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7) ABSTRACT

An image display device includes a display surface through
which input light is applied from an external object, a color
filter having color pixels that are arranged to form a planar
surface substantially parallel with the display surface, a
substrate having light sensing portions each disposed to face
corresponding one of the color pixels, in which the light
sensing portion senses light provided through the corre-
sponding color pixel, and a liquid crystal layer disposed
between the color filter and the substrate. The substrate
includes pixel portions arranged in a matrix form to display
images. The light sensing portion includes switching tran-
sistors that are respectively controlled by the input light and
a gate signal and respectively connected to sensing lines.
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DISPLAY DEVICE WITH DISPLAY PANEL
PROCESSING INPUT DATA

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to image display
devices, and more particularly, to an image display device
receiving input data through a display panel thereof, which
then processes the input data.

[0003]

[0004] A touch panel is generally used in image display
devices as a data input apparatus. In a typical image display
device with a touch panel, the touch panel is disposed at the
surface (or screen) of an image display device and touched
by an object, such as a finger, a light pen, etc., to received
input data. In general, a display menu is shown on a screen
and one or more options are selected using the object (e.g.,
a light pen). The touch panel senses a position where the
object makes contact with the screen, and outputs a position
signal corresponding to the position where the object makes
contact with the screen, thereby operating the image display
device.

[0005] Since the image display devices having a touch
panel do not require an additional data input apparatus (e.g.,
keyboard, mouse, etc.), they have gained popularity and
been widely used in various products. Recently, the touch
panels are used in liquid crystal display (LCD) devices. A
touch panel is disposed on an LCD panel for displaying
images and detects positions of an object selected by a user.

[0006] Generally, a touch panel includes a first substrate,
a second substrate spaced apart from the first substrate in a
predetermined distance, and first and second transparent
electrodes formed at the first and second substrates, respec-
tively. In order to couple the LCD panel and the touch panel
of an LCD device, the LCD device uses a frame or adhesive
disposed between the LCD panel and the touch panel. By
employing such coupling method, however, air space is
formed between the LCD panel and the touch panel. Since
the air space has a refractive index different from those of
the LCD panel and the touch panel, the optical properties of
the LCD device is deteriorated.

[0007] Also, since the conventional touch panels have a
pair of substrates and transparent electrodes disposed ther-
ebetween, there has been an increase in thickness of the
conventional LCD devices employing such touch panels and
in their manufacturing cost as well.

2. Description of the Related Art

BRIEF SUMMARY OF THE INVENTION

[0008] The above-discussed and other drawbacks and
deficiencies of the prior art are overcome or alleviated by the
image display device of the present invention. In one
embodiment, an image display device includes a display
surface through which input light is applied from an external
object, a color filter having color pixels that are arranged to
form a planar surface substantially parallel with the display
surface, and a substrate having at least one light sensing
portion disposed to face corresponding one of the color
pixels, in which the at least one light sensing portion senses
light provided through the corresponding color pixel. The
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substrate may also include pixel portions arranged in a
matrix form to display images.

[0009] The pixel portions each include a gate line provid-
ing a gate signal, a data line providing an image data signal,
and a first switching member having a conduction path
between the data line and a pixel electrode disposed on the
substrate, in which the first switching member is controlled
by the gate signal. The light sensing portion includes a
second switching member that is controlled by the light
provided through the corresponding color pixel and transfers
a first signal provided via a data line in response to the light,
a first sensing line electrically connected to the second
switching member, and a third switching member that is
controlled by a second signal provided via a gate line and
transfers the first signal from the second switching member
to a second sensing line in response to the second signal.

[0010] These and other objects, features and advantages of
the present invention will become apparent from the fol-
lowing detailed description of illustrative embodiments
thereof, which is to be read in connection with the accom-
panying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] This disclosure will present in detail the following
description of exemplary embodiments with reference to the
following figures wherein:

[0012] FIG. 1 is a schematic cross-sectional view illus-
trating an LCD device according to an exemplary embodi-
ment of the present invention,

[0013] FIG. 2 is a schematic plan view of the color filter
substrate in FIG. 1;

[0014] FIG. 3 is a schematic plan view of the array
substrate in FIG. 1;

[0015] FIG. 4 is a waveform showing transmission spec-
trum of the R, G and B color pixels in FIG. 1,

[0016] FIG. 5 is a partial cross-sectional view of the LCD
device in FIG. 1;

[0017] FIG. 6 is a plan view the array substrate in FIG. 5;
and
[0018] FIG. 7 is a schematic circuit diagram illustrating

the pixel portion and the light sensing portion of the array
substrate in FIG. 6.

DETAILED DESCRIPTION OF THE
INVENTION

[0019] Detailed illustrative embodiments of the present
invention are disclosed herein. However, specific structural
and functional details disclosed herein are merely represen-
tative for purposes of describing exemplary embodiments of
the present invention.

[0020] FIG. 1 is a schematic cross-sectional view illus-
trating a liquid crystal display (LCD) device according to an
exemplary embodiment of the present invention. FIG. 2 is
a schematic plan view of a color filter substrate of the LCD
device in FIG. 1, and FIG. 3 is a schematic plan view of an
array substrate of the LCD device in FIG. 1.

[0021] Referring to FIGS. 1 to 3, the LCD device includes
an LCD panel 400 having an array substrate 100, a color
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filter substrate 200 facing the array substrate 100, and a
liquid crystal layer 300 interposed between the array sub-
strate 100 and the color filter substrate 200. The LCD panel
400 displays images in response to image data and control
signals externally provided.

[0022] The array substrate 100 includes a plurality of pixel
portions PP arranged in a matrix form to display images and
a plurality of light sensing portions LSP for sensing the light
input through a display surface 410 of the LCD panel 400
and for generating position information that indicates a
position at which the light is applied to the display surface
410.

[0023] In the array substrate 100, the light sensing por-
tions LSP each have an areal size smaller than that of the
respective pixel portions PP. Also, the number of the light
sensing portions LSP is smaller that that of the pixel portions
PP in a unit area. In other words, the density of the light
sensing portions LSP is lower than that of the pixel portions
PP. For example, multiple pixel portions PP are disposed
between the adjacent light sensing portions LSP. By having
such structure, the opening ratio of the LCD panel 400 is
prevented from being deteriorated due to the light sensing
portions LSP.

[0024] Referring to FIGS. 1 and 2, the color filter sub-
strate 200 includes a color filter 210 on which red (R), green
(G) and blue (B) color pixels are formed. As shown in FIG.
2, the G color pixel is formed adjacent to the R color pixel,
the B color pixel is formed adjacent to the G color pixel, and
the R color pixel is formed adjacent to the B color pixel. The
R, G and B color pixels each have a stripe shape extended
in a predetermined direction between the opposite ends of
the color filter substrate 200.

[0025] In this embodiment, each of the R color pixels of
the color filter 210 and corresponding one of the light
sensing portions LSP are disposed to face each other. Thus,
white light WL incident into the display surface 410 of the
LCD panel 400 is changed into red light RL by passing
through the R color pixel and provided to the light sensing
portion LSP corresponding to the R color pixel. The red light
RL from the R color pixel has a wavelength from about 600
nm to about 700 nm. Preferably, the red light RL from the
R color pixel has a wavelength from about 600 nm to about
660 nm.

[0026] The white light WL is externally provided from a
light pen 800 to the LCD panel 400. The light pen 800
includes a light emitting diode (LED) 810 that emits the
white light WL. The LED 810 is mounted at an end portion
of the light pen 800, which makes contact with the display
surface 410 of the LCD panel 400.

[0027] The white light WL emitted from the LED 810 is
changed into the red light RL while passing through the R
color pixel, and the red light RL is provided to the light
sensing portions LSP. Thus, although the LED 810 emits the
white light WL, the light sensing portions LSP receive the
red light RL. In another embodiment, however, the light pen
800 may have an LED emitting the red light having a
wavelength from about 600 nm to about 700 nm.

[0028] FIG. 4 is a waveform of transmission spectrum of
the R, G and B color pixels of the LCD panel 400. In FIG.
4, the transmission spectrum was obtained from the experi-
ments in which light is emitted from a light source of CIE
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standard illuminant D65 to the display surface 410 of the
LCD panel 400. Here, “D65” indicates daylight having a
color temperature of 6504K. In FIG. 4, the solid line Ly, the
bold dotted line L, and the thin dotted line Ly represent
transmission spectrums of the light passing through the R, G
and B color pixels, respectively. In FIG. 4, the x-axis
represents a wavelength (nm) of the light, and the y-axis
represents transmittance of the light at the color pixels.

[0029] In case of the light having a wavelength from about
400 nm to about 500 nm, transmittance of the blue light
passing through the B color pixel is higher than those of the
red light passing through the R color pixel and the green
light passing through the G color pixel. In case of the light
having a wavelength from about 500 nm to about 600 nm,
the transmittance of the green light passing through the G
color pixel is higher than those of the red light passing
through the R color pixel and the blue light passing through
the B color pixel. In case of the light having a wavelength
from about 600 nm to about 700 nm, the transmittance of the
red light passing through the R color pixel is higher than
those of the green light passing through the G color pixel and
the blue light passing through the B color pixel.

[0030] As shown in FIG. 4, the transmittance of the green
light and blue light respectively passing through the G and
B color pixels is lower than the transmittance of the red light
passing through the R color pixel considering the overall
range of the wavelength. Especially, the transmittance of the
red light passing through the R color pixel approximates to
100% in the wavelength range from about 600 nm to about
700 nm. Also, comparing the wavelength bandwidths having
high transmittance of the light passing through the R, G and
B color pixels, the red light passing through the R color pixel
has a wider wavelength bandwidth than those of the blue
light and green light.

[0031] Thus, when the red light having the wavelength
from about 600 nm to about 700 nm is incident on the R
color pixel, the light sensing portions LSP have improved
sensitivity because the transmittance of the red light passing
through the R color pixel becomes greater.

[0032] In the following Table, shown are the light sources
providing light to the light sensing portions LSP arranged at
the array substrate 100 through the display surface 410 of the
LCD panel 400 and values of photocurrent from the light
sensing portions LSP in accordance with the color pixels
corresponding to the light sensing portions LSP.

TABLE
R G B
color pixel color pixel color pixel
darkroom 0.872 nA 0.872 nA 0.872 nA
Room 10 nA 149 nA 149 nA
red RED 1250 nA 994 nA 55.9 nA
green LED 533 nA 67.4 nA 86.8 nA
ultraviolet LED 10 nA
red laser 1410 nA 105 nA 10.9 nA
[0033] Referring to the above Table, the photocurrent of

the light sensing portions LSP is higher when the light
sensing portions LSP receives the light from the red LED or
red laser than when the light sensing portions LSP receives
indoor light or light from the ultraviolet LED or green LED.
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In the Table, the red light emitted from the red LED has a
wavelength of about 630 nm.

[0034] Also, the photocurrent from the light sensing por-
tions LSP is higher when the light sensing portions LSP are
disposed at a position corresponding to the R color pixel
than when the light sensing portions LSP are disposed at a
position corresponding to the G and B color pixels. Espe-
cially, in case that the red light emitted from the red LED or
red laser passes through the R color pixel, the photocurrent
from the light sensing portions LSP was greatly increased.

[0035] As shown in the above Table, since a condensing
efficiency of the light emitted from the red laser is higher
than that of the light emitted from the red LED, the photo-
current from the light sensing portions LSP was higher when
using the red laser than when using the red LED. When the
red light is provided to the light sensing portions LSP of the
LCD panel 400, the red light is directly emitted from the
LED or white light is changed into the red light by passing
through the R color pixel.

[0036] In another embodiment, the LED emits the red
light and the LCD device has the R color pixel disposed at
a position corresponding to the respective light sensing
portions LSP. In this case, the red light emitted from the
LED is provided to the light sensing portions LSP after
passing through the R color pixel, thereby improving the
sensitivity of the light sensing portions LSP.

[0037] FIG. 5 is a schematic cross-sectional view illus-
trating selected parts of the LCD panel in FIG. 1, and FIG.
6 is a schematic plan view of the array substrate in FIG. 5.
Referring to FIGS. 5 and 6, the LCD panel 400 includes the
array substrate 100, the color filter substrate 200 facing the
array substrate 100, and the liquid crystal 300 interposed
between the array substrate 100 and the color filter substrate
200.

[0038] The color filter substrate 200 includes the color
filter 210 on which the R, G and B color pixels are formed,
and a common electrode 220. The R color pixel of the color
filter 210 is disposed at a position facing the corresponding
light sensing portion LSP. Thus, the white light WL provided
through the display surface 410 of the LCD panel 400 is
changed into the red light RL while passing through the R
color pixel, and then provided to the corresponding light
sensing portion LSP.

[0039] The common electrode 220 includes a transparent
conductive material, for example, indium tin oxide (ITO),
indium zinc oxide (IZO), etc., and is formed on the color
filter 210 having a uniform thickness.

[0040] The array substrate 100 includes the pixel portions
PP and the light sensing portions LSP. Each of the pixel
portions PP includes a gate line GL extended in a first
direction D1, a data line DL extended in a second direction
D2 substantially perpendicular to the first direction D1, a
first thin film transistor (TFT) T1 connected to the gate and
data lines GL and DL, a transparent electrode TE connected
to the first TFT T1, and a reflective electrode RE connected
to the first TFT T1.

[0041] The first TFT T1 includes a gate electrode branched
from the gate line GL, a source electrode branched from the
data line DL, and a drain electrode connected to the trans-

Oct. 14,2004

parent and reflective electrodes TE and RE. The first TFT T1
is, for example, an amorphous silicon (a-Si) TFT.

[0042] Each of the light sensing portions LSP includes a
first sensing line SL1 extended in the first direction D1, a
second sensing line SL2 extended in the second direction
D2, a second TFT T2 driven in response to the red light RL
externally provided through the R color pixel, and a third
TFT T3 electrically connected to the second TFT T2. The
second and third TFTs T2 and T3 are, for example, a-Si
TFTs.

[0043] The second TFT T2 includes gate and source
electrodes commonly connected to the first sensing line SL1,
and a drain electrode connected to the third TFT T3. The first
sensing line SL1 is formed on a same surface as the gate line
GL and insulated from the gate line GL.

[0044] The third TFT T3 includes a gate electrode
branched from the gate line GL, a source electrode con-
nected to the drain electrode of the second TFT T2, and a
drain electrode branched from the second sensing line SL.2.
The second sensing line SL.2 is formed on a same surface as
the data line DL and insulated from the data line DL.

[0045] The transparent electrode TE is formed on an
insulating layer 110 covering the first, second and third TFTs
T1, T2 and T3, and electrically connected to the first TFT T1
through a contact hole CON through which the drain elec-
trode of the first TFT T1 is exposed. The transparent
electrode TE includes, for example, ITO or 1ZO.

[0046] The reflective electrode RE is formed on the trans-
parent electrode TE and includes a transmissive window W1
that partially exposes the transparent electrode TE and an
opening window W2 that partially exposes the second TFT
T2. The reflective electrode RE includes, for example, a
single reflective layer having aluminum-neodymium (AINd)
or a double reflective layer having aluminum-neodymium
(AINd) and molybdenum-tungsten (MoW).

[0047] The transmissive window W1 transmits the first
light which is externally provided through a rear surface of
the LCD panel 400. The reflective electrode RE reflects the
second light which is incident into the display surface 410 of
the LCD panel 400. Since the second TFT T2 is exposed
through the opening window W2, the white light WL
externally provided through the display surface is provided
to the second TFT T2 after being changed into the red light
RL by passing through the R color pixel.

[0048] Also, the reflective electrode RE covers the first
and third TFTs T1 and T3 to block the first and third TFTs
T1 and T3 from the red light RL, so that the first and third
TFTs Tl and T3 are prevented from being operated in
response to the red light RL.

[0049] FIG. 7 is a schematic circuit diagram illustrating
the pixel portion and the light sensing portion of the array
substrate in FIG. 6. Referring to FIG. 7, each of the pixel
portions PP includes the gate line GL, data line DL, the first
TFT T1 where the gate and source electrodes are connected
to the gate and data lines GL and DL, respectively, and a
liquid crystal capacitor Cle connected to the drain electrode
of the first TFT T1.

[0050] Each of the light sensing portions LSP includes the
first sensing line SL1, the second sensing line SL2, the
second TFT T2 where the gate electrode is connected to the
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first sensing line SL1, and third TFT T3 where source and
drain electrodes are connected to the second TFT T2 and the
second sensing line SI.2, respectively.

[0051] When the white light WL is provided to the display
surface 410 of the LCD panel 400 from the light pen 8§00 by
a user, the white light WL is changed into the red light RL
while passing through the R color pixel, and the red light is
provided to the light sensing portions LSP in the LCD panel
400. The second TFT T2 of the light sensing portions LSP
is controlled by the red light RL. In other words, the second
TFT T2 is turned on to operate in response to the red light
RL.

[0052] When the second TFT T2 is driven, a first signal
provided to the source electrode of the second TFT T2 is
output through the drain electrode of the second TFT T2. An
image signal having image information is output from a
driving part that drives the LCD panel 400, and applied to
the liquid crystal capacitor Clc via the first TFT T1 as a data
driving voltage.

[0053] The third TFT T3 is driven in response to a second
signal provided via the gate line GL. The first signal output
from the drain electrode of the second TFT T2 is provided
to the source electrode of the third TFT T3, and output via
the drain electrode of the third TFT T3. The second signal is
output from the driving part and applied to the gate electrode
of the first TFT T1 as a gate driving voltage. Thus, the LCD
device senses the externally provided input signal (light)
using the light sensing portions LSP in the LCD panel 400
and the L.CD panel 400 is driven in response to the input
signal.

[0054] According to the LCD device of the present inven-
tion, the color filter substrate includes the R, G and B color
pixels, and the array substrate includes the light sensing
portions disposed under the corresponding R color pixels so
as to sense the red light passing through the R color pixels.
When white light is provided from an external object (e.g,,
a light pen) as input data, the white light is changed into red
light by passing through a corresponding R color pixel. The
red light is then provided to a light sensing portion corre-
sponding to the R color pixel.

[0055] By applying the red light to the light sending
portions, the light efficiency and transmittance are improved.
As a result, the photocurrent generated from the TFT of the
light sensing portions increases, thereby improving the
sensitivity of the light sensing portions and the operating
properties of the LCD device.

[0056] Having described the exemplary embodiments of
the LCD device according to the present invention, modi-
fications and variations can be readily made by those skilled
in the art in light of the above teachings. It is therefore to be
understood that, within the scope of the appended claims,
the present invention can be practiced in a manner other than
as specifically described herein.

What is claimed is:

1. A display device for displaying images in response to
image and control signals, comprising:

a display surface through which input light is applied
from an external object,
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a color filter having color pixels that are arranged to form
a planar surface substantially parallel with the display
surface; and

a substrate having at least one light sensing portion
disposed to face corresponding one of the color pixels,
the at least one light sensing portion sensing light
provided through the corresponding color pixel.

2. The display device of claim 1, further including a liquid
crystal layer disposed between the color filter and the
substrate.

3. The display device of claim 1, wherein the correspond-
ing color pixel is a red color pixel so that red light is
provided to the at least one light sensing portion through the
red color pixel.

4. The display device of claim 3, wherein the red light has
awavelength in a range from about 600 nm to about 700 nm.

5. The display device of claim 3, wherein the input light
provided from the external object is white light.

6. The display device of claim 1, wherein the input light
provided from the external object is red light having a
wavelength in a range from about 600 nm to about 700 nm.

7. The display device of claim 1, wherein the substrate
further includes a plurality of pixel portions arranged in a
matrix form to display images in accordance with the image
and control signals.

8. The display device of claim 7, wherein the at least one
light sensing portion includes multiple light sensing portions
each of which is disposed at an area having a selected
number of the pixel portions.

9. The display device of claim 8, wherein a number of the
light sensing portions is smaller than a number of the pixel
portions in a unit area.

10. The display device of claim 8, wherein the light
sensing portions each have a size smaller than a size of the
respective pixel portions.

11. The display device of claim 7, wherein the pixel
portions each include:

a gate line providing a gate signal,
a data line providing an image data signal; and

a first switching member having a conduction path
between the data line and a pixel electrode disposed on
the substrate, the first switching member being con-
trolled by the gate signal.

12. The display device of claim 1, wherein the at least one

light sensing portion includes:

a second switching member controlled by the light pro-
vided through the corresponding color pixel, the second
switching member generating a first signal in response
to the light;

a first sensing line electrically connected to the second
switching member; and

a third switching member controlled by a second signal
provided via a gate line, the third switching member
transferring the first signal from the second switching
member to a second sensing line in response to the
second signal.

13. The display device of claim 12, wherein the second

switching member is a transistor including:

gate and source electrodes commonly connected to the
first sensing line; and
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a drain electrode connected to the third switching mem-
ber.
14. The display device of claim 13, wherein the third
switching member is a transistor including:

a gate electrode connected to the gate line; and

a conduction path connected between the second switch-

ing member and the second sensing line.

15. The display device of claim 14, wherein the data line
and the gate line are connected to a first switching member
of a pixel portion to display an image, the first signal being
provided to the first switching member as a data driving
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signal and the second signal being provided to the first
switching member as a gate driving signal.

16. The display device of claim 14, wherein the first
sensing line is disposed in a direction substantially parallel
with the gate line, and the second sensing line is disposed in
a direction substantially parallel with the data line.

17. The display device of claim 1, wherein the external
object is a light pen having a light emitting diode to generate
the input light.
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