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ferent characteristics of the routings between the connectors and source drivers.

For example, a t-shaped connector is provided to ensure voltage provided to the

source drivers is approximately equal. Routings may be tapered (i.e., altered in

_seerie.sc Width) to reduce the amount of area consumption in locations where doing so is de-
sirable but to decrease resistance in areas having more space. Routings may also in-
clude stacked power supply and ground traces to provide benefits such as improved
decoupling capacitance. Other features are provided.
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ROUTING FOR AN INTEGRATED DISPLAY AND INPUT SENSING DEVICE

BACKGROUND
Ficld of the Disclosure

100013 Embodiments generally relale o display devices and, in particular,
to routing configurations for conneciors coupled o source drivers in display

devices.
Description of the Related Art

[0002] Input devices including proximity sensor devices (also commonly
calied touchpads or touch sensor devices) are widely used in a varisty of
electronic systems. A proximily sensor device lypically includes a sensing
region, often demarked by a surface, in which the proximity sensor device
determines the presence, location and/or motion of one or more input objects.
Proximity sensor devices may be used o provide interfaces for the electronic
system. For example, proximily sensor devices are ofien used as inpui
devices for larger computing systems {such as opaque touchpads integrated
in, or peripheral to, notebock or deskiop compuiers). Proximily sensor
devices are also often used in smaller computing systems (such as touch

screens integrated in cellular phones).

[0003] Some proximily sensor devices include display slements.  Both
touch elements and display slements may be provided with signals and power
via one or more source drivers. The socurce drivers may be located on a
substrate, such as glass, and may interface with off-glass chips via g flexible
connector that attaches o the subsirate. Filexible connectors are coupled to
source drivers via on-substrate routings.  Various characteristics of thess

routings may affect display and touch performance.
SUMMARY

[0004] A display assembly is provided. The display assembly includes a
plurality of display elements disposed on a subsirate. The display assembly

also includes a plurality of source driver lines disposed on the subsirate and
1
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coupled o the plurality of display elements. The display assembly further
includes a plurality of source drivers disposed on the substrale and coupled to
the plurality of source driver lines, the plurality of source drivers configured to
drive the plurality of source driver lines fo drive the plurality of display
elements for display updating. The display assembly also includes a plurality
of connectors exiending out of the substrale and providing display signals and
power supply signals to the plurality of scurce drivers via a plurality of
routings. A ratio of a number of connectors in the plurality of connectors to a
number of source drivers in the plurality of source drivers is a ratio other than

ons-fe-one or one-to-two.

[80035] Anocther display assembly is also provided. The display assembly
includes a pluralily of display element disposed on a substrate. The display
assembly also includes a plurality of source driver lings disposed on the
substrate and coupled io the plurality of display slements. The display
assembly further includes a plurality of source drivers disposed on the
substrate and coupled t© the plurality of source driver lines, the plurality of
source drivers configured o drive the plurality of source driver lines o drive
the plurality of display slements for display slemenis. The display assembly
also includes a first connector of a plurality of conneclors configured o
provide power supply signals and display signals 1o a first source driver of the
plurality of source drivers and a second source driver of the plurality of source
drivers. The display assembly further includes a second connector of the
plurality of connectors configured {0 provide power supply signals and display
signals {0 the second source driver and a third source driver of the plurality of

source drivers.

100067 An input device is provided. The input device includes a plurality of
sensor electrodes. The inpul device also includes a plurality of display
glements disposed on a subsirate. The inpul device further includes a
plurality of source driver lines disposed on the substrate and coupled 1o the
plurality of display slements. The input device also includes a plurality of
source drivers disposed on the substrate, the plurality of source drivers
coupled to the plurality of source driver lines and to the plurality of sensor
electrodes, the plurality of source drivers configured to drive the plurality of
2
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source driver lings to drive the plurality of display elements for display
updating and to drive the plurality of sensor electrodes for capacitive sensing.
The input device further includes a plurality of connectors extending out of the
substrate and providing display signals, sensing signals, and power supply
signails to the plurality of source drivers via a plurality of routings. A ratic of a
number of conneciors in the plurality of conneclors {0 a number of source
drivers in the plurality of source drivers is a ratio other than one-to-one or one-

to-two.
BRIEF DESCRIPTION OF THE DRAWINGS

10007} So that the manner in which the above reciled feailurses of
embodiments can be understood in delall, a more particular description of
embodiments, briefly summarized above, may be had by reference o
embodiments, some of which are illustraled in the appended drawings. ltisio
be noted, however, thal the appended drawings illustrate only typical
embodiments and are therefore not {o be considered Hmiting of scope, for

other effective embodiments may be admitled.

[p008] Figure 1A is a block diagram of an sxemplary input device, in

accordance with embodiments of the invention.

[0003] Figure 1B is an illustration of display elements integrated with the

input device of Figure 14, according 1o an exampile.

[0010] Figure 2 shows a portion of an example sensor elecirode patiemn
comprising sensor electrodes configured 10 sense in a sensing region

associated with the patlern, according to some embodiments.

[6011] Figure 3 is a block diagram of a connecior interface, according o

an example.

[8012] Figure 4 is a block diagram of a two-to-one connector interface,

according (o an example.

[0013] Figure § is a schematic diagram of an inpul device employing an
improved scheme for routing bebween connectors and source  drivers,

according o an example.
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10014} Figure 8A illusirates a three-to-four ratic of connectors to source

drivers, according o an example.

{801 5] Figure 6B fllustrates a Tour-to-six ratio of conneclors o source

drivers, according to an example.

[B0186] Figure 8C is a block diagram of a source driver, illustrating input

pins in greater detall, according to an example.

[0017] Figure 7A is a block diagram of a t-shaped connector, according to

an example.

[6018] Figure 7B is a circuit diagram that is representative of the t-shaped

connector of Figure 7A, according 10 an exampie.

[0019] Figure 8A is a schematic diagram of a routing interface belween a

connector and a source driver, according to an example.

[0020] Figure 8B is a block diagram of a trace layoul fllustrating trace
geometry fealures described with respect o Figure 8A, according © an

example.

[0021] Figure 8C is a cross-sectional view of frace lavout taken along lines

8C-8C of Figure 8R, according to an exampile,

(80223 Figure 8D is a cross-sectional view of trace layout {aken along lines

80-8D of Figure 8B, according o an example.

[6023] Figure 9A is a diagram of a cormer connector for providing power to

a source driver, according {0 an example.

[0024] Figure 9B is a circuit diagram representation of a comer conneglor,

according 1o an example.

[0025] To facilitate understanding, identical reference numerals have been
used, where possible, 1o designate identical elementis that are common 1o the
figures. It is contemplated that elements of one embodiment may be

beneficially incorporated in other embodiments.
DETAHLED DESCRIPTION OF THE INVENTION

100267 The following detailed description is merely exemplary in nature and

is not intended to limit the invention or the application and uses of the
4
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invention. Furthermore, there is no intention {o be bound by any expressed or
implied theory presented in the preceding technical field, background, brief

summary or the following delailed description.

(00273 Various embodiments of the present invention provide display
devices with improved rouling between connectors and source drivers
disposed on a substrale such as glass. Various fealures improve different
characteristics of the routings between the connectors and source drivers.
For example, 2 t-shaped conneclor is provided o ensure voltage provided o
the source drivers is approximately egual. Routings may be lapered (ie.,
altered in width) to reduce the amount of area consumption in locations where
doing 80 is desirable but to decrease resistance in areas having more space.
Routings may also include stacked power supply and ground traces o provide
benefits such as improved decoupling capacitance. Other fealures and

characteristics are provided below.

[0028] Tuming now to the figures, Figure 1A is a block diagram of an
exemplary inpuit device 100, in accordance with embodimenis of the
invention. The input device 100 may be configured to provide inputl 1o an
slectronic system {not shown). As used in this document, the term “elecironic

”y

system” {(or “elecironic device”) broadly refers 1o any systermn capable of
electronically processing information. Some non-limiting examples of
glecironic systems include personal computers of all sizes and shapes, such
as deskiop compulers, laptop computers, netbook compulers, tablels, web
browsers, &-book readers, and personal digital assistants (PDAs). Additional
example elacironic systems include compaosite input devicss, such as physical
Keyboards that include input device 100 and separate joysticks or key
switches. Further example electronic systems include peripherals such as
data input devices (including remole controls and mice), and dala ouipul
devices (including display screens and printers).  Cther examples include
remote {erminals, kiosks, and video game machines (e.g., video game
consoles, portable gaming devices, and the like). Other examples include
conmunication devices {including celiular phones, such as smart phonas),
and media devices (including recorders, edilors, and players such as
televisions, sel-top boxes, music players, digital photo frames, and digital
5
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cameras). Additionally, the electronic system could be a host or a slave to the

input device.

[0028] The input device 100 can be implemented as a physical part of the
slectronic syslem, or can be physically separaie from the elecironic system.
As appropriate, the input device 100 may communicale with parts of the
glectronic system using any one or more of the following: buses, networks,
and other wired or wireless interconnections. Examples include iEC, SR
PRS2, Universal Serial Bus (USB), Bluetooth, RF, and IRDA.

[0030] In Figure 1A, the input device 100 is shown as a proximily sensor
device {als¢ often referred {0 as a “touchpad” or a “touch sensor device”)
configured to sense input provided by one or more inpul objecis 140 in a
sensing region 120. Example input objects include fingers and styli, as shown

in Figure 1A,

[0031] Sensing region 120 encompasses any space above, around, in
and/or near the input device 100 in which the inpul device 100 is able io
detect user input {e.q., user input provided by one or more input objects 140}
The sizes, shapes, and lccations of particular sensing regions may vary
widely from embodiment to embodiment. In some embodiments, 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 sufficiently accurate
object delection. The distance to which this sensing region 120 extends in a
particular dirgction, in various embodiments, may be on the order of less than
a millimeter, millimeters, centimeters, or more, and may vary significantly with
the tvpe 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 surfacs (8.g. 8 touch surface) of the
input device 100, contact with an input surface of the inpul device 100
coupled with some amount of applied force or pressure, and/or a combination
theraof. In various embodiments, input surfaces may be provided by surfaces
of casings within which the sensor elscirodes reside, by face sheets applied
over the sensor elecirodes or any casings, etc.  In some embodiments, the
sensing region 120 has a rectangular shape when projecied onio an input

surface of the input device 100,
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{0038 The input device 100 may ulilize any combination of sensor
componenis and sensing lechnologies o detect user inpul In the sensing
region 120. The input device 100 comprises one or more sensing elements
for detecting user inpul.  As several non-limiting examples, the input device
100 may use capacilive, elastive, resistive, inductive, magnetic, acoustic,

uitrasonic, and/or optical technigues.

[6033] Some implementations are configured to provide images that span
one, two, three, or higher dimensional spaces. Some implementations are
configured {o provide projeclions of input along particular axes or planes.
Further, some implementations may be configured to provide a combination of

one or morg images and ong or more projections.

{00347 in some resistive implementations of the input device 100, a flexible
and conductive first layer is separated by one or more spacer elements from a
conductive second layer. During operation, one or more voliage gradients are
created across the layers. Fressing the flexible first laver may deflect it
sufficiently to create electrical contact between the layers, resulting in vollage
outputs reflective of the poini{s) of contact between the lavers. These voltags

outputs may be used to delermine positional information.

[0035] in some inductive implemeantations of the input device 100, ons or
more sensing elements pick up loop currents induced by a resonating coll or
pair of coils. Some combination of the magnitude, phase, and frequency of

the currents may then be used o determine positional information.

[p038] in some capacitive implementations of the input device 100, vollage
or current is applied o create an electric field. Nearby inpul objects cause
changes in the eleciric Tigld, and produce detfsctable changes in capacitive

coupling that may be detected as changes in voltage, current, or the like.

[0037] Some capacitive implementations utilize arrays or other regular or
frrequiar pattemns of capacitive sensing slements to create electric fields. In
some capacilive implementations, separale sensing slemenis may be
ohmically shorted together o form larger sensor slectrodes. Some capacitive

implementations utilize resistive sheets, which may be uniformly resistive.
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[0038] Some capacitive implementations utilize "self capacitance” (or
“absolule capacitance”™) sensing methods based on changes in the capacitive
coupling between sensor electrodes and an input obiect. In various
embodiments, an input object near the sensor glectrodes alters the slectric
field near the sensor eleclrodes, thus changing the measured capacitive
coupling. In one implementation, an absolule capacilance sensing method
operates by modulating sensor electrodes with respect 1o a reference voltage,
and by delecting the capacitive coupling between the sensor elgcirodes and
input objects. The reference vollage may by a substantially constant voltage
or a varying voltage. In various embodiments, the reference vollage may be

system ground.

10039] Some capacilive implementations utllize “mutual capacitance” {or
“franscapacitance”) sensing methods based on changes in the capacilive
coupling between sensor electrodes. In variocus embodiments, an input object
near the sensor electrodes allers the electric field between the sensor
elecirodes, thus changing the measured capacitive coupling. In one
implemeniation, a transcapacitive sensing method operates by detecting the
capacitive coupling between one or more fransmitier sensor glectrodes {also
“fransmitier electrodes™) and one or more receiver sensor electrodes (also
‘receiver electrodes”). Transmitler sensor electrodes may be modulated
relative 1o the receiver sensor glectrodes. For example, the transmitier sensor
electrodes may be modulated relative o a reference voltage o transmit
transmitler signals and the receiver sensor elecirodes may be held
substantially constant relative o the reference vollage o facililate receipt of
resulting signals. The reference vollage may by a substantially constant
voltage or a varying volfage. In various embodiments, the reference vollage
may be system ground. A resulling signal may comprise effect{s)
corresponding 10 one or more fransmilter signals, and/or 10 one or more
sources of environmental interference {e.g. other electromagnetic signals).
Sensor electrodes may be dedicated transmiiers or receivers, or may be

configured {o both transmit and receive.

[0040] in Figure 1A, a processing system 110 is shown as part of the input
device 100. The processing system 110 is configured o operate the
a
L
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hardware of the input device 100 o detect input in the sensing region 120,
The processing system 110 comprises paris of or all of one or more
integrated circuits {(ICs) and/or other circuitry componenis. For example, a
processing system for a mutual capacitance sensor device may comprise
fransmitter circuitry configured to fransmit signals with transmilter sensor
slectrodes, and/or receiver circuilry configured 1o receive signals with receiver
sensor elecirodes). In some embodiments, the processing system 110 also
comprises electronically-readable instructions, such as firmware c¢ode,
software code, and/or the like. In some embodiments, componenis
compoesing the processing systemn 110 are localed logether, such as near
sensing element(s) of the input device 100. In other embodiments,
components of processing system 110 are physically separate with one or
more components close o sensing element(s) of input device 100, and one or
more components elsewhere. For example, the input device 100 may be a
peripheral coupled o a computing device, and the processing system 110
may comprise software configured to run on a central processing unit of the
computing device and one or more {Cs {perhaps with associated firmware)
separate from the central processing unit.  As ancther example, the input
device 100 may be physically integrated in a mobile device, and the
processing system 110 may comprise circuits and firmware that are part of a
main processor of the mobile device. In some embodimentis, the processing
system 110 is dedicated to implementing the input device 100, In other
embodiments, the processing systemn 110 also performs other functions, such
as operating display screens, driving hapiic actuators, sle.

(80411 The processing system 110 may be implemented as a set of modules
that handie different functions of the processing system 110, Each module
may comprise circuitry that is a part of the processing systermn 110, firmwars,
software, or a combination thergof. In various embodiments, different
combinations of modules may be used. Example modules include hardware
operation modules for operating hardware such as sensor elecirodes and
display screens, data processing modules for processing daia such as sensor
signals and positional information, and reporting modules for reporting

information.  Further example modules include sensor operation modules

9
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configured to operate sensing elemeni(s) to detect input, identification
moduies configured o identify gestures such as mode changing gestures, and
mode changing modules for changing operation modes. In one or more
embodiments, a first and second module may be comprised in separate
integrated circuils. For example, a first module may be comprised within a
first integrated circuit and a separate module may be comprised within a
second integrated circuit.  Further, porlions of a single module may span

mudtiple integrated circuits.

[0042] In some embodiments, the processing system 110 responds o user
input {or lack of user input) in the sensing region 120 directly by causing one
or more actions. Example aclions include changing operation modes, as well
as GUI actions such as cursor movement, selection, menu navigation, and
other functions. In some embodiments, the processing system 110 provides
information about the input {(or lack of input) fo some part of the glectronic
sysiem (e.g. o a ceniral processing system of the slectronic system that is
separate from the processing system 110, if such a separale central
processing system exists). In some embodiments, some part of the elecironic
system processes information received from the processing system 110 fo act
on user inpul, such as to facilitate a full range of actions, including mode

changing actions and GU! actions.

[0043] For example, in some embodiments, the processing system 110
operales the sensing element{s) of the input device 100 to produce electrical
signals indicative of input {or fack of input) in the sensing region 120. The
processing system 110 may perform any appropriate amount of processing on
the electrical signals in producing the information provided {o the electronic
system. For example, the processing system 110 may digitize analog
electrical signals obtained from the sensor electrodes. As another example,
the processing systermn 110 may perform filtering or other signal conditioning.
As vyet ancther example, the processing system 110 may sublract or
otherwise account for a baseling, such that the information reflects a
difference between the elecirical signals and the baseline. As yel further
examples, the processing system 110 may delermine positional information,
recognize inpuls as commands, recognize handwriting, and the like.
10
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[6044] “Positional information” as used herein broadly encompasses
absolute posilion, relative position, velocity, acceleration, and other types of
spatial information.  Exemplary “zero-dimensional” positional information
includes nearffar or confactno contact information. Exemplary “one-
dimensional” positional  information  includes positions along an  axis.
Exemplary “two-dimensional” positional information includes motions in a
plane, Exemplary “three-dimensional” positional  information  includes
instanianecus or average velodcitiss in space. Further examples include other
representations of spatial information. Hisiorical data regarding one or more
types of positional information may also be delermined and/or stored,
including, for example, hisiorical data that tracks position, motion, or

instantaneous velocity over time.

[0045] 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 input components may
provide redundant functionality for input in the sensing region 120, or some
other functionality. Figure 1A shows buttons 130 near the sensing region 120
that can be used to facilitate selection of items using the input device 100.
Other types of additional input components include sliders, balls, whesls,
switches, and the like. Conversely, in some embodiments, the input device

100 may be implemented with no cther input components.

[0048] In some embodiments, the inpul device 100 comprises a touch
screen interface, and the sensing region 120 overlaps at least part of an
active area of a display screen. For example, the input device 100 may
comprise substantially transparent sensor electrodes overlaying the display
soreen and provide a fouch screen interface for the associated electronic
system. The display screen may be any type of dynamic display capable of
displaying a visual interface to a user, and may include any type of light
ermitting diode (LED), organic LED (OLED), cathode ray tube (CRT), liguid
crystal display (LCD), plasma, eleciroluminescence (EL), or other display
technology. The input device 100 and the display screen may share physical
slements. For example, some embodiments may ulilize some of the same
electrical components for displaying and sensing. As another example, the
11
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display screen may be operated in part or in tolal by the processing system
110.

[0047] In various embodiments, the input device 100 may comprise one or
more sensor slectrodes configured for both display updating and input
sensing. For example, al lsast one sensor alectrodes that are used for input
sensing may comprise one or more display electrodes of the display device
that are used in updating the display. Further, the display elecirode may
comprise one or more of segments of a Veom slectrode (common electrodes),
source drive lines (slectrodes), gate line (slectrodes), an anode sub-pixal
elecirode or cathode pixel elecirode, or any other display slement. These
display slectrodes may be disposed on an appropriate display screen
substrate. For example, the display slectrodes may be disposed on a
fransparent subsirate (a glass subsirate, TFT glass, or any other fransparent
material} in some display screens {.¢., In Plane Switching (IP3), Fringe Field
Switching (FF3) or Plane o Line Swilching (PLS) Crganic Light Emitling
Diode (OLED)), on the bottom of the color filler glass of some display screens
(e.g., Patterned Vertical Alignment (PVA) Multi-domain Vertical Alignment
(MVA), IPS and FF3), over an cathode layer (OLED), etc. In such
sembodimentis, the display slectrode can also be referred {0 as a “combination
slectrode”, since if performs multiple functions. In various embodiments, each
of the sensor electrodes comprises one or more display electrodes associated
with a pixel or sub pixel. In other embodiments, at least two sensor
elecirodes may share at least one display elecirode associated with a pixel or

sub-pixel.

[0048] In various embodiments, a first sensor electrode comprises one or
more display slectrodes configured for display updating and capaciiive
sensing and a second sensor electrode may be configured for capacitive
sensing and not for display updaling. The second sensor electrode may be
disposed belween subsirates of the display device or external from the
display device. In some embodiments, all of the sensor elecirodes may
comprise one or morg display slectrodes configured for display updating and

capacitive sensing.

12
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[0049] Processing system 110 may be configured to perform input sensing
and display updaling during at least partially overapping pericds.  For
example, a processing systermn 110 may simultaneously drive a first display
slectrode for both display updating and input sensing. In another example,
processing system 110 may simultaneously drive a first display elecirode for
display updating and a second display slectrode for input sensing.  in some
embodiments, processing system 110 in configured to perform input sensing
and display updating during non-overlapping periods. The non-overlapping
periods may be referred to as non-display update pericds. The non-display
updale periods may occur between display line update pericds of common
display frame and be atl least as long as a display line updale pericd. Further,
the non-display update pericds may occur between display line update
periods of a common display frame and be one of longer than or shorter than
a display line updale period. In some embodiments, the non-display update
periods may occur at the beginning of a display frame and/or between display
frames. Processing sysiem 110 may be configured to drive one or more of
the sensor electrodes and/or the display eleclrodes with a shield signal. The
shield signal may comprise one of a constani voltage signal or a varying
voltage signal.  In various embodiments, a shield signal that is a varying
voltage signal may be referred to as a guard signal. Further, one or more of

the sensor glectrodes and/or display elecirodes may be elecirically floated.

[0050] i should be understood thal while many embodimenis of the
invention are described in the context of a fully funclioning apparatus, the
mechanisms of the present invention are capable of being distributed as a
program product {e.g., software) in a variety of forms. For example, the
mechanisms of the present invention may be implemented and distribuled as
a software program on information bearing media that are readable by
glectronic  processors  {e.g., non-transifory computer-readable  andfor
recordable/writable information bearing media readable by the processing
system 110). Additionally, the embodiments of the present invention apply
equally regardless of the particular type of medium used o carry out the
distribution. Examples of non-transitory, slectronically readable media includs

various discs, memory sticks, memaory cards, memory modules, and the like.
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Electronically readable media may be based on flash, optical, magnestic,

holographic, or any other siorage technology.

[0051] Figure 1B is an illustration of display elemenis 150 inlegraled with
input device 100, according to an example. As shown, display elements 150
includes sub-pixels 152, selection elements 154, gate lines 158, source lines

156, and source driver 160,

[6052] The sub-pixel elements 152 display sub-pixel colors o affect an
image for display. When activated by a selection element 154, the brightness
of any particular sub-pixel slement 152 may be changed. To activale a
selection element 154, a signal may be applied to a particular gate driver ling
158 and source driver line 156 that corresponds {0 one or more sub-pixel
elements 152 whose brightness is 1o be changed. The brighitness of one or
more sub-pixel elemenis 152 would then be changed, via selection element
154, Selection elements 154 may be fransistors, with gates coupled o gate

driver lines 158 and sources coupled 0 source driver linss 158,

[0053] The display slements 150 are disposed on a substrate 180, such as
glass. The source driver 160 may be coupled o an off-glass timing controller
or other control chip via a connecior 170 disposed al least partially on the
substrate 180. In one embodiment, one or more portions of the timing
controlier may be disposed within 2 host processor or any other processor
within input device 100. The connecior 170 provides signals and power o
source driver 160 via routings 172, input device 100 may include multiple
source drivers 180, each of which is assigned to a different sst of sub-pixel
elements 152. Connectors 170 may be flat, flexible cabies for providing a
connection between an off-substrate {e.g., off-glass) control chip (such as a
timing controller that confrols display timing) and the source drivers 160.
Various characleristics and features of the on-substrate routings between the
connectors 170 and source drivers 160 may affect performance factors of
input device 100 such as power consumption rate. These characleristics are

described in more detall below.

100541 The timing controller provides sach source driver 160 with display

update information and/or input sensing information. The source driver 160
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drives source electrodes for display updating and sensor slectrodes for input
sensing based on the information provided by the fiming controlier. Each
source driver 180 may communicale sensor dala to the timing controller. The
source drivers 1680 may provide raw sensor data, partially processed or
processed sensor data o the fiming controller. The timing controller may
process the sensor dala o determine positional information for one or more
input objects within a sensing region of the input device. In other
embodiments, the timing controller may pass the sensor data {0 a host

processor or other procaessor for further processing.

[0055] Figure 2 shows a portion of an example sensor elecirode paftern
comprising sensor elecirodes 210 configured to sense in a sensing region
assoociated with the patiern, according to some embodiments. The example
sensor glectrode pattern may be included in sensing region 120 of input
device 100 io perform capacitive sensing. it should be understond that
although a particular pallern of sensing slectrodes is shown and is described
as operaling in a particular manner, other patterns of sensing elecirodes that
operale differently may be present in input device 100 as well. For clarity of
Hlustration and description, Figure 2 shows a pattern of simple reclangles, and
does not show various components. Further, as illustrated the sensor
electrodes 210 comprise a first plurality of sensor slectrodes 220, and a

second plurality of sensor slectrodes 230.

[0056] In one embodiment, the sensor electrodes 210 may be arranged on
different sides of the same subsirate. For example, each of the first and
second plurality of sensor slectrode{s} 220, 230 may be disposed on ong of
the surfaces of the substrate. in other embodiments, the sensor eleclrodes
210 may be arranged on different substrates. For example, each of the each
of the first and second pluralily of sensor electrode(s) 220, 230 may be
disposed on surfaces of separate substrates which may be adhered {ogsther.
In another embodiment, the sensor elecirodes 210 are all localed on the
same side or surface of a common subsirate. In one example, a first plurality
of the sensor electrodes comprise jumpers in regions where the first plurality

of sensor elecirodes crossover the second plurality of sensor slectrodes,
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whare the jumpers are insulated from the second piurality of sensor

glecirodes.

{0057] The first plurality of sensor elecirodes 220 may exiend in a first
direction, and the second plurality of sensor electrodes 230 may extend in a
second direction.  The second direction may be similar {o or different from
the first direction. For example, the second direction may be parallel with,
perpendicular to, or diagonal to the first dirgction. Further, the sensor
glecirodes 210 may sach have the same size or shape or differing size and
shapes. In one embodiment, the first plurality of sensor elecirodes may be
larger {larger surface area) than the second pluraiity of sensor elecirodes. In
other embodiments, the first plurality and second plurality of sensor slectrodes
may have a similar size and/or shape. Thus, the size and/or shape of the one
or more of the sensor electrodes 210 may be different than the size and/or
shape of another one or more of the sensor electrodes 210, Nonetheless,
egach of the sensor electrodes 210 may be formed inlo any desired shape on

their respective substrates.

[0058] in other embodiments, one or more of sensor electrodes 210 ars
disposed on the same side or surface of the common substrate and are
isolated from each other in the sensing region 120. The sensor electrodes
120 may be disposed in a malrb array where each sensor electrode may be
referred {0 as a matrix sensor electrods.  Each sensor slectrode of sensor
elecirodes 210 may be substantially similar size and/or shape. In one
embodiment, one or more of sensor elecirodes of the malrix array of sensor
electrodes 210 may vary in at least one of size and shape. Each sensor
slectrode of the malrix array may correspond 1o a pixel of a capacilive image.
Further, two or more sensor electrodes of the matrix array may correspond o
a pixel of a capacilive image. In various embodiments, each sensor electrode
of the malrix array may be coupled a separate capacilive routing trace of a
plurality of capacitive routing traces. In varicus embodiments, the sensor
electrodes 210 comprises one or more grid eleclrodes at lgast partially
disposed between at least two sensor electrodes of sensor electrodes 210,
The grid electrode and at least one sensor elecirode may be disposed on a
common side of a subsirate, different sides of a common substrate and/or on
16
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different substrates. in one or more embodiments, the sensor electrodes 210
the grid electrode(s) may encompass an eniire voltage electrode of a display
device. Although the sensor slectrodes 210 may be elecirically isolated on the
substrale, the electrodes may be coupled together outside of the sensing
region 120 - e.g., in a connection region. In one embodiment, a floating
electrode may be disposed between the grid eleclrode and the sensor
electrodes. In one particular embodiment, the floating slectrode, the grid
electrode and the sensor elecirode comprise the entirety of a common

electrode of a display device.

[0059] Processing system 110 may be configured o drive ong or sensor
slectrode of the sensor slectrodes 210 with modulated signals (iLe., absoiute
capacitive sensing signals) to determine changes in absolute capacitance of
the sensor electrodes 210, in some embodiments, processing system 110 is
configured to drive & itransmiller signal onto a first one of the sensor
gleciredes 210 and receive a resulling signal with a2 second one of the sensor
elecirodes 210. The transmilter signal(s) and absolute capacitive sensing
signal(s) may be similar in at least one of shape, amplitude, frequency and
phase. Procsssing sysiem 110 may be configured o drive a grid electrods
with a shield signal lo operale the grid electrode as a shield and/or guard
slectrode. Further, processing system 110 may be configurad {o drive the grid
glectrode with a fransmitfer signal such that the capacitive coupling between
the grid electrode and one or more sensor electrodes may be determined, or
with an absolute capacitive sensing signal such that the absolute capacitance

of the grid elecirode may be determined.

[0080]  As used herein, a shield signal refers 0 a signal having one of a
constant voltage or a varying vollage signal {guard signal). The guard signal
may be substantially similar in at least one of amplitude and phase o a signal
modulating a sensor electrode. Further, in various embodiments, the guard
signal may have an amplitude that is larger than or less than that of the signal
modulating a sensor elecirode. In some embodiments, the guard signal may
have a phase that is different from the signal modulating the sensor glectrode.
Eiectrically floaling an electrode can be interpreled as a form of guarding in
cases where, by floating, the second electrode receives the desired guarding
17
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waveform via capacitive coupling from a nearby driven sensor slectrode of the

input device 100.

{8081} As is discussad above, in any of the sensor slectrode arrangements
discussed above, the sensor electrodes 210 may be formed on a substrate
that is external to or internal 1o the display device. For example, the sensor
slectrodes 210 may be disposed on the ouler surface of a lens in the inpul
device 100. In other embodiments, the sensor slectrodes 210 are disposad
between the color filter glass of the display device and the lens of the input
davice. In other embodiments, at least a portion of the sensor electrodas
and/or grid electrode{s) may be disposed such that they are between a Thin
Film Transistor substrate {(TFT substrate} and the color filter glass of the
display device. In one embodiment, a first plurality of sensor elecirodes are
disposed between the TFT substrate and color filler glass of the display
device and the sscond plurality of sensor slectrodes are disposed between
the color filter glass and the lens of the inpul device 100. In yet other
ermbodiments, all of sensor electrodes 210 are disposed between the TFT
substrate and color filter glass of the display device, where the sensor
slectrodes may be disposed on the same substrate or on different substrates

as described above.

[0082] In any of the sensor electrode arrangements described above, the
sensor electrodes 210 may be operaled by the input device 100 for
transcapacitive sensing by dividing the sensor eleciredes 210 into transmiiter
and receiver electrodes or for absolute capacitive sensing, or some mixiure of
both. Further, one or more of the sensor electrodes 210 or the display
slectrodes {e.g., source, gate, or reference (Vcom ) electrodes) may be used

to perform shielding.

[0083] The areas of localized capacitive coupling between first plurality of
sensor electrodes 220 and second pluralily of sensor electrodes 230 may be
termed “capacitive pixels.” The capacitive coupling between the first plurality
of sensor glectrodes 220 and second plurality of sensor electrodes 230
changes with the proximity and motion of input objects in the sensing region
associated with the first plurality of sensor electrodes 220 and second plurality

of sensor elecirodes 230. Further, the areas of iocalized capacitance
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between the first plurality of sensor slectrodes 220 and an input object andfor
the second plurality of sensor electrodes 230 and an input object may also be
termed “capacitive pixels”. As such, the absolutes capacitance of the first
plurality of sensor elecirodes 220 andior the second pluraiity of sensor
electrodes changes with the proximity and motion of an input object in the
sensing region assocdiated with the first plurality of sensor electrodes 220 and

second pluralily of sensor electrodes 230.

[0064] In some embodiments, the sensor patlern is “scanned” o determing
these capacitive couplings. That is, in one embodiment, the first plurality of
sensor electrodes 220 are driven o transmit transmitler signals. Transmitters
may be operated such that one fransmitler electrode fransmits at one fime, or
multiple transmitler elecirodes transmit at the same time. Where mulliple
fransmitler electrodes transmit simulianeously, these mulliple fransmitler
glectrodes may transmit the same transmitier signal and effectively produce
an effectively larger transmiller electrode, or these multiple transmitler
elecirodes may transmit different transmilter signals. For example, mulliple
transmitter elecirodes may transmit different ransmitter signals according to
one or more coding schemes that enable their combined effects on the

resulting signals of second plurality of sensor

[0085] The receiver sensor elecirodes 170 may be operated singly or
multiply to acguire resulting signals. The resulting signals may be used o

determine measurements of the capacitive couplings at the capacilive pixels.

{80686} in other embodiment, scanning the sensor patlern comprises
driving one or more sensor electrode of the first and/or second plurality of
sensor electrodes of with absolute sensing signails while receiving resulting
signals with the one or more sensor electrodes.  The sensor elecirodes may
be driven and received with such that one second electrode is driven and
received with at one time, or muiltiple sensor electrodes driven and received
with at the same time. The resulling signais may be used io delermine
measurements of the capacitive couplings at the capaditive pixels or along

sach sensor elecirods.
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[6087] A sat of measurements from the capacitive pixels form a “capacitive
frame”. The capacilive frame may comprise a “capacitive image”
repraseniative of the capacitive couplings at the pixels and/or or a “capacitive
profile” representative of the capacitive couplings or along each sensor
slectrode. Mulliple capacitive frames may be acquired over mulliplie time
periods, and differences between them used to derive information about input
in the sensing region. For example, successive capacitive frames acquired
over successive periods of time can be used o frack the motion{s) of one or

more input objects entering, exiting, and within the sensing region.

[0088] The background capacitance of a sensor device is the capacitive
frame 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 embodimenis take
‘baseline frames” when no input object is determined o be in the sensing
region, and use those baseline frames as estimales of their background
capaciiances.

[p06g] Capacitive frames can be adjusted for the background capacitance
of the sensor device for more efficient processing. Some embodiments
accomplish this by "basslining” measurements of the capacitive couplings al
the capacitive pixels to produce a "baselined capacitive frames.” That is,
some embodiments compare the measurements forming a capacitance
frames with appropriate “baseline values” of a “baseline frames”, and

determine changes from that baseline image.

18070} Figure 3 is a block diagram of a connector interface 300, according
fo an example. The conneclor interface 300 includes a source driver 302
{which may be similar fo source driver 1680) which is coupled 1o a conneclor
304 (which may be similar to connector 170) via connection traces 306 {(which
may be similar to routings 172). The connection fraces 306 provide signals
and power {0 source driver 302 so that source driver may drive source lines

156 for display updating.

{0071 The widths of the connection iraces 306 are dependent on the widih

308 of the connector interface 300. Specifically, because the connection
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traces 308 are linsd up in a widthwise direction, sach connection ifrace 306

occupies a certain portion of the width 308 of the connector interface 300.

[0072] In general, in the configuration ilusirated in Figure 3, in which one
connector 304 provides signals 1o one source driver 180, the width of the
various traces 306 {(such as width 310 of a connector frace 308) are deemed
to be sufficient to provide low enough resistance delivery of signal and power
to source driver 160. However, in some situatlions, traces for a different ratio
of conneclors 304 to source drivers 160 such as 2-to-1 may have different,
less desirable resistance characteristics, as described below.

(p073] Figure 4 is a block diagram of a two-to-one conngctor interface 400,
according fo an example. In some situations, it may be desirable o reduce
the number of conneciors 304 that provide power and signals {0 source
drivers 3G2. For example, fewer connectors 304 may lead to lower cost of
manufacture or may provide other benefils. The two-lo-one connector
interface 400 is an interface in which one connector 404 supplies power and
signals for two different source drivers 402, The connector 402 is coupled to
source drivers 404 via traces 407, which carry power and signals to the

source driver 404,

[0074] For the two-to-one connector inferface 400, a horizontal diversion of
traces 407 may be used {o roule between the single connector 402 and two
the source drivers 404. The horizontal diversion of the traces 407 means that
the width available for rouling is decreased as compared with the width 308
available in the one-to-one connedctor interface 300 (Figure 3). For example,
fraces 407 cross through a horizontal area having width 408, which is much
smaller than the width 308 availlable with the one-fo-one connector interface
300 (Figure 3. The reduction in width means that the fraces are narrower,
which means that resistance of the traces increases. Higher resistance leads
to greater power dissipation, which may negatively affect characleristics of an
input device that includes the two-to-one connector interface 400 such as

battery life and the like.

[0075] Figure 5 is a schemalic diagram of an input device 500 employing

an improved scheme for routing between connectors and source drivers,
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according 1o an example. The input device 500 includes a substrate 502 on
which display related elemenis are disposed, a timing coniroller 512 for
controliing the display relasted elements, and conneclors 510 for
communicatively coupling the timing controlier 512 1o the display related
slements. The substrate 502, as well as all elemenis disposed on the
subsirate 502 (including the connector 510) may be referred 1o herein as a
display assembly. The liming controlier 512 is coupled, via connectors 510,
and via rouling configuration 513 {8 series of fraces laid out between
connectors 510 and source drivers 508), o source drivers 508, Source
drivers 508 drive the display slements 506 (e.q., sub-pixels) within display
area 504 on substrale 502 for display. In some embodiments, display
slements 506 may also include input sensing slements and source drivers
508 may drive input sensing elements for sensing. Substrate 502 may be a
glass subsirate having optical characleristics associated with providing optical
display. Conngctors 510 provide an interface between the off-substrate timing

controller 512 and the on-substrate source drivers 508.

{8078} Signals are provided beiween connectors 510 and source drivers
508 via a routing configuration 513, which includes traces for individual
signals and power routed between conneciors 510 and source driver 508,
The connections between connactor 510 and source driver are illustraled in
Figure 5 as frace group 516 and t-shaped connectors 514, as well as sdge
connectors 518, The trace group 516 includes muitiple traces that provide
power and data signals o source drivers 508, The tshaped conneclors 514,
as described above, are traces that provide power {0 top edges 520 of source
drivers 508. In some embodiments, for top edges 520, through silicon vias or
similar technology are used to roule power and/or signal through the die of
source driver 508. The edge connectors 518 provide power, similarly 1o t-
shaped connectors 514, (o the top-left comer of left-most source driver and
the top-right comer of the right-most source driver. The trace groups 5§16, +
shaped connectors 514, and edge conneciors 518 are depicted schematically
in Figure 5, without showing the specific geomelry of varicus races included

therain. However, further detall regarding frace geomelries is provided below.
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0077 Unlike the configuration illustrated in Figure 4, the input device 500
includes a ratio of three connectors 510 to four source drivers 508. This is an
intermediate configuration between the one-to-one ratic ilustrated in Figure 3
and the two-to-one ratio lustrated in Figure 4. The number of connectors 510
utilized in the configuration including the three-to-four ratio is fewer than using
the one-lo-one ratio, thus reducing manufaciuring costs as compared with that
configuration. Noie that although a three-to-four ratio is shown, other ratios

are possible,

{0078} Several lechnigues are disclosed herein for improving the
resistance of the iraces between connectors 510 and source drivers 508,
Other techniques are also disclosed for improving other characteristics of the
fraces including noise performance, voltage malching, and  other

characieristics.

100797 One technigue is the use of t-shaped conneciors 514 o even oul
voltage provided 1o both source drivers 508, The voliage provided via the |-
shaped connectors 514 is the power supply for the source lines that drive the
display slemenis 508. If the voltage provided o two adjacent source drivers
508 is uneven, a visual artifact may appear on screen, since brightness level
is dependeni on vollage. This brighiness difference may appear as a
noticeable vertical line through the display, which is undesirable. The -

shaped connector 514 is discussed in further detail below.

(00881  Ancther technique is the use of tapering for traces. Specifically,
certain traces may have width that varies along its length. Increasing width at
cerfain points of the trace reduces iolal resistance of the tracs. This is
because fraces can be modeled as a sel of resistors connected in series.
Wider segments of traces have lower resistance, lowering the tolal resistance

of the trace.

[0081] Additional fealures are provided for improving various aspects of
the routing configuration 513 and are discussed in further detail below. One
such feaiure includes a noise filtering corner connector (not shown in Figure §
but discussed in further detail below) that provides fillering between different

types of power supplies. Another such feature is thatl the traces included in
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the routing configuration 513 include stacked power supply and ground
traces. The traces are slacked in that the planes of the traces are parallel to
each other, forming a “parallel plate capacitor.” This stacked configuration
provides certain bengfits, including providing decoupling capacditance. Further
detail regarding these additional features (the noise filtering connector and the

stacked traces) are provided below.

160823 Note that, as described above, Figure 5§ illustrates routing between
connectors 510 and source drivers 508 schematically and therefore does not
necessarily show the details of all aspects of the features described above.

Such further details are provided below with reference to additional figures.

[0083] Figures 6A-6B are schematic diagrams that Hllusirate example
schemes by which power and signal routing o source drivers 508 is divided
between connectors 510, These figures illustrate specific pin inputs for the
source drivers 5608 and the manner in which conneclors 510 provide power
and data to the pin inputs.  Figure B6A illustrates a three-to-four ratio of
connectors 510 to source drivers 508 and Figure 6B iHustrates a four-to-six

ratio of connectors 510 to source drivers 508.

[0084] in the three-to-four configuration 800 of Figure 64, three connectors
510 provide data and power o four source drivers 508. More specifically,
three connectors 510 provide data and power via t-shaped conneclors 514,
traces 604, and edge connectors 518, 1o source drivers 508, al input ping 602,
Different input pins 802 are assigned different functions as described in
further detail below. Analogously, in the fourlo-six configuration 650 of
Figure 8B, four conneclors 510 provide data and power 1o six source drivers
508.

[0085] Note that although certain ratios between conneclors 510 and
source drivers are iHustrated, and thalt certzin connections belween
connectors 510 and source driver inputs are illusirated, i should be
understood that other ratios and pin connections are consistent with the

disclosure provided herein.

[30886] Figure 8C is a block diagram of a source driver, illustrating input

pins 802, in greater detail, according to an example. As shown, source driver
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508 includes input pins labeled “VCCH,” “YCCT/C,” “VCCR,” "VCOM”
YreffiZel and "BRFPL VOCH, VOCT/C, and VCCD are power supply input
pins. These pins receive power for different functions of the source driver
508. VCCH is the power supply for the source driver lings 156 illustrated in
Figure 1B. Because the source driver lines 156 affect the colors displayed in
display area 504, the voltage af the VCCH inpul has a direct effect on what is
shown in the display area 504. VCCT/C powers the analog front end for
touch processing. The analog front end includes clrouitry that performs
analog processing such as sampling and filtering, as well as analog-to-digital
conversion for signals received from touch sensing electrodes during
capacitive touch sensing. VCCD provides power to a digital logic core that
performs various processing functions such as digital signal processing,
control of source drivers 508 based on inputs, and other functions. VCOM {or
‘common voltage”) is a reference vollage for display. Specifically, source
driver 508 charges a common display electrode o voltage VCOM. This
common display elecitrode serves as a reference against which sub-pixal
elecirodes are charged in order to change the sub-pixel brighitness. /refi2¢/ is
a reference signal. SPPlis a high speed data fransmission ling that provides
display and touch data Tor controlling touch and display slements of input
device 500. Note that although specific inputs are shown, those of skill in the
art will understand that source drivers with different inputs andfor different

arrangements of the inputs are in accordance with the present disclosure.

{0087} Referring 1o Figures B8A and 6C together, the manner in which
inpuis o source drivers 508 are split is now described. For the fop-most
source driver 508, a top-most connector 510 is connected to VCCT/C, YCOOM,
SPEL freffiZe, VOOM, VCCD, and VCCT/C through traces 804, {o a top-most
VCCH via edge connector 518, and o a bottom-most VCCH via t-shaped
connector 514, For the next sourge driver down, the top VCCH is connecled,
via a t-shaped connector 514, 1o the top-most conneclior 510, and the top-
most VCCT/C and VOOM are connected {o the lop-most connecior 510 via
traces 504, SPPlis connecled to a middle conneclor 510, as are frefiiddl,
VCOM, VCCD, and VCCT/C through traces 504, and the bottom-most VCCH

via i-shaped connector 514. The middle connecior 510 is also coupled o the
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top-most VCCH of the next-further-down source driver 508 via a t-shaped
connector 514 as well as to the top-most VCCOT/C, VCCD, VCOM, and
freffi2el, and to SPPI via traces 604. The bottom-most VCOM and VCCT/C
are coupled 1o the bottom-maost connector 510 via fraces 604 and the bottom-
most VOCH is coupled {o the botlom-most connecior 510 via t-shaped
connector 514.  All inputs included in the botlom-most source driver 508
except for the bottom-most /frefiZel and VCCD are coupled to the botlom-
most connecior 510 as shown. In Figure 6B, the input pins of the different
source drivers 602 are coupled to the conneciors 510 as shown. Edge
connectors 518 connect to VCCH for source drivers 508 at the edges (e,
bordering only one other source diiver 508). Note that although specific
connections to pins are illustrated, it should be undersiood that other ways of
spliting inputs belween conneclors 510 are within the scope of this

disclosure.

[0088] Figures 7A and 7B fllusirate a tshaped conneclor 514 in greater
detail, according to an example. Figure 7A is a block diagram of the t-shaped
connector 514 and Figure 7B is a circuit diagram that is represeniative of the
t-shaped connsctor 514, The t-shaped connector 514 is illustrated in the
context of two adjacent source drivers 508. The t-shaped connector 514
includes a high resistance base portion 702 connected o conneclor 510 and
a low resistance top portion 704 connectad to the high resistance base portion
702 and to the VCCH input pin of the source drivers 508. The base portion
702 has a low width such that the resistance of the base portion 702 is high
relative 1o the top portion 704, The low resistance top portion 704 has a largse
area o reduce resistance, which is accomplished by occupving available
space between the source driver line fanouts 706. In some examples, the top
portion 704 may be routed in a fanout region. In some other examples, the
top portion 704 may be said 1o have a complementary shapse o the shapse of
the fanouts 7086. The complementiary shape may be a trangular or
trapezoidal shape having upper edges that face and approximately align with
the edges of the fanouts 706. These source driver line fanouts 708 are lines
that provide source driver signals o the source driver lines 156 illustrated in

Figure 1B from source drivers 508.
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10089} As shown in Figure 7B, the t-shaped connector can be modsied as
three resistors coupled together as shown. Resistor R1 represents the base
portion 702, resistor R2 represents the left side (e.g., left half) of the top
portion 704 and resistor R3 represents the right side {s.q., right half) of the top
portion 704. Because the resistance R1 is much higher than resistances R2
or R3, R1 is said to dominate and the voltage at inpuis 702 {o source drivers
508 are roughly equal. As stated above, the t-shaped connector powers the
source driver lines {8.g., lings 158} and thus affect the colors seen in display
area 56086, Use of the t-shaped connector, which provides nearly equal voltage
to the source driver line power for two adjacent source drivers 508 helps to
prevent a visual artifact consisting of a noticeable vertical ling through the

display area 504 (i.e., of brightness differences).

[0090] Figures 8A and 8B illustrate the fapering of fraces {e.q., fraces 604
and edge connectors 518) in the area between connector 510 and source
drivers 508. Tapering refers {0 a change (increase or decrease} in width of
the traces along their length. Note that for dlarity, a conneclion between oneg
connector 510 and one source driver 508 is illustrated. However, it should be
understood that the specific trace geomelry used may be varied and/or may
be duplicated o accommodate other connecior/source driver connections

within an input device 500.

[0091] Figure 8A is a schemalic diagram of a rouling interface 800
between connector 510 and source driver 508, according to an example. The
routing interface 800 includes three different areas 802 — a first area 802(1), a
sgcond area 802(2), and a third area 802{3).

[0092] The first area 802{1} includes space 1o the side of source driver 508
and below the t-shaped conneclor 514. The second area 802(2) includes
space 1o the side of connector 510 and below source driver 508. The third
area 80Z2(3) includes space below source driver 508 but farther from
connector 510 than second area 802{2). Specific geometric fealures are

applied o traces depending on which area 802 the fraces fali in.

[0093] More specifically, traces that are near o the botlom edge of source

driver 508 may be exiended into the first area 802{1), which increases the
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area of those traces, decreasing their resistance.  Traces that are near o
connector 510, in area 802(2) are generally horizontally aligned and may be
increased in width {o occupy a larger amount of area in order o reduce
resistance. Traces in area 802(3) may have a shaps that changes direction
{e.g., horizonial, then vertical, then horizontal) and also that expands in width
o consume area left over by traces that have connected o source driver 508

already.

[00%4] Figure 8B is a block diagram of a trace iavout 850 Hllusirating trace
geomelry fealures described with respect to Figure 8A, according fo an
example. Trace layout 850 illustrates a number of fraces 604, an edgs
connector 518, and a t-shaped connector §14. Edge connector 518 provides
power to YVOCH. Trace 804(1) provides power 1o VCCC/T and VCCD. Trace
804(2) provides data to SPPI. Trace 804(3) provides VOOM. Trace 604{4)
provides freffiZc/. Trace 804(5) provides power to VCCC/T and VCCD. T-

shaped connector provides power 1o VCCH.

[0085] A first area 802(1), sscond area B0Z(2), and third area 802(3),
which are argas in which trace geometry is varied {(g.g., “tapered”} to Improve
resistance characteristics, are shown. Within first area 802(1), a trace 604(5),
which provides power for VCCD and VCCC/T has width that extends inio a
region o the side of source driver 508. This widening of the trace 604(5}
decreases resistance of the trace and improves power delivery.  Within
second area 802(2), which is an area below source driver 508 that roughly
corresponds 1o the horizontal middie of source driver 508, trace 604(1) and
edge connector 518 are expanded downward away from source driver 508,
which improves their resistance. Trace 804(1) couples 1o VCCD and VCCO/T
and edge connector 518 couples to VOCH. In third area 802(3), trace 604(1)
and edge conneclor 518 extend back upwards towards source driver 508,
cccupying space that is freed because other fraces are notl present in third

area 802(3), having already been connected (o source driver 508.

10098] Two different cross-section indicators are illustrated in Figure 8B:
one for Figure 8C and ancther for Figure 8D. The cross-seclions shown in
these Figures illusirate trace stacking for improved power delivery. Although

specific locations are chosen o illusirate trace stacking, it should be
28
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understiood that various traces may include stacked elements for improved

power delivery.

[0087] Figure 8C is a cross-sectional view of trace layout 850 taken along
fines 8C-8C of Figure 8B, according io an example. Two elemenis are
shown: frace 604{1) and edge connector 518, Trace 804(1), as shown in
Figure 8B, provides power for VCCD and VCCC/T (the digital core and the
touch analog front end, respectively). Edge connector 518 provides power for

VOCH {the source driver lines).

[0098] Each of trace 804(1) and edge connecior 518 comprises two
componenis: a power line and a ground line. Trace 604(1) includes s
component labeled VCCH, which is the power line and VBSH, which is
ground.  Stacking power and ground as shown provides some decoupling
capaciance for the power supply. Decoupling capacitance is a fealure that
reduces noise experienced by the slement being powered by the power
supply. More specificaily, with decoupling capacitance included in the rouling
trace, that capacitance can be discharged when power drawn by the source
driver 508 exceeds the amount of power that can be provided by the power
supply iine and can be charged during other times. This reduces noise in the

power supply signal provided 10 source driver 508.

(01881 Figure 8D is a cross-sectional view of trace layout 850 taken along
lines 80-8D of Figure 8B, according o an example. In Figure 8D, the element
that is shown is t-shaped connector 814, As with the elemenis shown in
Figure 8C, the tshaped conneclor 514 includes two stacked elements,
labeled VOCH, which provides power, and V38H, which acls as ground.
These two slacked elements provide decoupling capacilance 1o the power

supply for the source driver lines, with attendant benefils as described above.

[0101]  Figure YA is a diagram of a cormner connector 800 for providing
power {0 source driver 508, according o an example. In the parlicular
example shown, the comer connector 800 is configured o provide power 1o
both VCCD and VOCC/T while providing some noise filtering o VOCD.
However, the corner connector 800 could be used, in other sxamples, i

provide power to different power inputs for source driver 508.
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(01621 Comer connector 800 includes a first portion 802 and & second
portion 904 connected by a high resistance portion 806. The first portion 902
is coupled to a first pin 808(1) for VCCC/T and the second portion 904 is
coupled 1o a sgcond pin 808(2) for VCCD. The corner connector 300 includes
stacked power supply and ground conneclors o provide decoupling

capacitance as described above with respect (o Figures 8C and 8D.

(04831 The high resisiance portion 806 is made o have high resistance by
being significantly narrower than the first portion 802 or the second portion
904, To facilitate this geomelry, an L-shaped gap 910 exisis between first

portion 802 and second portion 804,

[0104]  First portion 802 is connected to first pin B03(1) via two power
fraces and a ground race. Spedcifically, of the three-trace connection that is
fHlustrated, two of the traces are coupled to the power plate of the parallel
plate capacitor of the first portion 802 and one of the Traces is coupled o the
ground plate of the parallel plate capacitor of the first portion 802, Similar,
second portion 904 is connecled to second pin 808(2) via a power trace and a
ground frace. The ground trace is couplad 1o the ground plate of the parallel
plate capacitor of sscond portion 804 and the power trace is coupled 1o the
power plate of the parallel plate capacitor of second portion 804. Note that
although a certain number of traces are shown as providing power o source

driver 508, other traces may be used consistently with this disclosure.

[0405] Figure 8B is a circuit diagram representation 950 of comer
connector 800, according to an example. Circuit diagram representation 850
is presented to illustrate how comer connector B00 provides filtering for
VCCD., Referring to Figures 9A and 9B logelher, resistors R1 and R2
represent the resistance, for stacked powsr and ground, respectively, of first
portion 90Z. Capacitance C1 represents the capaciiance betwsen the
stacked power and ground of first portion 802, Resistors R3 and R4
represent resistance of high resistance portion 808, which is subsiantially
greater than resistances R1 and R2. Capacitance CZ2 is the capacitance
between the stacked power and ground of second portion 804, As can be

seen, the point at the connection between R3 and C2 is coupled 1o VCCD,
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[0188]  This configuration filters noise for VCCD that might be induced by
action of VCCC/T. More specifically, the capacitance included in second
portion 904 provides buffered charge for use by VCCD. Further, high
resistance portion 8906 iimits the amount of current that VCCC/T can draw
from the capacitance included in sscond portion 804, “protecting” the siored
charge to some degree. This has the effect of evening out the power supply
received at VCCD.

[0107] Advantageocusly, features for a routing configuration bebween
connectors and source drivers on a subsirale such as glass are provided.
The features include fealures for improve resistance of traces coupled to the
source drivers as well as features for improving other characteristics of the
source driver 1o connector routing.  One fealure includes a t-shaped
connector which is shaped to help provide maiched voitage fo two adjacent
source drivers. Another feature is the tapering of routing traces that provide
powser from a connector 1o source driver. Other fealures are also disclosed
that improve various characteristics of the rouling betwesn connectors and
source drivers.  Any of the lraces, inciuding the t-shaped connector, can
include stacked power supply and ground fraces io provide decoupling

capacitancs.

[0168] Thus, the embodiments and examples set forth herein were
presented in order to best explain the present invention and its particular
application and fo thereby enable those skilled in the arl 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 Hustration
and example only. The description as set forth is not intended o be

exhaustive or 1o limit the invention 1o the precise form disclosad.
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CLAIME
1. A display assembly, comprising:

a plurality of display elemenis disposed on a substraie;

a plurality of source driver lines disposed on the substrate and coupled
to the plurality of display slements:

a plurality of source drivers disposed on the substrate and coupled to
the plurality of source driver lines, the plurality of source drivers configured to
drive the plurality of source driver lings fo drive the plurality of display
elements for display updating; and

a plurality of connectors extending out of the substrate and providing
display signals and power supply signals 1o the plurality of source drivers via a
plurality of routings,

whearein a ralio of a number of connectors in the plurality of connectors
to a number of source drivers in the plurality of source drivers is a ratio other

than one-to-one or ona-to-two.

2. The display assembly of ¢laim 1, wherein:

the plurality of source drivers include a source driver having a first set
of input pins coupled to a first connector of the plurality of connectors and a
second sat of input pins coupled 1o a second connecior of the plurality of

conneciors.

3. The display assembly of claim 1, further comprising:

a bshaped connecior disposed on the substrate coupled o a first
connector of the plurality of connectors and fo a first source driver of the
plurality of source drivers and a second scurce driver of the plurality of scurce

drivers.

4, The display assembly of claim 3, wherein the tshaped connecior
comprises;

a narrow firsi portion coupled fo the first connecior; and
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a second portion coupled to the first source driver and the second
source driver and having low resistance compared {¢ the narrow bollom

portion.

5. The display assembly of claim 4, further comprising:

a first fanout extending from the first source driver and a second fanout
extending from the second source driver,

wharein the second portion of the t-shaped conneclor occupies space
between the first fanout and the second fanout and has a shape

complementary o the first fanout and the second fanout.

8. The display assembly of claim 3, wherein the t-shaped connector
comprises:
a first power supply frace and a second power supply frace disposed in

a stacked configuration.

7. The display assembly of ¢laim 3, wherein:
the t-shaped connector is configured to provide ong or more of the

power supply signals to the first source driver and the second source driver.

8. The display assembly of claim 3, wherein:
the t-shaped connector is coupled to fop edges of the first source driver

and the second source driver.

9. The display assembly of claim 1, wherein:
traces coupling the plurality of connectors to the plurality of scurce

drivers are tapered.

10. A display assembly comprising:
a plurality of display element disposed on a substrats;
a piurality of source driver lines disposed on the substrate and coupled

to the plurality of display elements;
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a plurality of scurce drivers disposed on the substrate and coupled o
the plurality of source driver lines, the plurality of source drivers configured to
drive the plurality of source driver lines 1o drive the plurality of display
slements for display elements;

a first connector of a plurglity of connectors configured (o provide
power supply signals and display signals o a first source driver of the plurality
of source drivers and a second source driver of the plurality of source drivers;
and

a second connector of the plurality of conneclors configured o provide
power supply signals and display signals {0 the second source driver and a

third source driver of the plurality of source drivers.

1. The display assembly of claim 10, wherein:
the plurality of source drivers include a source driver having a first sel
of input pins coupled 1o the first connecior and a second set of input pins

coupled o the second connector.

12, The display assembly of claim 10, further comprising:
a t-shapead conneclor disposad on the substrate coupled to the first

connector and {o the first source driver and the second source driver.

13.  The display assembly of daim 12, wherein the {-shaped conneclor
comprises;

a narrow first portion coupled fo the first connecior; and

a second portion coupled to the first source driver and the second
source driver and having low resistance comparsed to the narrow boliom

portion.

14.  The display assembly of claim 13, further comprising:
a first fanout extending from the first source driver and a second fanout

extending from the second source driver,
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wharein the second portion of the t-shaped conneclor occupies space
between the first fanout and the second fanout and has a shape

complementary o the first fanout and the second fanout.

15. The display assembly of claim 12, wherein the t-shaped conneclor
comprises:
a first power supply frace and a second power supply trace disposed in

a stacked configuration.

16.  The display assembly of claim 12, wherein:
the t-shaped connector is configured to provide one or more of the

power supply signals to the first source driver and the second source driver.

17.  The display assembly of claim 12, wherein:
the t-shaped connector is coupled to fop edges of the first source driver

and the second source driver.

18.  The display assembly of claim 10, wherein:
traces coupling the plurality of connectors to the plurality of scurce

drivers are tapered.

19, Aninput device, comprising:

a plurality of sensor slectrodes;

a plurality of display elemenis disposed on a substraie;

a piurality of source driver lines disposed on the substrate and coupled
to the plurality of display slements;

a plurality of source drivers disposed on the subsirate, the plurality of
source drivers coupled o the plurality of source driver lines and to the plurality
of sensor glectrodes, the plurality of source drivers configured to drive the
plurality of source driver lines {o drive the plurality of display elements for
display updating and o drive the plurality of sensor electrodes for capadcitive

sensing; and
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a plurality of connectors exiending out of the subslrate and providing
display signais, sensing signals, and power supply signals to the plurality of
source drivers via a plurality of routings,

wherein a ratio of a number of connectors in the plurality of connectors
to a number of source drivers in the plurality of source drivers is a ratio other

than ons-~io-ong or one-to-two.

2(.  The input device of claim 19, further comprising:

a t-shaped connecior disposed on the subsirate coupled o a first
connector of the plurality of connectors and 1o a first source driver of the
plurality of source drivers and a second scurce driver of the plurality of source

drivers.
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