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ABSTRACT:

An integrated liquid crystal display touch screen comprising:

a first polarizer;

a second polarizer;

a first substrate having display control circuitry formed thereon, the first substrate
being disposed between the first polarizer and the second polarizer;

a sccond substrate disposed between the first polanzer and the second
polarizer and adjacent the first substrate; and

at least one touch sensing element disposed between the first polarizer and the second

polarizer and not between the first and sccond substrates.
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ToucH SCREEN L1QuID CRYSTAL DISPLAY
CROSS-REFERENCE TO RELATED APPLICATIONS

] This application claims priority 1o each of the followina applications,

which are all incorporated by reference herein:

[0002]

Provisional United States Patent Application Serial No. 60/804.361,
filed June 9, 2006;

Provisional United States Patent Application Serial No. 60/883.879.
filed January 8, 2007:

U.S. Patent Application 11/760,036, cntitled “Touch Scrcen Liquid
Crystal Display, filed concurrently herewith (Attorncy Dockel No.
119-0107US1);

U.S. Patent Application 11/760,049, entitled ~Touch Screen Liquid
Crystal Display, filed concurrently herewith (Attorney Docket No.
119-0107US2);

US. Patent Application 11/760,060, entitled “Touch Screen Liguid
Crystal Display. filed concurrently herewith (Attarncy Dockel No.
119-0107US3); and

U.S. Patent Application 11/760,080, entiticd “Touch Screen Liquid
Crystal Display. filed concurrenily herewith (Auomey Docket No.
119-0107US4).

This application is related 1o the following applications, which are all

incorporated by reference herein:

LS. Patemt Application No.: 11/367,749. titled “Multi-Functional
Hand-Held Device.” tiled March 3. 2006;

V.S Patemt Application No: 104840862, utled “Multipoint Touch
Screen,” filed on May 6, 2004:

1S, Patent Apphication 117381313, tuled “Mulupoint Touch Screen
Controller,” filed May 2. 2006

U.S. Patent  Application  11/367.749,  entided  “Multi-functional

Hand-held PDevice™, filed March 3, 20006:
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e LU.S. Patent Application 11/650.049, cntitfed ~"Double-Sided Touch

Sensitive Pancl with IO Metal Electrodes,” filed January 3, 2007.

BACKGROUND

10003] Therc cxist today many tvpes of hand-held clectronic devices, cach of
which utilizes some sort of uscr interface. The user interfuce can include an
output device in the lomm of a display. such as a Liquid Crystal Display (LCD),
and one or more input devices, which can be mechanically actvated (¢ g.
switches, buttons. keys. dials, joysticks, joy pads) or electrically activated (¢ g,
touch pads or touch screens). The display can be configwed to present visual
infonmation such as text, multi-media data, and graphies. and the input devices
can be configured to pertorm operations such as issuing commands, mnaking

selections. or moving a cursor or selector in the electronic device.

[0004] Recently work has been progressing on integrating various devices into
a single hand-held device. This has further led to attempts 1o integrate many user
interface models and devices into a single unit. A touch screen can be used in
such systems for both practical and aesthetic reasons.  Additionally, multi-touch

capable touch screens can provide a variety of udvantages for such a device.

[0005] Heretofore, it has been assumed that touch screens, whether smgle
touch or multi-touch, could be produced by fabricating a trad.tional LCD screen,
and disposing a substanually transparent touch sensing device in [ront of this

screen. However, this presents a number of disadvantages. including substantial

manufacturing costs

SUMMARY

[0006] According to one embodiment of the invention. an imegrated liquid
erystal display 1ouch screen ss provided. The wuch screen can include a plurahity
of layers mcluding a {irst polarizer, a first substiate having display conurol
circuitry formed thereon (e g a TFT plate or array plate), o sceond subsuate (e g

a color filter plate) adjacent the first subsirate, and o second polarizer. The touch
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screen can further include one or more touch sensing elements, wherein at Jeast
one of the touch sensing elements can between the substrates. Additional touch
sensing clements may also be between the polarizers but not between the

substrates.

|0007) The touch sensing elements between the substrales can include a
plurality of touch drive electrodes, which can, for example, be formed on the
second substrate. These ¢lectrodes can be indium-tin oxide (ITOQ) patterncd on
top of a color filter. Alternatively, a color filter can be formed on top of the touch
drive electrodes. These electrodes can also be configured so serve as Veon for the
display. A plurality of touch sense electiodes can also be provided that are not
between the substrates. for example, either on the second substrate or on the
second polarizer.  The touch sensing elements between the substrates can also
include a conductive black matrix segmented into a plurality of touch drive
clectrodes or a plurality of metal touch drive electrodes dispused behind a black
matrix, which can be a polymer black mutrix.  The touch sensing elements
between the substrates can also include a plurality of drive electrodes deposited on
the first substrate, which can. in some embodiments, also be used for display pixel

drivers or electrades for display pixel storage capacitors.

{0008] [n another embodiment, an electronic device incorporating  an
integrated LCD touch screen is provided. The elecironic device can take the form
of a desktop computer. a tablet computer, and a notcbook computer.  The
electronic device can ulso take the form of a handheld computer, a personal digital
assistant, a media plaver, and a mobile telephone. In some embodiments, a device
may include one or more of the foregoing. v.g., a mobilc telephone and media

plaver.

BRIEF DESCRIPTION OF THE FIGURES

[0009]  The invention may best be undersiood by refercnce 1o the following

description token in conjunction with the accompanying drawings in which:

[0010] Figuse 1illusirates a multipoint sensing arrangement,
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0011} Figure 2 iltustrates a number of contact patches on a multipoint sensing

svstem.

[0012]) igure 3 illustrates a simplified schematic diagram of a mutual

capacitance circuil.

[0013] Figure 4 ilustrates a process for operating a multipoint sensing

arrangement.

[0014] Figure 5 illustrates a representative layout for an LTPS transtlective

subpixel.

[0D15] Figure 6 MNustrates a simplified model of an LTPS as viewed from the

top and side.

[0016] Frgure 7 llustrates a circuit diagram for a subpixel and shows on

which glass substrate the components are fabricated.
[0017] Figure 8 illustrates a basic process flow for manulacuring LCDs.
j0018) Figure 9 illustrates a finished small size LCD module.

[0019) Figure 10 illustrates a block diagram ol a touch scrcen LCD with

separate touch driver and LCD driver chips.

[0020] Figure 11 illustrates a block diagram of a touch screen LCD with an

integrated | CD and touch driver chip.

[0021) Figure 12 1llustrates a basic stackup of a touch screen LCD
[0022) Figure 13 illustrates an alternative embodiment of a touch screen LCD.
[0023] Figure 14 illustrates an electrode pattern.
j0024) Figure 15 illustrates a stackup diagram embodiment of & touch-scicen
LCD.

4
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{0025] Iigure 16 tllustrates a touch pixel circuit for the touch-screen LCD

ustrated in Fig. 135,
10026} Figure 17 illustrates a touch-sensing layer protecied by a plastic cover.

10027] Figure I8 1Hustrates an output column and a Tinked sel of output gates

for a rezion ol a touch-screen.
10028] Figure 191Hustrales a layout of a touch pixel for a touch-sereen LCD.

[0029] Figure 20 illustrates a stackup diagram for one embodiment of a touch

screen LCD.
10030 Figure 21 illustrates a touch sensor array.

[0031] Figurc 22 illustrates a physical implementation for Concepts A and B,

(o]

with top and side views of cabling and subsystem placement.

10032} Figure 23 illustrates a high-level block diagram showing onc possible

architecture of bottom glass components.
10033] Figure 24 iHustrates elongated conductive dots.

10034] Figure 23 illustrates a high-level block diagram for a Touch/LCD

Driver integrated circuit.

[0035) Figure 26 illusirates a leaible printed circuit for use with various LCD

embodiments described herein

10026| Figure 27 illustrates a process Tor simultanecus display updating and

touch scanning.

10037) Figure 28 iltustraies a Open Circuil Viov touch dave option
0038 trgure 29 Hlustraies a Drive-Vegy touch drive option.
e Cs |
10039] Freure 30 illustrates an elecurical madel for the sttuation where touch

arive s used for both touch sensimg and LCD Veany modulation

W
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(0040] Figure 31 tllustrates connecting Verag to Cst lines on both sides through

conductive dots.

[0041} Figure 32 1llustrates a manufacturing process flow for a touch screen
LCD.
|0042] Figure 353 illustrates using one-line inversion of Vegw as a tlouch

stimulus signal.

[0043] Figure 34 illustrates a stackup diagram for an alternative embodiment

of atouch screen LCD.

10044) Figure 35 illustrates a manulacturing process flow for a touch screen
L.CD.
[0045) Figure 36 illustrates an embodiment substituting a conductive black

matrix for a touch drive laver.

{0046] Figure 37 illustrates a circuit diagram for an embodiment of a touch

screen LCD.
[0047] Figure 38 illustrates a stackup diagram for a touch screen LCLD.

10048] Figwe 39 illustrates a row-by-row update of display pixels for a touch

screen LCD.

10049| Figure 40 illustrates a touch sensing process tor a set of wouch-sensitive

displav rows in a touch screen LCD.

{0050} Figure 41 illustrates a process of detecting touches for thiee pisels

located 1 different regions of a touch sereen LCD.

{0051 Figure 42 illustrates a circuit diagram of another embodiment of a

touch screen LCD.

10052) Fignre 43 Hlustrates o steck up dingram of the emboachment illustrated

in Fig. 42,

6
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[0053] Figure 44 illustrates an embodiment substituting a conductive black

matrix for a touch scnse layer.

[0054] Figure 45 1llustrates a stackup diagram of another embodiment ol a

touch screen LCD.

J0055] Figurc 46 illustrates a top view of the embodiment illustrated in Fig

55.
[0056] Figure 47 illustrates anather embodiment of a touch screen LCD.

[0057] Figure 48 illustrates an equivalent circuit of the embodiment of Fig.

47.

[0058] Figure 49 illustrates the waveforms that can be used for touch scnsing

in the embodiment of Figs. 47-48.

[0059] Figure SO iflustrates further aspects of touch screen integration for the

embodiment of Fig. 47.
10060 Figure 51 illustrates another embodiment of a touch sereen LCD.

[6061] Figure 52 illustrates the waveforms that can be used for 1ouch sensing

in the cmbodiment of Figs. 51 and 33.

10062] Figure 53 illustrates an equivalent cireuit of the embodiment of Fig.
51.
[0063} Figure 54 illustrates turther aspects of touch scieen iniegration for the

c¢mbodiment of f1g. 31
10064 Ficure 35 11lustraies a stackup dingram for a touch-sereen LCD
[0065] IFigure 36 illustrates a process of updating a tonch-screen LCD

[0066] Figure 37 illustrates a stackup diagram for an embodiment of a touch-

screen {.CD.

-11-
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[0067] Figurc 38 illustrates a stackup diagram tor an embodiment of a touch-

screen 1,.CD.

0068} Figure 59 sllustrates an exemplary LCD display divided into three

regions that can he updated or touch-scanved independently.

(0069) Figure 60 illustrates update and touch-scanning of a touch-screen LCD

with three regions.

[0070] Figure 61 illustrates an electrode fayout for a touch-sereen LCD.

(0071} Figure 62 iHustrates circuit components for a touch-screen LCD.
0072 Figure 63 iHustrates a snapshot of an update arrangement for a touch-
E } I &

screen 1.CD.

[#073] Figure 64 illustrates how metal lines and gaps in ITO that can be fully

or partially hidden behind a black matrix.
[0074) Figure 65 illustrates a stackup diugram for a tonch-screen LCD.
[0075] Figure 66 illustiates a touch-screen LCD segmented into three regions.

[0076] Figure 67 illustrates a process of performing displav updates and

touch-scanmng in a touch-screen LCD.

[0077] Figwre 68 1llustrates wiring and 1TO uyout to segment a touch screen

LCD into three regions.

[0078) Figure 69 allustrates 4 top view and cross-section of a region of a

touch-screen LCD that includes auard traces.

[0079] Figure 70 dlusuates a top view and cross-seciion of a rewion of a

touch-sereen LLCD that does not include guard traces.

[0080] Figure 71 illustrates a region of an exemplary display that contais six

touch pixels and thewr signal wiring.

-12-
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[0081] Figure 72 illustrates a stackup diagram for another embodiment of a

touch-screen L.CD.

[0082] Figure 73 illustrates a stackup diagram for another embodiment of a

tauch-screcen LCD.

0083 Figure 74 illustrates a circuit diagram hichlighting Ve signal
g g ehlighting gnal

coupling for a touch screen LCD.

[00R4] Figure 75 tllustrates an exemplary display.

[0085] Figure 76 illustrates a possible scan patiern for a touch-screen LCD.
[0086] I'igure 77 illustrates a circuit diagram for the cmbodiment ol Fig. 79.
[6087] Figurcd 78 illustrates segment 1T0O layers.

0088 Iigure 79 illustrates a stackup diagram for another embodiment of a

touch-screen [.CD.

{0089} Figure 80 illustrales a combined wiring and stackup diagram tor the

cmbodiment of Fig. 79.

[0090]) IFigure 81 Hlustrates a physical realization of the embodiment of Fig.

79.
0091} Figure 82 tustrates i plasse switching LCD cells.

10092 Figure 83 illustrates an orgamzation of clecuodes tor in-planc

swiltching LCD cclls.

(1093 Figure 84 itlustrates a circuit diagram for an embodiment ol an 1PS-

based touch-screen LCD
10094} Figure &5 illustrates a stackup diagram corresponding o Tig. 84,

|0095] Figure 86 illustrates a stuckup diagram for another embodiment of an

1PS-based touch-screen LCD.

13-
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[0096] Figurc 87 illustrates a physical model for Concept F, an embodiment of

an IPS-bascd touch-screen LCD.

[0097] Figure 88 illustrates a stackup diagram  corresponding to  the

embodiment of Fig. 87.
[0098] Figure 89 illustrates a side view of an all glass touch screen LCD.

{0099] Figure 90 illustrates a side view ol a touch screen LCD including a

plastic layer.
10100] Figure 91 ) llustrates a touch screen having multiple plastic lavers.

0101} Figure 92 illustrates a touch screen having a PET layer patterned on

two sides with a connection through the PET layer.
[0102] Figure 93 illustrates a combination PET/glass touch screen.
[0103] Figure 94 illustrates a touch screen LCD device assembly.

[0104] Figure 95 illustrates a touch sereen 1.CD having a touch layer patierned

on the inside of a ranspavent plastic housing,

{0105} Figure 96 illustiates a patterned PET subsirate that may be used with a

touch screen LCD.

0106 Figure 97 illustrates flexible printed circuits bonded 1o the PET

substrate ol Fig, 96.
[0107] Figure 98 ilustrates a cover affixed 1o the assembly of Fig. 97,

10108} Figure 99 tHustrates a simphiied diagram of a level shilier/decoder

chip on glass.

10109] Froure 100 dllustrates a modified Touch/LCL Drver and peripheral

transistor clreuit

10
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j0110] tigure 101 ilustrates a simplified block diagram of a fullv-integrated

Touch/1.CD Driver.
j0111] Figure 102 illustrates an application of a touch screen LCD.

0112} Figure 103 tllustrates a block diagram of a computer system

incorporating a touch screen.

[0113] Figure 104 illustrates a variety of electronic device and computer
svstem form factors that may be uscd with a touch-screen LCD according to the

present invention,

[0114] Figure 105 Hlustrates a plurality of [PS LCD sub-pixels connected 1o

lorm a plurality o touch sense columns.

[0115] Figure 106 illustrates a plurality of IPS LCD sub-pixels connected 1o

foimn a plurality of touch sense rows
10116} Figure 107 tllustrates an [PS 1.CD with integrated touch sensing.

DETAILED DESCRIPTION

[0317) The following description is presented to enable any person skilled in
the art 10 make and use the invention. and is provided in the context of a particular
application and its requircments.  Various modifications 10 the disclosed
embodiments will be readily apparent to those skilled in the art, and the general
principles defined heremn may be apphed to other embodiments and applications
without departing from the spirit and scope of the present invention.  Thus, the
present inventon s not limited to the embodiments shown, but is to be accorded

the widest scope consistent with the claums

1. LCD and Touch Sensing Background

[0118) Disclosed herein are techniques (o integrate touch sensing technology

o hquid crvstal displays.

-15-
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j0119] As known 1o those skilled in the art, an LCD includes a plurality of

lavers. most basically, a top glass, a liquid crystal. and a bottom glass. The top
and bottom glass can be patterned to provide the boundaries of the cells that
contain the liquid crystal for a particular display pixel. The top and bottom glass
can also be pattemed with various layers of conducting materials and thin filn
transistors that allow the voltage across the liquid crystal cells o be varied (©
manipulate the orientation of the liquid crystal. thereby controlling the color and

brightness of the pixel.

[0120] As described in the applications incorporated by reference. a touch
surface, and specifically, a multi-touch capable transparent touch surface cen be
formed from a series of layers. The series of lavers can include at least one
substrate. ¢.g.. glass. which can have disposed thereon a plurality of touch
sensitive clectrodes. For example, a mutual capacitance arrangement can include
a pluraiity of drive clectrodes and a plurality of sensc electrodes scparated by a
non-conducting layer, ic., the glass. Capacitive coupling between the drive and
sense electrodes can be alfecied by proximity of a conductive object (e.g., a user’s
finger). "T'his change in capacitive coupling can be used to determine the location.
shape. size, motion. identity. etc. of a particular touch. These parameters can then
be interpreted to control operation of a compuler or other electronic device. Sell-

capacilance arrangements, as described below, are also known to those skilled in

the art.

10121} By integrating the lavered structure of an LCD and a touch sensor, a
variety of benefits can be achicved. This integranion can include combining or
interleaving the layered stuciures described above.  Integrotion can further
include ehiminating redundant structures and/or Ninding dual purposes (v g., one
purpose for the touch function and another for the display function) for particular
lavers or structures. This can permit some lavers 10 be eliminated, which can
reduce cost and thickness of the touch scieen LCD. as well as simplify
manufactwing. A variety of different arrangements are possible, some of which

are discussed in greater detail herein

-16-
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[0122] Specifically, various embodiments of an integrated touch screen LCD
are discussed below.  However, those skilled in the art will appreciate thal the
detailed description given hercin with respeet to these figures is cxemplary and
not exhaustive and that many variations on these embodiments are possible.
Additionally, although many of the disclosed embodiments relate to multi-touch
capable arrangements, many of the teachings can be applied to single-touch

displays as well.

1.1.Multi-Touch Scensing
[0123] Recognizing multiple simultaneous or near-simultancous touch events
may be accomplished with a multi-touch sensing arrangement asillustrated in Fiy.
I. Mulu-touch sensing arrangement 100 can detect and monitor multiple touch
attributes (including, for example, idenuficaton, position, velocity, size. shape,
and magnitude) across touch scnsitive surface 101, at the same time, nearly the
same time. at ditferent limes, or over a period of tine. Touch-sensitive surface
101 can provide a plurality of sensor points. coordinates, or nodes 102 that
function substantially independently of one another and that represent dillerent
puints on a touch sensiive surface. Sensing points 102 may be posinoned in a
grid or a pixel array, with cach sensing point capable of generating a signal at the
same time. Sensing points 102 may be considered as mapping touch sensitive
surface 101 into a coordinate system, for example, a Cartesian or polar coordinate

system.

10124] A touch-sensitive surface may, for example, be in the form of a tablel
or a touch screen. To produce a touch screen, the capacitance sensing points and
other associated electneal  structures can be formed  with a subsianually
iransparent conductive medium, such as indium un oxide (1T°0). The number and
configuration ol sensing points 102 may be vaned. The number of sensing points
102 venerally depends on the desired reselution and sensitivity.  In touch-screen
apphications, the number of sensing points 102 may also depend on the desired

transparency ol the touch screen

-17-
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[0125] UUsing a multi-touch sensing arangement, hike that described in greater
derail below. signals generated at nodes 102 of multi-touch sensor 101 may be
used to produce an image of the touches at a particular point in time. For
example, each object (e g, finger, stylus, etc.) in contact with or in proximity 10
touch-sensitive surface 101 can produce conlact paich area 201, as illustrated in
Fig 2. Each contact paich area 201 may cover several nodes 102, Covered nodes
202 may detect the object, while remaining nodes 102 do not.  As a resull. a
pixilated image of the touch surface plane (which may be referred to as a touch
image. a multi-touch image, or a proximity image) can be formed. The signals for
each contact patch arca 201 may be yrouped together. fach contact patch area
201 mav include high and low points based on the amount of touch at cach point.
The shapc of comtact patch arca 201, as well as the high and low points within the
image. may be uscd to diflerentiate contact patch areas 201 that are in close
proximity to one another.  Furthermore, the current image can be compared to
previous images to determine how the objects may be moving over time, and what

corresponding action should be performed in a host device as a result thereof.

|0126] Muny different sensing technologies can be used in conjunction with
these sensing arrangements, including resistive, capacitive, optical, etc.  In
capacitance-based sensing arrangements. as an object approaches touch-sensitive
surface 101, a small capacitance forms between Lthe object and sensing points 102
in proximity to the object. By detecting changes in capacitance at cach of the
sensing puints 102 caused by this small capacitance, and by noting the position of
the sensing poinis. a sensing circuit 103 can detect and monitor multiple touches.
The capacitive sensing nades may be based on sell-capacitance or mutual-

capaciance

|0127] In self-capacitunce systems, the “seli™ capacitance of a sensing point is
measured relaiive 1o some relerence. e g, ground. Scnsing points 102 may be
spatially separated electrodes.  These clectiodes can be coupled to driving
circuitry 104 and sensig cireuitry 103 by conductive traces 1030 (drive lines) and
103b (sense lines)  In some self-capacitance embodiments. a single conductive

trace to each elecirode muy be used as both a diive and sense Jine.

-18-
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10128] In mutual capacitance systems, the “mutual”™ capacitance between a
first clectrode and a second clectrode can be measured.  In inutual capacitance
sensing amrangements, the sensing points may be formed by the crossings of
patterned conductors forming spatially separated lines. For example, driving lines
105a mav be formed on a first layer and scnsing lines 105h may be formed on a
second layer 103b such that the drive and sense Imes cross or “intersect” one
another at sensing points 102, The different layers may be different substrates,
different sides of thc same substrate, or the samc side of a substrate with some
diclectiic separation. Because of separation between the drive and sense lines,

there can be a capacitive coupling node at each “intersection.”

j0129] The arrangement of drive and sense lines can vary. For example. in a
Cartesian coordinatc system (as illustrated), the drive lines may be formed as
horizonta! rows, while the sense lines may be formed as vertical columns (or vice
versa), thus forming a plurality of nodes that may be consicered as having distinct
x and y coordinates. Altemativcly. in a polar coordinate system, the sense lincs
may be a plurality of concentric circles with the drive lines being radially
extending lines (or vice versa), thus forming a pluwrality ol nodes that may be
considercd as having distinct radius and angle coordinates. In either case, drive
lines 103a may be connected 10 drive circuit 104, and sensing lines 105h may be

connected 10 sensing circuit 103.

[0130) During operation, a drive signal (e g. a periodic voltage) can be
applied to cach drive linc 105a. When driven, the charge impressed on drive line
105a can cupacitively couple to the inlersecting sense lines 105h through nodes
102. This can cause a detectable, measurable curtent and/or voltage in sense lines
105b. The relationship between the drive signal and the signal appearing on sense
Jines 105b can be a function of the capacitance coupling the diive and sense lines,
which, as noted above, may be affected by ar object in proximity to node 102,
Capacitance sensing cizewl (ar circuits) 103 may sense sensing lines 105b und

may determine the capacitance at cach node as descnibed i greater detail below,

-19-
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[0131] As discussed above, diive lines 105a can be driven one at a ume, while
the other drive hines are grounded.  This process can be repeated for each dnve
line 1058a until all the drive lines have been driven, and a touch image (based on
capacitance) car be built from the sensed results. Once all the lines 105a have
been driven, the sequence can repeat 1o build a series of touch images. However,
in some embodiments of the present invention, multiple drive lines may be driven
substantiallv simultaneously or ncarly simultaneously. as described in U S, Paient
Application No. 11/619,466. titled “Simulianeous Sensing Arrangement,” hled

Jannary 3, 2007.

[0132) Figure 3 illustrates a simplified schematic diagram of mutual
capucilmcd circuit 300 corresponding to the arrangement described above.
Mutual capacitance circuit 300 may include drive line 1053 and sense line 105b.
which can be spatiallv separated thereby forming capacitive coupling node 102.
Drive line 105a may be electrically (i.c., conductively) coupled to drive circuit
104 represented by voltage source 301, Sense line 105b may be electrically
coupled to capacitive sensing circuit 803. Both drive line 103a and sense linc

103b mav. in some cases, include some parasitic capacitance 302,

[0133] As noted above, in the absence of a conductive object proximale the
interscction of drive linc 103a and sense line 105b, the capacitive coupling at node
102 can stay fairly constant. However, if an electrically conductive object (¢ g, a
uscr’s finger, stylus. etc.) comes in proximity to node 102, the capacitive coupling
(i.e., the capacitance of the local system) changes.  The change in capacitive
coupling changes the current (and/or voltage) carried by scnse line 103h.
Capacitance sensing circuit 103 may note the capacilance change and the posttion

of node 102 and report this information in seme form to processor 106 (Fig. 1).

[0F34] With elerence to Fig. 1. sensig circint 103 may acquire duta from
touch surface 1G] and supply the acquired data 10 processor 106, In some
embodiments, sensing circuit 103 may be configured 10 send raw data (e g, an
array of capacitunce values corresponding to cach sense point 102) o provessor

106. In other embodiments. sensing circuil 103 may be coniigured to process the

16
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raw data itsclf and deliver processed touch data 1o processor 106. In either case,
the processor may then use the data it receives to control operation of computer
svstem 107 and‘or one or more applications running thereon.  Various
implementations along these Jines are described in the applications referenced
above, und include a variety of computer systems having touch pads and touch

screens.

[0135]) In some cmbodiments, sensing circuit 103 may include one or more
microcontrollers, each of which may monitor one or more sensing points 102,
The microcontrollers may be application specific integrated c'reuits (ASICs) that
work with firmware to monitor the signals from touch sensitive swrfuce (01,
process the mouoitored signals, and eport this information to processor 106, The
microcontrollers may also be digital signal processors (DSPs).  In some
cmbodiments, sensing, circuit 103 may include one or more sensor [Cs that
measure the capacitance in cach sensing le 105b and report measwed values 1o
processor 106 or 1 a host controller (not shown) in computer system 107, Any
number of sensor [Cs may be used. For cxample, a sensor 1C may be used for all

lincs, or muluple sensor [Cs may be used for a single line or group of'linces.

[0136) Figure 4 illustrates at a high level process 400 for eperating a multi-
touch sensing arrangement, like that deseribed above. The pracess may begin at
block 401 where plurality of sensing points 102 can be driven. Following block
401, the process flow can proceed to block 402, where the owputs from sensing
points 102 can be read. For example, a capacitance vaiue lor cach sensing pomi
102 can be obtained. FFollowing block 402, the process can proceed 10 block 403
where an wmage or other form of data (signal or signals) of the touch at one
moment in time cun be produced and thereatter analyvzed to determine where
obiccts touching ov in proximity to the touch sensor may be located. Following
block 403, the process can praceed to block 404, where the current image or
signal may be compared ta ane or more past images or signals 1o determing
change in one or more ol the shape, size. focation. direction. speed. acceleration,

pressure. ete Jor cach object. This infonnation can be snbscquently used (in step
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4035) to perform an action in computer svstem 107, ranging (rom moving a pointer

or cursor 1o complex gesture-based interactions.

1.2. Transflective LCDs
{0137} To betler understand integration of touch-sensing technology with
transflective 1.CDs. a briefl introduction 1o transflective 1.CDs may be helpiul.
The following is an overview ol a typical subpixel cell found in low wemperature

poly siticon (LTPS) transtlective L.CDs.

1.2.1. Circuit Basics
[0138] Figure 5 shows a representative lavout for an LTPS transflective

subpixel 300. Display information can be transferred 1o the subpixel’s capacitors
Cs7 and Cy ¢ (not shown) when a veltage representing the desired grey level is
applicd to the data bus 501 and the select line 502 is asserted. The select line 502
asscrtion level can be near the gate drive positive supply vollage. During the time
when select line 502 is asserted, the voltage on Veor (and Vepas. which is not
shown) can be constant.  All the circuit clements shown in Fig. 5, which includes

metal, poly. active. oxide, and 1TO. can be fabricated on the LCD's hotiom glass.

[0139] Figue 6 shows a simplified model of a low temperature poly-silicon
(LTPS) 1.C1D 600, including a tap view 601 and a side view 602. Taop view 601
shows a sce-through view of the Vegt routing 603 on the bottom glass 608 in both
the display area 604 and the non-display area 603, Side view 602 shows a cross

section of the display.

|0144 Each display row can include horizontal traces for Vst 606 and sclect
(not shown). The scleet traces connect 1o gate drive circuitry made up of poly-
silicon thin 13m transistors (p-St TFHTs), also not shown. The Vesr taces 606 can
run from display edge to display edge and can connect together. e g.. as shown on
the Iefi The Viy: traces can also connect, through a conductive dot 607, 10 an
ITO plane 609 on the top glass 610. Typically, four conductive dots, ene in cach
corner, can be used to connect the Voo plane 1o VeguDrive 611 Figure 6 shows

only one dot 607 for simplicity. The veltage off Veyy and top glass ITO 609 can
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be set by VeanDrive, which can be provided by the LCD driver IC (not shown).

Vgt can also be connected to another drive source other than VeonDrive 611,

[0141) Figure 7 itlustrates a circuit diagram 700 for a subpixel and shows on
which glass substrate various components can be fabricaled. "The bottom glass
701 can be the substrate for the integration of all the TFT pixel circuitry 703, This
can include the select line drivers and control logic.  The bottom glass can also
serve as the substrate for chip on glass (COG) components, such as the LCD
driver (not shown). The upper electrode 304 of capacitor Cp¢ can be on the top
glass 702, Elcctrode 704 can be an 1TO planc that covers the enlire display area
and forms the counter electrode to the bottom elecirode 705 making Cre. Upper
cleetrode 704 can also connect, ¢ g., through four corner-located conductive dots

706 (only ane shown), 1o VeamDrive 707 on bottom glass 701.

1.2.2. Veom
[0142] Minimizing or eliminating the DC component of the voltage across the

liquid crystal (LC) can reduce or eliminate some undcsirable nmage artifacts.
Therefore, the electric field across the 1.C can be periodically Nipped while
maintaining overall balance between the two field directions. Obtaining perfect
etectric field balunce can be ditficult, which can lead to small DC offsets that can
produce unwanted image artifacts.  To mask flicker due 10 DC offsets one of

several inversion schemes known 1o those skitled in the art, such as dot inversion.

can be employed.

1.2.3. Modulating Vo
[0143] In some embodiments. it may he desirable to reduce the voltage range

of data drivers.  Therclore, the Vion 1TO plane and the Vg traces can be
modulated from ground to the supply rail to produce an AC voltage across the 1.C,

However, this can restrict the available inversion methods o only the frame and

line tvpes.

[0 144) Veaubrive requirements can be fairly simple: its veltage can remain
constant until the charge transfer has completed for a row of pixels, thus setting

their grey levels. Once the display pixels are set. VeomPrive can chimge without
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significantly alfecting the LC state provided that parasitic pathwayvs into and out

of the subpixel remain small.

;
1.2.4. Constant ¥V COAM
[0145] Veon modulation can complicate the integration of touch sensing with

[LCDs. Various techniques for overcoming these complications are discussed
below. An altemative method of minimizing the DC component of the voliage
across the liquid crystal can be employed. One such altemative mcthod 1s
disclosed in J. Hector and P. Buchschacher, *Low Power Driving Options for an
AMLCD Mobile Display Chipset™, SID 02 Digest, pp. 693-697. which is
incorporated by reference hercin.  This alternative method can allow Vo 10
rcmain at a constant voltage. docs not require large-voliage range data drivers, and
can cansume Jow power.  Various advantages of using a constant Ve are

described below.

1.3.LCD Manufacturing
[0146) The manufacturing of LCD panels can be done using a batch process
on large picees of glass called mother-glass. Two pieces of mother-glass can be
used: a top mother-glass, which can provide the substrate for the color filter, black
matrix, and the upper clectrode for Cie; and a bottom mother-glass, which can

provide the substrate for the active matrix TH1 array and drive circutry.

10147 A basic process flow 800 for manutacturing LCDs 1s shown in Fig, 8.
Two large sheets of mother-glass. one for the top portion of the 1.CD and one for
the bottom portion, can go through separate processing steps 801 and 802 before
being aligned (block 803), pressed together. and heated (block 804) to cure seals
between the top and boitom glass thereby producing a stable panel structure. The
large panel can then be seribed and broken into smaller modules of the desired
dimensions (block 803).  The mdividual modules con have ther edges around
(block 806) before being filled with Hquid crystals (block 807). After filling. the
modules cuan be scaled (block 808). Polarizers und clectrical carnponents can be
atteched (block 809).  Flexible printed circuits (FFCs) can be attached 1o their

substrates at or near the end ol the process (block 810).

20

-24-




02 Dec 2008

2008101178

[0148] A finished LCD module 900 is shown in Fig. 9. The illustrated LCD
module includes a chip on gless (COG) LCD driver 901 attached to the bottom
glass 902 and also includes a fNex on glass (FOG) flexible printed circuit (FPC)
903 attachcd to the boltom glass 902. Both components can be clectrically
connected to bottom glass pads and held in place using an anisotropic conductive
adhesive (ACA) Bottom glass 902 can exiend beyond top glass 904 to provide a
shelf 905 to mount the COG LCD driver 901, the FPC Y03, and other supporting
components. [‘or handheld devices, the system processor board thal manages the

data and controls for the LCD can be placed under the backlight 906.

{0149] Additional components used to support touch sensing (e g.. FPCs) can
also attach 10 sheif 905, Other attachment points are also possible. Details arc

discussed in conjunction with relevant embodiments described below:,

1.4.Combining LCDs and Touch Sensing
10150} The stack up diagrams discussed herein may be berter understood in
conjunction with the block diagrams of Figs. 10 and 11 Srarting at the top, touch
sensc electrodes 1001, 110} can be deposited on the top (user side) of LCD top
alass 1002, 1102. Touch drive electrodes 1003, 1103 can be paterned on the
bottom side of top glass 1002, 1102. Conductive dots 1004, 1104 can connect
drive elecirodes 1003, 1103 to driver 1005, 1105, which can also be located on
bottom glass 1006, 1106. A shelf 1007, 1107 on bottom glass 1006, 1106 cun
house 1.CD driver chip 1008, 1108 and the touch sensor driver chip 1009, which
can interface with each other (Fig. 10) or be integrated into a single component
(Fig. 11). Finally, a FPC 1010, 1110, also honded to the shell can conneet host

device 1011, 1111,

2. Integration Options

[0151] Somc cmbodiments of an LCD with inteyral touch sensing can include
a lop glass and a bottom glass. Display control circuitry can be formed on one
andsor both of these glass layers 1o affect the amount of light that passes through a

laver of hquid crvsial between the two glass layers. The space between the
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external edges of the top and bottom glass is referred 10 herein as the liquid crystal

module (LCM).

[0152] A typical LCD stackup 1200 tvpically includes additional Javers, as
Wlustrated i g, 12, In Fig. 12, a hard-coated PMMA layer 1201 can protect a
1.CD polarizer 1202 and the top gluss 1203, and a second polarizer 1205 can be

included between bottom glass 1204 and a backlight 1206.

[0153] Integrating touch-sensing technology into an LCD can be achieved
using a varicty of techniques. For instance, different louch-sénsing clements
and/or layers may be incorporated m a LCD display, with different embodiments
varying in factors such as display and/or manufacturing cost, display size, displav
complexity, display durability, display functionality, and image display quality.
In some embodiments. touch-sensing capability can be included into an L.CD by
ntegrating touch-sensing elements on the LCD display outside of the LCM. In
other embodiments, touch-sensing elements can be added both inside the 1L.CM
(c.2.. benween the two glass layers) as well as outside of the LCM. In still other
embodiments, a set of touch-sensing elements can be added only inside the LCM
(e g . between the two glass lavers). The following scctions describe a number of

concepts for each of the above-mentioned embodiments.

2.1.Touch-Sensing Outside of the Liquid Crystal Module
J0154] Adding touch-sensimy elements outside of the LCM allows touch
sensing capabilities to be added to an LCD display with little to no impact on
typical LCD manutactuiing practices. For instance. a touch sensing sysiem and
1.CD display svstem might be fabricated separately and mtegrated in a final sten
to tonn an LCD with touch sensing capabititics.  Including the touch-sensing
elements outside of the 1.OM can also allow the touch-sensing elements 1o be
placed close to the arca touched by the user. potentially reducing electrical

imerference between the display and touch components.

[0155] The following twvo embodiments, identified as Concept C and Concepl

N. can incorporate such external touch-sensing clements.
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2.1.1. Concept C
10136) Onc embodiment of the present invention, Concept C, uses the stackup

illustrated 1n Fig. 13, which allows the touch function to be separate from the
LCD. In Concept C, two additional indium-tin oxide (ITO) layers (1101 1301
and 1TO2 302) can be patterned on 1op of the color filter (CF) plate (e.g.. the top
glass layer) These layers can be used for touch sense and touch drive elements off
a louch sensor, ¢.g., a mutual-capacitance touch sensor. These ITO layers can be
patterned into columns and/or rows (as shown in Fig. | and 2, and described in the
preceding multi-touch sensing description). and can be separated by a dielectiic

1305, such as a glass substrate or a thin (e.g., 5-12mm) Si0; layer.

10157) In some embodiments, the clectrode patiern used in the touch elements
may be optimized to reduce visual artifacts.  For instance, Fig. 14 illustrates a

diamond electrode pattern, which can reduce visual artifacts.

[0158] In Concept C. the FPCs that carry touch sensing data can atlach to the

top surface of the top glass 1305,

2.1.2. Concept N
0159 Onc embodiment of the present invention, Concept N, can implement
P pt:y, p

capacitive sensing on the outside surface of the color filter (CF) plate using self-
capacitance sensing.  Concept N can use the stachup ilustrated in Fig. 15, m
which the touch sensing components can be located on top of CF plate 1301 (top
glass). LCDs based on Concept N can be built without alering standard 1.CD
processing by formimg TITs 1503 with two metal lavers and putierned 17O 1500
on CF plate 15301 using, for cxample. the same LTPS process used for
conventional THE plate 15304 Touch 170 layer 1300 can be patterned nto a
plarality of wouch pixels 1612 (1. 16). Touch 1TQ layer 1500 can be protecied
by a plastic cover 1702 (shown in I1g. 17) that can also serve as the surface

touched by a user,

JU160) Fizure 16 illustrales a seli-capacitance touch pixel circuit for Concept
N. Each ITO touch pixel 1612 can he connected o two TFTs, e.g . anwput TI'T

1604 and an ouiput VET 1608, The input FFT 1604 can charge 1TO touch pixel
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1612, while output TIT 1608 can discharge 1TO touch pixel 1612, The amount of
charge moved can depend on the 1TO touch pixel’s 1612 capaciance, which can
be altered by the proximity of a finger Further details of self-capacitance louch-
scnsing are described above and in 1S, Patent 6,323,846, titled “Method and
Apparatus for Integrating Manual Input,” issued November 27, 2001, which is

hereby incorporated by reference inits entirety.

[0161] In one embodiment. an output column 1610 can be shared by touch
pixels vertically, and vutput gates 1606 can be shared by touch pixels horizontally,
as shown in Figs. 16 and 18 for output column 1610 *CO” and output gates 1606

"R3’. Fig. 19 shows a dciailed layout of a touch pixel.

2.2.Partially-Integrated Touch-Sensing
[0162] Integrating  touch-sensing clecments inside the LCM can provide a
variety of advantages.  For example. touch-sensing elements added inside the
1.CM could “rcuse”™ I'TO lavers or other structures that would otherwise be used
only for displav functions 1o also provide 1ouch-sensing functionality.
Incorporating touch-sensing features into existing display layers can also reduce
the total number of lavers, which can reduce the thickness of the dispiay and

simplify the manutacturing process.

[0163} The following cmbodiments can include touch-sensing elements inside
and outside the LCM. Because integrating touch-sensing clements within the
LCM may result in noise and interference between the (wo functions. the
following designs can also include techniques that allow elements to be shared
while reducing or elimmating any negative effects on the display and/or touch-

sensing oulputs caused by electrical mterference between the two.

2.2.1. Concept A
[0164) Concept A can use the basic stackup 2000 iltustrated i Tig. 20, with a

multi-touch capable ("MT7) ITO sense layer (ITO1) 2001 positioned an the usa
side of top glass 2002, between top glass and polarizer 2003, Starting Nom the
top, the touch sensing lavers can include: 11O1 2001 (an ITO laver that can be

patierned it N sense (or drive) lines) and 1102 2004 (an 1TO layer that can be

4

-28-




02 Dec 2008

2008101178

patiernied into M drive (or sense) lines). 1TO2 layer 2004 can also senve as the

Veon electrode for the LCD.

2.2.1.1. Concept A: Touch Sensor Electrodes

[0165] The touch sensor electrode array can include two layers of patierned
ITO as illustrated in Fig. 21 (lelt side). Figure 21 is a simplified view of one
possible implementation of touch sensor clectrodes.  The luyer closer to the
viewer, ITO1 2101, can be the touch output layer also called the sense layer or the
sense lines. The touch drive luyer 2102 can be located on layer ITO2. ITO2 can
also form the upper electrode ol the capacitor Cye (see Fig. 7). Figure 21 (right
side) also shows a detail of three sense pixels 2103a. 2103b, and 2103¢ along with
associated capacitors. Roth the sense and drive lincs can have a 5 mm pitch with
a 10 to 30 micron gap. The gap can be just small enough to be invisible 1o the
naked eye. but still large ¢nough to be easy 1o etch with a simple proximily mask.

(Gaps in the figure are greatly exaggcerated.)

10166] Figure 22 shows one possible physical implementation for Concepl A,
with top view 2201 and side view 2202 of cabling and subsystem placement. Top
view 2201 shows the approximate positions of FPC 2203 (discussed in greater
detail below) in an unfolded state. TFigure 14 represents just one physical
implementation where a discrete touch leve) shifter/decoder COG can be used.
Alternative architectures that minimize the munber of discrete touch components
are discussed below. For mechanical stability. the FPC can be benl. as shown in
side view 2201, so that stress on the Tolab 2204 and B-tab 2203 bonds are
minimized.  Figure 23 is a high-level block diagram showirg one possible
architecture 2300 of the main bottom glass components, and the segmented 1702
laver 2301 on the top glass used for touch sensing. I'he segments 2302 of 1ITO2
on the top glass each connect through a conductive dot 2303 o @ corresponding
pad on the bouom glass. The pads on the bottom glass can cach connect Lo the

touch driver, discussed below.
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2.2.1.2. Concept A: Conductive Dots

j0167] Conductive dots located in the comers of the LCD can be usced 10
connect the Vegn electrode to drive circuits. Additional conductive dots can be
used 10 connect the touch drive lines to touch-drive circuitry. The dots can have
sulficiently tow resistance so as to not add significantly to the phase delay of the
touch drive signals (discussed in greater detall below). This can include lmiting
the resistance of a conductive dot to 10 oluns or less. The size of the conductive

dot can also be limited to reduce the real estate necded.

{0168] As shown in Fig. 24, elongated conductive dots 2401 can be used to
reduce both dot resistance and real estate requirements.  Touch drive segmenis
2402 can be about 5 mm wide. which can provide a large arca to reduce dot

resistancc.

2.2.1.3. Concept A: Flex Circuit and Touch/LCD Driver
1C
10169) A conventional display (e.g.. Tig 9) can have an LCD Driver

integrated circuit (1C) 901, that can conuol low-level operation of the display. A
system host processor can exercise high-levzl conuol over the display by sending
commands and display data to LCD Driver 901, Multi-tauch systems can also
have onc or more driver ICs.  Onc exemplary multi-touch capable system,
described 1n the incorporated rcferences includes three [1Cs: a multi-touch
controller, an external level-shifter/decoder, and controller. such as an ARM
processor.  The ARM processor can excreise low-level control over the multi-
touch controller, which can subsequently control the level-shificr/decoder. A
svsiem host processor can exercise high-level control over and receive touch data
from the ARM processor. In some embodiments. these drivers can be integrated

mto a single 1C.

[0170) Figure 235 shows an example high-level block  diagram  for a
Touch/LCD Driver integrated ¢ircint 2501, The IC has two main functions: 1)
LCD control and update, and 2) touch scanning and data processing. These twe

functions can be integrated by an LCD drver portion 2502 for LCT control and
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an ARM processor 2303 and mulii-touch controller 2304 for touch scanning and
proccssing. The touch circuits can be synchronived with LCD scanning to prevent
one from interfering with the other. Communication between the host and either
the LCD Driver or the ARM processor can be through the host data and control

bus 23505, A more fully integrated Touch/LCD Driver is discussed below.

[0m71 As shown in Fig. 26, an IFPC 2601 that brings 1ogether the signals for
the various touch and display lavers can have threc connector tabs, a T-tab 2602, a
B-tab 2603, and a host b 2604. The [-tab can connect to sense line pads on the
top glass. ‘The T-tub traces 2605 can connccet to corresponding pads on B-tab
2603, which can also attach to the bottom glass. B-tab 2603 can also provide
pass-through routes 2606 from Host tab 2604 that can enable the host to connect
10 the Touch/LCD Driver IC. FPC 2601 can also provide the substrate for various
companents 2607 supporting touch and LCD operation, and can also connect to

the backlight FPC through two pads 20608

{0172] The FPC 2601 can be TAB bonded to both the top and bottom glass.

Alternatively, other bonding methods can be cmployed.

2.2.1.4. Concept A: Touch Drive Integraied on Bottom

Glass
[0173] A level shifter/decoder chip, along with a separate voltage booster

{e.g. a 3V 10 18V booster), can provide high voltage drive circuitry for touch
sensing. In one embodiment, the Toueh/LCD Driver 1C can contral the Jevel
shifler/decoder chip.  Alternatively, the voltage booster and/or the level
shifter’decoder can be integrated into the Touch/LCD Driver 1C. For example.
such integration can be realized vsing a hizh voltage (18V) LTPS process. This
can allow imegrating the level shifter/decoder chip and the volage hooster into
the periphery of the bottom glass. The level shilter/decader can also provide the

voltages for Veon modulatien and touch drive as discussed helow,
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2.2.1.5. Concept A: Sharing Touch Drive with LCD

Vcom
10174] As discussed above, Concept A can add one layer of 1ITO 10 2 standard

LCD stackup, which can function as the touch sense lines. The touch drive layer
can be shared with the 1.CD's Veom plane. also denoted 1TO2. For display
operation. a standard video refresh rate (e g., 60 fps) can bc used. For touch
sensing, a raic of at least 120 times per second can be used. towever, the touch
scanning rate can also be reduced to a slower rate. such as 60 scans per second,
which can match the display refresh raie.  In some cmbodiments, it may be
desirable to not intcrrupt either display refresh or ouch scanning. Thercfore, a
scheme that can atlow the sharing of the 1TO2 layer without slowing down or
interrupting display retresh or touch scanning (which can bhe 1aking place at the

same or diffcrent rates) will now be described.

[0173] Simultancous display update and touch scanning is illustrated in Fig
27. In this example, five multi-touch drive segments 27010, 2701, 2702. 2703,
2704 are shown. Each touch drive sezment can overlap M display rows.  The
display can be scanned at 60 frames per second while the multi-touch sensor array
can be scanned at 120 times per second. The illustration shows the time evolution
of one display frame lasting 16.67 mscc. The arca of the display currently being

updated preferably should not overlap an active touch drive segment.

[0176] Patch 2705 indicates wherc the display rows are being updated. Patch
2706 indicales an active touch drive segment In the upper left comer of Fig. 27.
at the start of the display frame the first M:2 display lincs can be relreshed. At the
same time. touch drive segment | 2701 can be driven for the purpose of touch
sensing. Moving to the vight in the hgure. at thine 1=1.67ms, the next picture
shows the noxt M72 display rows being refreshed, while simultancously touch
drive segment 2 2702 can be driven. After aboul 8.3 msce of this pattern, (start of
second row) cach touch drive segment can have been driven once, and half the
display will have been refreshed. T the next 8.3 msce. the entire touch array can
be scunned again. thus providing a scanmng raie of 120 fps, while the other half of

the display is updaicd
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[0177) Because display scanning typically proceeds in line order, touch drive
segments can be driven out of sequential order to prevent an overlap of display
and touch aclivity. In the example shown in Fig. 27, the touch drive order was
1.2.3,4.0 during the first 8 3 msec and 1,2.4.3,0 in the second 8.3 msec period.
‘The actual ordering can vary depending on the number of touch drive segments
and the number of display rows. Therefore, in general, the ability to program the
order of touch drive usage may be desirable. 1lowever, for certain special cases, a

lixed scquence ordering may be sufticient.

{0178) It may also be desirable (for image quality reasons) to separate the
active touch drive segment farther away from the area of the display being
updated. This is notillustrated in Fig. 27, but can easily be done given a sufficient

number of touch drive segments (¢.g.. 6 or more segments).

[0179) Such techniques can effectively allow dilferent refresh raies for the
display and touch-sense elements without requiring multiplex circuitry 1o support

a high-frequency display drive element.

2.2.1.6. Concept A: Vegr Drive Options

[0180) As illustrated in Fig. 6, Vst and Veay can be connecled together and
can thus be modulated together to achieve the desired AC wavelorm across the
1.C. I'his can help achicve proper display refresh when using Veow modulation.
When Vegar is used for touch drive, it is not necessary to also modulate Ve,
I'his can be considered as the Open Circuit Vesy Opuion, described helow.
However. il Vest is modulated with Vey, the capacinve load on the touch drive
signal. Vsry. can be reduced. which can lead 10 a smaller phase delay in the touch

signal. This can be considered as the Drive Vegy Option. described below

[0181] Figure 28 illustrates the Open Cireuit Vi, Option. Botom drawing
2802 illustrates how one touch drive scgment 2803 can overlap M display rows
2804, Touch drive segments 2803 located on the top glass can connect electrically
to circuits on the botom glass through a conductive dot 2805 The M Vs, lines
of the M rows under the touch drive seement can conneet together un the edge of

the display 2806 Top drawing 2801 shows the basic circuit for a subpisel with its
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separate storage capacitor Cqr. Area 2807 in the upper drawing can represent M
contiguous rows of subpixels covered by a single touch drive segment. Display
operation and touch sensing for a particular touch dnive/display group can occur at
different times, as discussed above. When the display driver is ready to set the
state of the subpixels in the M rows, switches 2808. 2809 can conncct Veony Drive
2810 10 the M Vegr Jines 2804 and to the touch drive segment (Veawm). The Veau
Drive voliage can be set by the LCD driver to either ground or the supply rail.
depending on the phasc of the inversion. Later, when this touch drive/display
group is available for touch usage, switches 2808, 2809 can connect the touch
drive segment to Vgry 2811 and discomnect Vit from Vigy Drive 2810, thus

leaving it in the open state 2812.

|0182] Figure 29 illustrates the Drive-Ves- option.  Bottom drawing 2902
lustrates how onc touch drive segment 2905 can overlap M display rows 2904.
The touch drive segments 2903 located on the top glass can connect electnically to
circuils on the Yottom glass through conductive dot 2905, The M Vegy lines of the
rows under a particular touch drive segment can connect tozether on the edee of
the display 2906. "Top drawing 2901 shows the hasie circuit for a subpixel having
a separate storage capacitor Cgr. Area 2907 1 the upper drawing can represent M
contiguous rows of subpixcls covered by a single touch drive segment. Display
operation and touch sensing can occur at different times. When the display driver
is rcady to set the state of the subpixels in the M rows, switch 2908 can connect
Veow Drive 2910 10 the M Vesr lines 2904 and to the touch drive segment
(Veon). The Veon Diive 2910 voliage can be set by the LCD driver to typically
either ground or a supply il depending oo the phase of the inversion.  Later,
when this wuch drive/display group is available for 1ouch usage. switch 2908 can

connect the Vegr and the touch drive segiment (Veoas) o Vgin 2911,

2.2.1.7. Concept A: MT-Drive Capacitive Loading
{0183} I'he capacitive load on Concept A's touch diive line can be high, for
example. because of the thin (e g, -4 um) cap between the touch dnve layer and

the bottom glass, which can be covered by a mesh of metal routes and pixel ITO
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The liquid crystals can have a rather high maximum chelectric constant (e.g.,

around 10).

|0184] The capacitance of the touch drive scgment can aftect the phase delay
of the stimulating touch pulse, Vs, U the capacitance is (oo high. and thus there
1s 100 much phase delay. the resulting touch signal can be negatively impacted.
Analysis performed by the inventors indicates that keeping 1TO2 sheet resistance

to about 30 ohims/sq or less can keep phase delay within optimal himits.

2.2.1.8. Concept A: Electrical Model and Vqp, -
Induced Noise
[0185) Because ITO2 can be used simultaneously for both touch dnve and

[.CD Vo, modulating Veon can add noise 1o the touch signal.

[0186] For cxample, @ noisec component may be added to the touch signal
when one touch drive segment is bemg modulated with Ve at the same time
another touch drive segment is being used for touch sensing. The amount of
added noise depends on the phase. amplitude, and frequency of the Veom
modulation with respect o Vg, The amphitude and frequency of Veon depend

on the inversion method used for the LCD.

0187) Figurc 30 shows an electrical model for the situation wheie touch drive
3001 is used for both touch sensing and LCD Vegy modulation. The model
shows the input path through which ¥V on modulation can add noise 1o the input

of charge amplifier 3002

[0185]) In some cmbodimems, charge amplifier 3002 may need additional
headroom 1o accommodate noise nduced by Venny 30030 Addinonally,
subsequent Jilterning circuits (¢ g, synchronous demodulatars. not shown) may

need Lo remove the nowse signal due 10 the Ve modulation

2.2.1.9. Concept A: Vg Effects
j0189] Very modulation, under certain canditions. can have a negative impact
on the voltages of the subpixels anderncath the touch drive segment being

modulated. 11 the subpixel RMS voliage changes appreciably. display amfacts
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may be produced. Onc or more of the following techniques may be cmploved to

minimize display distortion that may result.

(0190) Touch drive from two sides can reduce the distortion ol the LC pixel
voltage.  As shown in Fig. 31, touch drive from both sides can be achieved by
employing the existing low resistance Cgr routes 3101 on the boriom glass by
connecting Verm 0 Cst lines on both sides through conductive dots 3102,
Alematively, single-ended touch drive can produce a pixel offsct voltage that is
unifornn for all pixels, which can be reduced or eliminated Ly adjusting the data
drive levels.  Also, reducing the 1TO sheet resistance can help reduce display
artifacts. Finally, the phase and frequency of Very can also be tied to the phase

and frequency of Ve to reduce the amount of noise in the touch signal.

2.2.1.10. Concept A: Impact on Manufacturing
10191] The manufacturing process for Concept A can include additional steps
relative to a typical LCD manufacturing process. Some may be new steps entirely
and somc may be modifications 1o existing steps.  Tigure 32 shows a
manufacturing process flow for Concept A, Blocks 3201, 3202, and X204
represent new steps, and blocks 3203, 3206, and 3207 represcnt a modified step,

both relative 1o a conventional LCD manufacturing processes (e.g., that of Fig. §8).

10192} Applying and paiterning ITO1 (blucks 3201, 3202) can be done using
known methods. The ITO can be protected during the remainder of the LCD
processing.  Photaresist can be used 1o provide a removable protective coating,
Alternatively, sificon dioxide can provide a permanent protective covering. 1102
cun be applied and pattemed (block 3204) to form the touch drive segments in

simitar fashion

[0193] An analysis of phase delay indicates that the sheet resistance of 1TO!
and ITO?2 can be as high as 400 ohms/square for simall displays (<= 47 diagonal),
provided that the capacitive loading on either plane is small. As discussed above,
the capacitive loading with Concept A can be of such magnitude that it may be
desired 10 Hmit the maximum sheet resistance for FIO2 10 around 30 ohins/square

or less.

=1
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2.2.2. Concept A60
[0194] Concept A60 can be physically similar to Concept A and can provide a

different approach 1o the problem of synchronizing display updates and touch
scanning. This can be accomplished by using the 1-lne invcrﬁion of Viom as the
stimulus for the louch signat (ie., Vsrum). This is tllusirated in Fig. 33, which
shows how a singlc touch drive segment 3301 can be modulated while other touch
drive segments can be held at a constant voltage. With this approach. the problem
of removing the unwanted Veoy-induced noise from the touch signal can be
climinated. Furthermore, it is not necessary (o spatially separate display updating
and touch sensor scanning. However, using this approach, demodulation can be
done at a single frequency (i.e., the Veom modulation frequency. e g, ~14.4 klz)
as opposed 1o the multi-frequency demodulation deseribed in U.S. Patent
Application 11/381,313, titled “Multipoint Touch Screen Controller,” filed May 2,
2006, incorporated by reference herein.  Furthermore, using this approach, the

touch sensor scan rate can be fixed at the video refresh rate (¢.g., 60 per second).

2.2.3. Concept B

|0193] Concept B, itlustrated in Iig. 34, can be similar 1o Concept A. sharing
many of the same clcetrical, cabling, and structural aspects. However, Concept B
can inteyrate the touch drive layer into the Veon layer. Concept B can thercfore
ditfer in the number and stack position of [TO layers used for LCD and touch
scnsing.  Becouse ol the similaritics, Concept B will now be described by

highlighting differences between Concepts A and B.

[0196] Concept B can split the shared ITO2 laver of Concept A into two ITO
lavers. using one layer for touch sensing (ITO2) 3402 and onc laver for the I.CD
Veou (ITO3) 3403, Starting from the twp, layers used for touch sensing con
include: 15O 3401, an 1TO laver that can be patterned into N touch sense lines:
ITO2 3402, an ITO layer that can be pattered into M touch drive lines: and [TO3
3403, an JTO laver that can serve as the Vo electrode for the LCD - Touch drive
Jever {1T02) 3402 can be deposited on the lower surface of 1op gliss 3404, above

the color filter 3405,
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[0197] Separating Veen lrom touch drive elements can reduce interterence.

2.2.3.1.. Concept B: Touch Sensor Electrodes
10198] Concept B can include touch sensor electrodes substantially similar 1o

thase described above for Concept A.

2.2.3.2. Concept B: Conductive Dots
[0199] As in Concept A, Concept B can use additional conductive dots 3406,

which can be located in the corners of the LLCD, to connect the touch drive

sezments to dedicated circuitry.  Because Veon need not be shared with touch

sensing, Concept B can retain the corner dots that connect Veow 10 its drive
circuitry.  Additionally (as discussed below). Concept B may add cven more

conductive dots for Veon.

2.2.3.3. Concept B: Flex Circuit and Touch/LCD Driver

1C
|0200) Concept B can use a FPC and Touch/LCD Driver IC subsiantally

similar (o those deseribed for Concept A

2.2.3.4. Concept B: Synchronization with LCD
Scanning
[0201] For Concept B, although the Ve laver can be separate from the touch
drive laver, it still may be desired lo synchronize touch scanning with 1L.CD
updating to physically separate the active touch drive from the display area being
updated. The synchranization schemes previously described for Concept A can

also be used tor Concept B.

2.2.3.5. Concept B: MT-Drive Capacitive Loading
0202) As with Concept A, the capacitive load on Concept B's touch drive
line can be high.  The Jarge capacitance can be due to the thin (e.g. ~5 L)
diclectric between touch drive (1102) 3402 and Veou plane (ITO3) 3403, One
way (o reduce undesirable phase delay in the touch stimulus signal can be to tower
the 1TO drive fine resistance thraugh the addition of paraltel metal races. Phase

delay can also be reduced by decreasing the output resistance ot the level

<hitter/decoder.

34

-38-




02 Dec 2008

2008101178

2.2.3.6. Concept B: Electrical Model and V¢oy -Induced

Noise
[0203] Because the entire Vegw plane can be coupled 1o the touch drive layer,
multi-touch charge amplifier operation may be disrupted by noise induced by

Veom modulation. To mitigate these effects Concept B can have a constanl Veau

voltage.

[0204] Conversely, the coupling between 1TO2 3402 and ITO3 3403 (Vcom
and touch drive) can causc interference with the Vepy voltage that can cause the
wrony data voliage can be stored on the 1.C pixel. To reduce the modulation of
Veom by Ve, the number of conductive dots connecting Veonm 10 the bottom
glass can be increased. For example, in addition to Vo dots at cach corner of

the viewing area. conductive dots can be placed at the middle of each edge.

[0203] Distortion resulting from Veon-Vma coupling can be further reduced
by synchronizing Vsrar with Vegn and turning off the pixel TET at just the right
time.  For example, if the line frequency i1s 28 8 kHz, and ihe touch drive
frequency is a multiple of this (e g, 172.8, 230.4 and 288 kHz) then the Viou
distortion can have the same phase relationship for all pixels, which can reduce or
eliminate visibility of the Ve distortion. Additionally, ii" the gates of the pixel
TI'Fs are turned of1 when the distortion has mostly decayed, the LC pixel voltage
error can be reduced. As with Concept A, the phase and frequency of Vgpy can be
tied to the phase and frequency of Vg to reduce the amount of noise in the louch

signal.

2.2.3.7. Concept B: Impact on Manufacturing
|0206) As with Concept A, Concept B can alsu add sieps o the LCD

manufacturing process.  Figure 35 shows a manufacturing process flow for
Concept B, in which blocks 3501, 3302, 3503, and 3504 represent new steps
relutive o a conventional LCD manulacturing process (¢ g., that depicted in Fig.
). and blocks 3306, 3307, 3508, and 3509 represent a modification to an existing

step (e o also relative 1o Fig. 8).
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[0207] ITO! ¢an be applied (block 3501) and patterned (block 3502) using
known methods, as with Concept A, The sheet resistance ol ITO1 and ITO2 can
also be substantially similar 10 that deseribed for Concept A. For Concept B, the
1102 layer deposition (black 3503) can be routine because it can be directly
applied 1o glass. Electrical access between the 1TO2 layer and the botiom glass
for the conductive dots that conriect 1o the touch drive segments can be casily

accomplished by etching using a shadow mask (block 3504).

10208] ITO3 (e.g. the LCD's Veon layer), which can have a sheet resislance
between 30 and 100 ohms/square, can also be appled (block 3305) using
conventional methods. However, as discussed above, Veon vollage distoytion can
be reduced by reducing the resistance ol the 1TO3 layer. [ necessary, lower
elfective resistance lov ITO3 can be achieved by adding metal traces that run
parallcl to the touch drive segments. The metal traces can be aligned with the
black matrix so as to not interfere with the pixel openings. The density of metal
truces can be adjusted (between one per display row 1o about cvery 32 display

rows) to provide the desired resistance of the Veen layer.

2.2.4. Concept B’
{0209] Concept 137 can be understood as a variation of Concept B that

eliminates the FI'O2 diive luyer and instcad uses a conductive black matrix (e.g., a
laver of CrO; below the (op plass) as the touch drive layver. Alternatively. melal
drive Jincs can be hidden behind a black matrix, which can be a polymer bluck
matrix. This can provide several benetus, including: (1) eliminating an 17O layer,
(2) reducing the effect of Vyry on the Voo laver: and (3) simplitying the
manufacturing process.  The manufacturing process can he simplified because
using the black matix for touch drive can eliminate the need to pattern an 17O

layer above the color filier.

[0210] Figaie 36 shows a side view 3601 and top view 3602 of Concept B
As can be seen. side view 3601 looks very much like a standard LCD stack-up.
except tor the op layer of ITO 3603 used for touch sensing. The hottom diagram

of Fig. 36 shows how the black matris 3604 can be partitioned into separatc touch
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drive segments. The mesh pattern can follow the patiern of a conventional black
matrix, except thal each drive scament can be electrically isolated from the other
segments. To compensatc for reduced touch signal strength that can be caused by
using the black matrix mesh for touch drive, the charge amp gain can be increased

(e.g, about 4X).

[0211) Because the touch sensing laver may not be shiclded from the Veoum
layer, Veon modulation may interfere with the touch signal. Furthermore, touch
drive may siill inteifere with the Veom voltage. Both of these issucs can be
addressed by scgmenting the Vion layer as described with Concept A and/or
spatially separating display updating and touch sensing as described above. A

constant Veon voltage can also be used to address these 1ssucs.

2.2.5. Concept K
(0212} Concept K is illustrated in Figs. 37 (circuit diagran) and 38 (stackup

diagram). Concept K utilizes the fact that select pulses in the 1TFT LCD can be

partially transterred 10 the pixel ITO when the Cyy-on-gate configuration is used.

10213] As shown in the display stackup of Fig. 38, the viewer can face active
array plate 3801 rather than CF plate 3802. ITO pixels 3803 on the active array
can provide the Vepw pulses for the touch sensor, with the display rows
altematively being used for Vs pulses and for display addressing. 170 sense
Jayer 3804 on plastic polarizer 3805 can be laminated (o the back of array plate
3801 to provide the touch-sensing laver. A thin glass layer (e g, 0.2 mm) can

help improve the signal-to-noisc ratio.

[0214] Dirme display updaies. rows can be selected individually to update the
pixel data (as shown 1 Fig. 39). To wenciate Vspy for louch sensing, mulliple
rows 4001 can be sclected simultaneous!y, while high data voltage 4005 can be
applied 1o the column lines 4002 10 keep the THTs oft (as shown in Fig. 20}, The
column driver can adjust the timing of da sigrals from a display memory 1o

accommodale the iouch drive intervals.
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[0215]) In one embodiment, a 1ouch pulse sequence can simultancously pulse
about 30 rows 4001 during a touch scan interval. Figure 41 shows the effect of'a
touch drive pulse (Vsrad) on the subpisel voltages of the L.CD. The added volage
from the Vgn pulses can be compensated by a DC oilset of Vegny and/or gamma

correction of the display data grey levels.

[0216] Concept K can allow a number of advantages. Because the display
pixels and touch sensors share drive circuitry. the level shifter/decoder may be
eliminated. Additionally, a conventional CF plate can bc used. Furthermore, no
extra conductive dots between the top and bottom glass are needed.  Busline
reflections may increase the reflectance (R) for portions of the display, and hence

call for the use vl an extra film under the bustines (such as Cr() under Cr) that can

reduce R.

2.2.6. Concept X7
10217] Concept X is illustraled in Fig. 42 (circuit diagram) and Fig. 43

(stackup diagram). Concept X™ utilizes the fact that Vs pulses can be similar 10
gate pulses for the TFT pixel switches (e.g, a 1510 18 V swing). In Concept X
the touch drive segments 4301 can be part of the LTPS active array and can form
the counter electrode for the pixel storage capacitors Cst. Csy can be formed
between two 170 lavers 4301, 4302, Tn this cmbodiment, the active array plate

4303, rather than the color [ilter plate 4304 can be on the user side of the display.

[0218]) As shown in Fig. 42, a pulse sequence with three difterent frequencies
4201 for Vg can be shared by three rows of pixels 4202 1o sclect those rows,
The 1TO touch drive seaments 4203 can be patterned under a sct of rows adjavent
to addressed rows. Touch drive segments 1203 can be connected to GND by

T Ts 4204 when not connccted 10 Ve

[0219] Changes that can be made to the processing sieps 1o construct Concept
X can include the following. First, a patterned sense ITO can be added on the
outside of the array substrate. Second, SiOs pratection can be added on the sense
ITO during LTDS processmy. Protective resist could also be used. Third, touch

drive 1O can be deposited and patterned under the Si0)y barrier layer (winch can
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be found in typical LTPS processes) for the LTPS array. Finally, vias can be
pattermed in the barrier S$i0; to contact the tauch drive [TO layer. This step can be

combined with a subsequent process step.

[0220) Concepl X can allow a number of advantages. Ior example, hecause
the display and touch sensors share drive circuitry, the level shifter/decoder chip
can be eliminated.  Additionallv. no change to the CF plate is required, so
conventional color filter processing can be used. Turther, becausc the storage
capacitor Csr cun be located between two 110 layers, high transmittance can be
achieved. Another advantage can be that extra conductive dots between the array

plate 4303 and CF platc 4304 may be climinated.

2.3.Fully-Integrated Touch-Sensing
[0221] A third set of embodiments of the present invention fully integrate the
touch-sensing clements inside the LCM.  As with partially-integrated touch-
sensing, existing layers in the LCM can serve double duty to also provide touch-
sensing functionality, thereby reducing display thickness and simplifying
manufacturing.  The fully-integrated touch-sensing layers can also be protected

between the glass lavers.
S v

[0222] In some embodiments. the fully-intcgrated LCD can include a Veom
layer similar to those clescribed in previous embodiments.  In other embodiments,
the fully-integrated touch-sensing LCD can include in-planc-switching (1PS) LCD

constructions. which are described in further detail in the following sections.

2.3.1. Fully-Integrated Vega-Based 1.CDs

2.3.1.1. Concept A’
[0223] Concept A™ can be considered as a variation ol Concept A 1hat

climinates the 17O sense laver (1101 2001 in Fig. 20} in favor of a conduciive
black matrix layer (below the top glass) used as the touch sense laver,
Alicrnatively, metal sense lines can he hidden behind a black matrix, which can be
a polvmer black matrix. As aresuh, Concept A cin also climinate the T-tab on

the FPC and the corresponding bonding 1o the top glass. Touch sense lines can be
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routed through conductive dots to the bortom glass and can directly connect (o the
Touch/LCD Driver chip. Furthermore, the FPC can be a standard LCD FPC
Elimination of manufacturing steps and components can 'cad to a reduction in cost

comparcd to Concepts A and B.

10224) Figure 44 shows one way substitution of a conductive black matrix for
the touch sense layer can be accomplished. Figure 44 includes a side view 4401
of the upper portion of a single pixcl with its black matrix 4403 runmng between
primary color sections 4404, Touch drive segment 4405 can be separated froin
black matrix lines 4403 by planarizing dielectric layer 4406. Figure 44 also shows
top view 4402 of the display with black matrix Tines 4403 running vertically,
Approximately 96 black matrix lines (e g.. 32 pixels worth) can connect wyether
into the negative terminal of charge amplifier 4907. Touch drive segments 4405
can be driven as described above. A finger approaching top glass 4408 can
perturb the clectric field between vertical black imatrix Iin.cs 4403 and wouch drive
segment 4405, The perturbation can be amplified by charge amplifier 4407 and

turther processed as described elsewhere herein.

[0225] Because of the depth of touch scnse lines 4403 in the display, the
minimum distance between a finger or touch object and sensc lines 4403 may be
limited. This can decrease the strength of the touch signal. This can be addressed
by reducing the thickness of layers above the touch sense layer, thereby allowing a

closer approach of the finger or other touch objcct to the sense lincs.

2.3.1.2. Concept X

{0226] Concept X is illusirated in Figs. 45 and 46. The stack-up for Concept

X, shown in Fig. 45. can be basically identical to that of a standard LCD. Touch

sense laver 4501 can be embedded within the Veow layer (ITO2). w hich can serve

the dual purpose ol providing the Veow veliage plane and acting as the outpui of

the touch sensor. The touch drive layer can also be embedded within an existing
LCD laver. For example, touch drive can be located on boitom glass 4303 and
can be part of the LCD select line circuitry (see Fig. 3). The select circuit can thus

serve a dual purpose of providing gate signals for the subaixel TFTs and the 1ouch
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drive signal Ve Figure 46 is a top view of Concept X showinyg one possible
arrangement of the touch sense layer with its floating pixcls 4601 embedded in the

v(‘OM Ia}‘{il'.

2.3.1.3. Concept H
[0227] Concept H is illustrated in Figs. 47-50. Concept 11 need not include

any 1TO owside the top glass or plastic layer of the display. As a result, the
manufacturing processes can be very similar to existing display manufacturing

Processes.

[0228] As shown in Fig. 47, the touch-sensing part of the screen can be a
transpasent resistive sheet 4701, for example. a glass or plastic substrate having an
unpatiemed layer of ITO deposited thereon. The Veom layer of the display may
be used for this touch-sensing part. Because this layer need not be patterned, a
photolithography step can be climinated from the manufacturing process as
compared to some embodiments discussed above.  For purposes of reference
herein. the sides will be refered to as north, south, east, and west as indicated in

the drawing.

[0229] A plurality of switches 4702 can be arranged about the perimeter of the
resistive sheet.  These swilches can bé implemented as TFTs on glass.  Also
shown are a plurality of conductive dois 4703, at each switch location, that can
conncct Veos (on the top glass) o the TFT layer on the battom glass, in the
border region of the display. Switches 4702 can be connected together into 1wo
busses, for example, with the north and cast switches connecled 1o one bus 4704

and the south and west switches connected 10 a second bus 4705,

[0234] For touch sensing, switches 4702 can be operated as follows. The
north and south switches can be used 1o measure the Y-direction capacitance. The
lelt and right side switches can be used 10 measure the X-direction capacitance.
Ihe switches at the northeust and southwest corners can be used for both Nand ¥

measureinent.  Capacitance can be measured by stimulating resistive sheet 4701

with a madulation waveform Vyop, ilustated in Fig. 49. The current (7e.
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charge) required 1o drive the sheet to the desired voltage can be measured and

used to determine the location of the touch.

[0231) Specifically. as illustrated in the waveforms for Fig. 49, in the abscnce
of touch. the baseline capacitances 4902 can indicate the current (charge) required
to stimulate the sheet 4701 1o the Voo voltage. In the presence of 1ouch, greater
current 4903 (charge) may he required because ol the capacitance of the finger.
This greater current is illustrated in the lower group of waveforms. The position
of the touch can then be determined by simple mathematical combination of the

bascline and signal waveforms as ilfustrated in Fig. 49.

[0232] An equivalent circuit for the touch screen during the X-direction (ie..
east-west) measurement is illustrated in Fig. 48, C_PARA 4801 can be the
distributed parasitic resistance of the sheel, and C_FINGER 4802 can be the
capacitance of a touch, ¢.g., located approximately 75% of the way 10 the east
side. The block diagrams indicate how the plate can be driven to Vyop and how

the charge can be measured, combined. processed, and sent to the host.

(0233] Figure 30 illustrates how Concept H cun be integrated with an LCD.
Specifically, conductive dots 5001 can connect to the TFT layer, which can allow
resistive sheet 5002 (Veon) 1o be modulated for display operation. Touch sensing
opcralibn and display operation can be time multiplexed. For cxample, assuming
a 6011z screen refresh rate. corresponding to a 16ms LCD update period, pa ol
this time can be used Tor writing information to the LD, and another part can be
used for touch sensing. During 1.CD updating. Ve can be Viow from the LCD
driver circuit. During touch sensing. wavelorms having dilferent frecuencies and
amplitudes may be used depending on the exact details of the touch system, such
as desired SNR, parasitic capacitances. cte. 11 should also be noted that the touch-
sensing circuitry in this embodiment. illustrated in block diagram form, can cithe

be integrated into the LCI driver or can be a separate SIRUE

2.3.1.4. ConceptJ
[0234] Concept J, like Concept H, need not include any 1TO outside the top

alass or plastic layver of the display. Physical construction of Concept 1 is
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illustrated in Fig. 51 The touch-sensing surface cun be a resistive sheet 5101 like
Concept H, but patterned into a number of row sirips 3102 Patleming may be
accomplished by photolithography, laser deletion. or other known paiterming
techniques. By patterning resistive sheet 3101 into a plurality of strips 5102, the
switches along the top and bottom (north and south) can be climinated, leaving
east and west switches 5103 connccicd to the row strips. Zach row 3102 can be
stimulated in sequence, using. for cxample, the Vyop waveform 5201 illustrated
in Fig. 52. The current (charge) required to drive cuch row 5102 1o the
modulation voltage can be a function ol the capacitance ol the row, which can be
a combination of the parasitic capacitance (C_PARA 3301, Fig. 33) for a given
row and the capacitance of the {inger or other touch object (C_FINGER 5302, Fig.

33).

[0235] As shown in Fig. 52. the signal in the presence of touch 5202 can be
malhemalica'lly combined with the baseline signal 5203 to compute the
coordinates of the touch. The Y outputs can be determined by the centroids of Z
outputs for cach row. The X outputs can be determined by a weighted average of

the X outputs for each row.

10236} Figure 34 shows how the Concept J touch sensor can be integrated
with an LCD. Conductive dois 3401 can connect Veonm on the top glass to the
I layer on the bottom glass. Touch and display operations need not be time
division multiplexed.  Ratber, while @ portion ol the display is being updated,
another portion may be scanned {or touch. Various techniques for so doing are
discussed above with respect 1o other embodiments. The touch sensing may use
different [requencics and amplitudes. but may be phase svnchronized with the
LCD row inversion. Switches 5402 can be implemented as TFTs on glass. The
measurement circuitry can cither be integrated with the LCD contreller or a

separate componzil.

2.3.1.5. Concept L

0237 In Corcept L.achive TFT layers can be added 10 the color filter glass 1o
f 3 &

allow a segmented ITO layer w provide muliiple funciions sumultancously across
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different regions of an LCD display. A stackup diagram for Concept L is
MNustrated in Fig. 35. Concept L can contain the same namber of ITO layers as a
standard LCD display. However. while 1TO} 5509 and other structures 5507,
5508 on bottom glass 5511 can remain standard, an active 1FT laver 3501 on the
color filter glass 53035 can allow a region (e.g., « horizontal row) o 1TO2 3504

be switched between the role of Vega, touch drive. or touch sense.

[0238] Figure 56 illustrates @ Concept L display with a horivontally-
segmented 1TO2 layer 5504, Dilferent regions ol the display are concurrently:
undergoing Veom modulation (region 3601) and/or being written (region 5602),
providing touch stimulus (region 5603): being mcasured to provide touch sense
(region 5604); and maintaining a hold state (region 5605). The transistors in the
active TFT layer 5501 can switch Lhe signals for cach horizontal row to the
desired Function for a specified time intcrval.  Each region can have cqual
cxposure 0 each state. in the samc sequence, (o substantially eliminate nou-
uniformity. Because providing touch stimulus may disturb the voltage across the
.C. LCD pixel writing can take place just afier the ouch stimulus phasc to reduce
the time duration of any disturbance. LCD pixel writing for a region can occur
during Veoam modulation, while adjacent segments can be undergoing Veou

modulation to maintain uniform boundary conditions during pixel wiiting.

[0239] The color filter plae ecan be formed using a process similar to the
pracess used for the active array. Forming the additional TFT layers may involve
additional sieps. but the back-end processing of the two substrales can remain
substantially similar (o that of a standard LCD. These techmques can allow such

displays 10 scale 1o larger-sized panels without using low-resistivity 1TO

2.3.1.6. Concepts M] and M2

10240) Ficures 57 and 38 show stackup diagrams for Concepis M1 and M2,
respectively. Concepts M1 and M2 can add Tayers of paterned 1O and metal o
the color filter gluss Tor touch sensing. While concepts M1 and M2 are simular.
one difterence relates 10 different uses of the ITOT and 1102 layers Concept M1

can use ITO1 3701 for touch sense and can use 1TO2 3702 for botir Vi (when
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sctting/holding LCD pixel voltages) and touch drive {when not wiiting pixel
voltages). Concept M2 can use JTO1 5801 for touch drive, and can use [T02
5802 for Veon and touch sense. For both Concepts M1 and M2, top glass 5703,

5803 nced not include any transistors or other aclive components.

10241} In cither concept M1 or M2, Veon can be segmented to allow one
region of the display to keep a constant Veom during display updating while
another region can be independently scanned for touches. This can reduce

imerference belween the touch-sensing and display functions.

10242} Figures 59,60, and 61 show an exemplary display (corresponding (o
Concept M2) that has been segmented into three regions (5901, 5902, 5903: Fig.
59), and wherein (wo regions can be simultaneously touch-scanned (e.g., regions
5901. 5902) while a third region’s display pixels can be updated (e.g.. region
5903). On the left side of Fig. 61, twenty seven vertical drive lines 6101 in the
ITO1 and M1 (metal 1) layers can provide three different regions with nine touch
columns each. Fach drive line (3 per touch column) can have a conductive dot

(not shown) down to the aray glass, and can be routed to a driver ASIC.

[0243] The right side of Fig. 61 shows the possible modes for the scgmented
horizontal rows of the 1TO2 layer, which include Veon and Violp for a first set of
alternating rows 6102 and Veom, Viorn, and Vsensi for a second sct of altermating
rows 6103. Lach ITO2 row can connect via a conductive dot (not shown) down 1o
the array plass, from which the mode of the row can be switched using .TPS TFT
swilches.  The right side of Fig. 61 shows twenly-one scnse rows. of which

fourteen can be sensed al any time (although other numbers of rows could also be

more).

[02:44] Figure 62 shows the circuit diagram for teuch sensing in the exemplary
display illustrated  Figs. 39, 60, and 61 Vg driver 6200 sends a signal
through metal drive column 6202, which can have a resistance of Ry and a
parasitic capacitince of Cygn. Touch capacitance Cg, can be measured across the

11O row. which can have a resistance of Ryzen and a parasitic capacitance ol
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Coonew. The touch-sensing charge can also be affected by two additional

resistances. Rewt and Rpguer, before reaching charge amphilicr 6204,

[0245] A display frame update ratc of G0tps can correspond to a touch scan
rate of 120fps. If desired (e g.. in small multi-touch displays) designers may
choose 10 reduce the touch scan rate (e g., 10 60fps). thereby saving power and
possibly reducing complexity. As a result, some regions of the display can be left
in a “hold state” when neither display updating nor touch scanning is occuning in

that region.

{0246} Figute 63 shows a display in which the display regions can be scanned
and updated horizontally instead ot vertically (as in Fig. 60). The touch drive and
touch sense regions can be interleaved so that a stimulus applied 10 touch drive
row 6301 can be simultaneously sensed from 1wa sense rows 6302 and 6303, as

indicated by sense field lines 6305.

[0247) The black mask laver can be used 10 hide mctal wires and/or gaps in
ITO layers. For example. the metal drive lines, etched gaps in ITO2, and ciched
gaps in 1101 can be (ully or partially hidden behind the black mask (as shown in
Fig. 64). This can reducc or climinate the visual impact thesc iterns may have on

the display’s user.

2.3.1.7. Concept M3

10248]) As shown in Fig 63, Concept M3 can be simifar 10 Concepts M1 and
M2, but with touch drive and touch sense megrated into a single. scgmented 1TO
Jayer 6501, While various embodiments described above included drive and sense
elecirodes on separate lavers, Concept M3 can include drive and sense clectrodes
i the same plane. A diclectric laver 6302 can be added 1o shield the touch-

sensing clements {rom other clectrical fields and/or efiects

[0249] Figures 66 and 67 llustrate a Concept M3 display sezmented into three
regions 6601, 6602. 6603, each of which can alternate through a touch stim/sense
phase, o LCD pixel wrinng phase. and a hold phase during every cyvele update of

the display trame.  Uigure 68 illusivaies a wiring detnl and lavout arrangement
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that enables partitioning the display. 1TO1 rows 6801 can connccl via conductive
dots 6802 1o LTPS switches on the TFT glass that switch the volage for the row
between Veon and Vo, Three sense lines 6805 can be used for each column
{anc sense line for cach region), with the lines multiplexed so that the signal for
the active region can be-measured in the corresponding timeframe. During touch
scanning for a region, the touch drive elements corresponding 10 a row in the
region can be activated. and zll of the columns for that row can be simultancously
sensed. During the time that one region of the display is scanned for touches,

another region can be modulating Veow and/or updating the display pixels.

10250] Metal segments (6805 in Fig. 68) can be added 10 regions of the 110 10
recduce the resistance of the JTO. For example, short metal segments can be added
to the ITOI drive electrodes 6804 to reduce phase delav of the touch signal.

These metal lines may be hidden behind a black mask layer

[0251] As illustrated in Fig. 69, guard waces 6903 can be used o black ficld
lines between the touch and sense elecirodes thai do not pass up through the glass
where they would be affected by a finger or other touch object. This can reduce
noise and wihance the measured eifect of touches 1o the display. Figure 70 shows
a top-view 7001 and a cross-section 7002 of a display without guard traces, in
which a narrow gap scparates the rows of touch-scnsing elements, e.¢. drive
clectrodes 7003 and sense electrodes 7004, Grounding the ITO2 layer 6905
(Veon) when touch sensing is active can shicld touch sensing and display
functions from one another. Figure 69 shows a top-view 11101 and a cross-
section 6902 ol a digplay that includes grounded guard traces 6903 between rows
of touch-sensing clements on 1TOL. e g, drive elecvodes 6904 and sense

electrodes 6903,

2.3.1.8. Concepts Pl and 1’2

10232} Concepts P1and P2, like Concept M3, can provide touch drve and
touch sense clectrodes in the same planc.  1owever, Concepts P1oand P2 can
provide an additional benefit of indixidually-addressable touch-pixels, as shown in

Fig. 71, Fach touch pixel can include a dnve electiode 7102, a scense electrode
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7103, and corresponding drive lines 7104 and sense lines 7105 that can be
individually routed and connccted to a bus on the border of the display. These
lines may be formed using conductive black mask, thereby allowing black mask
arcas already present in the display 1o provide addinonal service for touch sensing.
Aliernatively, the lines may be metal hnes disposed behind a black matrix, which

can be a polymer black matrix.

[0253) Figure 72 shows a stackup diagram for Concept P1. Concept P1 can
differ from a standard LCD process in various respects. For example, a portion off
the standard polymer black mask can be changed 1o black chrome with Jow-
resistance metal backing. These conductive lines can then be used to route signals
1o and from the touch pixels. A layer of patterned ITO 7202 can be added behind
the black mask w an additional mask step. STN-style conductive dots 7203 can
be added 1o voute the drive and sense signals for cach touch pixel to the LTPS
TIFT plate (e g, using 2 dots per touch pixel). The color Nilter layer and the
bordering  planarization laver 7204 can also be thickened to decrease the

capaciance between the touch drive and Vo,

10254] Figure 73 shows a stackup diagram for Concept P2. In addition to
incorporating the lour changes described above with respect to Concept Pl,
Concepl P2 can also include a patterned 1TO layer 7301 that can be used to create
a segmented Veon.  Seumenting Vegay can isolate touch drive and display
operation, thercby potentially improving the signal-to-noise rano.  Figure 74
shows a cireuit diagram highlighiing the Vi oy signal coupling for Concept P2,
Keeping independent buses (Vholdbus] and Vholdbus2) for return current can
reduce the coupling charge. Also. using complementary drive for half of the

touch pinels can reduce the return current in Vholdbus?.

10255 Figure 71 and 75 lustrate an exemplary routing of touch sense and
touch drive lines to and fiom the sense and drive pixels. A set of drive and sense
lines can be routed hanzontally from bus lines 7301, 7302 at the stdes of the
display 10 each individual touch pixel 7101 These hnes can be hidden behind a

black mask laver. or ¢an bz incorporated into a conductve black mask laver. Ting
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routing can also be on a single layer. Signals for individual touch pixels can be

addressed and multiplexed through the bus lines using LTPS 1HTs.

10256 The ability to drive individual pixels, rather than whole rows, can be
used to reduce parasitic capacitance.  Individuallv-addressable touch pixels can
also allow the touch array to be scanned in “random access™ mode, rather than just
row-by-row. This can increasc flexibility in interlacing touch sensing and display
updating.  For examplte Fig. 76 illustrates a possible scan pattern.  Because the
system can scan the touch pixels in any desired partern. a scan pattem can be
designed that ensurcs that adjacent rows and adjacent pixels are never driven at
the same time, thereby avoiding fringe field intcraction thal can result in signal
loss or u lower signal-to-noise vatio. In Fig. 76, the squares 7601 and 7602 each
comprise onc drive electrode and one sense clectrode.  Squares 7601 correspond
1o in phase drive while squares 7602 correspond 1o 180 degree out-of-phase drive
signal. In the figure, two rows (totaling twenty pixels) can be covered in live

scquences, with four pixels scanned at a time.

2.3.1.9. Concept D
10257] Another embodiment, Concept D, can support multi-touch sensing

using two segmented 110 layers and an additional transistor for exch touch pixel.
Figurc 77 shows a circuit dragram for Concept D, During display updates. the
circut can function as in a standard LCD display. Gate drive 7700 can drive two
transistors (Q1 7702 and Q2 7704), thereby allowing signals from Vegy bus 7706
and data lines 7708 to transfer charge o a set of capacitors controlling the 1.C
(Csy 7710, C¢ 7712 :»n'ul Cren 7714). When trunsistor Q2 7704 is turned of)
Veon 7706 s disconnected from Cor 7710, allowing Vegn line 7706 1o be used
for touch sensing.  Specifically, Veow line 7706 can ke used 10 send charge
through Ciny 7710 and Ceoip 7718, through the dae Ime 7708 (which acts as a
touch sense line) into charge amplifier 7720. A conductive object (such as a
user's finger, stylus, etc.) approaching the display can perturb the capacitances ol

the svstem in a manner that can be measuvred by the charge amplitier 7720,
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|0258] Figures 78 and 79 show stackup diagrams for a sub-pixel in a Concept
D-based display. In Fig. 78, the ITO1 layer can be segmented inte two plates, A
7722 and C 7726. The 1TO2 laver can be segmented into islands (e.g.. I3 7724)
that can be Jocated over sub-pixels and serve as the counter-clectrodes 1o the
plates in the ITO) layer. During display update, voltage differences between
island 7724 und the plates (A 7722, C 7726) can be used 10 control liquid crystal
7804, During touch sensing, perturbations 10 the capacitances throughout the
subpixel (e.g.. Cl, €2, Cin, Cout, und Cst in Fig. 129) can be mcasured lo

determine the proximity of a conductive object.

[0259] Figure 80 shows a combined wiring and stackup diagram Jor Concept

D. Fig. 8] shows a physical realization for enc embodiment of Concept D.

2.3.2. Fully-Integrated IPS-based LCDs
10260} In-plane swiching (IPS), as illustraied schematically in Fig. 82, can be

used to create LCD displays with wider viewing angles. While some 1.CDs (such
as twisted ncmatic LCDs) use vertically-amanged electrode pairs (e.g., as shown
in Fig. 20), in IPS LCDs both electrades 8201, 8202 vsed 10 cuntrol orientation of
lhe liquid crystals 8203 can be parallel 10 one another in the samc layer (¢ g, in a
single plane). Orienting the clectrodes in this way can generate a horizontal
clectric field 8200 through the liquid crystal. which can keep the hquid crystals
parallel to the front of the pancl, thercby increasing the viewing angle. Tiquid
crystal molecules in an [PS display arc not anchored 1o layers above or below (as
shown in Fig. 82, for example), but instead can rotate fieely to ahgn themsclves
with electric field 8200 while remaining parallel 10 one another and the planc of
the display clectrodes.  Figure 83 shows a more realistic arrangement of” an
interdigitated pair of cleciredes 8301, 8502 in a display thar can use m-planc

switching.

[02¢1) Because 1S displavs lack a Vo Javer that can also be used for touch
drive or touch sense. some embodiments of the present invention can provide
touch-sensing capabilities by allowing the same clectrodes used for Jisplay

updating 10 also be used for touch sensing. These electiodes can be complimenied
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by additional circuitry. In some embodiments discussed above, touch pixels can
overlap a large number of display pixels.  In contrast, because the IPS
embodiments discussed below can use the same electrodes used for display
control and touch sensing, higher touch resolution can be obtained with Iitle 1o
no additional cost. Alternatively, a number of touch pixels can be grouped to

produce a combined wuch signal with a lower resolution.

2.3.2.1. ConceptE
[0262] One IPS embodiment, Concept E, 1s illustrated in Frig. 4. As

mentioned above, the electrodes in IPS-based touch sensing displays can be in the
same plane and can have an interdigitated structure (as shown in Fig. §4). While
clectrode A 8400 and clectrode B 8402 can be used to orient the liquid crystal
layer during display updating, these same clectrodes can also be used (in
combination with additional elements) to achieve touch sensing. For cxample,
Concept E can use additional switches 8404 10 change the drives loi a sct of signal
lines based on whether the pixel is undergoing display updating or touch-sensing.
Concept F can also include capacitances (CIN_A 8406, COUT_A 8408, CIN_B
8410, and COUT_B 8412) and two transistors (transistor Q1 8414 and transistor

(02 84106) to control when the electrodes will be used for display updating or touch

sensing.

[0263] During touch sensing. transistors Q1 8414 and Q2 8418 are wirned oft,
disconnecting the electrodes from display signals and allowing the clecirodes 10
be used to measwie capacitance. The Vion metal line 8416 can then be connected
10 touch stimulation signal 8418 This sumulation signal can be sent through
CIN_A 8406 and CIN_B 8410 to COUT_A 8408 and COLT 1B 8412, which can
connect to charge amplifier 8422, A capacitance Cog (not shown) between CIN
and COUT can be used to defect touch.  When the sense pixel is not being
touched, charge deliverad to the charge amplifier 8422 can depend mainly on the
capacitance between the two pairs of CIN and COUT capacitors When an object
(such as a linger) approaches the electrodes, the Csig capacitance can be perturbed
(c.g. lowered) and cen be measured by charge amplitier 8422 as a change in the

amount of charge transferred  The values for CIN and COUT can be seiccied 10
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fit a desired fnput range for charge amplifier 8422 10 optimize touch signal

strength,

[0264] The clectrodes can be uscd to perforn touch sensing without
nceatively aftecting the display state by using a high-frequency signal during
touch sensing. Because 1.C molecules are large and non-polar. touches can be
detected without changing the display state by using a high-frequency field that

does not change or impuse a DC component on the RMS voltage across the 1.C

[0265] Figure 85 shows a stackup diagram for Concept E. As described, all

touch elements can be formed en TI'T plate §501.

2.3.2.2. Concept Q

10266) Another embodiment of an [PS-based touch-sensing display. Concept
Q, also permits the TF1 glass elements of an LCD (such as metal routing lines.
clectrodes, etc) to be used for both dispiay and touch sensing functions. A
poiential udvantage of such an embodiment is that no changes to display factory
equipment arc required.  The only addition to conventional 1L.CD fabiication

includes adding the touch-sensing electronics.

10267} Concept Q includes two types ol pixels, illusirated in Figs. 105 and
106. Pixel type A is illustrated in Fig. 105 Each pixel 10501 includes three
terminals. a select terminal 10502, a data terminal 10503, and a common terminal
10504, Gach of the A type pixels have their common terminal connected along
colummns 10505 to form touch-sensing columns. Pixel type B s iHustrated in Fig.
106. Each pixel 10601 aiso includes three terminals, select 10602, data 10603,
and common 10604, Fach of the B type pixels have their common terminal
connccted along rows 10605 to form touch sensing rows.  The pixels can be
arranged as shown in Fig. 107 with a pluality of touch sense rows 10702 and a
plurality of touch sense columns 10703, A touch scnsing chip 10701, which can
include the diive stimulation and sensing circuitry can be connected 10 1he rows

and columns

d
N
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{0268] The 1ouch sensing chip can operate as follows. During a first ume
period, all of the rows and columns can be held at ground while the 1.CD is
updated. In some cmbodiments, this may be a period of about 12ms. During a
next time period the A type pixels, e, touch columns, can be driven with a
stimulus waveform while the capacitance at cach ol the B type pixels, ie.. touch
rows, can be sensed.  During a2 next time period, the B type pixels. ie, touch
rows, can be diiven with a stimulus waveform while the capacitance at each of the
A type pixels. i e, touch columns. can be sensed. This process can then repeat.
The two touch-scnse periods can be about 2ms. The stimulus wavetorm can take
a varicty of forms. In some einbodiments it may be a sinc wave of about SV peak-
to-peak with zero DC offset. Other time perieds and waveforms may also be

used.

2.3.2.3. Concept G

10269] One issue that can arise in an JPS-based touch-sensing display is that a
lack of shielding between the touch and the LC means a finger (or other touch
object) can affect the display output. For instance, a finger touching the screen
can allect the fields used 1o control the LC. causing the display to distoit. One
solution 1o this issue can be to put a shicld {e.g., a ransparent 1TO layer) between
the user and (he display sub-pixcls. Tlowever, such a shicld can also hlock the

electric fields used for touch sensing. thereby hindering touch sensing.

[0270] One embodiment, Concept G, overcomes this issue by tlipping the
lavers of the display as shown in the stackup diagram in Fig. 86. This can place
1.C $600 on the apposite side of the TFT plate §602 from the user. Asa result, the
field lines used 1o control the LC 8600 can be generally oriented away from the
ouch side of the LCD. This can allow metal arcas. such as the data fines. gate
lincs. and electrodes. that are now between the touching object and the LC 8600 to

provide partial or full shielding for the LC.

2.3.2.4. Concept F

[0271] Another embodiment. Concept T (illustrated in Fig. 87). can reduce

display perturhation while leaving the LCD data bus unchanged in relation to
play 5 &
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non-touch IPS displays) and without requiring additional iTO layvers or making
the alignment of lavers more difficult. Instead of using a shared data linc (as in
Concepts E and (), Concept T can reduce patential display perturbation by adding
a set of routed metal lines in a mctal Javer (M1) that can serve as oulput sense
lines 8700. These outpul sersc lines 8700 can run vertically underneath the
display circuitry across the full area ol the display, as shown in Fig. 87 and in the
stackup diagram for a Concept F sub-pixel shown in Fig. 134. By using a scparate
metal layer for output sense, Concept ¥ can allow one 88 the transistors shown for
Concept E (Fig. 84) to be removed. Note also that Concept F Nips the layers of
the display 1o further reduce potential display perturbation, as described above

with respect to Concept G.

3. Enabling Technologies

{0272) A variely of aspects can apply to many of the embodiments described

above. Examples of these are described below.

3.1.DITO
[11273] In many cmbodiments, 17O may be deposited and patterned on two
sides of a substrate. Various techniques and processes for doing so are described
in U.S. Patent Application No. 11/650.049, titled “Double-Sided Touch Sensitive
Panel With ITO Metal Electrodes.” filed Januvary 3. 2007, wlich s hercby

incorporated by refercnce in its entirely.

3.2.Replacing Patterned I'TO with Metal
[0274) Various embodiments can eliminate the patterned ITO Taver that forms
touch sense electrodes and replace this layer with very then metal hines depasited
on one of the lavers. for example, on the op glass. This can have a number of
advantages, inchuding climinating an ITO processing step. Addinonally. the sense
linc clectrodes may be made quite thin (e g., on the order of 10 microns), so that
they do not interfere with visual pereeption of the display  This reduction in line
thickness can also reduce the parasitic capacitance which  can enhance various

aspects of touch screen uperation. as deseribed above. Finally. hecause the dight
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lrom the display docs not pass (hrough a layer substantially covered with TTO.

color and transmissivity can be improved.

3.3.Use of Plastic for Touch Scnse Substrate
[0275] Various embodiments described above have been described in the
context of glass substrates.  However, in some embodiments, cost savings and
reduced thickness can be achieved by replacing one or morc of these substrates
with plastic. Figures 89 and 90 illustrate some differences between alass-based
systems, illustrated in Fig. 89, and plastic-based systems, illustrated in lig. 90.
Although illustrated in the context of onc particular cmbodiment, the principle of

substituting a plastic substrate may be applied to any of the conceps.

[02706] Figure 89 illustraics a stack up of a glass based system. Dimensions
illustrated are exemplary using cument technology, but those skilled in the art will
understand that other thickness may be used, particularly as the various fabricalion
tcchnologies advance. Starting from the top, a cover 8907, having an exemplary
thickness of about 0.8mm, can be above an index matching layer 8902 (e.g..
approximately 0.18mm thick). Below the index matching layer can be top
polarizer 8903. The top polarizer 8903 can have a thickness of approximately
0.2mm. The next laver can be glass laver 904 (e g, about 0.3mm thick) having
ITO patterned on each side. Sense clectrodes can be patierned on the top side, for
cxample. which can also be bonded 1o FPC 8903, The drive clectrodes and Veons
layer for the LCD can be patterned on the bottom of glass Luyer 8905, Below this
can be ancther glass laver 8906, having an exemplary thickness of about 0.3mnm.
on which the TFT layers for the display can be formed. The top of tus glass laver
can also be boaded 1o FPC $207 connecting to hoth the display and touch sensing
cireuitry $908. Below this can be the botiom polanzer. below which can be the

displuy bacldight §910.

[0277] The overall thickness from top te bottom can be approximately 2.0mn.
Various ASICs and discrete circuit components may be located on the glass or
comnected via the TPCs. Patierned 1TO can be placed on another plastic Javer. for

example, the bottom side of the top cover. cie.

N
n
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10278] Figure 90 illustrates a similar arvangement in which middle glass laver
9001 can be reduced in thickness by moving touch sense layer 9002 to plastic
polarizer 9003, Patterning touch sense layer 9002 on plastic polarizer 9003 can be
accomplished by various known methods.  Reduction in thickness can be
accomplished because the glass need not be pattemed on both sides. Because of
handling isstes, glass used in LCD processes may be processed at a thickness of
about 0.5mm. for example, and then ground down to about, 0.3mm, for example,
afier processing. Tuving circuit elements on both sides precludes grinding down
the glass. However, becausc in the embodiment of Fig. 90 middle glass 9001 has
electrodes patterned on only one side. it may be ground down, giving an overall
thickness reduction of about 0.2mm. This wrangement may include additonal
FPC connection 9004 o the polarizer, which can be bonded using a low
temperature bonding process. An additional advantage of using a plastic substrate
can arise in that materials with difTerent dielectric constants can be uscd, which

can provide flexibility and enhance operation ol capacitive sensing circults.

(0279 A variation on the plastic substrate embodiment s illustrated in
Fig. 91. Elcctrodes 9101 (e g.. drive or sense lines) can be patiermned on mujtiple
plastic substrates 9102, 9103 that can then be adhered together. Because the
plastic substrates can be thinner (e g approximately hall the thickness ol a glass

substrate) such techniques can allow even thinner touch screens.

[0280] In another varigtion, illustrated in Fig. 92, polyester substrate 9201 can
have elecirodes 9202 patierned on either side. This embodiment can include an
access hole 9203 through substrate 9201 for connection between the 1wo sides.
Polvester substrate 9201 can be disposed in cover 9204 of u device, such as a
handheld compuier. Sull another variation s itustrated i Fig. 93, which
iHustrates a polvester laver 9301 having 1TQ elecirodes 9302 patterned on a 10p
surface. with access hole 9303 through substrate 9301 to a sccond glass substrate

9304, also with 1TO clectrode $303 patterned on the top surtace.

[0281] Figure 94 illustraies an upside down view ol a device, for exumple a

handheld computer 9401, By upside down, it 1s meant thal the user surlace of the
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device is the bottam surface (not shown). 1TO touch sensing electrodes 9402 can
be patierned on the back of the user surface, with a stack up 9403 having ITO
disposed on the facing surface being disposed therein during device assembly. A
further variation of this concept is illustrated in Fig. 95, which shows ITO
electrodes 8501 pattemed on the inside of molded plastic cover 6702 and on the
top of a stack up of layers 9303 according to one of the various embodiments
discussed herein. In the diagram of I'ig. 95. the uscr face of the device can be top

surface 9504.

10282] Figures 96, 97, and 98 illustrate a sequence of steps in manufacturing a
polyester substrate having a patem of ITO electrodes disposed thereon that may
he suitable for touch sensing as described herein. FFigure 96 iflnstrates a patterned
polvester sheet 9601 paiterned into a grid of isolated squarcs of 1TO 9602. The
ITO resistivity can be about 200 ohms or less. The individual electrodes can be
approximately Imm by Imm, with 30 micron gaps between. In the illustrated
embodiment, sheet 9601 can be approximately S0mm by 80mm. which can be a
suitable size for a handheld compuler. mualimedia player, mobile telephonz, or
similar device, although a varicty of other sizes and/or applications will occur 10
those skilled in the art. As illustrated in the sectional view, the sheet may be as
Tile as 25 microns thick. although dimensions of 25 to 200 microns may also he
used.  Obviously, this can provide significant advantages in terms ol device
thickness.

[0283] In Fig. V7. I['PCs 9701 can be bonded 1o the patterned subsurate 9702

In Fig. 98 cover 9801, which can be, for example, an approximately 0.§mm thick

Javer of PMMA, can be adhered to the PET substrate 9802 using an optically clear

adhesive.

3.4.Level Shifter/Decoder Integration with LCD Controller

10284 In some cmbodiments, additional cireuitry (active, passive. or both)

can be placed in the peripheral area of the LCD (sce Fig. 6) 10 support delivery off

Vgrn signals to the touch drive segments. Details of the penpheral arca civeuiiry

and its design rules can depend on the particular manufactoring process details
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and on which TFT technology (re, PMOS, NMOS or CMOS) is used.  The
following four sub-sections discuss approaches for realizing peripheral touch

drive circuits in view of different drive circuit integration arrangements.

3.4.1. Discrete Level Shifter/Decoder Chip
10285] In one approach, a discrete level shifter/decoder COG can be-attached

{0 the bottom glass (see Fig. 22). In this arrangement metal traces may be nceded
in the peripheral area. The number of traces can depend on the number of touch
drive scgments, which may be less than twenty for small displays. Design
objectives of this approach can include reducing capacitive coupling, which can
be affected by the spacing between touch diive traces, and the space between the
touch drive traces and other L.CD circuits in the peripheral area. low trace
impedance can also help reduce capacitive coupling between adjacent touch drive

traces.

[02806] For cxample. the combined resistance of the longest trace. the level
shifter/decoder output resistance, the conductive dot. and the 1TO drive scgment
may be limited to about 450 oluns. The resistance of the touch drive [TO may be
around 330 vhms (assuming 1TO sheet resistance of 30 ohms/sq and 11 squares),
which can leave 120 ohms for other components. The following table shows one

allocation of this resistance for cach compuonent in the touch drive circuit.

[ levej shifieridecoder Output | Metal Trace | Conductive Dot [ 1T0 Segmeml

’ 10 oluns 100 ohims 10 ohms 530 ohins |

10287] Wider traces and/or fower sheet resistances may be usced to abtain the
desired trace resistance. For example. for a trace resistance of 100 ohms, a trace
width of 0,18 mm or more may be desiable i the sheet resistance is 200
mohms/sq.

[0288) OF course. only the longest touch diive traces nced the greatest wadih,
Other touch drive traces. being  corespondingly  shorter.  may  have
corrzspondingly smalicr widths. For example, if the shortest trace 1s 5 mm, then

its width could be around 0.01 mm.
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[0289] Figure 99 shows a simplified diamam of the level shifter/decoder COG
9901 for Concept A, (Fer Concept B, transistor Q1 and ENB_LCD(x] decoder
can be climinated.) Registered decoder block 9902 can be compriscd of three
separate registered decoders. which can be loaded one ata tme. One of the three
decoders can be selected by two signais from the Touch/LCD Driver and can be
programmed using 3-bit data.  The decoder outputs can control the three
transistors Q1, Q2, Q3 associated with each output scetion of the level
shifier/decoder. Each output section can be in one of threc states: 1) LLCD (Qt on,
Q2 and 03 off), 2) touch (Q2 on, Q1 and Q3 off). or 3) GND (Q3 on. QI and Q2
off). As mentioned above, Q2s output resistance can be approximaicly 10 ohms
or less to reduce Vg phase delay. For Concept B, the LCD decoder and Q1 can

be climinated.

3.4.2. Level Shifter/Decoder Fully-Integrated in Peripheral Area
10290] The level shifter/decoder function (Fig. 99) can also be fully integrated

in the peripheral arca of the bottom glass. With this approach, the type of TFT
technology becomes relevant 1o power consumplion. While CMOS TFT
technology may give lower power consumption. it may he more expensive than
NMOS or PMOS. However, any technology may be nsed depending on particular

design constants.

[0291] To further reduce touch drive resistance. the transistor width may be
enlarged 1o compensate for rcluvely low LTPS ITT mobility (eg, ~50

em¥/VEsee).

1.4.3. Level Shifter/Decoder Partially Integrated in Touch/LCD
Driver
0292} In some embodiments. the level shifter/decoder function can be

partially integrated in the Touch/LCD Thiver and partially integrated in the
peripheral arca. This approach can have several benelits including, for example,
eliminating CMOS in the peripheral area. which can reduce cost, and elimmatng
logic in the peripheral area, which can reduce power consumpiion. Figure 100
chows a medificd Touch/LLCD Driver 10001 and peripheral transistor cireuit

10007 that can be used in this approach. The level slufler and boos! circuit 10003
Pl
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can be integrated on the bottom glass and positioned between the segment drivers
and the Touch/LCD chip. There can be one segment driver for each touch drive
sepmenl. Each touch drive seement can be in one of thice states: GND, modulated
by Verm, or tnadulated by Veon. In this arangement level shificr circuits may be
needed on the hortom glass 1o enable the low voltage Touch/LCD chip to contral

the transistor switches.

3.4.4. Level Shifter/Decoder Fully Integrated in Touch/LCD
Driver
[0293] In some embodiments, the level shifier/decoder function can be

completely integrated in the Toucl/.CD Driver. By moving the Level
shifier/decoder  function to  the Touch/LCD Driver. the separate  level
shifter/decoder COG can be climinated.  Furthermore, eliminating CMOS and

logic trom the peripheral area can be achieved.

j0294] Figure 101 shows a simplified block diagram of the fully integrated
Touch/1.CD driver 10101, which can include the boost circuitry 10102 10 generate
Vg, Passive components (such as capacitors, diodes, and inductors) may also

needed, but, as with all the other approaches, have not been shown for simplicity.

4. Uses, Form Factors, etc.

10295) Exemplary applications ol the iniegral 1ouch screen LCD described
hercin will now be described.  Handheld computers can be onc advaniageous
application, including devices such as PDAs. multimedia players, nobile
ielephones, GPS devices, ete. Additionally, the touch screen may find application
in tablet computers, notchook computers. desktop computers. information Kioskes.

and the like.

10296 Freure 102 is a porspective view of an application of a 1ouch screen
10201, in accordance with one embodiment of the present invention. Touch sereen
10201 can be confgured to display a graphical user mterface (GUI) including
perhaps a pointer or cursor as well as other information to the user. By way of

example, the touch screen may allow & user 10 move an jnput pointer or make
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selections on the graphical user interface by simply pointing at the GUI on the

display 10202,

|0297] In general, touch screens can recognize a touch event on the surface
10204 of the touch screen and thercafter ouiput this information 10 a host device.
The host device may, for example. correspond to a computer such as a desktop,
laptop, handheld or tablet computer. The host device can interpret the touch event
and can perform an action based on the touch event. The touch screen shown in
Fig. 102 can be configured to recognize multiple touch events that occur at
different locations on the touch sensitive surfice 10204 of the touch screen at the
same time.  As shown. the ‘ouch screen can, for example, generate scparale
tracking signals S1-84 for each touch point T1-T4 that occurs on the surface of the

louch screen at a given time,

[0298) The multiple touch events can he used separately or logether to
perform singular or multiple actions in the host device. When used scparately, a
first touch event may be used 1o perlorm a first action while a second touch event
may be used 10 perform a second action that can be difterent than the (irst action.
The actions may, for example, include moving an object such as a cursor or
pointer, scrolling or panning. adjusting control seftings, opemng a file ar
document, viewing a menu, making a selcction, executing instructions, operating a
peripheral device connected to the host device ete. When used together, first and
second touch events may be wsed for performing one particular action. The
particular action may for example include loaging onto a computer or a computer
network, permitting authorized individuals access 1o restricted arcas of the
compuler or computer network, loading a user profile associated with a uscr’s
preferred arrangement of the cumputer desklop. pernitlting access 10 web content.

launching a particular program, encrypling or decoding a message. and/or the ke

[0299] Refeming back to Fig. 102, 1ouch scrcen 10201 may be a stand alone
unil or may integrate with other devices  When stand alone, touch screen 10201
can act like  peripheral deviee (e g a monitor) that can include 1ts own housing,

A stand alone display arranzement van be coupled to @ host deviee through wired
M) 2 B
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or wireless connections.  When integrated, touch screen 10201 can share a
housing and can be hard wired into the host device, thereby forming a single unit.
By way of example. the touch screen 10201 may be disposed inside a varicty of
host devices including but not limited to general purpose compulers such as a
desktop. laptop or tablet computers, handhelds such as PDAs and media players
such as music players, or peripheral devices such as cameras, printers, mobile

telephones, andfor the like.

10300] Figure 103 is a block diagram of a computer system 10301, in
accordance with one embodiment of the present invention. Computer sysiem
10301 mav correspond to personal computer systems such as desktops, luptops.
1ablets or handhelds. By way ol example, the computer system may correspond to
any Apple or PC-based computer system. The computer system may also
correspond to public computer systems such as information kiosks, automated
teller machines (ATM), point of sale machines (POS), industrial machines,
gaming machines, arcade machines, vending machines, airline e-ticket terminals,
restaurant reservation lerminals, customer service stations, library terminals,

jearning devices, and the like.

{0301] As shown, computer system 10301 can include processor 56
configured to cxecute instructions and to carry out operations associated 10302
computer system 10301, For example, using instrucuions retrieved for example
from memory, processor 10302 may control the reception and manipulation ol
input and output data between components of computing system 10301
Processor 10302 can be a single-chip processor or can he implemented with

multiple components.

[0302] In mosl cases, processor 10302 together with an operating sysiem
operales o exceute computer code and produce and use data. The computer code
and data may reside within program storage block 10303 that can be operatively
coupled 1o processor 10302, Program storage block 10303 can provide a place 1o
hold data being used by computer system 10301, By way of example. the

program storage block may inciude read-only memory (ROM) 10304, random-
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access memory (RAM) 10305, hard disk drive 10306, and/or the like. The
compuier code and duta could also reside on a removable storage medium and
loaded or installed onto the computer system when needed. Removable storage
media can include, for example, CD-ROM, PC-CARD, tloppy disk, magnctic

tape, and a network component.

10303] Computer system 10301 can also include an input/output (1/0)
controller 10307 that can be operatively coupled to processor 10302, 110
controller 10307 may be integrated with processor 56 or it may be a separate
component as shown. /O controller 10307 can be configured to control
interactions with one or more /0 devices. /O controller 66 can operate by
exchanging dala between the processor and the I/Q devices that desire to
communicate with the processor.  The 1/O devives and the /0 conuoller can
communicate through data link 10312, Data link 10312 may he a one way link or
two way link. In some cases, VO devices may be connected to /O controller
10307 through wired connections. In other cascs, /0 devices may be connected
15 /O controller 10307 through wireless connections. By way of example, data

link 10312 may correspond 1o PS/2, USB. Firewire, IR, RI%, Bluetooth, or the like.

|0304] " Computer system 10301 can also include display device 10308, ¢.2.. an
integral touch screen .CD as described herein, that can be operatively coupled 10
processor 10302, Display device 10308 may be a scparate compenent (peripheral
device) or may be integrated with the processor and pragram storage o form a
desktop compuier (all in one machine). a laptop, handheld or tablet or the like.
Display device 10308 can be configured to display a graphical user interface
(GUI) including, for example, a pointer or tursor as well as other information

displayed to the user

[0305] Dispiay device 10508 can aiso include an integral touch screen 10309
(shown separately for clarity, but actually integral with the display) that can be
operatively coupled to the processor 10302, Touch sercen 10309 can be
configured 10 receive mput from a user’s touch and 1o scnd this information 1o

processor 10302, Touch screen 10309 can recognize touches and the pusition,
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chape. size, cte. ol touches on its surface. Touch screen 10309 can report the
touches to processor 10302, and processor 10302 can miterpret the touches in
accordance with its prosramming. For example. processor 10302 may initiate a

task in accordance with a particular touch.

103006] The touch screen LCDs deseribed herein may find  particularly
advantageous application in multi-functional handheld devices such as those
disclosed in U.S. Patent Application 11/367,749. entitled *Multi-functional Hand-

held Device™, filed March 3, 2006. which is hercby incorporated by reference.

10307] For example, principles described herein may be uscd to devise input
devices for a variety of electronic devices and computer systems.  These
electronic devices and computer system may be any of a variety of types
ilustrated in Fig. 104, including desktop computers 10401, notebook compulers
10402, wblet computers 10403, handhcld computers 10404, personal digital
assistants 10405, media players 10406, mobile tclephones 10407, and the like.
Additionally. the elcetronic devices and computer systems may be combinations
of these types, for example, a device that is a combination of personal digial
assistant, media plaver and mobile telephone. Other aliemations, permultations,

and combinations of the aforementioned embodiments are also possible.

(0308} Morcover, the principles herein, though described with reference 1o
capacitive multi-touch systems, may also apply (o systems in which touch or
proaimity sensing depends on other teehnologies. 1tis therefore intended that the
fullowing claims be interpreted as including all alieratons, permutations,

combinations and cquivalents of the furegoing.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1 An integrated liquid crystal display touch screen comprising:

a first polarizer;

a second polarizer;

a first substrate having display control circuitry formed thereon, the first substrate
being disposed betwecn the first polarizer and the second polarizer;

a second substrate disposed between the first polarizer and the sccond

polarizer and adjacent the first substrate; and
at least one touch sensing element disposed between the first polarizer and the

second polarizer and not between the first and second substrates.

2. The touch screen of claim 1 wherein the second substrate has a color filter

disposed thereon.

3. The touch screen of claim 1 wherein the at least one touch sensing element |

comprises one or more touch sensors formed on the second substrate. ‘

4, The touch screen of claim 3 wherein the one or more touch sensors formed on the

second substrate further comprise:

a first plurality of touch clectrodes formed on the second substrate;
a dielectric deposited over the first plurality of electrodes; and

a second plurality of touch electrodes formed on top of the dielectric.

5. The touch screen of claim 4 wherein the dielectric has a thickness of about

5 to 12 microns.

6. The touch screen of claim 4 wherein the first plurality of touch electrodes formed

on the second substrate comprises ITO patterned to form a plurality of drive electrodcs.

7. The touch screen of claim 4 wherein the first plurality of touch clectrodes formed
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on the second substrate comprises ITO patterned to form a plurality of sense clectrodes.

8. The touch screen of claim 4 wherein the touch electrodes are patterned to reduce

visual artifacts.

9. The touch screen of claim 3 wherein the one or more touch sensors formed on the

second substrate comprise active circuitry,

10.  The touch screen of claim 9 wherein the active circuitry comprises one or more thin

film transistors.

11. The touch screen of claim 1 wherein the second substrate is glass.

12, The touch screen of claim 1 wherein the second substrate is plastic.

13. The touch screen of claim 1 wherein the at least one touch sensing element

comprises a mutual capacitance touch-sensing arrangement.

14.  The touch screen of claim 1 wherein the at least one touch sensing element

comprises a self capacitance touch-sensing arrangement.

15. An electronic device incorporating an integrated liquid crystal display touch
screen, wherein the liquid crystal display touch screen compriscs:

a first polarizer;

a second polarizer;

a first substrate having display control circuitry formed thereon, the first substrate
being disposed between the first polarizer and the second polarizer;

a second substrate disposed between the first polarizer and the second polarizer

and adjacent the first substrate; and
at least one touch sensing clement disposed between the first polarizer and the

second polarizer and not between the first and second substrates.
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16.  The electronic device of claim 15 wherein the electronic device is selected
from the group consisting of a desktop computer, a tablet computer, and a notebook

computer.

17. The electronic device of claim 15 wherein the electronic device comprises at least
onc of a handheld computer, a personal digital assistant, a media player, and a mobile

telephone.

18, The electronic device of claim 15 wherein the at least one touch sensing

element comprises one or more touch sensors formed on the second substrate.

19. The electronic device of claim 18 wherein the electronic device is selected
from the group consisting of a desktop computer, a tablet computer, and a notebook

computer.

20.  The electronic device of claim 18 wherein the electronic device comprises at least
onc of a handheld computer, a personal digital assistant, a media player, and a mobile

telephone.

21.  The electronic device of claim 18 wherein the one or more touch sensors formed
on the second substrate further comprise:

a first plurality of touch electrodes formed on the second substrate;

a dielectric deposited over the first plurality of electrodes; and

a second plurality of touch electrodes formed on top of the dielectric.

22. The electronic device of claim 21 wherein the electronic device is selected from the

group consisting of a desktop computer, a tablet computer, and a notebook computer.

23.  The electronic device of claim 21 wherein the clectronic device comprises at lcast

onc of a handheld computer, a personal digital assistant, a media player, and a mobile
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telephone.

24.  The electronic device of claim 21 wherein the first plurality of touch electrodes
formed on the second substrate comprises ITO patterned to form a plurality of drive

electrodes.

25. The electronic device of claim 24 wherein the electronic device is selected
from the group consisting of a desktop computer, a tablet computer, and a notebook

computer.

26.  The electronic device of claim 24 wherein the electronic device comprises at least
one of a handheld computer, a personal digital assistant, a media player, and a mobile

telephone.

27.  The electronic device of claim 21 wherein the first plurality of touch electrodes
formed on the second substrate comprises ITO patterned to form a plurality of sense

electrodes.

28.  The electronic device of claim 27 wherein the electronic device is selected
from the group consisting of a desktop computer, a tablet computer, and a notebook

compuler.

29.  The electronic device of claim 27 wherein the clectronic device comprises at least
onc of a handheld computer, a personal digital assistant, a media player, and a mobile

telephone.

30. The electronic device of claim 18 wherein the one or more touch sensors formed

on the sccond substrate comprise active circuitry.

31.  The electronic device of claim 30 wherein the electronic device is selected

from the group consisting of a desktop computer, a tablet computer, and a notebook
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computer.

32, The clectronic device of claim 30 wherein the electronic device comprises at least

one of a handheld computer, a personal digital assistant, a media player, and a mobile

telephone.
33. A mobile telephone incorporating an integrated liquid crystal display touch
screen, wherein the liquid crystal display touch screen comprises:
a first polarizer,
a second polarizer;
a first substrate having display control circuitry formed thereon, the first substrate
being disposed between the first polarizer and the second polarizer;
a second substrate disposed between the first polarizer and the second polarizer
and adjacent the first substrate; and
at least one touch sensing element disposed between the first polarizer and the
second polarizer and not between the first and second substrates.
34, The mobile telephone of claim 33 wherein the at least one touch sensing element

comprises one or more touch sensors formed on the second substrate.

35.  The mobile telephone of claim 34 wherein the one or more touch sensors formed
on the second substrate further comprise:

a first plurality of touch electrodes formed on the second substrate;

a dielectric deposited over the first plurality of electrodes; and

a second plurality of touch clectrodes formed on top of the dielectric.

36. The mobile telephone of claim 35 wherein the first plurality of touch electrodes
formed on the second substrate comprises ITO patterned to form a plurality of drive

clectrodes.

37. The mobile telephone of claim 35 wherein the first plurality of touch electrodes

- 69 -

-73-




02 Dec 2008

2008101178

P OPERDBRANOEDS 344 Clamis 00¢-1/12:2008

formed on the second substrate comprises ITQ patterned to form a plurality of sense

electrodes.

38. The mobile telephone of claim 34 wherein the one or more touch sensors formed

on the second substrate comprise active circuitry.

39. A method of fabricating an integrated liquid crystal display touch screen
comprising:

patterning a first ITO layer on a top glass of a liquid crystal display;

placing a dielectric layer on the first ITO layer; and

patterning a second ITO layer on the dielectric layer.
40, The method of claim 39 wherein the diclectric layer comprises a glass substrate.

41 The method of claim 39 wherein the dielectric layer comprises silicon dioxide

deposited on the first ITO layer.

42. The method of claim 39 wherein the first and second ITO layers are patterned to

reduce visual artifacts.

43. The method of claim 39 further comprising attaching one or more flexible printed

circuits to the top glass.

44. A mcthod of fabricating an integrated liquid crystal display touch screen
comprising:

patterming a plurality of touch sensing electrodes on a top glass of a hquid crystal
display; and

patterning a plurality of thin film transistors on the top glass, wherein the thin film

transistors are configured as input and output transistors for the touch sensing electrodes.
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