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LIQUID CRYSTAL DISPLAY DEVICE
INCLUDING SENSING ELEMENT

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a divisional application of U.S.
application Ser. No. 11/189,271 filed Jul. 26, 2005, which
claims priority to and the benefit of Korean Patent Applica-
tion No. 10-2004-0058253 filed on Jul. 26, 2004, all of which
are incorporated by reference herein in their entirety

BACKGROUND OF THE INVENTION

[0002] (a) Field of the Invention
[0003] The present invention relates to a liquid crystal dis-
play device including a sensing element.

[0004] (b) Description of Related Art

[0005] A liquid crystal display (LCD) device includes a
pair of panels provided with pixel electrodes and a common
electrode and a liquid crystal layer with dielectric anisotropy
interposed between the panels. The pixel electrodes are
arranged in a matrix and connected to switching elements
such as thin film transistors (TFTs) such that they receive
image data voltages row by row. The common electrode cov-
ers entire surface of one of the two panels and it is supplied
with a common voltage. A pixel electrode and corresponding
portions of the common electrode, and corresponding por-
tions of the liquid crystal layer form a liquid crystal capacitor
as well as a switching element connected thereto constitute a
basic element of a pixel.

[0006] AnLCD device generates electric fields by applying
voltages to pixel electrodes and a common electrode and
varies the strength of the electric fields to adjust the transmit-
tance of light passing through a liquid crystal layer, thereby
displaying images.

[0007] A touch screen panel is an apparatus on which a
finger or a stylus is touched to write characters, to draw
pictures, or to instruct a device such as a computer to execute
instructions by using icons. The touch screen panel has its
own mechanism to determine whether and where a touch
exists and it is attached usually on a display device such as an
LCD device. However, an LCD device provided with a touch
screen panel has some defects including high manufacturing
costdue to the cost of the touch screen panel, low productivity
due to a step for attaching the touch screen panel to the LCD
device, reduction of the luminance of the LCD device,
increase of the thickness of the LCD device.

[0008] A recent development that photosensors including
thin film transistors have been incorporated into pixels in an
LCD device instead of a touch screen panel. A photosensor
senses the variation of light incident on a screen user’s finger
or the like, to inform the LCD device whether the user’s
finger, for example, touches on the screen and where the touch
is exerted.

[0009] However, the characteristics of a photosensor
depend on exterior environments such as strength of external
light, strength of backlight lamps, temperature, etc., and thus
there may be many errors on the light sensing caused by these
factors such that the photosensor informs of the presence of a
touch that is not actually present or it fails to inform the
presence of an actual touch.
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[0010] In addition, a photosensor in a pixel of a display
device and signal lines for transmitting signals to the photo-
sensor may decrease aperture ratio, thereby degrading the
image quality.

SUMMARY OF THE INVENTION

[0011] In an exemplary embodiment of a liquid crystal
display device, the device includes a first panel, a second
panel facing the first panel and spaced apart from the first
panel, a liquid crystal layer disposed between the first panel
and the second panel, a variable capacitor having a capaci-
tance that varies in response to a touch applied on one of the
first and second panels, and generating a control voltage that
has a magnitude depending on the capacitance, and a sensing
element disposed on the second panel and generating a sens-
ing signal based on the control voltage.

[0012] Thetouch may include pressure and may be accom-
panied with variation of the incident light. The variable
capacitor may include a first capacitor electrode disposed on
the first panel and a second capacitor electrode disposed on
the second panel. A distance between the first capacitor elec-
trode and the second capacitor electrode may vary by the
touch to vary the capacitance of the variable capacitor. The
sensing element may generate an electrical signal included in
the sensing signal in response to incident light. The sensing
element may include amorphous silicon or polysilicon. The
first capacitor electrode may be supplied with a predeter-
mined voltage having a magnitude swinging between two
values. The sensing element may include a control terminal,
an input terminal, and an output terminal, and the control
terminal of the sensing element may be connected to the
second capacitor electrode.

[0013] In another exemplary embodiment, the liquid crys-
tal display device may further include a first switching ele-
ment connected to the output terminal of the sensing element
and selectively outputting the sensing signal. The liquid crys-
tal display may further include a sensor capacitor connected
between the control terminal and the output terminal of the
sensing element.

[0014] In another exemplary embodiment, a liquid crystal
display device includes a plurality of image scanning lines, a
plurality of image data lines intersecting the image scanning
lines, a plurality of sensor data lines intersecting the image
scanning lines and separated from the image scanning lines
and the image data lines, and a plurality of pixels, each pixel
including a display circuit and a sensing circuit, wherein the
display circuit comprises a liquid crystal capacitor and a first
switching element connected to the liquid crystal capacitor,
one of the image scanning lines, and one of the image data
lines, and the sensing circuit comprises a variable capacitor
having a capacitance that varies in response to a touch applied
on a display panel, a sensing element connected to the vari-
able capacitor, and a second switching element connected to
the sensing element and one of the sensor data lines.

[0015] The variable capacitor may include first and second
electrodes facing each other, the liquid crystal capacitor com-
prises third and fourth electrodes facing each other, and the
second electrode and the fourth electrode form a continuous
plane.

[0016] A distance between the first electrode and the sec-
ond electrode may be smaller than a distance between the
third electrode and the fourth electrode.

[0017] The variable capacitor may include a first liquid
crystal dielectric disposed between the first electrode and the
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second electrode, and the liquid crystal capacitor may include
a second liquid crystal dielectric disposed between the third
electrode and the fourth electrode.

[0018] The first liquid crystal dielectric and the second
liquid crystal dielectric may communicate each other and the
first liquid crystal dielectric may be thinner than the second
liquid crystal dielectric.

[0019] Each of the second switching element and the sens-
ing element may include a control terminal, an input terminal,
and an output terminal, the input terminal of the second
switching element may be coupled with the output terminal of
the sensing element, the output terminal of the second switch-
ing element may be connected to one of the sensing data lines,
and the control terminal of the sensing element may be
coupled with the variable capacitor.

[0020] In another exemplary embodiment, the liquid crys-
tal display device may further include a plurality of sensor
control terminal lines, each sensor of the sensor control ter-
minal lines connected to the control terminals of the second
switching elements of a group of pixels. The liquid crystal
display may further include a plurality of sensing scanning
lines each connected to the control terminal of corresponding
one of the second switching elements. The input terminal of
each sensing element may be supplied with a predetermined
voltage. The input terminal of the sensing element may be
connected to the one of the image scanning lines.

[0021] In another exemplary embodiment of the liquid
crystal display device, the device may further include an
image scanning driver generating image scanning signals to
be applied to the image scanning lines, an image data driver
applying image data signals to the image data lines, a sensor
scanning driver generating sensor scanning signals to be
applied to the sensor scanning lines, a sensing signal proces-
sor receiving and processing sensing signals from the sensing
elements, and a signal controller providing control signals to
the image scanning driver, the image data driver, the sensing
scanning driver, and the sensing signal processor.

[0022] In another exemplary embodiment, the control ter-
minal of the second switching element may be connected to
one of the image scanning lines.

[0023] In another exemplary embodiment, the liquid crys-
tal display device may further include an image scanning
driver generating image scanning signals to be applied to the
image scanning lines, an image data driver applying image
data signals to the image data lines, a sensing signal processor
receiving and processing sensing signals from the sensing
elements, and a signal controller providing control signals to
the image scanning driver, the image data driver, and the
sensing signal processor.

[0024] In another exemplary embodiment of a liquid crys-
tal display device, the device includes a first substrate, a
common electrode formed on the first substrate, a second
substrate facing the first substrate and spaced apart from the
first substrate, an image scanning line disposed on the second
substrate, an image data line disposed on the second substrate
and intersecting the image scanning line, a first thin film
transistor connected to the image scanning line and the image
data line, a pixel electrode connected to the first thin film
transistor and facing the common electrode, a sensing elec-
trode disposed on the second substrate and facing the com-
mon electrode, a second thin film transistor having a control
electrode connected to the sensing electrode, and a liquid
crystal layer disposed between the first substrate and the
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second substrate, wherein the sensing electrode and the con-
trol electrode of the second thin film transistor are floating.
[0025] The liquid crystal display device may further
include a rising disposed between the first substrate and the
common electrode and facing the sensing electrode. A thick-
ness of the liquid crystal layer on the rising may range from
about 0.01 microns to about 2.0 microns.

[0026] In another exemplary embodiment, the liquid crys-
tal display device may further include an insulating layer
disposed between the second thin film transistor and the sens-
ing electrode and having a contact hole connecting the sens-
ing electrode and the control electrode of the second thin film
transistor. The sensing electrode and the pixel electrode may
include the same layer and a distance between the sensing
electrode and the pixel electrode is larger than about 3
microns.

[0027] The liquid crystal display device may further
include a third thin film transistor having an input electrode
connected to an output electrode of the second thin film
transistor.

[0028] The liquid crystal display device may further
include a spacer propping the first substrate and the second
substrate. The pixel electrode may include a transparent elec-
trode and a reflective electrode having an opening exposing
the second thin film transistor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The present invention will become more apparent
by describing embodiments thereof in detail with reference to
the accompanying drawing in which:

[0030] FIG. 1 is a block diagram of an exemplary embodi-
ment of an LCD device according to the present invention;
[0031] FIG. 2 is an equivalent circuit diagram of an exem-
plary embodiment of a pixel of an LCD device according to
the present invention;

[0032] FIG. 3 illustrates exemplary embodiment wave-
forms of a common voltage and sensor scanning signals
according to the present invention;

[0033] FIG. 4is alayout view of an exemplary embodiment
of'a LC panel assembly according to the present invention;
[0034] FIG. 5 is a layout view of another exemplary
embodiment of a LC panel assembly according to the present
invention;

[0035] FIG. 6 is a sectional view of the panel assembly
shown in FIGS. 4 and 5 taken along line VI-VT';

[0036] FIG. 7 is a sectional view of the panel assembly
shown in FIGS. 4 and 5 taken along line VII-VII";

[0037] FIGS. 8A and 8B are schematic sectional views of
the panel assembly shown in FIGS. 4-7 without and with a
touch;

[0038] FIG.9 is an equivalent circuit diagram of an exem-
plary embodiment of a pixel of an LCD device according to
the present invention;

[0039] FIG. 10 is an exemplary layout view of a panel
assembly of the LCD device shown FIG. 9; and

[0040] FIGS.11-13 are equivalent circuit diagrams of other
exemplary embodiments of a pixel of an LCD device accord-
ing to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0041] The present invention now will be described more
fully hereinafter with reference to the accompanying draw-
ings, in which preferred embodiments of the invention are
shown.



US 2010/0214203 Al

[0042] In the drawings, the thickness of layers and regions
are exaggerated for clarity. Like numerals refer to like ele-
ments throughout. It will be understood that when an element
such as a layer, region or substrate is referred to as being “on”
another element, it can be directly on the other element or
intervening elements may also be present. In contrast, when
an element is referred to as being “directly on” another ele-
ment, there are no intervening elements present.

[0043] An exemplary embodiment of a liquid crystal dis-
play device according to the present invention will be
described in detail with reference to FIGS. 1 and 2.

[0044] FIG. 1 is a block diagram of an exemplary embodi-
ment of an LCD device according to the present invention,
FIG. 2 is an equivalent circuit diagram of an exemplary
embodiment of a pixel of an LCD device according to the
present invention, and FIG. 3 illustrates waveforms of a com-
mon voltage and sensor scanning signals according to an
embodiment of the present invention.

[0045] Referringto FIG. 1, an exemplary embodiment ofan
LCD device includes a liquid crystal (LC) panel assembly
300, an image scanning driver 400, an image data driver 500,
a sensor scanning driver 700, and a sensing signal processor
800 that are coupled with the panel assembly 300, and a signal
controller 600 controlling the above elements.

[0046] Referring to FIGS. 1 and 2, the panel assembly 300
includes a plurality of display signal lines G,-G,, and D,-D,,,
and a plurality of sensor signal lines S-S, P;-P,, and Psd. A
plurality of pixels PX are connected to the display signal lines
G,-G,,andD,-D,, and the sensor signal lines S-S, , P, -P,, and
Psd. The display signal lines G,-G,, and D,-D,,, and the sen-
sor signal lines, S,-S,, P,-P,, and Psd are arranged substan-
tially in a matrix as shown in FIGS. 1 and 2.

[0047] The display signal lines include a plurality of image
scanning lines G,-G,, transmitting image scanning signals
and a plurality of image data lines D, -D,, transmitting image
data signals.

[0048] The sensor signal lines include a plurality of sensor
scanning lines S-S, transmitting sensor scanning signals, a
plurality of sensor data lines P,-P,, transmitting sensor data
signals, and a plurality of input voltage lines Psd.

[0049] In the exemplary embodiment, the image scanning
lines G, -G,, and the sensor scanning lines S,-S, extend sub-
stantially in a row direction and substantially parallel to each
other, while the image data lines D,-D,, and the sensor data
lines P,-P,, extend substantially in a column direction and
substantially parallel to each other.

[0050] The input voltage lines Psd transmit a sensor input
voltage and they may be omitted in another exemplary
embodiment.

[0051] Referring to the exemplary embodiment shown in
FIG. 2, each pixel PX, for example, a pixel PX in the i-th row
(i=1,2,...,n) and the j-th column (j=1, 2, . .. , m), includes
a display circuit DC connected to display signal lines G, and
D, and a sensing circuit SC connected to sensor signal lines S,,
P, and Psd.

[0052] However, in other exemplary embodiments, the
sensing circuits SC may be included only in a portion of the
pixels PX of the LCD device. In other words, in different
embodiments, the concentration of the sensing circuits SC
may be varied and thus the number of the sensor scanning
lines S,-S,, and the number of the sensor data lines may also
be varied.

[0053] The display circuit DC in the exemplary embodi-
ment of FIG. 2 includes a switching element Qs1 connected to
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an image scanning line G, and an image data line D,. An LC
capacitor C; ~and a storage capacitor Cgare connected to the
switching element Qs1. In other exemplary embodiments, the
storage capacitor Cg, may be omitted.

[0054] The switching element Qs1 has three terminals, i.e.,
a control terminal connected to the image scanning line G, an
input terminal connected to the image data line D,, and an
output terminal connected to the LC capacitor C, .~ and the
storage capacitor Cg;.

[0055] The LC capacitor C, . includes a pair of terminals
and a liquid crystal layer (not shown) interposed therebe-
tween and it is connected between the switching element Qs1
and a common voltage Vcom.

[0056] The storage capacitor C, assists the LC capacitor
C, and it is connected between the switching element Qs1
and a predetermined voltage such as the common voltage
Vcom.

[0057] The sensing circuit SC in the exemplary embodi-
ment of FIG. 2 includes a switching element Qs2 connected to
a sensor scanning line S, and a sensor data line P,, a sensing
element Qp connected between the switching element Qs2
and an input voltage line Psd, and a variable capacitor Cv
connected between the sensing element Qs2 and the common
voltage Vcom.

[0058] The variable capacitor Cv has a capacitance that
varies in response to an external stimulus such as a user’s
touch exerted on the panel assembly 300. Examples of the
external stimulus include, but are not limited to, pressure and
light.

[0059] Thecapacitance can also be varied by modifying the
configuration of the variable capacitor Cv, including but not
limited to, changing a distance between two terminals of the
variable capacitor Cv under the pressure. For example, when
a user touches the panel assembly 300, an amount of light
incident on the panel assembly 300 may be changed as well as
the pressure.

[0060] The sensing element Qp has three terminals, i.e., a
control terminal connected to the variable capacitor Cv, an
output terminal connected to the switching element Qs2, and
an input terminal connected to the sensor input voltage line
Psd. The sensing element Qp generates and outputs a sensing
current having a magnitude depending on a voltage of its
control terminal. The voltage of the control terminal depends
on the capacitance of the variable capacitor Cv and the mag-
nitude of the common voltage Vcom. In an alternative
embodiment, the sensing element Qp may generate a photo-
current in response to incident light. In this case, the photo-
current may be included in the sensing current.

[0061] The sensing circuit may further include a sensor
capacitor Cs connected between the control terminal and the
output terminal of the sensing element Qp.

[0062] The sensor capacitor Cs stores electrical charges
output from the sensing element Qp to maintain a predeter-
mined voltage.

[0063] The switching element Qs2 also has three terminals,
i.e., a control terminal connected to the sensor scanning line
S, an output terminal connected to the sensor data line P;, and
an input terminal connected to the output terminal of the
sensing element Qp. The switching element Qs2 outputs a
sensor data signal to the sensor data line P, in response to the
sensor scanning signal from the sensor scanning line S,. The
sensor data signal may be a voltage stored in the sensor
capacitor Cs or the sensing current from the sensing element

Qp.
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[0064] The switching elements Qs1 and Qs2 and the sens-
ing element Qp may include, but are not limited to, amor-
phous silicon or polysilicon thin film transistors (TFTs).

[0065] One or more polarizers (not shown) are provided at
the panel assembly 300.

[0066] The image scanning driver 400 is connected to the
image scanning lines G,-G,, of the panel assembly 300 and
synthesizes a first high-level voltage Vonl for turning on the
switching element Qs1 and a first low-level voltage Voffl for
turning off the switching element Qsl1 to generate the image
scanning signals for application to the image scanning lines
G,-G,.

[0067] Theimage data driver 500 is connected to the image
datalines D,-D,, of the panel assembly 300 and applies image
data signals to the image data lines D,-D,,,.

[0068] The sensor scanning driver 700 is connected to the
sensor scanning lines S,-S,, of the panel assembly 300 and
synthesizes a second high-level voltage Von2 for turning on
the switching element Qs2 and a second low-level voltage
Voff2 for turning off the switching element Qs2 to generate
the sensor scanning signals for application to the sensor scan-
ning lines G,-G,,.

[0069] The sensing signal processor 800 is connected to the
sensor data lines P,-P,_ of the display panel 300 and receives
and processes the sensor data signals from the sensor data
lines P,-P,,,.

[0070] In alternative embodiments, the drivers 400, 500
and 700 and the sensing signal processor 800 may be imple-
mented with at least one integrated circuit (IC) chip (not
shown) mounted on the LC panel assembly 300 or on a
flexible printed circuit (FPC) film in a tape carrier package
(TCP) type, which are attached to the panel assembly 300.
Alternately, the drivers 400, 500 and 700 and the sensing
signal processor 800 may be integrated into the panel assem-
bly 300 along with the signal lines G,-G,, D,;-D,,, S;-S,,
P,-P,, and Psd, the switching elements Qs1 and Qs2, and the
sensing elements Qp.

[0071] The signal controller 600 in the exemplary embodi-
ment of FIG. 1 controls the image scanning driver 400, the
image data driver 500, the sensor scanning driver 700, and the
sensing signal processor 800, etc.

[0072] Now, the operation of the above-described exem-
plary LCD will be described in detail with reference to FIGS.
1 and 2.

[0073] The signal controller 600 is supplied with input
image signals R, G and B and input control signals for con-
trolling the display thereof from an external graphics control-
ler (not shown). The input control signals may include, but are
not limited to, a vertical synchronization signal Vsync, a
horizontal synchronization signal Hsync, a main clock
MCLK, and a data enable signal DE.

[0074] On the basis of the input control signals and the
input image signals R, G and B, the signal controller 600
generates image scanning control signals CONT1, image
data control signals CONT2, sensor scanning control signals
CONT3, and sensor data control signals CONT4. The signal
controller 600 processes the image signals R, G and B suit-
able for the operation of the display panel 300, the processed
image signals shown as DAT in FIG. 1. The signal controller
600 sends the scanning control signals CONT1 to the image
scanning driver 400, the processed image signals DAT and the
data control signals CONT2 to the data driver 500, the sensor
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scanning control signals CONT3 to the sensor scanning
driver 700, and the sensor data control signals CONT4 to the
sensing signal processor 800.

[0075] Theimage scanning control signals CONT1 include
an image scanning start signal STV as an instruction to start
image scanning, and at least one clock signal for controlling
the output time of the first high-level voltage Von. In alterna-
tive embodiments, the image scanning control signals
CONT1 may include, but are not limited to, an output enable
signal OE for defining the duration of the first high-level
voltage Von.

[0076] The image data control signals CONT2 include a
horizontal synchronization start signal STH for indicating the
start of image data transmission for a group of pixels PX, a
load signal LOAD for instructing to apply the image data
signals to the image data lines D,-D,,, and a data clock signal
HCLK. In alternative embodiments, the image data control
signal CONT2 may further include, but is not limited to, an
inversion signal RVS for reversing the polarity of the image
data signals (with respect to the common voltage Vcom).
[0077] Responsive to the image data control signals
CONT?2 from the signal controller 600, the data driver 500
receives a packet of the digital image signals DAT for the
group of pixels PX from the signal controller 600, converts
the digital image signals DAT into analog image data signals,
and applies the analog image data signals to the image data
lines D,-D,,,.

[0078] Theimage scanning driver 400 applies the first high-
level voltage Vonl to an image scanning line G,-G,, in
response to the image scanning control signals CONT1 from
the signal controller 600, thereby turning on the switching
transistors Qsl connected thereto. The image data signals
applied to the image data lines D,-D,, are then supplied to the
display circuit DC of the respective pixels PX through the
activated switching transistors Qs1 as shown in FIG. 2.
[0079] The difference between the voltage of an image data
signal and the common voltage Vcom is represented as a
voltage across the LC capacitor C; ., which is referred to as a
pixel voltage. The LC molecules in the L.C capacitor C, ~have
orientations depending on the magnitude of the pixel voltage.
The molecular orientations determine the polarization of light
passing through the LC layer 3 shown in FIGS. 6 and 7. The
polarizer(s) converts the light polarization into the light trans-
mittance to display images.

[0080] By repeating this procedure by a unit of a horizontal
period (also referred to as “1H” and equal to one period of the
horizontal synchronization signal Hsync and the data enable
signal DE), all image scanning lines G,-G,, are sequentially
supplied with the first high-level voltage Von, thereby apply-
ing the image data signals to all pixels PX to display an image
for a frame.

[0081] When the next frame starts after one frame finishes,
the inversion control signal RVS applied to the data driver 500
is controlled such that the polarity of the image data signals is
reversed (which is referred to as “frame inversion™). In alter-
native embodiments, the inversion control signal RVS may
also be controlled such that the polarity of the image data
signals flowing in a data line are periodically reversed during
one frame (for example, row inversion and dot inversion), or
the polarity of the image data signals in one packet are
reversed (for example, column inversion and dot inversion).
[0082] The sensor scanning driver 700 applies the second
high-level voltage Von2 to the sensor scanning lines S,-S,, to
turn on the switching elements Qs2 connected thereto in
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response to the sensing control signals CONT3. Then, the
switching elements Qs2 output the sensor data signals to the
sensor data lines P,-P,,, and the sensor data signals are input-
ted into the sensing signal processor 800.

[0083] The sensor scanning may be performed by various
schemes and an exemplary embodiment thereof is illustrated
in FIG. 3.

[0084] As shown in FIG. 3, the common voltage Vcom
swings between a third high-level voltage and a third low-
level voltage in a period of 2H. As the sensor scanning driver
700 performs the sensor scanning, the sensor scanning signals
(Vs,, Vs,, Vs, ... ) of even sensor scanning lines (S,, S, S,
.. . ) sequentially become equal to the second high-level
voltage when the common voltage Vcom is equal to the third
high-level voltage.

[0085] With reference to FIG. 3, the sensor scanning driver
700 performs the sensor scanning when the common voltage
Vceom is equal to the third low-level voltage. Here, only odd
sensor scanning lines (S, S;, Ss, . . . ) are scanned. In other
words, all the sensor scanning lines S-S, are scanned regard-
less of the magnitude of the common voltage Vcom. Further-
more, in alternative embodiments, the common voltage Vcom
may be a constant direct voltage.

[0086] The sensing signal processor 800 amplifies or filters
the read sensor data signals and converts the analog sensor
data signals into digital sensor data signals DSN to be sent to
the signal controller 600 in response to the sensor data control
signals CONT4, as shown in the exemplary embodiment of
FIG. 1. The signal controller 600 appropriately processes
signals from the sensing signal processor 800 to determine
whether and where a touch exists. The signal controller 600
sends information about the touch to (external) devices (not
shown) that may demand the information. In alternative
embodiments, an external device may send image signals
generated based on the information to the LCD.

[0087] In other alternative embodiments, the first and the
second high-level voltages may be higher than about 10V, and
the first and the second low-level voltages may be lower than
about -5V. For example, the high-level voltages may be equal
to about 15V and the low-level voltages may be equal to about
—12V. The third high-level voltage may be equal to about 5V,
and the third low-level voltage may be equal to about OV. The
sensor input voltage may range between about —15V-+15V
during the sensing operation, and may be, for example, equal
to about 15V. The output voltage of the sensing elements Qp
in absence of a touch may range between about 0V-5V, and
may be, for example, about 1.0V. The control terminal voltage
of the sensing elements Qp may range between about 0V-3V.

[0088] Accordingly, the voltage difference Vgs between
the control terminal and the input terminal of a sensing ele-
ment Qp may range between about —16V-+2V under normal
operating condition of the sensing elements Qp. The voltage
difference Vds between the input terminal and the output
terminal may range between about 3V-14V under normal
operating condition of the sensing elements Qp.

[0089] Now, detailed structures of exemplary embodiments
of LC panel assemblies will be described in detail with ref-
erence to FIGS. 4,5, 6 and 7.

[0090] FIG. 4 is a layout view of an exemplary LC panel
assembly according to the present invention, FIG. 5 is a layout
view of another exemplary LC panel assembly according to
the present invention, FIG. 6 is a sectional view of the exem-
plary panel assemblies shown in FIGS. 4 and 5 taken along
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line VI-VT', and FIG. 7 is a sectional view of the exemplary
panel assemblies shown in FIGS. 4 and 5 taken along line
VII-VIT.

[0091] Each of the exemplary LC panel assemblies
includes a TFT array panel 100, a common electrode panel
200 facing the TFT array panel, and an L.C layer 3 interposed
between the panels 100 and 200 as best shown in FIGS. 6 and
7.

[0092] TheTFT array panel 100 includes a plurality of gate
conductors including a plurality of image scanning lines 121a
including first control electrodes 124a, a plurality of storage
electrode lines 131, a plurality of sensor scanning lines 12156
including second control electrodes 1245, and a plurality of
third control electrodes 124¢ are formed on an insulating
substrate 110. The substrate 110 may include, but is not
limited to, transparent glass or plastic.

[0093] Theimage scanning lines 121a transmit image scan-
ning signals and the sensor scanning lines 1215 transmit
sensor scanning signals. The scanning lines 121a and 1215
extend substantially in a transverse direction and the first and
the second control electrodes 124a and 1245 project down-
ward, as best shown in FIGS. 4 and 5.

[0094] The storage electrode lines 131 are supplied with a
predetermined voltage such as a common voltage and extend
substantially parallel to the image scanning lines 121a. Each
of'the storage electrode lines 131 may be disposed close to an
image scanning line 121a, while not necessary to. The storage
electrode lines 131 include a plurality of storage electrodes
137 expanding upward and downward.

[0095] Thethird control electrodes 124¢ are separated from
the scanning lines 121a and 1215 and the storage electrode
lines 131 and disposed opposite the storage electrode lines
131 with respect to the sensor scanning lines 12154.

[0096] The gate conductors 121a, 1215, 124¢ and 131 are,
for example, made of Al containing metal including, but not
limited to, Al and Al alloy, Ag containing metal including, but
not limited to, Ag and Ag alloy, Cu containing metal includ-
ing, but not limited to, Cu and Cu alloy, Mo containing metal
including, but not limited to, Mo and Mo alloy, Cr, Ta, or Ti.

[0097] However, in alternate embodiments, all or a portion
of the gate conductors 121a, 1215, 124¢ and 131 may have a
multi-layered structure including two conductive films (not
shown) having different physical characteristics. One of the
two films may be made of low resistivity metal including, but
not limited to, Al containing metal, Ag containing metal, and
Cu containing metal, or the like, including any combination
of at least one of the foregoing, for reducing signal delay or
voltage drop. The other film may be made of material includ-
ing, but not limited to, Mo containing metal, Cr, Ta, or Ti,
which has good physical, chemical, and electrical contact
characteristics with other materials including, but not limited
to, indium tin oxide (ITO) or indium zinc oxide (IZO). For
example, combinations of the two films may include a lower
Cr film and an upper Al (alloy) film, and a lower Al (alloy)
film and an upper Mo (alloy) film. However, in other alterna-
tive embodiments, the gate conductors 121a, 1215, 124¢ and
131 may be made of various metals or conductors.

[0098] The lateral sides of the gate conductors 121a, 1215,
124¢ and 131 are inclined relative to a surface of the substrate
110, and the inclination angle thereof ranges, for example,
about 30-80 degrees as best shown in FIG. 6.
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[0099] A gate insulating layer 140 may be made of mate-
rials including, but not limited to, silicon nitride (SiNx) or
silicon oxide (SiOx) and is formed on the gate conductors
121a, 1215, 124¢ and 131.

[0100] A plurality of semiconductor stripes 151a and a
plurality of semiconductor islands 1515 and 152 are formed
on the gate insulating layer 140. The semiconductor stripes
and islands 151a, 1515 and 152 are, for example, made of
materials including, but not limited to, hydrogenated amor-
phous silicon (abbreviated to “a-Si”) or polysilicon.

[0101] The semiconductor stripes 151a extend substan-
tially in a longitudinal direction and become wide near the
scanning lines 1214 and 1215 and the storage electrode lines
131 such that the semiconductor stripes 151a cover large
areas of the scanning lines 121a and 1215 and the storage
electrode lines 131. Each of the semiconductor stripes 151a
has a plurality of first expansions 154a disposed on the first
control electrodes 124a.

[0102] Each of the semiconductor islands 1514 includes
second and third expansions 1545 and 154¢ disposed on the
second and third control electrodes 1245 and 124c, respec-
tively. Each of the semiconductor islands 1515 may further
include an extension covering edges of the sensor scanning
lines 1215.

[0103] The semiconductor islands 152 are disposed on the
scanning lines 1214 and 1215 and the storage electrode lines
131.

[0104] A plurality of ohmic contact stripes 161a and a
plurality of first ohmic contact islands 1654 are formed on the
semiconductor stripes 151a, and a plurality of second, third,
and fourth ohmic contact islands 1655, 163¢ and 1615 are
formed on the semiconductor islands 1515. In addition, a
plurality of other ohmic contact islands (not shown) are
formed on the semiconductor islands 152. The ohmic con-
tacts 161a,1615,163c¢,165a and 1655 are, for example, made
of'materials including, but not limited to, silicide or n+ hydro-
genated a-Si heavily doped with n type impurity such as
phosphorous.

[0105] Each of the ohmic contact stripes 161a includes a
plurality of first projections 163a. The first projections 163a
and the first ohmic contactislands 1654 are located in pairs on
the first expansions 154a of the semiconductor stripes 151a.
[0106] Each of the fourth ohmic contact islands 1615
includes a plurality of second and third projections 1635 and
165¢. The second projections 1635 and the second ohmic
contact islands 1655 are located in pairs on the second expan-
sions 15454 of the semiconductor islands 1515, and the third
ohmic contact islands 163¢ and the third projections 165¢ are
located in pairs on the third expansions 154¢ of the semicon-
ductor islands 1515.

[0107] The lateral sides of the semiconductor stripes and
islands 151a, 1516 and 152 and the ohmic contacts 161a,
1615,163c, 165a and 1655 are inclined relative to the surface
ofthe substrate 110, and the inclination angles thereofare, for
example, in a range of about 30-80 degrees.

[0108] A plurality of data conductors including a plurality
ofimage data lines 1714, a plurality of sensor data lines 1715,
a plurality of electrode members 171¢, a plurality of input
voltage lines 172, and a plurality of first output electrodes
175a are formed on the ohmic contacts 161a, 1615, 163c,
165a and 1654 and the gate insulating layer 140.

[0109] The image data lines 1714 transmit image data sig-
nals and extend substantially in the longitudinal direction to
intersect the scanning lines 121a and 1215 and the storage

Aug. 26, 2010

electrode lines 131. Each of the image data lines 171a
includes a plurality of first input electrodes 173a projecting
toward the first control electrodes 124a.

[0110] The first output electrodes 1754 are separated from
the data lines 171a and 17154 and the input voltage lines 172
and disposed opposite the first input electrodes 173a with
respect to the first control electrodes 124a. Each of the first
output electrodes 1754 includes a wide end portion 1774 and
a narrow end portion. The wide end portion 177a overlaps a
storage electrode 137 and the narrow end portion is partly
enclosed by a first input electrode 173a that has, for example,
a curved shape.

[0111] The sensor data lines 1715 transmit sensor data sig-
nals and extend substantially in the longitudinal direction to
intersect the scanning lines 121a and 1215 and the storage
electrode lines 131. Each of the sensor data lines 1714
includes a plurality of second output electrodes 17556 project-
ing toward the second control electrodes 12454.

[0112] The electrode members 171c¢ are separated from the
datalines 171a and 1715 and the input voltage lines 172. Each
of the electrode members 171c¢ is disposed on an ohmic con-
tact 1615 and includes a second input electrode 1735 and a
third output electrode 175¢ disposed on the projections 1635
and 165¢, respectively. The second input electrode 1735 faces
a second output electrode 17564.

[0113] The input voltage lines 172 transmit a sensor input
voltage and extend substantially in the longitudinal direction
to intersect the scanning lines 121a and 1215 and the storage
electrode lines 131. Each of the input voltage lines 172 curves
around the electrode members 171¢ and includes a plurality
of third input electrodes 173¢ projecting toward the third
control electrodes 124¢. The third input electrodes 173¢ are
disposed opposite the third output electrodes 175¢ with
respect to the third control electrodes 124¢. The third input
electrodes 173¢ each have a curved shape, for example, a
U-shape, to partly enclose the third output electrodes 175c¢.
[0114] A first control electrode 124a, a first input electrode
173a, and a first output electrode 1754 along with a first
expansion 154a of a semiconductor stripe 151a form a
switching TFT Qs1 having a channel formed in the first
expansion 154a disposed between the first input electrode
173a and the first output electrode 175a.

[0115] A second control electrode 1245, a second input
electrode 1734, and a second output electrode 17554 along
with a second expansion 1545 of a semiconductor island 1515
form a switching TFT Qs2 having a channel formed in the
second expansion 1545 disposed between the second input
electrode 1736 and the second output electrode 1755.

[0116] A third control electrode 124c, a third input elec-
trode 173¢, and a third output electrode 175¢ along with a
third expansion 154¢ of a semiconductor island 1516 form a
sensor TFT Qp having a channel formed in the third expan-
sion 154c¢ disposed between the third input electrode 173¢
and the third output electrode 175c¢.

[0117] The data conductors 171a, 1715, 171¢, 172 and
175a are, for example, made of refractory metal including,
but not limited to, Cr, Mo, Ta, Ti, or alloys thereof.

[0118] However, in alternative embodiments, all or a por-
tion of the data conductors 171a, 1715, 171¢, 172 and 175a
may have a multilayered structure including a refractory
metal film (not shown) and a low resistivity film (not shown).
For example, the multi-layered structure may be a double-
layered structure including a lower Cr/Mo (alloy) film and an
upper Al (alloy) film. In another example, the multi-layered
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structure may be a triple-layered structure of a lower Mo
(alloy) film, an intermediate Al (alloy) film, and an upper Mo
(alloy) film. However, in alternative embodiments, the data
conductors 171a, 1716, 171¢, 172 and 1754 may be made of
various metals or conductors.

[0119] The data conductors 171a, 1715, 171¢, 172 and
175a may have inclined edge profiles, and the inclination
angles thereof range, for example, about 30-80 degrees.
[0120] The ohmic contacts 161a, 1615, 163¢, 165a and
16556 may be interposed only between the underlying semi-
conductor stripes and islands 151a, 1515 and 152 and the
overlying data conductors 171a, 1715, 171¢, 172 and 175a
thereon and reduce the contact resistance therebetween, but in
alternative embodiments, they ohmic contacts may not be
interposed only between the underlying semiconductor
stripes and islands.

[0121] Although the semiconductor stripes 151a are nar-
rower than the image data lines 171a at most places in the
exemplary embodiment, the width of the semiconductor
stripes 151a becomes larger near the scanning lines 121a and
1215 and the storage electrode lines 131 as described above,
to smooth the profile of the surface. This smoothing thereby
prevents the disconnection of the image data lines 171a and
the input voltage lines 172. Likewise, the semiconductor
islands 152 and the extensions of the semiconductor islands
15154 disposed on the edges of the scanning lines 121a and
1215 and the storage electrode lines 131 to smooth the profile
of the surface to prevent the disconnection of the sensor data
lines 1714 and the input voltage lines 172 there.

[0122] The semiconductor stripes and islands 151a, 1515
and 152 may include some exposed portions, which are not
covered with the data conductors 171a, 1716, 171¢, 172 and
175a such as portions located between the input electrodes
173a-173¢ and the output electrodes 175a-175¢. A passiva-
tion layer 180 is formed on the data conductors 171a, 1715,
171¢, 172 and 175a, and the exposed portions of the semi-
conductor stripes and islands 151a, 1515 and 152. The pas-
sivation layer 180 of this embodiment includes a lower pas-
sivation film 180p and an upper passivation film 180g. The
lower passivation film 180p is, for example, made of material
including, but not limited to, inorganic insulator such as sili-
con nitride or silicon oxide and the like.

[0123] Theupper passivation film 180¢, for example, made
of material including, but not limited to, organic insulator.
The organic insulator has a dielectric constant, for example,
less than about 4.0, and it may have photosensitivity. The
upper passivation film 180¢, which may have unevenness on
its surface, may have a plurality of openings exposing por-
tions of the lower passivation film 180p. In exemplary
embodiments, the passivation layer 180 may have a single-
layer structure preferably made of, for example, inorganic or
organic insulator, or the like.

[0124] The passivation layer 180 has a plurality of contact
holes 185 exposing the expansions 177a of the first output
electrodes 175a. The passivation layer 180 and the gate insu-
lating layer 140 may also have a plurality of contact holes 186
exposing the third control electrodes 124¢ as best shown in
FIG. 6. In alternative embodiments, the contact holes 185 and
186 may have inclined or stepped sidewalls.

[0125] A plurality of pixel electrodes 190 and a plurality of
sensing electrodes 196 are formed on the passivation layer
180.

[0126] Each of the pixel electrodes 190 has unevenness
following the unevenness of the upper passivation film 1804.
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Each of the pixel electrodes 190 includes a transparent elec-
trode 192 and a reflective electrode 194 disposed thereon as
shown in the exemplary embodiments of FIGS. 6 and 7. The
transparent electrode 192 may be made of material including,
but not limited to, transparent conductor such as ITO or IZO,
and the like. The reflective electrode 194 may be made of
material including, but not limited to, Al, Ag, Cr, or alloys
thereof.

[0127] However, in alternative embodiments, the reflective
electrode 194 may have a dual-layered structure including a
low-resistivity, reflective upper film (not shown) made of
material including, but not limited to, Al, Ag, or alloys
thereof, and a good contact lower film (not shown) made of
material including, but not limited to, Mo containing metal,
Cr, Ta, or Ti having good contact characteristics with ITO or
170.

[0128] The reflective electrode 194 has a transmissive win-
dow 195 disposed in an opening of the upper passivation film
1804 and exposing the transparent electrode 192. In addition,
the reflective electrode 194 may have an opening 199 dis-
posed on a sensor TFT Qp, as shown in FIG. 5.

[0129] The pixel electrodes 190 are physically and electri-
cally connected to the first output electrodes 175a through the
contact holes 185 such that the pixel electrodes 190 receive
data voltages from the first output electrodes 175a. The pixel
electrodes 190 supplied with the image data voltages generate
electric fields in cooperation with a common electrode 270 of
the common electrode panel 200 supplied with a common
voltage Vcom. These voltages determine the orientations of
liquid crystal molecules of the liquid crystal layer 3 disposed
between the two electrodes 190 and 270. A pixel electrode
190 and the common electrode 270 form an L.C capacitor
C, o, which stores applied voltages after the switching TFT
Qs turns off.

[0130] A pixel of the panel assembly 300, including the
TFT array panel 100, the common electrode panel 200, and
the LC layer 3, may be divided into a transmissive region TA
and a reflective region RA defined by a transparent electrode
192 and a reflective electrode 194, respectively. In detail, the
transmissive region TA includes portions disposed on and
under the transmissive windows 195, while the reflective
region RA includes portions disposed on and under the reflec-
tive electrodes 194.

[0131] Inthe transmissive region TA, light incident from a
rear surface of the panel assembly 300, i.e., from the TFT
array panel 100, passes through the L.C layer 3 and goes out of
a front surface, i.e., out of the common electrode panel 200,
thereby displaying images. In the reflective regions RA, light
incident from the front surface enters into the LC layer 3, is
reflected by the reflective electrode 194, passes through the
LC layer 3 again, and goes out of the front surface, thereby
displaying images. In exemplary embodiments where there is
unevenness of the reflective electrode 194, the efficiency of
the light reflection is enhanced.

[0132] A pixel electrode 190 and an expansion 177a of a
first output electrode 1754 connected thereto overlap a stor-
age electrode line 131 including a storage electrode 137 to
form a storage capacitor Cg;, which enhances the voltage
storing capacity of the liquid crystal capacitor.

[0133] The pixel electrodes 190 overlap the scanning lines
121a and 1215, the data lines 171a and 1715, the input volt-
age lines 172, and the TFTs Qs1, Qs2 and Qp to increase the
aperture ratio.
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[0134] Each of the sensing electrodes 196 also includes a
transparent electrode 197 and a reflective electrode 198. The
transparent electrode 197 may be made of the same layer as
the transparent electrodes 192 of the pixel electrodes 190. The
reflective electrode 198 may be made of the same layer as the
reflective electrodes 194 of the pixel electrodes 190. Each of
the sensing electrodes 196 is spaced apart from a pixel elec-
trode 190 adjacent thereto by a distance, for example, larger
than about three microns. However, in alternative embodi-
ments, the sensing electrodes 196 may be made of the same
layer as the data conductors 171a, 1715, 171¢, 172 and 175a.
[0135] The sensing electrodes 196 are physically and elec-
trically connected to the third control electrodes 124¢ through
the contact holes 186. The sensing electrodes 196 and the
third control electrodes 124c are electrically floating. A sens-
ing electrode 196 and the common electrode 270 form a
variable capacitor Cv with interposing the LC layer 3 ther-
ebetween.

[0136] The description of the common electrode panel 200
in the exemplary LC panel as shown in FIGS. 6 and 7 will
follow.

[0137] A light blocking member 220 referred to as a black
matrix for preventing light leakage is formed on an insulating
substrate 210, which may include but is not limited to trans-
parent glass or plastic. The light blocking member 220
defines a plurality of open areas facing the pixel electrodes
190.

[0138] A plurality of color filters 230 are formed on the
substrate 210 and they are disposed substantially in the open
areas enclosed by the light blocking member 220. In alterna-
tive embodiments, the color filters 230 may extend substan-
tially along the longitudinal direction along the pixel elec-
trodes 190 to form stripes. Each of the color filters 230 may
represent one of the primary colors such as red, green and blue
colors.

[0139] An overcoat 250 is formed on the color filters 230
and the light blocking member 220. The overcoat 250 is, for
example, made of (organic) insulator. The overcoat 250 pro-
tects the color filters 230, prevents the color filters 230 from
being exposed, and provides a flat surface.

[0140] A plurality of risings 240 are formed on the overcoat
250. The risings 240 are, for example, made of organic insu-
lator and face the sensing electrodes 196 on the TFT array
panel 100 as shown in FIG. 6.

[0141] A common electrode 270 is formed on the overcoat
250 and the risings 240. The common electrode 270 is, for
example, made of transparent conductive material including,
but not limited to, ITO and IZO. In alternative embodiments,
the common electrode 270 may include portions disposed
between the risings 240 and the overcoat 250. This configu-
ration may be obtained by depositing transparent conductor
both before and after the formation of the risings 240. In other
embodiments, the thickness of the transparent conductor
deposited after the formation of the risings 240 may be in a
range of about 10-300 nm.

[0142] Alignment layers 11 and 21 for aligning the LC
layer 3 are coated on inner surfaces of the panels 100 and 200,
and one or more polarizers (not shown) are provided on outer
surfaces of the panels 100 and 200.

[0143] In alternative embodiments, the LC layer 3 may be
subjected to a homeotropic alignment or a homogeneous
alignment. In these embodiments, the thickness of the LC
layer 3 in the transmissive regions TA may be about twice in
the reflective regions R A since there is no upper passivation in
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the transmissive regions TA. The thickness of the L.C layer 3
between the sensing electrodes 196 and the risings 240 may
be about 0.01-2.0 microns, which is relatively small as com-
pared with the thickness of other portions in the reflective
regions RA.

[0144] In the exemplary embodiment, the panel assembly
300 further includes a plurality of elastic spacers 320 for
forming a gap between the TFT array panel 100 and the
common electrode panel 200 as best shown in FIG. 7. The
spacers 320 may be spherical or ellipsoidal beads and spread
over the panel assembly 300. However, in alternative embodi-
ments, the spacers 320 may be columnar or rigid spacers
arranged in a regular manner.

[0145] In other alternative embodiments, the panel assem-
bly 300 may further include a sealant (not shown) for com-
bining the TFT array panel 100 and the common electrode
panel 200. In these embodiments, the sealant may disposed
around edges of the common electrode panel 200.

[0146] Now, the operation of the exemplary variable
capacitors will be described in detail with reference to FIGS.
8A and 8B as well as FIGS. 4-7.

[0147] FIGS. 8A and 8B are schematic sectional views of
the exemplary panel assembly shown in FIGS. 4-7, FIG. 8A
showing without a touch and FIG. 8B showing with a touch.

[0148] FIG. 8A shows the exemplary panel assembly 300
without any touch. A TFT array panel 100 and a common
electrode panel 200 are propped by a plurality of spacers 320,
and thus the distance between the common electrodes 270
and the sensing electrodes 196 is kept substantially constant.

[0149] FIG. 8B shows the panel assembly 300 upon pressed
by a finger 1 of a user. The spacers 320 are deformed by the
pressure given by the finger 1 and thus the common electrode
panel 200 approaches the TFT array panel 100 near the
pressed point. Accordingly, the distance between the com-
mon electrode 270 and the sensing electrodes 196 is reduced.
[0150] The capacitance of a variable capacitor Cv includ-
ing a sensing electrode 196 and a portion of the common
electrode 270 (which will be denoted by the same reference
character Cv as the capacitor itself) corresponding thereto is
given by:

Cv=e—,

o

where € denotes the permittivity of the LC layer 3 and the
alignment layers 11 and 21, A denotes the area of the sensing
electrode 196, and d is the distance between the sensing
electrode 196 and the common electrode 270 on a rising 240.
[0151] Since the permittivity € and the area A are consid-
ered to be fixed, the capacitance of the variable capacitor Cv
is determined by the distance d. For example, the distance d
becomes equal to about 0.1 microns from 0.5 microns by a
touch, the capacitance Cv increases about five times.

[0152] The variation of the capacitance Cv changes the
voltage across the variable capacitor Cv and a voltage of the
control terminal of a sensing element Qp, i.e., a control volt-
age, which in turn changes the sensor current of the sensing
element Qp.

[0153] Inthe meantime, a semiconductor channel of a sen-
sor TFT Qp shown in FIG. 5 is exposed to light through an
opening 199 and the semiconductor channel generates a pho-
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tocurrent upon the exposure to the light. Accordingly, the
sensor current outputted by the sensing element Qp includes
the photocurrent.

[0154] When a user’s finger 1 approaches the panel assem-
bly 300 and covers the openings 199, the amount of light
incident on the channel of the sensor TFTs Qp is reduced to
decrease the photocurrent and the sensor current.

[0155] In this way, a touch of a user’s finger 1, etc., on the
panel assembly 300 changes sensor data signals to inform
whether and where a touch exists.

[0156] An exemplary embodiment of an LCD device
according to the present invention will be described in detail
with reference to FIGS. 9 and 10.

[0157] FIG. 9 is an equivalent circuit diagram of a pixel of
an exemplary embodiment of an LCD device according to the
present invention, and FIG. 10 is an exemplary layout view of
a panel assembly of the LCD device shown FIG. 9.

[0158] Referring to FIG. 9, a pixel PX in the i-th row (i=1,
2,...,n)and thej-thcolumn (j=1,2, ..., m)includes adisplay
circuit DC connected to display signal lines G, and D, and a
sensing circuit SC connected to sensor signal lines S;, P, Psd
and Psg,.

[0159] Thedisplay circuit DC includes a switching element
Qs1 connected to an image scanning G, and an image data line
D,, and an LC capacitor C, .~ and a storage capacitor C that
are connected to the switching element Qs1.

[0160] The sensing circuit SC includes a switching element
Qs2 connected to a sensor scanning line S; and a sensor data
line P, a sensing element Qp connected between the switch-
ing element Qs2 and an input voltage line Psd, and a variable
capacitor Cv connected between the sensing element Qs2 and
the common voltage Vcom.

[0161] The control terminals of the sensing elements Qp
and the variable capacitors Cv in a pixel row are connected to
a sensor control terminal line Psg;. Accordingly, if the voltage
across any one of the variable capacitors Cv in a pixel row is
changed, the control voltage of all the sensing elements Qp in
a pixel row is changed to vary the sensing currents of the
sensing elements Qp in the pixel row.

[0162] This means that the variable capacitors Cv in a pixel
row may be connected in parallel to the sensor control termi-
nal line Psg;. Then, the total capacitance of the variable
capacitors Cv is much larger than each of the variable capaci-
tors Cv such that the variation of the control voltage caused by
a touch is magnified to cause a large variation of the sensor
data signals. Accordingly, the LCD device ensures the exist-
ence of a touch.

[0163] In alternative embodiments, many of the above-de-
scribed features of the pixel shown in FIG. 2 may be appro-
priate to the pixel shown in FIG. 9.

[0164] The procedures for determining whether and where
a touch exists with reference to the exemplary embodiments
of an LCD device detailed above will be described.

[0165] In one embodiment, a way of determining whether
and where a touch exists is first to determine the existence of
atouch and then to determine a touched position. In detail, the
sensor data signals of the sensing elements Qp are read row by
row to determine whether a touch exists. When it is deter-
mined that a touch exists, it is determined where the touch
exerts by reading the sensor data signal of every sensing
element Qp.

[0166] In another embodiment, a way of determining
whether and where a touch exists is first to determine the
existence of a touch and the longitudinal position of the touch
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and then to determine the transverse position of the touch. In
detail, the sensor data signals of the sensing elements Qp are
read row by row to determine whether a touch exists and
which row the touch exerts on. When it is determined that a
touch exists, it is determined which column the touch exerts
on by reading the sensor data signal of every sensing element
Qp-

[0167] If the determination of the existence of a touch and
the position of the touch is performed only with the variation
of the amount of incident light, errors may occur when a
user’s finger does not touch the panel assembly but it is
disposed close to the panel assembly. However, if the exist-
ence of a touch is firstly determined according to the capaci-
tance of the variable capacitor Cv and the position of the
touch is latterly determined according to the amount of inci-
dent light, the accuracy of the determination can be increased.
[0168] Now, a detailed structure of an exemplary LC panel
assembly including a pixel shown in FIG. 9 will be described
in detail with reference to FIG. 10.

[0169] FIG. 10 is a layout view of an exemplary LC panel
assembly including a pixel shown in FIG. 9.

[0170] Alayered structure of this exemplary panel is almost
the same as those shown in FIGS. 4-7, and thus the section
thereof is not shown.

[0171] Referring to FIG. 10 as well as FIGS. 4 to 7, a panel
assembly according to this embodiment also includes a TFT
array panel 100, a common electrode panel 200, and an L.C
layer 3 interposed between the panels 100 and 200.

[0172] Regarding the TFT array panel 100, a plurality of
gate conductors including a plurality of image scanning lines
1214 including first control electrodes 124a, a plurality of
storage electrode lines 131 including storage electrodes 137,
a plurality of sensor scanning lines 1215 including second
control electrodes 1245, and a plurality of third control elec-
trodes 124¢ are formed on a substrate 110. A gate insulating
layer 140, a plurality of semiconductor stripes and islands
151a, 1515 and 152 including first to third expansions 154a-
154¢, and a plurality of ohmic contacts 161a, 1615, 163c,
165a and 1655 including first to third projections 163a, 1635
and 165¢ are sequentially formed on the gate conductors
121a, 1215, 124¢ and 131. A plurality of data conductors
including a plurality of image data lines 171a including first
input electrodes 173a, a plurality of first output electrodes
175a, a plurality of sensor data lines 1715 including second
output electrodes 1735, a plurality of electrode members 171¢
including second input electrodes 17356 and third output elec-
trodes 175¢, and a plurality of input voltage lines 172 includ-
ing third input electrodes 173¢ are formed on the ohmic
contacts 161a, 1615, 163¢, 165a and 1655 and the gate insu-
lating layer 140. A passivation layer 180 including a lower
passivation film 180p and an upper passivation film 180¢ is
formed on the data conductors 171a, 1715, 171c, 172 and
175a, and the exposed portions of the semiconductor stripes
and islands 151a, 1515 and 152. The passivation layer 180 has
a plurality of contact holes 185 exposing expansions 177a of
the first output electrodes 175a, and the passivation layer 180
and the gate insulating layer 140 have a plurality of contact
holes 186 exposing the third control electrodes 124c¢. A plu-
rality of pixel electrodes 190 including transparent electrodes
192 and reflective electrodes 194, which have transmissive
windows 195 and openings 199, and a plurality of sensing
electrodes 196 including transparent electrodes 197 and
reflective electrodes 198 are formed on the passivation layer
180, and an alignment layer 11 is coated thereon.
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[0173] Regarding the common electrode panel 200, a light
blocking member 220, a plurality of color filters 230, an
overcoat 250, a plurality of risings 240, a common electrode
270, and an alignment layer 21 are formed on an insulating
substrate 210.

[0174] Different from the panel assembly shown in FIGS.
4-7, the gate conductors of the TFT array panel 100 according
to this embodiment further includes a plurality of sensor
control terminal lines 121c¢.

[0175] The sensor control terminal lines 121¢ extend sub-
stantially parallel to the scanning lines 121a and 1215 and
they are separated from the scanning lines 121a and 12154.
Each of the sensor control terminal lines 121 ¢ is connected to
the third control electrodes 124¢ in a pixel row. Accordingly,
variable capacitors Cv in the pixel row are connected in
parallel.

[0176] In alternative embodiment, many of the above-de-
scribed features of the panel assembly shown in FIGS. 4-7
may be appropriate to the panel assembly shown in FIG. 10.
[0177] LCD devices according to other exemplary embodi-
ments of the present invention will be described in detail with
reference to FIGS. 11, 12 and 13.

[0178] FIGS. 11-13 are equivalent circuit diagrams of a
pixel of exemplary LCD devices according to the present
invention.

[0179] Referring to FIGS. 11-13, a pixel PX in the i-th row
(i=1,2,...,n) and the j-th column (j=1, 2, . . . , m) includes
a display circuit DC connected to display signal lines G, and
D; and a sensing circuit SC connected to at least one of sensor
signal lines S;, P, and Psd and at least one of image scanning
lines G, and G,_,. For these embodiments, at least one of the
sensor signal lines S, and Psd is omitted as compared with the
exemplary LCD device shown in FIG. 2.

[0180] Thedisplay circuit DC includes a switching element
Qs1 connected to the i-th image scanning line G, and the j-th
image data line D,, and a LC capacitor C, . and a storage
capacitor Cg, that are connected to the switching element
Qsl.

[0181] The sensing circuit SC includes a switching element
Qs2, a sensing element Qp connected to the switching ele-
ment Qs2, and a variable capacitor Cv connected between the
sensing element Qs2 and the common voltage Vcom.

[0182] Referring to FIG. 11, an input voltage line Psd is
omitted in this embodiment. The switching element Qs2 has
a control terminal connected to a sensor scanning line S,, an
output terminal connected to a sensor data line P;, and an input
terminal connected to the sensing element Qp. The sensing
element Qp has a control terminal connected to the variable
capacitor Cv, an output terminal connected to the switching
element Qs2, and an input terminal connected to the i-th
image scanning line G,.

[0183] Referring to FIG. 12, a sensor scanning line S, is
omitted in this exemplary embodiment. The switching ele-
ment Qs2 has a control terminal connected to the (i-1)th
image scanning line G,_, (referred to as a “previous image
scanning line” hereinafter), an output terminal connected to a
sensor data line P;, and an input terminal connected to the
sensing element Qp. The sensing element Qp has a control
terminal connected to the variable capacitor Cv, an output
terminal connected to the switching element Qs2, and an
input terminal connected to an input voltage line Psd.

[0184] Referring to FIG. 13, a sensor scanning line S; and
an input voltage line Psd are omitted in this exemplary
embodiment. The switching element Qs2 has a control termi-
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nal connected to a previous image scanning line G,_;, an
output terminal connected to a sensor data line P, and an input
terminal connected to the sensing element Qp. The sensing
element Qp has a control terminal connected to the variable
capacitor Cv, an output terminal connected to the switching
element Qs2, and an input terminal connected to the i-th
image scanning line G;.

[0185] The previous image scanning line for a given image
scanning line is supplied with a high-level voltage for turning
on the switching elements Qs1 right before the given image
scanning line.

[0186] In this way, the sensor scanning line S, or the input
voltage line Psd can be omitted to increase the aperture ratio
and to simplify the structure thereof. Furthermore, when the
sensor scanning line S; is omitted, the sensor scanning driver
700 generating sensor scanning signals can be also omitted.

[0187] The control terminal of the switching element Qs2
or the input terminal of the sensing element Qp is connected
to a next image signal line G,, , instead of the previous image
scanning line G,_,.

[0188] In alternative embodiments, the exemplary LC
panel assemblies including pixels shown in FIGS. 11-13, may
have openings for exposing the sensing element Qp to exter-
nal light and they may include sensor control terminal line
Psd connecting the control terminals of the sensing elements
Qp.

[0189] Having described the exemplary embodiments of
the present invention and its advantages, it is noted that vari-
ous changes, substitutions and alterations can be made herein
without departing from the spirit and scope of the invention as
defined by appended claims. Moreover, the use of the terms
first, second, etc. does not denote any order of importance, but
rather the terms first, second, etc. are used to distinguish one
element from another. Furthermore, the use of the terms a, an,
etc. does not denote a limitation of quantity, but rather denotes
the presence of at least one of the referenced item.

What is claimed is:

1. A liquid crystal display device comprising:

a first substrate;

a common electrode formed on the first substrate;

a second substrate facing the first substrate and spaced
apart from the first substrate;

an image scanning line disposed on the second substrate;

an image data line disposed on the second substrate and
intersecting the image scanning line;

a first thin film transistor connected to the image scanning
line and the image data line;

a pixel electrode connected to the first thin film transistor
and facing the common electrode;

a sensing electrode disposed on the second substrate and
facing the common electrode;

a second thin film transistor having a control electrode
connected to the sensing electrode; and

a liquid crystal layer disposed between the first substrate
and the second substrate,

wherein the sensing electrode and the control electrode of
the second thin film transistor are floating.

2. The liquid crystal display device of claim 1, further

comprising a rising disposed between the first substrate and
the common electrode and facing the sensing electrode.
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3. The liquid crystal display device of claim 2, wherein the
liquid crystal layer on the rising has a thickness from about
0.01 microns to about 2.0 microns.

4. The liquid crystal display device of claim 2, further
comprising an insulating layer disposed between the second
thin film transistor and the sensing electrode, and a contact
hole connecting the sensing electrode and the control elec-
trode of the second thin film transistor.

5. The liquid crystal display device of claim 4, wherein the
sensing electrode and the pixel electrode comprise the same
layer and a distance between the sensing electrode and the
pixel electrode is larger than about 3 microns.
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6. The liquid crystal display device of claim 2, further
comprising a third thin film transistor having an input elec-
trode connected to an output electrode of the second thin film
transistor.

7. The liquid crystal display device of claim 2, further
comprising a spacer propping the first substrate and the sec-
ond substrate.

8. The liquid crystal display device of claim 2, wherein the
pixel electrode comprises a transparent electrode and a reflec-
tive electrode having an opening exposing the second thin
film transistor.
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