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the lines from the spaces therébetween, i.e., the patterned [TO
ean beceme quile visible thereby producing a fouch sereen
with undesirable optical properties. To further exacerbate this
problem, the TTO material s typically applied in a manner
that produces a relatively low resistance, and unfortunately
low resistance 1TO tends fo be less tansparent than high
resistance ITO.

In order to prevent the aforementioned problem, the dead
areas hetween the 1TO may be filled with indexing matching
materials. In another embodiment, rather than simply etching
away all of the 1TO, the dead areas (the uncovered spaces)
may be subdivided into uncommected electrically floating 1TO
pads, L.e., the dead areas may be patterned with spatiaily
separated pads. The pads ate typically separated with a mini-
mum trace width. Purthermore, the pads are typically made
small to reduce their impact on the capacitive measurements.
This technigue atiempts 1o minimize the appearance of the
ITO by creating a uniform optical retarder. That is, by seeking
to create a unifonm sheet of ITO, it is believed that the panel
will function closer to a uniform optical retarder and therefore
non-uniformities in the visual appearance will be minimized.
Inyetanother embodiment, a combination of index matching
materials and wnconnected foating pads may be used.

FIG. 10 is a partial front elevation view, in cross section of
a display arrangement 170, in accordance with one embodi-
ment of the present invention. The display arrangement 170
includes an LCD display 172 and a touch screen 174 posi-
tioned over the LCD display 170. The touch screen may for
example correspond to the touch screen shown in FIG. 9, The
LCD display 172 may correspond to any conventional LCD
display koown in the art. Although not shown, the LCD dis-
play 172 typically includes various layers including a fluo-
rescent panel, polarizing filters, a layer of Hquid crystalcells,
a color filter and the like.

The touch screen 174 includes a transparent sensing layer

176 that is positioned over a first glass member 178. The
sensing layer 176 includes a plurality of sensor lines 177
positioned in columns {extend in and out of the page). The
first glass member 178 may be & portion of the LCD display
172 or it may be a portion of the touch screen 174, For
example, it may be the front glass of the LCD display 172 or
it may be the bottom glass of the touch screen 174, The sgasor
laver 176 is typically disposed on the glass member 178 using
suitable transparent conductive materials and patterning fech-
niques. In some cases, it may he necessary to coat the sensor
layer 176 with material of similar refractive index to improve
the visual appearance, L.e., male more uniform.

The touch screen 174 also includes a transparent driving
laver 180 that is positioned over a second glass member 182.

Thesecond glass member 182 is positioned overthe first glass 3

member 178. The sensing layer 176 is therefore sandwiched
between the first and second glass members 178 and 182, The
second glass member 182 provides an insulating layer
between the driving and sensing layers 176 and 180. The

driving layer 186 includes a plurality of driving lines 181 s

positioned in rows (extend 1o the right and lefi of the page).
The driving lines 181 are configured to intersect or cross the
sensing Hnes 177 positioned in columns in order o form a
plurality of capacitive coupling nodes 182, Like the sensing
layer 176, the driving layer 180 is disposed on the glass
member using suitable materials and patterning techniques,
Furthermore, in some cases, it may be necessary to coat the
driving layer 180 with material of similar refractive index 1o
improve the visual appearance. Although the sensing layer is
typically patterned on the first glass member, it should be
noted that in some cases it may be allernatively or addition-
ally patterned on the second glass member.
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The touch screen 174 also includes a profective cover sheet
180 disposed overthedriving layer 184, The driving layer 186
is therefore sandwiched between the second glass member
182 and the protective cover sheet 194, The profective cover
sheet 190 serves to protect the under layers and provide a
surface for allowing an object to slide thereon. The protective
cover sheet 190 also provides an insulating layer between the
object and the driving layer 180, The protective cover sheet is
suitably thin to allow for sufficient conpling. The protective
gover sheet 198 may be formed from any suitable clear mate-
riad such as glass and plastic. Inaddition, the protective cover
sheet 190 may be treated with coatings to reduce stiction
when touching and reduce glare when viewing the underlying
LCD display 172. By way of example, a low stiction/anti
reflective coating may be applied over the cover sheet 190,
Although the line layer is typically patterned on a glass mem-
ber, it should be noted that in some cases it may be alterna-
tively or additionally patterned on the protestive cover sheet,

The touch screen 174 also includes various bonding layers
192, The bonding layers 192 bond the glass members 178 and
182 as well as the protective cover sheet 190 together to form
the laminated structure and to provide rigidity and stiffness o
the laminated structure. In essence, the bonding layers 192
help to produce a monolithic sheet that is stronger than each
of the individual layers taken alone. In most cases, the first
angd second glass members 178 and 182 as well as the second
glass member and the protective sheet 182 and 190 are Jami-
nated together using a bonding agent such as glue. The com-
pliant nature of the glue may be used to absorb geometric
variations so asto form a singular composite structare withan
overall geometry that is desirable. In some cages, the bonding
agent includes an index maiching material 1o improve the
visual appearance of the touch screen 170

With regards to configuration, each of the various layers
may be formed with various sizes, shapes, and the like. For
example, each of the layers may have the same thickness or a
different thickness than the other layers in the structure. Inthe
illusirated embodiment, the first glass member 178 has a
thickness of about 1.1 mm, the second glass member 182 has
a thickness of about 0.4 mm and the protective sheet has a
thickness of about 0.55 mm. The thickpess of the bonding
layers 192 typically varies in order 10 produce a faminated
structare with a desired height. Furthermore, each of the
layers may be formed with various materials, By way of
example, each particular type of layer may be formed from
the same ordifferent material, For example, any suitable glass
or plastic material may be nsed for the glass members. In a
simvilar-manner, any suitable bordding agent may be used for
the bonding layers 192,

FIGS. 11A and 11B are partial top view diagrams of a
driving layer 280 and.a sensing layer 202, in accordancewith
one embodiment. In this embodiment, each of the layers 200
and 207 includes dummy features 204 disposed bebween the
driving lines 206 and the sensing lines 208. The dummy
features 204 are configured to optically improve the visual
appesrance of thetouch screen’by more closely matching the
optical index of the lines. While index matching materials
may improve the visual appearance, it has been found that
there still may exist some non-uniformities. The dumary fea-
tures 204 provide the touch screen with a more wniform
sippearance. The dummy features 204 are electrically isclated
and positioned in the gaps between each of the lines 206 and
208. Although they may be patterned separately, the duminy
features 204 are typically patterned along with the lines 206
and 208. Furthermore, although they may be formed from
different materials, the dummy features 204 are typically
formed with the same transparent conductive material as the

Copy provided by USPTO from the PIRS Image Dalabase on 06/20/2011

APLPR0OS0000003870


http://dockets.justia.com/docket/california/candce/5:2011cv01846/239768/
http://docs.justia.com/cases/federal/district-courts/california/candce/5:2011cv01846/239768/946/2.html
http://dockets.justia.com/

US 7,663,607 B2

17

lines as for example [TO 1o provide the best possible index
matching. As should be appreciated, the dommy features will
mare than likely still produce some gaps, but these gaps are
much smaller than the gaps found between the lines (many
orders of magnitude smaller). These gaps, therefore have
minimal impact on the visual appearance. While this may be
the case, index maiching materials may be additionally
applied 1o the gaps between the dummy features to further
improve the visual appearance of the touch screen. The dis-
tribution, size, number, dimension, and shape of the dummy
features may be widely varied.

FIG. 12 is a simplified diagram of a mutual capacitance
circuit 220, in accordance with one embodiment of the
present invention. The mutual capacitance circuit 220
includes a driving line 222 and a sensing line 224 that are
spatially separated therehy forming a capacitive coupling
node 226. The driving line 222 is electrically counpled t0 a
voltage source 228, and the sensing line 224 is electrically
coupled to a capacitive sensing circuit 236, The driving line
222 is configured to carry a current to the capacitive coupling
node 226, and the sensing line 224 is configured to carry a
current to the capacitive sensing circuit 236. When noobject
is present, the capacitive coupling atthe node 226 stays fairly
constant. When an object 232 such as o fisger is placed
proximate the node 226, the capacitive coupling changes
through the node 226 changes. The object 232 effectively
shunts some of the field away so that the charge projected
across the node 226 is less. The change in capacitive coupling
changes the current that is carried by the sensing lines 224.
The capacitive sensing circuit 230 notes the current change
and the position of the node 226 where the current change
occurred and reports this information in a raw or in some
processed form fo a host controller. The capacitive sensing
circuit does this for each node 226 atabout the same time (as
viewed by a nser) so as to provide multipoint sensing.

The sensing line 224 may contain a filter 236 for eliminat-
ing parasitic capacitance 237, which may for example be
created by the large surface area of the row and column Hoes
relative to the other lines and the system enclosure at ground
potential. Generally speaking, the filter refects stray capaci-
tance effects so that a clean representation of the charpe
ransferred across the node 226 is outputied {and not anything
in addition to that). That is, the filter 236 produces an output
that is not-dependent on the parasitic capacitance, but rather
on the capacifance at the node 226, As a result, a more accu-
rate output is produced,

FIG. 13 is a diagram of an ioverting amplifier 240, in
accordance with one embodiment of the present invention.
The inverting amplifier 240 may generally correspond 1o the
filter 236 shown in FIG. 12. As shown, the inverting amplifier
incliudes a non inveriing input that is held ata constant voltage
(in-this case ground), an inverting input that is coupled to the
node and an output that is coupled to the capacitive sensing
circuit 230, The output is coupled back o the inverting input
through a capaciior. Dwring operation, the inpul from the
node may be disturbed by stray capacitance effects, Le, para-
sitic capacitance. If so, the inverting amplifier s configured to
drive the input back to the same voltage that it had been
previously before the stimulus. As such, the value of the
parasitic capacitance doesn’ tmatter.

FIG. 14 is a block diagram of a capacitive sensing cirouit
260, in accordance with one embodiment of the present
invention. The ecapscitive sensing cirenit 260 may for
example correspond to the capacitive semsing circuits
described inthe previous figures. The capacitive sensing cir-
cuit 260 is configured to receive Input date fromea plurality of

10

30

35

40

30

54

6l

£5

18

sensing points 262 (electrode, nodes, eic.), 1o process the data
and to output processed data to a host controller,

The sensing cireuit 268 inclndes a multiplexer 264 (MUX).
The muliiplexer 264 is a switch configured to perform time
muktiplexing.As shown, the MUX 264includes a plurality of
independent input channels 266 for receiving signals from
each of the sensing points 262 &t the same time. The MUX
264 stores all of the incoming signals at the same tipe, but
sequentially releases them one at a time through an output
channel 268.

‘The sensing circuit 260 also includes an analog to digital
converier 270 {ADC) operatively conpled to the MUX 264
through the output channel 268, The ADC 270 s configured
to digitize the incoming analog signals sequentiaily one at a
tme. That is, the ADC 278 converts each of the incoming
analog signals into outgoing digital signals. The input to the
ADC 270 generally corresponds to a voltage baving a thea-
retically infinite number of values, The voltage varies acoord-
ing to the amount of capacitivecoupling at each ofthe sensing
points 262. The output to the ADC 270, on the other hand, has
a defined number of states. The states generally have predict-
able exact viltages or currents.

The sensing circuit 260 also includes a digital signal pro-
cessor 272 (DSP) operatively coupled to the ADC 276
through another channel 274. The DSP 272 is a program-
mable computer processing unit that works to clarify orstan-
dardize the digital signals via high speed mathematical pro-
cegsing, The DSP 274 is capable of differentiating between
human made signals, which have order, and noise, which is
inherently chaotic. In most cases, the DSP performs filtering
and conversion algorithms using the raw data. By way of
example, the DSP may filter noise events from the raw data,
calculate the touch boundaries for each touch that ocours on
the touch screen at the same time, and thereafter determine
the coordinates for each touch event. The coordinates of the
touch events may then be reported to a host controller where
they can be compared to previous coordinates of the touch
eventsto determine what action to perform in the host device.

FIG. 15 is a flow diagram 280, in accordance with one
embodiment of the present invention. The method generally
begins at block 282 where a plurality of sensing points are
driven, For example, a voltage is applied to the electrodes in
self capacitance fouch screens or through driving lines in

5 mutpal capaciiance touch screens. In the later, each driving

line is driven separately. That is, the driving lines are driven
one at a time thereby building up charge on 81l the intersecting
sensing Haes, Following block 282, the process flow proceeds
to block 284 where the outputs {voltage)} from all the sensing
points @re read. This block may include nrultiplexing and
digitizing the outputs, For example, in mutual capacitance
touch screens, all the sensing points on one row are mulfi-
plexed and digitived and this is repeated nutil all therows have
been sampled. Following block 284, the process flow pro-
ceeds to block 286 where an image or other form of data
{signal or signals)ofthe fouch screen plane at one moment in
fime can be produced and thereafter analyzed to determine
where the objects are touching the touch screen. By way of
example, the boundaries foreach unigue fouch can be calen-
lated, and thereafier the coordinates thereof can be found,
Following block 286, the process flow proceeds to block 288
where the current image or signal is compared o a past image
or signal in order 1o determine a change in pressure, location,
direction, speed and aceeleration for each.object onthe plane
of the touch sereen. This information can be subsequently
used to perform anaction as for example moving a pointer or
cursor or making a selection as indicated in block 296,
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FIG. 16 is a flow diagram of a digital signal processing
method 380, in accordance with one embodiment of the
present invention. By way of example, the method may gen-
erally correspond to block 286 shown and described in FIG.
15. The method 300 generally begins at block 302 where the
raw datads received. The raw dota s typically in a digitized
form, and includes values for each node of the touch screen,
The values may be between 0 and 256 where Oequates to the
highest capacitive coupling {no touch pressure} and 256
equates to the least capacitive coupling (full touch pressure).
An example of raw data at one point In time is shown in FIG.
17A. As shown in FIG. 1TA, the values for each point are
provided in gray scale where points with the least capacitive
coupling are shown in white and the points with the highest
capacitive coupling are shown in black and the points found
between the least and the highest capacitive coupling are
shown in gray.

Following block 302, the process flow proceeds to block
304 where the raw data is {iltered. As should be appreciated,
the raw data typically includes somenoise. The filtering pro-
cess is configured 1o reduce the noise, By way of example, a
noise algorithm may be run that removes points that aren’t
connected to other points. Single or unconnected points gen-
erally indicate noise while multiple connected points genes-
ally indicate one or more fouch regions, which are regions of
the touch screen that are touched by objects. An example ofa
filtered data is shown in FIG. 17B. As shown, the single
scattered points have been removed thereby leaving several
concentrated areas.

Following block 304, the process flow proceeds to block
306 where gradient data is generated, The gradient data indi-
cates the topology of each group of connected points. The
topology is typically based on the capacitive values for each
point. Points with the lowest values are steep while points

with the highest values are shallow. As should be appreciated,

steep points indicate touch points that occurred with greater
pressure while shallow polints indicate fouch points that
oceurred with lower pressure. An exatnple of gradient data is
shown in FIG. 17C,

Following block 366, the process flow proceeds to block
308 where the boundaries for touch regions are caloulated
based on the gradient data. In general, a determination is
made as to which points are grouped together to form each
touch region. An example of the touch regions is shown in
FIG. 170,

In one embodiment, the houndaries are determined using a
watershed algorithm. Generally speaking, the algorithm per-
forms image segmentation, which is the partitioning of an
image into distinct regions as for exaruple the fouch regions of

muitiple obiects incontact with the touchscreen, The concept

of watershed initially comes from the area of geography and
more particularly topography where a drop of water falling on
a relief follows a descending path and eventually reaches a
minimum, and where the watersheds are the divide lines of

the domains of attracting drops of water. Herein, the water- °

shed lines represent the location ol pixels, which best separate
different objects touching the touch screen. Watershed algo-
rithuns can be widely varied. In one particular implementa-
tion, the watershed algorithm includes forming paths from
low points to a peak {(based on the magnitude of each point),
classifving the peak us an 1D label for a parficular touch
region, associating each point (pixel) on the path with the
peak. These steps are performed over the entire image map
thus carving out the touch regions associated with each object
in contact with the touchsereen.

Following block 308, the process How proceeds to block
310 where the coordingies for each of the touch regions are
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calculated. This may be accomplished by performing a cen-
troid calculation with the raw data associated with each touch
region. For example, once the touch reglons are determined,
the raw data associated therewith may beused to calculate the
centroid of the tuch region. The centroid may indicate the
central coordinate of the touch region. By way of example,
the X and Y centroids may be found using the following
eguations:

Ke=S@*wEZ; and
Yo ZE%WEZ,

where

Xe represents the x centroid of the touch region

Vi represents the y centroid of the touch region

x represents the x coordinate of each pixel or point in the

tonch reglon

y represents the y coordinate of each pixel or point in the

touch region

7 represents the magnitude (capacitance value) ai each

pixel or point

An example of a centroid caleulation for the touch regions
iy shown in FIG. 175, As shown, sachtouch region represents
adistinet x and y coordinate, These coordinates may be used
to perform multipoint tracking as indicated in block 312. For
example, the coordinates for eachof the touch regions may be
compared with previous coordinates of the touch regions to
determine positioning changes of the objects touching the
touch screen or whether or not touching objects have been
added or subtracted or whether a particular object is being
tapped.

FIGS. 18 and 19 are side elevation views of an electronic
device 358, in accordance with multiple embodiments of the
present invention. The electronic device 350 includes an LCD
display 352 and a transparent touch sereen 354 positioned
over the LCI) display 352, The touch screen 354 includes a
protective sheet 356, one or more sensing layers 358, and a
bottorn glass member 360. In this embodiment, the botiom
glass member 369 is the front glass of the LCD display 352.
Further, {he sensing layers 358 may be configured Tor either
self or mutual capacitance as described above, The sensing
layers 358 generally include a plurality ol interconnects at the
edge of the touch screen for coupling the sensing layer 358 to
a sensing circuit {not shown). By way of example, the sensing

5 layer 358 may be electrically coupled io the sensing circvit

through one or more flex circuits 362, which are attached (o
the sides of the touch screen 354

As shown, the LCD display 332 and touch screen 354 are
disposed within a housing 364. The housing 364 serves o
cover and support these components in their assembled posi-
tion within the electronic device 358, The housing 364 pro-
vides a space for placing the LCD display 352 and fouch
soreen 384 as well as an opening 366 sothat the display screen
can be seen through the housing 364. In one embodiment, as
shown in FIG. 18, the housing 364 includes a facade 370 for
covering the sides the LCD display 382 and touch screen 354
Although not.shown in great detail, the fhcade 3740 is posi-
tioned around the entire perimeterof the LCD display 382 and
touch screen 354, The facade 370 serves 1o hide the intercon-
nects leaving only the aotive area of the LCD display 352.and
touch screen 354 in view.

i snother embodiment, as shown in FIG, 18, the housing
364 does not include a facade 370, but rather 2 mask 372 that
is printed on interior portion of the fop glass 374 of the touch
screen 354 that extends between the sides of the housing 364.
This particular arrangement makes the mask 372 look sub-
merged in the wp glass 386, The mask 372 serves the same
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function as the facade 374, but is a more elegant sclution. In
one implementation, the mask 372 is a formed from high
temperature black polymer, In the illustrated embodiment of
FIG. 19, the touch screen 354 is based on mntual capacitance
sensing and thus the sensing layer 358 includes driving lines
376 and sensing lines 378. The driving lines 376 are disposed
on the top glass 356 and the mask 372, and the sensing lines
378 are disposed on the bottom glass 368, The driving Jines
and sensing tines 376 and 378 are insulated from one ancther
via a-spacer 380, The spacer 380 may for example bea clear
piece of plastic with optical matching materials retained
therein or applied thereto.

In one embodiment and referring to both FIGS. 18 and 19,
the electronic device 350 corresponds 1o a tablet computer, In
this embodiment, the housing 364 also encloses various inte-
grated circuit chips and other circuitey 382 that provide com-
puting operations forthe tablet computer. By way of example,
the integrated circuit chips and other ¢ireuitry may include g
microprocessor, motherboard, Read-Only Memory (ROM),
Random-Access Memory {RAM), a hard drive, a disk drive,
a battery, and various input/output support devices.

While this invention has been deseribed in terms of several
preferred embodiments, there are alferations, permutations,
and equivalents, which fall within the scope of this invention,
For example, although the touch screen was primarily
directed at capacitive sensing, it should be noted that some or
all of the features described herein may be applied to other
sensing methodologies. It should also be noted that thete are
many alternative ways of implementing the methods and

apparatuses of the present invention. It is therefore intended

that the following appended ¢laims be interpreted as includ-
ing all such alterations, permutations, and equivalents as fall
within the true spirit and scope of the present invention.

What is claimed is:

1. A touch panel comprising a transparent capacitive sens-
ing mediim configured to detect multiple touches or near
touches that occur af a same fime and at distinet locations in
a plane of the touch panel and to produce distinet signals
representative of a location of the touches on the plane of the
touch panel for each of the multiple touches, wherein the
transparent capacitive sensing medium comprises:

a first laver having a plurality of transparent first condue-
five lines that are electrically isolated from one another;
and

a second layer spatially separated from the first layer and
having a plurality of transparent second conductive lines
thatare electrically isolated from one another, the sec-
ond conductive lines being positioned transverse to the
first conductive lines, the intersection of fransverse Hines
being positioned atdifferent locations in the plane of the
touch panel; each of the second conductive lines being
operatively coupled fo capacitive monitoring cireuitry;

wherein the capacitive monitoring circoitry is configured
to detect changes in charge coupling between the first
conductive lines and the second conductive Hines.

2. The touch panel as recited in claim 1 wherein the con-
ductive lines on each of the layers are substantially parallel o
one another.

3. The touch parel as recited in ¢laim 2 wherein the con-
ductive lines on different layers are substantially perpendicu-
iar to one ancther.
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4. The rouch panel as recited in claim 1 wherein the trans-
parent first conductive lines of the first layer are disposed on
a first glass member, and wherein the transparent second
conductive lines of the second laver are disposed on a second
glass member, the first glass member being disposed overthe
second glass member.

&. The touch panel as recited in claim 4 fwther including a
third glass member disposed over the first glass member, the
firstand second glass members being sttached (o one ancther
via an adhesive layer, the third glass member being attached
tothe first glass member via another adhesive layer

. The touch panel as recited in claim 1 wherein the con-
ductive lines are formed from indium tin oxide (ITOL

7. Thetouch panel as recited in claim 1, wherein the capaci-
tive sensing medium is a mutual capacitance sensing
medivm,

8. The touch panel as recited in claim 7, further comprising
a virtual ground charge amplifier coupled to the touch panel
for detecting the touches on the touch panel.

9. The touch panel as recited in claim 1, the transparent
capacitive sensing medium formed on both sides of a single
substrate,

10.A display arrangement comprising:

a display having a screen for displaying a graphical user

interface; and

a transparent touch panel allowing the screen to be viewed

therethrough and capable of recognizing multiple touch

events thatoccur at different locations on the touch panel
at & same time and to output this information to a host
device to form a pixilated image;

wherein the touch panel includes a multipoint sensing

arrangement -.configured o simultaneously detect and

tonitor the touch events and a change in capacitive
coupling associated with those touch evenls at distinet
points across the wuch panel; and

wherein the touch panel comprises:

a first plass member disposed over the screen of the
display;

a first transparent conductive layer disposed over the
first glass member, the first tansparent conductive
layer comprising a phurality of spaced apart paratlel
lines having the same pitch and linewidths;

a second glass member disposed over the first franspar-
ent conductive laver;

a second transparent conductive layer disposed overthe
second glass member, the second transparént conduc-
tive layer comprising a plurality of spaced apart par-
altel lines having the same pitch and linewidths, the
parailel lines of the second wansparent conductive
lgyer being substantially perpendicular to the parallel
lines of the first transparent conductive layer,

athird glass member disposed over the second transpar-
ent conductive layer; and

one or more sensor infegrated circuils operatively
coupled to the lines.

11. The display arrangement as recited in ¢laim 10 further
ncloding dummy features disposed in the space between the
paraliel lines, the dummy features oplically improving the
visual appearance of the touch sereen by more closely match-
ing the optical index of the lines.
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