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METHODS AND APPARATUS TO DETECT A TOUCH PATTERN

RELATED APPLICATIONS

[0001] This application claims the priority benefit of U.S. Provisional Application No.

61/703,376, filed September 20, 2012, which is incorporated herein by reference in its entirety.

TECHNICAL FIELD

[0002] The subject matter relates to the field of interpreting user input. More
specifically, but not by way of limitation, the subject matter discloses techniques for detecting a

touch pattern.

BACKGROUND

[0003] Computing devices, such as notebook computers, personal digital assistants,
mobile communication devices, portable entertainment devices (e.g., handheld video game
devices, multimedia players), and set-top-boxes (e.g., digital cable boxes, digital video disc
(DVD) players) may include user interface devices that facilitate interaction between a user and
the computing device. Computing devices, including those designed to function at least part of
the time on battery power, may operate in multiple power consumption modes including one or
more low power modes that consume less power relative to another power consumption mode.
Various forms of user input may be used to transition a computer device to and from different
power consumption modes.

[0004] One type of user interface device that has become more common operates by way
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of capacitance sensing. A capacitance sensing system may include a touchscreen, touch-sensor
pad, a touch-sensor slider, or touch-sensor buttons, and may include an array of one or more
capacitive sensor elements. Capacitive sensing typically involves measuring, through sensor
signals, a change in capacitance associated with the capacitive sensor elements to determine a

presence of a conductive object relative to the capacitive sensor elements.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0005] Some embodiments are illustrated by way of example and not limitation in the
figures of the accompanying drawings in which:

[0006] FIG. 1 is a block diagram illustrating a sensing system, in accordance with
various embodiments;

[0007] FIG. 2 is a block diagram illustrating a touch interface including a capacitive
sensor matrix, in accordance with various embodiments;

[0008] FIG. 3 is a block diagram illustrating the sensing module of FIG. 1, in accordance
with embodiments;

[0009] FIG. 4 is a block diagram illustrating N scan modes used to detect M portions of a
touch pattern, in accordance with embodiments;

[0010] FIG. 5 is a block diagram illustrating two scan modes used to detect a touch
sequence, in accordance with an embodiment;

[0011] FIG. 6 is a table diagram illustrating selected duration ranges for portions of a
valid touch sequence of FIG. 5, in accordance with an embodiment;

[0012] FIG. 7 is a table diagram illustrating ranges of actual detections for portions of the
touch sequence of FIG. 5 to be considered to fall within the selected durations ranges of FIG.6,
in accordance with an embodiment;

[0013] FIG. 8 is a block diagram illustrating a targeted area and a targeted sub-area of a
capacitive sensor matrix, in accordance with an embodiment;

[0014] FIG. 9 is a flow diagram illustrating a method for detecting a touch pattern, in

accordance with an embodiment;
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[0015] FIG. 10 is a block diagram illustrating an electronic system to detect a presence of
a conductive object on a capacitive sensor array, in accordance with various embodiments;

[0016] FIG. 11 is a table diagram illustrating power states of an electronic system, in
accordance with an embodiment; and

[0017] FIG. 12 is a state diagram illustrating power states of an electronic system and

transitions between the power states, in accordance with an embodiment.
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DETAILED DESCRIPTION

[0018] Methods and apparatus to detect a touch pattern are described. In the following
description, for purposes of explanation, numerous examples are set forth in order to provide a
thorough understanding of the embodiments. It will be evident to one skilled in the art that the
claimed subject matter may be practiced in other embodiments. The detailed description
discloses examples of technology that, among other things, uses multiple scan modes to detect a
touch pattern. Some embodiments are now briefly introduced and then discussed in more detail
along with other embodiments beginning with FIG. 1.

[0019] Some touchscreen devices, such as cell phones or tablets, operate in a low power
consumption mode (e.g., a sleep mode) for a significant portion of their service life rather than in
a higher power consumption mode under which the device may also operate. In such a device,
power consumption can be reduced, for example, by removing power as part of the low power
consumption mode from a display (e.g., liquid crystal display (LCD), light-emitting diode (LED)
display, active matrix organic light emitting display (AMOLED)), host resources of the device,
and/or by reducing power to a touch controller of the device. The process of a device
transitioning from a lower power consumption mode to a higher power consumption mode is
sometimes referred to as “waking up.” Some devices are configured to wake up when a user
provides input such as by pressing a mechanical button of the device or by causing all or part of
the device to accelerate (e.g., by shaking or tapping the device).

[0020] Embodiments described herein allow a device to wake up responsive to a user
inputting a touch pattern to a touch interface of the device. This, wake up can be accomplished

without a need for mechanical buttons or accelerometers and while minimizing both surface area



WO 2014/046711 PCT/US2013/021393

used by components and the power consumption associated with sensing a wake up touch pattern
provided by a user. A touch pattern and/or a portion thereof may include one or more of a start
of a touch, lift-off of a touch, durations of one or more touches, a duration between touches, a
sequence of touches, shapes of one or more touches, positions of one or more touches,
movements of one or more touches, multiple simultaneous touches, proximities or hovering of
one or more input objects over a touch interface, forces associated with one or more touches,
other attributes of a touch pattern, and/or a combination of these.

[0021] In an embodiment, a touch controller operates in multiple scan modes to
recognize a touch pattern indicating that processing and other higher-level resources (e.g.,
display, radio, haptics engine) should wake up. In various embodiments, which are described
further below, a scan mode may have characteristics such as, scan frequency (e.g., scan rate or
refresh rate), sensing type (e.g., self-capacitance scans, mutual-capacitance scans, or hybrid
sensing modes containing elements of both self- and mutual-capacitance), scan locations (e.g.,
scanning targeted portions of the touch input surface), other characteristics, and/or combinations
thereof.

[0022] The scan rates (e.g., of the scan modes) can be tuned to minimize power
consumption while still allowing reliable detection of touch patterns (e.g., a touch sequence such
as a double tap). In an embodiment, the touch controller detects a first portion of the touch
pattern through a first scan mode (e.g., the first scan mode including a relatively lower scan rate)
and detects a second portion of the touch pattern through a second scan mode (e.g., the second
scan mode including a relatively higher scan rate). In an embodiment, the first scan mode with
the lower scan rate consumes less power than the second scan mode with the higher scan rate and

the touch controller remains in the lower power consumption first scan mode until the first
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portion of the touch pattern is detected. In embodiments, scan modes including self-capacitance
scans and/or scanning targeted areas of the touch interface for a touch pattern reduces scan time,
and thus, reduces power consumption. Separating touch pattern recognition into different scan
modes can minimize a sensing system’s overall power consumption. In an embodiment,
recognizing the touch pattern triggers the device to wake up. It will be noted that recognizing the
touch pattern may alternatively or additionally enable or initiate some other device function such
as allowing access to a protected memory or other protected area of the device.

[0023] When the embodiments described herein are performed by a touch controller of a
device, other processors of the device may be allowed to sleep while only the touch controller
looks for a wake event, thus saving power. Furthermore, the described embodiments provide for
wake-up without the need of a physical button or accelerometer, thus saving material costs,
avoiding failure modes of physical parts, or enabling redundant wake capabilities in case one
becomes non-operative. Characteristics of the multiple scan modes may be configurable to meet
performance targets while minimizing scan frequency, scan time, and scan area, so as to
minimize overall power consumption of the device.

[0024] The detailed description below includes references to the accompanying
drawings, which form a part of the detailed description. The drawings show illustrations in
accordance with embodiments. These embodiments, which are also referred to herein as
“examples,” are described in enough detail to enable those skilled in the art to practice
embodiments of the claimed subject matter. The embodiments may be combined, other
embodiments may be utilized, or structural, logical, and electrical changes may be made without
departing from the scope of what is claimed. The following detailed description is, therefore, not

to be taken in a limiting sense, and the scope is defined by the appended claims and their
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equivalents.

[0025] FIG. 1 is a block diagram illustrating a sensing system 100, in accordance with
various embodiments. The sensing system 100 includes a touch interface 102 coupled with a
sensing module 106. For some embodiments, the touch interface 102 may include the sensing
module 106 (e.g., which may provide functionality of a touch controller). The touch interface
102 receives input from a user through an input object 110 (e.g., a stylus, a finger, or any other
object used to provide input). The touch interface 102 may include a touch pad, a touchscreen,
or any touch input interface. In various embodiments, the sensing system 100 may provide the
functionality of a touchscreen, a touchpad, a slider, a button, a switch, a level sensor, a proximity
sensor, a displacement sensor, a combination thereof, or provide some other functionality based
on a detection of a user input.

[0026] The touch interface 102 includes sensors 104. In various example embodiments,
the sensors 104 may include one or more of light-sensitive elements, light emitting elements,
photosensitive elements, pressure sensitive elements, and/or capacitive sensor elements. In some
embodiments, the sensors 104 are embedded into an image display of the touch interface 102.
This is sometimes referred to as in-cell sensing. For example, a photosensitive element may be
embedded into each display pixel of the image display. The photosensitive elements sense light
reflected by an input object back into the cell, or may detect a shadow cast by an object on the
surface of the display.

[0027] The input object 110 is shown to be proximate to or in contact with the touch
interface 102 and is used to provide input to the touch interface 102. In this example, the input
object 110 is a stylus. In an embodiment, the diameter of the stylus is around 1 mm, which is

considerably less than the diameter of a typical finger. The input object 110 may be a non-
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conductive object, a conductive object, and/or may produce light or other energy to be sensed
through the sensors 104, without departing from the claimed subject matter. In an embodiment,
the input object 110 is passive meaning that it is not electrically powered to provide input to the
touch interface 102. Alternatively or additionally, the input object 110 may be active meaning
that it is electrically powered to provide input to the touch interface 102. The input object 110
may be fixed in position or moveable in position relative to the touch interface 102. For
example, a user may move the input object 110 relative to the touch interface 102. The user may
include a human, a mechanism, a machine, and/or programmed instructions. Alternatively or
additionally, the touch interface 102 may be allowed to move relative to a fixed or movable input
object 110.

[0028] The sensing module 106 senses or detects, using the sensors 104, a presence of
one or more input objects proximate or in contact with one or more of the sensors 104 of the
touch interface 102. The sensing module 106 may perform operations (e.g., scan operations) to
sense, using the sensors 104, signals indicating the presence of the one or more input objects
(e.g., the input object 110). Depending on the type of sensors used and what properties they
sense, a sensor signal may indicate a pressure applied to the touch interface 102, light (e.g.,
infrared light) associated with an input object, an image associated with an input object, a
capacitance of the sensors 104 and/or a change in capacitance of one or more of the sensors 104
when an input object is proximate to or in contact with the touch interface 102. The transmission
media 108 may include any medium appropriate for the scan operation and through which the
sensor signals may be conveyed. For some embodiments, the transmission media 108 includes
metal traces (e.g., copper wire) coupled to the sensors. An example of the touch interface 102

and the arrangement of its sensor elements are now discussed with respect to FIG. 2.
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[0029] FIG. 2 is a block diagram illustrating a touch interface 202 including a capacitive
sensor matrix 205, in accordance with various embodiments. FIG. 2 includes rows Rg—Ry; 230
and columns Cy—C;; 240 of sensor elements 204 arranged in a matrix. The rows Ro—R;; 230 and
the columns Cy—Cj; 240 of sensor elements 204 are shown to be coupled with the sensing
module 206. In scan operations described in more detail below, each of the rows Ro—Rj; 230 and
each of the columns Cy—Cj; 240 of sensor elements may operate as both transmit and receive
electrodes.

[0030] In the capacitive sensor matrix 205, each of the rows Rg—R; 230 of the sensor
elements 204 is shown to cross with each of the columns Cy—C;; 240 of the sensor elements 204.
In an embodiment, galvanic isolation is maintained between the rows Ro—R;; 230 and the
columns Cy—Cj; 240. In an embodiment, each of the columns Co—C;; 240 may be associated
with an X-coordinate or range of X-coordinates of the X-Y plane 215 and each of the rows Ro—
R11 230 may be associated with a Y-coordinate or range of Y-coordinates of the X-Y plane 215.

[0031] Although the sensor elements 204 are shown to be diamond shaped, one or more
of the sensor elements 204 may be formed of other shapes (e.g., lines, stripes, bars, triangles,
snowflakes, and/or any other shape) and be organized in various other patterns (e.g.,
intersections, concentric circles, saw tooth pattern, Manhattan pattern, and/or other patterns)
without departing from the claimed subject matter. The sensor elements 204 may comprise all or
a portion of the surface area of the touch interface 202. The sensor elements 204 and patterns of
the sensor elements 204 may be formed on or through one or more layers of the touch interface
202.

[0032] A touch 220 proximate to or in contact with the sensing module 206 is shown

relative to the sensor elements 204 where a conductive object is placed relative to the touch
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interface 202. As will be discussed below beginning with FIG. 3, the sensing module 206 may
operate in various scan modes to detect touches and the sensing module 206 may detect a touch
pattern using multiple scan modes. The detected touch pattern may be used as input (e.g., a
gesture) to the sensing system 100 or to a system external to the sensing system 100.

[0033] FIG. 3 is a block diagram illustrating the sensing module 206 of FIG. 2, in
accordance with embodiments. The sensing module 206 includes a scan module 310, a presence
module 320, a mode selection module 360, a touch pattern module 340, a position module 330,
and a memory 370 coupled to one another through a bus 319, any of which may be implemented
using hardware, software, or a combination of hardware and software.

[0034] In an embodiment, the scan module 310 scans the sensor elements 204 of the
touch interface 202 for sensor signals and the presence module 320 can determine, based on the
sensor signals, whether one or more conductive objects are proximate to or in contact with the
touch interface 202. A detected touch may include one actual touch or multiple actual touches.
In an example scan operation, the scan module 310 excites one or more of the sensor elements
204 and then receives, from the same or other of the sensor elements 204, a sensor signal that
reflects a capacitance associated with the excited one or more sensor elements 204 and the
associated touch object(s). The frequency of the scan operation is the frequency in hertz (Hz), in
which all of the targeted sensors get measured for changes in capacitance (e.g., 120 Hz). The
frequency of the scan may also be referred to as the refresh rate or the scan rate. It will be noted
that the number of targeted sensors may be varied from scan to scan. The scan module 310 may
include an analog-to-digital converter (not shown) to convert sensor signals, which in this
embodiment are analog captures of voltage and charge, to digital representations. The presence

module 320 can then detect presence of a conductive object if, for example, the digital value
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meets or exceeds a threshold of an equivalent capacitance or falls within upper and lower
threshold levels.

[0035] The sensor signal that reflects the capacitance, introduced above, may reflect a
self-capacitance between one or more of the sensor elements 204 and a ground reference (not
shown). For example, the scan module 310 may excite (e.g., apply a signal to) an electrode (e.g.,
the row R4 222 of FIG. 2) and then receive the sensor signal through the same electrode (e.g., the
row Ry 222) that represents the self-capacitance between the row R4 222 and the ground
reference. In an embodiment, the presence module 320 can detect the presence of the touch 220
proximate to row R4 222, based on a difference between the measured self-capacitance when the
touch 220 is not present and the measured self-capacitance when the touch 220 is present. This
is an example of an axial scan mode in which a sensor signal of each scanned electrode can
indicate presence of an input object relative to that electrode but does not indicate where along
the electrode the presence is located. For some embodiments, self-capacitance scans consume
less energy (e.g., due to shorter scan time and fewer measurements needed) than the mutual-
capacitance scans discussed below.

[0036] The sensor signal that reflects the capacitance, introduced above, may reflect a
mutual-capacitance between two or more of the sensor elements 204. Referring again to FIG. 2,
the scan module 310 may excite a transmit electrode (e.g., row R4 222) and then receive a sensor
signal through a receive electrode (e.g., column C; 224) that represents a mutual-capacitance
between the sensor electrodes where the transmit electrode (e.g., row R4222) and the receive
electrode (e.g., column C, 224) cross. The presence module 320 can detect the presence of the
touch 220 based on the measured mutual-capacitance when the touch 220 is not present and the

measured mutual-capacitance when the touch 220 is present. This is an example of an all points
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addressable scan mode in which the change in mutual-capacitance of each scanned transmit-
receive electrode intersection can indicate presence at that intersection.

[0037] In an embodiment, each electrode (e.g., the columns Cy—Cy; 240) is associated
with a position coordinate (e.g., an X-coordinate) along an axis. The position module 330 can
determine the position coordinate (e.g., the X-coordinate) of a touch as the position coordinate of
the electrode where the peak change in sensor signal, for example, is observed. Alternatively or
additionally, the position module 330 may determine the position coordinate of the touch through
finding the centroid of sensor signals distributed over multiple adjacent electrodes. In an
embodiment, the scan module 310 can switch the designation of transmit and receive electrodes
between the rows Ro—R;; 230 and the columns Cy—C;; 240 and the presence module 320 and
position module 330 can detect presence and determine position (e.g., X-Y position) along
multiple axes (e.g., in the X-Y plane 215 of FIG. 2) based on the switched designation of
transmit and receive electrodes.

[0038] The scan module 310 may include or utilize a multiplexer or switch matrix (not
shown) to distribute excitation signals to one or more selected electrodes where the selected
electrodes are the total set or a subset of the total set of electrodes available for excitation.
Likewise, the scan module 310 may include or utilize the same or a different multiplexer (not
shown) to receive current from one or more selected electrodes. In this way, the scan module
310 can scan selected portions or areas (e.g., targeted portions) of the capacitive sensor matrix
205 in an axial scan mode and/or an all points addressable scan mode for presence of an input
object. In embodiments, scanning a targeted portion of the capacitive sensor matrix 205 requires
less energy than scanning the entire capacitive sensor matrix 205. Furthermore, unintentional

touches placed proximate to un-scanned portions of the capacitive sensor matrix 205, for
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example, fingers gripping a hand-held device, will not be detected.

[0039] The scan module 310 may operate in different scan modes. A scan mode may be
characterized by scan frequency, the property measured by the scan (e.g., self-capacitance,
mutual-capacitance), the number and location of sensors scanned, how the sensors are excited
(e.g., through current), power consumption of the scan, and other characteristics of a scan
operation. For example, one scan mode of the scan module 310 may include a self-capacitance
scan of the columns Cy—Cy; 240 of FIG. 2 at 20 Hz while another scan mode may include a self-
capacitance scan of the same columns Cy—C; 240 at 50 Hz. Yet another example scan mode of
the scan module 310 may include a mutual-capacitance scan of the capacitive sensor matrix 205
(e.g., all intersections or targeted intersections) at 120 Hz. Thus, in various embodiments,
different scan modes may comprise different combinations of characteristics of a scan operation.

[0040] The touch pattern module 340 is used to detect touch patterns (e.g., a pattern of
one or more touches). A touch pattern may include one or more portions and each portion may
include, for example, a start of a touch, lift-off of a touch, durations of one or more touches, a
duration between touches, a sequence of touches, shapes (e.g., a two or three-dimensional shape)
of one or more touches, positions of one or more touches, movements of one or more touches
(e.g., measured as distance, velocity, acceleration), proximities or hovering of one or more input
objects over a touch interface, forces associated with one or more touches, other attributes of a
touch pattern, and/or a combination of these. Alternatively or additionally to detecting entire
touch patterns, the touch pattern module 340 may detect portions of the touch patterns.

[0041] In some embodiments, different scan modes can be used to detect different
portions of a touch pattern. The mode selection module 360 is used to select a scan mode for the

scan module 310 to operate under as different portions of touch patterns are detected. In an
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embodiment, the mode selection module 360 causes the scan module 310 to switch scan modes
responsive to the presence module 320 and/or the touch pattern module 340 detecting the
presence or absence of a portion of a touch pattern.

[0042] FIG. 4 is a block diagram illustrating N scan modes 410 used to detect M portions
of a touch pattern 402, in accordance with embodiments. FIG. 4 is shown to include a touch
pattern 402 comprised of portion 1 404 and portion 2 406 to portion M 408. The N scan modes
410 of FIG. 4 are to illustrate that the scan module 310 of FIG. 3 can operate in the N scan
modes 410 to achieve the detection of the M portions of the touch pattern 402. For example,
each of portion 1 404 and portion 2 406 through portion M 408 may include one or more of: a
start of a touch, lift-off of a touch, durations of one or more touches, a duration between touches,
a sequence of touches, shapes of one or more touches, positions of one or more touches,
movements of one or more touches, multiple simultaneous touches, proximities or hovering of
one or more input objects over a touch interface, forces associated with one or more touches,
other attributes of a touch pattern, and/or a combination of these. To detect the portions, the scan
module 310 of FIG 3 may operate in the N scan modes 410. As introduced above, the mode
selection module 360 may switch between the N scan modes 410 based on detection of the
various portions (e.g., portion 1 404 and portion 2 406 to portion M 408).

[0043] In embodiments discussed below with respect to FIGS. 5-7, a touch sequence is
discussed, which is an example touch pattern. The touch sequence includes multiple portions
(e.g., starts of touches, lift-off of touches, durations of touches, and duration between touches)
detected through two scan modes and evaluated to determine whether they correspond with a
touch sequence stored in the memory 370 of FIG. 3.

[0044] FIG. 5 is a block diagram showing scan mode 1 532 and scan mode 2 534 used to

15
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detect a touch sequence 502, in accordance with an embodiment. The touch sequence 502 is
modeled by the touch function 512, which in this example indicates a touch 516 as logical low
and no touch 514 as logical high. The touch sequence 502 may be a tap-tap gesture. The
duration T1 522 of the touch function 512 represents the duration of touch 1 508 (e.g., the time
that the input object 504 is on or proximate to the touch interface 506), the duration T2 524
represents the duration of the absence of a touch 509 (e.g., the time that the input object 504 is
not on or proximate to the touch interface 506), and the duration T3 526 represents the duration
of the touch 2 510. T1 522 and T3 526 need not be equal, and likewise, the duration T2 524 of
the absence of a touch need not be equal to either the duration T1 522 or the duration T3 526.
The scan mode 530 shows the scan module 310 of FIG. 3 operating in scan mode 1 532 during
TO 520, transitioning to scan mode 2 534 upon detection of input object 504 on or proximate to
the touch interface 506, and scan mode 2 534 during the remainder of T1 522 and all of T2 524
and T3 526.

[0045] In an embodiment, one portion of the touch sequence 502 includes the start of the
touch 1 508 (e.g., at the transition between TO 520 and T1 522) and responsive to the presence
module 320 of FIG. 3 detecting the start of the touch 1 508, the mode selection module 360 of
FIG. 3 initiates a transition 540 of the scan module 310 from operating in scan mode 1 532 to
operating in scan mode 2 534. The remaining portions of the touch sequence 502 may include
the duration T1 522 of the touch 1 508, the lift-off of touch 1 508, the duration T2 524 of the
absence of a touch 509 between touch 1 508 and touch 2 510, the start of touch 2 510, the
duration T3 526 of the touch 2 510, and the lift-off of touch 2 510. In an embodiment, while the
scan module 310 is operating in scan mode 2 534, the presence module 320 and/or the touch

pattern module 340 of FIG. 3 detect the remaining portions of the touch sequence 502. The
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touch pattern module 340 of FIG. 3 recognizes and detects the touch sequence 502 if the
durations T1 522, T2 524, and T3 526 fall within acceptable (e.g., selected) ranges.

[0046] FIG. 6 is a table diagram illustrating selected duration ranges for portions of a
valid touch sequence, in accordance with an embodiment. The table 600 illustrates duration
ranges, from minimum to maximum, for touch 1 508 (T1 522), the absence of the touch 509 (T2
524), and for touch 2 510 (T3 526). In an embodiment, the selected duration ranges (discussed
below) represent target durations of a valid tap-tap gesture. The selected duration ranges may be
selected based on observed durations associated with user tap-tap gestures, however, other
duration ranges may be used without departing from the claimed subject matter. Using the
selected duration ranges, the touch sequence 502 of FIG. 5 would be considered valid if the
duration T1 522 is between a minimum of 80 ms and a maximum of 120 ms, the duration T2 524
is between a minimum of 80 ms and a maximum of 200 ms, and the duration T3 526 is between
a minimum of 80 ms and a maximum of 120 ms.

[0047] In an embodiment, the sensing system 100 of FIG. 1 consumes less power when
the scan module 310 of FIG. 3 operates in scan mode 1 532 of FIG. 5 than when the scan module
310 of FIG. 3 operates in scan mode 2 534 of FIG. 5. The lower power consumption associated
with scan mode 1 532 may be attributed, at least in part, to a lower scan frequency of scan mode
1 532 compared to the scan frequency of scan mode 2 534. Scanning with lower frequency can
reduce overall power consumption of a system.

[0048] The scan frequency or scan rate of the scan module 310 of FIG. 3 may affect the
resolution of detecting portions (e.g., and durations) of the touch sequence 502 of FIG. 5. For
example, the lower the scan rate, the greater the uncertainty in the time of a touch. The

uncertainty may include uncertainty about the time an input object is placed on a touch interface
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and/or uncertainty about the time the input object is lifted from the touch interface. For example,
referring to the touch sequence 502 of FIG. 5, there may be uncertainty in the time touch 1 508 is
placed on the touch interface 506 plus the uncertainty in the time touch 1 508 is lifted from the
touch interface 506; there may be uncertainty in the time touch 1 508 is lifted from the touch
interface 506 plus uncertainty in the time touch 2 510 is placed on the touch interface 506; and
there may be uncertainty in the time touch 2 510 is placed on the touch interface 506 plus the
uncertainty in the time touch 2 510 is lifted from the touch interface 506.

[0049] In an embodiment, if the scan module 310 of FIG. 3 scans at 20 Hz (e.g., one or
more sensor signals per 50 ms) in scan mode 1 532 of FIG. 5, the uncertainty in the time touch 1
508 is placed is approximately 50 ms because the touch pattern module 340 of FIG. 3 is not able
to determine when touch 1 508 of FIG. 5 was first placed with better than 50 ms granularity. If
the scan module 310 of FIG. 3 scans at 50 Hz (e.g., one or more sensor signals per 20 ms) in
scan mode 2 534 of FIG. 5, the uncertainty in the time when touch 1 508 is lifted from the touch
interface 506, the time touch 2 510 is placed on the touch interface 506, and the time touch 2 510
is lifted from the touch interface 506 is approximately 20 ms because the touch pattern module
340 of FIG. 3 is not able to determine when these events occur with better than 20 ms
granularity. Given the scan rates of scan mode 1 532 and scan mode 2 534 of this example, the
uncertainty associated with detecting the duration T1 522 is approximately 70 ms and the
uncertainty associated with detecting each of the durations T2 524 and T3 526 is approximately
40 ms. The example is continued in the discussion of FIG. 7.

[0050] FIG. 7 is a table diagram illustrating ranges of actual detections for portions of the
touch sequence 502 of FIG. 5 considered to fall within the selected duration ranges of FIG. 6, in

accordance with an embodiment. As discussed with respect to FIG. 5, the scan module 310 of
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FIG. 3 may scan the touch interface 506 at 20 Hz in scan mode 1 532 and then at 50 Hz in scan
mode 2 534. At these scan rates and considering the uncertainties in timing associated with
touch 1 508 and touch 2 510, the touch pattern module 340 of FIG. 3 will determine that the
selected durations shown in the table 600 of FIG. 6 are met according to the values in table 700.
It will be noted that the number of scans and actual duration ranges in table 700 that indicate
whether selected duration ranges are met may be different in other embodiments, without
departing from the claimed subject matter.

[0051] In an embodiment, the touch pattern module 340 of FIG. 3 will determine that T1
522 of FIG. 5 is between 80 ms and 120 ms of FIG. 6 if touch 1 508 of FIG. 5 is proximate to or
in contact with the touch interface 506 and is detected as present for two to six consecutive scans
including a first scan at 20 Hz and one or more subsequent scans at 50 Hz. If touch 1 508 is
detected for less than two scans, or more than six scans (where the first of these scans was the
original detection of touch in scan mode 1 532 of FIG. 5), then the duration of touch 1 508 would
not be considered to fall within a selected duration range of FIG. 6. The touch pattern module
340 of FIG. 3 will determine that T2 524 of FIG. 5 is between 80 ms and 200 ms of FIG. 6 if the
absence of a touch 509 between touch 1 508 and touch 2 510 is detected for four to ten
consecutive scans at 50 Hz. If the absence of a touch 509 is detected for less than four scans, or
more than ten scans, then the absence of a touch 509 would not be considered to fall within a
selected duration range of FIG. 6. The touch pattern module 340 of FIG. 3 will determine that
T3 526 of FIG. 5 is between 80 ms and 120 ms of FIG. 6 if touch 2 510 is proximate to or in
contact with the touch interface 506 and is detected as present for four to six consecutive scans at
50 Hz. If touch 2 510 is detected for less than four scans or more than six scans, then the

duration of touch 2 510 would not be considered to fall within a selected duration range of FIG.
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[0052] In an embodiment, based on the touch pattern module 340 determining the touch
sequence 502 to be invalid, the mode selection module 360 will return the scan module 350 to
scan mode 1 532. Upon recognizing a valid touch sequence, the touch pattern module 340 of
FIG. 3 may initiate a function of the sensing system 100 of FIG. 1 or a function of another
system (not shown).

[0053] When the sensing module 106 of FIG. 1 is programmable (e.g., through
programmable and/or reprogrammable blocks discussed with respect to FIG. 10), numerous
parameters associated with detecting a touch pattern may be programmed and/or reprogrammed
during compile time of the sensing system 100 and/or during run-time of the sensing system 100.
Examples of programmable and reprogrammable parameters may include but not be limited to
characteristics of scan modes discussed above (e.g., scan rate), the minimum and maximum
detection times of the duration T1 522 of FIG. 5, the minimum and maximum detection times of
the duration T2 524, the minimum and maximum detection times of the duration T3 526, the
minimum and maximum area of touch 1 508 and/or touch 510 on the touch interface 506, the
minimum and maximum absolute or relative positions of touch 1 508 and touch 2 510, and the
maximum distance between a determined position of touch 1 508 and a determined position of
touch 2 510. Thus, scan rates can be tuned to minimize power consumption while still allowing
touch sequences and portions thereof to be detected with acceptable levels of confidence. In
addition to reducing the scan rate, further power savings can be achieved by reducing the number
of sensors scanned as described with respect to FIG. 8.

[0054] FIG. 8 is a block diagram illustrating a targeted area 802 and a targeted sub-area

804 of the capacitive sensor matrix 205, in accordance with an embodiment. The scan modes in
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some embodiments described above may include self-capacitance scans (e.g., scans of columns
Cy—Cj; 840) to detect a touch presence along one axis. A reduced number of sensor elements
may be scanned in the scan modes by scanning a targeted area 802 of the capacitive sensor
matrix 205. For example, scan modes may include self-capacitance scans of columns C3
through C8 of the targeted area 802. For example, a lower power consumption associated with
scan mode 1 532 of FIG. 5 may be attributed, at least in part, to a fewer number of sensor
elements being measured when in scan mode 1 532 compared to the number of sensor elements
measured in scan mode 2 534. Scanning the fewer number of sensor elements can reduce overall
power consumption of a system. In an embodiment, the power savings that can be realized by
limiting scanning to targeted areas is roughly linear to the number of sensors scanned.
Furthermore, the potential for detecting unintentional touch sequences can be reduced by
limiting the touch area available to receive input during a scan mode. In some use cases,
unintentional touches occur at the side of the touchscreen, for example, due to a hand holding a
phone including a touchscreen. It will be noted that any number of targeted areas located
anywhere on the capacitive sensor matrix may be defined and scanned as part of one or more of
the scan modes described herein, without departing from the claimed subject matter. For
example, one or more scan modes may include self-capacitance and/or mutual capacitance scans
of the targeted area 802 and one or more other scan modes may include self-capacitance and/or
mutual capacitance scans of the targeted sub-area 804. In some embodiments the targeted sub-
area 804 may include all of the targeted area 802 or other areas of the capacitive sensor matrix
205.

[0055] FIG. 9 is a flow diagram illustrating a method 900 for detecting a touch pattern, in

accordance with an embodiment. A description of the method 900 refers to components of
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drawings referred to above for the purpose of explanation and not to limit the claimed subject
matter. It will be noted that the methods described herein may be performed by hardware,
software, firmware, state machines, or a combination thereof.

[0056] At block 902, the method 900 may include the scan module 310 of FIG. 3
operating in a first scan mode such as scan mode 1 532 of FIG. 5. At block 904, the method 900
may include the presence module 320 of FIG. 3 detecting a first portion of a touch pattern
through the scan module 310 operating in the first scan mode. In the example of FIG. 5, the first
portion may be the start of the touch 1 508 detected by the presence module 320 of FIG. 3 during
scan mode 1 532. The detection of the start of touch 1 508 occurs only if there was first no touch
present in a previous scan of the touch interface 506. In an embodiment, the mode selection
module 360 of FIG. 3 signals the scan module 310 to operate in the second scan mode responsive
to the presence module 320 detecting the start of the touch 508 of the touch sequence 502.

[0057] At block 906, the method 900 may include the scan module 310 of FIG. 3
operating in a second scan mode. As introduced above, scan modes (e.g., the first scan mode and
the second scan mode) can include one or more characteristics including scan frequency, what is
being measured by the scan (e.g., self-capacitance, mutual-capacitance), the number and location
of sensors scanned, how the sensors are excited (e.g., through current), power consumption, and
other characteristics of a scan operation.

[0058] In one embodiment, the scan module 310 is configured to scan at a first frequency
(e.g., 20 Hz) in the first scan mode and scan at a second frequency (e.g., 50 Hz) in the second
scan mode, wherein the second frequency is greater than the first frequency. Alternatively or
additionally, the scan module 310 may scan a targeted area of a touchscreen (e.g., the targeted

area 802 of FIG. 8) when the scan module 310 operates in the first scan mode and the scan
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module 310 may be configured to scan a targeted sub-area of the targeted area (e.g., the targeted
sub-area 804 of FIG. 8) when the scan module 310 operates in the second scan mode.

[0059] At block 908, the method 900 may include the presence module 320 or the touch
pattern module 340 of FIG. 3 detecting a second portion of the touch pattern through the scan
module 310 operating in the second scan mode. In the example of FIG. 5, the remaining
portions of the touch sequence are detected under scan mode 2. For example, the remaining
portions of the touch sequence 502 may include one or more of the duration T1 522 of the touch
1 508, the lift-off of touch 1 508, the duration T2 524 of the absence of a touch 509 between
touch 1 508 and touch 2 510, the start of touch 2 510, the duration T3 526 of the touch 2 510,
and the lift-off of touch 2 510.

[0060] At block 910, the method 900 may include the touch pattern module 340 of FIG.
3 recognizing the touch pattern based on the detection of the first portion of the touch pattern and
the second portion of the touch pattern. For example, the touch pattern module 340 may
recognize the touch sequence 502 of FIG. 5 based on a determination that the duration T1 522 of
touch 1 508, the duration T3 526 of touch 2 510, and the duration T2 524 between touch 1 508
and touch 2 510, fall within the selected duration ranges discussed with respect to FIG. 6. For
different embodiments, the touch pattern module 340, responsive to detecting the touch pattern,
may generate a signal to initiate an operation such as a wake-up signal to wake-up circuitry (e.g.,
a processor discussed below with respect to FIG. 10) from a sleep mode, generate an access
signal to allow access to protected content, or generate a signal to initiate other functionality.

[0061] FIG. 10 is a block diagram illustrating an electronic system 1000 to detect a
presence of a conductive object on a capacitive sensor array 1020, in accordance with various

embodiments. The electronic system 1000 includes a processing device 1010, the capacitive
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sensor array 1020, touch-sensor buttons 1040, host processor 1050, embedded controller 1060,
and non-capacitance sensor elements 1070. The processing device 1010 may include analog
and/or digital general-purpose input/output (“GP10O”) ports 1007. GPIO ports 1007 may be
programmable.

[0062] A digital block array of the processing device 1010 may be configured to
implement a variety of digital logic circuits (e.g., DACs, digital filters, or digital control systems)
using, in one embodiment, configurable user modules (“UMs”). The digital block array may be
coupled to a system bus. Processing device 1010 may also include memory, such as random
access memory (“RAM?”) 1005 and program flash 1004. RAM 1005 may be static RAM
(“SRAM?”), and program flash 1004 may be a non-volatile storage, which may be used to store
firmware (e.g., control algorithms executable by processing core 1002 to implement operations
described herein). The memory may include instructions that when executed perform the
method described herein. Processing device 1010 may also include a microcontroller unit
(“MCU”) 1003 coupled to the memory and the processing core 1002.

[0063] As illustrated, capacitance sensor 1001 may be integrated into processing device
1010. Capacitance sensor 1001 may include analog 1/O for coupling to an external component,
such as capacitive sensor array 1020, touch-sensor buttons 1040, and/or other devices.
Capacitance sensor 1001 and processing device 1010 are described in more detail below.

[0064] The embodiments described herein can be used in any capacitive sensor array
application, for example, the capacitive sensor array 1020 may be a touch screen, a touchpad, a
touch-sensor slider, or touch-sensor buttons 1040 (e.g., capacitance sensor buttons).
Embodiments described herein may include, but not be limited to, notebook pointer operations,

lighting control (dimmer), volume control, graphic equalizer control, speed control, or other

24



WO 2014/046711 PCT/US2013/021393

control operations requiring gradual or discrete adjustments. It will also be noted that these
embodiments of capacitive sense implementations may be used in conjunction with non-
capacitive sensor elements 1070, including but not limited to pick buttons, sliders (e.g., display
brightness and contrast), scroll-wheels, multi-media control (e.g., volume, track advance)
handwriting recognition, and numeric keypad operation.

[0065] In one embodiment, the electronic system 1000 includes a capacitive sensor array
1020 of sensor elements coupled to the processing device 1010 via bus 1021. In an embodiment,
the capacitive sensor array may include sensor elements 204 of FIG. 2. The capacitive sensor
array 1020 of the sensor elements may include a one-dimensional sensor array in one
embodiment and a two dimensional sensor array in another embodiment. Alternatively or
additionally, the capacitive sensor array 1020 of the sensor elements may have more dimensions.
The capacitive sensor array 1020 may employ projected capacitive technology in which the
capacitive sensor elements of the capacitive sensor array are formed in one or more layers upon a
substrate (not shown) of the capacitive sensor array 1020. For example, the capacitive sensor
elements may be patterned over an image display (e.g., a liquid crystal display) in one or more
layers of transparent conducting film deposited on a glass, plastic, or other transparent substrate.
A protective transparent layer (e.g., glass or plastic film) may cover the capacitive sensor
elements to shield them from environmental damage. In another embodiment the substrate, or
protective layer, or both substrate and protective layer may be opaque.

[0066] Also, in one embodiment, the capacitive sensor array 1020 of the sensor elements
may be sliders, touchpads, touch screens, or other sensing devices. In another embodiment, the
electronic system 1000 includes touch-sensor buttons 1040 coupled to the processing device

1010 via bus 1041. Touch-sensor buttons 1040 may include a single-dimension or multi-

25



WO 2014/046711 PCT/US2013/021393

dimension sensor array. The single- or multi-dimension sensor array may include multiple
sensor elements. For a touch-sensor button, the sensor elements may be coupled together to
detect a presence of a conductive object over the entire surface of the sense device.
Alternatively, the touch-sensor buttons 1040 may have a single sensor element to detect the
presence of a conductive object. In one embodiment, touch-sensor buttons 1040 may include a
capacitive sensor element. Capacitive sensor elements may be used as non-contact sensor
elements. These sensor elements, when protected by an insulating layer, offer resistance to
severe environments.

[0067] The electronic system 1000 may include any combination of one or more of the
capacitive sensor array 1020, and/or touch-sensor buttons 1040. In another embodiment, the
electronic system 1000 may also include non-capacitance sensor elements 1070 coupled to the
processing device 1010 via bus 1071. The non-capacitance sensor elements 1070 may include
buttons, light emitting diodes (“LEDs”), information displays (e.g., LCD, AMOLED) and other
user interface devices, such as a mouse, a keyboard, or other functional keys that do not require
capacitance sensing. In one embodiment, busses 1071, 1041, and 1021 may be a single bus.
Alternatively, these buses may be configured into any combination of one or more separate
buses.

[0068] Processing device 1010 may include internal oscillator/clocks 1006 and
communication block (“COM”) 1008. The oscillator/clocks block 1006 provides clock signals
to one or more of the components of processing device 1010. Communication block 1008 may
be used to communicate with an external component, such as a host processor 1050, via host
interface (“I/F”) line 1051. Alternatively, processing device 1010 may also be coupled to an

embedded controller 1060 to communicate with the external components, such as host processor
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1050. In one embodiment, the processing device 1010 is configured to communicate with the
embedded controller 1060 or the host processor 1050 to send and/or receive data. In one
embodiment, the processing device 1010 contains all the functionality of the host 1050 such that
host interface line 1051 is not present.

[0069] Processing device 1010 may reside on a common carrier substrate such as, for
example, an integrated circuit ("IC”) die substrate, a multi-chip module substrate, or the like.
Alternatively, the components of processing device 1010 may be one or more separate integrated
circuits and/or discrete components. In one exemplary embodiment, processing device 1010
may be the Programmable System on a Chip (“PSoC®”) processing device, developed by
Cypress Semiconductor Corporation, San Jose, California. Alternatively, processing device
1010 may be one or more other processing devices known by those of ordinary skill in the art,
such as a microprocessor or central processing unit, a controller, special-purpose processor,
digital signal processor (“DSP”), an application specific integrated circuit (“ASIC”), a field
programmable gate array (“FPGA”), or the like.

[0070] It will also be noted that the embodiments described herein are not limited to
having a configuration of a processing device coupled to the host processor 1050, but may
include a system that measures the capacitance on the sense device and sends the raw data to
another host computer where it is analyzed by an application. In effect, the processing that is
done by processing device 1010 may also be done in the host computer.

[0071] It is noted that the processing device 1010 of FIG. 10 may measure capacitance
using various techniques, such as self-capacitance sensing and mutual-capacitance sensing. The
self-capacitance sensing mode is also called single-electrode sensing mode, as each sensor

element needs only one connection wire to the sensing circuit. For the self-capacitance sensing
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mode, touching the dielectric surface of capacitive sensor array 1020 proximate to a sensor
element increases the sensor capacitance as the finger capacitance is added to the sensor
capacitance. The mutual-capacitance change is detected in the mutual-capacitance-sensing
mode, wherein each sensor element uses at least two electrodes: one is a transmitter (TX)
electrode and the other is a receiver (RX) electrode. When a finger touches the dielectric surface
of capacitive sensor array 1020 proximate to the crossing of a transmit and receive electrode of
the capacitance sensor array 1020, the capacitive coupling between the receiver electrode and the
transmitter electrode of the capacitance sensor array is decreased as the finger shunts part of the
electric field to ground (e.g., chassis or earth). A stylus 1090 used to provide input to the
capacitive sensor array 1020 may be active or passive. In some embodiments, the processing
device 1010 may provide multi-touch capability through simultaneously detecting multiple
conductive objects proximate to different regions of the capacitive sensor array 1020. In an
embodiment, the processing device 1010 may include and/or provide the functionality of one or
more of the sensing module 106, the scan module 310, the mode selection module 360, the
presence module 320, the position module 330, and the touch pattern module 340, as described
with respect to the figures above.

[0072] Capacitance sensor 1001 may be integrated into the IC of the processing device
1010, or alternatively, in a separate IC. The capacitance sensor 1001 may include relaxation
oscillator (RO) circuitry, a sigma delta modulator (also referred to as CSD) circuitry, charge
transfer circuitry, charge accumulation circuitry, or the like, for measuring capacitance as would
be appreciated by one of ordinary skill in the art having the benefit of this disclosure.
Alternatively, descriptions of capacitance sensor 1001 may be generated and compiled for

incorporation into other integrated circuits. For example, behavioral level code describing
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capacitance sensor 1001, or portions thereof, may be generated using a hardware descriptive
language, such as VHDL or Verilog, and stored to a machine-accessible medium (e.g., CD-
ROM, hard disk, floppy disk, etc.). Furthermore, the behavioral level code can be compiled into
register transfer level (“RTL”) code, a netlist, or even a circuit layout and stored to a machine-
accessible medium. The behavioral level code, the RTL code, the netlist, and the circuit layout
all represent various levels of abstraction to describe capacitance sensor 1001. It will be noted
that the components of the electronic system 1000 may include only some or all of the discrete
components described above, or some combination thereof.

[0073] In one embodiment, electronic system 1000 is used in a notebook computer.
Alternatively, the electronic device may be used in other applications, such as a mobile handset,
a personal data assistant (“PDA”), an electronic tablet, a keyboard, a television, a remote control,
a monitor, a handheld multi-media device, a handheld video player, a handheld gaming device,
or a control panel.

[0074] FIG. 11 is a table diagram illustrating power states of an electronic system, in
accordance with an embodiment. FIG. 12 is a state diagram 1200 illustrating the power states
and transitions between the power states, in accordance with an embodiment. The state diagram
1200 is shown to include the power states: active 1220, look for touch 1222, low power 1224,
tap-tap (active) 1226, tap-tap (look for touch) 1228, and deep sleep 1230. The state diagram
1200 shows transitions between the various states responsive to host commands, touches,
absence of touches, and wake up events.

[0075] Referring to the table 1100 of FIG. 11, in an embodiment, the ACTIVE power
state includes mutual-capacitance scans at 120 Hz, the LOOK FOR TOUCH power state

includes self-capacitance scans at 100 Hz, the LOW POWER power state includes self-
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capacitance scans at 50 Hz, the TAP-TAP (ACTIVE) power state includes self-capacitance scans
at 50 Hz, the TAP-TAP (LOOK FOR TOUCH) power state includes self-capacitance scans at

20 Hz, and no scans are made in the DEEP SLEEP power state. In an embodiment, the ACTIVE
power state consumes tens of mWs, the DEEP SLEEP power state consumers between 1 uW and
10 uW, and the TAP-TAP wake-up states (e.g., including TAP-TAP (ACTIVE) and TAP-TAP
(LOOK FOR TOUCH)) consumes less than one mW of power. The reduced power consumption
of the TAP-TAP wake-up states are due in part to the relatively lower scan frequencies and the
use of self-capacitance scans. It will be noted that the scan rates and sensing types shown in the
table 1100 of FIG. 11 are configurable and the values shown are for illustrative purposes only.
Although the example TAP-TAP wake-up states includes TAP-TAP (LOOK FOR TOUCH)
1228 and TAP-TAP (ACTIVE) 1226 in the state diagram 1200, the TAP-TAP wake up states
may include a different number of power states (e.g., one power state) and scanning modes (e.g.,
single-axis self-capacitance, dual axis self-capacitance, targeted area self-capacitance, mutual
capacitance, targeted area mutual capacitance) depending on the configured scan rate and
sensing type shown in the table 1100 of FIG. 11.

[0076] In an embodiment, tap-tap wake-up is a selectable, programmable, or
configurable operating mode of the electronic system 1000 of FIG. 10. Tap-tap wake-up can
allow a processor of the host 1050 to sleep, saving power, and provide a wake-up signal to the
host 1050 without the need of a physical button and avoiding the associated costs and failure
modes. When the electronic system 1000 is in the TAP-TAP wake-up states (e.g., including
TAP-TAP (LOOK FOR TOUCH) 1228 and TAP-TAP (ACTIVE) 1226 of FIG. 12), the
electronic system 1000 of FIG. 10 is asleep aside from portions of the processing device 1010,

and that device is also asleep for all but those times needed to take a measurement and analyze
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same. When in the TAP-TAP wake-up states, the processing device 1100 scans the capacitive
sensor array 1020 at a slower rate and looks for a touch pattern (e.g., the touch sequence 502
described above with respect to FIG. 5) to conserve energy while still providing for a reliable
trigger (e.g., the touch sequence) to wake-up the host 1050 of FIG. 10.

[0077] In an embodiment, numerous parameters of the power states may be programmed
and/or reprogrammed during a compile time of the electronic system 1000 and/or run-time of the
electronic system 1000. Examples of programmable parameters may include but are not limited
to the various parameters of scan modes described above with respect to FIGS. 5-7. In an
embodiment, a user may set what they consider to be a valid tap-tap. For example, the user may
be directed (e.g., via display) to enter a number of tap-tap events, with the electronic system
1000 keeping track of the minimum and maximum durations of each tap and the gap between the
taps, and then using those values to calculate a custom tap-tap sequence optimal for that user.
Alternatively or additionally, this could be extended to a continuous learning mode, wherein
each accepted tap-tap gesture gets added to a historical list (e.g., of the most recent 10) of such
events, and the limits of the setting (e.g., minimum and maximum for each interval) is
determined by the values captured in the historical list.

[0078] In some embodiments, single-axis self-capacitance scans may be used for sensing
while in power states when the presence of a touch is sought. However, a mutual-capacitance
scan may be used for sensing while in one or more power states when the positions of touches
are sought, when self-capacitance scanning is not available, and/or when mutual-capacitance
scanning is lower power than self-capacitance scanning.

[0079] As indicated in the table 1100 of FIG. 11, in an embodiment, transitions into the

ACTIVE 1220, the LOOK FOR TOUCH 1222, the LOW POWER 1224, and the TAP-TAP
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(ACTIVE) 1226 power states may be initiated by a touchscreen controller (e.g., the processing
device 1010), or as shown in FIG. 12, be triggered by touchscreen events. Transitions into
DEEP SLEEP 1230 are initiated by a host (e.g., through commands from the host 1050 of FIG.
10), and transitions into TAP-TAP (LOOK FOR TOUCH) 1228 are initiated by a host or
triggered by touchscreen events or the absence of touchscreen events. In embodiments,
transitions into ACTIVE, LOW POWER, and LOOK FOR TOUCH power states may also be
directed by commands from the host 1050.

[0080] For example, FIG. 12 shows that TAP-TAP (LOOK FOR TOUCH) 1228 may be
entered through the host commands, HST CMND 1231, HST CMND 1232, or HST CMND
1234 (e.g., which host commands may set a tap-tap wake-up bit) and may be exited through
another host command HST CMND 1236 (e.g., which host command may clear the tap-tap
wake-up bit). TAP-TAP (LOOK FOT TOUCH) 1228 may also be exited responsive to touch
detection 1238, which causes a transition into TAP-TAP (ACTIVE) 1226. If a tap-tap sequence
is not detected as valid while in the TAP-TAP (ACTIVE) 1226 power state then TAP-TAP
(LOOK FOR TOUCH) may be re-entered through a tap-tap sequence violation 1240. In an
embodiment, while there is no host command or touch detected, the electronic system 1000 of
FIG. 10 operates in the TAP-TAP (LOOK FOR TOUCH) 1228 power state. Thus, the electronic
system 1000 may transition to the TAP-TAP (LOOK FOR TOUCH) 1228 power state because it
has just detected the host setting the tap-tap wake-up bit, the tap-tap state machine is idle, or a
partially detected tap-tap wake-up event has failed validation.

[0081] As noted above, TAP-TAP (ACTIVE) 1226 may be entered from TAP-TAP
(LOOK FOR TOUCH) 1228 responsive to touch detection 1238. The electronic system 1000 of

FIG. 10 may operate under TAP-TAP (ACTIVE) 1226 while it determines whether a defined
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sequence of tap-tap wake-up events (e.g., portions of a touch pattern) have occurred (e.g., unless
commanded to exit by the host through HST CMND 1244). If a valid tap-tap sequence is not
detected (e.g., within a timeout period) then the electronic system 1000 will transition (e.g.,
through tap-tap sequence violation 1240) back to operation under TAP-TAP (LOOK FOR
TOUCH) 1228. If a tap-tap sequence 1242 is detected as valid under TAP-TAP (ACTIVE) 1226
then the processing device 1010 (e.g., the touch controller) will issue system wake-up actions
(usually an interrupt to the host 1050), and transition, through valid tap-tap wake-up 1242, to
LOOK FOR TOUCH 1222.

[0082] When the electronic system 1000 of FIG. 10 operates under TAP-TAP wake-up
power states as described herein, a processor of the host 1050 may be allowed to sleep through
the wake-detection process, thus saving power. Furthermore, the described embodiments
provide for wake-up without the need of a physical button or accelerometer, thus saving material
costs and avoiding failure modes of physical parts. Characteristics of the multiple scan modes
may be configurable to meet performance targets and at the same time minimize scan frequency,
scan time, and scan area, and as a result, minimize overall power consumption of the electronic
system 1000.

[0083] The above description is intended to be illustrative, and not restrictive. For
example, the above-described embodiments (or one or more aspects thereof) may be used in
combination with each other. Other embodiments will be apparent to those of skill in the art
upon reviewing the above description. In this document, the terms “a” or “an” are used, as is
common in patent documents, to include one or more than one. In this document, the term “or”

is used to refer to a nonexclusive or, such that “A or B” includes “A but not B,” “B but not A,”

and “A and B,” unless otherwise indicated. In the event of inconsistent usages between this
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document and those documents so incorporated by reference, the usage in the incorporated
reference(s) should be considered supplementary to that of this document; for irreconcilable
inconsistencies, the usage in this document supersedes the usage in any incorporated references.

[0084] Although the claimed subject matter has been described with reference to specific
embodiments, it will be evident that various modifications and changes may be made to these
embodiments without departing from the broader spirit and scope of what is claimed.
Accordingly, the specification and drawings are to be regarded in an illustrative rather than a
restrictive sense. The scope of the claims should be determined with reference to the appended
claims, along with the full scope of equivalents to which such claims are entitled. In the
appended claims, the terms “including” and “in which” are used as the plain-English equivalents
of the respective terms “comprising” and “wherein.” Also, in the following claims, the terms
“including” and “comprising” are open-ended; a system, device, article, or process that includes
elements in addition to those listed after such a term in a claim are still deemed to fall within the
scope of that claim. Moreover, in the following claims, the terms “first,” “second,” and “third,”
etc. are used merely as labels and are not intended to impose numerical requirements on their
objects.

[0085] The Abstract of the Disclosure is provided to comply with 37 C.F.R. §1.72(b),
requiring an abstract that will allow the reader to quickly ascertain the nature of the technical
disclosure. It is submitted with the understanding that it will not be used to interpret or limit the

scope or meaning of the claims.

34



WO 2014/046711 PCT/US2013/021393

CLAIMS

What is claimed is:
1. A method comprising:
detecting a first portion of a touch sequence through operating in a first scan mode;
detecting a second portion of the touch sequence through operating in a second scan
mode; and
recognizing the touch sequence based on the detecting of the first portion and the

detecting of the second portion.

2. The method of claim 1, wherein the operating in the second scan mode includes operating in

the second scan mode responsive to the detecting of the first portion of the touch sequence.

3. The method of claim 1, wherein the operating in the first scan mode includes scanning at a
first frequency and the operating in the second scan mode includes scanning at a second

frequency that is greater than the first frequency.

4. The method of claim 1, wherein the detecting of the first portion of the touch sequence
includes scanning a targeted area of a touchscreen and the detecting of the second portion of the

touch sequence includes scanning the targeted area.

5. The method of claim 1, wherein the detecting of the first portion includes detecting one of a

self-capacitance and a mutual capacitance indicating a first touch and the detecting of the second
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portion includes detecting one of a self-capacitance and a mutual capacitance indicating a second

touch.

6. The method of claim 5, wherein the recognizing of the touch sequence includes determining a
duration of the first touch, determining a duration of the second touch, and determining a

duration between the first touch and the second touch.

7. The method of claim 1, further comprising providing a wake up signal responsive to the

recognizing of the touch sequence, the wake up signal to wake a processor.

8. The method of claim 1, further comprising providing an access signal to a processor
responsive to the recognizing of the touch sequence, the access signal to allow access to

protected content.

9. An apparatus comprising:

a scan module configured to operate in a first scan mode and a second scan mode;

a presence module coupled to the scan module, the presence module configured to detect
a first portion of a touch pattern through the first scan mode of the scan module and detect a
second portion of the touch pattern through the second scan mode of the scan module; and

a touch pattern module coupled to the presence module, the touch pattern module
configured to recognize the touch pattern based on the detected first portion and the detected

second portion.
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10. The apparatus of claim 9, comprising a mode selection module coupled to the scan module
and the presence module, the mode selection module configured to signal the scan module to
operate in the second scan mode responsive to the presence module detecting the first portion of

the touch pattern.

11. The apparatus of claim 9, wherein the scan module is configured to scan at a first frequency
in the first scan mode and scan at a second frequency in second scan mode, wherein the second

frequency is greater than the first frequency.

12. The apparatus of claim 9, wherein the scan module is configured to scan a targeted area of a
touchscreen when the scan module operates in the first scan mode and the scan module is
configured to scan a targeted sub-area of the targeted area when the scan module operates in the

second scan mode.

13. The apparatus of claim 9, wherein the presence module is configured to detect, through the
first scan mode of the scan module, a change in one of a self-capacitance and mutual-capacitance
that indicates a first touch of the first portion, and detect, through the second scan mode of the
scan module, a change in one of a self-capacitance and a mutual-capacitance that indicates a

second touch of the second portion.

14. The apparatus of claim 13, wherein the touch pattern module is configured to recognize the

touch pattern based on a duration of the first touch, a duration of the second touch, and a duration

between the first touch and the second touch.
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15. The apparatus of claim 9, wherein responsive to the recognition of the touch pattern, the
touch pattern module is configured to provide a wake-up signal to a processor to allow the

processor to wake-up from a sleep mode.

16. The apparatus of claim 9, wherein responsive to the recognition of the touch pattern, the
touch pattern module is configured to provide an access signal to allow a processor to access

protected content.

17. A system comprising:
a host processor;
a touch controller; and
a touch interface coupled with the touch controller, the touch controller comprising:

a scan module configured to scan at a first frequency and at a second frequencys;

a presence module coupled to the scan module, the presence module configured to
detect a first touch through a scan at the first frequency and detect a second touch through
a scan at the second frequency, wherein the presence module is configured to scan at the
second frequency responsive to the detection of the first touch; and

a touch pattern module coupled to the presence module, the touch pattern module
configured to recognize a touch pattern based on the detected first touch and the detected
second touch, and signal the host processor to wake up from a sleep mode responsive to

the recognition of the touch pattern.
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18. The system of claim 17, wherein the scan module is configured to scan a targeted area of a

touchscreen when the scan module scans at the first frequency and the second frequency.

19. The system of claim 17, wherein the presence module is configured to detect a change in
self-capacitance that indicates the first touch and detect a change in self-capacitance that

indicates the second touch.

20. The system of claim 17, wherein the touch pattern module is configured to detect the touch
pattern based on a duration of the first touch, a duration of the second touch, and a duration

between the first touch and the second touch.
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