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TO THE MODULATED SIGNAL, WHILE IN THE FIRST 

MODE OF OPERATION 

OPTIONALLY, SWITCHING TO ANOTHER FORM OF 
CAPACITIVE SENSING 
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MATRX SENSOR FOR MAGE TOUCH 
SENSING 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 Embodiments of the present invention generally 
relate to a method and apparatus for touch sensing, and more 
specifically, a capacitive touch sensing device having grid 
electrodes for improved absolute sensing, and methods for 
using the same. 
0003 2. Description of the Related Art 
0004 Input devices including proximity sensor devices 
(also commonly called touchpads or touch sensor devices) are 
widely used in a variety of electronic systems. A proximity 
sensor device typically 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 to 
provide interfaces for the electronic system. For example, 
proximity sensor devices are often used as input devices for 
larger computing systems (such as opaque touchpads inte 
grated in, or peripheral to, notebook or desktop computers). 
ProXimity sensor devices are also often used in Smaller com 
puting systems (such as touch screens integrated in cellular 
phones). 
0005. Many proximity sensor devices utilize an array of 
sensor electrodes to measure a change in capacitance indica 
tive of the presence of an input object, such as a finger or 
stylus, proximate the sensor electrode. Some capacitive 
implementations utilize “self capacitance' (or “absolute 
capacitance') sensing methods based on changes in the 
capacitive coupling between sensor electrodes and an input 
object. In various embodiments, an input object near the 
sensor electrodes alters the electric field near the sensor elec 
trodes, thus changing the measured capacitive coupling. In 
one implementation, an absolute capacitance sensing method 
operates by modulating sensor electrodes with respect to a 
reference Voltage (e.g. system ground), and by detecting the 
capacitive coupling between the sensor electrodes and input 
objects. Absolute capacitance sensing methods are very 
effective in detecting the presence of a single input object, 
even when spaced far from the surface of the proximity sensor 
device. 
0006. Other capacitive implementations utilize “mutual 
capacitance' (or “transcapacitance') sensing methods based 
on changes in the capacitive coupling between sensor elec 
trodes. In various embodiments, an input object near the 
sensor electrodes alters the electric field between the sensor 
electrodes, thus changing the measured capacitive coupling. 
In one implementation, a transcapacitive sensing method 
operates by detecting the capacitive coupling between one or 
more transmitter sensor electrodes (also “transmitter elec 
trodes') 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 transmit transmitter signals. Receiver sensor elec 
trodes may be held substantially constant relative to the ref 
erence Voltage to facilitate receipt of a resulting signal. A 
resulting signal may comprise effect(s) corresponding to one 
or more transmitter signals, and/or to one or more sources of 
environmental interference (e.g. other electromagnetic sig 
nals). Sensor electrodes may be dedicated transmitter elec 
trodes or receiver electrodes, or may be configured to both 
transmit transmitter signals and receive resulting signals. 
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Transcapacitive sensing methods are very effective in detect 
ing the presence of a multiple input objects in a sensing region 
and input objects that are in motion. However, transcapacitive 
sensing methods generally rely on compact electric fields 
which are not very effective for detecting the presence or 
approach of objects spaced from the Surface of the proximity 
sensor device. 
0007 Thus, there is a need for an improved proximity 
sensor device. 

SUMMARY OF THE INVENTION 

0008 Embodiments described herein include a display 
device having a capacitive sensing device, a processing sys 
tem and a method for detecting presence of an input object 
using a capacitive sensing device, all of which include a grid 
electrode for improved absolute sensing. Other embodiments 
include a display device having a capacitive sensing device, a 
processing system and a method for detecting presence of an 
input object using a capacitive sensing device, wherein the 
capacitive sensing device includes a matrix of discrete sensor 
electrodes. 
0009. In one embodiment, a display device having an inte 
grated capacitive sensing device is provided. The display 
device includes a plurality of sensor electrodes that each 
comprise at least one common electrode configured to be 
driven for display updating and capacitive sensing. A grid 
electrode is at least partially disposed between a first sensor 
electrode and a second sensor electrode of the plurality of 
sensor electrodes. The grid electrode is configured to shield 
the first sensor electrode and the second sensor electrode. A 
processing system is coupled to the sensor electrodes and the 
grid electrode. The processing system is configured to, in a 
first processing mode, modulate the first sensor electrode and 
the second sensor electrode to acquire measurements of 
changes in absolute capacitance indicative of positional infor 
mation for an input object in a sensing region of the capacitive 
sensing device based on the measurements. 
0010. In another embodiment, a processing system for an 
input device is provided. The processing system includes a 
sensor module having sensor circuitry coupled to a grid elec 
trode disposed between a first sensor electrode and a second 
sensor electrode of a plurality of sensor electrodes. Each of 
the plurality of sensor electrodes includes at least one com 
mon electrode configured to be driven for display updating 
and capacitive sensing. The sensor module is configured to, in 
a first mode of operation, modulate the first sensor electrode 
and the second sensor electrode to acquire measurements of 
changes in absolute capacitance between the first sensor elec 
trode, the second sensor electrode and an input object and 
drive the grid electrode with a shielding signal configured to 
shield the first sensor electrode from the second sensor elec 
trode. 
0011. In yet another embodiment, a method for detecting 
presence of an input object using a capacitive sensing device 
is provided. The capacitive sensing device has a grid electrode 
disposed between a first sensor electrode and a second sensor 
electrode of a plurality of sensor electrodes, wherein each of 
the plurality of sensor electrodes includes at least one com 
mon electrodes of a display device. The method includes 
acquiring measurements of changes in absolute capacitive 
sensing by driving onto and receiving with the first sensor 
electrode while in a first mode of operation, driving the grid 
electrode with a shielding signal while in the first mode of 
operation, the shielding signal to shield the first sensor elec 
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trode and the second sensor electrode, and determining posi 
tional information based on the measurements of changes in 
absolute capacitive coupling. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012. So that the manner in which the above recited fea 
tures of the present invention can be understood in detail, a 
more particular description of the invention, briefly Summa 
rized above, may be had by reference to embodiments, some 
of which are illustrated in the appended drawings. It is to be 
noted, however, that the appended drawings illustrate only 
typical embodiments of this invention and are therefore not to 
be considered limiting of its scope, for the invention may 
admit to other equally effective embodiments. 
0013 FIG. 1 is a schematic block diagram of an input 
device. 
0014 FIG. 2A illustrates a simplified exemplary array of 
sensor elements that may be used in the input device of FIG. 
1. 

0015 FIG. 2B illustrates an alternative array of sensor 
elements that may be used in the input device of FIG. 1. 
0016 FIG. 2C illustrates an alternative array of sensor 
elements that may be used in the input device of FIG. 1. 
0017 FIG. 2D illustrates yet another alternative array of 
sensor elements that may be used in the input device of FIG. 
1. 

0018 FIG. 3 is a simplified sectional view of the sensor 
elements of FIG. 1 illustrating the active portion of the sensor 
electrodes aligned with pixels elements of a display. 
0019 FIG. 4 is a simplified sectional view of another 
embodiment of the sensor assembly of FIG. 1 illustrating grid 
electrodes offset above sensor electrodes. 
0020 FIG. 5 is a simplified sectional view of yet another 
embodiment of the sensor assembly of FIG. 1 illustrating grid 
electrodes offset above sensor electrodes, wherein some sen 
Sor electrodes are aligned with the grid electrodes. 
0021 FIG. 6 is a simplified schematic plan view of sensor 
elements operating in a transcapacitive mode. 
0022 FIG. 7 is another simplified schematic plan view of 
sensor elements operating in a transcapacitive mode. 
0023 FIG. 8 is a flow diagram of one embodiment of a 
method for detecting presence of an input object. 
0024 FIG. 9 is a flow diagram of another embodiment of 
a method for detecting presence of an input object. 
0025 FIG. 10 is a flow diagram of yet another embodi 
ment of a method for detecting presence of an input object. 
0026 FIG. 11 is an exploded side view of one embodiment 
of an exemplary display device having an integrated input 
device illustrating alternative locations for a grid electrode. 
0027 FIGS. 12A-12E illustrate various differently shaped 
sensor electrodes and grid electrodes. 
0028. To facilitate understanding, identical reference 
numerals have been used, where possible, to designate iden 
tical elements that are common to the figures. It is contem 
plated that elements disclosed in one embodiment may be 
beneficially utilized on other embodiments without specific 
recitation. The drawings referred to here should not be under 
stood as being drawn to scale unless specifically noted. Also, 
the drawings are often simplified and details or components 
omitted for clarity of presentation and explanation. The draw 
ings and discussion serve to explain principles discussed 
below, where like designations denote like elements. 
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DETAILED DESCRIPTION 

0029. The following detailed description is merely exem 
plary in nature and is not intended to limit the invention or the 
application and uses of the invention. Furthermore, there is no 
intention to be bound by any expressed or implied theory 
presented in the preceding technical field, background, brief 
Summary or the following detailed description. 
0030 Various embodiments of the present technology 
provide input devices and methods for improving usability. 
Particularly, embodiments described herein advantageously 
utilized absolute sensing techniques to provide good input 
object location within a sensing region, even in applications 
where multiple input objects are present or when the input 
object is in motion. Additionally, some other embodiments 
provide for Switching between absolute and transcapacitive 
sensing mode, thus allowing the appropriate sensing mode to 
be utilized to best determine the position and motion of one or 
more objects within the sensing region. 
0031 FIG. 1 is a schematic block diagram of an input 
device 100 in accordance with embodiments of the present 
technology. In one embodiment, input device 100 comprises 
a display device comprising an integrated sensing device. 
Although the illustrated embodiments of the present disclo 
Sure are shown integrated with a display device, it is contem 
plated that the invention may be embodied in the input 
devices that are not integrated with display devices. The input 
device 100 may be configured to provide input to an elec 
tronic system 150. As used in this document, the term “elec 
tronic system (or “electronic device') broadly refers to any 
system capable of electronically processing information. 
Some non-limiting examples of electronic systems include 
personal computers of all sizes and shapes, such as desktop 
computers, laptop computers, netbook computers, tablets, 
web browsers, e-book readers, and personal digital assistants 
(PDAs). Additional example electronic systems include com 
posite input devices, such as physical keyboards that include 
input device 100 and separate joysticks or key switches. Fur 
ther 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 communica 
tion devices (including cellular phones, such as Smart 
phones), and media devices (including recorders, editors, and 
playerS Such as televisions, set-top boxes, music players, 
digital photo frames, and digital cameras). Additionally, the 
electronic system could be a host or a slave to the input device. 
0032. The input device 100 can be implemented as a 
physical part of the electronic system, or can be physically 
separate from the electronic system. As appropriate, the input 
device 100 may communicate with parts of the electronic 
system using any one or more of the following: buses, net 
works, and other wired or wireless interconnections. 
Examples include I’0, SPI, PS/2, Universal Serial Bus (USB), 
Bluetooth, RF, and IRDA. 
0033. In FIG. 1, the input device 100 is shown as a prox 
imity sensor device (also often referred to as a “touchpad” or 
a "touch sensor device') configured to sense input provided 
by one or more input objects 140 in a sensing region 170. 
Example input objects include fingers and styli, as shown in 
FIG 1. 
0034 Sensing region 170 encompasses any space above, 
around, in and/or near the input device 100 in which the input 
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device 100 is able to detect user input (e.g., user input pro 
vided 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 embodiments, the 
sensing region 170 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 detection. The dis 
tance to which this sensing region 170 extends in a particular 
direction, in various embodiments, may be on the orderofless 
than a millimeter, 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 Sur 
face) 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 
sheets applied over the sensor electrodes or any casings, etc. 
In some embodiments, the sensing region 170 has a rectan 
gular shape when projected onto an input Surface of the input 
device 100. 

0035. The input device 100 may utilize any combination 
of sensor components and sensing technologies to detect user 
input in the sensing region 170. The input device 100 com 
prises a plurality of sensing elements 124 for detecting user 
input. The sensing elements 124 include a plurality of sensor 
electrodes 120 and one or more grid electrodes 122. As sev 
eral non-limiting examples, the input device 100 may use 
capacitive, elastive, resistive, inductive, magnetic acoustic, 
ultrasonic, and/or optical techniques. 
0036 Some implementations are configured to provide 
images that span one, two, three, or higher dimensional 
spaces. Some implementations are configured to provide pro 
jections of input along particular axes or planes. 
0037. 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 Voltage gradients are 
created across the layers. Pressing the flexible first layer may 
deflect it sufficiently to create electrical contact between the 
layers, resulting in Voltage outputs reflective of the point(s) of 
contact between the layers. These Voltage outputs may be 
used to determine positional information. 
0038. In some inductive implementations of the input 
device 100, one or more sensing elements 124 pickup 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 informa 
tion. 

0039. In some capacitive implementations of the input 
device 100, voltage or current is applied to create an electric 
field. Nearby input objects cause changes in the electric field, 
and produce detectable changes in capacitive coupling that 
may be detected as changes in Voltage, current, or the like. 
0040 Some capacitive implementations utilize arrays or 
other regular or irregular patterns of capacitive sensing ele 
ments 124 to create electric fields. In some capacitive imple 
mentations, separate sensing elements 124 may be ohmically 
shorted together to form larger sensor electrodes. Some 
capacitive implementations utilize resistive sheets, which 
may be uniformly resistive. 
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0041 As discussed above, some capacitive implementa 
tions utilize “self capacitance' (or “absolute capacitance') 
sensing methods based on changes in the capacitive coupling 
between sensor electrodes 120 and an input object. In various 
embodiments, an input object near the sensor electrodes 120 
alters the electric field near the sensor electrodes 120, thus 
changing the measured capacitive coupling. In one imple 
mentation, an absolute capacitance sensing method operates 
by modulating sensor electrodes 120 with respect to a refer 
ence Voltage (e.g. system ground), and by detecting the 
capacitive coupling between the sensor electrodes 120 and 
input objects 140. 
0042 Additionally as discussed above, some capacitive 
implementations utilize “mutual capacitance' (or “tran 
Scapacitance') sensing methods based on changes in the 
capacitive coupling between sensor electrodes 120. In vari 
ous embodiments, an input object 140 near the sensor elec 
trodes 120 alters the electric field between the sensor elec 
trodes 120, thus changing the measured capacitive coupling. 
In one implementation, a transcapacitive sensing method 
operates by detecting the capacitive coupling between one or 
more transmitter sensor electrodes (also “transmitter elec 
trodes') and one or more receiver sensor electrodes (also 
“receiver electrodes') as further described below. Transmitter 
sensor electrodes may be modulated relative to a reference 
Voltage (e.g., system ground) to transmit a transmitter signals. 
Receiversensor electrodes may be held substantially constant 
relative to the reference voltage to facilitate receipt of result 
ing signals. A resulting signal may comprise effect(s) corre 
sponding to one or more transmitter signals, and/or to one or 
more sources of environmental interference (e.g. other elec 
tromagnetic signals). Sensor electrodes 120 may be dedicated 
transmitter electrodes or receiver electrodes, or may be con 
figured to both transmit and receive. 
0043. In FIG. 1, the 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 170. The processing system 
110 comprises parts 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 transmitter circuitry configured to transmit 
signals with transmitter sensor electrodes, and/or receiver 
circuitry configured to receive signals with receiver sensor 
electrodes). In some embodiments, the processing system 
110 also comprises electronically-readable instructions, such 
as firmware code, Software code, and/or the like. In some 
embodiments, components composing the processing system 
110 are located together, such as near sensing element(s) 124 
of the input device 100. In other embodiments, components of 
processing system 110 are physically separate with one or 
more components close to sensing element(s) 124 of input 
device 100, and one or more components elsewhere. For 
example, the input device 100 may be a peripheral coupled to 
a desktop computer, and the processing system 110 may 
comprise Software configured to run on a central processing 
unit of the desktop computer and one or more ICs (perhaps 
with associated firmware) separate from the central process 
ing unit. As another example, the input device 100 may be 
physically integrated in a phone, and the processing system 
110 may comprise circuits and firmware that are part of a 
main processor of the phone. In some embodiments, the pro 
cessing system 110 is dedicated to implementing the input 
device 100. In other embodiments, the processing system 110 
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also performs other functions, such as operating display 
screens, driving haptic actuators, etc. 
0044) The processing system 110 may be implemented as 
a set of modules that handle different functions of the pro 
cessing system 110. Each module may comprise circuitry 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 as sensor electrodes and display Screens, data processing 
modules for processing data such as sensor signals and posi 
tional information, and reporting modules for reporting infor 
mation. Further example modules include sensor operation 
modules configured to operate sensing element(s) 124 to 
detect input, identification modules configured to identify 
gestures Such as mode changing gestures, and mode changing 
modules for changing operation modes. 
0045. In some embodiments, the processing system 110 
responds to user input (or lack of user input) in the sensing 
region 170 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 other functions. In some embodiments, the processing 
system 110 provides information about the input (or lack of 
input) to 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 exists). In some embodiments, some part 
of the electronic system processes information received from 
the processing system 110 to act on user input, such as to 
facilitate a full range of actions, including mode changing 
actions and GUI actions. 

0046 For example, in some embodiments, the processing 
system 110 operates the sensing element(s) 124 of the input 
device 100 to produce electrical signals indicative of input (or 
lack of input) in the sensing region 170. The processing 
system 110 may performany appropriate amount of process 
ing on the electrical signals in producing the information 
provided to the electronic system. For example, the process 
ing system 110 may digitize analog electrical signals 
obtained from the sensing elements 124. As another example, 
the processing system 110 may perform filtering, demodula 
tion or other signal conditioning. In various embodiments 
processing system 110 generates a capacitive image directly 
from the resulting signals received with sensing elements 124 
(sensor electrodes 120). In other embodiments, processing 
system 110 spatially filters (e.g., taking a difference, 
weighted Sum of neighboring elements) the resulting signals 
received with sensing elements 124 (or sensor electrodes 120) 
to generate a sharpened or averaged image. As yet another 
example, the processing system 110 may subtract or other 
wise account for a baseline, such that the information reflects 
a difference between the electrical signals and the baseline. 
As yet further examples, the processing system 110 may 
determine positional information, recognize inputs as com 
mands, recognize handwriting, and the like. 
0047 "Positional information' as used herein broadly 
encompasses absolute position, relative position, Velocity, 
acceleration, and other types of spatial information. Exem 
plary “Zero-dimensional positional information includes 
near/far or contact/no contact information. Exemplary "one 
dimensional positional information includes positions along 
an axis. Exemplary “two-dimensional positional informa 
tion includes motions in a plane. Exemplary “three-dimen 
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sional positional information includes instantaneous or 
average Velocities in space. Further examples include other 
representations of spatial information. Historical data regard 
ing one or more types of positional information may also be 
determined and/or stored, including, for example, historical 
data that tracks position, motion, or instantaneous Velocity 
over time. 

0048. In some embodiments, the input device 100 is 
implemented with additional input components that are oper 
ated by the processing system 110 or by Some other process 
ing system. These additional input components may provide 
redundant functionality for input in the sensing region 170, or 
some other functionality. FIG. 1 shows buttons 130 near the 
sensing region 170 that can be used to facilitate selection of 
items using the input device 100. Other types of additional 
input components include sliders, balls, wheels, Switches, 
and the like. Conversely, in Some embodiments, the input 
device 100 may be implemented with no other input compo 
nentS. 

0049. In some embodiments, the input device 100 com 
prises a touch screen interface, and the sensing region 170 
overlaps at least part of an active area of a display screen of the 
display device 160. For example, the input device 100 may 
comprise Substantially transparent sensing elements 124 
overlaying the display screen and provide a touch screen 
interface for the associated electronic system. The display 
screen may be any type of dynamic display capable of dis 
playing a visual interface to a user, and may include any type 
oflight emitting diode (LED), organic LED (OLED), cathode 
ray tube (CRT), liquid crystal display (LCD), plasma, elec 
troluminescence (EL), or other display technology. The input 
device 100 and the display device 160 may share physical 
elements. For example, some embodiments may utilize some 
of the same electrical components for displaying and sensing 
(e.g., the active matrix control electrodes configured to con 
trol the source, gate and/or Vcom Voltages). Shared compo 
nents may include display electrodes, Substrates, connectors 
and/or connections. As another example, the display device 
160 may be operated in part or in total by the processing 
system 110. 
0050. It should be understood that while many embodi 
ments of the present technology are described in the context 
of a fully functioning apparatus, the mechanisms of the 
present technology are capable of being distributed as a pro 
gram product (e.g., Software) in a variety of forms. For 
example, the mechanisms of the present technology may be 
implemented and distributed as a Software program on infor 
mation bearing media that are readable by electronic proces 
sors (e.g., non-transitory computer-readable and/or record 
able/writable information bearing media readable by the 
processing system 110). Additionally, the embodiments of 
the present technology apply equally regardless of the par 
ticular type of medium used to carry out the distribution. 
Examples of non-transitory, electronically 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. 
0051 FIG. 2A shows a portion of an exemplary pattern of 
sensing elements 124 configured to sense in the sensing 
region 170 associated with the pattern, according to some 
embodiments. For clarity of illustration and description, FIG. 
2A shows the sensor electrodes 120 of the sensing elements 
124 in a pattern of simple rectangles with the grid electrode 
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222 disposed therebetween, and does not show various other 
components. The exemplary pattern of sensing elements 124 
comprises an array of sensor electrodes 120 (referred col 
lectively as sensor electrodes 120) arranged in X columns and 
Y rows, wherein X and Y are positive integers, although one 
of X and Y may be zero. It is contemplated that the pattern of 
sensing elements 124 may comprises a plurality of sensor 
electrodes 120 having other configurations. Such as polar 
arrays, repeating patters, non-repeating patterns, a single row 
or column, or other Suitable arrangement. Further, in various 
embodiments the number of sensor electrodes may vary from 
row to row and/or column to column. In one embodiment, at 
least one row and/or column of sensor electrodes 120 is offset 
from the others, such it extends further in at least one direction 
than the others. The sensor electrodes 120 and grid electrodes 
122 are coupled to the processing system 110 and utilized to 
determine the presence (or lack thereof) of an input object 140 
in the sensing region 170. 
0052. In a first mode of operation, the arrangement of 
sensor electrodes 120 (120-1, 120-2, 120-3, ... 120-n) may be 
utilized to detect the presence of an input object via absolute 
sensing techniques. That is, processing system 110 is config 
ured to modulate sensor electrodes 120 to acquire measure 
ments of changes in capacitive coupling between the modu 
lates sensor electrodes 120 and an input object to determine 
the position of the input object. Processing system 110 is 
further configured to determine changes of absolute capaci 
tance based on a measurement of resulting signals received 
with sensor electrodes 120 which are modulated. 

0053. The sensor electrodes 120 are typically ohmically 
isolated from each other, and also ohmically isolated from the 
grid electrode 122. That is, one or more insulators separate the 
sensor electrodes 120 (and grid electrode 122) and prevent 
them from electrically shorting to each other. In some 
embodiments, the sensor electrodes 120 and grid electrode 
122 are separated by insulative gap 202. The insulative gap 
202 separating the sensor electrodes 120 and grid electrode 
122 may be filled with an electrically insulating material, or 
may be an air gap. In some embodiments, the sensor elec 
trodes 120 and the grid electrode 122 are vertically separated 
by one or more layers of insulative material. In some other 
embodiments, the sensor electrodes 120 and the grid elec 
trode 122 are separated by one or more substrates; for 
example, they may be disposed on opposite sides of the same 
substrate, or on different substrates. In yet other embodi 
ments, the grid electrode 122 may be composed of multiple 
layers on the same Substrate, or on different Substrates. In one 
embodiment, a first grid electrode may be formed on a first 
substrate or first side of a substrate and a second grid electrode 
may be formed on a second Substrate or a second side of a 
Substrate. For example, a first grid comprises one or more 
common electrodes disposed on a TFT layer of the display 
device 160 and a second grid electrode is disposed on the 
color filter glass of the display device 160. In one embodi 
ment, the dimensions of the first grid electrode are equal to the 
dimensions of the second grid electrode. In one embodiment, 
at least one dimension of the first grid electrode differs from 
a dimension of the second grid electrode. For example, the 
first grid electrode may be configured Such that is disposed 
between a first and second sensor electrode 120 and the sec 
ond grid electrode may be configured such that it overlaps at 
least one of the first and second senor electrodes 120 and the 
first grid electrode. Further, the first grid electrode may be 
configured such that it is disposed between a first and second 
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sensor electrode 120 and the second grid electrode may be 
configured such that it only overlaps the first grid electrode 
and is smaller than the first grid electrode. 
0054. In a second mode of operation, the sensor electrodes 
120 (120-1, 120-2, 120-3, ... 120-n) may be utilized to detect 
the presence of an input object via transcapacitive sensing 
techniques when a transmitter signal is driven onto the grid 
electrode 122. That is, processing system 110 is configured 
drive the grid electrode 122 with a transmitter signal and 
receive resulting signals with each sensor electrode 120, 
where a resulting signal comprising effects corresponding to 
the transmitter signal, which is utilized by the processing 
system 110 or other processor to determine the position of the 
input object. 
0055. In a third mode of operation, the sensor electrodes 
120 may be split into groups of transmitter and receiver elec 
trodes utilized to detect the presence of an input object via 
transcapacitive sensing techniques. That is, processing sys 
tem 110 may drive a first group of sensor electrodes 120 with 
a transmitter signal and receive resulting signals with the 
second group of sensor electrodes 120, where a resulting 
signal comprising effects corresponding to the transmitter 
signal. The resulting signal is utilized by the processing sys 
tem 110 or other processor to determine the position of the 
input object. 
0056. The input device 100 may be configured to operate 
in any one of the modes described above. The input device 
100 may also be configured to operate switch between any 
two or more of the modes described above. 
0057 The areas of localized capacitive sensing of capaci 
tive couplings may be termed “capacitive pixels.” Capacitive 
pixels may be formed between an individual sensor electrode 
120 and reference voltage in the first mode of operation, 
between the sensor electrodes 120 and grid electrode 122 in 
the second mode of operation, and between groups of sensor 
electrodes 120 used as transmitter and receiver electrodes. 
The capacitive coupling changes with the proximity and 
motion of input objects 140 in the sensing region 170 asso 
ciated with the sensing elements 124, and thus may be used as 
an indicator of the presence of the input object in the sensing 
region of the input device 100. 
0058. In some embodiments, the sensor electrodes 120 are 
"scanned to determine these capacitive couplings. That is, in 
one embodiment, one or more of the sensor electrodes 120 are 
driven to transmit a transmitter signals. Transmitters may be 
operated Such that one transmitter electrode transmits at one 
time, or multiple transmitter electrodes transmit at the same 
time. Where multiple transmitter electrodes transmit simul 
taneously, the multiple transmitter electrodes may transmit 
the same transmitter signal and effectively produce an effec 
tively larger transmitter electrode. Alternatively, the multiple 
transmitter electrodes may transmit different transmitter sig 
nals. For example, multiple transmitter electrodes may trans 
mit different transmitter signals according to one or more 
coding schemes that enable their combined effects on the 
resulting signals of receiver electrodes to be independently 
determined. In one embodiment, multiple transmitter elec 
trodes may simultaneously transmit the same transmitter sig 
nal while the receiver electrodes are received with using a 
Scanning scheme. 
0059. The sensor electrodes 120 configured as receiver 
sensor electrodes may be operated singly or multiply to 
acquire resulting signals. The resulting signals may be used to 
determine measurements of the capacitive couplings at the 
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capacitive pixels. Processing system 110 may be configured 
to receive with the sensor electrodes 120 in a scanning fashion 
and/or a multiplexed fashion to reduce the number of simul 
taneous measurements to be made as well as the size of the 
Supporting electrical structures. In one embodiment, one or 
more sensor electrodes are coupled to a receiver of processing 
system 110 via a Switching element such as a multiplexer or 
the like. In such an embodiment, the Switching element may 
be internal to processing system 110 or external to processing 
system 110. In one or more embodiments, the switching 
elements may be further configured to couple a sensor elec 
trode with a transmitter or other signal and/or Voltage poten 
tial. In one embodiment, the Switching element may be con 
figured to couple more than one receiver electrode to a 
common receiver at the same time. 

0060. In other embodiments, “scanning sensor electrodes 
120 to determine these capacitive coupling comprises modu 
lating one or more of the sensor electrodes and measuring an 
absolute capacitance of the one or sensor electrodes. In 
another embodiment, the sensor electrodes may be operated 
Such that more than one sensor electrode is driven and 
received with at a time. In Such embodiments, an absolute 
capacitive measurement may be obtained from each of the 
one or more sensor electrodes 120 simultaneously. In one 
embodiment each of the sensor electrodes 120 are simulta 
neously driven and received with, obtaining an absolute 
capacitive measurement simultaneously from each of the sen 
sor electrodes 120. In various embodiments, processing sys 
tem 110 may configured to selectively modulate a portion of 
sensor electrodes 120. For example, the sensor electrodes 
may be selected based on, but not limited to, an application 
running on the host processor, a status of the input device, and 
an operating mode of the sensing device. In various embodi 
ments, processing system 110 may be configured to selec 
tively shield at least portion of sensor electrodes 120 and to 
selectively shield or transmit with the grid electrode(s) 122 
while selectively receiving and/or transmitting with other 
sensor electrodes 120. 

0061. A set of measurements from the capacitive pixels 
form a “capacitive image' (also “capacitive frame’) repre 
sentative of the capacitive couplings at the pixels. Multiple 
capacitive images may be acquired over multiple time peri 
ods, and differences between them used to derive information 
about input in the sensing region. For example, Successive 
capacitive images acquired over Successive periods of time 
can be used to track the motion(s) of one or more input objects 
entering, exiting, and within the sensing region. 
0062. In any of the above embodiments, multiple sensor 
electrodes 120 may be ganged together Such that the sensor 
electrodes 120 are simultaneously modulated or simulta 
neously received with. As compared to the methods described 
above, ganging together multiple sensor electrodes may pro 
duce a course capacitive image that may not be usable to 
discern precise positional information. However, a course 
capacitive image may be used to sense presence of an input 
object. In one embodiment, the course capacitive image may 
be used to move processing system 110 or the input device 
100 out of a doze or low power mode. In one embodiment, the 
course capacitive image may be used to move a capacitive 
sensor integrated circuit out of a doze mode or low power 
mode. In another embodiment, the course capacitive image 
may be used to move a host integrated circuit out of a doze 
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mode or low power mode. The course capacitive image may 
correspond to the entire sensor area or only to a portion of the 
SSO 88. 

0063. The background capacitance of the input device 100 
is the capacitive image associated with no input object in the 
sensing region 170. 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 to 
be in the sensing region 170, and use those baseline images as 
estimates of their background capacitances. The background 
capacitance or the baseline capacitance may be present due to 
Stray capacitive coupling between two sensor electrodes, 
where one sensor electrode is driven with a modulated signal 
and the other is held Stationary relative to system ground or 
from Stray capacitive coupling between a receiver electrode 
and nearby modulated electrodes. In many embodiment, the 
background or baseline capacitance may be relatively station 
ary over the time period of a user input gesture. 
0064 Capacitive images can be adjusted for the back 
ground capacitance of the input device 100 for more efficient 
processing. Some embodiments accomplish this by “baselin 
ing' measurements of the capacitive couplings at the capaci 
tive pixels to produce a “baselined capacitive 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. 
0065. In some touch screen embodiments, one or more of 
the sensor electrodes 120 comprise one or more display elec 
trodes used in updating the display of the display screen. The 
display electrodes may comprise one or more elements of the 
Active Matrix display Such as one or more segments of a 
segmented Vcom electrode (common electrode(s)), a source 
drive line, gate line, an anode Sub-pixel electrode or cathode 
pixel electrode, or any other display element. These display 
electrodes may be disposed on an appropriate display Screen 
Substrate. For example, the common electrodes may be dis 
posed on the a transparent Substrate (a glass Substrate, TFT 
glass, or any other transparent material) in some display 
screens (e.g., In Plane Switching (IPS), Fringe Field Switch 
ing (FFS) or Plane to Line Switching (PLS) Organic Light 
Emitting Diode (OLED)), on the bottom of the color filter 
glass of some display screens (e.g., Patterned Vertical Align 
ment (PVA) or Multi-domain Vertical Alignment (MVA)), 
over an emissive layer (OLED), etc. In such embodiments, 
the display electrode can also be referred to as a “combination 
electrode', since it performs multiple functions. In various 
embodiments, each of the sensor electrodes 120 comprises 
one or more common electrodes. In other embodiments, at 
least two sensor electrodes 120 may share at least one com 
mon electrode. While the following description may describe 
that sensor electrodes 120 and/or grid electrode 122 comprise 
one or more common electrodes, various other display elec 
trodes as describe above may also be used in conjunction with 
the common electrode or as an alternative to the common 
electrodes. In various embodiments, the sensor electrodes 
120 and grid electrode 122 comprise the entire common elec 
trode layer (Vcom electrode). 
0066. In various touch screen embodiments, the “capaci 
tive frame rate' (the rate at which successive capacitive 
images are acquired) may be the same or be different from 
that of the “display frame rate” (the rate at which the display 
image is updated, including refreshing the screen to redisplay 
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the same image). In various embodiments, the capacitive 
frame rate is an integer multiple of the display frame rate. In 
other embodiments, the capacitive frame rate is a fractional 
multiple of the display frame rate. In yet further embodi 
ments, the capacitive framerate may be any fraction or integer 
of the display frame rate. In one or more embodiments, the 
display frame rate may change (e.g., to reduce power or to 
provide additional image data Such as a 3D display informa 
tion) while touch frame rate maintains constant. In other 
embodiment, the display frame rate may remain constant 
while the touch frame rate is increased or decreased. 

0067 Continuing to refer to FIG. 2A, the processing sys 
tem 110 coupled to the sensor electrodes 120 includes a 
sensor module 204 and optionally, a display driver module 
208. The sensor module 204 includes circuitry configured to 
drive at least one of the sensor electrodes 120 for capacitive 
sensing during periods in which input sensing is desired. In 
one embodiment, the sensor module is configured to drive a 
modulated signal onto the at least one sensor electrode to 
detect changes in absolute capacitance between the at least 
one sensor electrode and an input object. In another embodi 
ment, the sensor module is configured to drive a transmitter 
signal onto the at least one sensor electrode to detect changes 
in a transcapacitance between the at least one sensor electrode 
and another sensor electrode. The modulated and transmitter 
signals are generally varying Voltage signals comprising a 
plurality of voltage transitions over a period of time allocated 
for input sensing. In various embodiments, the sensor elec 
trodes 120 and/or grid electrode 122 may be driven differ 
ently in different modes of operation. In one embodiment, the 
sensor electrodes 120 and/or grid electrode 122 may be driven 
with signals (modulated signals, transmitter signals and/or 
shield signals) that may differ in any one of phase, amplitude 
and/or shape. In various embodiments, three modulated sig 
nal and transmitter signal are similar in at least one shape, 
frequency, amplitude and/or phase. In other embodiments, 
the modulated signal and the transmitter signals are different 
in frequency, shape, phase, amplitude and phase. The sensor 
module 204 may be selectively coupled one or more of the 
sensor electrodes 120 and/or the grid electrode 122. For 
example, the sensor module 204 may be coupled selected 
portions of the sensor electrodes 120 and operate in either an 
absolute or transcapacitive sensing mode. In another 
example, the sensor module 204 may be a different portion of 
the sensor electrodes 120 and operate in either an absolute or 
transcapacitive sensing mode. In yet another example, the 
sensor module 204 may be coupled to all the sensor electrodes 
120 and operate in either an absolute or transcapacitive sens 
ing mode. The sensor module 204 is also configured to oper 
ate the grid electrode 122 as a shield electrode. Processing 
system 110 is configured to operate the grid electrode 122 as 
a shield electrode that may shield sensor electrodes 120 from 
the electrical effects of nearby conductors. In one embodi 
ment, processing system is configured to operate the grid 
electrode 12 as a shield electrode that may shield sensor 
electrodes 120 from the electrical effects of nearby conduc 
tors and guard the sensor electrodes 120 from grid electrode 
122, at least partially reducing the parasitic capacitance 
between the grid electrode 122 and the sensor electrodes 120. 
In one embodiment, a shielding signal is driven onto the grid 
electrode 122. The shielding signal may be a ground signal, 
Such as the system ground or other ground, or any other 
constant Voltage (i.e., non-modulated) signal. In another 
embodiment, operating the grid electrode 122 as a shield 
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electrode may comprise electrically floating the grid elec 
trode. In embodiment, gird electrode 122 is able to operate as 
an effective shield electrode while being electrode floated due 
to its large coupling to the other sensor electrodes. In other 
embodiment, the shielding signal may be referred to as a 
guarding signal where the guarding signal is a varying Voltage 
signal having at least one of a similar phase, frequency and 
amplitude as the modulated signal driven on to the sensor 
electrodes. In one or more embodiment, routing (e.g., traces 
240 and/or 242) may be shielded from responding to an input 
object due to routing beneath the grid electrode 122 and/or 
sensor electrodes 120, and therefore may not be part of the 
active sensor electrodes, shown as sensor electrodes 120. 
0068. In one or more embodiments, capacitive sensing (or 
input sensing) and display updating may occur during at least 
partially overlapping periods. For example, as a common 
electrode is driven for display updating, the common elec 
trode may also be driven for capacitive sensing. In another 
embodiment, capacitive sensing and display updating may 
occur during non-overlapping periods, also referred to as 
non-display update periods. In various embodiments, the 
non-display update periods may occur between display line 
update periods for two display lines of a display frame and 
may be at least as long in time as the display update period. In 
Such embodiment, the non-display update period may be 
referred to as a long horizontal blanking period, long h-blank 
ing period or a distributed blanking period, where the blank 
ing period occurs between two display updating periods and 
is at least as long as a display update period. In one embodi 
ment, the non-display update period occurs between display 
line update periods of a frame and is long enough to allow for 
multiple transitions of the transmitter signal to be driven onto 
the sensor electrodes 120. In other embodiments, the non 
display update period may comprise horizontal blanking peri 
ods and Vertical blanking periods. Processing system 110 
may be configured to drive sensor electrodes 120 for capaci 
tive sensing during any one or more of or any combination of 
the different non-display update times. Synchronization sig 
nals may be shared between sensor module 204 and display 
module 208 to provide accurate control of overlapping dis 
play updating and capacitive sensing periods with repeatably 
coherent frequencies and phases. In one embodiment, these 
synchronization signals may be configured to allow the rela 
tively stable Voltages at the beginning and end of the input 
sensing period to coincide with display update periods with 
relatively stable Voltages (e.g. near the end of a input integra 
torreset time and near the end of a display charge share time). 
A modulation frequency of a modulated or transmitter signal 
may beata harmonic of the display line update rate, where the 
phase is determined to provide a nearly constant charge cou 
pling from the display elements to the receiver electrode, 
allowing this coupling to be part of the baseline image. 
0069. The sensor module 204 includes circuitry config 
ured to receive resulting signals with the sensing elements 
124 comprising effects corresponding to the modulated sig 
nals or the transmitter signals during periods in which input 
sensing is desired. The sensor module 204 may determine a 
position of the input object 140 in the sensing region 170 or 
may provide a signal including information indicative of the 
resulting signal to another module or processor, for example, 
determination module or a processor of the electronic device 
150 (i.e., a host processor), for determining the position of the 
input object 140 in the sensing region 170. 
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0070. The display driver module 208 may be included in 
or separate from the processing system 110. The display 
driver module 208 includes circuitry confirmed to provide 
display image update information to the display of the display 
device 160 during non-sensing (e.g., display updating) peri 
ods. In one embodiment, the sensor module 204,and display 
module 208 may be comprised within a common integrated 
circuit (first controller). In another embodiment, two of the 
sensor module 204, sensor module 204 and display module 
208 are be comprised in a first integrated circuit and the other 
one of the three modules is comprised in a second integrated 
circuit. In those embodiments comprising multiple integrated 
circuits, a synchronization mechanism may be coupled 
between them, configured to synchronize display updating 
periods, sensing periods, transmitter signals, display update 
signals and the like. 
0071. As discussed above, the sensor electrodes 120 of the 
sensing elements 124 may be formed as discrete geometric 
forms, polygons, bars, pads, lines or other shape, which are 
ohmically isolated from one another. In various embodi 
ments, ohmically isolated comprises passively isolated, 
where active switches may be configured to couple different 
sensor electrodes to the same signal during a period of time. 
The sensor electrodes 120 may be electrically coupled 
through circuitry to form electrodes of having largerplan area 
relative to a discrete one of the sensor electrodes 120. The 
sensor electrodes 120 may be fabricated from opaque or 
non-opaque conductive materials, or the combination of the 
two. In embodiments wherein the sensor electrodes 120 are 
utilized with a display device, it may be desirable to utilize 
non-opaque conductive materials for the sensor electrodes 
120. In embodiments wherein the sensor electrodes 120 are 
not utilized with a display device, it may be desirable to utilize 
opaque conductive materials having lower resistivity for the 
sensor electrodes 120 to improve sensor performance. Mate 
rials suitable for fabricating the sensor electrodes 120 include 
ITO, aluminum, silver, copper, molybdenum and conductive 
carbon materials, among others and various sensor electrodes 
may be formed of a deposited stack of different conductive 
materials. The sensor electrodes 120 may be formed as con 
tiguous body of conductive material having little or no open 
area (i.e., having a planar Surface uninterrupted by holes), or 
may alternatively be fabricated to form a body of material 
having openings formed therethrough. For example, the sen 
sor electrodes 120 may be formed a from mesh of conductive 
material. Such as a plurality of interconnected thin metal 
wires. In one embodiment, at least one of the length and width 
of the sensor electrodes 120 may be in a range of about 1 to 
about 2 mm. In other embodiments, at least one of the length 
and width of the sensor electrodes may be less than about 1 
mm or greater than about 2 mm. In other embodiment, the 
length and width may not similar, and one of the length and 
width may be in the range of about 1 to about 2 mm. Further, 
in various embodiments, the sensor electrodes 120 may com 
prise a center to center pitch in the range of about 4 to about 
5 mm; however, in other embodiments, the pitch may be less 
than about 4 mm or greater than about 5 mm. 
0072 The grid electrode 122 may be fabricated similar to 
the sensor electrodes 120. The sensor electrodes 120 and the 
grid electrode 122 may be coupled to the processing system 
110 utilizing conductive traces 240,242 (shown in phantom). 
The conductive traces 240, 242 may be formed in the same 
plane at least one of the sensor electrodes 120 and the grid 
electrode 122, or may be formed on one or more separate 
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substrates and connected to the respective electrodes 120,122 
by vias (not shown). Conductive traces 240 and 242 may be 
formed on a metal layer disposed such that the sensor elec 
trodes 120 are between the metal layer and the input object. In 
one embodiment the metal layer comprises source driver lines 
and/or gate lines for a display device. The conductive traces 
240,242, and vias between them may be obscured from a user 
by a black mask layer disposed between them and the user of 
the display device. At least one of the conductive traces 240 
and 242 may comprise one or more routing traces (conduc 
tors) in the source driver metal layer. In one or more embodi 
ments such a layer may be referred to as metal interconnect 
layer two. Further, conductive traces 240 and/or 242 may be 
disposed on a metal layer between source driver lines. Alter 
nately, at least one of the conductive traces 240 and 242 may 
comprise one or more conductors in the gate driver metal 
layer orgate driver lines not configured for display updating. 
Further, conductive traces 240 and/or 242 may be disposed on 
a metal layer between gate driver lines. In another embodi 
ment, at least one of the conductive traces 240 and 242 may 
comprise one or more conductors in the Vcom jumper metal 
layer or Vicom lines not otherwise configured for display 
updating. Further, conductive traces 240 and/or 242 may be 
disposed on a metal layer between gate electrodes. In other 
embodiments the metal layer is included in addition to a layer 
comprising the Source driver lines and/or gate lines. A portion 
of the conductive traces 140,142 may also be formed laterally 
outward of the areal bounds of the sensing elements 124. In 
various embodiments, the conductive traces 240 and/or 242 
may be disposed in a Vicom electrode jumper layer. The Vcom 
electrode jumper layer may be referred to as metal layer three 
or a metal interconnect layer three. In one embodiment, con 
ductive traces may be disposed on both a source drive layer 
and a Vcom electrode jumper layer. In various embodiments, 
the display device may comprise a "dual gate' or half source 
driver” configuration, allowing conductive routing traces 240 
and/or 242 to be disposed between source drivers on the 
Source driver layer. In one or more embodiments, orthogonal 
directions of connections between the conductive traces 240 
and 242 they may be place on separate layers with Vias 
between them 

0073. The grid electrode 122 is disposed between at least 
two of the sensor electrodes 120. The grid electrode 122 may 
at least partially circumscribe the plurality of sensor elec 
trodes 120 as a group, and may also, or in the alternative, 
completely or partially circumscribe one or more of the sen 
sor electrodes 120. In one embodiment, the grid electrode 122 
is a planar body 212 having a plurality of apertures 210, each 
aperture 210 circumscribing a respective one of the sensor 
electrodes 120. Accordingly, the grid electrode 122 separates 
and circumscribes at least 3 or more of sensor electrodes 120, 
and in this example, separates and circumscribes all of sensor 
electrodes 120. The gap 202 spaces the body 212 from the 
sensor electrode 120 disposed in the aperture 210. In one or 
more embodiments, the field electrode 122 is configured to 
substantially fill the space defined by the gap 202. In one 
embodiment a second grid electrode may be disposed on a 
substrate between grid electrode 122 and a touch input layer. 
The second grid electrode may be the same size as grid 
electrode 122, or larger than grid electrode 122 such that is 
overlaps one more sensor electrodes 120 and grid electrode or 
smaller than grid electrode 122 such that it overlaps a portion 
of the grid electrode 122. In various embodiments, the grid 
electrode 122 is disposed between at least two of sensor 
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electrodes 120 such that the grid electrode 122 is on different 
layer (i.e., different substrate or side of the same substrate) 
and overlaps a portion of at least two sensor electrodes and the 
gap between the sensor electrodes. In the embodiments where 
the sensor electrodes 120 comprise one or more common 
electrodes, the sensor electrodes may comprise the entirety of 
the common electrode layer. 
0074 The grid electrode 122 may also be segmented. The 
segmentation of the grid electrode 122 may allow segments of 
the grid electrode 122 be less visible. The segments may be 
interconnect using traces or vias, so that the all the segments 
of the grid electrode 122 may be driven simultaneously with 
a common signal. Alternatively, one or more of the segments 
of the grid electrode 122 may be driven independently to 
facilitate scanning of the sensor electrodes 120 when config 
ured as receiver electrodes in certain modes of operation as 
discussed further below. 

0075. As shown in the enlargement of FIG. 2A, the grid 
electrode 122 may include a first segment 230, a second 
segment 232 and a third segment 234. The first and second 
segments 230, 232 are offset from each other and sandwich a 
column of sensor electrodes, shown as sensor electrodes 120, 
1, 1022. Although not shown in the enlargement, the first 
segment 230 also separates the column of sensor electrodes 
120, from sensor electrode 102, while the second segment 
232 separates the column of sensor electrodes 120, from 
sensor electrode 102. The third segment 234 is disposed 
between neighboring sensors electrodes 120 within a column, 
shown as sensor electrodes 120, 102. Two or more of the 
segments 230, 232, 234 may be independently driven, for 
example as transmitter electrodes. 
0076 FIG. 2B illustrates an alternative array of sensor 
elements 124 that may be used in the input device 100 of FIG. 
1. As illustrated in FIG. 2B, sensor elements 124 includes a 
grid electrode 122 that may comprise Substantially more Sur 
face area than the sensor electrodes 120. In the embodiment 
of FIG. 2B the grid electrode 122 at least partially circum 
scribes one or more sensor electrodes 120, for example as 
indicated by reference arrow 290. Additionally, or in the 
alternative, the grid electrode 122 completely circumscribes 
at least one sensor electrode 120 and only partially circum 
scribes other sensor electrodes 120, for example as indicated 
by reference arrows 290 and 292. In other embodiments, the 
grid electrode 122 may completely circumscribe all of the 
sensor electrodes 120. Although not shown in FIG. 2B, it is 
contemplated that the grid electrode 122 may be segmented as 
described with reference to FIG. 2A. 

0077 FIG. 2C illustrates an alternative array of sensor 
elements 124 that may be used in the input device 100 of FIG. 
1. As illustrated in FIG. 2C, sensor elements 124 includes 
more than one grid electrode, collectively referred to as grid 
electrode 122 and illustratively shown as grid electrodes 122 

where A and B are non-zero integers. In the embodiment 
of FIG. 2C, each grid electrode 122 at least partially circum 
scribes a different set of sensor electrodes 120, wherein a set 
of sensor electrodes is defined as a group of sensor electrodes 
that are at least partially circumscribed by a common one of 
the grid electrodes 122. Each grid electrode 122 may be 
Substantially similar in and size and circumscribe the same 
number of sensor electrodes 120; however, in other embodi 
ments, the grid electrodes 122 may differ in at least one of size 
and the number sensor electrodes 120 at least partially cir 
cumscribed. Further, while the embodiment of FIG. 2C illus 
trates eight rid electrodes 122, in other embodiments, the 
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input device 100 may comprise two or more grid electrodes 
122. In one embodiment, each grid electrode 122 may be 
independently coupled to processing system 110 via different 
conductive routing traces, shown as traces 242 242. 
242, and 242. In other embodiment, two or more grid 
electrode 122 may be coupled to processing system 110 via a 
common conductive routing trace 242, in other words, the 
traces 2421. 2421. 2424 and 2424) are ganged 
together. In such an embodiment, a multiplexer (or similar 
circuitry) may be used to switch between grid electrodes 122. 
0078. The plurality of grid electrodes 122 may be arranged 
in an orientation having an aerial extent extending farther in a 
first direction than a second direction, the second direction 
orthogonal to the first direction. In one embodiment, each 
gird electrode 122 is arranged in an orientation having an 
aerial extent extending farther in the first direction than the 
second direction. In another embodiment, each gird electrode 
122 is arranged in an orientation having an aerial extent 
extending farther in the second direction than the first direc 
tion. In yet other embodiments, each grid electrode 122 is 
arranged in an orientation having an aerial extent extending a 
Substantially equal distance in the first and second directions. 
Further, the grid electrodes 122 may be configured such that 
one or more grid electrode 122 has an aerial extent which is 
oriented differently than at least one other grid electrode 122. 
For example, a first grid electrode 122 may extend further in 
the first direction than the second direction and a second grid 
electrode 122 may extend further in the second direction than 
the first. In other examples, other combinations of grid elec 
trode 122 orientations are possible. In other embodiments, the 
grid electrodes 122 may be oriented such that each grid elec 
trode 122 is substantially similar in size. At least one of the 
sensor electrodes 120 or sets of sensor electrodes 120 may be 
similarly configured as described above with reference to the 
grid electrodes 122. 
0079. In some embodiments, a set of sensor electrodes 120 
circumscribed by a single grid electrode 122 may be aligned 
in a single row. In other embodiments, a set of sensor elec 
trodes 120 circumscribed by a single grid electrode 122 may 
be linearly aligned in a single row, Such as shown in the 
embodiment depicted in FIG. 2C. In yet other embodiments, 
a set of sensor electrodes 120 circumscribed by a single grid 
electrode 122 may be aligned in a plurality of rows, such as 
shown in the embodiment depicted in FIG. 2D. The number 
and/or orientation of the sensor electrodes 120 circumscribed 
by one grid electrode 122 may be the same as, or different 
than, the number and/or orientation of the sensor electrodes 
120 circumscribed by a different grid electrode 122. 
0080. In the embodiments, one or more sensor electrodes 
120 may share a coupling to the processing system 110. The 
sensor electrodes 120 may be grouped such that at least two 
are coupled in a direction that is orthogonal to the orientation 
of the grid electrode 122. For example, multiple sensor elec 
trodes 120s, 12032,120s, and 120s, have an orien 
tation that is orthogonal to grid electrode 122 and may be 
coupled to a common conductive routing trace 240. In 
another example, each sensor electrode 120 may be coupled 
to a different conductive routing trace 240 and to a common 
pin of processing system 110. A multiplexer (or similar cir 
cuit element) may be coupled to the conductive routing trace 
or traces 240 so that the sensor electrodes 120 may be indi 
vidually coupled to the processing system 110 when sharing 
a conductive routing trace 240. In one other example, each 
sensor electrode 120 may be coupled to a different conductive 
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routing trace 240, where each conductive routing trace 240 is 
coupled to a different pin of processing system 110. Process 
ing system 110 may be configured to simultaneously receive 
with multiple sensor electrodes 120 or receive with each 
sensor electrode 120 independently. In one embodiment, pro 
cessing system 110 may be configured to receive with a 
plurality of sensor electrodes 120 using a scanning, time 
multiplexed, Scheme when more than one grid electrode is 
driven with a transmitter signal. The grid electrodes may be 
adjacent to each other or non-adjacent to each other. In one 
embodiment, two sensor electrodes may be simultaneously 
received with while grid electrode that corresponds to one of 
the sensor electrodes is driven with a transmitter signal. 
0081 Processing system 110 may be configured to simul 
taneously drive transmitter signals onto each grid electrode 
122 and receive resulting signals with the sensor electrodes 
120. In such an embodiment, each grid electrode 122 may be 
driven with a transmitter signal that is based on a different one 
of a plurality of digital codes. The digital codes may be any 
code such that they provide mathematical independent 
results. In one embodiment, the digital codes for the set of 
transmitters are Substantially orthogonal—i.e., exhibit very 
low cross-correlation, as is known in the art. Note that two 
codes may be considered substantially orthogonal even when 
those codes do not exhibit strict, Zero cross-correlation. In a 
particular embodiment, for example, the digital codes are 
pseudo-random sequence codes. In other embodiments, 
Walsh codes, Gold codes, or another appropriate quasi-or 
thogonal or orthogonal codes are used. In another embodi 
ment, processing system 110 is configured to simultaneously 
drive the grid electrodes 122 with the same transmitter signal 
while independently receiving with the sensor electrodes 120. 
Some Substantially orthogonal codes may be selected that 
have near Zero sums which reduce the effect of the codes 
coupling to display elements, one set of Such codes are cir 
culant codes where each code vector is a rotation of the other 
VectOrS. 

0082 Processing system 110 may be configured to scan 
through the grid electrodes 122, driving transmitter signals on 
to the grid electrodes 122 one at a time, while receiving with 
the sensor electrodes 120. In one embodiment, only those 
sensor electrodes 120 that are circumscribed by the grid elec 
trode 122 which is being driven are received with. In other 
embodiments, all of or some portion of the sensor electrodes 
120 may be received with a grid electrode 122 that is being 
driven. 

0083 Processing system 110 may be configured to selec 
tively configure the grid electrode 122 or sensor electrodes 
120 based on the positional information of an input object 
140. For example, in one embodiment, processing system 110 
may drive transmitter signals onto the grid electrodes 122 
Such that the grid electrode is driven as one large grid elec 
trode 122. Processing system 110 may selectively drive only 
a portion of the grid electrodes 122 that are proximate the 
detected input object or objects 140. In another embodiment, 
For example, in one embodiment, processing system 110 may 
drive shielding signals onto the grid electrodes 122 such that 
the grid electrode is driven as one large grid electrode 122. 
Further, processing system 110 may selectively drive only a 
portion of the grid electrodes 122 with a shielding signal that 
are proximate the detected input object or objects 140. In one 
embodiment the driving scheme (as discussed above) used to 
drive the grid electrode 122 may vary based on the positional 
information of the input object or objects 140. 
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I0084 FIG. 3 through FIG. 5 depict embodiments of the 
sensing elements 124 operating in a first mode configured for 
absolute sensing. Operating the grid electrode 122 as a shield 
electrode allows for the reduction of the size of the sensor 
electrodes 120 and/or to control the capacitive coupling 
between the sensor electrodes 120 and input objects. 
I0085. Referring first to FIG.3, a simplified sectional view 
of the sensing elements 124 of FIG. 1 are shown. The grid 
electrode 122 are illustrated coplanar with the sensor elec 
trodes 120. The grid electrode 122 may comprises the com 
mon electrodes and overlap the pixel electrodes, similar to the 
sensor electrodes 120. In at least some embodiments, the grid 
electrode 122 may be at least as big, if not larger than the 
sensor electrodes 120. The grid electrode 122 and the sensor 
electrodes 120 may optionally be fabricated from a single 
layer of conductive material. In one embodiment, each sensor 
electrode 120 has a dimension corresponding to a dimension 
of pixel elements of the display device 160 such that the 
sensor electrodes 120 do not substantially block a portion of 
a displayed image. In other embodiments, each sensor elec 
trode 120 has a dimension corresponding to a non-integer 
number of pixel elements. In such an embodiment, the divi 
sion between sensor electrode and between sensor electrodes 
and grid electrode 122 may occur within a pixel element. The 
distance between the grid electrode 122 and sensor electrode 
120 may be equal to the distance between sub-pixels. In one 
embodiment, the spacing between adjacent the sensor elec 
trodes 120, i.e., the distance across the gap 202, is less than or 
equal to the spacing of a black-mask of the display device 
160, for example, in the range of a few micro-meters. In one 
embodiment, the spacing between adjacent the sensor elec 
trodes 120, i.e., the distance across the gap 202, is equal to one 
or more subpixels of the display device 160. 
I0086 Optionally as seen in the enlargement depicted at 
the upper left portion of FIG. 2A, the sensor electrode 120 
may be paired with a floating electrode 250. In one embodi 
ment, the sensor electrodes 120, floating electrode(s) 250 and 
the grid electrode 122 may cover the entire Vcom plane. The 
shape of the paired sensor electrode 120 and the floating 
electrode 250 may be selected for specific applications, and in 
one embodiment, the area of the paired sensor electrode 120 
is smaller than the area of the floating electrode 250, for 
example by less than 50 percent. 
I0087. The grid electrode 122, as discussed above, is dis 
posed between the sensor electrodes 120. In another embodi 
ment, the grid electrode 122 comprises one or more common 
electrodes of the display device. In such embodiments, the 
grid electrode 122 is laterally spaced apart from the two 
sensor electrodes 120 a distance corresponding to the dis 
tance between pixel elements of the display device. The width 
of the portion of the grid electrode 122 disposed between 
adjacent sensor electrodes 120 may be balanced to improve 
the settling time of the grid electrode, as well as number of 
conductive traces 142 and their connections to different por 
tions of the grid electrode 122., if segmented. In one embodi 
ment, the grid electrode 122 is disposed such that it is between 
and at least partially overlaps with at least two sensor elec 
trodes. 

I0088. In the first mode of operation, the sensor electrodes 
120 are configured to both be driven with a modulated signal 
provided by the processing system 110 and the capacitive 
coupling between the modulated sensor electrode(s) and an 
input object is measured. In one or more embodiments result 
ing signals comprises effect corresponding to the modulated 
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signals are received with the sensor electrodes and the capaci 
tive coupling between the sensor electrode(s) and the input 
object is based on the resulting signals. The measurements 
may be utilized by the processing system 110 or other pro 
cessor to determine the position of the input object based on 
a measurement of absolute capacitance. As a modulated sig 
nal is driven onto the sensor electrodes 120 by the processing 
system 110, an electric field is generated by each sensor 
electrode 120 and extends from the plane of the sensor elec 
trodes 120. 
0089. The shielding signal provided by the processing 
system 110 to the grid electrode 122. The shielding signal 
may be a varying Voltage (i.e., guarding signal) or a constant 
(i.e., fixed potential) Voltage such as system ground or any 
other constant Voltage. In one embodiment, the shielding 
signal and the relative position of the grid electrode 122 
between adjacent sensor electrodes 120 functions to reduce 
the capacitive coupling between sensor electrodes and the 
grid electrode 122. Since the grid electrode 122 may be con 
figured to reduce the parasitic capacitive coupling between 
sensor electrodes 120 and grid electrode 122, greater posi 
tional accuracy of an input object 140 may be determined. 
Additionally, as the grid electrode 122 shields and guards 
sensor electrodes 120, the input device 100 is also able to 
provide accurate multi-touch finger tracking capability with 
out blurring the object across multiple sensor electrodes 120 
since the dimensions of the sensor electrodes 120 may be 
reduced. Thus, in many embodiments, use of the grid elec 
trode 122 enable of good multi-touch performance even while 
only a portion of the common electrode layer of the input 
device 100 is operating in an absolute sensing mode. 
0090. In various embodiments, a property of the shielding 
signal may be varied. For example, in a first time period, the 
grid electrode 122 may be driven with a shielding signal that 
is in-phase with the modulated signal and having a first ampli 
tude selected. In a second time period, the amplitude of the 
shielding signal can be reduced to a second amplitude which 
is less than the first amplitude or the amplitude of the shield 
ing signal may be increases to a third amplitude which is 
greater than the first amplitude. In a third time period, the 
amplitude of shielding signal could be further reduced to a 
substantially fixed potential. Furthermore, the grid electrode 
may be alternatively be driven with a shielding signal that is 
out of phase with the modulated signal provided to the sensor 
electrodes 120. In one embodiment, the amplitude and/or 
phase of the shielding signal may be varied as input objects 
progressively approach the input device 100. In one embodi 
ment, the amplitude and/or phase of the shielding signal may 
be varied based on the an operation mode of the input device 
100. For example, the grid electrode 122 may be driven with 
a first shielding signal when the sensor electrodes 120 are 
driven as transmitter electrodes and a second shielding signal 
when the sensor electrodes 120 are driven as absolute sensor 
electrodes. The first and second sensor electrodes may differ 
in at least one of a phase, amplitude and/or frequency. In one 
embodiment, the grid electrode 122 may be electrically 
floated when the sensor electrodes 120 are driven as transmit 
ter electrodes and a shielding signal when the sensor elec 
trodes 120 are driven as absolute sensor electrodes. 

0091. In conventional input devices not configured with 
grid electrodes, the separation between sensor electrodes 
results in a capacitive coupling between individual sensor 
electrodes and/or between the sensor electrode and other 
conductors such as display electrodes. In various embodi 
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ments, in input devices not configured with grid electrodes, as 
the distances which the sensor electrodes are separated 
decreases and/or the distance between which the sensor elec 
trodes and other conductors are separated decreases, the 
capacitive coupling between the sensor electrodes increases. 
The capacitive coupling is present spatially across multiple 
individual sensor electrodes. This results in degraded multi 
touch performance, as responses of individual touching fin 
gers are less spatially localized. 
0092. However, the grid electrode 122 being configured to 
shield, actively driven with a shielding signal or electrically 
floated, while sensing touch decreases cross-coupling (ca 
pacitive coupling) of sensor electrodes 120 and neighboring 
conductors. Thus, the grid electrode 122 functions to prevent 
the effects of nearby conductors on the sensor electrodes 120. 
0093 FIG. 4 is a simplified sectional view of another 
embodiment of the sensor assembly. The grid electrode 122 
are located on a layer between an input Surface and the sensor 
electrodes 120. The grid electrode 122 are illustrated parallel 
with a plane defined by the sensor electrodes 120. The grid 
electrode 122 and the sensor electrodes 120 may be fabricated 
one the same Substrate, or one different Substrates comprising 
the input device 100 and/or display device 160. The sensor 
electrodes 120 and grid electrode 122 are generally aligned 
with the pixel elements of the display device 160 as described 
above. Optionally, one or more of the grid electrode 122 may 
overlap with the sensor electrodes 120. 
0094. The grid electrode 122 are spaced above the sensor 
electrodes 120 by a distance 400. The spacing of the grid 
electrode 122 above the sensor electrodes 120 may control the 
capacitive coupling between input objects and the sensor 
electrodes 120 as compared to the coplanar grid electrode 122 
illustrated in FIG. 3 thereby providing increased positional 
accuracy of an input object 140. While the grid electrode 122 
is illustrated as being above the sensor electrodes 120, in other 
embodiments, the grid electrode may be disposed below the 
sensor electrodes 120. In one embodiment a second grid 
electrode may be disposed between and on the same layer as 
the sensor electrode below the grid electrode 122. In one 
embodiment the grid electrode 122 may overlap two sensor 
electrodes of the plurality of sensor electrodes 120. In one or 
more embodiment, the grid electrode 122 may overlap at least 
a portion of sensor electrodes 122. The grid electrode 122 
may comprise a body of material having openings formed 
therethrough. For example, the grid electrode 122 may be 
formed a from mesh of conductive material, such as a plural 
ity of interconnected thin metal wires. One or more of the 
interconnected thin metal lines may overlap a sensor elec 
trode. Further, the interconnected thin metal wires may be 
disposed on any layer above the sensor electrodes 120 and 
may be disposed using a separate process. Further, multiple 
thin metal lines of the conductive material may overlap each 
sensor electrode. 

0095. In the embodiment, shown in FIG. 5, having some of 
the sensor electrode 120, specifically sensor electrodes 502, 
directly beneath the grid electrode 122 allows the sensor 
electrodes 120 to be smaller compared to the sensor elec 
trodes 120 illustrated in FIG. 4. The smaller sensor electrodes 
120 illustrated in FIG. 5 have capacitance to an input object 
different than the larger sensor electrodes. 
0096. Any of the arrangement of sensing elements 124 
illustrated in FIGS. 2-5 may be alternatively utilized in the 
second mode of operation. As discussed above, in the second 
mode of operation the sensor electrode 120 are utilized to 
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detect the presence of an input object via transcapacitive 
sensing when a transmitter signal is driven onto the grid 
electrode 122. That is, the grid electrode 122 is configured to 
transmit a transmitter signal provided by the processing sys 
tem 110 and each sensor electrode 120 is configured to 
receive a resulting signal comprising effects corresponding to 
the transmitter signal, which is utilized by the processing 
system 110 or other processor to determine the position of the 
input object. The settling performance in transcapacitive sec 
ond mode is improved over that of a conventional barS/stripes 
sensors in that the large surface area of the grid electrode 122 
may have a reduced resistance as compared to conventional 
transmitter electrodes in that the transmitter signal does not 
have to be driven through long traces routed down the sides of 
the display active area as in conventional transmitter elec 
trodes. The settling performance of the grid electrode 122 can 
be further improved in a matrix-addressed scheme by reduc 
ing the effective capacitance of the grid electrode 122 by 
applying a shielding signal configured to guard the grid elec 
trode 122 from those sensor electrodes 120 which are actively 
being utilized as receiver electrodes. 
0097. In one embodiment, the grid electrode 122 operat 
ing in the second mode functions as a single transmitter 
electrode and each of the arrayed matrix of sensor electrodes 
120 functions as a receiver electrode for transcapacitance 
sensing operation. With all the sensor electrodes 120 func 
tioning as receiver electrodes, all resulting signals may be 
acquired at one moment in time. Alternatively, multiplexing 
can be utilized to scan through sensor electrodes 120 func 
tioning as receiver electrodes. 
0098. In one embodiment of operation in the second mode, 
the sensor electrodes 120 may be addressed in a matrix by 
utilizing a grid electrode 122 that has been divided into mul 
tiple segments (such as segments 230, 232, 234 illustrated in 
FIG. 2A) that can be independently and sequentially driven to 
determine the XandY location of the input object 140 relative 
to the input device 100. Thus, the sensor electrodes 120 acting 
as receiver electrodes may be scanned while using different 
portions of the grid electrode 122 as transmitter electrodes to 
increase the positional accuracy of the input device 100. For 
example, one or more geometric characteristics of the grid 
electrode 122. Such as the orientation (aspect ratio), geomet 
ric profile and/or plan area, may be, in the second mode of 
operation, changed using Switches or any other means to 
selectively connect segments of the grid electrode 122. 
Changing the geometric characteristics of the grid electrode 
122 may be useful when, in one mode, use of the grid elec 
trode 122 is desirable in one configuration, yet in another 
mode, when transcapacitive sensing between sensor elec 
trodes 120, configuration of at least some or all of the area of 
the grid electrode 122 as part of either the transmitter or 
receiver electrodes. 

0099. As discussed above, it may be advantageous to 
selectively operate in either the first or second modes. For 
example, a single structure of sensing elements 124 can oper 
ate in an absolute sensing mode (i.e., first mode) utilizing the 
grid electrode 122 to control the capacitive coupling between 
the sensor electrodes 120 and an input object, or selectively in 
the second mode utilizing the grid electrode 122 as a trans 
mitter electrode and the matrix of sensor electrodes 120 as 
receivers electrodes, thereby increasing definition between 
multiple objects in the sensing regions 170 and providing 
improved detection of motion objects within the sensing 
regions 170. In one embodiment, the absolute sensing mode 
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may be a tunable, selectively switching between different 
amplitudes and/or phases. Selectively operating in different 
modes may be based on a whether an input object is deter 
mined to be in first portion of the sensing region or a second 
portion of the sensing region, the first portion being between 
the second portion and an input Surface of the sensing device. 
The phase and/or amplitude of the signal driven onto the grid 
electrode 122 and/or the sensor electrodes 120 may be varied 
based on the operating mode. 
0100. As discussed above, the sensing elements 124 may 
be configured to operation in other transcapacitive modes. For 
example, FIG. 6 is a simplified schematic plan view of sens 
ing elements 124 configured for operating in a transcapacitive 
third mode of operation. 
0101. In a third mode of operation, the sensor electrodes 
120 are split into a group of transmitter electrodes 602 and a 
group of receiver electrodes 604. The particular sensor ele 
ments 120 designated as transmitter electrodes 602 and 
receiver electrodes 604 may be assigned by the processing 
system 110 according to a predefined criteria or predefined 
sequence. For example, the particular sensor elements 120 
designated as transmitter electrodes 602 and receiver elec 
trodes 604 may be selected in response to an input object in a 
predefined location in the sensing region 170 or a predefined 
resulting signal received on one or more of the receiver elec 
trodes 604. Alternatively, the sensor elements 120 designated 
as transmitter electrodes 602 and receiver electrodes 604 may 
be assigned in accordance to a predetermined programmed 
Sequence. 
0102. In the embodiment depicted in FIG. 6, each trans 
mitter electrodes 602 is located adjacent to at least one 
receiver electrode 604. Two or more transmitter electrodes 
602 may also bound a single receiver electrode 604. During 
sensing in the third mode of operation, the grid electrode 122 
may be floated or driven with a shielding signal that has a 
constant Voltage. The shielding signal may be driven out of 
phase with the transmitter signal, modulated similar to the 
transmitter signal, have the same or different waveform or 
amplitude of the transmitter signal or combinations of there 
above. 
0103 Optionally, during the third mode of operation one 
or more of the sensor electrodes 120 functioning as the trans 
mitter electrodes 602 may be switched to function as a 
receiver electrode 604. The switching of sensor electrodes 
120 between receivers and transmitters may be accomplished 
by multiplexing. As shown in the embodiment depicted in 
FIG. 7, all the sensor electrodes 120 functioning as transmit 
ter electrodes 602 in FIG. 6 have been switch to function as 
receiver electrodes 704, while all the sensor electrodes 120 
functioning as receiver electrodes 604 in FIG. 6 have been 
switched to function as transmitter electrodes 702. The 
Switching between assignment as receiver and transmitter 
electrodes may occur over two or more multiplexing steps. 
Switching of the sensor electrodes 120 between functioning 
as receiver and transmitter electrodes allows a capacitive 
image to be captured in reduced period of time compared to 
scanning through each of the transmitter electrodes individu 
ally. For example, the modulate pattern shown in FIGS. 6 and 
7 allows a capacitive image to be captured after two modulate 
periods. In other embodiments, various other sensing patterns 
may be used, where more or less modulate periods may be 
used. For example, the sensor electrodes may be selectively 
configured as transmitter and receiver electrodes Such that 4 
or 8 modulate periods are needed to determine the capacitive 
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image. However, in other embodiments, other modulate pat 
terns may be used that need any number of modulate periods 
to determine the capacitive image. 
0104 FIG. 8 is a flow diagram of one embodiment of a 
method 800 for detecting presence of an input object. The 
method 800 utilizes a capacitive sensing device, such as the 
input device 100 described above, to perform an absolute 
sensing routine. The capacitive sensing device utilized to 
perform the method 800 includes a grid electrode disposed 
between a first sensor electrode and a second sensor electrode 
of a plurality of sensor electrodes. The method begins at step 
802 by driving a modulated signal onto a first sensor electrode 
of the sensor electrodes 120 while in a first mode of operation. 
The method 800 proceeds to step 804 by determining the 
absolute capacitive coupling of the first sensor electrode of 
the sensor electrodes 120, while in the first mode of operation. 
The resulting signal may be utilized to determine the pres 
ence, or lack thereof, of an input object in the sensing region 
170 by the processing system 110 or the electronic system 
150. 
0105. Non-limiting examples of the first mode of opera 
tion have been provided above with reference to FIG. 2A 
through FIG.5. It is contemplated that the method 800 may be 
practiced utilizing other sensor configurations associated 
with one or more grid electrodes. 
0106 The method 800 may include driving a shielding 
signal on the first shaping electrode to reduce the parasitic 
capacitive coupling and/or interference from nearby conduc 
tors in resulting signals from neighboring sensor electrodes in 
simultaneously with the performance of step 802. The 
method 800 may also include changing the shielding signal 
driven on the first shaping electrode over Subsequent itera 
tions of steps 802 and step 804. Non-limiting examples of the 
methodology for changing the shielding signal are described 
above at least with reference to FIGS. 2, 3 and 4. 
0107 The method 800 may optionally include step 806 in 
which the mode of operation is Switched to a transcapacitive 
mode of operation. For example, the absolute sensing mode 
provided by steps 802 and 804 may be switched to a tran 
Scapacitive mode of operation, Such as to one or both of a 
second mode of operation, illustrated by the flow diagram of 
FIG. 9, and to a third mode of operation, illustrated by the 
flow diagram of FIG. 10. 
0108. The method 800 additionally includes optional a 
step in which the driver module 208 drives a display update 
signal onto the common electrodes which comprise one or 
more of the sensor electrodes 120. The display update signal 
is generally provide during a non-display update (i.e., sens 
ing) period, for example, during the period when step 802 and 
step 804 are not being performed. 
0109 Portions of the method 800 may optionally be 
repeated over one or more iterations, as indicated by arrows 
810, 812, 814. The method 800 may also terminate without 
performance of one of step 806. The method 800 may also be 
performed on other input devices, including those not asso 
ciated with display devices. 
0110 FIG. 9 is a flow diagram of another embodiment of 
a method 900 for detecting presence of an input object. FIG. 
9 is a flow diagram of one embodiment of a method 900 for 
detecting presence of an input object utilizing the second 
mode of operation, i.e., a transcapacitive sensing routine. The 
method 900 utilizes a capacitive sensing device, such as the 
input device 100 described above, the capacitive sensing 
device having a grid electrode disposed between a first sensor 
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electrode and a second sensor electrode of a plurality of 
sensor electrodes. The method begins at step 902 by driving a 
transmitter signal onto a grid electrode 122 while in a second 
mode of operation. The method 900 proceeds to step 904 by 
receiving a resulting signal with the sensor electrodes 120 
comprising effects corresponding to the transmitter signal, 
while in the first mode of operation. The resulting signal may 
be utilized to determine the presence, or lack thereof, of an 
input object in the sensing region 170 by the processing 
system 110 or the electronic system 150. 
0111 Non-limiting examples of the second mode of 
operation have been provided above with reference to FIG. 
2A. It is contemplated that the method 900 may be practiced 
utilizing other sensor configurations associated with one or 
more grid electrodes. 
0112 The method 900 may also include changing the 
signal driven on the grid electrode 122 over Subsequent itera 
tions of step 902 and step 904. For example, the grid electrode 
122 may be driven with a first transmitter signal having a first 
amplitude to detect input objects in close proximity to the 
input device, then driven with a shielding signal having a 
second amplitude to detect input objects further from and in 
far field proximity to the input device with less interference 
from neighboring electrodes. 
0113. The method 900 may also include multiplexing the 
transmitter signal driven on different segments of the grid 
electrode 122 over subsequent iterations of step 902 and step 
904. For example, one segment of the grid electrode 122 may 
be driven with a transmitter signal to detect input objects in 
one portion of the sensing region 170 the input device 100, 
then another segment of the grid electrode 122 may be driven 
with a transmitter signal to detect input objects in a different 
portion of the sensing region 170 the input device 100, 
thereby improving the resolution of the determination of the 
location of the input object relative to the input device 100. 
0114. The method 900 may optionally include step 906 in 
which the mode of operation is switched to either a third 
(transcapacitive) mode of operation, illustrated by the flow 
diagram of FIG. 10, or to a first (absolute) mode of operation, 
as previously described with reference to the flow diagram of 
FIG 8. 
0115 The method 900 additionally includes optional step 
in which the driver module 208 drives a display update signal 
onto the common electrodes which comprise one or more of 
the sensor electrodes 120. The display update signal is gen 
erally provide during a display update (i.e., sensing) period, 
for example, during the period when step 902 and step 904 are 
not being performed. 
0116. The method 900 may also terminate without perfor 
mance of step 906. The method 900 may also be performed on 
other input devices, including those not associated with dis 
play devices. 
0117 Portions of the method 900 may optionally be 
repeated over one or more iterations, as indicated by arrows 
910,912,914. The method 900 may also terminate without 
performance of step 906. The method 900 may also be per 
formed on other input devices, including those not associated 
with display devices. 
0118 FIG. 10 is a flow diagram of one embodiment of a 
method 1000 for detecting presence of an input object utiliz 
ing the second mode of operation, i.e., a transcapacitive sens 
ing routine. The method 1000 utilizes a capacitive sensing 
device, such as the input device 100 described above, the 
capacitive sensing device having a grid electrode disposed 
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between a first sensor electrode and a second sensor electrode 
of a plurality of sensor electrodes. The method begins at step 
1002 by driving a transmitter signal onto a first group of 
sensor electrodes 120 (also shown as transmitter electrode 
602 in FIG. 6) while in a third mode of operation. The method 
1000 proceeds to step 1004 by receiving a resulting signal 
with a second group of sensor electrodes 120 (also shown as 
receiver electrode 604 in FIG. 6) comprising effects corre 
sponding to the transmitter signal, while in the first mode of 
operation. The resulting signal may be utilized to determine 
the presence, or lack thereof, of an input object in the sensing 
region 170 by the processing system 110 or the electronic 
system 150. 
0119 Non-limiting examples of the third mode of opera 
tion have been provided above with reference to FIG. 6, with 
optional steps described with reference to FIG. 7. It is con 
templated that the method 1000 may be practiced utilizing 
other sensor configurations associated with one or more grid 
electrodes. 

0120. The method 1000 may also include multiplexing the 
transmitter signal driven on different groups of the sensor 
electrodes 120 over subsequent iterations of step 1002 and 
step 1004. For example as shown by the sequence of assign 
ment of the sensor electrodes 120 as transmitter electrodes 
and receiver electrodes, a first group of the transmitter elec 
trodes 602 may be driven with a transmitter signal and a 
second group of the receiver electrodes 604 may be config 
ured as receiver electrodes to detect resulting signals corre 
sponding to the transmitter signal, then first group of the 
transmitter electrodes 602 are reconfigured as receiver elec 
trodes (shown as 704 in FIG. 7) and the second group of the 
receiver electrodes 604 are reconfigured as transmitter elec 
trodes (shown as 702 in FIG. 7). 
0121. The method 1000 may optionally include step 1006 
in which the mode of operation is switched to either a second 
(transcapacitive) mode of operation, illustrated by the flow 
diagram of FIG.9, or to a first (absolute) mode of operation, 
as previously described with reference to the flow diagram of 
FIG 8. 

0122) The method 1000 additionally includes optional 
step in which the driver module 208 drives a display update 
signal onto the common electrodes which comprise one or 
more of the sensor electrodes 120. The display update signal 
is generally provide during a non-display update (i.e., sens 
ing) period, for example, during the period when step 1002 
and step 1004 are not being performed. 
0123. The method 1000 may also terminate without per 
formance of step 1006. The method 1000 may also be per 
formed on other input devices, including those not associated 
with display devices. 
(0.124 Portions of the method 1000 may optionally be 
repeated over one or more iterations, as indicated by arrows 
1010, 1012, 1014. The method 1000 may also terminate with 
out performance of step 1006. The method 1000 may also be 
performed on other input devices, including those not asso 
ciated with display devices. 
0.125 FIG. 11 is an exploded side view of one embodiment 
of an exemplary display device 160 having an integrated input 
device 160 illustrating alternative locations for a grid elec 
trode 122. The grid electrode 122 of the input device 100 may 
be within or external to the display device 160. The exploded 
view of the display device 160 allows various alternative 
positions of the grid electrode 122 to be illustrated within the 
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display device 160. The sensor electrodes 120 associated with 
the grid electrode 122 are not shown in the illustration of FIG. 
11. 
0.126 The display device 160 generally includes a plural 
ity of transparent substrates positioned over a substrate 1124 
(i.e., TFT glass) of the display device 160. In one embodi 
ment, a plurality of transparent Substrates positioned over the 
substrate 1124 of the display device 160 includes a lens 1112, 
an optional polarizer 1114, an optional anti-shatter film 1116, 
and a color filter glass (CFG) 1118. In one embodiment, the 
grid electrode 122 is disposed at least partially on one of these 
transparent substrates, and/or on the substrate 1124 of the 
display device 160. In the embodiment depicted in FIG. 11, 
the grid electrode 122 is shown disposed on a lower surface 
(i.e. surface facing substrate 1124 of the active element 1124) 
of the lens 1112. 
I0127. The grid electrode 122 may be disposed on (1) a 
separate transparent Substrate, (2) at least partially on or fully 
formed one of the substrates 1112, 1114, 1116, 1118, or (3) at 
least partially on, fully formed on, or within the active ele 
ment 1124 of the display device. 
I0128. Additionally shown in FIG. 11 are alternative posi 
tions (shown in phantom) for locating the grid electrode 122. 
For example, the grid electrode 122 may be positioned on, at 
least partially formed directly on, or fully formed directly on 
an upper side of the optional polarizer 1114, as illustrated by 
reference numeral 1132. The grid electrode 122 may alterna 
tively be positioned on, at least partially formed directly on, 
or fully formed directly on a lower side of the optional polar 
izer 1114, as illustrated by reference numeral 1134. The grid 
electrode 122 may alternative be positioned on, at least par 
tially formed directly on, or fully formed directly on an upper 
side of the optional anti-shatter film 1116, as illustrated by 
reference numeral 1136. The grid electrode 122 may alterna 
tively be positioned on, at least partially formed directly on, 
or fully formed directly on a lower side of the optional anti 
shatter film 1116, as illustrated by reference numeral 1138. 
The grid electrode 122 may alternative be positioned on, at 
least partially formed directly on, or fully formed directly on 
an upper side of the CFG 1118, as illustrated by reference 
numeral 1140. The grid electrode 122 may alternatively be 
positioned on, at least partially formed directly on, or fully 
formed directly on a lower side of the CFG 1118, as illustrated 
by reference numeral 1142. In such embodiment, the grid 
electrode may be aligned with the black mask disposed on the 
CFG 1118. In any of the above embodiment, the grid elec 
trode 122 may be comprised of a wire mesh material, where 
the wire mesh material patterned to control the electric field 
lines of the driven sensor electrodes. 

I0129. The grid electrode 122 may alternative be posi 
tioned on, at least partially formed directly on, or fully formed 
directly on an upper side of the substrate of the active element 
1124, as illustrated by reference numeral 1144. Where the 
grid electrode 122 is formed as least partially formed directly 
on, formed fully on, or within the substrate 1124 of the dis 
play device; one or both of the grid electrode 122 and the 
sensor electrodes 120 may be comprised of common elec 
trodes (segments of segmented V-com electrode 1120), such 
as illustrated in FIG. 2A, FIG. 2B and FIG. 3. 
0.130. In one embodiment, the dimensions of each of the 
sensor electrodes 120 correspond to the dimension of pixel 
elements. For example, at least one of the length and width of 
each sensor electrode 120 may correspond to an integer mul 
tiple of the number of sub-pixels. In other embodiment, at 
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least one dimension of a sensor electrode may correspond to 
a portion of a pixel element. For example, one of the length 
and width may correspond to a non-integer multiple of a 
number of sub-pixels. In one embodiment, the dimensions of 
each sensor electrode 120, for example having a quadrilateral 
form, are at least about 30 sub-pixel elements by at least about 
30 sub-pixel elements. In other embodiment, the dimensions 
of each sensor electrode may correspond an M Sub-pixel 
elements, by N sub-pixel elements; where M and N may be 
the same or different. Further Mand N may each be less than 
about 30 sub-pixel elements or greater than about 30 sub 
pixel elements. In various embodiments, one or more dimen 
sions of the sensor electrode correspond to a non-integer 
number of sub-pixels elements. For example, the length or 
width of a sensor electrode may correspond to a portion of a 
sensor electrode and the gap between sensor electrodes and 
other sensor electrodes or between senor electrodes and the 
grid electrode may be within a sub-pixel. 
0131. In one embodiment, the space between each sensor 
electrode 120 and the grid electrode 122 may correspond to 
the distance between sub-pixels elements. For example, the 
dimension of the isolation space between each sensor elec 
trode 120 and the grid electrode 122 may be equal to about 5 
micrometers; however, the dimension of the isolation space 
may be greater than or less than about 0.5 micrometers. Fur 
ther, the center to center pitch of sensor electrodes 120 may be 
in a range of about 30 to about 50 sub-pixels. However, the 
pitch may be less than about 30 sub-pixels and greater than 
about 50 sub-pixels. 
0.132. In yet other embodiments, each sensor electrode 
may have a length and/or width equal to about 1 millimeter. 
However, the sensor electrodes 120 may have a length and/or 
width that is greater than 1 millimeter. Further, the center to 
center pitch of sensor electrodes 120 may be in a range of 
about 2 to about 5 millimeters. However, the pitch may be less 
than about 2 millimeters and greater than about 5 millimeters. 
0133. In one embodiment, the dimensions of the grid elec 
trode 122 may correspond to the dimensions of the sub-pixel 
elements. For example, the width of the grid electrode 122 
that is disposed sensor electrodes 120 may correspond to an 
integer multiple of the number of sub-pixels. Further, the 
width of the grid electrode 122 that is disposed sensor elec 
trodes 120 may correspond to a non-integer multiple of the 
number of sub-pixels. In one embodiment, the dimensions of 
the width of the grid electrode 122 is in the range of least 
about 10 sub-pixel elements to at least about 120 sub-pixel 
elements. In other embodiments, the width of the grid elec 
trode 122 may be less than 10 sub-pixel elements or greater 
than 120 sub-pixel elements. Further, the grid electrode may 
be configured to have a width in the range of about 0.5 
millimeters to about 120 millimeters; however, widths below 
0.5 millimeters and above 120 millimeters are also possible. 
In other embodiments, the grid electrode 122 may be config 
ured to have various widths. 

0134 Each of the sensor electrodes 120 may be the same 
size and shape, however, in various embodiments; at least one 
sensor electrode may have a different size and or shape than 
the other sensor electrodes 120. The size and shape of the 
sensor electrode 120 may correspond to a location of the 
sensor electrodes. For example, a sensor electrode 120 
located near the edge of the sensing region may be sized 
and/or shaped differently than a sensor electrode 120 located 
near the center of the sensing region. 
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I0135 FIGS. 12A-12E illustrate various differently shaped 
sensor electrodes 120 and grid electrode 122. In the embodi 
ment of FIG. 12A, sensor electrodes 1201A and 1201B are 
illustrated as having a different size than the other sensor 
electrodes. Further, as illustrated in FIG. 12A, the position of 
the sensor electrodes having a different size may vary. In one 
embodiment, sensor electrode 1201A and sensor electrode 
1201 B may be aligned in a common row and/or column of the 
plurality of sensor electrodes. FIG.12B illustrates an embodi 
ment of sensor electrodes 120, where each sensor electrode is 
a polygon having less than four sides. Further, as illustrated, 
in one embodiment, alternating sensor electrodes may be 
rotated versions of each other (e.g., sensor electrodes 1202A 
and sensor electrode 1202b). The sensor electrodes may also 
be mirror symmetric about an axis. For example, sensor elec 
trodes 1202A and 1202C are mirror symmetric about axis 
1204. In the embodiment of FIG. 12C, the sensor electrodes 
120 comprise a polygon shape having more than four sides; 
however, in other embodiment, any number of sides may be 
possible. Further the grid electrode 122 of the embodiment of 
FIG. 12B and FIG. 12C comprises a plurality of non-parallel 
and parallel segments. In the embodiment of FIG. 12, the 
sensor electrodes 120 may be interleaved with each other, 
Such that at least one sensor electrode has a protrusion that is 
interleaved with another sensor electrode. In one embodi 
ment, alternating sensor electrodes may have protrusions and 
cutouts such that the sensor electrodes may be interleaved. In 
other embodiments the sensor electrodes may be interleaved 
with more than two neighboring sensor electrodes. As illus 
trated by FIG. 12E. in one embodiment a first set of sensor 
electrodes are at least partially disposed between a second set 
of sensor electrodes. For example, sensor electrodes 1208A 
and 1208B are disposed such that they are interleaved 
between sensor electrodes 1208C and 1208D. In other 
embodiments, the sensor electrodes comprise one or more 
protrusions, but the sensor electrodes are not interleaved with 
each other. Further, grid electrode 122 may have a reduced 
width in one more areas between sensor electrodes (e.g., 
segment 1206). In further embodiments, additional shapes 
not listed above are also contemplated. In various embodi 
ments, the sensor electrodes may have more than one protru 
sion at various different angles. For example, shapes such as, 
but not limited to a “star”, “asterisk”, “circular”, “diamond', 
and “ellipses are also contemplated. In one or more embodi 
ments, the shape of the sensor electrodes may be selected to 
improve the fringing field lines between sensor electrodes and 
other sensor electrodes or sensor electrodes and the input 
object. The sensor electrodes may have one or more protru 
sions (perpendicular to each other or at any angle with each 
other), one or more angled sides, one or more curved sides, or 
any combination of the above. 
0.136 Thus, the embodiments and examples set forth 
herein were presented in order to best explain the embodi 
ments in accordance with the present technology and its par 
ticular 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 illustration 
and example only. The description as set forth is not intended 
to be exhaustive or to limit the invention to the precise form 
disclosed. 

0.137 In view of the foregoing, the scope of the present 
disclosure is determined by the claims that follow. 
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1. A display device having an integrated capacitive sensing 
device, the display device comprising: 

a plurality of sensor electrodes arranged in a matrix, 
wherein each sensor electrode comprises at least one 
common electrode configured to be driven for display 
updating and capacitive sensing, the plurality of sensor 
electrodes including a first sensor electrode and a second 
sensor electrode comprising part of a common row or 
column of the matrix, wherein the first sensor electrode 
is overlapped with the second sensor electrode; and 

a processing system coupled to the sensor electrodes, the 
processing system is configured to, in a first processing 
mode, modulate the first sensor electrode and the second 
sensor electrode to acquire measurements of changes in 
absolute capacitance indicative of positional informa 
tion for an input object in a sensing region of the capaci 
tive sensing device based on the measurements. 

2-28. (canceled) 


