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METHOD OF MANUFACTURING A LIQUID
CRYSTAL DISPLAY HAVING TOP GATE
THIN FILM TRANSISTORS WHEREIN EACH
GATE ELECTRODE CONTACTS AN
AUXILLIARY ELECTRODE

[0001] The present patent document is a divisional of U.S.
patent application Ser. No. 12/958,860, filed Dec. 2, 2010,
which is a divisional of U.S. patent application Ser. No.
11/823,200, filed Jun. 26, 2007, which claims the benefit of
Korean Patent Application No. 0125351/2006 filed Dec. 11,
2006, which are incorporated by reference herein.

BACKGROUND

[0002] 1.Field of the Invention

[0003] The present invention relates to an electrostatic dis-
charge protection element, a liquid crystal display device
having the same, and a manufacturing method thereof.
[0004] 2. Discussion of the Related Art

[0005] A display device is implemented using a plurality of
thin film transistors (TFTs). A TFT includes an amorphous
silicon semiconductor or polycrystalline silicon semiconduc-
tor, an oxide silicon insulating layer, and a metal electrode.
[0006] With recent development of various conductive
organic materials, extensive researches have been conducted
on organic TFTs using organic semiconductors throughout
the world.

[0007] Thenew organic semiconductors are widely applied
to various types of display devices because they are prepared
using various polymer synthesis methods, are easy to formin
a fiber or film shape, are flexible, and are manufactured at a
low cost.

[0008] Meanwhile, a liquid crystal display (LCD) device
includes a plurality of pixels arranged in a matrix form. The
pixels are implemented with TFTs. The LCD displays an
image by controlling the respective pixels through the switch-
ing of the TFTs.

[0009] Since the LCD device is susceptible to electrostatic
discharge (ESD), the LCD device includes an ESD protection
element. The ESD protection element may be implemented
with TFTs.

[0010] Studies have been conducted to apply organic TFTs
0 LCDs.

[0011] However, due to difficulties in fabrication of organic
TFTs, favorable results have not been obtained.

[0012] In addition, the application of the organic TFTs to
the ESD protection element has not been studied.

[0013] Therefore, the organic TFTs are applied only to the
TFTs of the pixels of the LCD, and the ESD protection
element is implemented with typical TFTs. Consequently, the
manufacturing process of the LCD is complicated and the
manufacturing cost of the LCD increases.

BRIEF SUMMARY

[0014] 1In one embodiment, an electrostatic discharge pro-
tection element includes a first thin film transistor (TFT), a
second TFT, a third TFT each having a gate electrode, a
source electrode and a drain electrode. The drain electrode of
the first TFT and the gate electrode of the third TFT are
electrically connected and the source electrode of the second
TFT and the gate electrode of the third TFT are electrically
connected. The gate electrode and the source electrode of the

Oct. 13, 2011

first TFT are electrically connected to a first array line and the
gate electrode and the drain electrode of the second TFT are
electrically connected to a second array line. The source
electrode of the third TFT is electrically connected to the first
array line and the drain electrode of the third TFT is electri-
cally connected to the second array line. Each TFT comprises
an organic semiconductor layer disposed between the source
electrode and drain electrode.

[0015] In another embodiment, a liquid crystal display
device includes a plurality of gate lines and a plurality of data
lines arranged on a substrate and unit pixels are defined by
crossing points of the gate lines and the data lines. The unit
pixels are located in a display region. Each unit pixel includes
a pixel organic thin film transistor (TFT). A pixel electrode is
connected to the pixel organic TFT. A common voltage line is
disposed in a non-display region of the substrate. A plurality
of electrostatic discharge (ESD) protection elements are pro-
vided in the non-display region. Each ESD protection ele-
ment is electrically coupled to the data line or the gate line and
the common voltage line and each ESD protection element
includes three ESD organic TFTs. Each ESD protection ele-
ment includes a first ESD organic TFT, a second ESD organic
TFT, and a third ESD organic TFT, with each having a gate
electrode, a source electrode and a drain electrode. The first
ESD organic TFT and the second ESD organic TFT are con-
nected in parallel and the third ESD organic TFT is connected
between the first ESD organic TFT and the second ESD
organic TFT.

[0016] In yet another embodiment, a method is disclosed
for manufacturing an LCD device having organic electro-
static discharge protection devices. In the disclosed method, a
light blocking pattern is formed on a substrate. The light
blocking pattern is formed in a display region of the substrate
and a non-display region of the substrate. A first metal mate-
rial is deposited to overly the light blocking layer to thereby
form source and drain electrodes for a pixel thin film transis-
tor (TFT) and a plurality of electrostatic discharge (ESD)
TFTs. A pixel electrode is formed such that it is connected to
the drain electrode of the organic pixel TFT. An organic
semiconductor layer, an organic insulating layer, and an aux-
iliary electrode layer overlying the source and drain regions
are sequentially formed and patterned to form a gate stack. A
passivation layer is formed to overly the gate stack and a
contact hole is formed exposing a portion of the gate stack. A
gate electrode and a gate line are formed to overly the passi-
vation layer and to contact the auxiliary electrode through the
contact hole.

[0017] TItisto be understood that both the foregoing general
description and the following detailed description of the
present invention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this application, illus-
trate embodiment(s) of the invention and together with the
description serve to explain the principle of the invention. In
the drawings:

[0019] FIG. 1 is a cross-sectional view of an organic TFT
according to an embodiment;



US 2011/0249208 A1l

[0020] FIGS. 2A to 2E are cross-sectional views illustrat-
ing a method for manufacturing an organic TFT according to
an embodiment;

[0021] FIG.3isacircuitdiagram of an LCD having organic
TFTs according to an embodiment of the present invention;
[0022] FIG. 4 is a plan view of a unit pixel of the LCD
illustrated in FIG. 3;

[0023] FIG. 51is a plan view of an ESD protection element
in the LCD illustrated in FIG. 3;

[0024] FIG. 6 is an equivalent circuit diagram of the ESD
protection element illustrated in FIG. 5; and

[0025] FIGS.7Ato 7F arecross-sectional viewsillustrating
amethod for manufacturing an L.CD according to an embodi-
ment.

DETAILED DESCRIPTION OF THE DRAWINGS
AND THE PRESENTLY PREFERRED
EMBODIMENTS

[0026] Reference will now be made in detail to the pre-
ferred embodiments of the present invention, examples of
which are illustrated in the accompanying drawings. In the
drawings, the thicknesses of layers and regions are exagger-
ated for clarity. Wherever possible, the same reference num-
bers will be used throughout the drawings to refer to the same
or like parts.

[0027] FIG. 1 is a cross-sectional view of an organic TFT
according to an embodiment.

[0028] The organic TFT according to this embodiment is a
top gate type TFT where a gate electrode 8 is disposed at the
uppermost layer.

[0029] Referring to FIG. 1, a light blocking layer 2 is dis-
posed in a predetermined portion of a substrate 1. The prede-
termined portion of the substrate 1 represents a region where
the organic TFT will be formed. The light blocking layer 2
serves to prevent a channel characteristic from being affected
by the deformation of an organic semiconductor layer, which
1s caused by light. The organic semiconductor layer, which
will be described in more detail later, is formed of an organic
semiconductor material. In general, the light blocking layer 2
1s formed of light blocking material or light absorbing mate-
rial. For example, the light blocking layer 2 may be formed of
chrome oxide (CrO,) having an optical density of 3.5 or
above, metal such as chrome, or carbon based material.
[0030] A buffer layer 3 is disposed over the light blocking
layer 2 and the substrate 1. The buffer layer 3 may be formed
of an oxide material such as silicon oxide (SiO,). The buffer
layer 3 facilitates the formation of subsequent layers. If the
light blocking layer is not made of a metal, the formation of
the buffer layer 3 is not always necessary.

[0031] A source electrode 4a and a drain electrode 4b are
disposed spaced apart from each other on the buffer layer 3.
[0032] Anorganic semiconductor layer 5 is disposed on the
source electrode 4a and the drain electrode 45. The organic
semiconductor layer 5 is formed of an organic semiconductor
material. The organic semiconductor layer 5 is disposed on
portions of the source electrode 4a and the drain electrode 44
and the buffer layer 3 between the source electrode 4a and the
drain electrode 4b. Examples of the organic semiconductor
material may include, but are not limited to, pentacene, cop-
per phthalocyanine, polythiophene, polyaniline, polyacety-
lene, polypyrrole, polyphenylene vinylene, or derivatives
thereof.

[0033] An organic gate insulating layer 6 is disposed on the
organic semiconductor layer 5. The organic gate insulating
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layer 6 is formed of an organic insulating material. Examples
of the organic insulating material may include, but are not
limited to, polyimide.

[0034] An auxiliary electrode 7 is disposed on the organic
gate insulating layer 6. The auxiliary electrode 7 is electri-
cally connected to a gate electrode that will be formed later.
The auxiliary electrode 7 can serve as an etch stop layer,
which will be described later.

[0035] The organic semiconductor layer 5, the organic gate
insulating layer 6, and the auxiliary electrode 7 may have the
same width.

[0036] A passivation layer 9 is formed over the auxiliary
electrode 7 and the substrate 1. The passivation layer 9 has a
contact hole 35 exposing the auxiliary electrode 7 (see FIG.
2D). The passivation layer 9 protects the source electrode 4a,
the drain electrode 4b, and the organic semiconductor layer 5.
[0037] A gate electrode 5 is disposed on the passivation
layer 9 and is electrically connected to the auxiliary electrode
7 through the contact hole 35.

[0038] Inorder to prevent light irradiation onto the organic
semiconductor layer 5, the light blocking layer 2 may have a
width greater than that of the organic semiconductor layer 5.
Hence, light transmitted through the rear surface of the sub-
strate 1 is not irradiated onto the organic semiconductor layer
5 because the light blocking layer 2 has the width greater than
the organic semiconductor layer 5.

[0039] Therefore, the organic TFT may be configured in a
top gate type. That is, the organic semiconductor layer 5 and
the organic gate insulating layer 6 are disposed on the source/
drain electrodes 4a and 46 and the gate electrode 8 is disposed
on the organic gate insulating layer 6.

[0040] FIGS. 2A to 2E are cross-sectional views illustrat-
ing a method for manufacturing an organic TFT according to
an embodiment.

[0041] Referring to FIG. 2A, a light blocking material is
deposited on a substrate 1 and is patterned to form a light
blocking layer 2 in a predetermined region. Examples of the
light blocking material may include, but are not limited to,
chrome oxide (CrOx) having an optical density of 3.5 or
above, metal such as chrome, or carbon based material.
[0042] An oxide material such as silicon oxide is deposited
over the light blocking layer 2 and the substrate 1 to form a
buffer layer 3. The formation of the buffer layer 3 is not
always necessary.

[0043] Referring to FIG. 2B, a first metal material is depos-
ited on the buffer layer 3 and is patterned to form a source
electrode 4a and a drain electrode 45 spaced apart from each
other. Examples of the first metal material may include. but
are not limited to, gold (Au), silver (Ag), aluminum (Al),
nickel (Ni), chrome (Cr), and molybdenum (Mo).

[0044] Referring to FIG. 2C, an organic semiconductor
material, an organic insulating material, and a second metal
material are sequentially deposited on the source/drain elec-
trodes 4a and 45 and the substrate 1 and are patterned to form
an organic semiconductor layer 5, an organic gate insulating
layer 6, and an auxiliary electrode 7. The organic semicon-
ductor layer 5, the organic gate insulating layer 6, and the
auxiliary electrode 7 are formed on portions of the source
electrode 4a and the drain electrode 456 and the buffer layer 3
between the source electrode 4a and the drain electrode 4b.
Portions of the source/drain electrodes 4a and 45 may be
exposed by the patterning process. In the LCD, the exposed
portions may be electrically connected to a pixel electrode.



US 2011/0249208 A1l

[0045] The organic semiconductor layer 5 may have a
width smaller than that of the light blocking layer 2. In this
case, light transmitted through the rear surface of the sub-
strate 1 can be prevented from being irradiated onto the
organic semiconductor layer 5.

[0046] Examples of the organic semiconductor material
may include, but are not limited to, pentacene, copper phtha-
locyanine, polythiophene, polyaniline, polyacetylene, poly-
pyrrole, polyphenylene vinylene, or derivatives thereof.
[0047] Examples of the organic insulating material may
include, but are not limited to, polyimide.

[0048] Examples ofthe second metal material may include,
but are not limited to, gold (Au), silver (Ag), aluminum (Al),
nickel (N1), chrome (Cr), and molybdenum (Mo).

[0049] Referring to FIG. 2D, an organic insulating material
or an inorganic insulating material is deposited on the auxil-
iary electrode 7 and the substrate 1 and is patterned to expose
the auxiliary electrode 7, thereby forming a passivation layer
9 having a contact hole 35.

[0050] In this case, the auxiliary electrode 7 serves as an
etch stop layer. Specifically, an organic gate insulating layer 6
is formed under the auxiliary electrode 7. If the organic insu-
lating material or an inorganic insulating material is patterned
in the absence of the auxiliary electrode 7, the organic gate
insulating layer 6 may also be patterned. Therefore, the aux-
iliary electrode 7 can serve as an etch stop layer because it can
prevent the organic gate insulating layer 6 from being pat-
terned during the process of etching the organic insulating
material or the inorganic insulating material.

[0051] Referring to FIG. 2E, a third metal material is
deposited on the passivation layer 9 and is patterned to form
a gate electrode 8. The gate electrode 8 is electrically con-
nected to the auxiliary electrode 7 through the contact hole
35.

[0052] Examples of the third metal material may include,
but are not limited to, gold (Au), silver (Ag), aluminum (Al),
nickel (N1), chrome (Cr), and molybdenum (Mo).

[0053] FIG. 3 is a circuit diagram of an LCD having the
organic TFTs according to an embodiment of the present
invention, FIG. 4 is a plan view of a unit pixel of the LCD
illustrated in FIG. 3, FIG. 5 is a plan view of an ESD protec-
tion element in the LCD illustrated in FIG. 3, and FIG. 6 is an
equivalent circuit diagram of the ESD protection element
illustrated in FIG. 5.

[0054] Referring to FIGS. 3 and 4, a plurality of gate lines
15 and a plurality of data lines 17 are arranged to cross one
another. Unit pixels 11 are defined by the crossing of the gate
lines 15 and the data lines 17.

[0055] Therefore, the unit pixels 11 are arranged in a matrix
form. A region where the pixels 11 are arranged in a matrix
form is defined as a display region, and the other region is
defined as a non-display region.

[0056] Organic TFTs 19 are connected to the gate lines 15
and the data lines 17. The organic TFT 19 has the same
structure as that of the organic TFT illustrated in FIG. 1. Pixel
electrodes 21 are connected to the organic TFTs 19. The
organic TFT has a gate electrode 67 integrally formed with
the gate line 15, a source electrode 57 integrally formed with
adataline 17, and a drain electrode 575 spaced apart from the
source electrode 57a and electrically connected to the pixel
electrode 21.

[0057] Due to a contact hole 65, the gate electrode 67 is
formed on an organic gate insulating layer (not shown) under
a passivation layer (not shown).
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[0058] The pixel electrode 21 is disposed to partially over-
lap the gate line 15. Therefore, a storage capacitor 23 is
formed by the pixel electrode 21 and the gate line 15. The
storage capacitor 23 serves to maintain a data voltage during
one frame.

[0059] Inaddition, a common voltage line 25 is disposed in
the non-display region, while surrounding the display region.
That is, the common voltage line 25 is disposed along an edge
of the LCD and supplies a common voltage. In the case of a
twisted nematic (TN) mode, the common voltage line 25 may
be electrically connected to a common electrode disposed in
a top substrate facing a bottom substrate where the organic
TFT 19 s disposed. In the case of an in-plane switching (IPS)
mode, the common voltage line 25 may be electrically con-
nected to a common electrode disposed in the pixel 11 of the
bottom substrate.

[0060] Thecommonvoltage line 25 may be disposed on the
same layer as the data line 17 or on the same layer as the gate
line 15. In the following description, it is assumed that the
common voltage line 25 is disposed on the same layer as the
data line 17.

[0061] In addition, a plurality of ESD protection elements
134 to 134 are disposed in the non-display region so as to
protect the LCD against ESD. Specifically, a first ESD pro-
tection element 13a is disposed between the gate line 15 and
the common voltage line 25, a second ESD protection ele-
ment 135 is disposed between the data line 17 and the com-
mon voltage line 25, a third ESD protection element 13c is
disposed between the gate line 15 and the common voltage
line 25, and a fourth ESD protection element 134 is disposed
between the data line 17 and the common voltage line 25.
[0062] As illustrated in FIGS. 5 and 6, each of the ESD
protection elements 13a to 13d may include first to third
organic TFTs 31, 33 and 35. For convenience, the second
ESD protection element will be described below.

[0063] Thefirstto third organic TFTs 31, 33 and 35have the
same structure as that of the organic TFT illustrated in FIG. 1.
However, since the first to third organic TFTs 31, 33 and 35
must be turned on by a high voltage such ESD, they may be
relatively larger in size than the TFT 19 of the pixel 11.
[0064] The first organic TFT 31 has a first gate electrode 71
and a first source electrode 73a commonly connected to each
other.

[0065] The second organic TFT 33 has a second gate elec-
trode 75 and a second drain electrode 776 commonly con-
nected to each other, and a second source electrode 77a con-
nected to a first drain electrode 734 of the first organic TFT 31.
[0066] The third organic TFT 35 has a third gate electrode
81 connected to the first drain electrode 736 of the first
organic TFT 31 and the second source electrode 77a of the
second organic TFT 33, a third source electrode 83a con-
nected to the first source electrode 73a of the first organic TFT
31, and a third drain electrode 834 connected to the second
drain electrode 775 of the second organic TFT 33.

[0067] Therefore, the first organic TFT 31 and the second
organic TFT 33 may be connected in parallel, and the third
organic TFT 35 may be connected between the first organic
TFT 31 and the second organic TFT 33.

[0068] More specifically, the first source electrode 73a of
the first organic TFT 31 and the third source electrode 83a of
the third organic TFT 35 may be integrally formed.

[0069] Inthe first organic TFT 31, the first gate electrode 71
is electrically connected to the first source electrode 73a
through a first contact hole 72.
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[0070] The second drain electrode 77b of the second
organic TFT 33 and the third drain electrode 835 of the third
organic TFT 35 may be integrally formed.

[0071] Inthe second organic TFT 33, the second gate elec-
trode 75 is electrically connected to the second drain elec-
trode 775 through a second contact hole 74.

[0072] The first drain electrode 734 of the first organic TFT
31 and the second source electrode 774 of the second organic
TFT 33 may be integrally formed.

[0073] Inthe third organic TFT 35, the third gate electrode
81 is electrically connected to the first drain electrode 73 of
the first organic TFT 31 and the second source electrode 774
of the second organic TFT 33 through a third contact hole 76.

[0074] Meanwhile, a fourth contact hole 85 may be formed
between the first source electrode 73a and the first drain
electrode 735 of the first organic TFT 31, a fifth contact hole
86 may be formed between the second source electrode 77¢
and the second drain electrode 775 of the second organic TFT
33, and a sixth contact hole 87 may be formed between the
third source electrode 83a and the third drain electrode 835 of
the third organic TFT 35. The fourth to sixth contact holes 85,
86 and 87 are formed on a passivation layer (not shown). Due
to the fourth to sixth contact holes 85, 86 and 87, the first to
third gate electrodes 71, 75 and 81 are formed in the organic
gate insulating layer (not shown) under the passivation layer.

[0075] Thecommon voltageline 25 is disposed on the same
layer as the data line 17. Therefore, in the second ESD pro-
tection element 134, the first source electrode 734 of the first
organic TFT 31 and the third source electrode 83a of the third
organic TFT 35 may be electrically connected to the data line
17, and the second drain electrode 775 of the second organic
TFT 33 and the third drain electrode 835 of the third organic
TFT 35 may be electrically connected to the common voltage
line 25.

[0076] The first and second organic TFTs 31 and 33 are
diode-connected transistors that allow a forward current flow,
but block a reverse current flow.

[0077] Whenthe first organic TFT 31 is turned on by a high
voltage such as ESD flowing through the data line 17, the high
voltage passes through the first organic TFT 31 and turns on
the third organic TFT 35. Accordingly, the third organic TFT
35 between the data line 17 and the common voltage line 25
is turned on and thus a static electricity passes through the
third organic TFT 35 and flows through the common voltage
line 25. Consequently, the TFT 19 or the pixel electrode 21
connected to the data line 17 in the display region is not
damaged.

[0078] FIGS.7Ato 7F arecross-sectional views illustrating
amethod for manufacturing an I.CD according to an embodi-
ment. Specifically, FIGS. 7A to 7F are cross-sectional views
taken along line A-A' of FIG. 4 and line B-B' of FIG. 5.

[0079] A method for manufacturing an LCD according to
an embodiment will be described below with reference to
FIGS.3to5and 7A to 7F.

[0080] Referring to FIG. 7A, a light blocking material is
deposited on a substrate 51 and is patterned to form a light
blocking layer 53 in a predetermined region. The predeter-
mined region represents a region where an organic TFT will
be formed, and may be a region where organic TFTs of pixels
11 of the display region are formed and a region where first to
third organic TFTs of ESD protection elements 13a to 13d are
formed.
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[0081] Examples of the light blocking material may
include, but are not limited to, chrome oxide (CrOx) having
an optical density of 3.5 or above, metal such as chrome, or
carbon based material.

[0082] The light blocking layer 53 prevents irradiation of
external light onto the organic TFT.

[0083] An oxide material such as silicon oxide is deposited
over the light blocking layer 53 and the substrate 51 to form a
buffer layer 55. The buffer layer 55 facilitates the formation of
subsequent layers. It is preferable that the buffer layer 55 is
formed as thin as possible. In some cases, the buffer layer 55
need not be formed.

[0084] Referring to FIG. 7B, a first metal material is depos-
ited on the buffer layer 55 and is patterned to form source
electrodes 57a, 73a, 77a and 83a, drain electrodes 575, 735,
77b and 835, a data line 17, and a common voltage line 25.
The source electrode 57a and the drain electrode 575 may be
formed in the organic TFT region of the pixel 11, and the first
to third source electrodes 73a, 77a and 83a and the first to
third drain electrodes 736, 775 and 835 may be formed in the
first to third TFT regions of the ESD protection elements 13a
to 134, respectively.

[0085] The source electrode 57q is integrally formed with
the data line 17. The drain electrode 57a may be formed
spaced apart from the source electrode 83a by a predeter-
mined distance.

[0086] The first source electrode 73a and the third source
electrode 83a are integrally formed, the second drain elec-
trode 77b and the third drain electrode 835 are integrally
formed, and the first drain electrode 835 and the second
source electrode 77a are integrally formed.

[0087] Examples of the first metal material may include,
but are not limited to, gold (Au), silver (Ag), aluminum (Al),
nickel (Ni), chrome (Cr), and molybdenum (Mo).

[0088] Referring to FIG. 7C, a transparent conductive
material is deposited on the data line 17 and the substrate 51
and is patterned to form a pixel electrode 21. The pixel elec-
trode 21 is formed in the pixel 11, but not in the ESD protec-
tion elements 13qa to 13d. Examples of the conductive mate-
rial may include, butare not limited to, indium tin oxide (ITO)
and indium zinc oxide (IZ0).

[0089] The pixel electrode 21 may be formed to partially
overlap the drain electrode 57b. Therefore, the drain electrode
57b and the pixel electrode 21 are electrically connected to
each other.

[0090] Referring to FIG. 7D, an organic semiconductor
material, an organic insulating material, and a second metal
material are sequentially deposited on the pixel electrode 21
and the substrate 51 and are patterned to form an organic
semiconductor layer 59, an organic gate insulating layer 61,
and an auxiliary electrode 63. The organic semiconductor
layer 59, the organic gate insulating layer 61, and the auxil-
iary electrode 63 are formed on portions of the source elec-
trode 57a and the drain electrode 575 and the buffer layer 55
between the source electrode 57a and the drain electrode 575.
The formation of the buffer layer 55 is not always necessary.
[0091] Examples of the organic semiconductor material
may include, but are not limited to, pentacene, copper phtha-
locyanine, polythiophene, polyaniline, polyacetylene, poly-
pyrrole, polyphenylene vinylene, or derivatives thereof.
[0092] Examples of the organic insulating material may
include, but are not limited to, polyimide.
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[0093] Examples ofthe second metal material may include,
but are not limited to, gold (Au), silver (Ag), aluminum (Al),
nickel (Ni), chrome (Cr), and molybdenum (Mo).

[0094] Referring to FIG. 7E, an organic insulating material
or an inorganic insulating material is deposited on the auxil-
iary electrode 63 and the substrate 51 and is patterned to
expose the firstand second source electrodes 73a and 77a and
the first and second drain electrodes 735 and 776 of the ESD
protection elements 13ato 134 and the auxiliary electrode 63,
thereby forming a passivation layer 66 having contact holes
65, 72, 74, 76, 85, 86 and 87. In this case, the auxiliary
electrode 63 serves as an etch stop layer. Specifically, an
organic gate insulating layer 61 is formed under the auxiliary
electrode 63. Ifthe organic insulating material or an inorganic
insulating material is patterned in the absence of the auxiliary
electrode 63, the organic gate insulating layer 61 may also be
patterned. Therefore, the auxiliary electrode 63 can serve as
an etch stop layer because it can prevent the organic gate
insulating layer 61 from being patterned during the process of
etching the organic insulating material or the inorganic insu-
lating material.

[0095] Referring to FIG. 7F, a third metal material is depos-
ited on the passivation layer 66 and is patterned to form a gate
electrode 67 and a gate line 15. The common voltage line 25
may be formed on the same layer as the gate line 15.

[0096] The gate electrode 67 of the pixel 11 may be elec-
trically connected to the auxiliary electrode 63 through the
contact hole 65.

[0097] Inordertoconnect the first to third organic TFTs 31,
33 and 35 in the ESD protection elements 134 to 134, the first
gate electrode 71 is electrically connected to the first source
electrode 73a through the first contact hole 72, the second
gate electrode 75 is electrically connected to the second drain
electrode 77b through the second contact hole 74, and the
third gate electrode 81 is electrically connected to the first
drain electrode 736 or the second source electrode 77«
through the third contact hole 76.

[0098] In addition, the first gate electrode 71 is electrically
connected to the auxiliary electrode 63 through the fourth
contact hole 85, the second gate electrode 75 is electrically
connected to the auxiliary electrode 63 through the fifth con-
tact hole 86, and the third gate electrode 81 is electrically
connected to the auxiliary electrode 63 through the sixth
contact hole 87.

[0099] Examples of the third metal material may include,
but are not limited to, gold (Au), silver (Ag), aluminum (Al),
nickel (Ni), chrome (Cr), and molybdenum (Mo).

[0100] Through these procedures, the LCD including the
ESD protection elements 13a to 13d and the pixels 11
arranged in a matrix form can be manufactured.

[0101] As described above, the present invention facilitates
the formation of the organic TFT and can increase the appli-
cability of the organic TFT to the pixels or the ESD protection
elements of the LCD.

[0102] In addition, the present invention can improve the
structure of the organic TFT and simplify the manufacturing
process of the organic TFT, thereby expanding the applica-
bility to other fields.

[0103] Furthermore, the organic TFTs for the pixels of the
display region and the ESD protection elements can be manu-
factured through the same manufacturing process, thereby
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simplifying the manufacturing process of the LCD and
remarkably reducing the manufacturing cost of the LCD.
[0104] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention. Thus, it is intended that the present inven-
tion covers the modifications and variations of this invention
provided they come within the scope of the appended claims
and their equivalents.

1. A liquid crystal display device comprising:

a plurality of gate lines and a plurality of data lines
arranged on a substrate and unit pixels defined by cross-
ing points of the gate lines and the data lines, the unit
pixels located in a display region;

wherein each unit pixel includes a pixel organic thin film
transistor (TFT);

a pixel electrode connected to the pixel organic TFT

a common voltage line in a non-display region of the sub-
strate;

a plurality of electrostatic discharge (ESD) protection ele-
ments in the non-display region, each ESD protection
element being electrically coupled to the data line or the
gate line and the common voltage line and each ESD
protection element including three ESD organic TFTs,
wherein each ESD protection element comprises: a first
ESD organic TFT, a second ESD organic TFT, a third
ESD organic TFT each having a gate electrode, a source
electrode and a drain electrode; and

wherein the first ESD organic TFT and the second ESD
organic TFT are connected in parallel and the third ESD
organic TFT is connected between the first ESD organic
TFT and the second ESD organic TFT.

2. The liquid crystal display device of claim 1, wherein:

the drain electrode of the first ESD organic TFT and the
gate electrode of the third ESD organic TFT are electri-
cally connected and the source electrode of the second
ESD organic TFT and the gate electrode of the third ESD
organic TFT are electrically connected,

the gate electrode and the source electrode of the first ESD
organic TFT are electrically connected to one of the gate
line or the data line and the gate electrode and the drain
electrode of the second ESD organic TFT are electrically
connected to the common voltage line;

the source electrode of the third ESD organic TFT is elec-
trically connected to a data line or a gate line and the
drain of the third ESD organic TFT are electrically con-
nected to the common voltage line; and

each ESD organic TFT comprises an organic semiconduc-
tor layer disposed between the source electrode and
drain electrode.

3. The liquid crystal display device of claim 1, wherein the
common voltage line is disposed on the substrate around a
perimeter of the display region.

4. The liquid crystal display device of claim 1, wherein
each ESD protection element connected to the gate line is
electrically connected between the gate line and the common
voltage line and each ESD protection element connected to
the data line 1s electrically connected between the data line
and the common voltage line.

5. The liquid crystal display device of claim 1, wherein one
of the data line or the gate line is disposed in the same layer of
the device as the common voltage line.
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