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INTEGRATED LIQUID CRYSTAL DISPLAY
AND TOUCHSCREEN FOR AN ELECTRONIC
DEVICE

FIELD OF THE APPLICATION

[0001] This application relates to the field of displays for
electronic devices, and more specifically, to liquid crystal
displays with touchscreens for handheld electronic devices.

BACKGROUND

[0002] Numerous types of handheld electronic devices are
known. Examples of such handheld electronic devices
include personal data assistants (“PDAs”), handheld comput-
ers, two-way pagers, cellular telephones, and the like. Many
handheld electronic devices also feature wireless communi-
cation capability, although many such handheld electronic
devices are stand-alone devices that are functional without
communication with other devices.

[0003] Such handheld electronic devices are generally
intended to be portable, and thus are of a relatively compact
configuration in which keys and other input structures often
perform multiple functions under certain circumstances or
may otherwise have multiple aspects or features assigned
thereto. With advances in technology, handheld electronic
devices are built to have progressively smaller form factors
yet have progressively greater numbers of applications and
features resident thereon. As a practical matter, the keys of a
keypad can only be reduced to a certain small size before the
keys become relatively unusable. In order to enable text entry,
however, a keypad must be capable of entering all twenty-six
letters of the Latin alphabet, for instance, as well as appropri-
ate punctuation and other symbols.

[0004] In addition to using keys on a keypad, handheld
electronic devices may also use touchscreens (also referred to
as touch screens, touch panels, touchscreen panels, or touch-
screen sensors). A touchscreen is a display overlay which
provides the ability to display and receive information on the
same display screen. The effect of the overlay is to allow a
display to be used as an input device, possibly removing the
keys on the keypad as the primary input device for interacting
with the display’s content. Displays with integrated touch-
screens can make computers and handheld electronic devices
more useable. A touchscreen or touchscreen system typically
includes a touch sensor (the touchscreen overlay, sensor, or
panel), a controller, and accompanying software. The touch-
screen controller communicates user selections to the proces-
sor of the electronic device in which the touchscreen is used.
[0005] There are a number of different touchscreen tech-
nologies including the following: capacitive, resistive, sur-
face wave, infrared, strain gauge, optical imaging, dispersive
signal, and acoustic pulse recognition. In particular, one type
of capacitive touchscreen has a glass panel or sensor that is
coated with a material, typically indium tin oxide (“ITO”),
that conducts an electrical current across the sensor. As such,
the sensor has a controlled field of stored electrons in both the
horizontal and vertical axes, that is, it exhibits capacitance.
The human body is also an electrical device which has stored
electrons and therefore also exhibits capacitance. When the
sensor’s “normal” capacitance field (i.e., its reference state or
field) is altered by another capacitance field, a user’s finger for
example, electronic circuits located at each corner of the
panel measure the resultant “distortion” in the sine wave
characteristics of the reference field and send the information

Jun. 26, 2008

about the event to the controller for mathematical processing
to determine the x and y coordinates of the touch. Of course,
there are other types of capacitive touchscreens that may
employ patterns in the ITO, that do notuse corner sensors, etc.
In general, capacitive touchscreens must be touched with a
conductive device being held by a bare hand or with a finger,
unlike resistive and surface wave panels that can use anything
that can point, such as a finger or stylus. Typically, capacitive
touchscreens are not affected by outside elements and gener-
ally have relatively high clarity.

[0006] Now, the display screen or display of a handheld
electronic devices is typically a liquid crystal display
(“LCD”). For reference, a LCD is made with either a passive
matrix or an active matrix display grid. The active matrix
LCD is also known as a thin film transistor (“TFT”) display.
The passive matrix LCD has a grid of conductors with pixels
located at each intersection in the grid. A current is sent across
two conductors on the grid to control the luminescence of
each pixel. An active matrix has a transistor located at each
pixel intersection, requiring less current to control the lumi-
nance of a pixel. For this reason, the current in an active
matrix display can be switched on and off more frequently,
improving the screen refresh time (e.g., a cursor will appearto
move more smoothly across the screen). In color LCDs each
individual pixel is divided into three cells, or subpixels, which
are coloured red, green, and blue, respectively, by additional
filters (e.g., pigment filters, dye filters and metal oxide filters).
Each subpixel can be controlled independently to yield thou-
sands of possible colors for each pixel.

[0007] LCDs can be either transmissive or reflective,
depending on the location of the light source. A transmissive
LCD is illuminated from the back by a backlight and viewed
from the opposite side (i.e., the front). This type of LCD is
used in applications requiring high luminance levels such as
computer displays, televisions, personal digital assistants,
mobile telephones, and other handheld electronic devices.
The illumination device used to illuminate the LCD in such a
product usually consumes much more power than the LCD
itself. Reflective LCDs, often found in digital watches and
calculators, are illuminated by external light reflected by a
reflector located behind the display. This type of LCD can
produce darker “blacks” than the transmissive type since light
must pass through the liquid crystal layer twice and thus is
attenuated twice. Because the reflected light is also attenuated
twice in the translucent parts of the display image, however,
contrast is usually poorer than in a transmissive display. The
absence of a lamp significantly reduces power consumption,
allowing for longer battery life in battery-powered devices.
[0008] A typical transmissive TFT LCD display consists of
a number of layers. These layers may include the following
(from top to bottom): a colour filter polarizer layer (e.g., a
horizontal polarizer); a colour filter glass layer or substrate
(i.e., a front glass having red, green, and blue filters); an
indium tin oxide (“ITO”) layer formed on the bottom of the
colour filter glass layer; a liquid crystal layer; a TFT glass
layer or substrate (i.e., a TFT-matrix layer formed on the top
of a rear glass); a TFT polarizer layer (e.g., a vertical polar-
izer); and, a backlight layer (or a reflector layer for a reflective
display).

[0009] Now, the display for a handheld wireless device
having touchscreen capability will typically consist of a sepa-
rate touchscreen (or touch panel) placed over top of a LCD
display. This combination may be referred to as a LCD touch-
screen. However, in handheld electronic devices where size
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and power consumption are critical factors, this display con-
figuration has several disadvantages. In particular, the addi-
tional touchscreen takes up much needed space within the
device and cuts down on light transmission from the LCD
display hence increasing power consumption of the device
(i.e., for the backlight) to improve visibility of the LCD dis-
play.

[0010] A need therefore exists for an improved touchscreen
for handheld and other electronic devices having LCD dis-
plays. Accordingly, a solution that addresses, at least in part,
the above and other shortcomings is desired.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Features and advantages of the embodiments of the
present application will become apparent from the following
detailed description, taken in combination with the appended
drawings, in which:

[0012] FIG.1 is atop view of a handheld electronic device
in accordance with an embodiment of the application;
[0013] FIG. 2 is a block diagram illustrating a processing
system for the handheld electronic device of FIG. 1;

[0014] FIG. 3 is a side view illustrating an integrated LCD
and touchscreen display in accordance with an embodiment
of the application; and,

[0015] FIG. 4 is a side view illustrating an alternate inte-
grated LCD and touchscreen display in accordance with an
embodiment of the application.

[0016] It will be noted that throughout the appended draw-
ings, like features are identified by like reference numerals.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0017] In the following description, details are set forth to
provide an understanding of the application. In some
instances, certain software, circuits, structures and tech-
niques have not been described or shown in detail in order not
to obscure the application. Embodiments ofthe present appli-
cation may be implemented in any computer programming
language provided that the operating system of the data pro-
cessing system provides the facilities that may support the
requirements of the application. Any limitations presented
would be a result of a particular type of operating system or
computer programming language and would not be a limita-
tion of the present application.

[0018] The present application provides a display for a
handheld electronic device, and other devices, in which a
touchscreen sensor is integrated into a liquid crystal display
(“LCD”).

[0019] According to one embodiment, there is provided an
integrated display for an electronic device, comprising: a
liquid crystal display having a first polarizing layer coupled to
a colour filter layer; and, a first transparent conductive mate-
rial layer disposed between the first polarizing layer and the
colour filter layer to thereby form a capacitive touchscreen
sensor.

[0020] According to another embodiment, there is pro-
vided an integrated display for an electronic device, compris-
ing: a liquid crystal display having a protective lens coupled
to a first polarizing layer; and, a first transparent conductive
material layer disposed between the protective lens and the
first polarizing layer to thereby form a capacitive touchscreen
sensor.
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[0021] According to further embodiments, there are pro-
vided apparatus such as a handheld electronic device, meth-
ods for adapting the device, as well as articles of manufacture
such as a computer readable medium having program instruc-
tions recorded therein for practicing the methods of the appli-
cation.

[0022] FIG. 11is a top view of a handheld electronic device
100 in accordance with an embodiment of the application.
And, FIG. 2 is a block diagram illustrating a processing
system 200 for the handheld electronic device 100 of FIG. 1.
The exemplary handheld electronic device 100 includes a
housing 110 in which is disposed a processing system 200
that includes an input apparatus 210, an output apparatus 220,
a processor 230, memory 240, and one or more hardware
and/or software modules 250. The processor 230 may be, for
example and without limitation, a microprocessor and is
responsive to inputs from the input apparatus 210 and pro-
vides output signals to the output apparatus 220. The proces-
sor 230 also interfaces with the memory 240.

[0023] The handheld electronic device 100 may be a two-
way communication device having voice and/or advanced
data communication capabilities, including the capability to
communicate with other computer systems. Depending on
the functionality provided by the device 100, it may be
referred to as a data messaging device, a two-way pager, a
cellular telephone with data messaging capabilities, a wire-
less Internet appliance, a data communication device (with or
without telephony capabilities), a wireless fidelity (“Wi-Fi”)
device, or a wireless local area network (“WLAN”) device.
[0024] As can be understood from FIGS. 1 and 2, the input
apparatus 210 includes a keypad 120, a thumbwheel 130, and
a touchscreen 140. The keypad 120 is in the exemplary form
ofaQWERTY keyboard including a plurality of keys 121 that
serve as input members. It is noted, however, that the keypad
120 may be of other configurations, such as an AZERTY
keyboard, a reduced QWERTY keyboard, or other keyboard
arrangement, whether presently known or unknown, and
either reduced or not reduced.

[0025] According to one embodiment, the keys 121 and
touchscreen 140 are located on a front face 160 of the housing
110, and the thumbwheel 130 is located at a side 170 of the
housing 110. In addition to the keys 121, the thumbwheel 130
can serve as another input member since the thumbwheel 130
is capable of being rotated, as indicated by arrow 131, and
depressed generally toward the housing 110, as indicated by
arrow 132. Rotation of the thumbwheel 130 provides selec-
tion inputs to the processor 230, while depression of the
thumbwheel 130 provides another selection input to the pro-
cessor 230.

[0026] The output apparatus 220 includes a display 150
upon which can be provided an output 180. An exemplary
output 180 is depicted on the display 150 in FIG. 1. The
exemplary output 180 is a text message 181 that includes one
or more characters or symbols. The text message 181 may be
an email message and may be composed by a user using the
various keys 121 on the keypad 120. The output 180 also
includes a cursor 182 that depicts generally where the next
character, symbol, etc., will be displayed. The display 150 has
associated circuitry and a controller or processor (e.g., 230,
240, 250) for receiving information from the processor of the
handheld electronic device 100 for presentation.

[0027] Also shown on the display 150 as part of output 180
is a button icon 183. The button icon 183 may be touched by
a user to generate an input through operation of the touch-
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screen 140. Here, by touching the button icon 183, an input
may be sent to the processor 230 to initiate the sending of the
text message 181. The touchscreen (or touchscreen sensor)
140 has associated circuitry and a controller or processor
(e.g., 230, 240, 250) for determining where the user’s touch
was made on the touchscreen sensor 140 and for sending the
coordinates of the touch to the processor of the handheld
electronic device 100 to determine a corresponding operation
(e.g., the sending of the text message 181). In this way, the
handheld electronic device 100 supports touchscreen func-
tionality.

[0028] The memory 240 is depicted schematically in FIG.
2. The memory 240 can be any of a variety of types of internal
and/or external storage media such as, without limitation,
RAM, ROM, EPROM(s), EEPROM(s), and the like that pro-
vide registers for data storage such as in the fashion of an
internal storage area of a computer, and can be volatile
memory or non-volatile memory. As can be seen from FIG. 2,
the memory 240 is in electronic communication with the
processor 230. The memory 240 additionally includes a num-
ber of modules depicted generally with the numeral 250 for
the processing of data. The modules 250 can be in any of a
variety of forms such as, without limitation, software, firm-
ware, hardware, and the like. As will be explained in greater
detail below, the one or more modules 250 may be executed or
operated to perform the method of the present application as
well as other functions that are utilized by the handheld elec-
tronic device 100. Additionally, the memory 240 can also
store a variety of databases such as, without limitation, a
language database, etc.

[0029] Thus, the handheld electronic device 100 includes
computer executable programmed instructions for directing
the device 100 to implement the embodiments of the present
application. The programmed instructions may be embodied
in one or more modules 250 resident in the memory 240 or
processing system 200 of the device 100. Alternatively, the
programmed instructions may be embodied on a computer
readable medium (such as a CD disk or floppy disk) which
may be used for transporting the programmed instructions to
the memory 240 of the device 100. Alternatively, the pro-
grammed instructions may be embedded in a computer-read-
able signal or signal-bearing medium that is uploaded to a
network by a vendor or supplier of the programmed instruc-
tions, and this signal or signal-bearing medium may be down-
loaded through an interface (e.g., 210) to the device 100 from
the network by end users or potential buyers.

[0030] As mentioned above, the present application pro-
vides a display 190, 191 for a handheld electronic device 100,
and other devices, in which a touchscreen sensor 140 is inte-
grated into a liquid crystal display (“LCD”) 150. According to
one embodiment, the display 190, 191 is a liquid crystal
display (“LLCD™) 150 into which the touchscreen or touch-
screen sensor 140 is integrated. According to one embodi-
ment, the touchscreen sensor 140 is a capacitive sensor and
the LCD 150 is of the transmissive thin film transistor
(“TFT”) type.

[0031] FIG. 3 is a side view illustrating an integrated LCD
and touchscreen display 190 in accordance with an embodi-
ment of the application. In FIG. 3, control circuitry is not
shown. The display 190 includes the following layers (from
top to bottom): a colour filter polarizer layer (e.g., a horizontal
polarizer) 310; a first indium tin oxide (“ITO”) layer (i.e., a
transparent conductive material layer) 320; a colour filter
glass layer or substrate (i.e., a front glass having red, green,
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and blue filters) 330; a second ITO layer formed on the
bottom of the colour filter glass layer 340; a liquid crystal
layer 350; a TFT glass layer or substrate (i.e., a TFT-matrix
layer formed on the top of a rear glass) 360; a TF'T polarizer
layer (e.g., a vertical polarizer) 370; and, a backlight layer (or
a reflector layer for a reflective display) 380.

[0032] The addition of the first ITO layer 320 between the
colour filter layer 330 and polarizer 310 forms an integrated
touchscreen sensor 140 for the display 190. The ITO deposi-
tion for the first ITO layer 320 may be performed on either the
bottom of the polarizer layer 310 or the top of the colour filter
layer 330.

[0033] The integrated touchscreen sensor 140 removes the
need for a separate touch panel layer (and air gap) to be added
above the polarizer of a traditional LCD display. Because the
light from the backlight layer 380 does not have to cross an air
to glass boundary as would be the case if a separate touch-
screen panel or sensor were used, the transmissivity of the
integrated display 190 is increased and the amount of back-
light power needed is reduced. Also, since the ITO layer 320
is deposited directly on alayer (310 or 330) that is required for
LCD functionality, the height of the integrated display 190
(i.e., its stack-up) is not increased.

[0034] To enable the touchscreen 140 to work properly, the
driver or controller (e.g., 230, 240, 250) for the touchscreen
must synchronize the scanning of the touchscreen layer (i.e.,
the first ITO layer 320) to that of the LCD layers (i.e., the
second ITO layer 340 and the TFT layer 360) to reduce
electrical interference effects. One way to accomplished this
is by having the scanning logic for the LCD layers 340, 360
also scan the touchscreen layer 320. The scanning logic may
be implemented in software, firmware, or hardware (e.g., 230,
240, 250).

[0035] FIG. 4 is a side view illustrating an alternate inte-
grated LCD and touchscreen display 191 in accordance with
an embodiment of the application. In FIG. 4, control circuitry
is not shown. The display 191 includes the following layers
(from top to bottom): a protective lens cover layer 305; a first
indium tin oxide (“ITO”) layer (i.e., a transparent conductive
material layer) 320; a colour filter polarizer layer (e.g., a
horizontal polarizer) 310; a colour filter glass layer (i.e., a
front glass having red, green, and blue filters) 330; a second
ITO layer formed on the bottom of the colour filter glass layer
340; a liquid crystal layer 350; a TFT glass layer (i.e.,a TFT
layer formed on the top of a rear glass) 360; a TF'T polarizer
layer (e.g., a vertical polarizer) 370; and, a backlight layer (or
a reflector layer for a reflective display) 380.

[0036] Inthe alternate integrated display 191 of FIG. 4, the
first ITO layer 320 is added to the bottom of a protective lens
cover 305 that is placed over the top of the LCD display layers
(i.e., 310, 330-380). The addition of the first ITO layer 320 to
the bottom of the protective lens cover 305 (i.e., between the
protective lens cover 305 and the polarizer 310) forms an
integrated touchscreen sensor 140 for the display 190.
[0037] The alternate display 191 of FIG. 4 may be used in
implementations where it is not desirable to expose the polar-
izer layer 310 directly to the user (such as for creating a flush
mounted look for the display 191 or for harsh environmental
conditions).

[0038] In FIG. 4, the LCD display layers (i.e., 310, 330-
380) are positioned directly underneath the lens cover 305,
320. There may or may not be a small air gap (i.e., at 307)
between the two (i.e., the air gap is optional). In this alternate
embodiment, the touch panel or touchscreen sensor 140 (i.e.,
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the first ITO layer 320) is integrated with the protective lens
cover 305 to reduce the overall number of layers and resulting
overall height of the display’s stack-up. If a sufficient air gap
exists, then the scanning of the touchscreen layer (i.e., the first
ITO layer 320) does not need to be synchronized with the
scanning of the LCD layers (i.e., the second ITO layer 340
and the TFT layer 360). Otherwise, the scanning of the two
must be synchronized as with the integrated display 190 of
FIG. 3.

[0039] According to one embodiment, a layer of optical
adhesive is provided (i.e., at 307) between the protective lens
305 and the first polarizing layer 310. An air gap (i.e., at 307)
between the protective lens 305 and the first polarizing layer
310 reduces optical performance. The optical adhesive
improves the optical performance of the integrated display
191 by reducing or eliminating the air gap (i.e., at 307).
[0040] According to one embodiment, the capacitive sen-
sor 140 includes a third ITO layer (i.e., a transparent conduc-
tive material layer) disposed between (i.e., at 309) the first
polarizing layer 310 and the colour filter layer 330. In this
embodiment, the first [TO layer 320 is disposed on the bottom
surface of the protective lens 305 while the third ITO layer is
disposed on the upper surface of the colour filter layer 330.
The first polarizing layer 310 forms an insulator/dielectric for
the capacitive sensor 140 between the first and third ITO
layers.

[0041] According to one embodiment, each ITO layer (e.g.,
320) is a transparent conductive material layer. The transpar-
ent conductive material may be a conducting oxide such as
ITO, titanium oxide (“TiO”), nickel oxide (“NiO”), zinc
oxide (“Zn0”), etc.

[0042] According to one embodiment, the integrated dis-
play 190,191 is a black and white display (i.e., a monochrome
display rather than a colour display). According to one
embodiment, the integrated display 190, 191 is for installa-
tion in a device other than a handheld electronic device 100
(e.g., a computer monitor, a television screen, etc.). Accord-
ing to one embodiment, the touchscreen sensor 140 is or
includes a resistive sensor. According to one embodiment, the
display 190, 191 is a passive matrix LCD rather than an active
matrix LCD. According to one embodiment, the display 190,
191 is a reflective display rather than a transmissive display.
According to one embodiment, the first ITO layer 320
includes materials in addition to ITO to alter characteristics of
the layer such as resistivity. And, according to one embodi-
ment, the protective lens 305 is composed of acrylic, poly-
carbonate, or glass and is approximately 0.3 to 0.8 mm thick.
[0043] The embodiments of the application provide several
advantages. First, the integrated display 190, 191 reduces the
overall height of existing touchscreen and LCD combina-
tions. Second, the integrated display 190, 191 increases light
transmission and hence reduces overall power consumption
as compared to existing touchscreen and LCD combinations.
Third, the integrated display 190, 191 does not require a
separate touchscreen and hence an additional air gap between
the separate touchscreen and the LCD is avoided. Fourth, the
alternative integrated display 191 does not introduce (except
optionally) an air gap between the protective lens cover 305
and the LCD 150. Fifth, elimination of the air gap by the
adhesive layer (i.e., at 307) reduces loss of reflected/transmit-
ted light.

[0044] Thus, according to one embodiment, there is pro-
vided an integrated display 190 for an electronic device (e.g.,
100), comprising: a liquid crystal display 150 having a first
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polarizing layer 310 coupled to a colour filter layer 330; and,
a first transparent conductive material layer 320 disposed
between the first polarizing layer 310 and the colour filter
layer 330 to thereby form a capacitive touchscreen sensor
140. The first transparent conductive material layer 320 may
be disposed on an upper surface of the colour filter layer 330.
The colour filter layer 330 may have one or more colour filters
disposed on a lower surface thereof. The liquid crystal display
150 may further include: a second transparent conductive
material layer 340 formed on a lower surface of the colour
filter layer 330 and acting as a common electrode for thin film
transistors disposed on an upper surface of a thin film tran-
sistor layer 360; a liquid crystal layer 350 disposed between
the second transparent conductive material layer 340 and the
thin film transistor layer 360, each thin film transistor on the
thin film transistor layer 360 being selectable to apply a
voltage across the liquid crystal layer 340 to activate liquid
crystals for a respective pixel; a second polarizing layer 370
coupledto alower surface of the thin film transistor layer 360;
and, a backlight 380 for illuminating the integrated display
190 through a lower surface of the second polarizing layer
370. The integrated display 190 may further include a first
module (e.g., 230, 240, 250) for controlling activation of the
thin film transistors to thereby present images on the inte-
grated display 190. The integrated display 190 may further
include a second module (e.g., 230, 240, 250) for monitoring
the capacitive touchscreen sensor 140 for changes in capaci-
tance caused by a touch of a user and for determining a
location of the touch from the changes in capacitance. The
monitoring by the second module may be synchronized with
the controlling of the first module to thereby reduce electrical
interference. The electronic device may be a handheld elec-
tronic device 100. The colour filter layer 330 may be com-
posed of glass or plastic. One of the backlight 380 and the thin
film transistor layer 360 may be a reflector. The transparent
conductive material may include a conducting oxide. And, the
conducting oxide may include one or more of indium tin
oxide, titanium oxide, nickel oxide, zinc oxide, indium, tin,
nickel, and zinc.

[0045] Also, according to another embodiment, there is
provided an integrated display 191 for an electronic device
(e.g., 100), comprising: a liquid crystal display 150 having a
protective lens 305 coupled to a first polarizing layer 310;
and, a first transparent conductive material layer 320 disposed
between the protective lens 305 and the first polarizing layer
310 to thereby form a capacitive touchscreen sensor 140. The
first transparent conductive material layer 320 may be dis-
posed on a lower surface of the protective lens 305. The liquid
crystal display 150 may further include: a colour filter layer
330 coupled to a lower surface of the first polarizing layer
310; a second transparent conductive material layer 340
formed on a lower surface of the colour filter layer 330 and
acting as a common electrode for thin film transistors dis-
posed on an upper surface of a thin film transistor layer 360;
a liquid crystal layer 350 disposed between the second trans-
parent conductive material layer 340 and the thin film tran-
sistor layer 360, each thin film transistor on the thin film
transistor layer 360 being selectable to apply a voltage across
the liquid crystal layer 350 to activate liquid crystals for a
respective pixel; a second polarizing layer 370 coupled to a
lower surface of the thin film transistor layer 360; and, a
backlight 380 for illuminating the integrated display through
a lower surface of the second polarizing layer. The colour
filter layer 330 may have one or more colour filters disposed
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on the lower surface thereof. The integrated display may
further include a first module (e.g., 230, 240, 250) for con-
trolling activation of the thin film transistors to thereby
present images on the integrated display 191. The integrated
display may further include a second module (e.g., 230, 240,
250) for monitoring the capacitive touchscreen sensor 140 for
changes in capacitance caused by a touch of a user and for
determining a location of the touch from the changes in
capacitance. The monitoring by the second module may be
synchronized with the controlling of the first module to
thereby reduce electrical interference. The electronic device
may be a handheld electronic device 100. The colour filter
layer 330 may be composed of glass or plastic. One of the
backlight 380 and the thin film transistor layer 360 may be a
reflector. The transparent conductive material may include a
conducting oxide. The conducting oxide may include one or
more of indium tin oxide, titanium oxide, nickel oxide, zinc
oxide, indium, tin, nickel, and zinc. The protective lens 305
may be bounded to the first polarizing layer 310 with an
adhesive layer to thereby reduce air gaps (i.e., at 307) between
the protective lens 305 and the first polarizing layer 310. And,
the liquid crystal display 150 may have a colour filter layer
330 coupledto alower surface of the first polarizing layer 310
and the capacitive sensor 140 may include a third transparent
conductive material layer (i.e., at 309) disposed between the
first polarizing layer 310 and the colour filter layer 330.
[0046] While embodiments of this application are prima-
rily discussed as a device, a person of ordinary skill in the art
will understand that the apparatus discussed above with ref-
erence to a handheld electronic device 100, may be pro-
grammed to enable the operation of these embodiments.
Moreover, an article of manufacture for use with a handheld
electronic device 100, such as a pre-recorded storage device
or other similar computer readable medium including pro-
gram instructions recorded thereon, may direct the device 100
to facilitate the operation of these embodiments. It is under-
stood that such computer program products, systems, appa-
ratus, and articles of manufacture also come within the scope
of the application.

[0047] The embodiments of the application described
above are intended to be exemplary only. Those skilled in this
art will understand that various modifications of detail may be
made to these embodiments, all of which come within the
scope of the application.

What is claimed is:

1. An integrated display for an electronic device, compris-
ing:

a liquid crystal display having a first polarizing layer

coupled to a colour filter layer; and,

a first transparent conductive material layer disposed
between the first polarizing layer and the colour filter
layer to thereby form a capacitive touchscreen sensor.

2. The integrated display of claim 1 wherein the first trans-
parent conductive material layer is disposed on an upper
surface of the colour filter layer.

3. The integrated display of claim 2 wherein the colour
filter layer has one or more colour filters disposed on a lower
surface thereof.

4. The integrated display of claim 3 wherein the liquid
crystal display further comprises: a second transparent con-
ductive material layer formed on a lower surface of the colour
filter layer and acting as a common electrode for thin film
transistors disposed on an upper surface of a thin film tran-
sistor layer; a liquid crystal layer disposed between the sec-
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ond transparent conductive material layer and the thin film
transistor layer, each thin film transistor on the thin film
transistor layer being selectable to apply a voltage across the
liquid crystal layer to activate liquid crystals for a respective
pixel; a second polarizing layer coupled to a lower surface of
the thin film transistor layer; and, a backlight for illuminating
the integrated display through a lower surface of the second
polarizing layer.

5. The integrated display of claim 4 and further comprising
a first module for controlling activation of the thin film tran-
sistors to thereby present images on the integrated display.

6. The integrated display of claim 5 and further comprising
a second module for monitoring the capacitive touchscreen
sensor for changes in capacitance caused by a touch of a user
and for determining a location of the touch from the changes
in capacitance.

7. The integrated display of claim 6 wherein the monitoring
by the second module is synchronized with the controlling of
the first module to thereby reduce electrical interference.

8. The integrated display of claim 1 wherein the electronic
device is a handheld electronic device.

9. The integrated display of claim 1 wherein the colour
filter layer is composed of glass or plastic.

10. The integrated display of claim 4 wherein one of the
backlight and the thin film transistor layer is a reflector.

11. The integrated display of claim 1 wherein the transpar-
ent conductive material includes a conducting oxide.

12. The integrated display of claim 11 wherein the con-
ducting oxide includes one or more of indium tin oxide,
titanium oxide, nickel oxide, zinc oxide, indium, tin, nickel,
and zinc.

13. An integrated display for an electronic device, compris-
ing:

a liquid crystal display having a protective lens coupled to

a first polarizing layer; and,

a first transparent conductive material layer disposed
between the protective lens and the first polarizing layer
to thereby form a capacitive touchscreen sensor.

14. The integrated display of claim 13 wherein the first
transparent conductive material layer is disposed on a lower
surface of the protective lens.

15. The integrated display of claim 14 wherein the liquid
crystal display further comprises: a colour filter layer coupled
to a lower surface of the first polarizing layer; a second
transparent conductive material layer formed on a lower sur-
face of the colour filter layer and acting as a common elec-
trode for thin film transistors disposed on an upper surface of
a thin film transistor layer; a liquid crystal layer disposed
between the second transparent conductive material layer and
the thin film transistor layer, each thin film transistor on the
thin film transistor layer being selectable to apply a voltage
across the liquid crystal layer to activate liquid crystals for a
respective pixel; a second polarizing layer coupled to a lower
surface of the thin film transistor layer; and, a backlight for
illuminating the integrated display through a lower surface of
the second polarizing layer.

16. The integrated display of claim 15 wherein the colour
filter layer has one or more colour filters disposed on the
lower surface thereof.

17. The integrated display of claim 16 and further compris-
ing a first module for controlling activation of the thin film
transistors to thereby present images on the integrated dis-
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18. The integrated display of claim 17 and further compris-
ing a second module for monitoring the capacitive touch-
screen sensor for changes in capacitance caused by a touch of
a user and for determining a location of the touch from the
changes in capacitance.

19. The integrated display of claim 18 wherein the moni-
toring by the second module is synchronized with the con-
trolling of the first module to thereby reduce electrical inter-
ference.

20. The integrated display of claim 13 wherein the elec-
tronic device is a handheld electronic device.

21. The integrated display of claim 13 wherein the colour
filter layer is composed of glass or plastic.

22. The integrated display of claim 15 wherein one of the
backlight and the thin film transistor layer is a reflector.

23. The integrated display of claim 13 wherein the trans-
parent conductive material includes a conducting oxide.
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24. The integrated display of claim 25 wherein the con-
ducting oxide includes one or more of indium tin oxide,
titanium oxide, nickel oxide, zinc oxide, indium, tin, nickel,
and zinc.

25. The integrated display of claim 13 wherein the protec-
tive lens is bounded to the first polarizing layer with an
adhesive layer to thereby reduce air gaps between the protec-
tive lens and the first polarizing layer.

26. The integrated display of claim 25 wherein the liquid
crystal display has a colour filter layer coupled to a lower
surface of the first polarizing layer and wherein the capacitive
sensor includes a third transparent conductive material layer
disposed between the first polarizing layer and the colour
filter layer.





