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(54) Title: DISPLAY WITH DUAL-FUNCTION CAPACITIVE ELEMENTS

(57) Abstract: A touch screen including display pixels with capacitive elements is provided. The touch screen includes first com
mon voltage lines connecting capacitive elements in adjacent display pixels, and a second common voltage line connecting first 
common voltage lines. The pixels can be formed as electrically separated regions by including breaks in the common voltage 
lines. The regions can include a drive region that is stimulated by stimulation signals, a sense region that receives sense signals 
corresponding to the stimulation signals. A grounded region can also be included, for example, between a sense region and a drive 
region. A shield layer can be formed of a substantially high resistance material and disposed to shield a sense region. A black 
mask line and conductive line under the black mask line can be included, for example, to provide low- resistance paths between a 
region of pixels and touch circuitry outside the touch screen borders.



WO 2010/002929 PCT/US2009/049313

DISPLAY WITH DUAL-FUNCTION CAPACITIVE 
ELEMENTS

Field of the Invention

5 [0001] This relates generally to displays having pixels that include capacitive

elements, and more particularly to displays in which capacitive elements of the 

pixels that form part of the display system that generates an image on the display 

also form part of a touch sensing system that senses touch events on or near the 

display.

10 Background of the Invention

[0002] Many types of input devices are presently available for performing

operations in a computing system, such as buttons or keys, mice, trackballs, 

joysticks, touch sensor panels, touch screens and the like. Touch screens, in 

particular, are becoming increasingly popular because of their ease and versatility of

15 operation as well as their declining price. Touch screens can include a touch sensor 

panel, which can be a clear panel with a touch-sensitive surface, and a display 

device such as a liquid crystal display (LCD) that can be positioned partially or fully 

behind the panel so that the touch-sensitive surface can cover at least a portion of the 

viewable area of the display device. Touch screens can allow a user to perform

20 various functions by touching the touch sensor panel using a finger, stylus or other 

object at a location dictated by a user interface (UI) being displayed by the display 

device. In general, touch screens can recognize a touch event and the position of the 

touch event on the touch sensor panel, and the computing system can then interpret 

the touch event in accordance with the display appearing at the time of the touch

25 event, and thereafter can perform one or more actions based on the touch event.

[0003] Mutual capacitance touch sensor panels can be formed from a matrix

of drive and sense lines of a substantially transparent conductive material, such as 

Indium Tin Oxide (ITO), often arranged in rows and columns in horizontal and 

vertical directions on a substantially transparent substrate. It is due in part to their
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2 substantial transparency that capacitive touch sensor panels can be overlaid on a display to form 

a touch screen, as described above. However, overlaying a display with a touch sensor panel can 

have drawbacks, such as added weight and thickness, and decreased brightness of the display.

[0003A] Reference to any prior art in the specification is not, and should not be taken as, an 

5 acknowledgment or any form of suggestion that this prior art forms part of the common general

knowledge in Australia or any other jurisdiction or that this prior art could reasonably be 

expected to be ascertained, understood and regarded as relevant by a person skilled in the art.

Summary of the Invention

[0004] This relates to displays including pixels with dual-function capacitive elements.

10 Specifically, these dual-function capacitive elements form part of the display system that

generates an image on the display, and also form part of a touch sensing system that senses touch 

events on or near the display. The capacitive elements can be, for example, capacitors in pixels 

of an LCD display that are configured to operate individually, each as a pixel storage capacitor, 

or electrode, of a pixel in the display system, and are also configured to operate collectively as

15 elements of the touch sensing system. In this way, for example, a display with integrated touch 

sensing capability may be manufactured using fewer parts and/or processing steps, and the 

display itself may be thinner and brighter.

[0004A] In a first aspect the present invention provides a touch screen including display pixels 

with capacitive elements, the touch screen comprising: a plurality of groups of display pixels; for

20 each group of display pixels; a plurality of first common voltage electrically conductive lines 

connecting capacitive elements in a plurality of adjacent display pixels; and along a second 

common voltage line connecting two or more first common voltage lines.direction; and at least 

one second electrically conductive line electrically coupling together capacitive elements of 

display pixels along a second direction; wherein at least one of the plurality of first electrically

25 conductive lines includes a first break along the first direction and the at least one second 

electrically conductive line includes a second break along the second direction, the first and 

second breaks separating capacitive elements of the display pixels to form the plurality of groups 

of display pixels, wherein all of the capacitive elements of display pixels in each group are 

electrically connected together by the plurality of first electrically conductive lines and the at

30 least one second electrically conductive line; and wherein capacitive elements within each group 

are configured to provide a display function in a display mode of operating of the touch screen

2
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2 and to provide capacitive coupling between at least two of the groups in a touch sensing mode of 

operation of the touch screen.

[0004B] In another aspect the present invention provides a method of manufacturing a touch 

screen, the method comprising: forming a plurality of first electrically conductive lines

5 connecting capacitive elements in a plurality of adjacent display pixels; forming a plurality of 

second electrically conductive lines connecting two or more first conductive lines; forming first 

breaks in at least two or more of the plurality of first electrically conductive lines and in at least 

two or more of the plurality of second electrically conductive lines thereby defining patches of 

display pixels wherein all of the capacitive elements of display pixels in each of the patches are

10 electrically connected together; and configuring capacitive elements within the patches to

provide a display function in a display mode of operation and to provide capacitive coupling 

between at least two of the patches in a touch sensing mode of operation.

[0004C] In yet another aspect the present invention provides a touch screen including display 

pixels with capacitive elements, the touch screen comprising: a plurality of rows of display

15 pixels, each row disposed along a first direction and having a plurality of first regions, each first

region having a plurality of display pixels; a plurality of columns of display pixels, each column 

disposed along a second direction and forming a second region, each second region having a 

plurality of display pixels, the plurality of columns of display pixels thus forming a plurality of 

second regions; a plurality of conductive lines electrically connecting together the capacitive

20 elements of the plurality of display pixels within each of the plurality of first regions and the 

plurality of second regions along the first and second directions, at least two or more of the 

plurality conductive lines having first breaks along the first direction and second breaks along 

the second direction, the first regions electrically separated from second regions disposed 

adjacent the first regions by at least one of the first and second breaks; the capacitive elements of

25 the plurality of display pixels include at least one of storage capacitors and fringe field

electrodes; and touch sensing circuitry operative for transmitting a stimulation signal along one 

or more of the plurality of conductive lines to the capacitive elements of the display pixels of one 

of the rows or columns and for receiving a sense signal along one or more of others of the 

plurality of conductive lines from the other of the rows or columns.

30 [0004D] In yet another aspect the present invention provides a touch screen including display

pixels with capacitive elements, the touch screen comprising: a plurality of first electrically 

conductive lines connecting capacitive elements in a plurality of adjacent display pixels along a 

first direction; and a plurality of second electrically conductive lines connecting two or more first

2A
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2 conductive lines and disposed along a second direction; at least one or more of the plurality of 

first conductive lines include first breaks along the first direction and at least one or more of the 

plurality of second electrically conductive lines includes second breaks along the second 

direction, a plurality of regions of display pixels disposed along the first direction and along the

5 second direction, each region electrically separated from an adjacent region along the first 

direction by at least one of the first and second breaks and the capacitive elements of display 

pixels within each region of the plurality of regions electrically connected together; the plurality 

of regions disposed along the first direction forming rows of display pixels, the plurality of 

regions disposed along the second direction forming columns of display pixels; and touch

10 sensing circuitry operative for transmitting a stimulation signal along one or more of the plurality 

of first or second electrically conductive lines to the capacitive elements of the display pixels of 

one of the rows or columns and for receiving a sense signal along one or more of others of 

plurality of first or second electrically conductive lines from the other of the rows or columns.

[0004E] In yet another aspect the present invention provides a touch screen including display

15 pixels with capacitive elements, the touch screen comprising: a plurality of first regions disposed 

along a first direction, each of the plurality of first regions having a plurality of display pixels 

disposed along the first direction and along a second directions; a plurality of second regions 

disposed along the second direction, each of the plurality of second regions having a plurality of 

display pixels disposed along the first and second directions; a plurality of first conductive lines

20 electrically connecting together the capacitive elements of the plurality of display pixels within 

each of the plurality of first regions and within each of the plurality of second regions; wherein at 

least two first regions successively disposed along the first direction have at least one second 

region disposed therebetween and are electrically separated from the at least one second region 

by at least one break in the plurality of first conductive lines; at least one conductive trace

25 disposed on a border region of the touch screen for electrically connecting one of the at least two 

first regions to the other of the at least two regions, the at least one conductive trace coupled to at 

least one of the plurality of first conductive lines in each of the at least two first regions; the 

capacitive elements of the plurality of display pixels include at least one of storage capacitors 

and fringe field electrodes; and touch sensing circuitry operative for transmitting a stimulation

30 signal through the capacitive elements of the display pixels in the first regions and for receiving 

a sense signal from capacitive elements in the second regions.

2B
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[0004F] As used herein, except where the context requires otherwise, the term "comprise" and 

variations of the term, such as "comprising", "comprises" and "comprised", are not intended to 

exclude further additives, components, integers or steps.

5 [0004G] Further aspects of the present invention and further embodiments of the aspects

described in the preceding paragraphs will become apparent from the following description, 

given by way of example and with reference to the accompanying drawings.

Brief Description of the Drawings

[0005] FIG. 1 illustrates a partial circuit diagram of an example LCD display including a

10 plurality of LCD pixels according to embodiments of the present invention.

[0006] FIGS. 2A and 2B illustrate example regions formed by breaks in vertical and

horizontal common voltage lines according to embodiments of the invention.

[0007] FIG. 3 illustrates partial circuit diagrams of a pixel 301 of a drive region and a pixel 

303 of an example sense region.

15 [0008] FIG. 4A illustrates example signals applied to the pixels of a drive region during an

LCD phase and during a touch phase according to embodiments of the invention.

2C
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[0009] FIG. 4B illustrates example signals applied to the pixels of a sense

region during an LCD phase and during a touch phase according to embodiments of 

the invention.

[0010] FIG. 5A illustrates details of an example operation of a storage

5 capacitor of a drive region during a touch phase according to embodiments of the

invention.

[0011] FIG. 5B illustrates details of an example operation of a storage

capacitor of a sense region during a touch phase according to embodiments of the 

invention.

10 [0012] FIG. 6A illustrates a partial view of an example touch screen having

regions of pixels with dual-function capacitive elements that operate as LCD 

elements and as touch sensors according to embodiments of the invention.

[0013] FIG. 6B illustrates a partial view of example touch screen including

metal traces running in the border areas of the touch screen according to

15 embodiments of the invention.

[0014] FIG. 6C illustrates an example connection of columns and row

patches to the metal traces in the border area of the touch screen according to 

embodiments of the invention.

[0015] FIG. 7 illustrates a top view of an example column and adjacent row

20 patches according to embodiments of the invention.

[0016] FIG. 8A is an example plot of an x-coordinate of a finger touch

versus mutual capacitance seen at a touch pixel for a two adjacent touch pixels in a 

single row having wide spacings according to embodiments of the invention.

[0017] FIG. 8B is an example plot of an x-coordinate of a finger touch

25 versus mutual capacitance seen at a touch pixel for a two adjacent touch pixels in a 

single row having wide spacings where spatial interpolation has been provided 

according to embodiments of the invention.

[0018] FIG. 8C illustrates a top view of an example column and adjacent

row patch pattern useful for larger touch pixel spacings according to embodiments

30 of the invention.

3
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[0019] FIG. 9A illustrates an example touch screen including sense (or

drive) regions formed as columns and rows of polygonal regions (bricks) according 

to embodiments of the invention.

[0020] FIG. 9B illustrates a close-up view of a portion of the example touch

5 screen of FIG. 9A.

[0021] FIG. 9C illustrates a portion of example touch screen of FIG. 9A

including bricks associated with columns CO and Cl and connecting yVcom lines 

coupling the bricks to bus lines according to embodiments of the invention.

[0022] FIG. 10 illustrates a portion of example zig-zag double interpolated

10 touch screen that can further reduce the stray capacitance between the connecting 

yVcom lines and the sense regions according to embodiments of the invention.

[0023] FIG. 11 illustrates a patterning of a first metal layer (Ml) of pixels in

an example electrically controlled birefringence (ECB) LCD display using 

amorphous silicon (a-Si) according to embodiments of the invention.

15 [0024] FIG. 12 illustrates a patterning step in which island patterns of poly-

Si are formed in the example ECB LCD display using a-Si according to 

embodiments of the invention.

[0025] FIG. 13 illustrates connections formed in a pixel in the example ECB

LCD display using a-Si according to embodiments of the invention.

20 [0026] FIG. 14 illustrates patterning of a second metal layer (M2) of pixels

in the example ECB LCD display using a-Si according to embodiments of the 

invention.

[0027] FIG. 15 illustrates planarization (PLN) contact layers in the example

ECB LCD display using a-Si according to embodiments of the invention.

25 [0028] FIG. 16 illustrates reflector (REF) layers in the example ECB LCD

display using a-Si according to embodiments of the invention.

[0029] FIG. 17 illustrates passivation (PASS) contacts in the example ECB

LCD display using a-Si according to embodiments of the invention.

4
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[0030] FIG. 18 illustrates semi-transparent conductive material, such as IPO,

layers that form pixel electrodes in the example ECB LCD display using a-Si

according to embodiments of the invention.

[0031] FIG. 19 illustrates a plan view of completed pixels in the example

5 ECB LCD display using a-Si according to embodiments of the invention.

[0032] FIGS. 20A-D illustrate side views of completed pixels in the example

ECB LCD display using a-Si according to embodiments of the invention.

[0033] FIGS. 21 and 22 illustrate a comparative analysis of the storage

capacitances of pixels in the example ECB LCD display using a-Si according to

10 embodiments of the invention.

[0034] PIG. 23 illustrates aperture ratio estimations for pixels in the example

ECB LCD display using a-Si according to embodiments of the invention.

[0035] PIG. 24 illustrates an example modification in the example ECB

LCD display using a-Si according to embodiments of the invention.

15 [0036] PIG. 25 illustrates the patterning of a layer of poly-Si of pixels in an

example in-plane switching (IPS) LCD display using low temperature 

polycrystalline silicon (LTPS) according to embodiments of the invention.

[0037] PIG. 26 illustrates the patterning of a first metal layer (Ml) of pixels

in the example IPS LCD display using LTPS according to embodiments of the

20 invention.

[0038] PIG. 27 illustrates vias formed in pixels in the example IPS LCD

display using LTPS according to embodiments of the invention.

[0039] PIG. 28 illustrates the patterning of a second metal layer (M2) of

pixels in the example IPS LCD display using LTPS according to embodiments of

25 the invention.

[0040] PIG. 29 illustrates a first layer of transparent conductive material,

such as ITO, formed on pixels in the example IPS LCD display using LTPS 

according to embodiments of the invention.

[0041] PIG. 30 illustrates a connection in the example IPS LCD display

30 using LTPS according to embodiments of the invention.

5
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[0042] FIG. 31 illustrates a second layer of transparent conductor, such as

ITO, formed on pixel in the example IPS LCD display using LTPS according to

embodiments of the invention.

[0043] FIG. 32 illustrates a plan view of completed pixels in the example

5 IPS LCD display using LTPS according to embodiments of the invention.

[0044] FIG. 33 illustrates a side view of a pixel in the example IPS LCD

display using LTPS according to embodiments of the invention.

[0045] FIG. 34 illustrates the storage capacitances of two pixels in the

example IPS LCD display using LTPS according to embodiments of the invention.

10 [0046] FIG. 35 illustrates the patterning of a layer of poly-Si of pixels in an

example IPS LCD display using LTPS in which a yVcom line is formed in an M2 

layer according to embodiments of the invention.

[0047] FIG. 36 illustrates the patterning of a first metal layer (Ml) of pixels

in the example IPS LCD display using LTPS in which a yVcom line is formed in an

15 M2 layer according to embodiments of the invention.

[0048] FIG. 37 illustrates vias formed in pixels in the example IPS LCD

display using LTPS in which a yVcom line is formed in an M2 layer according to 

embodiments of the invention.

[0049] FIG. 38 illustrates patterning of a second metal layer (M2) of pixels

20 in the example IPS LCD display using LTPS in which a yVcom line is formed in an 

M2 layer according to embodiments of the invention.

[0050] FIG. 39 illustrates a first layer of transparent conductive material,

such as ITO, formed on pixels in the example IPS LCD display using LTPS in 

which a yVcom line is formed in an M2 layer according to embodiments of the

25 invention.

[0051] FIG. 40 illustrates connections in the example IPS LCD display using

LTPS in which a yVcom line is formed in an M2 layer according to embodiments of 

the invention.

6
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[0052] FIG. 41 illustrates a second layer of transparent conductor, such as

ITO, formed on pixels in the example IPS LCD display using LTPS in which a

yVcom line is formed in an M2 layer according to embodiments of the invention.

[0053] FIG. 42 illustrates a plan view of completed pixels in the example

5 IPS LCD display using LTPS in which a yVcom line is formed in an M2 layer

according to embodiments of the invention.

[0054] FIG. 43 illustrates a side view of a pixel in the example IPS LCD

display using LTPS in which a yVcom line is formed in an M2 layer according to 

embodiments of the invention.

10 [0055] FIG. 44 illustrates a semiconductor layer of poly-Si in an example

ECB LCD display using LTPS according to embodiments of the invention.

[0056] FIG. 45 illustrates a first layer of metal (Ml) in the example ECB

LCD display using LTPS according to embodiments of the invention.

[0057] FIG. 46 illustrates connections in the example ECB LCD display

15 using LTPS according to embodiments of the invention.

[0058] FIG. 47 illustrates a second metal layer (M2) in the example ECB

LCD display using LTPS according to embodiments of the invention.

[0059] FIG. 48 illustrates a connection layer in the example ECB LCD

display using LTPS according to embodiments of the invention.

20 [0060] FIG. 49 illustrates a reflector layer in the example ECB LCD display

using LTPS according to embodiments of the invention.

[0061] FIG. 50 illustrates an ITO layer in the example ECB LCD display

using LTPS according to embodiments of the invention.

[0062] FIG. 51 illustrates a completed pixel in the example ECB LCD

25 display using LTPS according to embodiments of the invention.

[0063] FIG. 52 illustrates a side view of a pixel in the example ECB LCD

display using LTPS according to embodiments of the invention.

7
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[0064] FIG. 53 illustrates a calculation of the storage capacitance of a pixel

in the example ECB LCD display using LTPS according to embodiments of the 

invention.

[0065] PIG. 54 illustrates an aperture ratio estimation of pixels in the

5 example ECB LCD display using LTPS according to embodiments of the invention.

[0066] FIG. 55 illustrates an example modification in the example ECB

LCD display using LTPS according to embodiments of the invention.

[0067] FIG. 56 illustrates a portion of a touch screen that includes an

example grounded separator region according to embodiments of the invention.

10 [0068] FIG. 57 is a side view of the example touch screen of PIG. 56, which

illustrates an example high R shield according to embodiments of the invention.

[0069] FIG. 58 illustrates a side view of a portion of an example touch

screen including black mask lines of a black mask and metal lines under the black 

mask lines according to embodiments of the invention.

15 [0070] PIG. 59 illustrates an example black mask layout according to

embodiments of the invention.

[0071] FIG. 60 illustrates an example IPS-based touch-sensing display in

which the pixel regions serve multiple functions.

[0072] FIG. 61 illustrates an example computing system that can include one

20 or more of the example embodiments of the invention.

[0073] PIG. 62a illustrates an example mobile telephone that can include a

touch screen including pixels with dual-function capacitive elements according to 

embodiments of the invention.

[0074] PIG. 62b illustrates an example digital media player that can include

25 a touch screen including pixels with dual-function capacitive elements according to

embodiments of the invention.

[0075] PIG. 62c illustrates an example personal computer that can include a

touch screen including pixels with dual-function capacitive elements according to 

embodiments of the invention.

8
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Detailed Description of the Preferred Embodiments

[0076] In the following description of preferred embodiments, reference is

made to the accompanying drawings which form a part hereof, and in which it is 

shown by way of illustration specific embodiments in which the invention can be

5 practiced. It is to be understood that other embodiments can be used and structural 

changes can be made without departing from the scope of the embodiments of this 

invention.

[0077] This relates to displays including pixels with dual-function capacitive

elements. Specifically, these dual-function capacitive elements form part of the

10 display system that generates an image on the display, and also form part of a touch 

sensing system that senses touch events on or near the display. The capacitive 

elements can be, for example, capacitors in pixels of an LCD display that are 

configured to operate individually, each as a pixel storage capacitor, or electrode, of 

a pixel in the display system, and are also configured to operate collectively as

15 elements of the touch sensing system. In this way, for example, a display with 

integrated touch sensing capability may be manufactured using fewer parts and/or 

processing steps, and the display itself may be thinner and brighter.

[0078] FIG. 1 is a partial circuit diagram of an example LCD display 100

including a plurality of LCD pixels according to embodiments of the present

20 invention. The pixels of panel 100 are configured such that they are capable of dual

functionality as both LCD pixels and touch sensor elements. That is, the pixels 

include capacitive elements or electrodes, that can operate as part of the LCD 

display circuitry of the pixels and that can also operate as elements of touch sensing 

circuitry. In this way, panel 100 can operate as an LCD display with integrated

25 touch sensing capability. FIG. 1 shows details of pixels 101, 102, 103, and 104 of 

display 100.

[0079] Pixel 102 includes a thin film transistor (TFT) 155 with a gate 155a, a

source 155b, and a drain 155c. Pixel 102 also includes a storage capacitor, Cst 157, 

with an upper electrode 157a and a lower electrode 157b, a liquid crystal capacitor,

30 Clc 159, with a pixel electrode 159a and a common electrode 159b, and a color filter 

voltage source, Vcf 161. If a pixel is an in-plane-switching (IPS) device, Vcf can

9
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be, for example, a fringe field electrode connected to a common voltage line in 

parallel with Cst 157. If a pixel does not utilize IPS, Vcf 151 can be, for example, 

an ITO layer on the color filter glass. Pixel 102 also includes a portion 117a of a 

data line for green (G) color data, Gdata line 117, and a portion 113b of a gate line

5 113. Gate 155a is connected to gate line portion 113b, and source 155b is connected

to Gdata line portion 117a. Upper electrode 157a of Cst 157 is connected to drain 

155c of TFT 155, and lower electrode 157b of Cst 157 is connected to a portion 

121b of a common voltage line that runs in the x-direction, xVcom 121. Pixel 

electrode 159a of Clc 159 is connected to drain 155c of TFT 155, and common

10 electrode 159b of Clc 159 is connected to Vcf 151.

[0080] The circuit diagram of pixel 103 is identical to that of pixel 102.

However, color data line 119 running through pixel 103 carries blue (B) color data. 

Pixels 102 and 103 can be, for example, conventional LCD pixels.

[0081] Similar to pixels 102 and 103, pixel 101 includes a thin film

15 transistor (TFT) 105 with a gate 105a, a source 105b, and a drain 105c. Pixel 101

also includes a storage capacitor, Cst 107, with an upper electrode 107a and a lower 

electrode 107b, a liquid crystal capacitor, Clc 109, with a pixel electrode 109a and a 

common electrode 109b, and a color filter voltage source, Vcf 111. Pixel 101 also 

includes a portion 115a of a data line for red (R) color data, Rdata line 115, and a

20 portion 113a of gate line 113. Gate 105a is connected to gate line portion 113a, and 

source 105b is connected to Rdata line portion 115a. Upper electrode 107a of Cst 

107 is connected to drain 105c of TFT 105, and lower electrode 107b of Cst 107 is 

connected to a portion 121a of xVcom 121. Pixel electrode 109a of Clc 109 is 

connected to drain 105c of TFT 105, and common electrode 109b of Clc 109 is

25 connected to Vcf 111.

[0082] Unlike pixels 102 and 103, pixel 101 also includes a portion 123 a of

a common voltage line running in the y-direction, yVcom 123. In addition, pixel 

101 includes a connection 127 that connects portion 121a to portion 123a. Thus, 

connection 127 connects xVcom 121 and yVcom 123.

30 [0083] Pixel 104 is similar to pixel 101, except that a portion 125a of a

yVcom 125 has a break (open) 131, and a portion 121b of xVcom 121 has a break 

133.
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[0084] As can be seen in FIG. 1, the lower electrodes of storage capacitors of

pixels 101, 102, and 103 are connected together by xVcom 121. This is a 

conventional type of connection in many LCD panels and, when used in conjunction 

with conventional gate lines, data lines, and transistors, allows pixels to be

5 addressed. The addition of vertical common voltage lines along with connections to 

the horizontal common voltage lines allows grouping of pixels in both the x- 

direction and y-direction, as described in further detail below. For example, yVcom 

123 and connection 127 to xVcom 121 can allow the storage capacitors of pixels 

101, 102, and 103 to be connected to storage capacitors of pixels that are above and

10 below pixels 101, 102, 103 (the pixels above and below are not shown). For

example, the pixels immediately above pixels 101, 102, and 103 can have the same 

configurations as pixels 101, 102, and 103, respectively. In this case, the storage 

capacitors of the pixels immediately above pixels 101, 102, and 103 would be 

connected to the storage capacitors of pixels 101, 102, and 103.

15 [0085] In general, an LCD panel could be configured such that the storage

capacitors of all pixels in the panel are connected together, for example, through at 

least one vertical common voltage line with connections to a plurality of horizontal 

common voltage lines. Another LCD panel could be configured such that different 

groups of pixels are connected together to form a plurality of separate regions of

20 connected-together storage capacitors.

[0086] One way to create separate regions is by forming breaks (opens) in

the horizontal and/or vertical common lines. For example, yVcom 125 of panel 100 

has a break 131, which can allow pixels above the break to be isolated from pixels 

below the break. Likewise, xVcom 121 has a break 133, which can allow pixels to

25 the right of the break to be isolated from pixels to the left of the break.

[0087] FIGS. 2A and 2B illustrate example regions formed by breaks in

vertical and horizontal common voltage lines according to embodiments of the 

invention. FIG. 2A shows a TFT glass region layout. FIG. 2A shows a region 201, 

a region 205, and a region 207. Each region 201, 205, and 207 is formed by linking

30 storage capacitors of a plurality of pixels (not shown in detail) through common

voltage lines in the vertical direction (y-direction) and in the horizontal direction (x- 

direction). For example, the enlarged area of FIG. 2A shows pixel blocks 203a-e. A
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pixel block includes one or more pixels, in which at least one of the pixels includes a 

vertical common line, yVcom. FIG. 1, for example, illustrates a pixel block that 

includes pixels 101-103, in which pixel 101 includes yVcom 123. As seen in FIG. 

2A, pixel block 203 a is connected in the horizontal direction to pixel block 203b

5 through a horizontal common line, xVcom 206. Likewise, pixel block 203a is 

connected in the vertical direction to pixel block 203c through a vertical common 

line, yVcom 204. A break in xVcom 206 prevents block 203a from being connected 

to block 203d, and a break in yVcom 204 prevents block 203a from being connected 

to block 203e. Regions 201 and 207 form a capacitive element that can provide

10 touch sensing information when connected to suitable touch circuitry, such as touch 

circuitry 213 of touch ASIC 215. The connection is established by connecting the 

regions to switch circuitry 217, which is described in more detail below. (Note, for 

IPS-type displays there are no conductive dots required. In this case, the XVCOM 

and YVCOM regions may simply extended with metal traces that go to the Touch

15 ASIC which is bonded to the glass in a similar way as the LCD driver chip (through 

anisotropic conductive adhesive). However, for non-IPS-type displays, the 

conductive dots may be needed to bring the VCOM regions on the color filter plate 

into contact with the corresponding regions on the TFT plate.) Likewise, region 201 

and region 205 form a capacitive element that can provide touch information when

20 connected to touch circuitry 213. Thus, region 201 serves as a common electrode to 

regions 205 and 207, which are called, for example, sense electrodes. The foregoing 

describes mutual capacitance mode of touch sensing. It is also possible to use each 

region independently to measure self-capacitance.

[0088] As described above, the regions connected-together storage

25 capacitors of pixels can be formed using vias between common voltage lines, such 

as xVcom and yVcom in FIG. 1, and using selective breaks in the common voltage 

lines. Thus, FIG. 2A illustrates one way in which vias or other connections and 

selective breaks can be used to create capacitive regions that can span many pixels. 

Of course, in light of the present disclosure, one skilled in the art would readily

30 understand that regions of other shapes and configurations can be created.

[0089] PIG. 2B shows a CF glass patterned ITO region layout, which may or

may not be needed, depending on the type of LCD technology used by the pixel.

12
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For example, such CF ITO regions would not be needed in the case that the LCD 

pixel utilizes in-plane-switching (IPS). However, FIG. 2B is directed to non-IPS 

LCD displays in which a voltage is applied to liquid crystal between an upper and 

lower electrode. FIG. 2B shows upper regions 221, 223, and 225, which correspond

5 to lower (in non-IPS displays) regions 201, 205, and 207, respectively, of FIG. 2A. 

FIG. 2B shows conductive dots 250 contacting regions 251, 255, and 257. 

Conductive dots 250 connect the corresponding upper and lower regions such that 

when to the upper electrodes of pixels in an upper region are driven, the 

corresponding lower electrodes of pixels in the lower region are also driven. As a

10 result, the relative voltage between the upper and lower electrodes remains constant, 

even while the pixels are being driven by, for example, a modulated signal. Thus 

the voltage applied to the liquid crystal can remain constant during a touch phase, 

for example. In particular, the constant relative voltage can be the pixel voltage for 

operation of the LCD pixel. Therefore, the pixels can continue to operate (i.e.,

15 display an image) while touch input is being detected.

[0090] A touch sensing operation according to embodiments of the invention

will be described with reference to FIGS. 3-5B. For the sake of clarity, the 

operation is described in terms of a single drive pixel and a single sense pixel. 

However, it is understood that the drive pixel is connected to other drive pixels in a

20 drive region and the sense pixel is connected to other sense pixels in the sense 

region, as described above. Thus, in actual operation, the entire drive region is 

driven, and the entire sense region can contribute to the sensing of touch.

[0091] FIG. 3 shows partial circuit diagrams of a pixel 301 of a drive region

and a pixel 303 of an example sense region. Pixels 301 and 303 include TFTs 307

25 and 309, gate lines 311 and 312, data lines 313 and 314, xVcom lines 315 and 316, 

fringe field electrodes 319 and 321, and storage capacitors 323 and 325. Storage 

capacitors 323 and 325 each have a capacitance of about 300 fF (femto-Farads). A 

lower electrode of fringe field electrode 321 of pixel 303 can be connected, through 

xVcom 316, to a charge amplifier 326 in the sense circuitry. Charge amplifier 326

30 holds this line at a virtual ground such that any charge that gets injected from fringe 

field electrode 321 shows up as a voltage output of the amplifier. While the 

feedback element of the amplifier is shown as a capacitor, it may also function as a
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resistor or a combination of a resistor and capacitor. The feedback can also be, for 

example, a resistor and capacitor feedback for minimizing die-size of the touch 

sensing circuitry. FIG. 3 also shows a finger 327 that creates a stray capacitance of 

approximately 3 fF with a cover glass (not shown), and shows other stray

5 capacitances in the pixels, each of which is approximately 3 fF.

[0092] FIG. 4A shows example signals applied through xVcom 315 to the

pixels of the drive region, including pixel 301, during an LCD phase and during a 

touch phase. During the LCD phase, xVcom 315 is driven with a square wave 

signal of 2.5V +/- 2.5V, in order to perform LCD inversion. The LCD phase is 12

10 ms in duration. In the touch phase, xVcom 315 is driven with 15 to 20 consecutive 

stimulation phases lasting 200 microseconds each. The stimulation signals in this 

case are sinusoidal signals of 2.5V +/- 2V each having the same frequency and a 

relative phase of either 0 degrees or 180 degrees (corresponding to “+” and in 

FIG. 4A). The touch phase is 4 ms in duration.

15 [0093] FIG. 5 A shows details of the operation of storage capacitor 323

during the touch phase. In particular, because the capacitance of storage capacitor 

323 is much higher than the other capacitances, i.e., stray capacitances shown in 

FIG. 3, almost all (approximately 90%) of the AC component of the 2.5V +/- 2V 

sinusoidal stimulation signal that is applied at the lower electrode of the storage

20 capacitor is transferred to the upper electrode. Therefore, the upper electrode, which 

is charged to 4.5 volts DC for the operation of the LCD, sees a sinusoidal signal of 

4.5 V +/- 1.9V. These signals are passed to the corresponding left and right comb 

structures of fringe field electrode 319. In this way, both comb structures of fringe 

field electrode 319 can be modulated with a signal having an AC component of

25 approximately +/- 2V in amplitude (+/- 2V on one, +/- 1.9V on the other). Thus, 

fringe field electrode 319, together with the other fringe field electrodes of pixels in 

the drive region being similarly driven, can operate as a drive line for capacitive 

sensing.

[0094] It is important to note that at the same time fringe field electrode 319

30 is configured to operate as a drive element for the touch sensing system, the fringe 

field electrode continues to operate as a part of the LCD display system. As shown 

in FIG. 5A, while the voltages of the comb structures of fringe field electrode are
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each modulated at approximately +/- 2V, the relative voltage between the comb 

structures remains approximately constant at 2V +/- 0.1V. This relative voltage is 

the voltage that is seen by the liquid crystal of the pixel for the LCD operation. The 

0.1V AC variance in the relative voltage during the touch phase should have an

5 acceptably low affect on the LCD display, particularly since the AC variance would 

typically have a frequency that is higher than the response time for the liquid crystal. 

For example, the stimulation signal frequency, and hence the frequency of the AC 

variance, would typically be more than 100 kHz. However, the response time for 

liquid crystal is typically less than 100 Hz. Therefore, the fringe field electrode’s

10 function as a drive element in the touch system should not interfere with the fringe 

field electrode’s LCD function.

[0095] Referring now to FIGS. 3, 4B, and 5B, an example operation of the

sense region will now be described. FIG. 4B shows signals applied through xVcom 

316 to the pixels of the sense region, including pixel 303, during the LCD and touch

15 phases described above. As with the drive region, xVcom 316 is driven with a

square wave signal of 2.5V +/- 2.5V in order to perform LCD inversion during the 

LCD phase. During the touch phase, xVcom 316 is connected to amplifier 326, 

which holds the voltage at or near a virtual ground of 2.5V. Consequently, fringe 

field electrode 321 is also held at 2.5V. As shown in FIG. 3, fringing electrical

20 fields propagate from fringe field electrode 319 to fringe field electrode 321. As 

described above, the fringing electric fields are modulated at approximately +/- 2V 

by the drive region. When these fields are received by the top electrode of fringing 

field electrode 321, most of the signal gets transferred to the lower electrode, 

because pixel 303 has the same or similar stray capacitances and storage capacitance

25 as pixel 301. Because xVcom 316 is connected to charge amplifier 326, and is being 

held at virtual ground, any charge that gets injected will show up as an output 

voltage of the charge amplifier. This output voltage provides the touch sense 

information for the touch sensing system. For example, when finger 327 gets close 

to the fringing fields, it captures some fields and grounds them, which causes a

30 disturbance in the fields. This disturbance can be detected by the touch system as a 

disturbance in the output voltage of charge amplifier 326. FIG. 5B shows that 

approximately 90% of a received fringing field at pixel 302 which impinges onto the 

electrode half of the capacitor which is also connected to the drain of the TFT 325
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will be transferred to charge amplifier 326. 100% of the charge that impinges onto 

the electrode half of the capacitor which is connected directly to XVCOM 316 will 

be transferred to charge amplifier 326. The ratio of charge impinging onto each 

electrode will depend on the LCD design. For non-IPS, near 100% of the finger

5 affected charge will impinge on the VCOM electrode because the patterned CF plate 

is nearest the finger. For IPS type display the ratio will be closer to half and half 

because each part of the electrode has approximately equal area (or % vs. Y) facing 

the finger. For some sub-types of IPS displays, the fringing electrodes are not 

coplanar, and the majority of the upward facing area is devoted to the VCOM

10 electrode.

[0096] The example driving and sensing operations of FIGS. 3, 4A-B, and

5A-B are described using single pixels for the sake of clarity. Some example 

layouts and operations of drive regions and sense regions according to embodiments 

of the invention will now be described with reference to FIGS. 6A-C, 7, 8A-C, 9A-

15 C, and 10.

[0097] FIG. 6A illustrates a partial view of an example touch screen 600

having regions of pixels with dual-function capacitive elements that operate as LCD 

elements and as touch sensors according to embodiments of the invention. In the 

example of FIG. 6A, touch screen 600 having eight columns (labeled a through h)

20 and six rows (labeled 1 through 6) is shown, although it should be understood that 

any number of columns and rows can be employed. Columns a through h can be 

formed from column-shaped regions, although in the example of FIG. 6A, one side 

of each column includes staggered edges and notches designed to create separate 

sections in each column. Each of rows 1 through 6 can be formed from a plurality

25 of distinct patches or pads within the regions, each patch connected to a border area 

through one or more yVcom lines running to the border area of touch screen 600 for 

enabling all patches in a particular row to be connected together through metal traces 

(not shown in FIG. 6A) running in the border areas. These metal traces can be 

routed to a small area on one side of touch screen 600 and connected to a flex circuit

30 602. As shown in the example of FIG. 6A, the patches forming the rows can be

formed, by selective placement of breaks in xVcom lines and yVcom lines, for 

example, in a generally pyramid-shaped configuration. In FIG. 6A, for example, the
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patches for rows 1-3 between columns a and b are arranged in an inverted pyramid 

configuration, while the patches for rows 4-6 between columns a and b are arranged 

in an upright pyramid configuration.

[0098] FIG. 6B illustrates a partial view of example touch screen 600

5 including metal traces 604 and 606 running in the border areas of the touch screen

according to embodiments of the invention. Note that the border areas in FIG. 6B 

are enlarged for clarity. Each column a-h can include extended yVcom line(s) 608 

that allows the column to be connected to a metal trace through a via (not shown in 

FIG. 6B). One side of each column includes staggered edges 614 and notches 616

10 designed to create separate sections in each column. Each row patch 1-6 can include 

extended yVcom line(s) 610 that allows the patch to be connected to a metal trace 

through a via (not shown in FIG. 6B). yVcom lines 610 can allow each patch in a 

particular row to be self-connected to each other. Because all metal traces 604 and 

606 are formed on the same layer, they can all be routed to the same flex circuit 602.

15 [0099] If touch screen 600 is operated as a mutual capacitance touch screen,

either the columns a-h or the rows 1-6 can be driven with one or more stimulation 

signals, and fringing electric field lines can form between adjacent column areas and 

row patches. In FIG. 6B, it should be understood that although only electric field 

lines 612 between column a and row patch 1 (a-1) are shown for purposes of

20 illustration, electric field lines can be formed between other adjacent column and 

row patches (e.g. a-2, b-4, g-5, etc.) depending on what columns or rows are being 

stimulated. Thus, it should be understood that each column-row patch pair (e.g. a-1, 

a-2, b-4, g-5, etc.) can represent a two-region touch pixel or sensor at which charge 

can be coupled onto the sense region from the drive region. When a finger touches

25 down over one of these touch pixels, some of the fringing electric field lines that 

extend beyond the cover of the touch screen are blocked by the finger, reducing the 

amount of charge coupled onto the sense region. This reduction in the amount of 

coupled charge can be detected as part of determining a resultant “image” of touch.

It should be noted that in mutual capacitance touch screen designs as shown in FIG.

30 6B, no separate reference ground is needed, so no second layer on the back side of

the substrate, or on a separate substrate, is needed.
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[00100] Touch screen 600 can also be operated as a self-capacitance touch 

screen. In such an embodiment, a reference ground plane can be formed on the back 

side of the substrate, on the same side as the patches and columns but separated from 

the patches and columns by a dielectric, or on a separate substrate. In a self-

5 capacitance touch screen, each touch pixel or sensor has a self-capacitance to the 

reference ground that can be changed due to the presence of a finger. In self

capacitance embodiments, the self-capacitance of columns a-h can be sensed 

independently, and the self-capacitance of rows 1-6 can also be sensed 

independently.

10 [00101] FIG. 6C illustrates an example connection of columns and row

patches to the metal traces in the border area of the touch screen according to 

embodiments of the invention. FIG. 6C represents “Detail A” as shown in FIG. 6B, 

and shows column “a” and row patches 4-6 connected to metal traces 618 through 

yVcom lines 608 and 610. Because yVcom lines 608 and 610 are separated from

15 metal traces 618 by a dielectric material, vias 620 formed in the dielectric material 

allow the yVcom lines to connect to the metal traces. The metal traces 618 can be 

formed in the same layer as the yVcom lines. In this case, there would be no 

additional process steps, and the touch traces can be routed in the same Ml and M2 

layers that are conventional in LCD’s, also sometimes referred to as “gate metal”

20 and “source/drain metal”. Also, the dielectric insulation layer can be referred to as a 

“inner layer dielectric” or “ILD”.

[00102] As shown in FIG. 6C, column edges 614 and row patches 4-6 can be 

staggered in the x-dimension because space should be made for the touch pixels 

containing yVcom lines 610 connecting row patches 4 and 5. (It should be

25 understood that row patch 4 in the example of FIG. 6C is really two patches stuck 

together.) To gain optimal touch sensitivity, it can be desirable to balance the area 

of the regions in touch pixels a-6, a-5 and a-4. However, if column “a” was kept 

linear, row patch 6 can be slimmer than row patch 5 or 6, and an imbalance would 

be created between the regions of touch pixel a-6.

30 [00103] FIG. 7 illustrates a top view of an example column and adjacent row

patches according to embodiments of the invention. It can be generally desirable to 

make the mutual capacitance characteristics of touch pixels a-4, a-5 and a-6
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relatively constant to produce a relatively uniform z-direction touch sensitivity that 

stays within the range of touch sensing circuitry. Accordingly, the column areas a4, 

as and a6 should be about the same as row patch areas 4, 5 and 6. To accomplish 

this, column section a4 and a2, and row patch 4 and 5 can be shrunk in the y-

5 direction as compared to column section a6 and row patch 6 so that the area of

column segment a4 matches the area of column segments as and a6. In other words, 

touch pixel a4-4 will be wider but shorter than touch pixel ae-6, which will be 

narrower but taller.

[00104] Because the touch pixels or sensors can be slightly skewed or 

10 misaligned in the x-direction, the x-coordinate of a maximized touch event on touch

pixel a-6 (e.g. a finger placed down directly over touch pixel a-6) can be slightly 

different from the x-coordinate of a maximized touch event on touch pixel a-4, for 

example. Accordingly, in embodiments of the invention this misalignment can be 

de-warped in a software algorithm to re-map the touch pixels and remove the

15 distortion.

[00105] Although a typical touch panel grid dimension can have touch pixels 

arranged on 5.0 mm centers, a more spread-out grid having about 6.0 mm centers, 

for example, can be desirable to reduce the overall number of electrical connections 

in the touch screen. However, spreading out the sensor pattern can cause erroneous

20 touch readings.

[00106] FIG. 8A is an example plot of an x-coordinate of a finger touch 

versus mutual capacitance seen at a touch pixel for a two adjacent touch pixels a-5 

and b-5 in a single row having wide spacings. In FIG. 8A, plot 800 represents the 

mutual capacitance seen at touch pixel a-5 as the finger touch moves continuously

25 from left to right, and plot 802 represents the mutual capacitance seen at touch pixel 

b-5 as the finger touch moves continuously from left to right. As expected, a drop in 

the mutual capacitance 804 is seen at touch pixel a-5 when the finger touch passes 

directly over touch pixel a-5, and a similar drop in the mutual capacitance 806 is 

seen at touch pixel b-5 when the finger touch passes directly over touch pixel b-5. If

30 line 808 represents a threshold for detecting a touch event, FIG. 8A illustrates that 

even though the finger is never lifted from the surface of the touch screen, it can 

erroneously appear at 810 that the finger has momentarily lifted off the surface.
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This location 810 can represent a point about halfway between the two spread-out 

touch pixels.

[00107] FIG. 8B is an example plot of an x-coordinate of a finger touch 

versus mutual capacitance seen at a touch pixel for a two adjacent touch pixels a-5

5 and b-5 in a single row having wide spacings where spatial interpolation has been 

provided according to embodiments of the invention. As expected, a drop in the 

mutual capacitance 804 is seen at touch pixel a-5 when the finger touch passes 

directly over touch pixel a-5, and a similar drop in the mutual capacitance 806 is 

seen at touch pixel b-5 when the finger touch passes directly over touch pixel b-5.

10 Note, however, that the rise and fall in the mutual capacitance value occurs more 

gradually than in FIG. 8A. If line 808 represents a threshold for detecting a touch 

event, FIG. 8B illustrates that as the finger moves from left to right over touch pixel 

a-5 and b-5, a touch event is always detected at either touch pixel a-5 or b-5. In 

other words, this “blurring” of touch events is helpful to prevent the appearance of

15 false no-touch readings.

[00108] In one embodiment of the invention, the thickness of the coverglass 

for the touch screen can be increased to create part or all of the spatial blurring or 

filtering shown in FIG. 8B.

[00109] FIG. 8C illustrates a top view of an example column and adjacent

20 row patch pattern useful for larger touch pixel spacings according to embodiments 

of the invention. FIG. 8C illustrates an example embodiment in which sawtooth 

region edges 812 are employed within a touch pixel elongated in the x-direction.

The sawtooth region edges can allow fringing electric field lines 814 to be present 

over a larger area in the x-direction so that a touch event can be detected by the same

25 touch pixel over a larger distance in the x-direction. It should be understood that the 

sawtooth configuration of FIG. 8C is only an example, and that other configurations 

such serpentine edges and the like can also be used. These configurations can 

further soften the touch patterns and create additional spatial filtering and 

interpolation between adjacent touch pixels as shown in FIG. 8B.

30 [00110] FIG. 9A illustrates example touch screen 900 including sense (or

drive) regions (C0-C5) formed as columns 906 and rows of polygonal regions 

(bricks) 902, where each row of bricks forms a separate drive (or sense) region (R0-
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R7) according to embodiments of the invention. In the example of FIG. 9A, 

connecting yVcom lines 904 are routed along only one side of the bricks (a so-called 

“single escape” configuration). Although a touch screen 900 having six columns 

and eight rows is shown, it should be understood that any number of columns and

5 rows can be employed.

[00111] To couple bricks 902 in a particular row together, connecting yVcom 

lines 904, can be routed from the bricks along one side of the bricks in a single 

escape configuration to a particular bus line 910. Ground isolation regions 908, can 

be formed between connecting yVcom lines 904 and adjacent columns 906 to reduce

10 the capacitive coupling between the connecting yVcom lines and the columns. 

Connections for each bus line 910 and for columns 906 can be brought off touch 

screen 900 through flex circuit 912.

[00112] FIG. 9B illustrates a close-up view of a portion of the example touch 

screen 900 of FIG. 9A, showing how bricks 902 can be routed to bus lines 910 using

15 connecting yVcom lines 904 in a single escape configuration according to

embodiments of the invention. In FIG. 9B, the longer connections, more yVcom 

lines 904 (e.g. trace R7) can be used than the shorter connecting yVcom lines (e.g. 

trace R2) to equalize the overall resistivity of the traces and to minimize the overall 

capacitive loads seen by the drive circuitry.

20 [00113] FIG. 9C illustrates a portion of example touch screen 900 of FIG. 9A

including bricks 902 associated with columns CO and Cl and connecting yVcom 

lines 904 (illustrated symbolically as thin lines) coupling the bricks to bus lines 910 

according to embodiments of the invention. In the example of FIG. 9B, which is 

drawn in a symbolic manner and not to scale for purposes of illustration only, bus

25 line B0 is coupled to brick R0C0 (the closest brick to B0 adjacent to column CO) and 

R0C1 (the closest brick to B0 adjacent to column Cl). Bus line BI is coupled to 

brick RICO (the next closest brick to B0 adjacent to column CO) and R who 1 (the 

next closest brick to B0 adjacent to column Cl). The pattern repeats for the other 

bus lines such that bus line B7 is coupled to brick R7C0 (the farthest brick from B0

30 adjacent to column CO) and R7C1 (the farthest brick from B0 adjacent to column 

Cl).
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[00114] FIG. 10 illustrates a portion of example zig-zag double interpolated

touch screen 1000 that can further reduce the stray capacitance between the

connecting yVcom lines and the sense regions according to embodiments of the

invention. In the example of FIG. 10, polygonal regions 1002 representing the drive

5 (or sense) regions are generally pentagonal in shape and staggered in orientation, 

with some of the polygonal areas near the end of the panel being cut-off pentagons. 

Sense (or drive) regions 1004 are zig-zag shaped, with ground guards 1006 between 

the sense (or drive) regions and pentagons 1002. All connecting yVcom lines 1008 

are routed in channels 1010 between pentagons 1002. In mutual capacitance

10 embodiments, each touch pixel or sensor is characterized by electric field lines 1016 

formed between a pentagon and an adjacent sense (or drive) region 1004. Because 

connecting yVcom lines 1008 do not run alongside any sense (or drive) regions 

1004, but instead run between pentagons 1002, the stray capacitance between 

connecting yVcom lines 1008 and sense (or drive) regions 1004 is minimized, and

15 spatial cross-coupling is also minimized. Previously, the distance between

connecting yVcom lines 1008 and sense (or drive) regions 1004 was only the width 

of ground guard 1006, but in the embodiment of FIG. 10, the distance is the width of 

the ground guard plus the width of pentagon 1002 (which varies along the length of 

its shape).

20 [00115] As the example of FIG. 10 indicates, the pentagons for row R14 at an

end of the touch screen can be truncated. Accordingly, the calculated centroids of 

touch 1012 for R14 can be offset in the y-direction from their true position. In 

addition, the calculated centroids of touch for any two adjacent rows will be 

staggered (offset from each other) in the x-direction by an offset distance. However,

25 this misalignment can be de-warped in a software algorithm to re-map the touch 

pixels and remove the distortion.

[00116] Although the foregoing embodiments of the invention have been 

primarily described herein in terms of mutual capacitance touch screens, it should be 

understood that embodiments of the invention are also applicable to self-capacitance

30 touch screens. In such an embodiment, a reference ground plane can be formed 

either on the back side of the substrate, or on the same side of the substrate as the 

polygonal regions and sense regions but separated from the polygonal regions and

22



WO 2010/002929 PCT/US2009/049313

sense regions by a dielectric, or on a separate substrate. In a self-capacitance touch 

screen, each touch pixel or sensor has a self-capacitance to the reference ground that 

can be changed due to the presence of a finger. A touch screen can use both mutual 

and self-capacitance measurements in a time-multiplexing fashion to gather

5 additional information and each measurement type can compensate the weaknesses 

of the other.

[00117] Example displays including pixels with dual-function capacitive 

elements, and the processes of manufacturing the displays, according to 

embodiments of the invention will now be described with reference to FIGS. 11-46.

10 FIGS. 11-24 are directed to an example electrically controlled birefringence (ECB) 

LCD display using amorphous silicon (a-Si). FIGS. 25-34 are directed to an 

example IPS LCD display using low temperature polycrystalline silicon (LTPS). 

FIGS. 35-43 are directed to another example IPS LCD display using LTPS. FIGS. 

44-55 are directed to an example ECB LCD display using LTPS.

15 [00118] An example process of manufacturing an ECB LCD display

according to embodiments of the invention will now be described with reference to 

FIGS. 11-18. The figures show various stages of processing of two pixels, a pixel 

1101 and a pixel 1102, during the manufacture of the ECB LCD display. The 

resulting pixels 1101 and 1102 form electrical circuits equivalent to pixels 101 and

20 102, respectively, of FIG. 1.

[00119] PIG. 11 shows the patterning of a first metal layer (Ml) of pixels 

1101 and 1102. As shown in FIG. 11, the Ml layer for pixel 1102 includes a gate 

1155a, a portion 1113b of a gate line 1113, a lower electrode 1157b of a storage 

capacitor (not shown except for lower electrode 1157b), and a portion 1121b of an

25 xVcom 1121. Pixel 1101 includes a gate 1105a, a lower electrode 1107b of a

storage capacitor (not shown except for lower electrode 1107b), a portion 1113a of 

gate line 1113, and a portion 1121a of xVcom 1121. Pixel 1101 also includes a 

portion 1123a of a yVcom 1123 (shown as dotted lines), which includes an 

additional portion 1140. Portion 1123a has a connection point 1141 and a

30 connection point 1143. As shown in FIG. 11, a gate line 1113 and an xVcom 1121 

run through both pixels 1101 and 1102 in an x-direction. Gate line 1113 connects to
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gates 1105a and 1155a, and xVcom 1121 connects lower electrode 1107b and 

1157b. Portion 1123a of yVcom 1123 connects to xVcom 1121 in pixel 1101.

[00120] FIG. 12 shows a subsequent patterning step in the process of 

manufacturing pixels 1101 and 1102, in which island patterns of poly-Si are formed.

5 As can be seen FIG. 12, the island patterns for the pixels are similar, except that 

semiconductor portion 1201 and 1203 of pixel 1102 are slightly different that 

semiconductor portions 1205 and 1207 of pixel 1101. For example, portion 1205 is 

slightly smaller than portion 1201. This is due, in part, to allow xVcom 1121 to be 

connected in the vertical direction (y-direction) with other xVcom lines through

10 yVcom 1123, as is described in greater detail below.

[00121] PIG. 13 shows connections 1301 and 1302 formed in pixel 1101.

Pixel 1102 does not include such connections. The operation of connections 1301 

and 1302 is described in more detail below with reference to FIG. 14.

[00122] PIG. 14 shows patterning of a second metal layer (M2) of pixels 1101 

15 and 1102. As shown in FIG. 14, the M2 layer of pixel 1102 forms a portion 1417a

of a green color data line, Gdata 1417 (shown as a dotted line in FIG. 14), a source 

1455b, a drain 1455c, and an upper electrode 1457a. Similar to pixel 1102, the M2 

layer of pixel 1101 forms a portion 1415a of a red color data line, Rdata 1415 

(shown as a dotted line in FIG. 14), a source 1405b, a drain 1405c, and upper

20 electrode 1407a. The M2 layer of pixel 1101 also forms portions 1423a and 1423b 

of yVcom 1123 (shown a dotted line in FIG. 14). Upper electrode 1407a is smaller 

than upper electrode 1457a, which allows portion 1423a to be formed in the M2 

layer of the pixel 1101. Portion 1423 a has a connection point 1441, and portion 

1423b has a connection point 1443.

25 [00123] PIGS. 11, 13 and 14 together illustrate that pixel 1101 includes a

vertical common line (yVcom 1415) that allows connection of xVcom 1121 with 

other xVcom lines in the vertical direction (y-direction). In particular, the figures 

show portion 1423a is connected to portion 1123a through connection 1301 at 

connection points 1441 and 1141, respectively. Portion 1123a is connected to 1423b

30 through connection 1302 at points 1143 and 1443, respectively. Thus, the figures 

show a continuous portion of yVcom 1123 is formed in pixel 1101 by the 

connection of multiple structures of the pixel. As shown PIG. 11, yVcom portion
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1123a is connected to xVcom portion 1121a. Consequently, the structure of pixel 

1101 shown in the figures allows connection in the vertical direction of multiple 

xVcom lines.

[00124] PIG. 15 shows planarization (PLN) contact layers 1501 and 1503 of 

5 pixels 1101 and 1102, respectively. FIG. 16 shows reflector (REF) layers 1601 and

1603 of pixels 1101 and 1102, respectively. FIG. 17 shows passivation (PASS) 

contacts 1701 and 1703 of pixels 1101 and 1102, respectively. FIG. 18 shows semi

transparent conductive material, such as IPO, layers that form pixel electrodes 1801 

and 1803 of pixels 1101 and 1102, respectively.

10 [00125] FIG. 19 shows a plan view of completed pixels 1101 and 1102.

FIGS. 20A-B illustrate side views of completed pixel 1101 take along the paths 

shown in the top views shown in the figures. FIGS. 20C-D illustrate side views of 

pixels 1102 and 1101 along the lines shown in FIG. 19.

[00126] FIG. 20A shows a side view of pixel 1101. The portion of the Ml

15 layer shown in FIG. 20A includes gate line portion 1113b, gate 1155a, lower

electrode 1157b, and xVcom portion 1121b. The poly-Si layer shown in FIG. 20A 

includes poly-Si 1205 and poly-Si 1201. The M2 layer shown in FIG. 20A includes 

source 1455b, drain 1465c, and upper electrode 1457a. FIG. 20A also shows 

planarization layer 1503, reflector layer 1603, passivation contact 1703, and

20 transparent conductor layer 1103.

[00127] FIG. 20B shows another side view of pixel 1101. For the sake of 

clarity, the planarization contact, reflector, passivation contact, and transparent 

conductor layers are not shown in the figure. The Ml layer shown in FIG. 20B 

includes gate line portion 1113a, gate 1105a, lower electrode 1107b, and xVcom

25 portion 1121a. FIG. 20B also shows an adjacent pixel 2001, which has the same 

structure as pixel 1101. The poly-Si layer shown in FIG. 20B includes poly-Si 

portion 1211 and poly-Si portion 1207. The M2 layer shown in FIG. 20B includes 

source 1405b, drain 1405c, and upper electrode 1407a.

[00128] FIG. 20C shows a side view of pixel 1102 along the line shown in

30 FIG. 19. The Ml layer shown in FIG. 20C includes gate line portion 1113b, gate 

1155a, and xVcom portion 1121b. FIG. 20C also shows a gate insulator 2003
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deposited on top of Ml. Poly-Si portion 1203 and an additional poly-Si portion are 

also shown in FIG. 20C.

[00129] PIG. 20D shows a side view of pixel 1101 along the line shown in 

FIG. 19. The Ml layer shown in FIG. 20D includes gate line portion 1113a, gate

5 1105a, and yVcom portion 1123a, which includes an intersection with xVcom

portion 1121a. Connections 1301 and 1302 contact connection points 1141 and 

1143, respectively, of yVcom portion 1123a. FIG. 20D also shows a gate insulator 

layer 2005 and poly-Si portion 1209. The M2 layer shown in FIG. 20D includes 

yVcom portion 1423a, which connects with connection 1301 at connection point

10 1441, and yVcom portion 1423b, which connects with connection 1302 at

connection point 1443. The vertical common line, yVcom 1123 (shown in FIG. 20D 

as dashed lines) runs through pixel 1181 as yVcom portion 1423a, connection 1301, 

yVcom portion 1123a, connection 1302, and yVcom portion 1423b. FIG. 20D also 

shows a portion of an adjacent pixel that includes structure identical to pixel 1101.

15 In particular, the adjacent pixel includes a yVcom portion that is connected, via a 

connection, to an xVcom portion. Thus, FIG. 20D illustrates that a xVcom portion 

1121a can be connected to an adjacent pixels xVcom portion with a yVcom line.

[00130] FIGS. 21 and 22 show a comparative analysis of the storage 

capacitance of pixels 1101 and 1102. The total storage capacitance (Cstore) of pixel

20 1102 is:

Cstore = Cmi/m2 + Cmi/ito

where: Cmi/m2 is the capacitance of the overlapping Ml and M2 layers, such 
as upper electrode 1457a and lower electrode 1157b of pixel 1102, 
and

25 Cmi/ito is the capacitance between overlapping areas of the first
metal layer and the transparent conductor layer.

[00131] For example, FIG. 21 shows the overlapping areas of the first and 

second metal layers that result in the capacitance Cmi/m2- As shown in FIG. 21, 

Cmi/m2 of pixel 1102 results from an overlap of approximately 360 square

30 micrometers of the first and second metallic layers. Referring now to FIG. 22, the 

highlighted portions of pixel 1102 show the overlapping regions of the first metallic

(1)
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(2)

layer and the transparent conductor layer that result in Cmi/γγο· As shown in FIG.

22, the total overlap is approximately 360 square micrometers.

[00132] In contrast, the total capacitance of pixel 1101 is:

Cstore = Cmi/m2 + Cmi/ιτο + Cm2/ito

5 where: Cmi/m2 and Cmi/ιτο are defined as above, and

Cm2/ito is the capacitance resulting from the overlap of the second 
metallic layer and the transparent conductor layer.

[00133] The additional term in the storage capacitance equation for pixel 

1101, Cm2/ito, results from the additional areas of the second metallic layer in pixel

10 1101 that overlap with the transparent conductor layer. FIGS. 21 and 22 show the

areas of overlapping metal in pixel 1101 that result in the terms of equation 2. FIG. 

21 shows an overlapping region of the first and second metallic layers in pixel 1101 

that equals approximately 503 square micrometers. FIG. 22 shows overlapping 

regions of the first metallic layer and the transparent conductor layer in pixel 1101

15 that equals approximately 360 square micrometers. FIG. 22 also shows an

overlapping region of the second metallic layer and the transparent conductor layer 

that equals approximately 81 square micrometers. Thus, it is apparent from FIGS. 21 

and 22 that, while the area of overlap of the first and second metallic layers of pixel 

1101 is less than the corresponding area of pixel 1102, pixel 1101 has an extra area

20 overlap that pixel 1102 does not. In particular, the overlap of the second metallic 

layer and the transparent conductor layer in pixel 1101 contributes an additional 81 

square micrometers, which in turn contributes an additional amount of capacitance 

to the storage capacitance of pixel 1101.

[00134] FIG. 23 illustrates aperture ratio estimations for pixels 1101 and

25 1102. Pixel 1101 has an aperture ratio of 41.4%. Pixel 1102 has an aperture ratio of

44.4%.

[00135] FIG. 24 illustrates an example modification according to 

embodiments of the invention. As a result of the modification, the aperture ratios of 

the different pixels in a system may be made more similar, which may improve the

30 appearance of the display. Similar to pixel 1102, pixels 2401 and 2405 do not

include connection portions in the y-direction. Pixel 2403, on the other hand, does 

include a connection portion in the y-direction, similar to pixel 1101.
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[00136] FIGS. 25-34 are directed to an example IPS LCD display using low 

temperature polycrystalline silicon (LTPS). An example process of manufacturing 

an IPS LCD display using LTPS according to embodiments of the invention will 

now be described with reference to FIGS. 25-31. The figures show various stages of

5 processing of two pixels, a pixel 2501 and a pixel 2502, during the manufacture of 

the IPS LCD display using LTPS. The resulting pixels 2501 and 2502 form 

electrical circuits equivalent to pixels 101 and 102, respectively, of FIG. 1. Because 

the stages of processing shown in FIGS. 25-30 are the same for pixel 2501 and pixel 

2502, only one pixel is shown in each of these figures. However, it is understood

10 that the stages of processing show in FIGS. 25-30 apply to both pixel 2501 and pixel 

2502.

[00137] PIG. 25 shows the patterning of a layer of poly-Si of pixels 2501 and 

2502. Semiconductor portions 2505, 2507, and 2509 form the active region of a 

TFT, and serve as source, gate, and drain, respectively.

15 [00138] PIG. 26 shows a subsequent patterning step in the process of

manufacturing pixels 2501 and 2502, in which a first metal layer (Ml) of pixels 

2501 and 2502 is formed. As shown in FIG. 26, the Ml layer for the pixels 

2501/2502 includes a gate 2605a, a portion 2613a of a gate line 2613 (shown as 

dotted lines), and a portion 2621a of xVcom 2621. Portion 2621a includes a

20 connection point 2623. Gate line 2613 and xVcom 2621 ran through pixels that are 

adjacent in the x-direction.

[00139] PIG. 27 shows vias 2701, 2703, and 2705 formed in pixels 2501/2502 

for connections to portion 2505, portion 2509, and connection point 2623, 

respectively.

25 [00140] PIG. 28 shows patterning of a second metal layer (M2) of pixels

2501/2502. As shown in FIG. 28, the M2 layer of the pixels forms a portion 2817a 

of a color data line 2817 (shown as a dotted line in FIG. 28), which could carry red, 

green, or blue color data, for example. Portion 2817a includes a connection 2819 

that connects to portion 2505 through via 2701. The M2 layer also forms a

30 connection 2821 with portion 2509 through via 2703, and forms a connection 2823 

to connection point 2623 through via 2705.
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[00141] FIG. 29 shows a first layer of transparent conductive material, such as

ITO, formed on pixels 2501/2502. The first transparent conductor layer includes a

pixel electrode 2901. FIG. 29 also shows a portion 2905 of a pixel electrode of a

pixel adjacent in the x-direction, and a portion 2907 of a pixel electrode of a pixel

5 adjacent in the y-direction. FIG. 29 also shows a connection 2903, which forms a 

connection between a common ITO layer described below and xVcom 2621 through 

connection point 2623 and a connection 3001 shown in FIG. 30.

[00142] FIG. 31 shows a second layer of transparent conductor, such as ITO, 

formed on pixel 2501 and pixel 2502. The second layer on pixel 2502 forms a

10 common electrode 3151, which includes a connection point 3153 that connects to 

xVcom 2621 through connections 3001 and 2903, and connection point 2623. FIG. 

31 also shows a portion 3155 of a common electrode of a pixel adjacent in the y- 

direction. Like pixel 2502, pixel 2501 includes a common electrode 3101 formed of 

the second layer of transparent conductor. Likewise, common electrode 3101

15 includes a connection point 3103 that connects to xVcom 2621 through connections 

3001 and 2903, and connection point 2623. However, pixel 2501 also includes a 

connection 3107 between common electrode 3101 and a common electrode 3105 of 

a pixel adjacent in the y-direction. In this way, the common electrodes of pixels can 

be connected in the y-direction to form a yVcom line 3109. Because common

20 electrode 3101 is connected to xVcom 2621 and xVcom 2621 is connected to

common electrodes of other pixels in the x-direction, the common electrodes of a 

region of pixels can be connected together to form a touch sensing element. Similar 

to the previous example embodiment, breaks in xVcom lines and yVcom lines can 

create separate regions of linked-together common electrodes that can be formed as

25 an array of touch sensors.

[00143] FIG. 32 shows a plan view of completed pixels 2501 and 2502. FIG. 

33 illustrates a side view of pixel 2501 taken along the lines shown in the top view 

shown in the figure.

[00144] FIG. 34 illustrates the storage capacitance of a pixel 2501 and a pixel

30 2502.

[00145] FIGS. 35-43 are directed to another example IPS LCD display using 

LTPS. In the present example, a yVcom line is formed in an M2 layer (in
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comparison to the previous example IPS LCD display, in which a yVcom line is 

formed in a common ITO layer). An example process of manufacturing an IPS LCD 

display using LTPS with an M2 layer yVcom line according to embodiments of the 

invention will now be described with reference to FIGS. 35-41. The figures show

5 various stages of processing of two pixels, a pixel 3501 and a pixel 3502, during the 

manufacture of the example IPS LCD display. The resulting pixels 3501 and 3502 

form electrical circuits equivalent to pixels 101 and 102, respectively, of FIG. 1.

[00146] PIG. 35 shows the patterning of a layer of poly-Si of pixels 3501 and 

3502. Semiconductor portions 3505,3507, and 3509 form the active region of a

10 TFT of pixel 3501, and serve as source, gate, and drain, respectively. Likewise,

semiconductor portions 3506, 3508, and 3510 are the source, gate, and drain, 

respectively, of pixel 3502. FIG. 35 also shows that pixel 3501 has the width W' (in 

the x-direction) that is slightly greater than the width W of pixel 3502.

[00147] PIG. 36 shows a subsequent patterning step in the process of

15 manufacturing pixels 3501 and 3502, in which a first metal layer (Ml) of pixels

3501 and 3502 is formed. As shown in FIG. 36, the Ml layers of pixels 3501 and

3502 include gates 3605a and 3606a, portions 3613a and 3613b of a gate line 3613 

(shown as dotted lines), and portions 3621a and 3621b of xVcom 3621. Portions 

3621a and 3622a include connections points 3623 and 3624, respectively. Gate line

20 3613 and xVcom 3621 run through pixels that are adjacent in the x-direction.

[00148] PIG. 37 shows vias 3701, 3703, and 3705 formed in pixels 3501 for 

connections to portion 3505, portion 3509, and connection point 3623, respectively. 

Vias 3702, 3704, and 3706 formed in pixels 3502 for connections to portion 3506, 

portion 3510, and connection point 3624, respectively.

25 [00149] PIG. 38 shows patterning of a second metal layer (M2) of pixels 3501

and 3502. For pixel 3501, the M2 layer forms a portion 3817a of a color data line 

3817 (shown as a dotted line in FIG. 38), which could carry red, green, or blue color 

data, for example. Portion 3817a includes a connection 3819 that connects to 

portion 3505 through via 3701. Pixel 3501 also includes a portion 3830a of a

30 yVcom 3830 (shown as a dotted line), which includes a connection 3823 to

connection point 3623 through via 3705. Thus, yVcom 3830 is connected to xVcom
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3621. Pixel 3501 also includes a connection 3821 with portion 3509 through via 

3703.

[00150] Because yVcom 3830 is connected to xVcom 3621 and xVcom 3621 

is connected to common electrodes of other pixels in the x-direction, the common

5 electrodes of a region of pixels can be connected together to form a touch sensing 

element. Similar to the previous example embodiment, breaks in xVcom lines and 

yVcom lines can create separate regions of linked-together common electrodes that 

can be formed as an array of touch sensors.

[00151] For pixel 3502, the M2 layer forms a portion 3818a of a color data 

10 line 3818 (shown as a dotted line in FIG. 38), which could carry red, green, or blue

color data, for example. Portion 3818a includes a connection 3820 that connects to 

portion 3506 through via 3702. Pixel 3501 also includes a connection 3824 to 

connection point 3624 through via 3706, and a connection 3822 with portion 3510 

through via 3704.

15 [00152] FIG. 39 shows a first layer of transparent conductive material, such as

ITO, formed on pixels 3501 and 3502. The first transparent conductor layer 

includes pixel electrodes 3901 and 3905. FIG. 39 also shows connections 3903 and 

3907, which form connections between a common ITO layer described below and 

xVcom 3621 through connection points 3623 and 3624 and connections 4001 and

20 4002, respectively, shown in FIG. 40.

[00153] FIG. 41 shows a second layer of transparent conductor, such as ITO, 

formed on pixel 3501 and pixel 3502. The second layer on pixel 3502 forms a 

common electrode 4107, which includes a connection point 4105 that connects to 

xVcom 3621 through connections 4002 and 3907, and connection point 3624. Like

25 pixel 3502, pixel 3501 includes a common electrode 4101 formed of the second 

layer of transparent conductor. Likewise, common electrode 4101 includes a 

connection point 4103 that connects to xVcom 3621 through connections 4001 and 

3903, and connection point 3623.

[00154] FIG. 42 shows a plan view of completed pixels 3501 and 3502. FIG.

30 43 illustrates a side view of pixel 3501 taken along the lines shown in the top view

shown in the figure.
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[00155] FIGS. 44-55 are directed to an example ECB LCD display using 

LTPS. Like the ECB LCD display using amorphous silicon (a-Si) (shown in LIGS. 

11-24), the process of manufacturing the ECB LCD display using LTPS includes 

construction of vias and additional M2 lines to form yVcom lines that connect the

5 storage capacitors of pixels in the y-direction.

[00156] An example process of manufacturing an ECB LCD display using 

LTPS according to embodiments of the invention will now be described with 

reference to PIGS. 44-50. PIG. 44 shows a semiconductor layer of poly-Si. PIG. 45 

shows a first layer of metal (Ml). PIG. 46 shows connections including 4601 and

10 4602. FIG. 47 shows a second metal layer (M2). Connections 4601 and 4602

connect the Ml and M2 layers to form a yVcom line as shown in the figures. FIGS. 

48-50 show a connection layer, a reflector layer, and an ITO layer, respectively.

FIG. 51 shows a completed pixel including a yVcom portion that allows connection 

in the y-direction. FIG. 52 shows a side view of pixel 5101 along the line shown in

15 the top view shown in FIG. 52. FIG. 53 shows a calculation of the storage

capacitance of pixel 5101. FIG. 54 shows an aperture ratio estimation of pixel 5101 

and a pixel 5403 that does not include a yVcom line. FIG. 55 shows that some 

metal, such portions of the Ml, M2, and/or ITO layers can be shifted to help 

equalize the aperture ratios of the pixels.

20 [00157] FIG. 56 illustrates a portion of an example touch screen 5600 that

includes a grounded separator region according to embodiments of the invention. 

Similar to some embodiments described above, touch screen 5600 includes regions 

for driving (5601 and 5602) and regions for sensing (5603 and 5604). The drive 

regions are connected to drive lines 5611 and 5612, and the sense regions are

25 connected to sense lines 5613 and 5614. Touch screen also includes a grounded 

separator region 5605, which is a region of pixels having linked-together storage 

capacitors, as described above, that is grounded. Grounded separator region 5605 

can help to electrically isolate touch pixel areas and may improve the detection of 

touch by touch screen 5600. Grounded separator regions can be, for example,

30 evenly spaced throughout a touch screen.

[00158] FIG. 57 is a side view along the line A-A in FIG. 56, showing the 

portion of touch screen 5600, including a cover 5701, an adhesive 5702, a polarizer
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5703, a high resistance (R) shield 5704, a color filter glass 5705, drive regions 5601 

and 5602, sense regions 5603 and 5604, grounded separator region 5605, a TFT 

glass 5706, and a second polarizer 5707. A high resistance shield, such as high R 

shield 5704, may be used in touch screens using IPS LCD pixels, for example. A

5 high R shield may help block low frequency/DC voltages near the display from 

disturbing the operation of the display. At the same time, a high R shield can allow 

high-frequency signals, such as those typically used for capacitive touch sensing, to 

penetrate the shield. Therefore, a high R shield may help shield the display while 

still allowing the display to sense touch events. High R shields may be made of, for

10 example, a very high resistance organic material, carbon nanotubes, etc. and may 

have a resistance in the range of 100 Mega-ohms per square to 10 Giga-ohms per 

square.

[00159] PIG. 58 shows a side view of a portion of an example touch screen 

5800 according to embodiments of the invention. Touch screen 5800 includes a

15 color filter glass 5801, a pixel layer 5803 (including red (R), green (G), and blue (B) 

pixels, and black mask lines of a black mask, such as shown in FIG. 59). Touch 

screen 5800 also includes metal lines 5805 under the black mask lines. Metal lines 

5805 can provide low-resistance paths, for example, between a region of pixels and 

bus lines in the border of a touch screen. For example, in conventional LCD non-

20 IPS displays, the common electrode, which is typically on the CF glass, is one sheet 

of ITO. Therefore, the resistance of this common electrode is very low. For 

example, a conventional LCD may have a common electrode of ITO that has a 

resistance of approximately 100 ohms per square. However, in some embodiments 

above the common electrode is “broken up” into regions that are connected to a

25 shared common line through relatively thin pathways. The connection between a 

region of pixels and a shared common electrode line can have a relatively high 

resistance, particularly if the region is further away from the boarder of the touch 

screen, in which the shared common line may reside. Metal lines 5805 may help 

lower the resistance of the path to such a region. Placing metal lines 5805 under the

30 black mask can reduce the metal lines’ impact on pixel aperture ratio, for example.

[00160] FIG. 59 shows an example black mask layout according to

embodiments of the invention. Black mask 5901 shields a yVcom line and a color
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data line. Mask 5901 can help to reduce potential LCD artifacts between different 

regions. Mask 5902 shields a color data line. Mask 5901, which covers two lines, is 

wider than mask 5902.

[00161] FIG. 60 shows an example IPS-based touch-sensing display in which 

5 the pixel regions serve multiple functions. For example, a pixel region can operate

as a drive region at one time, and operate as a sensing region at another time. FIG. 

60 shows two type of pixel regions, pixel region type A and pixel region type B. 

During a first time period the A type pixel regions, i.e., touch columns, can be 

driven with a stimulus waveform while the capacitance at each of the B type pixel

10 regions, i.e., touch rows, can be sensed. During a next time period, the B type pixel 

regions, i.e., touch rows, can be driven with a stimulus waveform while the 

capacitance at each of the A type pixel regions, i.e., touch columns, can be sensed. 

This process can then repeat. The two touch-sense periods can be about 2 ms. The 

stimulus waveform can take a variety of forms. In some embodiments it may be a

15 sine wave of about 5V peak-to-peak with zero DC offset. Other time periods and 

waveforms may also be used.

[00162] FIG. 61 illustrates an example computing system 6100 that can 

include one or more of the embodiments of the invention described above. 

Computing system 6100 can include one or more panel processors 6102 and

20 peripherals 6104, and panel subsystem 6106. Peripherals 6104 can include, but are 

not limited to, random access memory (RAM) or other types of memory or storage, 

watchdog timers and the like. Panel subsystem 6106 can include, but is not limited 

to, one or more sense channels 6108, channel scan logic 6110 and driver logic 6114. 

Channel scan logic 6110 can access RAM 6112, autonomously read data from the

25 sense channels and provide control for the sense channels. In addition, channel scan 

logic 6110 can control driver logic 6114 to generate stimulation signals 6116 at 

various frequencies and phases that can be selectively applied to drive lines of touch 

screen 6124. In some embodiments, panel subsystem 6106, panel processor 6102 

and peripherals 6104 can be integrated into a single application specific integrated

30 circuit (ASIC).

[00163] Touch screen 6124 can include a capacitive sensing medium having a 

plurality of drive regions and a plurality of sense regions according to embodiments
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of the invention. Each intersection of drive and sense regions can represent a 

capacitive sensing node and can be viewed as picture element (pixel) 6126, which 

can be particularly useful when touch screen 6124 is viewed as capturing an "image" 

of touch. (In other words, after panel subsystem 6106 has determined whether a

5 touch event has been detected at each touch sensor in the touch screen, the pattern of 

touch sensors in the multi-touch panel at which a touch event occurred can be 

viewed as an "image" of touch (e.g. a pattern of fingers touching the panel).) Each 

sense region of touch screen 6124 can drive sense channel 6108 (also referred to 

herein as an event detection and demodulation circuit) in panel subsystem 6106.

10 [00164] Computing system 6100 can also include host processor 6128 for

receiving outputs from panel processor 6102 and performing actions based on the 

outputs that can include, but are not limited to, moving an object such as a cursor or 

pointer, scrolling or panning, adjusting control settings, opening a file or document, 

viewing a menu, making a selection, executing instructions, operating a peripheral

15 device coupled to the host device, answering a telephone call, placing a telephone 

call, terminating a telephone call, changing the volume or audio settings, storing 

information related to telephone communications such as addresses, frequently 

dialed numbers, received calls, missed calls, logging onto a computer or a computer 

network, permitting authorized individuals access to restricted areas of the computer

20 or computer network, loading a user profile associated with a user's preferred

arrangement of the computer desktop, permitting access to web content, launching a 

particular program, encrypting or decoding a message, and/or the like. Host 

processor 6128 can also perform additional functions that may not be related to 

panel processing, and can be coupled to program storage 6132 and display device

25 6130 such as an LCD display for providing a UI to a user of the device. Display

device 6130 together with touch screen 6124, when located partially or entirely 

under the touch screen, can form touch screen 6118.

[00165] Note that one or more of the functions described above can be 

performed by firmware stored in memory (e.g. one of the peripherals 6104 in FIG.

30 61) and executed by panel processor 6102, or stored in program storage 6132 and

executed by host processor 6128. The firmware can also be stored and/or 

transported within any computer-readable medium for use by or in connection with
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an instruction execution system, apparatus, or device, such as a computer-based 

system, processor-containing system, or other system that can fetch the instructions 

from the instruction execution system, apparatus, or device and execute the 

instructions. In the context of this document, a "computer-readable medium" can be

5 any medium that can contain or store the program for use by or in connection with 

the instruction execution system, apparatus, or device. The computer readable 

medium can include, but is not limited to, an electronic, magnetic, optical, 

electromagnetic, infrared, or semiconductor system, apparatus or device, a portable 

computer diskette (magnetic), a random access memory (RAM) (magnetic), a read-

10 only memory (ROM) (magnetic), an erasable programmable read-only memory 

(EPROM) (magnetic), a portable optical disc such a CD, CD-R, CD-RW, DVD, 

DVD-R, or DVD-RW, or flash memory such as compact flash cards, secured digital 

cards, USB memory devices, memory sticks, and the like.

[00166] The firmware can also be propagated within any transport medium

15 for use by or in connection with an instruction execution system, apparatus, or 

device, such as a computer-based system, processor-containing system, or other 

system that can fetch the instructions from the instruction execution system, 

apparatus, or device and execute the instructions. In the context of this document, a 

"transport medium" can be any medium that can communicate, propagate or

20 transport the program for use by or in connection with the instruction execution

system, apparatus, or device. The transport readable medium can include, but is not 

limited to, an electronic, magnetic, optical, electromagnetic or infrared wired or 

wireless propagation medium.

[00167] PIG. 62a illustrates an example mobile telephone 6236 that can

25 include touch screen 6224 and display device 6230, the touch screen including 

pixels with dual-function capacitive elements according to embodiments of the 

invention.

[00168] PIG. 62b illustrates an example digital media player 6240 that can 

include touch screen 6224 and display device 6230, the touch screen including

30 pixels with dual-function capacitive elements according to embodiments of the 

invention.
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[00169] FIG. 62c illustrates an example personal computer 6244 that can 

include touch screen (trackpad) 6224 and display 6230, the touch screen of the 

personal computer (in embodiments where the display is part of a touch screen) 

including pixels with dual-function capacitive elements.

5 [00170] Although embodiments of this invention have been fully described

with reference to the accompanying drawings, it is to be noted that various changes 

and modifications will become apparent to those skilled in the art.
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2 WHAT IS CLAIMED IS:

1. A touch screen including display pixels with capacitive elements, the touch 

screen comprising:

a plurality of groups of display pixels; 

for each group of display pixels;

a plurality of first electrically conductive lines connecting capacitive elements 

of adjacent display pixels along a first direction; and

at least one second electrically conductive line electrically coupling together 

capacitive elements of display pixels along a second direction;

wherein at least one of the plurality of first electrically conductive lines 

includes a first break along the first direction and the at least one second electrically 

conductive line includes a second break along the second direction, the first and 

second breaks separating capacitive elements of the display pixels to form the 

plurality of groups of display pixels, wherein all of the capacitive elements of display 

pixels in each group are electrically connected together by the plurality of first 

electrically conductive lines and the at least one second electrically conductive line; 
and

wherein capacitive elements within each group are configured to provide a 

display function in a display mode of operating of the touch screen and to provide 

capacitive coupling between at least two of the groups in a touch sensing mode of 
operation of the touch screen.

2. The touch screen of claim 1, wherein the plurality of first conductive lines and 

the at least one second conductive line comprises separate layers of conductive 
material.

3. The touch screen of claim 1 wherein the at least one second conductive line 

includes a plurality of second conductive lines, wherein the plurality of second 

conductive lines include a plurality of second breaks along the second direction; and

wherein the plurality of groups are disposed along the first direction and along 

the second direction, groups disposed along the first direction separated from an 

adjacent group disposed along the first direction at least by the first and second breaks 
respectively.
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2 4. The touch screen of claim 1, wherein:

first regions are formed by first groups of the plurality of groups of display 

pixels disposed along the first direction, and

second regions are formed by second groups of the plurality of groups of 

display pixels disposed along the second direction; and

touch sensing circuitry that transmits a stimulation signal through the 

capacitive elements of one of the first or second regions and that receives a sense 

signal from the other of the first or second regions.

5. The touch screen of claim 4, wherein the capacitive elements include at least one 

of a fringe field electrode, a pixel electrode, and a storage electrode.

6. The touch screen of claim 4, wherein the capacitive elements include an upper and 

lower electrode for each pixel forming a capacitance such that an AC modulation 

supplied to one of the upper and lower electrodes is transmitted to the other of the 

upper and lower electrodes.

7. The touch screen of claim 1, wherein one or more of the plurality of groups of 

display pixels are shaped as one of a square, a rectangle, a sawtooth, a pyramid, an 

inverted pyramid, and a zig-zag of polygons.

8. The touch screen of claim 1, wherein a first conductive layer includes a portion of 

the plurality of first electrically conductive lines and a portion of the at least one 

second electrically conductive line.

9. The touch screen of claim 1, wherein at least a portion of the plurality of first 

electrically conductive lines is formed in a same layer as the capacitive elements.

10. The touch screen of claim 1, wherein at least one ground region is disposed 

between ones of the plurality of groups of display pixels.

11. The touch screen of claim 4, wherein at least one ground region is disposed 

adjacent at least two or more of the plurality of second regions.

12. The touch screen of claim 4, wherein a capacitor coupling area between portions 

of the first regions and portions of the second regions that are adjacent the portions of 

the first regions are substantially equal to each other.
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2 13. The touch screen of claim 11, wherein the ground region includes a plurality of 

display elements with the capacitive elements of the plurality of display elements 

within the ground region electrically connected together.

14. The touch screen of claim 1, further comprising:

a shield formed of a substantially high resistance material positioned between 

a surface of the touch screen and the plurality of groups of display pixels.

15. The touch screen of claim 14, wherein the shield is formed of a high resistance 

organic material.

16. The touch screen of claim 4, further comprising:

a black mask line; and

a third conductive line under the black mask line, wherein the third conductive 

line is connected to at least one of the first and second regions.

17. The touch screen of claim 4, wherein at least one of the first regions and the 

second regions of display pixels is operated as a drive region that is stimulated by 

stimulation signals and at least another of the first regions and the second regions of 

display pixels is operated as a sense region that receives sense signals corresponding 

to the stimulation signals.

18. The touch screen of claim 1, the touch screen formed within a computing 
system.

19. A method of manufacturing a touch screen, the method comprising:

forming a plurality of first electrically conductive lines connecting capacitive 

elements in a plurality of adjacent display pixels;

forming a plurality of second electrically conductive lines connecting two or 

more first conductive lines;

forming first breaks in at least two or more of the plurality of first electrically 

conductive lines and in at least two or more of the plurality of second electrically 

conductive lines thereby defining patches of display pixels wherein all of the 

capacitive elements of display pixels in each of the patches are electrically connected 
together; and

configuring capacitive elements within the patches to provide a display
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2 function in a display mode of operation and to provide capacitive coupling between at 

least two of the patches in a touch sensing mode of operation.

20. The method of claim 19, wherein forming the plurality of second conductive 

lines comprises:

forming lower portions of the second conductive lines that connect together 

the first conductive lines;

forming a passivation layer;

forming vias in the passivation layer; and

forming a second layer of conductive material including upper portions of the 

second conductive lines, wherein the upper portions are connected to the vias to form 

the second conductive lines.

21. The method of claim 19, wherein the capacitive elements are formed as at least 

one of a fringe field electrode, a pixel electrode, and a storage electrode.

22. The method of claim 19, wherein one or more regions of display pixels are 

formed in the shape of one of a square, a rectangle, a sawtooth, a pyramid, an inverted 
pyramid, and a zig-zag of polygons.

23. The method of claim 19, wherein at least one of the first conductive lines or at 

least one of the second conductive lines is formed in a same layer as at least one of the 
capacitive elements.

24. The touch screen of claim 1, further comprising: 

a plurality of gate lines;

a plurality of data lines; and

wherein the plurality of first electrically conductive lines and the at least one 

second electrically conductive line form a common voltage layer of conductive 
material.

25. The touch screen of claim 4,

wherein the first regions form rows disposed along the first direction; and 

the second regions form columns disposed along the second direction.
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2 26. The touch screen of claim 25, wherein the at least one second electrically 

conductive line includes a plurality of second electrically conductive lines; and 

wherein

the plurality of first electrically conductive lines of the first regions form one 

of drive lines and sense lines and the plurality of second electrically conductive lines 

of the second regions form the other of drive lines and sense lines;

the plurality of first electrically conductive lines and the plurality of second 

electrically conductive lines form a common voltage line and

the capacitive elements of the display pixels of at least one of the second 

regions are disconnected in the common voltage line from the capacitive elements of 

the display pixels in at least one of the first regions.

27. The touch screen of claim 26, wherein the capacitive elements are storage 

capacitors of the display pixels.

28. The touch screen of claim 4, further comprising: 

a plurality of gate lines;

a plurality of data lines; and

wherein each display pixel of the plurality of display pixels includes a storage 

capacitor, a pixel electrode and a common electrode, the gate and data lines being 

coupled to the plurality of display pixels for enabling display of data by the plurality 

of display pixels during the display mode of operation, and

during the touch sensing mode of operation, storage capacitors of the first 

regions receive a stimulation voltage waveform, and charge is injected to the storage 

capacitors of the second regions through capacitive coupling, the second regions 

being coupled to capacitive measuring circuitry.

29. The touch screen of claim 14, wherein the resistance of the shield is between 

100 Mega-ohms per square and 10 Giga-ohms per square.

30. The touch screen of claim 14, further comprising:

a cover layer positioned between the shield and the surface of the touch screen.

31. The touch screen of claim 4, 

further comprising:

a plurality of gate lines;
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2 a plurality of data lines; and

wherein each display pixel of the plurality of display pixels includes a fringe 

field electrodes, a pixel electrode and a common electrode, the gate and data lines 

being coupled to the plurality of display pixels for enabling display of data by the 

plurality of display pixels during the display mode of operation, and

during the touch sensing mode of operation, fringe field electrodes of the first 

regions receive a stimulation voltage waveform, and charge is injected to the fringe 

field electrodes of the second regions through capacitive coupling, the second regions 

being coupled to capacitive measuring circuitry.

32. A touch screen including display pixels with capacitive elements, the touch 

screen comprising:

a plurality of rows of display pixels, each row disposed along a first direction 

and having a plurality of first regions, each first region having a plurality of display 
pixels;

a plurality of columns of display pixels, each column disposed along a second 

direction and forming a second region, each second region having a plurality of 

display pixels, the plurality of columns of display pixels thus forming a plurality of 
second regions;

a plurality of conductive lines electrically connecting together the capacitive 

elements of the plurality of display pixels within each of the plurality of first regions 

and the plurality of second regions along the first and second directions, at least two 

or more of the plurality conductive lines having first breaks along the first direction 

and second breaks along the second direction, the first regions electrically separated 

from second regions disposed adjacent the first regions by at least one of the first and 
second breaks;

the capacitive elements of the plurality of display pixels include at least one of 

storage capacitors and fringe field electrodes; and

touch sensing circuitry operative for transmitting a stimulation signal along 

one or more of the plurality of conductive lines to the capacitive elements of the 

display pixels of one of the rows or columns and for receiving a sense signal along 

one or more of others of the plurality of conductive lines from the other of the rows or 
columns.
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2 33. A touch screen including display pixels with capacitive elements, the touch 

screen comprising:

a plurality of first electrically conductive lines connecting capacitive elements 

in a plurality of adjacent display pixels along a first direction; and

a plurality of second electrically conductive lines connecting two or more first 

conductive lines and disposed along a second direction;

at least one or more of the plurality of first conductive lines include first 

breaks along the first direction and at least one or more of the plurality of second 

electrically conductive lines includes second breaks along the second direction,

a plurality of regions of display pixels disposed along the first direction and 

along the second direction, each region electrically separated from an adjacent region 

along the first direction by at least one of the first and second breaks and the 

capacitive elements of display pixels within each region of the plurality of regions 

electrically connected together;

the plurality of regions disposed along the first direction forming rows of 

display pixels, the plurality of regions disposed along the second direction forming 

columns of display pixels; and

touch sensing circuitry operative for transmitting a stimulation signal along 

one or more of the plurality of first or second electrically conductive lines to the 

capacitive elements of the display pixels of one of the rows or columns and for 

receiving a sense signal along one or more of others of plurality of first or second 

electrically conductive lines from the other of the rows or columns.

34. A touch screen including display pixels with capacitive elements, the touch 
screen comprising:

a plurality of first regions disposed along a first direction, each of the plurality 

of first regions having a plurality of display pixels disposed along the first direction 

and along a second directions;

a plurality of second regions disposed along the second direction, each of the 

plurality of second regions having a plurality of display pixels disposed along the first 
and second directions;

a plurality of first conductive lines electrically connecting together the 

capacitive elements of the plurality of display pixels within each of the plurality of 

first regions and within each of the plurality of second regions;

44



1000071132

20
09

26
70

44
 

06
 N

ov
 2

01
2 wherein at least two first regions successively disposed along the first 

direction have at least one second region disposed therebetween and are electrically 

separated from the at least one second region by at least one break in the plurality of 

first conductive lines;

at least one conductive trace disposed on a border region of the touch screen 

for electrically connecting one of the at least two first regions to the other of the at 

least two regions, the at least one conductive trace coupled to at least one of the 

plurality of first conductive lines in each of the at least two first regions;

the capacitive elements of the plurality of display pixels include at least one of 

storage capacitors and fringe field electrodes; and

touch sensing circuitry operative for transmitting a stimulation signal through 

the capacitive elements of the display pixels in the first regions and for receiving a 

sense signal from capacitive elements in the second regions.

35. The touch screen of claim 34, further comprising, at least a first common 

voltage line connected between the at least one conducive trace and the one of the at 

least two first regions and at least a second common voltage line connected between 

the at least one conducive trace and the other of the at least two first regions.

36. The touch screen of claim 35, wherein the at least the first and second 

common voltage lines extend substantially in the second direction and are disposed 

between the at least one second region and one of the at least two first regions.
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