustrated embodiment, the timing diagram is for a color TFT LCD display
and each line of pixels (e.g., row) is refreshed in a single pixel refresh time period 800.
Within each refresh time period 800, all of the sub-pixels in the row that are associated with
only one color are refreshed sequentially. Thus, the pixel refresh time period 800 includes
three refresh operations. By way of example only, the sub-pixels associated with the color
red are refreshed during a first refresh operation 802 that begins at time TO. The sub-pixels
associated with the color green are refreshed during a second refresh operation 804. And
the sub-pixels associated with the color blue are refreshed during a third refresh operation
806.

[0074] With a TFT LCD display, a refresh operation is performed by first applying a
select signal to the particular row signal line for the pixels to be refreshed. A drive voltage
transition is then applied to the column signal lines connected to the sub-pixels to be
refreshed. However, a noise pulse 808 can be produced when the drive voltage is applied to
the respective column signal lines. Therefore, during a single pixel refresh period 800, the
force sensing device can experience three noise pulses 808. But because the column signal
lines are enabled, the noise that impacts the force sensing device diminishes over time.
Therefore, in one embodiment, the force sensing device receives one or more force
excitation signals at a time in pixel refresh time period 800 that allows the effect of the one or
more force excitation signals to be reduced or eliminated. The force sensing device outputs
one or more force sense signals later in the pixel refresh time period 800 when the noise is
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minimized, reduced, or settled. This allows the force sensing device to more accurately
measure the capacitances on the capacitive sensing elements.

[0075] In the illustrated embodiment, a force sensing device receives a force excitation
signal at time T1 and produces a force sense signal at time T2. The force excitation signal is
received on the rising edge 810 after the first noise pulse 808 in the pixel refresh period 800.
The first noise pulse is the noise pulse that occurs during or after the first refresh operation
802. The force excitation signal occurs at a time in the pixel refresh time period where the
data for some pixels or sub-pixels, such as a majority of the pixels or sub-pixels, still needs
to be refreshed. The display is over-writing (e.g., refreshing) any effects of the force
excitation signal.

[0076] The force sense signal is received on the falling edge 812 after the last noise
pulse 808 that occurs during the pixel refresh period 800. The last noise pulse is the noise
pulse 808 that occurs during or after the third refresh operation 806. The time period
between times T1 and T2 allows any noise generated by the force excitation signal to be
removed or reduced prior to sampling the capacitances on the capacitive sensing elements.
This can increase or maximize the signal-to-noise ratio of the force sense signal, thereby

improving the measurements of the capacitances of the capacitive sensing elements.

[0077] The rising and falling edges of the FSync signal can be used to control force
sensing operations in the force sensing device. Similarly, the rising and falling edges of the
TSync signal can be used to control touch sensing operations in the touch sensing device.
Thus, embodiments time the rising and falling edges at times that are optimal or suitable for
the performance of force and/or touch sensing operations. Changing the time of when a
rising edge and/or a falling edge occurs controls the times when a force and/or a touch

sensing operation occurs.

[0078] In another embodiment, the force excitation signal ramps up more slowly, as
shown on curve 814. Inthe illustrated embodiment, the force excitation signal begins to
increase at time TO and continues to increase slowly until time T2. Other embodiments can
begin to increase the force excitation signal at a different time, such as, for example, time
T1. The amount of noise that may be produced by the force excitation signal can be
eliminated or reduced in some embodiments when the force excitation signal is increased
over time. The force sense signal can be output from the force sensing device at time T2.

[0079] One or more touch sensing operations are performed outside of the pixel refresh
time period 800 in the illustrated embodiment. Thus, a touch excitation signal and a touch
sense signal for each touch sensing operation can be received and produced by the touch
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sensing device during time period 816. In the illustrated embodiment, one or more touch
sensing operations can occur during the time between time T4 and time T5. The time
between time T4 and time T5 is outside of the pixel refresh time period 800.

[0080] FIG. 9 illustrates another example device operations diagram suitable for use in
the system 500 shown in FIG. 5. The hatched areas in the display, touch sensing, and force
sensing plots represent times when each function is operating and the clear areas when the
function is not operating. In the illustrated embodiment, the display function operates during
a first time period 700 and the touch sensing operation during time periods 900 and 902.
The time periods 900 and 902 overlap with the first time period 700. Thus, the touch
sensing device scans the touch sensing elements when the display is active.

[0081] In the illustrated embodiment, the force sensing device is operable during the
time period 906, a time period that overlaps with only a portion of the first time period 700.
Thus, the force sensing device also scans the force sensing elements when the display is
active. Time period 904 does not overlap with time periods 900 and 902.

[0082] The TSync signal is transmitted by the display controller to the touch sensing
device to indicate time periods that are optimal or suitable to perform a touch sensing
operation. The FSync is transmitted by the display controller to the force sensing device to
indicate time periods that are optimal or suitable to perform a touch sensing operation. In
the embodiment shown in FIG. 9, the force sync signal FSync includes a series of pulses
with each pulse indicating when a row of pixels is being refreshed. The series of pulses are
transmitted only during a portion of the time period 700. The touch sync signal TSync
includes a rising edge and a falling edge that indicate the start and ending times of an
optimal or suitable time period for one or more touch sensing operations. TSync is
transmitted during the time periods 900 and 902.

[0083] The touch sensing device in the FIG. 9 embodiment has a faster touch rate than
in the embodiment of FIG. 7. Each pixel refresh time period 700 includes two time periods
for the performance of one or more touch sensing operations. In the illustrated embodiment,
the force sensing device follows the display in that there is only one time period 904 for
performing force sensing operations in each pixel refresh time period 700. In other
embodiments, the force sensing device can follow the touch sensing device where the force
sensing device has a faster force rate (e.g., two time periods for performing one or more
force sensing operations) than a single display frame. The timing of the FSync signal can be
used to determine when the force sense signal or signals are received from the force

sensing device.
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[0084] Referring now to FIG. 10, there is shown another example timing diagram
suitable for use in the display system 500 shown in FIG. 5. A pixel refresh time period 1000
includes one or more refresh operations that refresh some or all of the pixels in the display.
In the illustrated embodiment, the timing diagram is for a color display and all of the pixels
are refreshed in a single pixel refresh time period 1000. The pixel refresh time period begins
at time TO and ends at time T3. Within each pixel refresh time period 1000, all of the sub-
pixels or pixels are refreshed substantially simultaneously. Thus, the pixel refresh time
period 1000 includes one refresh operation. For example, the sub-pixels or pixels
associated with the colors red, green, and blue can be refreshed at the same time.

[0085] In the illustrated embodiment, the force sensing device receives a force
excitation signal at time T1 and outputs a force sense signal at time T2. Thus, a force
sensing operation is performed during the time period 1002, where the time period 1002
(time between times T1 and T2) occur within the pixel refresh time period 1000 (time
between times TO and T3). The force excitation signal is received after the refresh operation
begins and the force sense signal received before the refresh operation has ended. In one
embodiment, the force excitation signal is received at 1004 and the force sense signal at
1006.

[0086] One or more touch sensing operations can also be performed during the pixel
refresh time period 1000. In the illustrated embodiment, one touch sensing operation occurs
at 1008 and another at 1010. The first touch sensing operation is performed between time
TO and time T1, while the second touch sensing operation occurs between time T2 and time
T3. A touch excitation signal and a touch sense signal can be received by the capacitive
touch sensing device and produced by the touch sensing device for each touch sensing
operation. Thus, one or more force sensing operations and one or more touch sensing
operations can occur during a single refresh operation and pixel refresh time period 1000. A
force sensing operation occurs during a first time period and a touch sensing operation
during a second time period that does not overlap with the first time period.

[0087] In another embodiment, a force sensing operation can occur between time T0
and T2” during time period 1012 while a touch sensing operation occurs between time T2”
and time T3 during time period 1014. Time period 1012 does not overlap with time period
1014, but both time periods 1012 and 1014 occur during time period 1000. As before, one
or more force sensing operations and one or more touch sensing operations can occur
during a single refresh operation and pixel refresh time period 1000. As described earlier,
the timing of the FSync signal and the TSync signal (e.g., timing of rising and falling edges)
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can be used to control when a force sensing operation is performed and when a touch
sensing operation is performed, respectively.

[0088] FIG. 11 is a flowchart of a method for performing multiple functions with a display
in an electronic device. Initially, the signals for a refresh operation are produced at block
1100. As previously described, one or more refresh operations can be performed during a
pixel refresh time period. Next, as shown in block 1102, one or more signals can be
transmitted to indicate a refresh operation is being performed. The one or more signals can
be transmitted to a force sensing device and/or to a touch sensing device. In some
embodiments, a touch sync (TSync) signal can be transmitted to the touch sensing device
and a force sync (FSync) signal to the force sensing device.

[0089] A determination is then made at block 1104 as to whether one or more signals
are to be transmitted to a force sensing device during the refresh operation. In some
embodiments, a force excitation signal can be transmitted to the force sensing device during
the refresh operation, but a force sense signal may not be received from the force sensing
device. This can save power and maintain a consistent look on the display. For example,
the force excitation signal may be transmitted to maintain a signal level and/or noise level on
the display so that the look of the display is substantially consistent to a user.

[0090] If one or more signals are to be transmitted to a force sensing device, the
process passes to block 1106 where one or more force excitation signals are received by the
force sensing device. The one or more signals can be received during a first time period,
which is the time period in which a force sensing operation can be performed. Additionally,
one or more force sense signals can be received from the force sensing device during the
first time period.

[0091] If one or more signals are not transmitted to a force sensing device, the method
continues at block 1108 where a determination is made as to whether one or more signals
are to be transmitted to a touch sensing device. In some embodiments, a touch excitation
signal can be transmitted to the touch sensing device and a touch sense signal can be

received from the touch sensing device when performing a touch sensing operation.

[0092] If one or more signals are to be transmitted to a touch sensing device, the
process passes to block 1110 where one or more touch excitation signals are received by
the touch sensing device and one or more touch sense signals are received from the touch
sensing device. The one or more touch excitation signals and touch sense signals can be
received during a second time period, which is the time period in which a touch sensing
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operation can be performed. The second time period does not overlap with the first time
period of a force sensing operation in some embodiments.

[0093] If one or more signals are not transmitted to a touch sensing device, the method
continues at block 1112 where a determination is made as to whether another refresh
operation is to be performed. If so, the process returns to block 1100. If another refresh
operation is not to occur, the method can wait until a refresh operation is to be performed.

[0094] Referring now to FIG. 12, there is a flowchart of a method for determining timing
signals for a force sensing device. The embodiment of FIG. 12 can be performed when an
electronic device is manufactured or at select times during use of the electronic device. In
some embodiments, a display that has a variable refresh rate can perform the method when
the refresh rate changes.

[0095] Initially, the pixel refresh time period is determined at block 1200. Some of the
pixels in a display can be refreshed during the pixel refresh time period, or all of the pixels
can be refreshed during the pixel refresh time period. A determination is then made at block
1202 as to whether or not a single refresh operation is to be performed during the pixel
refresh time period. If more than one refresh operation is to be performed, the process
passes to block 1204 where the time period for each refresh operation is determined.
Thereatfter, or if only one refresh operation is to be performed, the method continues at block
1206 where a time period for each force sensing operation is determined. The timing for the
control and operational signals for each time period in block 1206 are then determined at
block 1208. By way of example only, the timing for the FSync signal, a force excitation
signal, and a force sense signal are determined in some embodiments. The timing and/or
the signals can then be stored in a storage device, as shown in block 1210 (e.g., storage
device 504 in FIG. 5).

[0096] FIG. 13 is a flowchart of a method for determining timing signals for a touch
sensing device. As with the method shown in FIG. 12, the embodiment of FIG. 13 can be
performed when an electronic device is manufactured or at select times during use of the
electronic device. In some embodiments, a display that has a variable refresh rate can
perform the method when the refresh rate changes.

[0097] Initially, the refresh rate of the display is received (block 1300) and the pixel
refresh time period determined (block 1302). Some of the pixels in a display can be
refreshed during the pixel refresh time period, or all of the pixels can be refreshed during the
pixel refresh time period. A determination is then made at block 1304 as to whether or not
one or more touch sensing operations are to be performed during the pixel refresh time
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period. If so, the process passes to block 1306 wherein a second time period within the
pixel refresh time period is determined for the performance of each touch sensing operation.
Thereatfter, the timing for the signals (e.g., control and operational signals) for the touch
sensing device for each second time period is determined at block 1308. By way of example
only, the timing for the TSync signal, a touch excitation signal, and a touch sense signal are
determined in some embodiments. The timing and/or the signals can then be stored in a
storage device, as shown in block 1310 (e.g., storage device 504 in FIG. 5).

[0098] Returning to block 1304, if one or more touch sensing operations are to be
performed outside of the pixel refresh time period, the method passes to block 1312 where a
second time period outside of the pixel refresh time period is determined for each touch
sensing operation. Thereafter, the timing for the signals (e.g., control and operational
signals) for the touch sensing device for each second time period are determined (block
1308) and can be stored in a storage device (block 1310).

[0099] In some embodiments, a power saving mode can be included in an electronic
device where the display, touch sensing device, and/or force sensing device operate at a
reduced rate than the rate in the non-power saving mode (active mode). By way of example
only, the touch sensing device can operate every two or three frames until the touch sensing
device is awakened. The touch sensing device operates at a faster rate when active or
awake. Similarly, the force sensing device operates at a reduced rate when in a power
saving mode. As described earlier, a force excitation signal may be transmitted to the force
sensing device to maintain a regular signal or noise level, which can maintain a consistent
look to the display. When in a power saving mode, the touch sensing device and the force
sensing device do not have to both be operating at the same rate. For example, the touch
sensing device can run at a faster rate than the touch sensing device. As an example, the
touch sensing device can run at 20 Hz while the force sensing device runs at 2 Hz.

[00100] In some embodiments, there are frames where the display is not active while the
touch sensing device and the force sensing device is active. Alternatively, the display and
the touch sensing device may be active while the force sensing device is not active.
Similarly, the display and the force sensing device may be active while the touch sensing
device is not active.

[00101] In some embodiments, the FSync signal can be transmitted independent of the
display. The display can be turned off and an FSync signal can be received by the force
sensing device to cause the force sensing device to operate while the display is off. The
force sensing device can be used with the display off to calibrate the force sensing device.
Additionally or alternatively, the force sensing device can be used to wake the display and/or
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the system. The same can be used for the touch sensing device, where a TSync signal can
be received by the touch sensing device to cause the touch sensing device to operate while
the display is off. The touch sensing device can be used with the display off to calibrate the
touch sensing device. Additionally or alternatively, the touch sensing device can be used to
wake the display and/or the system.

[00102] In some embodiments, the system can detect the noise pulses (e.g., 808 in FIG.
8) and the timing of the FSync and/or TSync signals timed to the detected noise pulses. For
example, a force excitation signal can be transmitted 2 ms after a noise pulse is detected
and a force sense signal received 5 ms after the noise pulse. Similarly, a touch excitation
signal can be transmitted 3 ms after a noise pulse is detected and a touch sense signal
received 6 ms after the noise pulse. Embodiments can select any given times for

transmitting excitation signals and receiving sense signals.

[00103] Embodiments described herein use a form of time division multiplexing for
performing touch and force sensing operations. Other embodiments can use a form of
frequency division multiplexing to operate force and touch sensing devices.

[00104] Various embodiments have been described in detail with particular reference to
certain features thereof, but it will be understood that variations and modifications can be
effected within the spirit and scope of the disclosure. For example, a device other than a
touch sensing device and/or a force sensing device can share at least a portion of the
display area. By way of example only, a fingerprint sensor can use at least a portion of the
top surface of the display as an input surface.

[00105] Even though specific embodiments have been described herein, it should be
noted that the application is not limited to these embodiments. In particular, any features
described with respect to one embodiment may also be used in other embodiments, where
compatible. Likewise, the features of the different embodiments may be exchanged, where
compatible.
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CLAIMS
What is claimed is:

1. A method for operating a system that includes a display, a force sensing device, and
a touch sensing device, the force sensing and touch sensing devices each sharing at least a
portion of an area of the display, the method comprising:

performing a refresh operation on at least a portion of the pixels in the display during
a pixel refresh time period;

performing a force sensing operation in the force sensing device during a first time
period that occurs during the pixel refresh time period.

2. The method as in claim 1, further comprising performing a touch sensing operation in
the touch sensing device during a second time period.

3. The method as in claim 2, wherein the second time period occurs outside of the pixel
refresh time period.

4, The method as in claim 2, wherein the second time period occurs during the pixel
refresh time period and the first and second time periods comprise distinct non-overlapping
time periods.

5. The method as in claim 1, wherein the first time period substantially equals the pixel
refresh time period.

6. The method as in claim 1, wherein the first time period is less than the refresh time
period.

7. A method for operating multiple functions in an area of a display, the method
comprising:

during a pixel refresh time period, performing a refresh operation on at least a portion
of the pixels in the display; and

during at least a portion of the pixel refresh time period, receiving a force sync signal
to indicate a first time period in which a force sensing operation can be performed in a force
sensing device.

8. The method as in claim 7, wherein the force sync signal comprises at least one
pulse, wherein each pulse occurs when at least a portion of the pixels in the display are
refreshed.

9. The method as in claim 7, further comprising during the first time period receiving at

the force sensing device one or more force excitation signals.
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10. The method as in claim 9, further comprising during the first time period receiving
from the force sensing device one or more force sense signals.

11. The method as in claim 7, further comprising receiving a touch sync signal that
indicates a second time period in which a touch sensing operation can be performed in a
touch sensing device.

12. The method as in claim 11, further comprising during the second time period,
receiving at the touch sensing device one or more touch excitation signals and receiving

from the touch sensing device one or more touch sense signals.

13. The method as in claim 11, wherein the first time period and the second time period
occur during the pixel refresh time period.

14. A system, comprising:

a display comprising a plurality of pixels;

a force sensing device;

a touch sensing device, wherein the force sensing device and the touch sensing
device each share at least a portion of an area of the display; and

a controller operatively connected to the display, to the force sensing device, and to
the touch sensing device, wherein the controller is adapted to transmit during a pixel refresh
time period a first sync signal that is received by the force sensing device indicating a first
time period in which a first operation associated with the force sensing device can be
performed.

15. The system as in claim 14, wherein the first operation comprises a force sensing
operation.

16. The system as in claim 15, wherein the controller is further adapted to transmit during
the pixel refresh time period a second sync signal that is received by the touch sensing
device indicating a second time period in which a touch sensing operation in the touch
sensing device can be performed, wherein the force sensing operation and the touch
sensing operation occur at different distinct time periods within the pixel refresh time period.

17. The system as in claim 15, wherein the controller is further adapted to transmit
outside of the pixel refresh time period a second sync signal that is received by the touch
sensing device indicating a second time period in which a touch sensing operation can be
performed in the touch sensing device.

18. The system as in claim 14, wherein the controller comprises the display controller.
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19. The system as in claim 14, further comprising a processing device that determines
an amount of force applied to an input surface based on one or more force sense signals

received from the force sensing device.

20. The system as in claim 20, wherein the processing device determines a location of at
least one touch on an input surface based on one or more touch sensing signals received

from the touch sensing device.
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