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(57) Abstract: Embodiments described herein synchronize a
switching frequency of switched power supplies with timing
events associated with updating a display screen or perform-
ing touch sensing. For example, a touch event may be the
time needed for a touch controller to scan a plurality of sens-
ing electrodes. Because noise is introduced each time
switched power supplies switch between different stages, the
touch controller may instruct a power management controller
to switch between the stages (i.e., adjust the switching fre-
quency) at the same time during each touch event. Even
though the switched power supplies are permitted to intro-
duce noise into the touch system, the noise happens at the
same time during each touch event. Accordingly, the effect of
the noise is the same for each touch event and is cancelled
out. A similar process may be used for synchronizing the
switching frequency to display events.
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SYNCHRONIZING A SWITCHED POWER SUPPLY

BACKGROUND OF THE INVENTION

Field of the Invention

[0081] Embodiments of the present invention generally relate to managing
noise generated by an external switched power supply, and more specifically,
to synchronizing a switching frequency of the switched power supply to a

touch or display event in a processing sysiem.

Description of the Related Art

[0002] input devices including proximity sensor devices {(also commonly
called touchpads or touch sensor devices) are widely used in a variely of
glectronic systems. A proximity sensor device typically includes a sensing
region, often demarked by a surface, in which the proxdimily sensor device
determines the presence, location and/or motion of one or more input objects.
Proximity sensor devices may be used to provide interfaces for the elecltronic
system. For example, proximily sensor devices are offen used as input
devices for larger computing systems {such as opague touchpads integrated
in, or peripheral o, notebook or deskiop computers). Proximily sensor
devices are also often used in smaller computing systems {such as iouch

screens integrated in celiular phones).

SUMMARY OF THE INVENTION

[0003] One embodiment described herein is an electronic device including

a power management controller configured to provide power to both g display
controller configured to update a display screen and a touch controller
configured to delect interaction between an input object and a sensing region.
The power management controller is configured o communicate with the
display and touch controllers to adiust a swilching frequency of a power

supply 1o be synchronous with display timing and touch timing.
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(0804} Ancther embodiment described herein is a method for
synchronizing a power management controller.  The method includes
providing power from a power management controller to both a display
controfler configured to update a display screen and a iouch controller
configured to detect interaction between an input object and a sensing region.
The method includes communicating with the display and touch controllers to
adjust a switching frequency of a power supply to be synchronous with display

timing and touch timing.

[0005] Ancther embodiment described hergin is an integrated circuit
system comprising a power management coniroller configured {o provide
power (o both a display controller configured o update a display screen and a
touch controller configured (o delect interaction between an inputl object and a
sensing region. The inlegrated circuit further includes a switched power
supply where the power managemeni controller is configured to communicate
with the display and touch controllers {o adiust a switching frequency of the
switched power supply 1o be synchronous with display timing and touch

timing.

BRIEF DESCRIPTION OF THE DRAWINGS

100081 So that the manner in which the above recited features of the

prasent invention can be understood in detall, a more particular description of
the invention, briefly summarized above, may be had by reference to
embodiments, some of which are illustrated in the appended drawings. Histo
he noted, however, that the appended drawings illusirate only typical
embodiments of this invention and are therefore not to be considered limiling
of iis scope, for the invention may admit o other equally effeclive

embodiments.

{0087} Figure 1 is a schematic block diagram of an exemplary input device,

according o an embodiment described hersin.
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{0008} Figure 2 illusirales a stack-up of a sensor assembly that may be
used in the input device to sense the input object, according to an

embodiment described herein.

[0005] Figure 3 is & schematic block diagram of an exemplary electronic

sysiem, according (o an embodiment described herein.

{0010} Figure 4 Hustrates a processing system coupled to a power

management controller, according 1o an embodiment described herein,

{0011} Figure 5 illustrates a method for changing a switching frequency of
a power supply based on a state of the processing system, according {0 an

embodiment described herein.

{0012} Figure § Hllustrates a relationship between noise generated by a
power supply and touch evenis, according to an embodiment described

herein,

(0013} Figure 7 is a schematic block diagram of a system that includes a
communication path for facilitating communication between the processing
system and a power management conlroller, according o an embodiment

described herein.

[0014] To facilitate understanding, identical reference numerals have been
used, where possible, {0 designate identical elements that are common to the
figures. [l is contemplated that elements disclosed in one embodiment may
be beneficially utilized on other embodiments without specific recitation. The
drawings referred to here should not be understood as being drawn to scale
uriess specifically noted. Also, the drawings are often simplified and details
or components omilled for clarity of presentalion and explanation. The
drawings and discussion serve to explain principles discussed below, where

like designations denote like elements.
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DETAILED DESCRIPTION

[0015] The following delailed description is merely exemplary in nature and
is not intended to limit the invention or the application and uses of the
invention. Furthermore, there is no intention {0 be bound by any expressed or
implied theory presented in the preceding technical field, background, brief

sumimary or the following detailed description.

{0016} Various embodiments of the present technology provide input

devices and methods for improving usability.

(00171 A display controller may include one or more internal power
supplies that generate the vollage necessary {0 update a display screen in an
glectronic device. However, as display resolution (ie., pixel densily)
continues 1o increase, the power required {¢ operate the display increasss.
instead of generaling the voltages internally, the display controller may rely on
axternal power supplies for providing the voltages needed to update the
display screen. Specifically, the display controller may couple 1o a power
management controller (e.q., a power management integrated circuit (PMIC))
which provides the various voltages for driving the pixels on the display
screen.,  The power management coniroller may be coupled to a power
storage element {e.g., a ballery) or 1o a power grid using, for example, an AC-
DC converior. The power management controller may include a plurality of

different power supplies that supply various voltages to the display controller.

[0018] To generate the various vollages, the power supplies may be
switched power supplies that use inductive boost circuits or charge pumps to
change the DC voliage provided by the power storage element or power grid
into a DC voltage desired by the display controller for updating the display.
However, the swiiched power supplies may use a swilching frequency for
performing the DC-DC conversion that introduces noise into the display
controfler which can affect the quality of an image outputted on the display
screen. in addition to affecting display updating, if the power management

controller also provides voltages used during touch sensing, the noise can
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negatively affect the ability of a touch controlier (o detect user interaction with

a touch-sensitive area in the electronic device.

[0019] One solution to manage the noise generated by switch power
supplies is {o design the circuits in the electronic device o include high power
supply rejection (PSR} ralios. However, this may add cost and bulk {0 the
design of the electronic device. Moreover, in some embodiments, it may be
impossible (o prevent the noise from indirectly coupling info the display or
touch systems even when circuits that interface with the switched power
supplies have high PSR ratios. Instead, embodiments described herein
synchronize the swiiching frequency of the switched power supplies with the
timing evenis associated with updating a display screen or performing touch
sensing. For example, a touch event may be the time needed for the touch
controller {0 scan a plurality of sensing electrodes. Because the noise is
introduced each time the power supplies switch belween different stages, the
touch controller may instruct the power management controller to switch
between the stages {ie., adjust the swilching frequency) at the same time
during each touch event. For example, the swiiched power supply may
change stages at the beginning and in the middle of each lime event. Even
though the swilched power supplies still iniroduce noise info the touch
system, the noise happens at the same time duwring each touch event.
Accordingly, the effect of the noise is the same for each ouch event, and
thus, is cancelled out. A similar process may be done during display

updating.

[0028] in one embodiment, the touch evenis may have a different duration
than the display events. Accordingly, the switching frequency used by the
switched power supplies when the electronic device is updating the display
may be different than when the device is performing touch sensing. To inform
the power management controlier how to adjust the swiiching frequency, the
touch and display controliers may have a communication path o the power
management controller. For example, the touch and display controllers may
maintain  shadow registers that permit these controllers to push out

notifications to the power management controller instructing it change the
5
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switching frequency of its power supplies. In this manner, the noise
generated by the exiernal power supplies may be mitigated by synchronizing
the switching frequency with the touch or display events in the electronic

device instead of relying only on designing circuits with high PSR ratios.

{0021} Figure 1 is a block diagram of an exemplary input device 100, in
accordance with embodiments of the present technology.  Although
embodiments of the present disclosure may be utilized in an input device 100
including a display device integraled with a sensing device, it is conlemplated
that the invention may be embodied in display devices without infegrated
sensing devices. The input device 100 may be configured to provide input {o
an electronic system 150, As used in this documeni, the term “electronic
system” {(or “electronic device”) broadly refers {0 any system capable of
electronically processing information. Some non-imiting examples  of
glectronic systems include personal computers of all sizes and shapes, such
as deskiop compulers, laptop computers, netbook computers, tablets, web
browsers, e-book readers, and personal digital assistanis (PDAs). Additional
example electronic systems include composite input devices, such as physical
keyboards that include input device 100 and separate joyslicks or key
switches. Further example electronic systems include peripherals such as
data input devices (including remote controls and mice), and data output
devices {including display screens and printers). Other examples include
remote terminals, kiosks, and video game machines (e.g., video game
consoles, portable gaming devices, and the like). Other examples include
communication devices (including cellular phones, such as smart phones),
and media devices (including recorders, editors, and players such as
televisions, sel-top boxes, music players, digital photo frames, and digiial
cameras). Additionally, the slectronic system could be a host or a slave o the

input device.

{0022} The input device 100 can be implemented as a physical part of the
slectronic system, or can be physically separate from the electronic system.
As appropriate, the input device 100 may communicale with parls of the

electronic system using any one or more of the following: buses, networks,
6
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and other wired or wireless interconnections. Examples include EEC, SR,
P&/2, Universal Serial Bus (USB), Blustooth, RF, and IRDA.

(0023} in Figure 1, the inpul device 100 is shown as a proximity sensor
device (also ofien referred to as a "louchpad” or a "touch sensor device”)
configured to sense input provided by one or more input objects 140 in a
sensing region 120. Example input objscts include fingers and siyli, as shown

in Figure 1.

{0024} Sensing region 120 encompasses any space above, around, in
andfor near the input device 100 in which the input device 100 is able to
detect user input {e.g., user input provided by one or more input objects 140).
The sizes, shapes, and locations of particular sensing regions may vary
widely from embodiment to embodiment. in some embaodiments, the sensing
region 120 extends from a surface of the input device 100 in one or more
directions into space until signal-to-noise ratios prevent sufliciently accurate
object detection. The distance to which this sensing region 120 exiends in a
particular direclion, in various embodiments, may be on the order of less than
a miflimeter, millimeters, centimeters, or more, and may vary significantly with
the type of sensing technology used and the accuracy desired. Thus, some
embodiments sense input that comprises no contact with any surfaces of the
input device 100, contact with an input surface (e.g. a touch surface) of the
input device 100, contact with an input surface of the input device 100
coupled with some amount of applied force or pressure, and/or a combination
thereof. In various embodiments, input surfaces may be provided by surfaces
of casings within which the sensor electrodes reside, by face sheetls applied
over the sensor electrodes or any casings, elc. In some embodiments, the
sensing region 120 has a rectangular shape when projected onio an input

surface of the input device 100.

[0025] The input device 100 may utilize any combination of sensor
components and sensing iechnologies (o detect user input in the sensing
region 120. The input device 100 comprises one or more sensing elements

121 for detecling user input. As several non-limiling examples, the input

7
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device 100 may use capacilive, elastive, resislive, inductive, magnetic

acouslic, ultrasonic, and/or optical technigues.

[0026] Some implementations are configured o provide images thal span
one, two, three, or higher dimensional spaces. Some implementations are

configured to provide projections of input along parlicular axes or planes.

100271 in some resistive implemeniations of the input device 100, a flexible
and conduclive first layer is separated by one or more spacer elements from a
conductive second laver. During operation, one or more vollage gradients are
cregted across the layers. Pressing the flexible first layer may deflect it
sufficiently {o create electrical contact between the layers, resulling in voltage
outputs reflective of the poini{s) of contact between the layers. These voliage

outputs may be used {o determins positional information.

16028} in some inductive implementations of the input device 100, one or
more sensing elements 121 pick up loop currents induced by a resonating coil
or pair of coils. Some combination of the magnitude, phase, and frequency of

the currents may then be used to determine positional information.

{0028} in some capacitive implementations of the input device 100, voltage
or current is applied o create an electric field. Nearby input objecis cause
changes in the electric field, and produce delectable changes in capacitive

coupling that may be detecied as changes in voltage, curreni, or the like.

[0030] Some capacitive implementations ulilize arrays or other regular or
irregular patierns of capacitive sensing elements 121 o create electric fields.
In some capacitive implemenialions, separate sensing elements 121 may be
ohmically shorted together to form larger sensor electrodes. Some capacitive

implementations ulilize resistive sheets, which may be uniformly resistive.

{0031} Some capacitive implementalions utilize "self capacitance” {or
“absolute capacitance”) sensing methods based on changes in the capacitive
coupling between sensor elecirodes and an input object. In various

embodiments, an input object near the sensor electrodes alters the electric

8



WO 2014/209530 PCT/US2014/039756

field near the sensor electrodes, thus changing the measured capacitive
coupling. In one implementation, an absolute capacitance sensing method
operates by modulating sensor electrodes with respect (o a reference voltage
{e.g. system ground), and by detecting the capacitive coupling belween the

sensor electrodes and input objects.

0032} Some capacitive implementations utilize "mutual capacitance” {or
“ranscapacitance”} sensing methods based on changes in the capacitive
coupling between sensor electrodes. In various embodiments, an inputl object
near the sensor electrodes aliers the electric field belween the sensor
glectrodes, thus changing the measured capacilive coupling. In one
implementation, a transcapacitive sensing method operates by delecting the
capacitive coupling belween one or more ransmilter sensor slectrodes {(also
“transmitier electrodes”) and one or more receiver sensor electrodes (also
“receiver electrodes™). Transmitter sensor electrodes may be modulated
relative to a reference voltage {e.g., system ground) to transmil transmitter
signals. Receiver sensor electrodes may be held subsiantially constant
relative 1o the reference voltage to facilifate receipt of resulting signals. A
resyulting signal may comprise effect{s} corresponding to one or more
transmitler signals, andior to one or more sources of environmental
interference {e.g. other electromagneltic signals). Sensor electrodes may be
dedicated transmilter electrodes or receiver electrodes, or may be configured

{o both transmit and receive.

[0033] in Figure 1, a processing system 110 is shown as part of the input
device 100. The processing system 110 is configured to operate the
hardware of the input device 100 to detect input in the sensing region 120.
The processing sysiem 110 comprises paris of or all of one or more
integrated circuits {ICs) and/or other circuitry components. (For example, a
processing system for a mutual capacitance sensor device may comprise
transmitier circuitry configured o transmit signals with transmitter sensor
electrodes, and/or receiver circuitry configured 1o receive signals with receiver
sensor elecirodes). In some embodiments, the processing system 110 also

comprises electronically-readable instructions, such as firmware code,
9
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software code, and/or the like. In some embodiments, components
composing the processing sysiem 110 are located together, such as near
sensing slement{s} of the input device 100. In other embodiments,
componenis of processing system 110 are physically separate with one or
more components close {0 sensing element(s) of input device 100, and one or
more components elsewhere, For example, the input device 100 may be 3
peripheral coupled to a deskiop computer, and the processing system 110
may comprise software configurad to run on a central processing unit of the
deskiop compuier and one or more ICs (perhaps with associated firmware)
separate from the central processing unit.  As anocther example, the input
device 100 may be physically integrated in a3 phone, and the processing
system 110 may comprise circuils and firmware that are part of a main
processor of the phone. In some embodiments, the processing system 110 is
dedicated o implementing the input device 100. In othsr embodiments, the
processing system 110 also performs other funclions, such as operating

display screens, driving haptic actuators, eic.

[0834] The processing system 110 may be implemenied as a set of
modules that handle different functions of the processing system 110, Each
module may comprise circuilry that is a part of the processing system 110,
firmware, software, or a combination thereof. in various embodiments,
different combinations of modules may be used. Example modules include
hardware operation modules for operating hardware such a8 sensor
electrodes and display screens, dala processing modules for processing data
such as sensor signais and positional information, and reporting modules for
reporting information.  Further example modules include sensor operation
modules configured to operate sensing element{s) fo detect input
identification modules configured o identify gestures such as mode changing

gestures, and mode changing modules for changing operation modes.

[0035] in some embodiments, the processing system 110 responds (o user
input {or tfack of user input} in the sensing region 120 directly by causing one
or more actions. Example actions include changing operation modes, as well

as GUI actions such as cursor movement, selection, menu navigation, and
10
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gther functions. In some embodiments, the processing system 110 provides
information about the input {(or lack of input) (o some part of the electronic
system (e.g. to a central processing system of the electronic system that is
separate from the processing system 110, if such a separate central
processing system exisis). In some embodiments, some part of the electronic
system processes information received from the processing system 110 to act
on user inpul, such as to facilitate a full range of actions, including mode

changing actions and GUH aclions.

[00386] For example, in some embodiments, the processing system 110
operates the sensing element(s) of the input device 100 to produce eleclrical
signals indicative of input {or lack of input} in the sensing region 120, The
processing system 110 may perform any appropriale amount of processing on
the electrical signals in producing the information provided o the electronic
system. For example, the processing system 110 may digitize analog
slectrical signals obtained from the sensor electrodes. As another example,
the processing system 110 may perform fillering or other signal conditioning.
As vyel another example, the processing system 110 may subtract or
otherwise account for a baseline, such that the information reflects a
difference between the electrical signals and the baseline. As vyel further
sxamples, the processing system 110 may delermine positional information,

recognize inpuls as commands, recognize handwriting, and the like.

{0037} “Positional  information” as used herein broadly encompasses
absolute position, relative position, velocity, acceleration, and other types of
spatial information.  Exemplary “zero-dimensional” positional information
includes nearflfar or coniact/no contact information. Exemplary “one-
dimensional” positional  information  includes positions along an  axis.
Exemplary “two-dimensional” positional information includes motions in a
nlane. Exemplary  “three-dimensional” positional  information  includes
instantaneous or average velocities in space. Further examples include other
representations of spatial information. Historical data regarding one or more

types of positional information may alse be determined and/or stored,

11
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including, for example, historical data that tracks position, motion, or

instanianeous velocity over time.

[0038] in some embodiments, the input device 100 is implemented with
additional input components that are operated by the processing system 110
or by some other processing system. These additional inpul components may
provide redundant functionality for input in the sensing region 120, or some
other functionality. Figure 1 shows buttons 130 near the sensing region 120
that can be used io facilitate selection of items using the input device 100.
Cther types of additional input componenis include sliders, balls, wheels,
switches, and the like. Conversely, in some embodiments, the input device

100 may be implemented with no other input components.

{0038} in some embodiments, the input device 100 comprises & touch
screen inlerface, and the sensing region 120 overlaps at least part of an
active area of a display screen of the display device 101. For example, the
input device 100 may comprise subslantially transparent sensor electrodes
overlaying the display screen and provide a touch screen interface for the
associated slectronic system. The display screen may be any type of dynamic
display capable of displaying a visual interface (o 3 user, and may include any
type of light emitting dicde (LED), organic LED (OLED)}, cathode ray iube
{CRT), liguid crystal display (LCD), plasma, slectroluminescence (EL), or
other display technology. The input device 100 and the display device 101
may share physical elements. For example, some embodiments may ulilize
some of the same electrical components for displaying and sensing. As
another example, the display device 101 may be operaled in part or in total by

the processing system 110.

[0040] it should be undersiood that while many embodiments of the
prasent technology are describad in the context of a fully funclioning
apparatus, the mechanisms of the present technology are capable of being
distributed as a program product {e.g., software} in a variety of forms. For
example, the mechanisms of the present {echnology may be implemented

and distributed as a sofiware program on information bearing media that are

12
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readable by electronic processors {e.g., non-transitory computer-readable
and/or recordable/writable information bearing media readable by the
processing system 110). Additionally, the embodiments of the present
technology apply equally regardless of the particular type of medium used to
carry out the distribution. Examples of non-transitory, elecironically readable
media include various discs, memory sticks, memory cards, memory modules,
and the like. Electronically readable media may be based on flash, optical,

magnetic, holographic, or any other storage technology.

{0041} Figure 2 shows a portion of an exemplary pailern of sensing
glements 121 configured to sense in a sensing region associated with the
patiern, according to some embodiments.  For clarty of illustration and
description, Figure 2 shows the sensing elements 121 in a patltern of simple
rectangles, and does not show various components. This pattern of sensing
elements 121 comprises a first plurality of sensor elecitrodes 160 (160-1, 160-
2, 160-3, ... 160-n), and a second plurality of sensor electrodes 170 (1701,
170-2, 170-3, ... 170-n) disposed over the plurality of transmitter elecirodes
160. In one embodiment, this patiemn of sensing elements 121 comprises a
nlurality of transmitter electrodes 160 (160-1, 160-2, 160-3, ... 160-n}, and &
plurality of receiver electrodes 170 (170-1, 170-2, 170-3, ... 170-n) disposed
over the plurality of transmitter electrodes 160. In another embodiment, the
first plurality of sensor electrodes may be configured to transmit and receive
and the second plurality of sensor electrodes may also be configured o

fransmil and receive.

[0042] Transmitler electrodes 160 and receiver electrodes 170 are typically
ohmically isolated from each other. That is, one or more insulators separate
transmitter electrodes 1680 and receiver electrodes 170 and prevent them from
electrically shorling {o each other. In some embodimenis, ransmitter
glectrodes 160 and receiver eleclrodes 170 are separated by insulative
material disposed between them at cross-over areas; in such constructions,
the transmitter electrodes 160 and/or receiver electrodes 170 may be formed
with jumpers connecting different portions of the same electrode. In some

embodiments, transmitier electrodes 160 and receiver electrodes 170 are
13
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separated by one or more layers of insulative material.  In some other
embodiments, ransmitter electrodes 180 and receiver elecitrodes 170 are
separated by one or more substrates; for example, they may be disposed on
opposile sides of the same substrate, or on different substrates that are

laminated together.

[0043] The areas of localized capacitive coupling between transmitter
glectrodes 160 and receiver electrodes 170 may be termed “capacitive
pixels.” The capacilive coupling between the transmilter electrodes 160 and
receiver electrodes 170 change with the proximity and motion of input objects
in the sensing region associated with the transmitter electrodes 160 and

recaiver electrodes 170.

[0044] in soms embodiments, the sensor pattern is “scanned” to determine
these capacitive couplings. That is, the transmiller electrodes 160 arg driven
to transmit ransmitter signals. Transmitiers may be operated such that one
transmitier electrode transmils at one time, or mulliple transmitter electrodes
transmit at the same time. Where mulliple transmitter electrodes transmit
simultaneously, these multiple transmitter elecirodes may transmit the same
transmitter signal and effectively produce an effectively larger transmitter
electrode, or these mulliple transmilier electrodes may transmit different
transmitier signals. For example, multiple iransmitter electrodes may transmit
different transmitler signals according to one or more coding schemes that
enable their combined effects on the resulling signals of receiver slectrodes

170 1o be independently determined.

[(045] The receiver sensor electrodes 170 may be operated singly or
muiltiply to acquire resulting signals. The resulting signals may be used o

determine measurements of the capacitive couplings al the capacilive pixels.

[0046] A set of measurements from the capacitive pixels form a “capacitive
image” {(also "capacitive frame”) representative of the capacitive couplings at
the pixels. Multiple capacilive images may be acquired over multiple time
periods, and differences between them used 1o derive information about input

in the sensing region. For example, successive capacitive images acquired
14
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over successive periods of time can be used o track the motion{s) of one or

more inpul objects entering, exiling, and within the sensing region.

{0047) The background capacitance of a sensor device is the capacilive
image associated with no input object in the sensing region. The background
capacitance changes with the environment and operating conditions, and may
be estimated in various ways. For example, some embodiments take
“baseline images” when no input object is determined o be in the sensing
region, and use those baseline images as estimates of their background

capaciances.

[0048] Capacitive images c¢an be adjusted for the background capacitance
of the sensor device for more efficient processing. Some embodiments
accomplish this by “baselining” measurements of the capacitive couplings at
the capacilive pixels o produce a “baselined capacilive image.” That is,
some embodiments compare the measurements forming a capacitance image
with appropriate “baseline values” of a “baseline image” associated with those

pixels, and determine changes from that baseline image.

180491 in some touch screen embodiments, fransmitler electrodes 160
comprise one or more common elecirodes {e.g., “V-com electrode” or source
drive elecirode) used in updaling the display of the display screen. These
common eleclrodes may be disposed on an appropriate display screen
subsirate. For example, the common electrodes may be disposed on the TFT
glass in some display screens {e.g., in Plane Switching (IPS} or Plan to Line
Switching (PLS)), on the botllom of the color filier glass of some display
screens (e.g., Patterned Vertical Alignment (PVA) or Mulli-domain Vertical
Alignment (MVA}), ele. In such embodiments, the common electrode can also
be referred to as a “combination elecirode”, since it performs multiple
funclions. In various embodiments, sach transmitier slectrode 160 comprisas
one or more common electrodes.  In other embodiments, at least fwo

transmitter electrodes 160 may share at least one common electrode.

[0850] in various touch screen embodiments, the “capacitive frame rate”

{the rale at which successive capacilive images are acquired) may be the
15



WO 2014/209530 PCT/US2014/039756

same or be different from that of the “display frame rate” (the rale at which the
display image is updaled, including refreshing the screen to redisplay the
same image}. In some embodiments where the two rates differ, successive
capacilive images are acquired at different display updating states, and the
different display updating siates may affect the capacitive images that are
acquired. That is, display updating affects, in particular, the background
capacitive image. Thus, if a first capacitive image is acquired when the
display updaling is at a first siate, and a second capacitive image is acquired
when the display updating is at a second staie, the first and second capacitive
images may differ dus (o differences in the background capacitive image
associated with the display updating states, and not due to changes in the
sensing region. This is more likely where the capacitive sensing and display
updating electrodes are in close proximity o each other, or when they are
shared {e.g. combination electrodes). in various embodiments, the capacitive
frame rale is an integer mulliple of the display frame rate.  In other
embodiments, the capacitive frame rate is a fractional multiple of the display
frame rate. In yet further embodimeants, the capacilive frame rate may be any

fraction or inleger of the display frame rale.

[0051] For convenience of explanation, a capacitive image that is taken
during a particular display updating stats is considered {0 be of a particular
frame type. Thatis, a particular frame type is associated with a mapping of a
particular capacilive sensing sequence with a particular display sequence.
Thus, a first capacitive image taken during a first display updaling state is
considered to be of a first frame type, a second capacitive image taken during
a second display updaling siate is considered to be of a second frame type, a
third capacitive image aken during a first display updating siate is considered
to be of a third frame type, and so on. Where the relalionship of display
update state and capacitive image acquisition is periodic, capacitive images
acquired cycle through the frame types and then repeats. In some
embodiments, there may be "n” capacitive images for every display updating

state.
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{0052} Figure 3 is a schematic block diagram of an exemplary electronic
system 150, according 1o an embodiment described herein. As shown, the
electronic system 150 includes input device 100 and processing system 110,
The processing system 110 includes a display controlier 335 which updates
the display screen 345 according o received display data and a display frame
rate. For example, the display controller 335 may raster through each row in
the display screen 345 and update the pixels {(e.g., red, green, and blue) in
each row. in one embodiment, the time used o update a display frame, or a
portion thereof, may define g “display evenl.”  The display screen 345 may
include any type of light emitling diode (LED), organic LED {OLED), cathode
ray tube (CRT), liguid crystal display (LCD), plasma, electroluminescence

{EL}, or other display technology.

[0053] Processing system 110 also includss a touch controller 340, As
such, processing system 110 may represent a single integrated circult, or a
system of integrated circuits, configured 1o perform both display updating and
touch sensing. Touch controller 340 may drive transmitter signals on the
sensor elements 121 discussed in Figures 1 and 2 to detect interaction
hetween input objects and the sensing region. In one smbodiment,
processing system 110 may ensure that when the display controller 335 is
updating the display screen 345, the touch controller 340 is not performing
touch sensing using the sensor elements 121, and vice versa. For example,
the sensor elements 121 may be integrated into the display screen 345 and
may be used by both the display and touch controllers 335, 340 when
performing their respective functions. As such, only one controller 335, 340
can use the shared sensor elements 121 at any given time. Moreover, even if
a portion of the sensor elements 121 are notl shared by the controllers 335,
340, processing system 110 may nonetheless ensure that display updating
does not overlap with touch sensing to reduce the likelihood that one funclion
will negatively impact the other {e.g., prevent cross-talk). However, in another
embodiment, display updating and touch sensing may overlap in time - e.g9.,
at least a portion of the functions are performed simultanecusly.  Although

Figure 3 illustrales a processing sysiem that includes both a display controller

17



WO 2014/209530 PCT/US2014/039756

335 and a touch controller 340, the embaodiments disclosed herein may also
be applied to an electronic device where the display and touch controliers are
not located on the same processing system - Le., the display and touch

controllers are part of independent sysiems.

[0054] Electronic system 150 further includes a power management
controller {(PMC) 305, power storage element 325, and various sub-systems
320. In one embodiment, PMC 305 may be a separale integrated circuit —
ie., a PMIC —~ mounied in the electronic system 150. PMC 305 includes a
plurality of power supplies 3104, that may ocuipul the same or different
voltages. Specifically, power supplies 310 may perform a DC-DC voliage
conversion using either the output of the power storage element 325 {e.g., a
batlery or other electrical storage device) or a power converter {e.g., AC-DC
or DC-AC) coupled to the electronic system 150 via the interface 330. For
example, the power converler may be a batlery charger if the electronic
system 150 is a mobile device such as a phone, laptop, tablet, and the like.
As shown here, PMC 305 has a direct connection to interface 330, and thus,
may be able 1o receive power directly from a connected AC-DC converter
instead of indirectly through the power storage element 325, however, this is
not a requirement. Moreover, in other embodiments, electronic system 150
{e.g., a deskicp computer) may not include the power storage slement 325
and instead rely only on an intemal or external power converler to power the
power supplies 310 on the PMC 305.

[0055] Power supplies 310 use the power from the power siorage element
325 or the power converter to oulput a vollage for use in the processing
system 110. Power supplies 310 may perform a DC-DC conversion to output
the specific voltage or voltages desired by the processing sysiem 110, For
example, the power storage element 325 may outpul a 4V signal. One of the
nower supplies 310, e.g., power supply 3104, may convert the 4V signal to a
2.2V signal which is then provided to processing system 110, Over time, the
voltage output of the power storage element 325 may deplete. As such, a
control module 315 on the PMC 305 may adjust the DC-DC conversion being

performed on the power supplies 310 such that the vollage ocutput 1o
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processing system 110 remains constant. For example, i the ocutput of power
storage element 325 falls from 4V to 3V, power supply 310, still provides

processing system 110 with 2.2V.

[0056] in addition to monitoring the output voltage of the power storage
glement 325, control module 315 may facilitate communication between PMC
305 and the display and touch controllers 335, 340. For example, processing
system 110 may request different vollages from the power supplies 310
depending on what function the processing system 110 is performing. In one
embodiment, updating the display may use different vollages than performing
touch sensing. instead of dedicaling different power supphies 310 fo the
different funclions, the display and touch conirollers 335, 340 may inform
control module 315 which funclion is currently taking place in processing
system 110. Based on this information, control module 315 may adjust power
supplies 310 to provide voltage oulputs corresponding to the funclion being

performed by processing system 110,

[0057] PMC 305 may provide voltages 1o other sub-systems 320 in
glactronic system 150 besides processing system 110, For example, some of
the power supplies 310 may be dedicated to providing voltages o processing
system 110 while other power supplies 310 provide voltages o the other sub-
systems 320. In one embodiment, the power supplies may be shared. For
example, if a sub-system 320 needs the same vollage as the processing
system 110, the two sub-systems may both be coupled to the same oulput of

a power supply 310.

{0058] Figure 4 illustrates processing system 110 coupled to PMC 305,
according to an embodiment described herein.  As shown, PMC 305 is
mourted on a printed circuit board (PCB) 405. The PCB 405, in one
embodiment, may be the main PCB for the electronic system. Using a
plurality of traces on PCB 405, the various power supplies 310 may deliver
power 10 a connector 410, Similarly, PCBE 405 may provide one or more
traces used by control module 315 for transferring data between PMC 305

and processing system 110. The communication method used {o transmit
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data between control module 315 and processing system 110 is not limited to
any particular lechnigue and may include serial or parallel data
communication —~ e.g., serial peripheral interface (SP!} communication, I°C,

and the like.

{0059] Connector 410, may communicatively and physically couple the
PCB 405 to interconnect 415, In one embodiment, interconnect 415 may be
flexible {e.g., a flexible PCB) to allow PCE 405 and substrate 425 o have any
desired orientation relative o each other. For example, a flexible interconnect
415 may permit PCEB 405 and subsirate 425 to be orented in a stack
arrangement when mounied in the electronic sysiem. Conneclor 410 may
communicatively and physically couple the interconnect 415 to subsirate 425.
Like PCB 405, subsirate 425 may include & plurality of traces that couple
processing system 110 to the output of the power supplies 310. Additionally,
subsirate 425 may have lraces for transmilting data between conirollers 335,
340 in processing system 110 with control module 315 in PMC 305, iIn one
embodiment, substrate 425 may be a glass subsirate on which the processing
system 110 is mounted. Although not shown, the substrate 425 may also
include a display screen for displaying an image to a user and sensor

elements for performing touch sensing.

{0080} Figure 4 illustrales thal the power supplies 310 in PMC 305 may be
of various types — e.g., swilched power supplies that use a different stages to
provide a desired oulput vollage or non-switched power supplies that use
finear methods for oulputling a voltage. Here, power supplies 310, and 310,
use an inductive boost circuit 430 and a charge pump 435, respectively, o
perform DC-DC conversion. Because the induclive boost circuit 430 and
charge pump 435 rely on swilching belween different states to convert one
BC voltage o a different DC voltage (either higher or lower), power supplies
3104 and 310, are switched power supplies. For example, charge pump 435
may switch between lwo states based on & defined duration (e, a switch
freguency) which is adjusted and conitrolled by control module 315, To
provide a larger voltage than the supplied vollage (e.g., 1o go from &V to 10V),

during the first state, a capacitor may be connecited across a voltage supply
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{e.g., a battery or an AC-DC convertor) which charges the capacitor o the
same voltage. During the second stale, swilches in the charge pump 435
reconfigure the circuit such that the capacitor is in series with the voliage
supply thereby doubling the output voltage of power supply 310, Control
module 315 may drive the switches at any swiilching freguency, but typical
switching frequencies range from tens of kilohertz to several megahertz. The
embodiments described herein are not limited to any particular type of charge
npump 435 design. For example, charge pump 435 may be used o decrease
or increase a supplied DC voltage to any desired output DC voltage, use more
than two siates in & charging cycle, or operate at any desired swilching

frequency.

[0061] inductive boost circuit 430 may function similar to a charge pump
435 in that it also uses multiple states to perform a DC-DC conversion. In one
embodiment the inductive boost circuit 430 uses a swilch to force current
through an inductor used to store additional charge in a capacitor. The
additional charge increases the ouiput voltage of the power supply 310. The
amount of charge on the capacitor may be conirolled by the duty cycle of the
control signal {L.e., the switching frequency} used to control the switch. The
embodiments described herein, however, are not limited to any particular

design or implementation of the inductive boost circuit 430.

0062} Switched power supplies 3104 and 310, may produce noise spikes
when swilching between the states or stages. For example, noise spikes may
occur when the swilches {e.qg., transisiors) in the indicative boost circuit 430
and charge pump 435 cause the respective circuit to go from one state (o the
other. The inferval at which the switches change the state is referred (o
herein as the swiltching frequency. In one embodiment, the control module
may include logic for monitoring and adjusting the swiiching frequency. in
addition to determining how long the switch power supplies remain in a
particular state, control module 315 may change the “phase” of the switching
freguency ~ Le., either advance or delay the control signal that defines the
switching frequency. Because the control module 315 may be configured to

control both the duration of the stages as well as the phase of the switching
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frequency, control module 315 is capable of synchronizing the switching
frequency with other evenis in the electronic sysiem. As will be discussed in
greater detail later, control module 315 may communicate with the display and
touch controllers 335, 340 to synchronize the switching frequency of the

switched power supplies to miligate the effects of the noise spikes.

{0063} in one embodiment, the switched power supplies 310, and 310, use
discrete slements 420 that are located on the interconnect 415 {e.g., a flexible
PCB). For example, the discrete elements 420 may include the capacitors or
inductors needed by the inductive boost circuit 430 or charge pump 435 o
perform DC-DC conversion. However, in other embodiments, the discrete
glements may be mounied elsewhere such as PCB 405 or integrated into the
PMC 305, In addition, processing system 110 may include other power
supplies {not shown) which use the discrete elemenis 420 located on the

interconnect 415,

[0064] Because power supply 310y uses a low dropout (LDO) regulator
440 1o perform DC-DC conversion (which is a linear operation), power supply
310y is a non-switched power supply. Thal is, power supply 310y may not
use a swilching frequency or charge siorage elements {e.g., capacitors or
inductors) for performing DO-DO conversion.  As such, power supply 310y
may not be as likely to produce noise spikes like the switch power supplies.
Although Figure 4 illustrates three different examples of switched and non-
switched power supplies, the present embodiments are not limited to such.
For example, Figure 4 may include different types of switched or non-switched
nower supplies as well as mulliple power supplies that use the same DO-DOC
conversion technigue {e.g., mulliple power supplies that use inductive boost
circuit 430).

{0065] Figure 5 illustrates a method 500 for changing a swiiching
frequency of a power supply based on a state of the processing system,
according 1o an embodiment described herein. Al block 505, a processing
system coupled o a8 PMC receives one or more output voltages from power

supplies located on the PMC. The display and touch controliers may use the
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output voltages 1o updale an image on a display screen or perform touch

sensing.

{0066] in one embodiment, display updating and touch sensing may be
performed during time periods that do not overlap. That is, the touch
controfler may perform touch sensing during a fixed interval and then hand off
control 1o the display coniroller for updating an image {(or a portion of the
image) on the display screen. in one embodiment, the sensing region used
for touch sensing may be integrated into the display screen — e.g., the display
screen may contain the sensing elements 121 shown in Figure 1. Because
the display controller and touch coniroller may share components to perform
their respective funclions or because of cross-talk, the processing system

may perform touch sensing at different times than display updating.

[0067] At block 510, the processing system may transmil & meassage (o the
PMC informing the conirol module on the PMC that the processing system is
currently performing touch sensing. Specifically, the touch controller may
transmit the duration of a touch event 1o the conirol module. Based on the
duration of the touch event, the control module may synchronize the switching
frequency of the switched power supplies such that the noise spikes caused
by switching between stages in the power cycle occur at the same time during
sequential louch events. Note that synchronizing the switched power supplies
to the touch events does not imply that the frequencies associated with the
power supply swilching and the touch events must be the same. In one
embodiment, the freguencies may be different but related - e.g., one
frequency may be an integer multiple of the cother. This synchronization is

shown in Figure 6.

[0068] Figure § illustrates & relalionship between noise generated by a
power supply and touch evenis, according to an embodiment described
herein. Chart 600 illusirates power supply noise that is asynchronous to
touch everts 610. In one embodiment, the touch event may be the time
needed for the touch controller 1o generale a capacitive image of a portion of

the sensing region. For example, the touch controller may generaie a
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transmitter signal on a transmilter electrode to determine if an input object is
interacting with the sensing region associated with the transmitter electrode.
The time needed for the touch controller 1o generate a plurality of transmitter
signals on the transmitter electrode may set the duration of the louch evernt
610. Alternatively, the touch event 610 may be the time needed for the touch
controller to send the transmilter signal on a plurality of transmitter electrodes
{e.g., by rastering through the electrodes). Touch events 610 may also include
the time needed to perform addilional calculations such as generating the
capacitive image based on the resulling signals received on the receiver
glactrodes. Stated generally, the touch events 610 define lime slots of the
same length during which the fouch controller performs the same or similar

operation.

[006%] Chart 600 illustraies noise spikes 805 that occur when the swiiched
power supplies in the PMC change states during a DC-DC conversion. For
sxample, the noise spikes 605 may be caused by the inductive boost circult, a
charge pump, and the like. As shown in chart 800, the number of noise
spikes 605, as well as their occurrence, within a touch event 610 various
relative 1o subsequent touch events 610, That is, the first touch event 610
has four noise spikes 605 ~ the first spike 605 occurs at the beginning, the
second and third spikes 605 are in the middle, and the fourth spike 605 is at
the end. The second touch event 810, in contrast, has only threes noise spikes
605 which occur at different times within the second touch event 610 relative
to the times the noise spikes 805 occurred in the first touch event 810,
Because the noise spikes 605 occour at different times within the touch events
810, comparing the touch events 610 is difficult. For example, if each touch
event 610 generates respective capacitive images which are then compared
to determine whether an input object interacted with the sensing region, noise
spikes 605 may create varigtion between the capacitive images that may lead
to erroneocus resulis. That is, the touch coniroller may identify differences
between the capacitive images that are caused by the noise spikes rather

than the input object.
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{0070} To cancel out the effects of the noise spikes 805, chart 601
fllusirates synchronizing the switching frequency of the power supplies with
the touch events 610. Specifically, the control module of the PMC may
change the switching frequency such that the noise spikes 605 caused by
switching between states gecur at the same time in each touch event. Here,
there are four noise spikes 805 during each touch event 610 which occur al
the same time during each touch event 610. Because the noise spikes 605
oceur at the same time in each touch event 610, the effects of the noise
spikes 605 are cancelled out. Stated differently, because the noise spikes
805 affect each time event 610 the same, when the resulis calculated during
the respective touch evenis 610 are compared, the noise spikes 605 cancel.
in one embodiment, the control module may also adjust the phase of the
control signal such that at least one of the noise spikes occurs al the
beginning or end of the touch evenis 610 in order 1o further mitigate the sffect

of the noise spikes 605 on touch sensing, but this is not a requirement.

(0671} in one embodiment, the touch controller informs the control module
on the PMC of the duration of the touch events 610. Based on this duration,
the control module calculates a swilching frequency that synchronizes the
noise spikes 605 with the touch events —~ i.g., ensures the noise spikes 605
occur at the same time in each of the touch events. Siated differently, the
noise spike 605 and touch svents may be phase locked so that the spikes 605
occur at the same time in the touch events. Even though the switching
frequency changes, the conirol module may change the frequency {or change
other settings in the power supplies) in a manner that keeps the output of the
power supply constant. For example, if the power supply provided 3V when
the switching frequency was asynchronous with the fouch evenis ©10 as
shown in chart 600, the power supply still provides 5V when the switching
frequency is changed in chart 601 to be synchronous with the fouch events
610.

[0072] Returmning to the method 500 of Figure 5, at block 515, the
processing system may inform the control module of the external PMC that

the processing system is currently updating the display. Similar to touch
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sensing, display updating may be divided into a plurality of equally spaced
display events — e.g., a display line time or a display frame update. In one
embodiment, if the display line time used by the display controller is an integer
muitiple of the swilching period of the power supplies {i.e., the time between
noise spikes) then the noise spikes 605 shown in Figure 8 do not affect the
image generated on the display screen. [n contrast, if dividing the display line
time with the switching period of the power supplies yields a non-integer

value, the noise spikes may generate image arlifacts in the displayed image.

[0073] Accordingly, in response o the processing system updating the
display, the conirol module may adjust the switching frequency {o ensure the
time periods of the stages is an integer mutltiple of the display line times - ja.,
the display event. For example, the display coniroller may transmit a
message o the control module that provides the display line time being used.
Based on this time, the control module may adjust the switching frequency
such that the noise spikes do not generate image arifacts or the image
artifacts are lessened relative 1o nol synchronizing the swiiching frequency

with the display events.

[0074] in one embodiment, the swiiching frequency used during touch
sensing is different from the swiiching frequency used during display
updating. That is, when the processing system changes from performing
touch sensing to display updating, or vice versa, the control module may
change the swilching frequency.  Thus, no one swilching frequency
synchronizes with both iouch evenis and display evenits. As such, the
processing system may maintain communication with the PMC to instruct the
PMC when to adjust the swilching frequency based on the particular funclion
the processing system is performing. Because the PMC may include mulliple
switched power supplies that provide oufput voliages to the processing
system, the conirol module may adjust the swilching frequencies of sach of
the swilched power supplies to ensure the noise peaks are synchronized (o
the touch and display events. In one embodiment, the PMC may adjust the
switching frequency prior to a touch or display event. For example, a control

ioop responsible for adjusting the output voliage of a swiiched power supply
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may require some setlling time before the outpul stabilizes at the new
frequency. As such, the PMC may adjust the switching frequency before the

touch or display controliers initiate the touch or display events.

[0075] in one embodiment of method 500, display updating and fouch
sensing may be performed simultaneously. That is, for at leas! some of the
time that the processing system performs display updating, the system may
also perform touch sensing to determine if an input object is interacling with a
sensor region. The PMC may have separale switched power supplies for
providing respective DC voltages for display updating and touch sensing.
Thus, the powsr supplies used for display updating may use a different
switching frequency relative to the power supplies used for performing touch
sensing. In this manner, the processing sysiem may benefit from the
advantages described above even if the touch evenis and the display events
do overlap — Le, display updating and touch sensing are performed

simultaneously.

(80781 Figure 7 is a schematic block diagram of a system 700 that includes
a communication path for facilitating communication between the processing
system and a PMC 305, according {o an embodiment described herein. As
mentioned previously, processing system 110 and PMC 305 may include a
communication path 715 that permits dala transfer between the display and
touch controllers 335, 340 and the control module 315, In one embodiment,
the communication path 715 which enables the synchronization described in
the present disclosure may be inlegrated into an already existing
communication path used to perform some other function of systemn 700 —
g.g., display updating. For example, path 715 may be implemented into a
Mobile Industry Processor Interface (MIPD) as a new command set.  Thus,
communication path 715 may either be an independent, discrete link or use

an existing communication interface.

{0077} in one embodiment, processing system 110 and PMC 305 may
perform a handshaking technigue to enable processing system 110 o control

the functions of PMC 305 (e.g., the swilching frequency or duration of the
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stages). For example, the processing system 110 may be the master while
the PMC 305 is the slave {or vice varsa). The slave device may include a
plurality of registers (not shown) which the master device may access o
transmit insiructions. The slave device may monitor the registers and update
its setlings based on the bits stored therein. In one embodiment, the
processing system 110 and PMC 305 may synchronize their respective clock
signals before synchronizing the switching frequency to the display and touch

avents,

{0078} System 700 alse includes shadow registers 7085, 710 located on
both processing system 110 and PMC 305. Processing system 110 and PMC
305 may include logic for updating the shadow registers based on their
current state. For example, when swilching from display updating to touch
sensing, processing system 110 may change a bil value in a shadow register
705 that siores the state information of the processing system 110, In
response o updating a shadow register 705 in processing system 110, logic
in the processing system 110 may automatically push out the update 1o a
corresponding shadow register 710 in PMC 305, Similarly, if the control
module 315 changes the switching periocd of the swilched power supplies,
PMC 305 may update one of the shadow registers 710, In response, logic
within the PMC 305 may automatically push this change out to a8 shadow
register 705 in processing system 110 that is also assigned o store the
current switching period of the swilched power supplies 310. In this manner,
the shadow registers 705, 710 may be copies of each other. Accordingly, the
shadow registers 705, 710 may serve as intermediaries that the control
module 315 or display and touch controllers 335, 340 may poll or change
without directly using communication path 715, For example, to instruct the
control module 315 (o adjust the switching frequency, the touch controller 340
may change the value in the appropriate shadow register 705 to indicate that
the processing system 110 is currently performing touch sensing. Because
hardware or firmware logic in processing system 110 aulomalically pushes

this state information 1o the corresponding shadow register 710 in PMC 305,
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the control module 315 only needs (o detect when a local shadow register 710

has changed values o know that the switching frequency should be adjusted.

[0673] in addition to informing the PMC 305 of the current state of the
processing system 110, the display and touch conirollers 335, 340 may either
set the switching frequency used by the switched power supplies directly or
provide the duration of the touch event or display event so that the control
module 315 can determine the appropriate switching frequency based on,
e.g., predetermined timing settings. These predetermined setlings may be
nart of profiles that are pre-loaded in the PMO 305, Because the PMC 305
may not have the specific characteristics of the display or touch areas of the
glectronic device {e.g., the width or lengih), the PMOC 305 may use the
instructions provided by the controllers 335, 340 o swilch between the
predefined profiles rather than calculating the switching freqguency on the fly,
in this manner, the PMC 305 may be preloaded with custom profiles based on
the particular display or touch area in electronic device or the processing
system 110 may transmit the predetermined settings to the PMC 305 based

on preloaded profiles stored in the processing system 110,

{0080} For example, the duration of the touch events may change based
on the noise in the environment. To avoid the noise, touch controller 340 may
decide {0 use a different frequency for the transmitter signal thereby changing
the duration of the touch event. Thus, if the processing system 110 were to
inform the PMC 305 only of its current state — fe., display updaling or touch
sensing ~ the control module 315 may adjust the switching frequency based
on an ouldated touch event duration.  Accordingly, regardiess of the
communication method used to fransfer information beilween processing
system 110 and PMC 305 (e.g., shadow registers, SP1, IFC, MIP! and the like),
the processing system 110 may transfer the current durations of the touch
display events in addition o the state information. In other embodiments, the
communication path 715, which can transmit digital or analog communication
connection, may also be used to transfer other information than state
information and durations of the display and touch evenis. The processing

system may use communication path 715 to account for voltage drop resulting
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from transmitling voltages from the PMC 3085 o processing system 110, For
example, power supply 310, may cutpul 4.0V thal, due to resistive iosses,
may be only 3.7V at the input of processing system 110, Using path 715,
processing element 110 can inform to control module 315 of PMC 305 of this
drop which in turn may adjust the setlings of power supply 310y fo

compensate for the drop — e.g., ouiput 4 3V.

0081} in one embodiment, the PMO 305 may include logic for detecting if
a battery has been pulled from a mobile electronic device. The system 700
may want to detect such an occurrence so that the pixels in the display screen
may be discharged to prevent the current image from unprediciably fading or
bumning in. Thus, PMC 305 may include logic for determining when a battery
is disconnected from the system 700 and sending an instruction to the display

controller 335 to, for example, discharge the pixels.

[0082] in one embodiment, the PMC 305 may include logic for allowing the
voltage output from the batlery to be passed through to the processing system
110. For example, during a low-power state, the PMC 305 may deaclivate the
power supplies 310 and instead pass through the vollage from the batlery to
the processing system 110. This power may be sufficient for the touch
controller 340 {o detect a wake up gesture used by the user (o instruct the
glectronic device {o resume normal operation. Once this gesiure is detected,
the touch controller 340 may fransmit an instruction via communication path
715 1o the control module 315 to activate power supplies 310 and no longer

pass through the battery voltage directly to the processing system 110.

{0083} in one embodiment, PMC 305 may use communication path 715 to
instruct the processing system 110 to behave differently rather than the
processing system 110 controlling the behavior of PMC 305 as described in
the previous embodiments. As discussed in Figure 3, PMC 305 may receive
power from a power storage element 325 or from a power converter {8.g., a
hattery charger). Knowing that the electronic system is connected to a power
converter may change the behavior of the processing system 110, For

sxample, a batltery charger may produce noise at a certain frequency, and
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thus, a processing system 110 may include circuilry for detecting this noise
and changing the frequency of the ransmitter signal used to perform touch
sensing. Instead of solely relying on this circuitry, the processing system 110
may learn from the PMC 305 that a battery charger {or other power converter)
is coupled to the electronic device and change the frequency used by the
transmitter signal.  In another example, when coupled o & power converter,
the processing system 110 may be unable to use 3 different voltage than the
one provided by the power converter for certain voltages {e.g., VDDA must be
maintained at 8V) in order {o prevent harm io the power converter. However,
the processing system 110 may be able to perform display updating and
touch sensing at a different voliage (e.g., VDDA at 4.6V). Accordingly, when
the PMC 305 informs the processing system 110 {using the shadow registers
705, 710 or any other communication technique) thal the power storage
slement is sourcing power rather than the power converier, the processing
system 110 may operate at the lower voltage, thersby vielding a power

savings.
Congclusion

[0084] Various embodiments of the present technology provide input
devices and methods for improving usability.  Specifically, embodiments
described herein synchronize the switching frequency of swilched power
supplies with timing evenis associated with updating a display screen or
performing touch sensing. For example, a touch event may be the lime
needed for the iouch controller {o scan a plurality of sensing electrodes.
Because the noise is introduced each time the power supplies switch between
different stages, the touch controlier may instruct the power management
controller to switch between the stages {i.e., adiust the swiiching frequency) at
the same lime during each touch event. For example, the swilched power
supply may change siages at the beginning and in the middie of each time
event. Even though the swilched power supplies are permitted {o introduce
noise info the touch system, the noise happens at the same time during each

touch event. Accordingly, the effect of the noise is the same for each touch
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event, and thus, is cancelled ocut. A similar process may be done during

display updating.

[8085) Thus, the embodiments and examples set forth hersin were
presented in order 1o best explain the embodiments in accordance with the
present technology and its particular application and to thereby enable those
skilled in the art to make and use the invention. However, those skilled in the
art will recognize that the foregoing description and examples have been
presented for the purposes of ilustration and example only. The description
as set forth is not intended to be exhaustive or to limil the invention to the

precise form disclosed.

{0086] in view of the foregoing, the scope of the present disclosure is

determined by the claims that follow.
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WE CLAIM:

1. An electronic device comprising:

a power management controller configured o provide power to both a
display controlier configured to update a display screen and a touch controller
configured to detect interaction between an input object and a sensing region,

wherein  the power management controller is  configured to
communicate with the display and touch conirollers to adjust a switching
frequency of a power supply (o be synchronous with display timing and touch

timing.

2. The electronic device of claim 1, wherein the power management
controller is configured to use a first switching frequency when the display
controller is updaling the display screen and a second, different switching
frequency when the touch conlroller is delecting interaction between the input

ohject and the sensing region.

3. The electronic device of claim 2, wherein the first switching frequency
is derived based on a duration of a display event performed when updaling
the display screen and the second switching frequency is derived based on a
duration of a touch event performed when detecting interaction between the
input object and the sensing region, wherein the display event and touch

avent do not overlap in time.

4. The electronic device of claim 1, wherein updating the display screen
and detecting interaction between the input object and the sensing region

overlap, at least partially, in time.

5. The electronic device of claim 1, wherein the power management
controller is configured o transmit a signal 1o at least one of the display and
touch controllers in response to a power converter being connectad (o the

electronic device.
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8. The electronic device of claim 1, further comprising an integrated circuit
comprising the touch controller and the display device, wherein the power

management controller is external to the integrated circuit.

7. The electronic device of claim 1, further comprising:
a first integrated circuil comprising the display and touch controller; and
an interconnect communicatively coupling the integrated circuit to a
second integrated circuit comprising the power management controller,
wherein the power supply is locaied on the second integrated circuit and s a

switched power supply configured to perform a DC to DO voltage conversion.

3. A method for synchronizing a power management controller, the
method comprising:

providing power from a power management controller to both a display
controfler configured to update a display screen and a touch coniroller
configured to detect interaction between an input object and a sensing region;
and

communicating with the display and touch conirollers {o adjust a
switching frequency of a power supply 1o be synchronous with display timing

and touch timing.

9. The method of claim 8, wherein the power management controller is
configured to use a first swilching frequency when the display coniroller is
updaling the display screen and a second, different switching frequency when
the touch controller is delecting interaction beiween the input object and the

sensing region.

10, The method of claim 9, wherein the first switching frequency is derived
based on a duration of a display event performed when updating the display
screen and the second switching frequency is derived based on a duration of
a touch event performed when detecting interaction between the input object
and the sensing region, wherein the display event and iouch event do not
gverlap in time.
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11. The method of claim 8, wherein updaling the display screen and
detecting interaction between the input object and the sensing region overlap,

at least partially, in time.

12. The method of claim §, further comprising, upon determining that the
power management controller is coupled o a removable power converier,
transmitting a signal from the power management coniroller that informs at
least one of the display and touch controllers of the presence of the

removable power converter.

13. The method of claim 8, wherein the touch controller and the display
device are integrated in & semiconductor chip, and wherein the power

management controller is external (o the semiconductor chip.

14. The method of claim 8, wherein the touch controller and the display
device are infegrated in a first semiconductor chip and an interconnect
communicatively couples the first semiconductor chip to a second
semiconductor chip comprising the power management coniroller, wherein
the power supply is located on the second integrated circuit and is 2 switched

power supply configured to perform a DC to DC voltage conversion.

15, An integrated circuit system comprising:

a power management controller configured o provide power {o both a
display controlier configured to updale a display screen and a touch controller
configured to delect interaction between an input object and a sensing region;
and

a switched power supply, wherein the power management controller is
configured to communicate with the display and touch conirollers to adjust a
switching frequency of the switched power supply {0 be synchronous with

display timing and touch timing.

16. The integrated circuit of claim 15, wherein the power management

controfler is configured (o use a first switching frequency when the display
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controller is updating the display screen and a second, different switching
frequency when the touch controller is detecting interaction betweaen the input

object and the sensing region.

17.  The integrated circuit of claim 16, wherein the first switching frequency
is derived based on a duration of a display event performed when updating
the display screen and the second switching frequency is derived based on a
duration of a touch event performed when delecting interaction between the
input object and the sensing region, wherein the display event and fouch

aevent do not overlap in time.

18. The integraied circuit of claim 15, whersin updating the display screen
and detecting interaction between the inpul object and the sensing region

overlap, at least partially, in time.

19. The iniegrated circuit of claim 15, wherein the power management
controller is configured o transmit a signal to at least one of the display and
touch conirollers in response {0 a power converler being connected to the

electronic device.
20,  The integrated circuit of claim 15, further comprising shadow registers

configured to store display and touch settings corresponding to the display

and touch coniroliers.
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