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LIGHT SENSING ELEMENT, ARRAY
SUBSTRATE HAVING THE SAME AND
LIQUID CRYSTAL DISPLAY APPARATUS
HAVING THE SAME

RELATED APPLICATIONS

[0001] This is a divisional of U.S. patent application Ser.
No. 11/867,334 filed Oct. 4, 2007, which is a divisional of
U.S. patent application Ser. No. 10/972,213, filed Oct. 24,
2004, now U.S. Pat. No. 7,279,730, issued Oct. 9, 2007. It is
an accurate translation and claims priority of Korean Patent
Application No. 2003-74317, filed Oct. 23, 2003, the entire
disclosures of which are incorporated herein by reference.

BACKGROUND

[0002] This disclosure relates to light sensing elements, an
array substrate having the light sensing elements, and liquid
crystal displays (LCDs) having the light sensing elements.
More particularly, this disclosure relates to light sensing ele-
ments having simple structures and improved opening ratios,
array substrates incorporating the light sensing elements, and
LCDs incorporating the light sensing element arrays.

[0003] In general, light sensing elements sense light pro-
vided from an external source to an electronic apparatus so as
to sense the position on the apparatus at which the light is
incident. A liquid crystal display (LCD) apparatus having
such a light sensing element is disclosed in 56.3 Society for
Information Display (SID) by Willem den Boer et al., entitled
“Active Matrix LCD with Integrated Optical Touch Screen.”
A plurality of light sensing elements is arranged in a matrix
shape in the display so as to generate positional information
corresponding to the position of an externally provided light
on the display. The light sensing elements may sense, for
example, a fingerprint. Also, a touch panel may include the
light sending elements.

[0004] The LCD panel includes the light sensing elements
so as to sense the light. The light sensing elements may be
formed on an array substrate of the LCD panel. Since, the
space occupied by the pixel region of an LCD array substrate
is relatively large, there may not be sufficient space available
on the array substrate for the light sensing elements. Thus,
when the light sensing element is included in either a trans-
missive or a reflective LCD, the opening ratio of the LCD is
decreased. In addition, a number of elements formed in one
pixel region of the array substrate is increased so that the
structure of the array substrate is complicated, thereby
decreasing a yield of the LCD apparatus. Furthermore, a
signal interference may be generated between the elements in
the pixel region.

[0005] The presentdisclosure is directed to overcoming the
above and other problems and disadvantages of the prior art.

BRIEF SUMMARY

[0006] In accordance with the present disclosure, light
sensing elements for LCDs are provided that have simple
structures and improved opening ratios, together with array
substrates incorporating the light sensing elements and LCDs
incorporating the light sensing element arrays.

[0007] A light sensing element in accordance with one
embodiment of the present disclosure includes a first elec-
trode, a control electrode and a second electrode. An alternat-
ing bias voltage is applied to the first electrode. An off voltage
is applied to the control electrode. The second electrode out-
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puts a light-induced leakage current based on an externally
provided light and the bias voltage.

[0008] A light sensing element in accordance with another
feature of the present disclosure includes a first electrode, a
control electrode and a second electrode. An alternating bias
voltage is applied to the first electrode. The second electrode
is electrically connected to the control electrode, and outputs
a light-induced leakage current based on an externally pro-
vided light and the bias voltage.

[0009] A light sensing element in accordance with still
another feature of the present disclosure includes a first elec-
trode, a control electrode and a second electrode. An alternat-
ing bias voltage is applied to the first electrode. The control
electrode is electrically connected to the first electrode. The
second electrode outputs a light-induced leakage current
based on an externally provided light and the bias voltage.
[0010] An array substrate in accordance with a feature of
the present disclosure includes a transparent substrate, a plu-
rality of gate lines, a plurality of data lines, a switching
element, a plurality of read out lines and a light sensing
element. A gate signal is transmitted through the gate lines
disposed on the transparent substrate. A data signal is trans-
mitted through the data lines disposed on the transparent
substrate. The switching element is formed in a region
defined by the gate and data lines. A gate electrode of the
switching element is electrically connected to one of the gate
lines, and a source electrode of the switching element is
electrically connected to one of the data lines. The light sens-
ing element is formed in a region defined by the gate, data and
read out lines. The light sensing element includes a first
electrode receiving an alternating bias voltage, a control elec-
trode receiving an off voltage, and a second electrode. The
second electrode outputs a light-induced leakage current to
one of the read out lines based on an externally provided light
and the bias voltage. The read out lines are disposed on the
transparent substrate.

[0011] An array substrate in accordance with another fea-
ture of the present disclosure includes a transparent substrate,
a plurality of gate lines, a plurality of data lines, a switching
element, a plurality of read out lines and a light sensing
element. A gate signal is transmitted through the gate lines
disposed on the transparent substrate. A data signal is trans-
mitted through the data lines disposed on the transparent
substrate. The switching element is formed in a region
defined by the gate and data lines. A gate electrode of the
switching element is electrically connected to one of the gate
lines, and a source electrode of the switching electrode is
electrically connected to one of the data lines. The light sens-
ing element is formed in a region defined by the gate, data and
read out lines. The light sensing element includes a first
electrode receiving an alternating bias voltage, a control elec-
trode and a second electrode electrically connected to the
control electrode. The second electrode outputs a light-in-
duced leakage current to one of the read out lines based on an
externally provided light and the bias voltage. The read out
lines are disposed on the transparent substrate.

[0012] An array substrate in accordance with still another
feature of the present disclosure includes a transparent sub-
strate, a plurality of gate lines, a plurality of data lines, a
switching element, a plurality of read out lines and a light
sensing element. A gate signal is transmitted through the gate
lines disposed on the transparent substrate. A data signal is
transmitted through the data lines disposed on the transparent
substrate. The switching element is formed in a region
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defined by the gate and data lines. A gate electrode of the
switching element is electrically connected to one of the gate
lines, and a source electrode of the switching element is
electrically connected to one of the data lines. The light sens-
ing element is formed in a region defined by the gate, data and
read out lines. The light sensing element includes a first
electrode receiving an alternating bias voltage, a control elec-
trode electrically connected to the first electrode and a second
electrode. The second electrode outputs a light-induced leak-
age current to one of the read out lines based on an externally
provided light and the bias voltage. The read out lines are
disposed on the transparent substrate.

[0013] An LCD apparatus in accordance with a feature of
the present disclosure includes an upper substrate, a lower
substrate corresponding to the upper substrate and a liquid
crystal layer. The lower substrate includes a light sensing
element formed in a region defined by gate lines, data lines
and read out lines. The light sensing element has a first elec-
trode receiving an alternating bias voltage, a control electrode
receiving an off voltage and a second electrode outputting a
light-induced leakage current to one of the read out lines
based on an externally provided light and the bias voltage.
The liquid crystal layer is interposed between the upper and
lower substrates.

[0014] An LCD apparatus in accordance with another fea-
ture of the present disclosure includes an upper substrate, a
lower substrate corresponding to the upper substrate and a
liquid crystal layer. The lower substrate includes a light sens-
ing element formed in a region defined by gate lines, data
lines and read out lines. The light sensing element has a first
electrode receiving an alternating bias voltage, a control elec-
trode and a second electrode electrically connected to the
control electrode. The second electrode outputs a light-in-
duced leakage current to one of the read out lines based on an
externally provided light and the bias voltage. The liquid
crystal layer is interposed between the upper and lower sub-
strates.

[0015] An LCD apparatus in accordance with still another
feature of the present disclosure includes an upper substrate,
a lower substrate corresponding to the upper substrate and a
liquid crystal layer. The lower substrate includes a light sens-
ing element formed in a region defined by gate lines, data
lines and read out lines. The light sensing element has a first
electrode receiving an alternating bias voltage, a control elec-
trode electrically connected to the first electrode and a second
electrode.

[0016] The second electrode outputs a light-induced leak-
age current to one of the read out line based on an externally
provided light and the bias voltage. The liquid crystal layer is
interposed between the upper and lower substrates. The bias
voltage alternates between a first level and a second level that
is different from the first level. The second level may have an
identical polarity or an opposite polarity to the first level.
Therefore, the LCD panel includes one light sensing thin film
transistor (TFT) corresponding to one pixel so that structure
of'the LCD panel is simplified and opening ratio is increased.
[0017] A better understanding of the above and many other
features and advantages of the LCD light sensing elements of
this disclosure may be obtained from a consideration of the
detailed description thereof below, particularly if such con-
sideration is made in conjunction with the several views of the
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appended drawings, wherein like elements are referred to by
like reference numerals throughout.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1 is a circuit diagram showing a light sensing
element of an array substrate in accordance with an exem-
plary embodiment of the present disclosure;

[0019] FIG. 2 is a plan view showing a light sensing ele-
ment according to another exemplary embodiment of the
present disclosure;

[0020] FIG. 3 is a plan view showing an array substrate
according to another exemplary embodiment of the present
disclosure;

[0021] FIG. 4is a cross-sectional view taken along the line
I-I' of FIG. 3;
[0022] FIGS. 5A to 5E are plan views showing a method of

manufacturing an array substrate according to another exem-
plary embodiment of the present disclosure;

[0023] FIG. 6 is a circuit diagram showing a light sensing
element according to another exemplary embodiment of the
present disclosure;

[0024] FIG. 7 is a plan view showing an array substrate
according to another exemplary embodiment of the present
disclosure;

[0025] FIGS. 8A to 8E are plan views showing a method of
manufacturing an array substrate according to another exem-
plary embodiment of the present disclosure;

[0026] FIG. 9 is a circuit diagram showing a light sensing
element according to another exemplary embodiment of the
present disclosure;

[0027] FIG. 10 is a plan view showing an array substrate
according to another exemplary embodiment of the present
disclosure;

[0028] FIGS.11Ato 11 E are plan views showing a method
of manufacturing an array substrate according to another
exemplary embodiment of the present disclosure; and,
[0029] FIG. 12 is a circuit diagram showing a light sensing
element according to another exemplary embodiment of the
present disclosure.

DETAILED DESCRIPTION

[0030] FIG. 1 is a circuit diagram showing a light sensing
element of an LCD panel in accordance with an exemplary
embodiment of the present disclosure. The light sensing ele-
ment is disposed in a pixel region of the LCD panel. In FIG.
1, the LCD panel includes a gate line GL, a data line DL, a first
switching element Q1 electrically connected to the gate and
data lines GL. and DL, a liquid crystal capacitor CLC electri-
cally connected to the first switching element Q1 and a first
storage capacitor CST1. The LCD panel may include a plu-
rality of the gate lines GL, a plurality of the data lines DL, a
plurality of the first switching elements Q1, a plurality of the
liquid crystal capacitors CL.C and a plurality of the first stor-
age capacitors CST1.

[0031] The LCD panel further includes a first power supply
line VL1, a second power supply line VL2, a second switch-
ing element TSI that senses an amount of an externally pro-
vided light to form a current based on the externally provided
light, a second storage capacitor CST2 that stores an electric
charge formed by the current that is applied from the second
switching element TS1 to the second storage capacitor CST2,
a third switching element TS2 that outputs the stored electric
charge that is stored in the second storage capacitor CST2 and
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a read out line ROL. The LCD panel may also include a
plurality of the first power supply lines VL1, a plurality of the
second power supply lines VL2, a plurality of the second
switching elements TS1, a plurality of the second storage
capacitors CST2, a plurality of the third switching elements
TS2 and a plurality of the read out lines ROL. Each of the
second switching elements TSI, each of the second storage
capacitors CST2 and each of the third switching elements
TS2 form a light sensing part.

[0032] The light sensing part functions as follows. Firstly,
when the externally provided light is incident into the second
switching element TS1, a negative voltage and a positive
voltage are applied to a second power line VL2 and a first
power line VL1, respectively, so that the second switching
element TSI is turned off. The second power line VL2 and the
first power line VLI are electrically connected to a gate elec-
trode and a drain electrode of the second switching element
TS1, respectively. A light-induced leakage current corre-
sponding to the second switching element TS1 where the
externally provided light is incident is greater than a light-
induced leakage current corresponding to the third switching
element TS2.

[0033] Anelectric charge formed by the light-induced leak-
age current is stored in the second storage capacitor CST?2,
whereas, the third switching element TS2 is turned off. The
electric charge is stored in the second storage capacitor CST2
until the third switching element TS2 is turned on.

[0034] When a gate signal having a high level is applied to
anext gate line GQ+1 that is electrically connected to the gate
electrode of the third switching element TS2, the electric
charge stored in the second storage capacitor CST2 is output-
ted to a read out circuit (not shown) through the third switch-
ing element TS2 and the read out line ROL.

[0035] Inthe present embodiment, the LCD panel includes
the light sensing element so as to sense the light. The light
sensing element may be formed on an array substrate of the
LCD panel. However, two thin film transistors (TFT) for
sensing the light and one capacitor are formed in one pixel
region of the array substrate so that the structure of the array
substrate may be complicated.

[0036] FIG. 2 is a plan view showing a light sensing ele-
ment according to another exemplary embodiment of the
present disclosure.

[0037] Referring to FIG. 2, an LCD apparatus having the
light sensing element 20 includes a gate line GL, a data line
DL, a first switching element Q1, a liquid crystal capacitor
CLC, a storage capacitor CST, a first voltage line VLI, a
second voltage line VL2, a second switching element Q2 and
a read out line ROL. The LCD apparatus may include a
plurality of the gate lines GL, a plurality of the data lines DL,
a plurality of the first switching elements Q1, a plurality of the
liquid crystal capacitors CLC, a plurality of the storage
capacitors CST, a plurality of the first voltage lines VL1, a
plurality of the second voltage lines VL2, a plurality of the
second switching elements Q2 and a plurality of the read out
lines ROL.

[0038] The gate line GL is extended in a longitudinal direc-
tion with respect to the LCD apparatus, and a gate signal GQ
is transmitted to the first switching element Q1 through the
gate line GL. The data line DL is extended in a vertical
direction with respect to the LCD apparatus, and a data signal
DP is transmitted to the first switching element Q1 through
the data line DL.
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[0039] The first switching element Q1 is formed in aregion
defined by the adjacent gate and data lines GL and DL. A first
source electrode of the first switching element Q1 is electri-
cally connected to the data line DL, and a first gate electrode
of the first switching element Q1 is electrically connected to
the gate line GL. When the gate signal GQ having a high level
is applied to the first switching element Q1 through the gate
line GL, the first switching element Q1 outputs the data signal
DP to the liquid crystal capacitor CLC and the storage capaci-
tor CST through a first drain electrode of the first switching
element Q1.

[0040] A firstterminal of the liquid crystal capacitor CLC is
electrically connected to the first drain electrode of the first
switching element Q1, and a common voltage VCOM is
applied to a second terminal of the liquid crystal capacitor
CLC. The data signal DP outputted from the first drain elec-
trode is stored in the liquid crystal capacitor CLC.

[0041] A first terminal of the storage capacitor CST is elec-
trically connected to the first drain electrode of the first
switching element Q1, and a storage voltage VST is applied to
asecond terminal of the storage capacitor CST. When the data
signal DP outputted from the first drain electrode is stored in
the storage capacitor. CST and the first switching element Q1
is turned off, an electric charge stored in the liquid crystal
capacitor CLC is discharged so that the stored electric charge
is applied to the liquid crystal capacitor CLC.

[0042] The first voltage line VL1 is extended in the longi-
tudinal direction to apply a first voltage to the second switch-
ing element Q2. The first voltage is provided from an exterior
to the light sensing element. The second voltage line VL2 is
extended in the longitudinal direction to apply a second volt-
age to the second switching element Q2. The second voltage
may be provided from an exterior to the light sensing element.
The first voltage may be a bias voltage VDD, and the second
voltage may be an off level voltage VOFF. The off level
voltage VOFF may be a minimum value of the bias voltage
VDD.

[0043] The second switching element Q2 is formed in a
region in which the first voltage line VLI transmitting the bias
voltage VDD, the second voltage line VL2 transmitting the
off level voltage VOFF and the read out line ROL are disposed
adjacent to one another. A second source electrode of the
second switching element Q2 is electrically connected to the
first voltage line VLI, and a second gate electrode of the
second switching element Q2 is electrically connected to the
second voltage line VL.2. When a light is incident into the
second switching element Q2, a channel is formed between
the second source electrode and a second drain electrode of
the second switching element Q2 so that a light-induced
leakage current flows into the read out line ROL through the
second drain electrode of the second switching element Q2.
The light-induced leakage current is a light sensing signal
corresponding to a predetermined position.

[0044] The read out line ROL is extended in the vertical
direction, and outputs the light sensing signal that is the
light-induced leakage current from the second drain electrode
of the second switching element Q2 into a driving integrated
circuit (not shown).

[0045] When the off level voltage VOFF, the bias voltage
VDD and the light are applied to the second gate electrode of
the second switching element Q2, the second source electrode
of the second switching element Q2 and the region between
the second source electrode and the second drain electrode of
the second switching element Q2, respectively, the light sens-
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ing signal is outputted to the read out line ROL through the
second drain electrode of the second switching element Q2.
[0046] For example, when the light is not incident into the
space between the second source electrode and the second
drain electrode of the second switching element Q2, the light-
induced leakage current may not flow between the second
source electrode and the second drain electrode of the second
switching element Q2 although the bias voltage VDD that
alternates between about 7.5V and about +15V is applied to
the second source electrode of the second switching element
Q2.

[0047] When thelight is incident into the space between the
second source electrode 15 and the second drain electrode of
the second switching element Q2 and the bias voltage VDD
that alternates between about -7.5V and about +15V is
applied to the second source electrode of the second switch-
ing element Q2, the light-induced leakage current flows
between the second source electrode and the second drain
electrode of the second switching element Q2 so that the
light-induced leakage current flows through the read out line
ROL, thereby forming the light sensing signal. A read out
integrated circuit (not shown) electrically connected to an end
portion of the read out line generates a position information
based on the light sensing signal.

[0048] When thelevel of the light sensing signal is weak, an
additional amplifier or a noise filter may be disposed between
the read out line and the read out integrated circuit (not
shown).

[0049] The first voltage line VLI, the second voltage line
VL2, the second switching element Q2 and the read out line
ROL may be formed on an additional plate to form a pattern
recognition panel. The pattern recognition panel may sense a
fingerprint. Also, a touch panel may include the pattern rec-
ognition panel.

[0050] FIG. 3 is a plan view showing an array substrate
according to another exemplary embodiment of the present
disclosure, and FIG. 4 is a cross-sectional view taken along
the line I-I' of FIG. 3.

[0051] Referring to FIGS. 3 and 4, the array substrate
includes a transparent substrate 105, a gate line 112, a data
line 122, a first switching element Q1, a storage capacitor
CST, a first voltage line 114, a second switching element Q2,
aread out line 126, a pixel electrode 160 and a reflection plate
170 defining a reflection region and an opening window 134.
The array substrate may include a plurality of the gate lines
112, a plurality of the data lines 122, a plurality of the first
switching elements Q1, a plurality of the storage capacitors
CST, aplurality of the first voltage lines 114, a plurality of the
second switching elements Q2, a plurality of the read out lines
126, a plurality of the pixel electrodes 160 and a plurality of
the reflection plates 170.

[0052] The gate lines 112 are extended in a longitudinal
direction, and arranged in a vertical direction. The data lines
122 are extended in the vertical direction, and arranged in the
longitudinal direction. The gate and data lines 112 and 122
adjacent to one another define a plurality of regions.

[0053] Each of the gate lines 112 and each of the data lines
122 are disposed on a transparent substrate. The first switch-
ing element Q1 is formed in one of the regions defined by the
gate and data lines 112 and 122. The first switching element
Q1 includes a first gate electrode 113 electrically connected to
the gate line 112, a first source electrode 123 electrically
connected to the data line 122 and a first drain electrode 124
spaced apart from the first source electrode 123. The first gate
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electrode 113 is disposed between the first source electrode
123 and the first drain electrode 124, and electrically insu-
lated from the first source electrode 123 and the first drain
electrode 124.

[0054] The storage capacitor CST includes a first storage
line 114 formed from a same layer with the gate line 112 and
the first drain electrode 124 formed from a same layer with the
data line 122.

[0055] A firstvoltageline 114 and a second voltageline 118
are disposed on the 10 transparent substrate. The first and
second voltage lines 114 and 118 are extended in the longi-
tudinal direction, and arranged in the vertical direction.
[0056] Theread out line 126 is disposed on the transparent
substrate. The read out line 126 is extended in substantially
parallel with the data line 122, and arranged in the longitudi-
nal direction.

[0057] The second switching element Q2 includes a second
gate electrode electrically connected to the first voltage line
114, a second drain electrode electrically connected to the
read out line 126 and a second source electrode spaced apart
from the read out line 126.

[0058] The pixel electrode 160 comprises indium tin oxide
(ITO), indium zinc oxide 20 (IZO), or the like. The pixel
electrode 160 is disposed in the region defined by the gate and
data lines 112 and 122 adjacent to one another. The pixel
electrode 160 is electrically connected to the first drain elec-
trode 124 through a first hole 132.

[0059] The reflection plate 170 is formed on the pixel elec-
trode 160 to define the reflection region reflecting an exter-
nally provided light and an opening window 134.

[0060] An artificial light passes through the opening win-
dow 134. The reflection plate 170 includes a second hole 136
corresponding to the second switching element Q2 so that the
externally provided light is incident into the space between
the second source electrode and the second drain electrode.
[0061] FIGS.5A to 5E are plan views showing a method of
manufacturing an array 5 substrate according to another
exemplary embodiment of the present disclosure.

[0062] Referring to FIGS. 3 and 5A, a metal such as tanta-
lum (Ta), titanium (Ti), molybdenum (Mo), aluminum (Al),
chrome (Cr), copper (Cu), tungsten (W), or the like, is depos-
ited on the transparent substrate 105. The deposited metal is
patterned to form the gate line 112, the first gate electrode
113, the storage line 114, the first voltage line 116, the second
gate electrode 117 and the second voltage line 118.

[0063] The gate line 112 is extended in the longitudinal
direction, and arranged in the vertical direction. The first gate
electrode 113 is electrically connected to the gate line 112.
The storage line 114, the first voltage line 116 and the second
voltage line 118 are arranged in substantially parallel with the
gate line 112. The second gate electrode 117 is electrically
connected to the first voltage line 116.

[0064] Silicon nitride (SiNx) is deposited on the transpar-
ent substrate 105 having the gate electrode 113. The silicon
nitride (SiNx) may be deposited through a plasma enhanced
chemical vapor deposition (PECVD). An amorphous silicon
layer and an N+ amorphous silicon layer implanted in-situ
with N+ dopants are formed on the gate insulating layer 119.
The amorphous silicon layer and the N+ amorphous silicon
layer are patterned to form a first active layer 117¢ and a
second active layer 117d on the gate insulating layer 119
corresponding to the first and second gate electrodes 113 and
117. The first and second active layers 117¢ and 1174 include
asemi-conductor layer 117a and an ohmic contact layer 1175.
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The gate insulating layer 119 corresponding to the second
voltage line 118 is partially removed to form a fourth hole
119a.

[0065] The gate insulating layer 119 may be disposed over
the entire surface of the transparent substrate 105. Alterna-
tively, the gate insulating layer 119 may also be disposed on
the gate line 112 and the gate electrode 113.

[0066] Referring to FIG. 5B, a metal such as tantalum (Ta),
titanium (Ti), molybdenum (Mo), aluminum (Al), chrome
(Cr), copper (Cu), tungsten (W), or the like, is deposited on
the transparent substrate 105 having the gate insulating layer
119.

[0067] The deposited metal is patterned to form the data
line 122, the first source electrode 123, the first drain elec-
trode 124, the read out line 126, the second drain electrode
127 and the second source electrode 128. The first drain
electrode 124 is partially overlapped with the capacitor line
114 to form the storage capacitor CST.

[0068] The data line 122 is extended in the vertical direc-
tion, and arranged in the longitudinal direction. The first
source electrode 123 is electrically connected to the data line
122. The first drain electrode 124 is spaced apart from the first
source electrode 123.

[0069] The read out line 126 is extended in the vertical
direction, and arranged in the longitudinal direction. The
second drain electrode 127 is electrically connected to the
read out line 126. The second source electrode 128 is spaced
apart from the second drain electrode 127, and electrically
connected to the second voltage line 118 through the fourth
hole 119a.

[0070] Referring to FIG. 5C, an organic material having
photoresist is coated on the transparent substrate 105 having
the data line 122, the first source electrode 123, the first drain
electrode 124, the read out line 126, the second drain elec-
trode 127 and the second source electrode 128 to form an
organic insulating layer 130.

[0071] Alternatively, the organic material may be coated on
the transparent substrate 105 through a spin coating process.
The organic insulating layer 130 corresponding to the pixel
defined by the gate and data lines 112 and 122 is partially
removed to form the first hole 132, the opening window 134
and the second hole 136. The first drain electrode 124 is
partially exposed through the first hole 132. The transparent
substrate 105 or the gate insulating layer 119 is partially
exposed through the opening window 134. The semiconduc-
tor layer 117a corresponding to the second gate electrode 117
is partially exposed through the second hole 136.

[0072] Referringto FIG. 5D, aplurality of recesses 142 and
protrusions 144 is formed on the organic insulating layer 130
having the first hole 132, the opening window 134 and the
second hole 136 so that an embossed pattern 146 is formed. A
passivation layer 150 is formed on the organic insulating layer
130 having the embossed pattern. A reflectivity of the reflec-
tion plate 170 is improved by the embossed pattern. Alterna-
tively, the embossed pattern 146 may be omitted.

[0073] Referring to FIG. SE, the pixel electrode 160 is
formed on the passivation layer 150. The pixel electrode 160
is electrically connected to the first drain electrode 124
through the first hole 132. ITO or the like is coated on the
passivation layer 150 and patterned to form the pixel elec-
trode 160. Alternatively, the pixel electrode 160 may be
formed through direct patterning. The pixel electrode 160 is
spaced apart from the data line 122 and the gate line 112.
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Alternatively, the pixel electrode 160 may be partially over-
lapped with the data line 122 or the gate line 112.

[0074] Thereflection plate 170 is formed on a portion of the
pixel electrode 160 to complete the array substrate. The
reflection plate 170 defines the opening window. The reflec-
tion plate 170 corresponding to the second hole 136 is opened
so that the externally provided light is incident into the space
between the second drain electrode 127 and the second source
electrode 128. An alignment layer (not shown) for aligning a
liquid crystal may be formed on the reflection plate 170.
[0075] The reflection plate 170 may be formed on the
organic insulating layer 130 corresponding to the pixel. Alter-
natively, the reflection plate 170 may also be formed over the
whole surface of the organic insulating layer 130.

[0076] FIG. 6 is a circuit diagram showing a light sensing
element according to another exemplary embodiment of the
present disclosure. The light sensing element of FIG. 6 is the
same as in FIG. 2, except for a second voltage line and a
second switching element. Thus, the same reference numer-
als will be used to refer to the same or like parts as those
described in FIG. 2 and any further detailed description will
be omitted for brevity.

[0077] Referring to FIG. 6, an LCD panel having the light
sensing element includes a gate line GL, a data line DL, a first
switching element Q1, a liquid crystal capacitor CLC, a stor-
age capacitor CST, a first voltage line VLI, a second switching
element Q2 and a read out line ROL. The LCD panel may
include a plurality of the gate lines GL, a plurality of the data
lines DL, a plurality of the first switching elements Q1, a
plurality of the liquid crystal capacitors CLC, plurality of the
storage capacitors CST, a plurality of the first voltage lines
VLI, a plurality of the second switching elements Q2 and a
plurality of the read out lines ROL.

[0078] The gate line GL is extended in a longitudinal direc-
tion, and a gate signal GQ is transmitted to the first switching
element Q1 through the gate line GL. The data line DL is
extended in a vertical direction, and a data signal DP is trans-
mitted to the first switching element Q1 through the data line
DL.

[0079] The switching element Q1 is formed in a region
defined by the gate and data lines GL and DL disposed adja-
cent to one another. A first source electrode of the first switch-
ing element Q1 is electrically connected to the data line DL,
and a first gate electrode of the first switching element is
electrically connected to the gate line GL. When the gate
signal GQ having a high level is applied to the first switching
element Q1, the first switching element Q1 is turned on so that
the data signal is outputted to the liquid crystal capacitor CLC
and the storage capacitor CST through a first drain electrode
of the first switching element Q1.

[0080] A firstterminal of the liquid crystal capacitor CLC is
electrically connected to the first drain electrode of the first
switching element Q1, and a common voltage VCOM is
applied to a second terminal of the liquid crystal capacitor
CLC. The data signal DP outputted from the first drain elec-
trode of the first switching element Q1 is stored in the liquid
crystal capacitor CLC.

[0081] A first terminal of the storage capacitor CST is elec-
trically connected to the first drain electrode of the first
switching element Q1. A storage voltage VST is applied to a
second terminal of the storage capacitor CST. When the data
signal DP outputted from the first drain electrode is stored in
the storage capacitor CST and the first switching element Q1
is turned off, an electric charge stored in the liquid crystal
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capacitor CLC is discharged so that the stored electric charge
is applied to the liquid crystal capacitor CLC.

[0082] The first voltage line VLI is extended in the longi-
tudinal direction to apply a bias voltage VDD to the second
switching element Q2. The bias voltage VDD is provided
from an external source to the light sensing element.

[0083] The second switching element Q2 is formed in a
region defined by the first voltage line VL1 and the read out
line ROL adjacent to one another. A second source electrode
of the second switching element Q2 is electrically connected
to the first voltage line VL1, and a second gate electrode of the
second switching element Q2 is electrically connected to the
second drain electrode of the second switching element Q2
and the read out line ROL. When light is incident onto the
second switching element Q2, a channel is formed between
the second source electrode and the second drain electrode of
the second switching element Q2 so that a light-induced
leakage current flows into the read out line ROL through the
second drain electrode of the second switching element Q2.
The light-induced leakage current is a light sensing signal
corresponding to a predetermined position.

[0084] The read out line ROL is extended in the vertical
direction, and outputs the light sensing signal, i.e., the light-
induced leakage current, from the second drain electrode of
the second switching element Q2 into a driving integrated
circuit (not shown).

[0085] In operation, when the bias voltage VDD and the
light are applied to the second source electrode of the second
switching element Q2 and the region between the second
source electrode and the second drain electrode of the second
switching element Q2, respectively, the light sensing signal is
outputted to the read out line ROL through the second drain
electrode of the second switching element Q2.

[0086] For example, when the light is not incident into the
space between the second source electrode and the second
drain electrode of the second switching element Q2, the light-
induced leakage current may not flow between the second
source electrode and the second drain electrode of the second
switching element Q2, although the bias voltage VDD that
alternates between about 7.5V and about +15V is applied to
the second source electrode of the second switching element
Q2.

[0087] When thelight is incident into the space between the
second source electrode and the second drain electrode of the
second switching element Q2 and the bias voltage VDD that
alternates between about -7.5V and about +15V is applied to
the second source electrode of the second switching element
Q2, the light-induced leakage current flows between the sec-
ond source electrode and the second drain electrode of the
second switching element Q2 so that the light-induced leak-
age current flows through the read out line ROL, thereby
forming the light sensing signal. A read out integrated circuit
(not shown) electrically connected to an end portion of the
read out line generates positional information based on the
light sensing signal. Alternatively, a second voltage line V.2
may be omitted to increase opening ratio of the LCD appa-
ratus.

[0088] When thelevel ofthe light sensing signal is weak, an
additional amplifier or a noise filter may be formed between
the read out line and the read out integrated circuit (not
shown).

[0089] Alternatively, the first voltage line VLI, the second
switching element Q2 and the read out line ROL may be
formed on an additional plate to form a pattern recognition
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panel. The pattern recognition panel may sense a fingerprint.
Also, atouch panel may include the pattern recognition panel.
[0090] FIG. 7 is a plan view showing an array substrate
according to another exemplary embodiment of the present
disclosure. The array substrate of FIG. 7 is the same as illus-
trated in FIG. 3, except for a second voltage line and a second
switching element. Thus, the same reference numerals is used
to refer to the same or like parts as those described in con-
nection with FIG. 3 above, and further detailed description is
omitted for brevity.

[0091] Referring to FIG. 7, the array substrate includes a
transparent substrate, a gate line 212, a data line 222, a first
switching element Q1 electrically connected to the gate line
212 and the data line 222, a storage capacitor CST, a first
voltage line 218, a second switching element Q2, a read out
line 226, a pixel electrode 260 and a reflection plate 270
defining a reflection region and an opening window 234. The
array substrate may include a plurality of the gate lines 212, a
plurality of the data lines 222, a plurality of the first switching
elements Q1, a plurality of the storage capacitors CST, a
plurality of'the first voltage lines 218, a plurality of the second
switching elements Q2, a plurality of the read out lines 226, a
plurality of the pixel electrodes 260 and a plurality of the
reflection plates 270.

[0092] The gate lines 212 are extended in a longitudinal
direction, and arranged in a vertical direction. The data lines
222 are extended in the vertical direction, and arranged in the
longitudinal direction. The gate and data lines 212 and 222
define a plurality of regions.

[0093] Each of the gate lines 212 and each of the data lines
222 are disposed on a transparent substrate. The first switch-
ing element Q1 is formed in the region defined by the gate and
data lines 212 and 222 adjacent to one another. The first
switching element Q1 includes a first gate electrode 213
electrically connected to the gate line 212, a first source
electrode 223 electrically connected to the data line 222 and
a first drain electrode 224 spaced apart from the first source
electrode 223. The first gate electrode 213 is disposed
between the first source electrode 223 and the first drain
electrode 224, and electrically insulated from the first source
electrode 223 and the first drain electrode 224.

[0094] The storage capacitor CST includes a first storage
line 214 formed from a same layer with the gate line 212, and
the first drain electrode 224 formed from a same layer with the
data line 222.

[0095] A first voltage line 218 is disposed on the transpar-
ent substrate. The first voltage line 218 is extended in the
longitudinal direction, and arranged in the vertical direction.
[0096] The read out line 226 is disposed on the transparent
substrate. The read out line 226 is extended in substantially
parallel with the data line 222, and arranged in the longitudi-
nal direction.

[0097] The second switching element Q2 includes a second
gate electrode, a second drain electrode electrically con-
nected to the read out line 226 and a second source electrode
spaced apart from the read out line 226. The second gate
electrode 217 is electrically connected to the second drain
electrode 227 through a contact hole.

[0098] The pixel electrode 260 comprises a transparent
conductive material, such as indium tin oxide (ITO), indium
zinc oxide (IZO), or the like. The pixel electrode 260 is
disposed in the region defined by the gate and data lines 212
and 222 adjacent to one another. The pixel electrode 260 is
electrically connected to the first drain electrode 224 through
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a first hole 232 so that the pixel electrode 260 is electrically
connected to the first drain electrode 224.

[0099] The reflection plate 270 is formed on the pixel elec-
trode 260 to define the reflection region reflecting an exter-
nally provided light and an opening window 234. An artificial
light passes through the opening window 234. The reflection
plate 270 includes a second hole 236 corresponding to the
second switching element Q2 so that the externally provided
light is incident into the space between the second source
electrode and the second drain electrode.

[0100] FIGS. 8Ato 8E are plan views showing a method of
manufacturing an array substrate according to another exem-
plary embodiment of the present disclosure.

[0101] Referring to FIGS. 7 and 8A, a metal such as tanta-
lum (Ta), titanium (Ti), molybdenum (Mo), aluminum (Al),
chrome (Cr), copper (Cu), tungsten (W), or the like, is depos-
ited on the transparent substrate comprising glass or ceram-
ics. The deposited metal is patterned to form the gate line 212,
the first gate electrode 213, the storage line 214, the first
voltage line 218 and the second gate electrode 217.

[0102] The gate line 212 is extended in the longitudinal
direction, and arranged in the vertical direction. The first gate
electrode 213 is electrically connected to the gate line 212.
The storage line 214 and the first voltage line 218 are arranged
in substantially parallel with the gate line 212. The second
gate electrode 217 is spaced apart from the first voltage line
218.

[0103] Silicon nitride (SiNx) is deposited on the transpar-
ent substrate having the gate electrode 213. The silicon nitride
(SiNx) may be deposited through a plasma enhanced chemi-
cal vapor deposition. An amorphous silicon layer and an N+
amorphous silicon layer implanted in situ with N+ dopants
are formed on the gate insulating layer (not shown). The
amorphous silicon layer and the Ni+ amorphous silicon layer
are patterned to form a first active layer 217¢ and a second
active layer 217d on the gate insulating layer (not shown)
corresponding to the first and second gate electrodes 213 and
217, respectively. The gate insulating layer (not shown) cor-
responding to the first voltage line 218 is partially removed to
form a fourth hole 219a. The first voltage line 218 is partially
exposed through the fourth hole 219a.

[0104] The gate insulating layer (not shown) may be dis-
posed over the whole surface of the transparent substrate.
Alternatively, the gate insulating layer (not shown) may also
be disposed on the gate line 212 and the gate electrode 213.

[0105] Referring to FIG. 8B, a metal such as tantalum (Ta),
titanium (Ti), molybdenum (Mo), aluminum (Al), chrome
(Cr), copper (Cu), tungsten (W), or the like, is deposited on
the transparent substrate having the gate insulating layer (not
shown).

[0106] The deposited metal is patterned to form the data
line 222, the first source electrode 223, the first drain elec-
trode 224, the read out line 226, the second drain electrode
227 and the second source electrode 228. The first drain
electrode 224 is partially overlapped with the capacitor line
214 to form the storage capacitor CST.

[0107] The data line 222 is extended in the vertical direc-
tion, and arranged in the longitudinal direction. The first
source electrode 223 is electrically connected to the data line
222. The first drain electrode 224 is spaced apart from the first
source electrode 223.

[0108] The read out line 226 is extended in the vertical
direction, and arranged in the longitudinal direction. The
second drain electrode 227 is electrically connected to the
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read out line 226. The second source electrode 228 is spaced
apart from the second drain electrode 227, and electrically
connected to the second voltage line 218 through the fourth
hole 219a.

[0109] Referring to FIG. 8C, an organic material having
photoresist is coated on the transparent substrate having the
data line 222, the first source electrode 223, the first drain
electrode 224, the read out line 226, the second drain elec-
trode 227 and the second source electrode 228 to form an
organic insulating layer (not shown). Alternatively, the
organic material may be coated on the transparent substrate
through a spin coating process. The organic insulating layer
(not shown) corresponding to the pixel defined by the gate
and data lines 212 and 222 is partially removed to form the
first hole 232, the opening window 234 and the second hole
236. The first drain electrode 224 is partially exposed through
the first hole 232. The transparent substrate or the gate insu-
lating layer (not shown) is partially exposed through the
opening window 234. The second active layer 217d is par-
tially exposed through the second hole 236. The externally
provided light may be incident into the second active layer
217d through the second hole 236.

[0110] Referringto FIG. 8D, a plurality of recesses 242 and
protrusions 244 is formed on the organic insulating layer (not
shown) having the first hole 232, the opening window 234 and
the second hole 236 so that an embossed pattern 246 is
formed. A passivation layer is formed on the organic insulat-
ing layer (not shown) having the embossed pattern 246. A
reflectivity of the reflection plate 270 is improved by the
embossed pattern 246. Alternatively, the embossed pattern
246 may be omitted.

[0111] Referring to FIG. 8E, the pixel electrode 260 is
formed on the passivation layer. The pixel electrode 260 is
electrically connected to the first drain electrode 224 through
the first hole 232. The pixel electrode 260 may be formed
through coating ITO on the passivation layer and patterning
the coated ITO. Alternatively, the pixel electrode 260 may be
formed through direct patterning. The pixel electrode 260 is
spaced apart from the data line 222 and the gate line 212.
Alternatively, the pixel electrode 260 may be partially over-
lapped with the data line 222 or the gate line 212.

[0112] Thereflection plate 270 is formed on a portion of the
pixel electrode 260 to complete the array substrate. The
reflection plate 270 defines the opening window 234. The
reflection plate 270 corresponding to the second hole 236 is
opened so that the externally provided light is incident into
the space between the second drain electrode 227 and the
second source electrode 228. An alignment layer (not shown)
for aligning a liquid crystal may be formed on the reflection
plate 270.

[0113] The reflection plate 270 may he formed on the
organic insulating layer (not shown) corresponding to the
pixel. Alternatively, the reflection plate 270 may be formed
over the whole surface of organic insulating layer (not
shown).

[0114] FIG. 9 is a circuit diagram showing a light sensing
element according to another exemplary embodiment of the
present disclosure. The light sensing element of FIG. 9 is
same as that illustrated in FIG. 2, except for a second voltage
line and a second switching element. Thus, the same refer-
ence numerals will he used to refer to the same or like parts as
those described in FIG. 2, and any further detailed description
of these is omitted below.
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[0115] Referring to FIG. 9, an LCD panel having the light
sensing element includes a gate line GL, a data line DL, a first
switching element Q1, a liquid crystal capacitor CLC, a stor-
age capacitor CST, a second switching element Q2 and a read
out line ROL. The LCD panel may include a plurality of the
gate lines GL and GL+1, a plurality of the data lines DL, a
plurality of the first switching elements Q1, a plurality of the
liquid crystal capacitors CLC, a plurality of the storage
capacitors CST, a plurality of the second switching elements
Q2 and a plurality of read out lines ROL.

[0116] The gate line GL is extended in a longitudinal direc-
tion, and a gate signal GQ is transmitted to the first switching
element Q1 through the gate line CL. The data line DL is
extended in a vertical direction, and a data signal DP is trans-
mitted to the first switching element Q1 through the data line
DL.

[0117] The switching element Q1 is formed in a region
defined by the gate and data lines GL. and DL adjacent to one
another. A first source electrode of the first switching element
Q1 is electrically connected to the data line DL, and a first
gate electrode of the first switching element Q1 is electrically
connected to the gate line GL. When the gate signal GQ
having a high level is applied to the first switching element
Q1, the first switching element Q1 is turned on so that the data
signal is outputted to the liquid crystal capacitor CLC and the
storage capacitor CST through a first drain electrode of the
first switching element Q1.

[0118] A firstterminal of the liquid crystal capacitor CLCis
electrically connected to the first drain electrode of the first
switching element Q1, and a common voltage VCOM is
applied to a second terminal of the liquid crystal capacitor
CLC. The data signal DP outputted from the first drain elec-
trode of the first switching element Q1 is stored in the liquid
crystal capacitor CLC.

[0119] A first terminal of the storage capacitor CST is elec-
trically connected to the first drain electrode of the first
switching element Q1. A storage voltage VST is applied to a
second terminal of the storage capacitor CST. When the data
signal DP outputted from the first drain electrode is stored in
the storage capacitor CST and the first switching element Q1
is turned off, an electric charge stored in the liquid crystal
capacitor CLC is discharged so that the stored electric charge
is applied to the liquid crystal capacitor CLC.

[0120] The second switching element Q2 is formed in a
region defined by the gate line GL and the read out line ROL
adjacent to one another. A second source electrode of the
second switching element Q2 is electrically connected to a
next gate line GL+1, and a second gate electrode of the second
switching element Q2 is electrically connected to the second
drain electrode of the second switching element Q2 and the
read out line ROL. When a light is incident onto the second
switching element Q2, a channel is formed between the sec-
ond source electrode and the second drain electrode of the
second switching element Q2 so that a light-induced leakage
current flows into the read out line ROL through the second
drain electrode of the second switching element Q2. The
light-induced leakage current is a light sensing signal corre-
sponding to a predetermined position on the array.

[0121] The read out line ROL is extended in the vertical
direction, and outputs the light sensing signal that is the
light-induced leakage current from the second drain electrode
of the second switching element Q2 into a driving integrated
circuit (not shown).
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[0122] Inoperation, when a next gate signal GQ+1 and the
light are applied to the second source electrode of the second
switching element Q2 and the region between the second
source electrode and the second drain electrode of the second
switching element Q2, respectively, the light sensing signal is
outputted to the read out line ROL through the second drain
electrode of the second switching element Q2.

[0123] For example, when light is not incident into the
space between the second source electrode and the second
drain electrode of the second switching element Q2, the light-
induced leakage current does not flow between the second
source electrode and the second drain electrode of the second
switching element Q2 even though the next gate signal GQ+1
having ahigh level is applied to the second source electrode of
the second switching element Q2.

[0124] When thelight is incident into the space between the
second source electrode and the second drain electrode of the
second switching element Q2 and the next gate signal GQ+1
having the high level is applied to the second source electrode
of the second switching element Q2, the light-induced leak-
age current flows between the second source electrode and the
second drain electrode of the second switching element Q2 so
that the light-induced leakage current flows through the read
out line ROL, thereby forming the light sensing signal. A read
out integrated circuit (not shown) electrically connected to an
end portion of the read out line generates positional informa-
tion based on the light sensing signal. Alternatively, a first
voltage line and a second voltage line may be omitted to
increase opening ratio of the LCD apparatus.

[0125] Alternatively, the second switching element Q2 and
the read out line ROL may be formed on an additional plate to
form a pattern recognition panel. The pattern recognition
panel may sense, for example, the touch of a finger. A touch
panel may include the pattern recognition panel.

[0126] FIG. 10 is a plan view showing an array substrate
according to another exemplary embodiment of the present
disclosure. The array substrate of FIG. 10 is same as that
shown in FIG. 3, except for a first voltage line, a second
voltage line and a second switching element. Thus, the same
reference numerals are used to refer to the same or like parts
as those described in FIG. 3, and any further description of
these is omitted.

[0127] Referring to FIG. 10, the array substrate includes a
transparent substrate, a gate line 312, a data line 322, a first
switching element Q1 electrically connected to the gate line
312 and the data line 322, a storage capacitor CST, a second
switching element Q2, a read out line 326, a pixel electrode
360 and a reflection plate 370 defining a reflection region and
an opening window 334. The array substrate may include a
plurality of the gate lines 312, a plurality of the data lines 322,
aplurality of the first switching elements Q1, a plurality of the
storage capacitors CST, a plurality of the second switching
elements 2, a plurality of the read out lines 326, a plurality
of the pixel electrodes 360 and a plurality of the reflection
plates 370.

[0128] The gate lines 312 are extended in a longitudinal
direction, and arranged in a vertical direction. The data lines
322 are extended in the vertical direction, and arranged in the
longitudinal direction. The gate and data lines 312 and 322
define a plurality of regions.

[0129] Each of the gate lines 312 and each of the data lines
322 are disposed on a transparent substrate. The first switch-
ing element Q1 is formed in the region defined by the gate and
data lines 312 and 322 adjacent to one another. The first
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switching element Q1 includes a first gate electrode 313
electrically connected to the gate line 312, a first source
electrode 323 electrically connected to the data line 322 and
a first drain electrode 324 spaced apart from the first source
electrode 323. The first gate electrode 313 is disposed
between the first source electrode 323 and the first drain
electrode 324, and electrically insulated from the first source
electrode 323 and the first drain electrode 324.

[0130] The storage capacitor CST includes a first storage
line 314 formed from a same layer with the gate line 312, and
the first drain electrode 324 formed from a same layer with the
data line 322.

[0131] The read out line 326 is disposed on the transparent
substrate. The read out line 326 is extended in substantially
parallel with the data line 322, and arranged in the longitudi-
nal direction.

[0132] The second switching element Q2 includes a second
gate electrode, a second drain electrode electrically con-
nected to the read out line 326 and a second source electrode
spaced apart from the read out line 326. The second gate
electrode 317 is electrically connected to the second drain
electrode 327 through a contact hole.

[0133] The pixel electrode 360 comprises a transparent
conductive material, such as indium tin oxide (ITO), indium
zinc oxide (IZO), or the like. The pixel electrode 360 is
disposed in the region defined by the gate and data lines 312
and 322 adjacent to one another. The pixel electrode 360 is
electrically connected to the first drain electrode 324 through
a first hole 332 so that the pixel electrode 360 is electrically
connected to the first drain electrode 324.

[0134] The reflection plate 370 is formed on the pixel elec-
trode 360 to define the reflection region reflecting an exter-
nally provided light and an opening window 334.

[0135] An artificial light passes through the opening win-
dow 334. The reflection plate 370 includes a second hole 336
corresponding to the second switching element Q2 so that the
externally provided light is incident into the space between
the second source electrode and the second drain electrode.
[0136] FIGS. 11A to 11E are plan views showing a method
of manufacturing an array substrate according to another
exemplary embodiment of the present disclosure.

[0137] Referring to FIGS. 10 and 11A, a metal such as
tantalum (Ta), titanium (T1), 25 molybdenum (Mo), alumi-
num (Al), chrome (Cr), copper (Cu), tungsten (W), or the like,
is deposited on the transparent substrate comprising a glass or
ceramic. The deposited metal is patterned to form the gate line
312, the first gate electrode 313, the storage line 314 and the
second gate electrode 317.

[0138] The gate line 312 is extended in the longitudinal
direction, and arranged in the vertical direction. The first gate
electrode 313 is electrically connected to the gate line 312.
The storage line 314 is arranged in substantially parallel with
the gate line 312. The second gate electrode 317 is spaced
apart from the gate line 312.

[0139] Silicon nitride (SiNx) is deposited on the transpar-
ent substrate having the gate electrode 313. The silicon nitride
(SiNx) may be deposited through a plasma enhanced chemi-
cal vapor deposition. An amorphous silicon layer and an Ni+
amorphous silicon layer implanted in-situ with Ni+ dopants
are formed on the gate insulating layer (not shown). The
amorphous silicon layer and the N+ amorphous silicon layer
are patterned to form a first active layer 317¢ and a second
active layer 3174 on the gate insulating layer (not shown)
corresponding to the first and second gate electrodes 313 and
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317. The gate insulating layer (not shown) corresponding to
the gate line 312 is partially removed to form a fourth hole
319a. The gate line 312 is partially exposed through the fourth
hole 319a. A portion of the gate line 312 may be protruded in
the vertical direction to form the fourth hole 3194 on the
protruded portion of the gate line 312.

[0140] The gate insulating layer (not shown) may be dis-
posed over the whole surface of the transparent substrate.
Alternatively, the gate insulating layer (not shown) may also
be disposed on the gate line 212 and the gate electrode 213.
[0141] Referring to FIG. 11B, a metal such as tantalum
(Ta), titanium (Ti), molybdenum (Mo), aluminum (Al),
chrome (Cr), copper (Cu), tungsten (W), or the like, is depos-
ited on the transparent substrate having the gate insulating
layer (not shown).

[0142] The deposited metal is patterned to form the data
line 322, the first source electrode 323, the first drain elec-
trode 324, the read out line 326, the second drain electrode
327 and the second source electrode 328. The first drain
electrode 324 is partially overlapped with the capacitor line
314 to form the storage capacitor CST.

[0143] The data line 322 is extended in the vertical direc-
tion, and arranged in the longitudinal direction. The first
source electrode 323 is electrically connected to the data line
322. The first drain electrode 324 is spaced apart from the first
source electrode 323.

[0144] The read out line 326 is extended in the vertical
direction, and arranged in the longitudinal direction. The
second drain electrode 327 is electrically connected to the
read out line 326. The second source electrode 328 is spaced
apart from the second drain electrode 327, and electrically
connected to the gate line 312 through the fourth hole 319a4.
[0145] Referring to FIG. 11C, an organic material having
photoresist is coated on the transparent substrate having the
data line 322, the first source electrode 323, the first drain
electrode 324, the read out line 326, the second drain elec-
trode 327 and the second source electrode 328 to form an
organic insulating layer (not shown). Alternatively, the
organic material may be coated on the transparent substrate
through a spin coating process. The organic insulating layer
(not shown) corresponding to the pixel defined by the gate
and data lines 312 and 322 is partially removed to form the
first hole 332, the opening window 334 and the second hole
336. The first drain electrode 324 is partially exposed through
the first hole 332. The transparent substrate or the gate insu-
lating layer (not shown) is partially exposed through the
opening window 334. The second active layer 3174 is par-
tially exposed through the second hole 336. The externally
provided light may be incident into the second active layer
317d through the second hole 336.

[0146] Referring to FIG. 11D, a plurality of recesses 342
and protrusions 344 is formed on the organic insulating layer
(not shown) having the first hole 332, the opening window
334 and the second hole 336 so that an embossed pattern 346
is formed. A passivation layer is formed on the organic insu-
lating layer (not shown) having the embossed pattern 346. A
reflectivity of the reflection plate 370 is improved by the
embossed pattern 346. Alternatively, the embossed pattern
346 may be omitted.

[0147] Referring to FIG. 11E, the pixel electrode 360 is
formed on the passivation 10 layer. The pixel electrode 360 is
electrically connected to the first drain electrode 324 through
the first hole 332. The pixel electrode 360 may be formed
through coating ITO on the passivation layer and patterning
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the coated ITO. Alternatively, the pixel electrode 360 may be
formed through direct patterning. The pixel electrode 360 is
spaced apart from the data line 322 and the gate line 312.
Alternatively, the pixel electrode 360 may be partially over-
lapped with the data line 322 or the gate line 312. The reflec-
tion plate 370 is formed on a portion of the pixel electrode 360
to complete the array substrate. The reflection plate 370
defines the opening window 334. The reflection plate 370
corresponding to the second hole 336 is opened so that the
externally provided light is incident into the space between
the second drain electrode 327 and the second source elec-
trode 328. An alignment layer (not shown) for aligning a
liquid crystal may be formed on the reflection plate 370.
[0148] The reflection plate 370 may be formed on the
organic insulating layer (not shown) corresponding to the
pixel. Alternatively, the reflection plate 370 may also be
formed over the whole surface of organic insulating layer (not
shown).

[0149] FIG. 12 is a circuit diagram showing a light sensing
element according to another exemplary embodiment of the
present disclosure. The light sensing element of FIG. 12 is the
same as that illustrated in FIG. 2, except for a second voltage
line and a second switching element. Thus, the same refer-
ence numerals are used to refer to the same or like parts as
those described in connection with FIG. 2 and any further
description thereof is omitted.

[0150] Referring to FIG. 12, an LCD panel having the light
sensing element includes a gate line GL, a data line DL, a first
switching element Q1, a liquid crystal capacitor CLC, a stor-
age capacitor CST, a first voltage line VL1, a second switching
element Q2 and a read out line ROL. The LCD panel may
include a plurality of the gate lines GL, a plurality of the data
lines DL, a plurality of the first switching elements Q1, a
plurality of the liquid crystal capacitors CLC, a plurality of
the storage capacitors CST, a plurality of the first voltage lines
VL1, a plurality of the second switching elements Q2 and a
plurality of the read outlines ROL.

[0151] The gate line GL is extended in a longitudinal direc-
tion, and a gate signal GO is transmitted to the first switching
element Q1 through the gate line GL. The data line DL is
extended in a vertical direction, and a data signal DP is trans-
mitted to the first switching element Q1 through the data line
DL.

[0152] The switching element Q1 is formed in a region
defined by the gate and data lines CL and DL adjacent to one
another. A source electrode of the first switching electrode Q1
is electrically connected to the data line DL, and a gate elec-
trode of the first switching electrode is electrically connected
to the gate line GL. When the gate signal GO having a high
level is applied to the first switching element Q1, the first
switching element Q1 is turned on so that the data signal is
outputted to the liquid crystal capacitor CLC and the storage
capacitor CST through a drain electrode of the first switching
element Q1.

[0153] A firstterminal of theliquid crystal capacitor CLCis
electrically connected to the drain electrode of the first
switching element Q1, and a common voltage (VCOM) is
applied to a second terminal of the liquid crystal capacitor
CLC. The data signal DP outputted from the drain electrode
of'the first switching element Q1 is stored in the liquid crystal
capacitor CLC.

[0154] A first terminal of the storage capacitor CST is elec-
trically connected to the drain electrode of the first switching
element Q1. A storage voltage VST is applied to a second
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terminal of the storage capacitor CST. When the data signal
DP outputted from the drain electrode is stored in the storage
capacitor CST and the first switching element Q1 is turned
off, an electric charge stored in the liquid crystal capacitor
CLC is discharged so that the stored electric charge is applied
to the liquid crystal capacitor CLC.

[0155] The first voltage line VL1 is extended in the longi-
tudinal direction to apply a bias voltage VDD to the second
switching element Q2. The bias voltage VDD is provided
from an exterior to the light sensing element.

[0156] The second switching element Q2 is formed in a
region defined by the first voltage line VL1 and the read out
line ROL adjacent to one another. A source electrode of the
second switching element Q2 is electrically connected to a
gate electrode of the second switching element Q2 and the
first voltage line VLI, and a drain electrode of the second
switching element Q2 is electrically connected to the read out
line ROL. When a light is incident into the second switching
element Q2, a channel is formed between the source and drain
electrodes of the second switching element Q2 so that a
light-induced leakage current flows into the read out line ROL
through the drain electrode of the second switching element
Q2. The light-induced leakage current is a light sensing signal
corresponding to a predetermined position on the array.
[0157] The read out line ROL is extended in the vertical
direction, and outputs the light sensing signal that is the
light-induced leakage current from the drain electrode of the
second switching element Q2 into a driving integrated circuit
(not shown).

[0158] Alternatively, the first voltage line VL1, the second
switching element Q2 and the read out line ROL may be
formed on an additional plate to form a pattern recognition
panel. The pattern recognition panel may sense a fingerprint.
A touch panel may include the pattern recognition panel.
[0159] In accordance with the present disclosure, an LCD
panel may include a plurality of the light sensing elements.
The LCD may be a transmissive LCD, a reflective LCD or a
reflective-transmissive LCD. The LCD panel includes one
switching element for sensing the light corresponding to one
pixel so that the structure of the LCD panel is simplified and
the opening ratio is increased.

[0160] In addition, the number of elements in each pixel is
decreased so that the yield of the LCD panels is increased and
potential signal interference is decreased.

[0161] The presently claimed disclosure has been
described with reference to some exemplary embodiments. It
should he evident, however, that many alternative modifica-
tions and variations will be apparent to those having skill in
the art in light of the foregoing description. Accordingly, the
present disclosure embraces all such alternative modifica-
tions and variations as fall within the spirit and scope of the
appended claims and their functional equivalents.

What is claimed:

1. A light sensing element, comprising:

a first electrode receiving an alternating bias voltage;

a second electrode outputting a light-induced leakage cur-
rent based on an externally provided light and the bias
voltage; and

a control electrode electrically connected to one of the first
electrode and the second electrode.

2. The light sensing element of claim 1, wherein the control

electrode is electrically connected to the first electrode.

3. The light sensing element of claim 1, wherein the control

electrode is electrically connected to the second electrode.
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4. The light sensing element of claim 1, further comprising
aread out line directly connected to the second electrode, the
read out line conducting the leakage current away from the
second electrode.

5. The light sensing element of claim 1, wherein the bias
voltage alternates between a first level and a second level that
is different from the first level.

6. The light sensing element of claim 5, wherein the bias
voltage alternates between about —7.5V and about +15V.

7. An array substrate, comprising:

a transparent substrate;

a gate line disposed on the transparent substrate to transmit

a gate signal;

adata line disposed on the transparent substrate to transmit
a data signal;

a switching element comprising a gate electrode electri-
cally connected to the gate line, and a source electrode
electrically connected to the data line;

a read out line disposed on the transparent substrate; and

a light sensing element comprising:

a first electrode receiving an alternating bias voltage;

a second electrode outputting a light-induced leakage cur-
rent to the read out line based on an externally provided
light and the bias voltage; and

a control electrode electrically connected to one of the first
electrode and the second electrode.

8. The array substrate of claim 7, wherein the control

electrode is electrically connected to the first electrode.

9. The light sensing element of claim 7, wherein the control
electrode is electrically connected to the second electrode.

10. The light sensing element of claim 7, wherein the
second electrode is directly connected to the read out line.
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11. The array substrate of claim 7, further comprising a first
voltage line receiving the bias voltage.

12. The array substrate of claim 1, wherein the first elec-
trode is directly connected to the first voltage line.

13. A liquid crystal display apparatus, comprising:

an upper substrate; and

a lower substrate corresponding to the upper substrate, the
lower substrate including a light sensing element and a
read out line electrically connected to the light sensing
element, the light sensing element comprising:

a first electrode receiving an alternating bias voltage;

a second electrode outputting a light-induced leakage cur-
rent to the read out line based on an externally provided
light and the bias voltage; and

a control electrode electrically connected to one of the first
electrode and the second electrode.

14. The liquid crystal display apparatus of claim 13,
wherein the control electrode is electrically connected to the
first electrode.

15. The light sensing element of claim 13, wherein the
control electrode is electrically connected to the second elec-
trode.

16. The liquid crystal display apparatus of claim 13,
wherein the second electrode is directly connected to the read
out line.

17. The liquid crystal display apparatus of claim 13,
wherein the lower substrate further includes a first voltage
line receiving the bias voltage.

18. The liquid crystal display apparatus of claim 17,
wherein the first electrode is directly connected to the first
voltage line.
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