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(7) ABSTRACT

A liquid crystal display device includes a first data line and a
second data line, the first and second data lines substantially
parallel to one another, a first gate line, the first gate line
crossing the first data line and the second data line, a display
sub-pixel defined by the crossing of the first gate line and the
first data line, a sensing sub-pixel defined by the crossing of
the first gate line and the second data line, and a first switching
element for connecting the second data line connected to one
of a sensing processing unit and a ground terminal, wherein
the display sub-pixel transmits light supplied from a light
source in accordance to a data signal applied to the first data
line, and the sensing sub-pixel senses light incident on the
liquid crystal display device and generates charges corre-
sponding to the sensed light.
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LIQUID CRYSTAL DISPLAY DEVICE
INCLUDING IMAGE SENSOR AND METHOD
OF DRIVING THE SAME

[0001] The invention claims the benefit of Korean Patent
Application No. 10-2006-0138466 filed in Korea on Dec. 29,
2006, which is hereby incorporated by reference in its
entirety.

BACKGROUND OF THE INVENTION

[0002] 1.Field of the Invention

[0003] Embodiments ofthe invention relateto a liquid crys-
tal display device, and more particularly, to a liquid crystal
display device and the method of driving the same. Although
embodiments of the invention are suitable for a wide scope of
applications, they are particularly suitable for obtaining a
liquid crystal display device including an image sensor and
the method of driving the same.

[0004] 2. Discussion of the Related Art

[0005] Liquid crystal display (LCD) devices use the optical
anisotropy and polarization properties of liquid crystal mol-
ecules to produce animage. The liquid crystal molecules have
long and thin shapes, and have the optical anisotropy prop-
erty, such that the liquid crystal molecules can be aligned
along an alignment direction. The liquid crystal molecules
also have the polarization property, such that the alignment
direction can be changed according to an intensity of an
applied electric field. In particular, the arrangement of the
liquid crystal molecules can be changed by varying the inten-
sity of the electric field. Consequently, light transmittance of
the liquid crystal molecules is controlled by the electric field,
and the LCD device displays images due to the changes in
light transmittance.

[0006] In general, an LCD device includes a liquid crystal
panel and a driving circuit. The liquid crystal panel includes
first and second substrates spaced apart from each other and a
liquid crystal layer between the first and second substrates.
The first substrate, which is commonly referred to as an array
substrate, has a thin film transistor and a pixel electrode, and
the second substrate, which is commonly referred to as a color
filter substrate, has a color filter layer and a common elec-
trode. The driving circuit electrically drives the liquid crystal
panel. Since the LCD device is a non-emissive type device,
the LCD device includes a light source, such as a backlight
unit, under the liquid crystal panel.

[0007] FIG. 1 is a schematic diagram illustrating an LCD
device according to the related art. In FIG. 1, an LCD device
includes a liquid crystal panel 10, a gate driver 20, a data
driver 40, a timing controller 60 and a backlight unit 80. The
liquid crystal panel 10 includes a plurality of gate lines GL.1
to GLn and a plurality of data lines DL.1 to DLm on a sub-
strate. The plurality of gate lines GL1 to GLn cross the plu-
rality of data lines DL1 to DLm to define a plurality of pixel
regions. Each of the pixel regions includes a thin film tran-
sistor TFT and a liquid crystal capacitor Clc to display
images. The gate driver 20 and the data driver 40 supply
driving signals and image signals to the liquid crystal panel 10
through the plurality of gate lines GL1 to GLn and the plu-
rality of data lines DL1 to DLm, and the timing controller 60
controls the gate driver 20 and the data driver 40. The back-
light unit 80 is disposed under the liquid crystal panel 10 and
supplies light onto the liquid crystal panel 10.
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[0008] A thin film transistor has been explored for applica-
tions as a switching element and also as an image sensing
element. The thin film transistor, when functioning as an
image sensing element, stores information corresponding to
intensity of light and outputs the stored information in
response to an external control signal. For example, the thin
film transistor, when functioning as an image sensing ele-
ment, may be used as an image reader of an image treating
machine, such as a scanner and a digital duplicator.

[0009] Recently, a multi-functional electronic device has
been the subject of research and development so that instead
of using several traditional goods, a single device can achieve
the same results. In addition, a device including an image
sensing element is required to have various functions.
[0010] Accordingly, an LCD device including an image
sensor has been researched and developed. Since an LCD
device including an image sensor displays and senses images,
such an LCD device including an image sensor has advan-
tages in space utilization and production cost. In an LCD
device including an image sensor, however, since a selected
pixel receives a sensed data corresponding to an adjacent
pixel due to light scattering, a sensed data corresponding to
the selected pixel may be interfered.

SUMMARY OF THE INVENTION

[0011] Accordingly, embodiments of the invention is
directed to a liquid crystal display device and the method of
driving the same that substantially obviate one or more of the
problems due to limitations and disadvantages of the related
art.

[0012] An object of the embodiments of the invention is to
provide a liquid crystal display device including an image
sensor where an interference ofa sensed data is prevented and
a method of driving the same.

[0013] Additional features and advantages of embodiments
of the invention will be set forth in the description which
follows, and in part will be apparent from the description, or
may be learned by practice of embodiments of the invention.
The objectives and other advantages of the embodiments of
the invention will be realized and attained by the structure
particularly pointed out in the written description and claims
hereof as well as the appended drawings.

[0014] To achieve these and other advantages and in accor-
dance with the purpose of embodiments of the invention, as
embodied and broadly described, a liquid crystal display
device includes a first data line and a second data line, the first
and second data lines substantially parallel to one another, a
first gate line, the first gate line crossing the first data line and
the second data line, a display sub-pixel defined by the cross-
ing of the first gate line and the first data line, a sensing
sub-pixel defined by the crossing of the first gate line and the
second data line, and a first switching element for connecting
the second data line connected to one of a sensing processing
unit and a ground terminal, wherein the display sub-pixel
transmits light supplied from a light source in accordance to
a data signal applied to the first data line, and the sensing
sub-pixel senses light incident on the liquid crystal display
device and generates charges corresponding to the sensed
light.

[0015] In another aspect, a liquid crystal display device
includes a plurality of first sub-pixels, the first sub-pixels
activated to display an image by selectively transmitting light
irradiated from a rear side of the device, and a plurality of
second sub-pixels, the second sub-pixels selectively activated
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to sense one color light irradiated onto a front side of the
device, wherein the first sub-pixels and the second sub-pixels
locate alternatively with one another.

[0016] Inanotheraspect, a method of driving a liquid crys-
tal display device includes in a display mode, sequentially
activating a first color display sub-pixel, a second color dis-
play sub-pixel and a third color display sub-pixel, and in a
sensing mode, during a first sub-period, activating a first color
sensing sub-pixel, during a second sub-period, activating a
second color sensing sub-pixel, and during a third sub-period,
activating a third color sensing sub-pixel.

[0017] Inanotheraspect, a method of driving a liquid crys-
tal display device having first, second and third pixels, each of
the first, second and third pixels having a display sub-pixel
and a sensing sub-pixel includes transmitting a first light
through the display sub-pixel and sensing a second light in the
sensing sub-pixel of one of the first, second and third pixels,
and shielding the first light in the display sub-pixels of the
other two of the first, second and third pixels.

[0018] Ttistobe understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of embodiments of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] Theaccompanying drawings, which are included to
provide a further understanding of embodiments of the inven-
tion and are incorporated in and constitute a part of this
specification, illustrate embodiments of the invention and
together with the description serve to explain the principles of
embodiments of the invention. In the drawings:

[0020] FIG. 1 is a schematic diagram illustrating an LCD
device according to the related art;

[0021] FIG. 2 is a schematic diagram illustrating a liquid
crystal display device according to an embodiment of the
mvention;

[0022] FIG. 3 is a plan view schematic diagram illustrating
anarray substrate for an LCD device according to an embodi-
ment of the invention,

[0023] FIG. 4 is an equivalent circuit diagram schemati-
cally illustrating an LCD device according to an embodiment
of the invention;

[0024] FIG. 5 is a schematic diagram illustrating a method
of driving an LCD device according to an embodiment of the
mvention;

[0025] FIG. 6 is a timing chart illustrating display data
signals for an LCD device in a sensing mode according to an
embodiment of the invention; and

[0026] FIG.7isaflow chart illustrating a sensing process in
an LCD device according to an embodiment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0027] Reference will now be made in detail to the pre-
ferred embodiments of the invention, examples of which are
illustrated in the accompanying drawings.

[0028] FIG. 2 is a schematic diagram illustrating a liquid
crystal display device according to an embodiment of the
invention. In FIG. 2, a liquid crystal display (LCD) device
having a display mode and a sensing mode includes a pixel P
having a display sub-pixel DP and a sensing sub-pixel SP. The
display sub-pixel DP and the sensing sub-pixel SP are used
for the display mode and the sensing mode, respectively. In
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addition, the LCD device includes a plurality of gate lines
GL1....GLn, adisplay data line DLma and a sensing data
line DLmb. The gatelines GL1. ... GLncross the display data
line DLma and the sensing data line DLmb. The display
sub-pixel is defined by crossing of the gate lines GL.1 . . . .
GLn and the display data line DLma, and the sensing sub-
pixel is defined by crossing of the gate lines GL1. .. GLnand
the sensing data line DLmb.

[0029] A first switching element (not shown) in the display
sub-pixel DP is turned on/off in response to a gate signal
through the gate line GLn and a display data signal through
the display data line DLma is transmitted to the display sub-
pixel DP when the first switching element is turned on.
Accordingly, the display sub-pixel display images by chang-
ing a transmittance of a liquid crystal layer in response to the
display data signal. In addition, an image sensor in the sensing
sub-pixel SP senses light reflected from an object and gener-
ates charges corresponding to the reflected light. A second
switching element (not shown) in the sensing sub-pixel SP is
turned on/off in response to a sensing gate signal through the
gate line GLn and a sensing data signal corresponding to the
charges is transmitted to a sensing processing unit through the
sensing data line DLmb when the second switching element
is turned on.

[0030] Although the display sub-pixel DP and the sensing
sub-pixel SP are connected to different gate lines to drive the
display sub-pixel DP and the sensing sub-pixel SP indepen-
dently in FIG. 2, the display sub-pixel DP and the sensing
sub-pixel SP alternatively may be connected to the same gate
line.

[0031] FIG. 3 is a plan view schematic diagram illustrating
an array substrate for an LCD device according to an embodi-
ment of the invention. In FIG. 3, a gate line GLn, a next gate
line GL,,,,, a common line CL, a power line PLn, a display
data line DLma and a sensing data line DL.mb are formed on
a substrate. The gate line GLn, the next gate line GL,,, ;, the
common line CL and the power line PLn are parallel to one
another, and the display data line DL.ma and the sensing data
line DLmb are parallel to each other. The gate line GLn, the
next gate line GL, _ ;, the common line CL and the power line
PLn may be formed of the same material as one another, and
the display data line DLma and the sensing data line DLmb
may be formed ofthe same material as each other. Further, the
gate line GLn, the next gate line GL,,, ;, the common line CL,
and the power line PLn cross the display data line DLma and
the sensing data line DLmb. A pixel P is defined by crossing
of the gate line GLn, the display data line DLma and the
sensing data line DLmb. The pixel P includes a display sub-
pixel DP and a sensing sub-pixel SP.

[0032] The display sub-pixel DP includes a first switching
element T1 of a thin film transistor (TFT), a first storage
capacitor Cstl and a liquid crystal capacitor (not shown). A
gate electrode of the first switching element T1 is connected
to the first gate line GLn and a source electrode of the first
switching element T1 is connected to the display data line
DLma. A pixel electrode PE in the display sub-pixel DP is
connected to a drain electrode of the first switching element
T1. The pixel electrode PE overlaps the common line CL to
form the first storage capacitor Cstl.

[0033] The sensing sub-pixel SP includes a sensing ele-
ment TP of a TFT, a second storage capacitor Cst2 and a
second switching element T2 of a TFT. A source electrode of
the sensing element TP is connected to the power line PL and
a gate electrode of the sensing element TP is connected to the
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common line CL. A drain electrode of the sensing element TP
overlaps the common line CL to form the second storage
capacitor Cst2 and is connected to a source electrode of the
second switching element T2. A gate electrode of the second
switching element T2 is connected to the next gate lineGL, .,
and a drain electrode of the second switching element T2 is
connected to the sensing data line DLmb.

[0034] The display sub-pixel DP displays images in accor-
dance with a display data signal applied to the pixel electrode
PE through the display data line DLma in a display mode,
while the sensing sub-pixel SP senses images and a sensing
processing unit (not shown) reads a sensing data signal cor-
responding to the sensed images through the sensing data line
DLmb in a sensing mode.

[0035] Although the power line PL is shown to be parallel
to the gate line GLn in FIG. 3, the power line PL may be
parallel to and formed of the same material as the display and
sensing data lines DLma and DLmb in another embodiment.
In addition, although the second switching element T2 is
connected to the next gate line GL,,,, in FIG. 3, the second
switching element T2 may be connected to the corresponding
gate line GLn or a previous gate line (not shown). Further,
although not shown, an LCD device includes an array sub-
strate, a color filter substrate and a liquid crystal layer
between the array substrate and the color filter substrate. In
addition, the color filter substrate includes a color filter layer
and a common electrode.

[0036] FIG. 4 is an equivalent circuit diagram schemati-
cally illustrating an LCD device according to an embodiment
of the invention. In FIG. 4, an LCD device includes a pixel
having a display sub-pixel DP and a sensing sub-pixel SP. The
display sub-pixel DP is defined by crossing of an n” gate line
GLn, an m™ display data line DL.ma and a power line PL, and
the sensing sub-pixel SP is defined by crossing of an (n+1)”
gate line GLn+1, an m* sensing data line DLmb and a power
line PL.

[0037] The display sub-pixel DP displaying images
includes a first switching element T1, a liquid crystal capaci-
tor C, and a first storage capacitor Cstl. The first switching
element T1 may include a thin film transistor (TFT). A gate
electrode of the first switching element T1 is connected to the
n” gate line GLn and a source electrode of the first switching
element T1 is connected to the m™ display data line DLma. A
drain electrode of the first switching element T1 is connected
to first electrodes of the liquid crystal capacitor C, . and the
first storage capacitor Cstl. Second electrodes of the liquid
crystal capacitor C; - and the first storage capacitor Cstl may
be grounded through a common line CL.

[0038] The sensing sub-pixel SP sensing images include an
image sensor TP, a second storage capacitor Cst2, and a
second switching element T2. The image sensor TP and the
second switching element T2 may respectively include a thin
film transistor (TFT). In addition, the image sensor TP may
include a photo transistor. A gate electrode of the image
sensor TP is grounded through the common line CL and a
source electrode of the image sensor TP is connected to a
power line PL. A drain electrode of the image sensor TP is
connected to a first electrode of the second storage capacitor
Cst2 and a drain electrode of the second switching element
T2. A second electrode of the second storage capacitor Cst2 is
grounded through the common line CL. A gate electrode of
the second switching element T2 is connected to the (n+1)*
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gate line GLn+1 and a source electrode of the second switch-
ing element T2 is connected to the m” sensing data line
DLmb.
[0039] In FIG. 4, to drive a display mode and a sensing
mode independently, the display sub-pixel DP and the sens-
ing sub-pixel SP are connected to the n” and (n+1)™ gate lines
GLn and GLu+1, respectively. In another embodiment, how-
ever, the display sub-pixel DP and the sensing sub-pixel SP
may be connected to the same gate line or connected to n™ and
(n-1)" gate lines GLn and GLn-1 (not shown), respectively.
[0040] The LCD device according to an embodiment of the
invention can be driven in the display mode and in the sensing
mode. In the display mode, a gate signal is sequentially sup-
plied to the n” and (n+1)” gate lines GLn and GLn+1. For
example, when the gate signal of a high level voltage is
supplied to the n™ gate line GLn, the first switching element
T1 is tarned on. A display data signal supplied to the m”
display data line DLma is transmitted to the liquid crystal
capacitor C, . and the first storage capacitor Cst1 through the
first switching element T1. Accordingly, the liquid crystal
capacitor changes transmittance of aliquid crystal layer of the
liquid crystal capacitor C, ., thereby displaying images cor-
responding to the display data signal. Although not shown in
FIG. 4. a backlight unit supplies light to the liquid crystal
capacitor C, . When the gate signal of a low level voltage is
supplied to the n” gate line GLn, the first switching element
T1 is turned off and a voltage of the liquid crystal capacitor
C is maintained using charges in the first storage capacitor
IC
Cstl.
[0041] Inthe sensing mode, the gate signal is sequentially
supplied to the n” and (n+1)* gate lines GLn and GLn+1. For
example, when the gate signal of a high level voltage is
supplied to the n” gate lines GLn, the first switching element
T1 is turned on and the display data signal corresponding to a
brightest image is applied to the display sub-pixel DP. The
brightest image corresponds to the maximum transmittance
of the display sub-pixel DP. Accordingly, light from the back-
light unit passes through the display sub-pixel DP, incident on
an object that may be in front of the LCD device, and reflects
back to the LCD device from the object.
[0042] Thereflected light enters the image sensor TP of the
sensing sub-pixel SP and a photo current corresponding to an
intensity of the reflected light is generated in the image sensor
TP. The photo current of the image sensor TP is stored in the
second storage capacitor Cst2 as charges corresponding to the
intensity ofthe reflected light. When the gate voltage ofa high
level voltage is supplied to the (n+1)” gate line GLn+1, the
second switching element T2 is turned on and the charges in
the second storage capacitor Cst2 are read by a sensing pro-
cessing unit SPU through the m” sensing data line DLmb as
a sensing data signal. The sensing processing unit SPU may
include a read out integrated circuit (ROIC) and the sensing
data signal may be stored in an additional memory.
[0043] When the LCD device according to an embodiment
of the invention displays and senses color images, the pixel P
may be classified into red, green and blue pixels R, G and B.
In the sensing mode, the LCD device sequentially senses and
reads red, green and blue colors of the images. Accordingly,
while a selected color is sensed and read in the selected
colored pixel, a display data signal corresponding to a darkest
image is applied to the display sub-pixel DP of the other
colored pixels and light from the backlight unit is blocked.
The darkest image corresponds to the minimum transmit-
tance of the display sub-pixel DP. As a result, the other colors
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are not sensed and read while the selected color is sensed and
read and a sensing accuracy of the LCD device is improved.

[0044] However, the reflected light corresponding to the
selected color may enter the other colored pixels due to light
scattering and abnormal charges may be stored in the second
storage capacitor in the sensing sub-pixel of the other colored
pixels. To reset the abnormal charges, the LCD device accord-
ing to an embodiment of the invention may further include a
third switching element T3, such as three-way switch con-
nected to the m™ sensing data line DLmb. The m” sensing
data line DLmb may be connected to the sensing processing
unit SPU or may be grounded by the third switching element
T3. While the normal charges of the sensing data signal are
stored in the second storage capacitor Cst2, the m” sensing
data line DLmb is connected to the sensing processing unit
SPU and the normal charges are read. While the abnormal
charges are stored in the second storage capacitor Cst2, the
m" sensing data line DLmb is grounded and the abnormal
charges are reset. Accordingly, the third switching element T3
connects m™ sensing data line DLmb to the sensing process-
ing unit SPU in sync with the display data signal correspond-
ing to the brightest image.

[0045] FIG. 5 is a schematic diagram illustrating a method
of driving an LCD device according to an embodiment of the
invention, and FIG. 6 is a timing chart illustrating display data
signals for an LCD device in a sensing mode according to an
embodiment of the invention. In FIG. §, an LCD device
operating in a display mode and a sensing mode includes a
liquid crystal panel 100 and a backlight unit 180. An object
200 for sensing is disposed in front of the LCD device. The
liquid crystal panel 100 includes red, green and blue pixels R,
G and B displaying and sensing red, green and blue colors,
respectively. The backlight unit 180 supplies light to the lig-
uid crystal panel 100.

[0046] In the sensing mode, the light from the backlight
unit 180 passes through a display sub-pixel DP (of FIG. 4),
incidents on the object 200 and reflects from the object 200.
The reflected light enters a sensing sub-pixel SP (of FIG. 4) to
be stored as a sensing data signal and a sensing processing
unit SPU (of FIG. 4) reads the sensing data signal to recognize
the object. A gate signal is sequentially supplied to gate lines
of the liquid crystal panel 100. During one horizontal time
period, the gate signal of a high level voltage is supplied to a
selected gate line, and a display data signal is applied to the
display sub-pixel DP (of FIG. 4) corresponding to the
selected gate line. Here, the display data signal is not applied
to the red, green and blue pixels R, G and B at the same time.
Accordingly, the display data signal may be classified into
first, second and third display data signals E1, E2 and E3 for
the red, green and blue pixels R, G and B, respectively.

[0047] As shown in FIG. 6, for example, each of the first,
second and third display data signals E1, E2 and E3 of the
sensing mode has a first voltage V1 corresponding to a bright-
est image and a second voltage corresponding to the darkest
image. The first voltage V1 is maintained during about one-
third of one horizontal time period H1 and the second voltage
V2 is maintained during about two-third of the one horizontal
time period H2. In addition, the first voltage V1 is repeated
every horizontal time period H1. While the first display data
signal E1has the first voltage V1, the second and third display
data signals E2 and E3 have the second voltage V2. Similarly,
the third and first display data signals E3 and E1 have the
second voltage V2 while the second display data signal E2 has
the first voltage V1, and the first and second display data
signals F1 and E2 have the second voltage V2 while the third
display data signal E3 has the first voltage V1. Accordingly,
one of the first, second and third display data signals E1, E2
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and E3 has the first voltage V1 and the other two of the first,
second and third display data signals E1, E2 and E3 have the
second voltage V2. Further, the first, second and third display
data signals F1, E2 and E3 sequentially have the first voltage
V1 during the one horizontal time period H1.

[0048] Referring again to F1G. 5, when the first voltage V1
of the display data signal is applied to the display sub-pixel
DP (of FIG. 4), the display sub-pixel DP transmits light from
the backlight unit 180. In addition, when the second voltage
V2 of the display data signal is applied to the display sub-
pixel DP, the display sub-pixel DP shields light from the
backlight unit 180. Since the first, second and third display
data signals E1, E2 and E3 sequentially have the first voltage
V1 (of FIG. 6), the display sub-pixels DPs of the red, green
and blue pixels R, G and B sequentially transmits light from
the backlight unit 180, and red, green and blue colored light
are sequentially irradiated onto the object 200.

[0049] For example, the display sub-pixel DP of the red
pixel R may transmit light and the display sub-pixels DPs of
the green and blue pixels G and B may shield light during the
first one-third of the one horizontal time period 1H (of FIG.
6). Similarly, the display sub-pixel DP of the green pixel G
may transmit light and the display sub-pixels DPs of the blue
and red pixels B and R may shield light during the second
one-third of the one horizontal time period 1H. In addition,
the display sub-pixel DP of the blue pixel B may transmit
light and the display sub-pixels DPs of the red and green
pixels R and G may shield light during the third one-third of
the one horizontal time period 1H. Therefore, red, green and
blue colored light sequentially reflect from the object and the
reflected red, green and blue colored light L ; are sequentially
sensed by the sensing sub-pixels SPs (of FIG. 4) of the red,
green and blue pixels R, G and B.

[0050] For example, during the first one-third of the one
horizontal time period 1H, the red colored light is irradiated
onto the object. Although most of the red colored light reflects
with an orthogonal angle with respect to a surface of the
object, some of the red colored light is scattered at the object
with an oblique angle with respect to the surface of the object.
Accordingly, the reflected red colored light L, enters the
sensing sub-pixel SP of the red pixel R and the scattered red
colored light 5 enters the sensing sub-pixels SPs of adjacent
green and blue pixels G and B. In the sensing sub-pixel SP of
the red pixel R, the reflected red light L, is sensed by the
image sensor TP and stored in the second storage capacitor
Cst2 as a normal sensing data signal. The normal sensing data
signal is transmitted to the sensing processing unit SPU (of
FIG. 4) through the m™ sensing data line DLmb while the
second switching element T2 is turned on. In the sensing
sub-pixels SPs of the adjacent green and blue pixels G and B,
the scattered red light L is sensed by the image sensors TPs
and is stored in the second storage capacitor Cst2 as a dummy
sensing data signal. The dummy sensing data signal distorts
normal sensing data signals corresponding to the reflected
green and blue colored light in the subsequent second and
third one-thirds of the one horizontal time period 1H.

[0051] To solve the above problem of the dummy sensing
data signal, the dummy sensing data signal may be reset. As
shown in FIG. 4, a third switching element T3 is connected to
the m” sensing data line DLmb to select one of the sensing
processing unit SPU such as a read out integrated circuit
ROIC and the ground terminal. Accordingly, during the first
one-third of the one horizontal time period 1H, the third
switching element T3 of the red pixel R connects the m?”
sensing data line DL.mb and the sensing processing unit SPU,
and the third switching elements T3 of the green and blue
pixels G and B ground the m™ sensing data line DLmb. As a



US 2008/0158120 Al

result, during the first one-third of the one horizontal time
period 1H, the normal sensing data signal corresponding to
the reflected red colored light L, is transmitted to the sensing
processing unit SPU and the dummy sensing data signal
corresponding to the scattered red colored light L is trans-
mitted to the ground terminal, i.e., the dummy sensing data
signal is reset to discharge the second storage capacitor Cst2
in the green and blue pixels G and B.

[0052] Similarly, during the second one-third of the one
horizontal time period 1H, the m™ sensing data line DLmb of
the green pixel G is connected to the sensing processing unit
SPU and the m™ sensing data lines DLmb of the blue and red
pixels B and R are grounded. Accordingly, the normal sensing
data signal corresponding to the reflected greed colored light
Ly is transmitted to the sensing processing unit SPU and the
dummy sensing data signal corresponding to the scattered
green colored light L is reset. Similar process is performed
during the third one-third of the one horizontal time period
1H.

[0053] In the LCD device according to an embodiment of
the invention, since the reflected red, green and blue colored
light are sequentially and independently sensed, interference
between colors is prevented and a sensing property is
improved. In addition, since the dummy sensing data signal
corresponding to the scattered light is reset, distortion by the
dummy sensing data signal is prevented and the sensing prop-
erty is further improved.

[0054] FIG. 7isaflow chart illustrating a sensing process in
an LCD device according to an embodiment of the invention.
As shown in FIG. 7, at a first step ST1, an n™ gate line is
enabled. For example, a gate signal of a high level voltage is
supplied to the n™ gate line and a first switching element T1
(of FIG. 4) is turned on.

[0055] At a second step ST2, an object is sensed by one of
red, green and blue pixels R, G and B (of FIG. 5). For
example, a first voltage V1 (of FIG. 6) corresponding to a
brightest image is applied to a display sub-pixel DP (of FIG.
4) of the red pixel R and a second voltage V2 (of FIG. 6)
corresponding to the darkest image is applied to display sub-
pixels DP of the green and blue pixels G and B. Accordingly,
light from a backlight unit 180 (of FIG. 5) passes through the
display sub-pixel DP of the red pixel R and is blocked in the
display sub-pixels DP of the green and blue pixels G and B.
The light reflecting from the object is sensed by a sensing
sub-pixel SP (of FIG. 4) of the red pixel R and stored as a
normal sensing data signal.

[0056] At athird step ST3, sensing data signals of the other
two of red, green and blue pixels R, G and B are reset. When
light passing through the display sub-pixel DP ofthe red pixel
R is scattered at the object, the scattered light is stored in the
sensing sub-pixel SP of the green and blue pixels G and B as
a dummy sensing data signal. While the n” gate line is
enabled, the second switching element T2 (of FIG. 4) is
turned on. As a result, the dummy sensing data signals of the
green and blue pixels G and B are reset, while the normal
sensing data signal of the red pixel R is transmitted to a
sensing processing unit SPU. If the scattered light is negli-
gible, the third step ST3 may be omitted.

[0057] At a fourth step ST4, whether all the red, green and
blue pixels R, G and B corresponding to the n gate line are
sensed is judged. Ifall the red, green and blue pixels R, G and
B corresponding to the n” gate line are not sensed (No), the
second to fourth steps ST2 to ST4 are repeated. If all the red,
green and blue pixels R, G and B corresponding to the nth gate
line are sensed (Yes), the sensing process for the n™ gate line
is finished and a sensing process for an (n+1)* gate line will
be performed.

Jul. 3, 2008

[0058] Consequently, in the LCD device according to an
embodiment of the invention and the method of driving the
same, interference between light of different colors is pre-
vented because red, green and blue pixels sequentially sense
images. Moreover, distortion by dummy sensing data signals
is prevented because the dummy sensing data signals due to
scattered light is reset before reading a normal sensing data
signal. As a result, a sensing property is improved.

[0059] It will be apparent to those skilled in the art that
various modifications and variations can be made in the liquid
crystal display device and the method of driving the same of
embodiments of the invention without departing from the
spirit or scope of the invention. Thus, it is intended that
embodiments of the invention cover the modifications and
variations of this invention provided they come within the
scope of the appended claims and their equivalents.

What is claimed is:

1. A liquid crystal display device, comprising:

a first data line and a second data line, the first and second
data lines substantially parallel to one another;

a first gate line, the first gate line crossing the first data line
and the second data line;

a display sub-pixel defined by the crossing of the first gate
line and the first data line;

a sensing sub-pixel defined by the crossing of the first gate
line and the second data line; and

a first switching element for connecting the second data
line to one of a sensing processing unit and a ground
terminal,

wherein the display sub-pixel transmits light supplied from
a light source in accordance to a data signal applied to
the first data line, and

the sensing sub-pixel senses light incident on the liquid
crystal display device and generates charges corre-
sponding to the sensed light.

2. The device according to claim 1, wherein the display
sub-pixel includes a second switching element connected to
the first gate line and the first data line.

3. The device according to claim 1, wherein the sensing
sub-pixel includes a third switching element for sensing the
incident light and a fourth switching element for selectively
applying the charges to the second data line.

4. The device according to claim 3, wherein the third
switching element is connected to a common line and a power
line, and the fourth switching element is connected to the
second data line and one of the first gate line and a next gate
line.

5. A liquid crystal display device, comprising:

a plurality of first sub-pixels, the first sub-pixels activated
to display an image by selectively transmitting light
irradiated from a rear side of the device; and

a plurality of second sub-pixels, the second sub-pixels
selectively activated to sense one color light irradiated
onto a front side of the device;

wherein the first sub-pixels and the second sub-pixels
locate alternatively with one another.

6. The device according to claim 5, wherein the first sub-
pixels include a first color display sub-pixel, a second color
display sub-pixel and a third color display sub-pixel, the first,
second and third color display sub-pixels sequentially driven.

7. The device according to claim 5, wherein the second
sub-pixels include a first color sensing sub-pixel, a second
color sensing sub-pixel and a third color sensing sub-pixel,
the first, second and third color sensing sub-pixels sequen-
tially generating intensity signals.
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8. The device according to claim 7, further comprising:

a sensing processing unit, the sensing processing unit
selectively connected to receive the intensity signals
from one of the first, second and third color sensing
sub-pixels.

9. The device according to claim 5, further comprising:

a plurality of gate lines, first data lines, second data lines,
power lines and common lines, the gate lines crossing
the first data lines to define the plurality of first sub-
pixels, the gate lines crossing the second data lines to
define the plurality of second sub-pixels.

10. A method of driving a liquid crystal display device

comprising:
in a display mode, sequentially activating a first color dis-
play sub-pixel, a second color display sub-pixel and a
third color display sub-pixel; and
in a sensing mode,
during a first sub-period, activating a first color sensing
sub-pixel;

during a second sub-period, activating a second color
sensing sub-pixel; and

during a third sub-period, activating a third color sensing
sub-pixel.

11. The method according to claim 10, wherein

the color display sub-pixels include a red color display
sub-pixel, a green display sub-pixel and a blue display
sub-pixel,

the color sensing sub-pixels include a red color sensing
sub-pixel, a green sensing sub-pixel and a blue sensing
sub-pixel, and

in the sensing mode, activating the color sensing sub-pixels
includes:

supplying a gate signal of a high level voltage to an n™ gate
line to turn on at least three first switching elements and
at least three second switching elements connected to
the n” gate line;

sequentially supplying a first display data signal to one of
the red, green and blue display sub-pixels through one of
a red display data line, a green display data line and a
blue display data line; and

reading a sensing data signal in the red, green and blue
sensing sub-pixels through a red sensing data line, a
green sensing data line and a blue sensing data line,
respectively.

12. The method according to claim 11, further comprising:

in the sensing mode, supplying a second display data signal
to two of the red. green and blue display sub-pixels
through two of the red, green and blue display data lines,
the second display data signal having a voltage lower
than the first display data signal and each of the red,
green and blue display sub-pixels receiving one of the
first and second display data signals at a time period.

13. The method according to claim 12, wherein the first and
second display data signals respectively correspond to maxi-
mum and minimum transmittances of each of the red, green
and blue display sub-pixels.

14. The method according to claim 11, wherein the reading
the sensing data signal includes transmitting the sensing data
signal in one of the red, green and blue sensing sub-pixels to
a sensing processing unit through one of the red sensing data
line, the green sensing data line and the blue sensing data line.

15. The method according to claim 10, wherein

the color display sub-pixels include a red color display
sub-pixel, a green display sub-pixel and a blue display
sub-pixel,
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the color sensing sub-pixels include a red color sensing
sub-pixel, a green sensing sub-pixel and a blue sensing
sub-pixel, and

inthe sensing mode, activating the color sensing sub-pixels

includes:

supplying a gate signal of a high level voltage to an n™ gate

line to turn on at least three first switching elements
connected to the n” gate line;
supplying the gate signal of a high level voltage to an
(n+1) gate line to turn on at least three second switching
elements connected to the (n+1)” gate line;

sequentially supplying a first display data signal to the red,
green and blue display sub-pixels through a red display
dataline, a green display data line and a blue display data
line, respectively; and

reading a sensing data signal in the red, green and blue

sensing sub-pixels through a red sensing data line, a
green sensing data line and a blue sensing data line,
respectively.

16. The method according to claim 15, further comprising:

inthe sensing mode, supplying a second display data signal

to two of the red, green and blue display sub-pixels
through two of'the red, green and blue display data lines,
the second display data signal having a voltage lower
than the first display data signal and each of the red,
green and blue display sub-pixels receiving one of the
first and second display data signals at a time period.

17. The method according to claim 16, wherein the first and
second display data signals respectively correspond to maxi-
mum and minimum transmittances of each of the red, green
and blue display sub-pixels.

18. The method according to claim 15, wherein the reading
the sensing data signal includes transmitting the sensing data
signal in one of the red, green and blue sensing sub-pixels to
a sensing processing unit through one of the red sensing data
line, the green sensing data line and the blue sensing data line.

19. The method according to claim 10, further comprising:

during the first sub-period, resetting the second color sens-

ing sub-pixel and the third color sensing sub-pixel;
during the second sub-period, resetting the first color sens-

ing sub-pixel and the third color sensing sub-pixel; and
during the third sub-period, resetting the first color sensing

sub-pixel and the second color sensing sub-pixel.

20. The method according to claim 10, wherein the reset-
ting the sensing sub-pixels includes grounding charges gen-
erated at the sensing sub-pixels.

21. A method of driving a liquid crystal display device
having first, second and third pixels, each of the first, second
and third pixels having a display sub-pixel and a sensing
sub-pixel, comprising:

transmitting a first light through the display sub-pixel and

sensing a second light in the sensing sub-pixel of one of
the first, second and third pixels; and

shielding the first light in the display sub-pixels of the other

two of the first, second and third pixels.

22. The method according to claim 21, wherein the trans-
mitting and shielding the first light are repeated to sequen-
tially transmit the first light through the display sub-pixel of
each one of the first, second and third pixels.

23. The method according to claim 21, further comprising:

while sensing the second light, sensing a third light in the

sensing sub-pixels of the other two of the first, second
and third pixels, and resetting a sensing data signal cor-
responding to the third light in the other two of the first,
second and third pixels.
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