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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD OF MANUFACTURING THEREOF

[0001] This application claims the benefit of Korean
Patent Application No. 1998-27249, filed on Jul. 7, 1998,
which is hereby incorporated by reference.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to a liquid crystal
display device and, more particularly, to a hybrid switching
mode liquid crystal display device having a high aperture
ratio and a method of manufacturing thereof.

[0004] 2. Discussion of Related Art

[0005] Since twisted nematic liquid crystal display
devices (TN LCDs) have a high image quality and a low
electric power consumption, they are widely applied to flat
panel display device. TN LCDs, however, have a narrow
viewing angle due to refractive anisotropic of liquid crystal
molecules. This is caused by horizontally aligned liquid
crystal molecules before voltage is applied are nearly ver-
tically aligned with respect to a substrate when voltage is
applied to a liquid crystal panel.

[0006] Recently, in-plane switching mode liquid crystal
display devices (IPS-LCDs) are widely studied in which
viewing angle characteristic is improved and these liquid
crystal molecules are nearly horizontally aligned.

[0007] FIG. 1A is a plan view of a unit pixel of a
conventional in-plane switching mode active matrix LCD.
FIG. 1B is a sectional view according to line I-I' of FIG. 1A.

[0008] Referring to the drawings, an unit pixel region is
defined by a gate bus line 1 and a data bus line 2 in which
the lines are arranged perpendicularly and/or horizontally as
a matrix shape on a first substrate 10. A common line 16 is
arranged parallel to the gate bus line 1 in the pixel region and
the thin film transistor (TFT) is formed on a cross of the data
bus line 2 and the gate bus line 1. The TFT includes a gate
electrode 3, a gate insulator 19, a semiconductor layer 12, an
ohmic contact layer 13, and source/drain electrodes 4a, 4b in
which the gate electrode 3 is connected to the gate bus line
1, and source/drain electrodes 4a, 4b are connected to the
data bus line 2, and the gate insulator 19 is formed on the
entire surface of the first substrate 10.

[0009] A common electrode 7 and a data electrode 8 are
formed in the pixel region. The common electrode 7 is
formed with the gate electrode 3 and connected to the
common line 16, and the data electrode 8 is formed with the
source/drain electrodes 4a, 4b and electrically connected to
them. Further, a passivation layer 22 and a first alignment
layer (not illustrated) are deposited on the entire surface of
the first substrate 10.

[0010] On a second substrate 11, a black matrix 15 is
formed to prevent a light leakage which may be generated
around a TFT, the gate bus line 1, and the data bus line 2. A
color filter layer 25, and a second alignment layer (not
illustrated) is formed on the black matrix 15 in sequence.
Also, a liquid crystal layer 30 is formed between the first and
second substrates 10, 11.

[0011] When voltage is not applied to LCD having the
above structure, liquid crystal molecules in the liquid crystal

1. Field of Invention
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layer 30 are aligned according to alignment directions of the
first and second alignment layers, but when voltage is
applied between the common electrode 7 and the data
electrode 8, the liquid crystal molecules are aligned parallel
to extending directions of the common and data electrode.
As the foregoing, since liquid crystal molecules in the liquid
crystal layer 30 are switched on the same plane at all times,
grey inversion is not created in the viewing. angle directions
of up and down, and right and left directions.

[0012] FIG. 2A is a plan view of the part forming the
storage capacitor line of the conventional LCD. FIG. 2B is
a sectional view according to line II-II' of FIG. 2A.

[0013] Referring to the drawings, the gate insulator 19 and
the semiconductor layer 12 are deposited on the gate elec-
trode 3 and a storage capacitor line 5. The data bus line 2 is
coupled to the storage capacitor line 5 through a hole 18 of
the gate insulator 19 and formed with the source/drain
electrodes 4a, 4b of FIG. 1A. A method for manufacturing
the LCD having above structure is described in FIG. 3.

[0014] A TFT region describes a sectional region accord-
ing to line I-I' of FIG. 1A, and a storage region describes a
sectional region according to line II-II' of FIG. 2A.

[0015] As shown in the drawing, a method of manufac-
turing the conventional LCD comprises the steps of pattern-
ing the gate electrode 8, the common electrode 7, and the
storage capacitor line 5 (S1), patterning the semiconductor
layer 12 and the ohmic contact layer 13 after forming the
gate insulator 19, the semiconductor layer 12, and the ohmic
contact layer 13 on the gate electrode 3 (S2), forming the
hole 18 by opening some part of the gate insulator 19 in the
part forming the storage capacitor line 5 (S3), patterning the
source/drain electrodes 4a, 4b, the data electrode 8, and the
data bus line 2 on the ohmic contact layer 13 and the gate
insulator 19 (S4), forming the passivation layer 22 after n*
dry etching (S5).

[0016] However, in the conventional LCD, it is necessary
that each of the storage capacitor lines and pad open regions
are formed respectively, and the storage capacitor lines are
coupled to each other by the data bus line when the gate
insulator is patterned to form the storage capacitor line.

SUMMARY OF THE INVENTION

[0017] An object of the present invention is to provide a
hybrid switching mode LCD having a high opening ratio due
to transparent connecting parts for connecting to an outer
driving circuit by etching a passivation layer/pad at the same
time thereby forming a storage capacitor line, and a method
of manufacturing thereof.

[0018] Additional features and advantages of the inven-
tion will be set forth in the description which follows, and
in part will be apparent from the description, or may be
learned by practice of the invention. The objectives and
other advantages of the invention will be realized and
attained by the structure particularly pointed out in the
written description and claims hereof as well as the
appended drawings.

[0019] To achieve the above object, a hybrid switching
mode LCD according to the present invention comprises
first and second substrates, transparent data bus lines and
gate bus lines defining a pixel region on the first substrate in



US 2003/0090613 Al

which the lines are arranged perpendicularly and/or hori-
zontally as a matrix shape, especially the transparent data
bus lines made of, for example, ITO (indium tin oxide) has
holes, common lines formed parallel to the gate bus lines in
the pixel region, TFTs on the cross of the data bus lines and
the gate bus lines in the pixel region, common electrodes and
storage capacitor lines in pixel region, a gate insulator
having holes on the gate bus lines, the common electrodes,
and the storage capacitor lines, a passivation layer having
holes on the gate insulator, a first alignment layer with a
fixed alignment direction on the passivation layer, at least
one counter electrode on the second substrate thereby apply-
ing vertical and inclined electric fields with the common and
data electrodes on the first substrate, black matrixes on the
counter electrodes to prevent a light leakage which may be
generated around TFTs, the gate bus lines, and the data bus
lines, a color filter layer on the black matrix and the second
substrate, a second alignment layer on the color filter layer,
and a liquid crystal layer between the first and second
substrates.

[0020] A method of manufacturing the above LCD com-
prises the steps of forming the gate bus lines, the gate
electrodes, the common lines, and the storage capacitor
lines, depositing an inorganic material, an amorphous sili-
con, and an impurity amorphous silicon, forming source/
drain electrodes and the data electrodes by patterning a
metal, forming the gate insulator and the semiconductor
layers having holes by etching the inorganic material and
amorphous silicon with masks of source/drain electrodes
and the metal, forming an ohmic contact layer by etching the
impurity amorphous silicon, forming the passivation layer
by patterning an organic material or an inorganic material,
depositing a transparent metal layer such as I'TO for storage
capacitor on the gate insulator, the semiconductor layers,
and the metal lines, depositing the first alignment layer,
forming at least one counter electrode on the second sub-
strate thereby applying vertical and inclined electric fields
with the common and data electrodes on the first substrate,
forming the black matrixes on the counter electrode, form-
ing a color filter layer on the black matrix and the second
substrate, forming the second alignment layer on the color
filter layer, and forming the liquid crystal layer between the
first and second substrates.

[0021] According to another embodiment of the present
invention, after forming the gate insulator, the semiconduc-
tor layer is patterned and the source/drain electrodes are
formed. After that, the passivation layer is deposited after
forming the ohmic contact layer by n+ dry etching the
impurity amorphous silicon with the mask of the source/
drain electrodes. Further, after forming the holes by etching
the passivation/pad at the same time, transparent connecting
parts for connecting to an outer driving circuit and trans-
parent common electrodes are formed on the holes.

[0022] Tt is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to provide
a further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
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illustrate embodiments of the invention, and together with
the description, serve to explain the principles of the inven-
tion.

[0024] FIG. 1A is a plan view of a unit pixel of a
conventional in-plane switching mode active matrix L.CD,
and FIG. 1B is a sectional view according to line I-I' of FIG.
1A;

[0025] FIG. 2A is a plan view of the part forming the
storage capacitor line of the conventional LCD, and FIG. 2B
is a sectional view according to line II-1I' of FIG. 2A;

[0026] FIG. 3 is a drawing showing a method for manu-
facturing the conventional LCD;

[0027] FIG. 4A is a plan view of a unit pixel of a hybrid
switching mode active matrix LCD according to the present
invention;

[0028] FIG.4B is a sectional view according to line ITI-ITI'
of FIG. 4A;
[0029] FIG. 5A is a plan view of the part forming the

storage capacitor line of the present invention;

[0030] FIG. 5B is a sectional view according to line
IVIIV' of FIG. 5A,

[0031] FIG. 5C is a partial plan view of FIG. 3A,

[0032] FIG. 6 is a drawing showing a method according
to a first embodiment of the present invention; and

[0033] FIG. 7 is a drawing showing a method according
to a second embodiment of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0034] Hereinafter, preferred embodiments of the present
invention will be described in detail in reference to the
accompanying drawings.

[0035] FIG. 4A is a plan view of a unit pixel of a hybrid
switching mode active matrix LCD according to the present
invention. FIG. 4B is a sectional view according to line
II-IT' of FIG. 4A. As shown in the drawings, a gate bus line
101 and a transparent data bus line 102 defining pixel region
are arranged perpendicularly and/or horizontally as matrix
shape on the first substrate 110, common line 116 is formed
parallel to the gate bus line 101, TFT is formed on a cross
of the data bus line 102 and the gate bus line 101 in pixel
region, a gate electrode 103 of TFT is coupled to the gate bus
line 101 and a source electrode 104q is coupled to the data
bus line 102. In the pixel region, a common electrode 107
and a data electrode 108 are formed parallel to each other.
The common electrode 107 is coupled to the common line
116 and the data electrode 108 is coupled to a drain electrode
104b through a transparent metal layer 120.

[0036] Although not shown in the drawing, it is possible
that the two electrodes 107, 108 are formed on a single layer.
Namely, the two clectrodes 107, 108 are formed on a gate
insulator 119 on the first substrate 110, The common line 116
and the common electrode 107 are formed on the gate
insulator 119 or a passivation layer 122 through holes
thereon.

[0037] A semiconductor layer 112 is formed to prevent a
short which is generated between the common line 116 and
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the data electrode 108 and on a cross point of the gate bus
line 101 and the data bus line 102. In addition, a first
alignment layer (not illustrated) is formed on the passivation
layer 122.

[0038] On the second substrate 111, at least one counter
electrode 123 applying vertical and inclined electric fields
with the common and data electrodes 107, 108 is formed. A
black matrix 115 for preventing light leakage, which may be
generated around TFTs, the gate bus lines, and the data bus
lines, is formed on the counter electrodes. A color filter layer
125 including color filter elements of R, G, and B is formed
on the black matrix 115. A second alignment layer (not
illustrated) is formed on the color filter layer 125. A liquid
crystal layer is formed between the first and second sub-
strates.

[0039] Between the color filter layer 125 and the second
alignment layer, an overcoat layer may be formed. Further,
the black matrix may function as a common electrode.

[0040] FIG. 5A is a plan view of the part forming the
storage capacitor line of FIG. 4A. FIG. 5B is a sectional
view according to line IV-IV' of FIG. 5A. FIG. 5C is a
partial plan view of FIG. 5A. Referring to the drawings, the
gate insulator 119, the semiconductor layer 112, and the data
bus line 102 are deposited on the gate electrode 103 and a
storage capacitor line 105. At this time, the data bus line 102
is formed with source/drain electrodes 4a, 4b of FIG. 4A
and the passivation layer 122 is formed thereon. In addition,
on the data bus line 102, the transparent metal layer 120
connecting the data bus line 102 to the storage capacitor line
105 is formed on the data bus line 102. The passivation layer
122 may be formed on the TFT region only to achieve a
strong electric field.

[0041] FIG. 6 is a drawing showing a method according
to a first embodiment of the present invention. Referring to
the drawing, the TFT region describes a sectional region
according to line III-III' of FIG. 4A, and the storage region
describes a sectional region according to line IV-IV' of FIG.
5A. As shown in the drawing, firstly, the gate electrode 103,
the common electrode 107, and the storage capacitor line
105 are formed by depositing and etching a metal such as Ta,
Al, Cr, Mo, or Al alloy using a sputtering method (S1).
Although not shown in the drawing, the gate bus line and the
common line are formed at the same time. At this time, it is
possible to form an anodic oxidation layer by anodizing the
gate electrode 103 and the common electrode 107 to
improve the insulating characteristic.

[0042] The source/drain electrodes 104a, 104b are formed
after deposing an inorganic material such as SiNx or SiOx,
an amorphous silicon, and an impurity amorphous silicon by
PCVD (plasma chemical vapor deposition) method, and
patterning the data bus line 102 in order to have holes (S2).
The ohmic contact layer 113 is formed continually by
patterning the gate insulator 119 and the semiconductor
layer 112 with masks of the data bus line 102 and the
source/drain electrodes 104a, 104b, and etching the impurity
amorphous silicon layer (S3). After the passivation layer 122
is formed by depositing and etching an inorganic material
such as SiNx or SiOx, or an organic material such as BCB
(benzocyclobutene) (S4), the storage capacitor line 105 and
the data bus line 102 are coupled to each other electrically
by depositing a transparent metal such as ITO on the holes
of the gate insulator 119, the semiconductor layer 112, and
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the data bus line 102 (S5). Further more, an etch stopper may
be formed on the semiconductor layer 112 to prevent chan-
nel region from etching. The first alignment layer (not
illustrated) is formed on the passivation layer 122.

[0043] On the second substrate 111, although not shown in
the drawing, at least one counter electrode applying vertical
and inclined electric fields with the common and data
electrodes 107, 108 is formed. The black matrix for pre-
venting light leakage, which may be generated around TFTs,
the gate bus lines, and the data bus lines, a color filter layer,
and a second alignment layer, are formed in sequence, and
in a liquid crystal layer formed between the first and second
substrates.

[0044] Each alignment direction of the first and second
alignment layers is determined by a rubbing method using
polyamide, polyimide, SiO2, PVA (polyvinylalcohol) or
polyamic acid, or by a photo-alignment method using pho-
tosensitive material such as PVCN (polyvinylcinnamate),
PSCN (polysiloxanecinnamate) or CelCN (cellulosecin-
namate).

[0045] FIG. 7 is a drawing showing a method according
to a second embodiment of the present invention. The
difference between the first embodiment and the second
embodiment is that the gate insulator is formed on the entire
surface of the first substrate and the semiconductor layer is
patterned selectively.

[0046] Referring to the drawing, a TFT region describes a
sectional region according to line III-III' of FIG. 4A, and a
storage region describes a sectional region according to line
IV-IV' of FIG. 5A.

[0047] As shown in the drawings, firstly, the gate electrode
103, the common electrode 107, and the storage capacitor
line 105 are formed by depositing and etching a metal such
as Ta, Al, Cr, Mo, or Al alloy using a sputtering method (S1).
Although not shown in the drawing, the gate bus line and the
common line are formed at the same time. At this time, it is
possible to form an anodic oxidation layer by anodizing the
gate electrode 103 and the common electrode 107 to
improve the insulating characteristic.

[0048] The gate insulator 119 is formed on the entire
surface of the first substrate 110 by depositing an inorganic
material such as SiNx or SiOx, and the semiconductor layer
112 and the ohmic contact layer 113 are formed by depos-
iting and patterning an amorphous silicon, and an impurity
amorphous silicon by PCVD (plasma chemical vapor depo-
sition) method (S2).

[0049] The source/drain electrodes 104a, 104b and the
data bus line 102 are patterned (S3). The passivation layer
122 is formed continually by depositing and etching an
inorganic material such as SiNx or SiOx, or an organic
material such as BCB (benzocyclobutene) with masks of the
source/drain electrodes 104a, 104b after n+ dry etching the
ohmic contact layer 113 (S4).

[0050] After forming the passivation layer 122, the storage
capacitor line 105 and the data bus line 102 are coupled to
cach other electrically by depositing a transparent metal
such as ITO on the holes of the gate insulator 119, the
semiconductor layer 112, and the data bus line 102 (S5). At
this time, some part of the passivation layer 122 and the gate
insulator 119 on the storage region are etched at the same
time.

[0051] According to the present invention, it is possible to
obtain a hybrid switching mode LCD having a high opening
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ratio due to transparent connecting parts for connecting to an
outer driving circuit by etching a passivation layer/pad at the
same time thereby forming a storage capacitor line.

[0052] Tt will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spirit or scope
of the invention. Thus, it is intended that the present inven-
tion cover the modifications and variations of this invention
provided they come within the scope of the appended claims
and their equivalents.

What is claimed is:
1. A hybrid switching mode liquid crystal display device
comprising;

first and second substrates;

a plurality of gate and transparent data bus lines defining
pixel regions and arranged perpendicularly and/or hori-
zontally on said first substrate;

a common line parallel to said gate bus line;

a plurality of thin film transistors formed on cross points
of said gate and data bus lines;

at least one pair of common electrode and transparent data
electrode;

a plurality of storage capacitor lines on a plane of said
common ¢lectrode;

a passivation layer on said first substrate,

a transparent metal layer for connecting said data bus
lines to said storage capacitor lines;

at least one counter electrode on said second substrate to
apply vertical and inclined electric fields with said
common and data electrodes;

a liquid crystal layer between said first substrate and said
second substrate; and

at least one alignment layer on said two substrates.

2. The hybrid switching mode liquid crystal display
device according to claim 1, wherein each of thin film
transistors includes a gate electrode connected to said gate
bus line and said common electrode, a gate insulator having
a contact hole on said gate electrode, a semiconductor layer
having a contact hole on said gate insulator, an ohmic
contact layer on said semiconductor layer, and source/drain
electrodes on said ohmic contact layer.

3. The hybrid switching mode liquid crystal display
device according to claim 1, wherein said transparent metal
layer includes indium tin oxide.

4. The hybrid switching mode liquid crystal display
device according to claim 1, wherein said counter electrode
for preventing a light leakage being generated around said
thin film transistors, said gate bus lines, and said data bus
lines.

5. A method of manufacturing a hybrid switching mode
liquid crystal display device, the method comprising the
steps of:

providing first and second substrates;

forming a gate bus line, a gate electrode, a common line,
a common electrode, and a storage capacitor line by
depositing and etching a metal,
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continually depositing an inorganic material, an amor-
phous silicon, and an impurity amorphous silicon;

forming source/drain electrodes and a data electrode on
said continually deposited layers;

forming a gate insulator and a semiconductor layer having
holes by etching said inorganic material and amorphous
silicon with masks of said source/drain electrodes and
said metal;

forming an ohmic contact layer by etching said impurity
amorphous silicon;

forming a passivation layer by patterning an organic
material or an inorganic material;

forming a transparent metal layer for storage capacitor on
said gate insulator, said semiconductor layer, and said
metal line; and

forming a first alignment layer on said first substrate.

6. The method of according to claim 5, further comprising
the steps of:

forming at least one counter electrode on said second
substrate to apply vertical and inclined electric fields
with said common and data electrodes;

forming a black matrix on said counter electrode;

forming a color filter layer on said black matrix and the
second substrate;

forming a second alignment layer on said color filter
layer; and

forming a liquid crystal layer between said first and

second substrates.

7. The method of according to claim 5, wherein said
transparent metal layer includes indium tin oxide.

8. The method of according to claim 6, wherein said
counter electrode for preventing a light leakage being gen-
erated around said thin film transistor, said gate bus line, and
said data bus line.

9. A method of manufacturing a hybrid switching mode
liquid crystal display device, the method comprising the
steps of:

providing first and second substrates;

forming a gate bus line, a gate electrode, a common line,
a common electrode, and a storage capacitor line by
depositing and etching a metal;

continually depositing an inorganic material, an amor-
phous silicon, and an impurity amorphous silicon;

forming a semiconductor layer and an ohmic contact layer
by etching said amorphous silicon and impurity amor-
phous silicon,

forming source/drain electrodes and a data electrode on
said continually deposited layers;

forming a passivation layer on said first substrate;

forming a transparent data electrode on said passivation
layer; and

forming a first alignment layer on said first substrate.
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10. The method of according to claim 9, further compris-
ing the steps of:

forming at least one counter electrode on said second
substrate to apply vertical and inclined electric fields
with said common and data electrodes;

forming a black matrix on said counter electrode;

forming a color filter layer on said black matrix and the
second substrate;

forming a second alignment layer on said color filter
layer; and
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forming a liquid crystal layer between said first and

second substrates.

11. The method of according to claim 9, wherein said step
of forming a passivation layer includes the steps of depos-
iting and etching an organic material or an inorganic mate-
rial.

12. The method of according to claim 9, wherein said data
electrode includes indium tin oxide.
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