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LIQUID CRYSTAL DISPLAY DEVICE
HAVING IMAGE SENSING FUNCTION

This application claims the benefit of the Korean
Patent Application No. P2005-49505 filed on Jun. 9,
2005, which is heteby incorporated by reference in
its entirety.

BACKGROUND

1. Technical Field

The invention relates to a liquid crystal display device, and
more particularly to a liquid crystal display device having an
image sensing function.

2. Related Art

A liquid crystal display device controls light transmittance
of liquid crystal by use of electric field, thereby displaying a
picture. The liquid crystal display device includes a liquid
crystal display panel where liquid crystal cells are arranged in
amatrix shape, and drive circuits for driving the liquid crystal
display panel.

The liquid crystal display panel includes a thin film tran-
sistor array substrate and a color filter array substrate which
are disposed to be opposite to each other. Spacers are located
between the two substrates to keep a uniform cell gap. A
liquid crystal is filled in the cell gap.

The thin film transistor array substrate includes gate lines
and data lines. A thin film transistor (“TFT”) is formed as a
switching device at each intersection of the gate lines and the
data lines. Pixel electrodes are formed by the liquid crystal
cell and connected to the thin film transistors. An alignment
film spreads over the pixel electrodes. The gate lines and the
data lines receive signals from the drive circuits through each
pad part. The thin film transistor supplies the pixel electrode
with a pixel voltage signal supplied to the data line in response
to a scan signal supplied to the gate line.

The color filter array substrate includes color filters formed
by the liquid crystal cell and a black matrix for dividing the
color filters and reflecting an external light. A common elec-
trode commonly supplies a reference voltage to the liquid
crystal cells and an alignment film spreads over the common
electrode.

The liquid crystal display panel is completed by injecting
and sealing the liquid crystal after making the thin film tran-
sistor array substrate and the color filter array substrate and
bonding them together. The liquid crystal display device
operates todisplay an image. The liquid crystal display device
may not have a function that senses and displays an external
image which is realized as a content picture such as an exter-
nal document or image. A separate device such as an image
sensing device may be needed to sense the image.

FIG. 1 is a diagram illustrating a related art image sensing
device 5. The image sensing device 5 includes a photo TFT
40, a storage capacitor 80 connected to the photo TFT 40, a
switch TFT 6 located in the opposite direction to the photo
TFT 40 with the storage capacitor 80 disposed therebetween.

The photo TFT 40 includes a gate electrode 8 formed on a
substrate 42; an active layer 14 overlapping the gate electrode
8 with a gate insulating film 44 interposed therebetween; a
drive source electrode 60 electrically connected to the active
layer 14; and a drive drain electrode 62 opposite to the drive
source electrode 60. The active layer 14 is formed to overlap
the drive source electrode 60 and the drive drain electrode 62,
and further includes a channel part between the drive source
electrode 60 and the drive drain electrode 62. An ohmic
contact layer 48 is further formed on the active layer 14 for
being in ohmic contact with the drive source electrode 60 and
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2

the drive drain electrode 62. The photo TFT 40 operates to
sense the light which is incident by a designated image such
as a document or a human finger print.

The storage capacitor 80 includes a storage lower electrode
72 connected to the gate electrode 8§ of the photo TFT 40, an
insulating film 44 and a storage upper electrode 74 formed to
overlap the storage lower electrode 72 and connected to the
drive drain electrode 62 of the photo TFT 40. The storage
capacitor 80 stores the electric charge generated by a photo
current. The photo current generates in the photo TFT 40.

The switch TFT 6 includes a gate electrode 8' formed on a
substrate 42; a source electrode 10' connected to the storage
upper electrode 74; a drain electrode 12' opposite to the
source electrode 10'; and an active layer 14' which overlaps
the gate electrode 8' and forms a channel between the source
electrode 10" and the drain electrode 12'. The active layer 14'
is formed to overlap with the source electrode 10' and the
drain electrode 12' and further includes a channel part
between the source electrode 10" and the drain electrode 12".
An ohmic contact layer 48' is further formed on an active layer
14' for being in ohmic contact with the source electrode 10'
and the drain electrode 12'. This switch TFT6 is protected
from incidence light by light-protection layer 41.

The driving of the image sensing device 5 is explained. A
driving voltage, e.g., about 10V, is applied to the drive source
electrode 60 of the photo TFT 40, and a reverse bias voltage,
e.g., about -5V, is applied to the gate electrode 8. A light is
sensed at the active layer 14. There is generated a photo
current path which runs from the drive source electrode 60 to
the drive drain electrode 62 through the channel in accor-
dance with the sensed light intensity. The photo current path
runs from the drive drain electrode 62 to the storage upper
electrode 74. The storage lower electrode 72 is connected to
the gate electrode 8 of the photo TFT 40, and the electric
charge is charged in the storage capacitor 80 by the photo
current. In this way, the electric charge in the storage capaci-
tor 80 is transmitted to the switch TFT 6, and the image is
sensed by the photo TFT 40, can be read by a read-out IC.

The separate image sensing device includes a photo TFT, a
storage capacitor connected to the photo TFT, and a switch
TFT located in the opposite direction to the photo TFT with a
storage capacitor therebetween.

As noted above, the liquid crystal display device and the
image sensing device are separately constructed and operate
to perform its own functions, respectively. Accordingly, there
is a need of a liquid crystal display device having an image
sensing function.

SUMMARY

By way of introduction only, in one embodiment, a liquid
crystal display device includes a gate line and a data line
intersecting each other on a substrate. The liquid crystal dis-
play device further includes a photo sensing device and a first
thin film transistor (“TFT”") located at an intersection area of
the gate line. The photo sensing device operates to sense an
ambient light and includes a storage capacitor to store charge
generated by light. The photo sensing device is drive by a
driving voltage other than the data voltage.

In other embodiment, a fabricating method of a liquid
crystal display device is provided. In the fabricating method,
a gate pattern is formed on a substrate and first, second and
third semiconductor patterns are formed over the gate pattern.
A first source/drain pattern, a second source/drain pattern and
athird source/drain pattern are formed on the first, second and
third semiconductor patterns. A photo TFT is formed with the
first source/drain pattern, a pixel TFT is formed with the
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second source/drain pattern and a switching TFT is formed
with the third source/drain pattern. A passivation film is
formed to form a contact hole. A transparent electrode pattern
is formed that includes a pixel electrode.

In another embodiment, an image sensing method of a
liquid crystal display device is provided. In the image sensing
method, a light having designated image information is irra-
diated to a photo sensing device where the photo sensing
device is integrated with the liquid crystal display device. The
light irradiated to the photo sensing device is converted into a
designated signal. The image information is detected based
on the converted signal.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this application, illustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principle of the invention. In the
drawings:

FIG. 1 illustrates a sectional view of a related art image
sensing device.

FIG. 2 is a plan view illustrating a pixel area of a TFT array
substrate of a liquid crystal display device having an image
sensing function;

FIG. 3A and 3B are sectional diagrams illustrated by taking
along the lines I-I' and II-1I' of FIG. 2, respectively;

FIG. 4 is a circuit diagram of the pixel area of FIG. 2;

FIG. 5 is a diagram illustrating an area covered by a black
matrix;

FIG. 6 is a sectional diagram illustrating a photo sensing
method according to a first embodiment;

FIGS. 7 and 8 are circuit diagrams illustrating the photo
sensing method according to the first embodiment;

FIG. 9 is a sectional diagram illustrating a photo sensing
method of FIG. 6;

FIG. 10 is a sectional diagram illustrating a photo sensing
method according to a third embodiment;

FIGS. 11 and 12 are sectional diagrams illustrating a photo
sensing method according to a fourth embodiment;

FIGS.13A to 13E illustrate a fabrication method of a liquid
crystal display device having an image sensing function; and

FIG. 14 is a diagram representing positions of photo sens-
ing devices.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

Reference will now be made in detail to the preferred
embodiments, examples of which are illustrated in the
accompanying drawings. Hereinafter, the preferred embodi-
ments will be described in detail with reference to FIGS. 2 to
14.

FIG. 2 is aplan view illustrating a pixel area 100 of a liquid
crystal display device having an image sensing function
according to a firstembodiment. FIG. 3A and 3B are sectional
diagrams illustrating the pixel area 100 of FIG. 2 by taking
along the lines I-I' and II-II' shown in FIG. 1. FIGS. 2 and 3
illustrate a TFT array substrate of the liquid crystal display
device.

Referring to FIGS. 2 and 3A-3B, the pixel area 100
includes a gate line 102 and a data line 104. The gate line 102
and the data line 104 are formed on a lower substrate 142 and
a gate insulating film 144 and intersect each other. The pixel
area 100 further includes a pixel switch TFT 106 (hereinafter,
referred to as “first TFT”) formed at each intersection of the
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4

gate line 102 and the data line 104. A pixel electrode 118 is
formed between a read-out line 204 and the data line 104,
which are in parallel to each other. First and second drive
voltage supply lines 152, 171 are formed in parallel to the gate
line 102 to supply first and second drive voltages to a photo
TFT 140. The photo TFT 140 is formed at the intersection of
the first drive voltage supply line 152 and the read-out line
204. A switch TFT 170 (hereinafter, referred to as “second
TFT”) is formed at an intersection of the gate line 102 and the
read-out line 204. A photo sensing storage capacitor 180
(hereinafter, referred to as “first storage capacitor”) is located
between the photo TFT 140 and the second TFT 170. A pixel
storage capacitor 120 (hereinafter, referred to as “second
storage capacitor”) is formed at an overlapping part of the
pixel electrode 118 of a previous stage and the gate line 102.
The second storage capacitor 120 is assigned for use with a
neighboring pixel of a next stage. The second storage capaci-
tor 120 may be formed with the pixel electrode 118 and a gate
line of a previous stage as shown in FIG. 4 (Pixel Cst2).

The first TFT 106 includes a gate electrode 108 connected
to the gate line 102, a source electrode 110 connected to the
data line 104, a drain electrode 112 connected to a pixel
electrode 118 and an active layer 114. The active layer 114 is
formed to overlap with the data line 104, the source electrode
110 and the drain electrode 112 and further includes a channel
part between the source electrode 110 and the drain electrode
112. An ohmic contact layer 148 is further formed on the
active layer 114 to provide the ohmic contact with the data
line 104, the source electrode 110 and the drain electrode 112.
The active layer 114 and the ohmic contact layer 148 are
referred to as a semiconductor pattern 145.

The first TFT 106 responds to a gate signal supplied to the
gate line 102 to make the pixel electrode 118 charged with a
pixel voltage signal and holds the pixel voltage in the pixel
electrode 118. The pixel electrode 118 is connected to the
drain electrode 112 of the TFT 106 through a first contact hole
116 which penetrates a passivation film 150. The charged
pixel voltage generates a potential difference between the
pixel electrode 118 and a common electrode, which is formed
in an upper substrate (not shown), e.g., a color filter array
substrate. Between the color filter array and the TFT array
substrate, a liquid crystal is interposed. The color filter array
substrate also includes a black matrix, color filters and so on.
The potential difference causes the liquid crystal, which is
located between the TFT array substrate and the color filter
array substrate, to rotate according to dielectric anisotropy,
and the light incident from a light source (not shown) through
the pixel electrode 118 is transmitted to the upper substrate.

The second storage capacitor 120 is formed by the gate line
102 and the pixel electrode 118 from the previous stage. The
gate insulating film 144 and the passivation film 150 are
located between the gate line 102 and the pixel electrode 118.
The second storage capacitor 120 helps retaining the pixel
voltage charged in the pixel electrode 118 until the next pixel
voltage is charged.

The photo TFT 140 includes a gate electrode 108", an
active layer 114", a drive source electrode 160 and a drive
drain electrode 162. The gate electrode 108" is connected to
the second drive voltage supply line 171. The active layer
114" overlaps the gate electrode 172 with a gate insulating
film 144 disposed therebetween. The drive source electrode
160 is electrically connected to the active layer 114" and
connected to the first drive voltage supply line 152. The drive
drain electrode 162 is disposed opposite to the drive source
electrode 160. The gate electrode 108" is integrated with a
first storage lower electrode 172. The photo TFT 140 includes
a second contact hole 155 that penetrates the passivation film
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150 and the gate insulating film 144 to partially expose the
first drive voltage supply line 152. The drive source electrode
160 is connected to the first drive voltage supply line 152 by
a transparent electrode pattern 154 formed on the second
contact hole 155. The active layer 114" is formed to overlap
the drive source electrode 160 and the drive drain electrode
162, and further includes a channel part between the drive
source electrode 160 and the drive drain electrode 162. An
ohmic contact layer 148" is further formed on the active layer
114" to provide the ohmic contact with the drive source
electrode 160 and the drive drain electrode 162. The photo
TFT 140 operates to sense the light which is incident by a
designated image such as a document or a human finger print.

The first storage capacitor 180 includes the first storage
lower electrode 172 integrated with the gate electrode 108 of
the photo TFT 140. The first storage capacitor 180 further
includes a first storage upper electrode 174 formed to overlap
the first storage lower electrode 172 and connected to the
drive drain electrode 162 of the photo TFT 140. The first
storage capacitor 180 operates to store the electric charge
which is generated by a photo current in the photo TFT 140.

The second TFT 170 includes a gate electrode 108' formed
on a substrate 142, a source electrode 110' connected to the
first storage upper electrode 174, a drain electrode 112" oppo-
site to the source electrode 110, and an active layer 114' which
overlaps the gate electrode 108'. The active layer 114' is
formed to overlap the source electrode 110" and the drain
electrode 112" and further includes a channel part between the
source electrode 110" and the drain electrode 112'. An ohmic
contact layer 148' is further formed on the active layer 114" to
supply the ohmic contact with the source electrode 110" and
the drain electrode 112'.

FIG. 4 is a circuit diagram of the pixel area 100 of FIGS. 2
and3A and 3B. InFIG. 4, the first TFT 106 is connected to the
pixel electrode 118. The pixel electrode is coupled to a gate
line (n-1) of a previous stage and forms the second storage
capacitor Cst2. The photo TFT 140 is connected to the first
drive voltage supply line 152 and the first storage capacitor
Cstl is coupled to the photo TFT 140. The second switch TFT
170is connected to the first storage capacitor Cst1 and a Read
out L.C. 190. The second switch TFT 170 is connected to the
readout line 204.

Referring to FIG. 3, an image sensing is described. A first
drive voltage is applied to the drive source electrode 160 of
the photo TFT 140, and a second drive voltage is applied to
the gate electrode 108". A designated light is sensed in the
active layer 114" and a photo current is generated. A photo
current path runs from the drive source electrode 160 to the
drive drain electrode 162 through the channel in accordance
with the sensed light intensity. The photo current flows from
the drive drain electrode 162 to the first storage upper elec-
trode 174 and the first storage lower electrode 172 is con-
nected to the gate electrode 108" of the photo TFT 140. As a
result, the electric charge is charged in the first storage capaci-
tor 180 by the photo current. In this way, the electric charge in
the first storage capacitor 180 is read in a read-out IC 190
through the second TFT 170 and the read-out line 204.

The signal detected at the read-out IC 190 differs in accor-
dance with the light intensity sensed in the photo TFT 140.
The image such as document, image scan, touch input and so
on may be sensed. The sensed image is transmitted to a
controller or may be realized in a picture of a liquid crystal
display panel in accordance with a user’s control.

InFIG. 5, a black matrix B of the color filter array substrate
covers the pixel area 100, except for an area A where the pixel
electrode 118 is located and the photo TFT 140 for sensing
light.
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FIG. 6 is a sectional diagram illustrating a liquid crystal
display device 500 having an image sensing operation
according to the first embodiment, and FIG. 7 is a circuit
diagram illustrating an image sensing operation of the liquid
crystal display device 500. FIG. 8 is a circuit diagram illus-
trating detection of a sensed signal by a read-out IC. The
liquid crystal display device 500 of FIG. 6 includes the pixel
area 100 of the TFT array substrate of FIGS. 2 and 3A-3B. A
color filter array substrate 200 and the TFT array substrate
100 are disposed opposite to each other with liquid crystal
195 disposed therebetween. The color filter array substrate
200 includes a black matrix 254 and a color filter 256 corre-
sponding to the pixel area. The black matrix 254 masks the
second TFT 170 and opens the pixel area and the photo TFT
140.

Referring to FIG. 7, the image sensing operation of the
liquid crystal display device 500 is described. A driving volt-
age, e.g., about 10V, is applied to the drive source electrode
160 of the photo TFT 140 from the first drive voltage supply
line 152, and a reverse bias voltage, e.g., about =5V, is applied
to the gate electrode 108" of the photo TFT 140 from the
second drive voltage supply line 171. A light, e.g., an external
light, is sensed at the active layer 114" and a photo current is
generated. The photo current flows from the drive source
electrode 160 to the drive drain electrode 162 through the
channel of the active layer 114 in accordance with the sensed
light intensity. The photo current further runs from the drive
drain electrode 162 to the first storage upper electrode 174,
and the first storage lower electrode 172 is integrated with the
gate electrode 108" of the photo TFT 140. Thus, the electric
charge is stored in the first storage capacitor 180 (Photo Cst1)
by the photo current. The maximum charge amount of the first
storage capacitor 180 may be the voltage difference between
the drive source electrode 160 and the gate electrode 108",
e.g. about 15V. In FIG. 7, while the photo TFT 140 senses
light and the electric charge is charged in the first storage
capacitor 180, the gate low voltage, e.g., -5V, is applied to the
gate electrode 108 of the second TFT 170, and the second
TFT 170 is kept in a turned-off state.

As shown in FIG. 8, when a high voltage, e.g., about
20~25V, is applied to the gate electrode 108' of the second
TFT 170, the second TFT 170 is turned on. The current from
the electric charge charged in the first storage capacitor 180
runs toward the read-out IC 190 through the source electrode
110 of the second TFT 170, the active layer 114' channel, the
drain electrode 112" and the read-out line 204. The sensing
signal is read by the read-out IC 190.

The liquid crystal display device 500 performs the display
operation which realizes the picture as well as the image
sensing capacity. The liquid crystal display device 500 is able
to input an external document and a touch and output the input
image in accordarnce with a user’s request.

FIG. 9 is a sectional diagram illustrating a liquid crystal
display device 800 according to a second embodiment. In the
liquid crystal display device 800, images are input by a finger
or a touch pen (hereinafter, referred to as “Image”). The
external light is intercepted in an area which is covered by the
Image to turn off the photo TFT 140, which is disposed in a
shielding area corresponding to the Image. In other embodi-
ment, due to the Image, the photo TFT 140 generates only a
small amount of the photo current. The photo TFT 140 is
turned on if it is not covered by the Image because a large
intensity of light is sensed. In other words, the position infor-
mation of the Image may be obtained to the extent of photo
sensing, or with the turn-on and turn-off of the photo TFT 140
in the liquid crystal display device 800.
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In the liquid crystal display device 800, the photo sensing
principle is that the photo current increases in the area, to
which the external light is irradiated, to increase the amount
of electric charge which is charged in the first storage capaci-
tor 180. On the other hand, the external light is intercepted in
the area corresponding to the Image so as not to increase the
photo current and decrease the amount of electric charge
stored in the first storage capacitor 180. The liquid crystal
display device 800 operates to perform sensing and reading of
the sensed signal, as described in conjunction with FIGS. 7
and 8, except that the position of the Image is determined
based on any difference in value which is read in a series of
processes.

FIG. 10 is a sectional diagram illustrating a liquid crystal
display device 900 having an image sensing function accord-
ing to a third embodiment. The third embodiment shown in
FIG. 10 illustrates that light of a light pen such as an LED pen
as well as an ambient light is irradiated upon the photo TFT
140, thereby sensing the irradiated light intensity.

The liquid crystal display device 900 operates based on the
sensing principle that if the light of the light pen together with
the ambient light is irradiated, the photo current is generated.
The amount of the photo current is greater than that of the
liquid crystal display device 500 in the first embodiment. This
is in part because the intensity of light is stronger in this
embodiment. Accordingly, the amount of charge stored in the
first storage capacitor 180 is larger than that of the liquid
crystal display devices 500 and 800 in the first and second
embodiments and the amount of current passing through the
second TEFT 170 and the read-out line 204 becomes larger. As
a result, the read-out IC 190 may detect greater signals.

FIGS. 11 and 12 are sectional diagrams illustrating a liquid
crystal display device 1000 having the image sensing func-
tion according to a fourth embodiment. The liquid crystal
display device 1000 performs a scanner operation that may
scan a printed matter having brightness and darkness. FIG. 11
illustrates a reflection in a blank space of a paper 271, i.e., an
area where there is no designated image. FIG. 12 illustrates a
reflection in an image area of a paper 273, e.g., a picture,
characters, symbols and so on.

In the liquid crystal display device 1000, after light from a
backlight located at the lower part of a liquid crystal display
panel passes through the liquid crystal display panel, it is
reflected to the paper 271 and sensed in the photo TFT 140 as
shown in FIG. 11. The read-out IC detects the signal which is
in accordance with the light intensity of that time. In other
words, the read-out IC detects the sensing signal by turning
on the second TFT 170 in accordance with the amount of
electric charge which is generated by the photo current. The
photo current is generated by the light reflected in the back-
ground or bright area of the paper, i.e., an area where there is
no black ink.

InFIG. 11, after the light from the backlight passes through
the liquid crystal display panel, it is reflected in the dark area
and sensed in the photo TFT 140. For example, the dark area
of the paper 273 includes an area where there is black ink such
as characters and symbols. The read-out IC detects the signal
in accordance with the light intensity of that time. In other
words, the read-out IC detects the sensing signal by turning
on the second TFT 170 in accordance with the amount of
electric charge which is generated by the photo current gen-
erated by the light reflected in the dark area of the paper 273.

The character and image may be separated from the black
space and the non-image area within the paper 271 and 273
because the light intensity sensed in the photo TFT 140 from
the paper 273 may differ from intensity sensed from the paper
271. Scanning may be done in accordance with the signal
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detected through a series of sensing processes and the sensed
image may be displayed in a picture in accordance with a
user’s request.

In FIGS. 13A to 13E, a fabrication method of a liquid
crystal display panel having the image sensing function is
described. For convenience of the description, the same ref-
erence numerals used in FIG. 2 and 3A-3B are used. After the
gate metal layer is formed on the lower substrate 142 through
adeposition method such as a sputtering method, a gate metal
layer is patterned by a photolithography process and an etch-
ing process. As shown in FIG. 12A, gate patterns are formed
to include the gate line 102, the gate electrode 108' of the first
TFT 106 and the gate electrode 108 of the second TFT 170.
Further, the gate patterns include the first drive voltage supply
line 152, the first storage lower electrode 172 of the first
storage capacitor and the second drive voltage supply line
171.

In FIG. 13B, the gate insulating film 144 is formed on the
lower substrate 142 where the gate patterns are formed
through the deposition method such as PECVD, sputtering
and so on. An amorphous silicon layer and an N+ amorphous
silicon layer are sequentially formed on the lower substrate
142 where the gate insulating film 144 is formed. The amor-
phous silicon layer and the N+amorphous silicon layer are
patterned by a mask photolithography process and an etching
process. In FIG. 13B, the semiconductor patterns 145, 145'
and 145" of the first and second TFT’s 106, 170 and the photo
TFT 140 are formed. The semiconductor patterns 145, 145'
and 145" include a double layer of the active layer 114, 114'
and 114" and the ohmic contact layer 148, 148' and 148"

After sequentially forming a source/drain metal layer on
the lower substrate 142 where the semiconductor pattern 145,
145" and 145" is formed, a source/drain pattern is formed as
shown in FIG. 13C. The source/drain pattern includes the data
line 104, the source electrode 110, 110" of the first and second
TFTs 106, 170, the drain electrode 112 and 112', the drive
source electrode 160 and the drive drain electrode 162 of the
photo TFT 140, and the first storage upper electrode 174
connected to the drain electrode 162 of the photo TFT 140.
For example, the photolithography process and the etching
process may be used along with a mask.

In FIG. 13D, the passivation film 150 is formed on the
entire surface of the gate insulating film 144 where the source/
drain pattern is formed, by a deposition method such as
PECVD and so on. The passivation film 150 is patterned by
the photolithography process and the etching process as
shown in FIG. 13D, thereby forming a first contact hole 116
which exposes the drain electrode 112 of the first TFT 106 and
a second contact hole 155 which exposes the first drive volt-
age supply line 152.

In FIG. 13E, a transparent electrode material is patterned
through the photolithography process and the etching process
after the transparent electrode material is deposited on the
entire surface of the passivation film 150 by the deposition
method such as sputtering and so on. A transparent electrode
pattern 154 for electrically connecting the pixel electrode
118, the first drive voltage supply line 152 and the drive
source line 160 are formed. The pixel electrode 118 is elec-
trically connected to the drain electrode 112 through the
contact hole 116. Further, the pixel electrode 118 is formed to
overlap the previous stage gate line 102, thereby forming the
second storage capacitor 120.

As noted above, the liquid crystal display device having the
image sensing function is manufactured with a 5-mask pro-
cess. The gate pattern is formed on the substrate, the first,
second and third semiconductor patterns are formed over the
gate pattern. The first, second and third source/drain patterns
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are formed on the first, second and third semiconductor pat-
terns. During this process, the photo TFT, the pixel TFT and
the switching TFT are formed. The passivation film is formed
to form the contact hole and the transparent electrode pattern
is formed to include the pixel electrode. No additional process
may be needed to provide the image sensing function. The
S-mask process for manufacturing the liquid crystal display
device may be used to provide both the display function and
the image sensing function. The manufacturing process may
be simplified and production expenses may be reduced.

Each of red R, green G and blue B sub-pixels constituting
a pixel is arranged as shown in FIG. 14. A photo sensing
device 1300 inclusive of the photo TFT 140 and the second
TFT 170 might be formed at one of four pixels. The photo
sensing device 1300 may be formed only ina blue B sub-pixel
which minimizes any effect on the display transmission char-
acteristics. Alternatively, or additionally, it may be formed at
one of six pixels or one of two pixels. The photo sensing
device 1300 may be formed randomly without being limited
to the arrangement shown in FIG. 14.

As described above, the liquid crystal display device may
provide the image sensing function, which may sense docu-
ments, images and so on. The liquid crystal display device
may realize the sensed image as a picture. The sensed image
may be input and output in the liquid crystal display device.
As a result, production cost may be reduced and size of the
liquid crystal display device may be compact.

Itshould be understood to the ordinary skilled personin the
art that the invention is not limited to the embodiments, but
rather that various changes or modifications thereof are pos-
sible without departing from the spirit of the invention.
Accordingly, the scope of the invention shall be determined
only by the appended claims and their equivalents.

What is claimed is:

1. A liquid crystal display device, comprising:

a data line supplying a data voltage;

a gate line intersecting the data line;

a first thin film transistor “TFT”) located at an intersection
area of the gate line and the data line;

a photo sensing device operable to sense light, wherein the
photo sensing device is driven by drive voltages other
than the data voltage, wherein the photo sensing device
comprises a storage capacitor operable to store charge
generated by the light and a photo-TFT that is supplied
at least one of the drive voltages; and

a first drive voltage supply line formed in parallel to the
gate line to supply a first drive voltage to the photo TFT,
wherein the drive voltages comprise the first drive volt-
age, wherein the photo-TFT comprises a first source
electrode electrically connected to the first drive voltage
supply line by a transparent electrode pattern.

2. The liquid crystal display device according to claim 1,
wherein the photo sensing device further comprises a second
TFT selectively supplying a signal sensed by the photo TFT
via the storage capacitor.

3. The liquid crystal display device according to claim 2,
wherein the photo sensing device further comprises an inte-
grated circuit receiving the sensed signal from the second
TFT.

4. The liquid crystal display device according to claim 3,
further comprising a sensing signal transmission line oper-
able to transmit the sensed signal from the second TFT to the
integrated circuit.

5. The liquid crystal display device according to claim 2,
further comprising a second drive voltage supply line formed
in parallel to the first drive voltage supply line to supply the
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drive voltage to the photo TFT, wherein the drive voltages
comprises the second drive voltage.

6. The liquid crystal display device according to claim 5,
wherein the first drive voltage supply line is connected to a
source of the photo TFT and the second drive voltage supply
line is connected to a gate of the photo TFT.

7. The liquid crystal display device according to claim 5,
wherein the photo TFT comprises:

a first gate electrode connected to the second drive voltage

supply line; and

a first drain electrode connected to the second TFT.

8. The liquid crystal display device according to claim 7,
wherein the storage capacitor comprises:

a first storage lower electrode connected to the first gate

electrode;

a first storage upper electrode facing the first storage lower

electrode and connected to the first drain electrode; and

a gate insulating film disposed between the first storage

lower electrode and the first storage upper electrode.

9. The liquid crystal display device according to claim 8,
wherein the second TFT comprises:

a second gate electrode extended from the gate line;

a second source electrode extended from the first storage

upper electrode; and

a second drain electrode connected to the sensing signal

transmission line.

10. The liquid crystal display device according to claim 9,
further comprising another storage capacitor including a
pixel electrode and a neighboring gate line from a previous
stage.

11. The liquid crystal display device according to claim 2,
further comprising:

apixel area disposed at the intersection of the data line and

the gate line;

a color filter array substrate including a color filter corre-

sponding to the pixel area; and

a black matrix for masking an area except the photo TFT

and the pixel area.

12. The liquid crystal display device according to claim 1,
wherein the liquid crystal display device comprises red, green
and blue pixels and the photo sensing device is disposed in at
least one of the red, green or blue pixels.

13. A fabricating method of a liquid crystal display device,
comprising:

forming a gate pattern on a substrate;

forming first, second and third semiconductor patterns over

the gate pattern;

forming a first source/drain pattern, a second source/drain

pattern, and a third source/drain pattern on the first,
second and third semiconductor patterns wherein a
photo TFT is formed with the first source/drain pattern
and a first gate electrode, a pixel TFT is formed with the
second source/drain pattern and a switching TFT is
formed with the third source/drain pattern;

forming a passivation film to form a contact hole: and

forming a transparent electrode pattern which includes a

pixel electrode,

wherein forming the gate pattern includes forming a first

storage lower electrode to be in parallel to the data line
and connected to the first gate electrode.

14. The fabricating method according to claim 13, wherein
forming the gate pattern further comprises:

forming a first drive voltage supply line to be in parallel to

the gate line to supply a first drive voltage to the photo
TFT; and
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forming a second drive voltage supply line to be connected
to the gate electrode of the photo TFT and in parallel to
the first drive voltage supply line.
15. The fabricating method according to claim 14, further
comprising:
forming a first storage upper electrode to overlap the first
storage lower electrode with a gate insulating film inter-
posed therebetween wherein the first storage upper elec-
trode forms a first storage capacitor along with the first
storage lower electrode.
16. The fabricating method according to claim 14, wherein
forming the passivation film comprises:

5
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forming another contact hole that exposes the first drive
voltage supply line and a first source pattern of the first
source/drain pattern of the photo TFT by penetrating the
gate insulating film and the passivation film.

17. The fabricating method according to claim 16, further

comprising:

forming a transparent electrode electrically connecting the
photo TFT and the first drive voltage supply line through
the another contact hole.
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