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(57) ABSTRACT 
A liquid crystal display device is disclosed. The device 
includes: a first substrate, a thin film transistor formed in a 
first, non-transmissive region on the first Substrate, including 
a gate electrode, a source electrode and a drain electrode, and 
a storage capacitor formed in a second, transmissive region on 
the first substrate, where a first electrode and a second elec 
trode of the storage capacitor are made of a transparent con 
ductive material 
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LIQUID CRYSTAL DISPLAY DEVICE AND 
METHOD OF FABRICATION FOR THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a divisional of U.S. patent appli 
cation Ser. No. 12/833,807, filed Jul. 9, 2010, which claims 
priority to, and the benefit of Korean Patent Application No. 
10-2009-0113587, filed on Nov. 23, 2009, Korean Patent 
Application No. 10-2009-01 13589, filed on Nov. 23, 2009, 
and Korean Patent Application No. 10-2010-0028545, filed 
on Mar. 30, 2010, in the Korean Intellectual Property Office, 
and the entire content of each of these applications is incor 
porated herein by reference. 

BACKGROUND 

0002 1. Field 
0003 Embodiments of the present invention relate to a 
liquid crystal display device and a fabrication method of the 
same, and more specifically, embodiments of the present 
invention relate to a medium and Small-sized liquid crystal 
display device to display images, having a size Smaller than a 
typical laptop computer, and a fabrication method of the 
medium and Small-sized liquid crystal display device. 
0004 2. Description of the Related Technology 
0005. A liquid crystal display device controls light trans 
mittance of a liquid crystal by using an electric field, thereby 
displaying images. The liquid crystal display device controls 
a field between a pixel electrode and a common electrode, 
which are disposed facing each other, one on a lower Substrate 
on which a thin film transistor is formed and the other on an 
upper substrate on which a color filter is formed, thereby 
driving the liquid crystal. 
0006. In general, a liquid crystal display device includes a 
lower substrate and an upper substrate, which are bonded to 
one another, and face each other, a spacer to uniformly main 
tain a cell gap between the lower Substrate and the upper 
Substrate, and a liquid crystal filled in the cell gap. 
0007. The upper substrate is generally configured to 
include a color filter to implement colors, a black matrix to 
prevent light leakage, a common electrode to control an elec 
tric field, and an alignment layer coated to align the liquid 
crystal. The lower Substrate is generally configured to include 
a plurality of signal wires and a thin film transistor, a pixel 
electrode connected to the thin film transistor, and an align 
ment layer coated to align the liquid crystal. In addition, the 
lower Substrate includes a storage capacitor to stably maintain 
a pixel Voltage in the pixel electrode. 
0008. The storage capacitor is typically formed by form 
ing a lower electrode and an upper electrode, and an insulat 
ing layer therebetween. The storage capacitor is generally 
required to have a large capacitance, in order to be applied to 
a high resolution display while maintaining the pixel Voltage 
signal stable. However, in order to increase the capacitance of 
the storage capacitor, the area of overlap between the upper 
and lower electrodes of the storage capacitor generally needs 
to be widened. The area occupied by the upper and lower 
electrodes contributes to degrading the aperture ratio. 
0009 Among the operation modes of liquid crystal dis 
play devices, the PVA (Patterned Vertical Alignment) mode 
can improve the viewing angle of the liquid crystal display 
devices by arranging the liquid crystal particles in different 
directions to form a liquid crystal domain, using a patterned 
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transparent electrode. This necessitates a process for forming 
the patterned transparent electrode to manufacture a liquid 
crystal display device operable in the PVA mode. 
0010. Another way to implement the PVA mode is by 
forming protrusions on an opposite Substrate, and a common 
electrode on the substrate with the protrusions, to form a 
liquid crystal domain. In Such devices an independent process 
of forming the protrusions is necessitated. 
0011. The process of patterning the transparent electrode 
and/or the process of forming protrusions while forming the 
liquid crystal domain of a liquid crystal display device 
increase the number of manufacturing processes. Further, 
misalignment between the display Substrate and the opposite 
Substrate during assembly contributes to misalignment of the 
patterns of the pixel electrodes of the display substrate and the 
common electrodes of the opposite Substrate, thereby com 
plicating the formation of the liquid crystal domain. Pattern 
ing the transparent electrode and forming the protrusions also 
decrease the aperture ratio of the liquid crystal display device. 

SUMMARY OF CERTAIN INVENTIVE ASPECTS 

0012 Embodiments of the invention help to provide a 
medium and Small sized liquid crystal display device with 
improved aperture ratio and electrostatic capacity. 
0013. One aspect is a liquid crystal display device, includ 
ing: a first Substrate, a thin film transistor formed in a first, 
non-transmissive region on the first Substrate, including a gate 
electrode, a source electrode and a drain electrode, and a 
storage capacitor formed in a second, transmissive region on 
the first substrate, where a first electrode and a second elec 
trode of the storage capacitor are made of a transparent con 
ductive material. 

0014) Another aspect is a method of fabrication of a liquid 
crystal display device, the method including: forming a gate 
electrode of a thin film transistor and a first electrode of a 
storage capacitor on a first Substrate, where the gate electrode 
includes a transparent conductive material, and a low-resis 
tance metal, stacked together, forming a second electrode of 
the storage capacitor on a first insulating layer overlapping 
the first electrode, forming a second insulating layer includ 
ing a depressed pattern exposing a portion of the second 
electrode, forming a domain forming layer, and forming a 
pixel electrode on the domain forming layer overlapping the 
second electrode, where the first electrode and the second 
electrode of the storage capacitor include a transparent con 
ductive material. 

0015. Another aspect is a liquid crystal display device, 
including: a first Substrate including: a storage capacitor 
including a thin film transistor disposed in a non-transmissive 
region, a transparent first electrode, a dielectric film, and a 
transparent second electrode which are sequentially formed 
in a transmissive region, and a pixel electrode, a second 
Substrate facing the first Substrate and having a common 
electrode, and a liquid crystal layer disposed between the first 
substrate and the second substrate, where the transmissive 
region is the region where the pixel electrode overlaps the 
common electrode. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016. The accompanying drawings, together with the dis 
closure, illustrate certain exemplary embodiments of the 
present invention. 
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0017 FIG.1 is a cross-sectional view of an embodiment of 
a liquid crystal display device; 
0018 FIG. 2 is a plan view of another embodiment of a 
liquid crystal display device; 
0019 FIG. 3A is a cross-sectional view taken along line 

I-I" of FIG. 2: 
0020 FIG. 3B is a cross-sectional view taken along line 

II-II' of FIG. 2: 
0021 FIG. 3C is a cross-sectional view illustrating appli 
cation of voltage to the embodiment of the display device 
shown in FIG. 3B; 
0022 FIGS. 4A to 4E are cross-sectional views illustrat 
ing an embodiment of a manufacturing process of the 
embodiment of a liquid crystal display device shown in FIG. 
1; 
0023 FIGS. 5A to 5E are cross-sectional views illustrat 
ing an embodiment of a manufacturing process of a portion of 
an embodiment of a liquid crystal display device shown in 
FIGS. 2 and 3; and 
0024 FIGS. 6A to 6F are cross-sectional views illustrating 
another embodiment of a manufacturing process of a portion 
of the embodiment of a liquid crystal display device shown in 
FIGS. 2 and 3. 

DETAILED DESCRIPTION OF CERTAIN 
INVENTIVE EMBODIMENTS 

0025. The drawings and description are to be regarded as 
illustrative in nature and not restrictive. When an element is 
referred to as being “on” another element, it can be directly on 
the other element or be indirectly on the other element with 
one or more intervening elements interposed therebetween. 
When an element is referred to as being “connected to 
another element, it can be directly connected to the other 
element or be indirectly connected to the other element with 
one or more intervening elements interposed therebetween. 
Like reference numerals generally refer to like elements. 
0026. Herein, i) a shape, a size, a ratio, an angle, a number, 

etc. shown in the accompanying drawing are schematically 
shown and therefore, can be slightly changed. ii) since the 
drawings are shown with observer's eyes, a direction or a 
position explaining the drawings can be variously changed 
according to the position of the observer. iii) although differ 
ent reference numerals can be used, like reference numerals 
can refers to like components iv) when comprising, hav 
ing, consisting of, etc. are used, other components can be 
added unless only is used. V) even when a component is 
explained in singular number they may be interpreted as 
plural number. vi.) even though a shape, a size comparison, a 
positional relation, etc., are not described as about. Sub 
stantially, etc., they are to be interpreted as including general 
tolerance. vii) even though terms such as after, before, 
next to, and, herein, subsequent to, at this time, etc. 
are used, they are not used as limiting temporal position. viii) 
terms such as first, second, third, etc., are selectively, 
compatibly, repeatedly, used for make convenience of divi 
sion simple and are interpreted as a limiting meanings. ix) 
when positional relation of two portions is explained by on, 
upper, lower, beside, etc., one or more components may 
be positioned between two portions unless just is not used. 
X) when portions are connected by or, the portions are 
interpreted as including alone as well as combination 
thereof but when portions are connected by 'or', one of, 
portions are interpreted as alone. 
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0027 FIG. 1 is a cross-sectional view of an embodiment of 
a liquid crystal display device. 
0028. The embodiment shown in FIG. 1 exemplifies a 
twisted nematic (TN) or vertical alignment (VA) modeliquid 
crystal display device, and for convenience of description, a 
lower Substrate including a thin film transistor and a storage 
capacitor is shown. 
0029 Referring to FIG. 1, an embodiment of a liquid 
crystal display device includes a lower substrate 10, and a thin 
film transistor TFT formed on a first region and a storage 
capacitor Cst on a second region of the lower substrate 10. 
0030 The thin film transistor TFT includes a gate elec 
trode 12 formed on the lower substrate 10, a gate insulating 
layer 18 formed on the gate electrode 12, a semiconductor 
layer 23 formed on the gate insulating layer 18, and a source 
electrode 26 and a drain electrode 28 formed on the semicon 
ductor layer 23. 
0031. The gate electrode 12 is electrically connected to a 
gate line (not shown) and receives a gate signal from the gate 
line. The gate insulating layer 18 is formed on the gate elec 
trode 12 to electrically insulate the gate electrode 12 from the 
source? drain electrodes 26 and 28. 
0032. The semiconductor layer 23 forms a conduction 
channel between the source electrode 26 and the drain elec 
trode 28. The semiconductor layer 23 includes an active layer 
20 and an ohmic contact layer 22 formed the active layer 20 
and the source/drain electrodes 26 and 28. The active layer 20 
may be made of amorphous silicon in which impurity is 
undoped and the ohmic contact layer 22 may be made of 
amorphous silicon in which N type or P type impurities are 
doped. The semiconductor layer 23 Supplies a Voltage, Sup 
plied to the source electrode 26, to the drain electrode 28, 
when the gate signal is Supplied to the gate electrode 12. 
0033. The storage capacitor Cst comprises a storage lower 
electrode 30 and a storage upper electrode 25, and a gate 
insulating layer 18 therebetween. The storage lower electrode 
30 may be made of a transparent conductive material, and 
may be on the same layer as the gate electrode 12. In some 
embodiments, the storage lower electrode 30 may be made of 
ITO (indium tin oxide), TO (tin oxide), IZO (indium zinc 
oxide), and ITZO (indium tin Zinc oxide). 
0034. The storage upper electrode 25 is electrically con 
nected to the drain electrode 28. The storage upper electrode 
25 may be made of the same transparent conductive material 
as the storage lower electrode 30. The storage upper electrode 
25 is electrically connected to a pixel electrode 42 through a 
contact hole 40. A contact electrode 32 is formed on the 
storage upper electrode 25 and is exposed by the contact hole 
40. 
0035. The contact electrode 32 may be made of a material 
with a lower resistance than the transparent conductive mate 
rial. In some embodiments, the contact electrode 32 may be 
made of the same material as the drain electrode 28 to lower 
the resistance of the storage upper electrode 25. The contact 
electrode 32 is electrically connected to the pixel electrode 
42. 

0036) A passivation layer 38 is formed between the stor 
age upper electrode 25 and the pixel electrode 42. The passi 
vation layer 38 is formed to cover the source electrode 26, the 
drain electrode 28, the storage upper electrode 25, and the 
contact electrode 32. 

0037. In the embodiment shown in FIG. 1, electrodes 25 
and 30 of the storage capacitor are made of a transparent 
conductive material. 
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0038 Generally, liquid crystal display devices are classi 
fied into large liquid crystal display devices, which are typi 
cally over 11 inches, and medium and Small-sized liquid 
crystal display devices, which are typically below 11 inches 
in the size of the picture. 
0039 Medium and small-sized liquid crystal display 
devices are generally smaller in pixel size than large liquid 
crystal display devices. The storage capacitor of medium and 
Small-sized devices may be disposed in a transmissive region 
of a pixel. The transmissive region includes a region where a 
pixel electrode 42 formed on the lower substrate 10 overlaps 
the common electrode (not shown) of the upper Substrate (not 
shown). 
0040. When the electrodes of the storage capacitor are 
made of opaque materials, the transmissive region of the 
medium and Small-sized liquid crystal display device 
decreases, and the aperture ratio is significantly reduced. 
0041. In an embodiment of the present invention, it is 
possible to avoid reduction in the aperture ratio by forming 
the electrodes 25 and 30 of the storage capacitor using a 
transparent conductive material. 
0042 FIG. 2 is a plan view of another embodiment of a 
liquid crystal display device. FIG. 3A is a cross-sectional 
view taken along line I-I" of FIG. 2 and FIG. 3B is a cross 
sectional view taken along line of FIG. 2; 
0043. The embodiment shown in FIGS. 2 and 3 exemplify 
a High Vertical Alignment (HVA) mode, which generally 
improves a viewing angle of the liquid crystal display device 
by forming a liquid crystal domain therein. 
0044 FIGS. 3A and 3B show the liquid crystal display 
when there is no voltage applied between the pixel electrode 
and the common electrode. For the convenience of descrip 
tion, the embodiment of the display device shown includes a 
thin film transistor having a semiconductor layer including 
amorphous silicon and a bottom gate structure. Other 
embodiments may not include a thin film transistor. 
0045 Referring to FIGS. 2,3A, and 3B, the display device 
includes a first substrate 100, a second substrate 200, and a 
liquid crystal layer 300. 
0046. The first substrate 100 includes a first base member 
110, a first gate line GL1, a second gate line GL2, a first 
insulating layer 120, a first data line DL1. a second data line 
DL2, a thin film transistor SW that is a switching element, a 
second insulating layer 140, a domain forming layer 150, a 
pixel electrode PE, and first alignment layer AL1. 
0047 A storage line STL may be connected with a first 
electrode 160 of the storage capacitor overlapping the pixel 
electrode PE. A second electrode 170 of the storage capacitor 
may be disposed between the first electrode 160 and the pixel 
electrode PE to at least partially overlap the first electrode 
160. A storage capacitor Cst of each pixel may be formed by 
the first electrode 160 and the second electrode 170 included 
in the storage capacitor. 
0.048. As described above, the medium and small-sized 
liquid crystal display devices (under 11 inches) are smaller in 
pixel size than larger liquid crystal display devices used for 
TVs, for example. The storage capacitor of medium and 
Small-sized devices is disposed in a transmissive region P of 
the pixel. Accordingly, the transmittance is considerably 
reduced, when the first electrode 160 and the second electrode 
170 of the storage capacitor include an opaque conductive 
material. 
0049 Liquid crystal display devices, unlike organic elec 
tro-luminescence display devices, are generally equipped 
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with a backlight unit (not shown) providing light under the 
first substrate 100. The areas of the first electrode 160 and the 
second electrode 170 formed of an opaque conductive mate 
rial cannot be sufficiently increased in order to achieve 
desired transmittance. Therefore, it may be difficult to ensure 
Sufficient capacitance of the storage capacitor, due to the 
limited expansion of the first electrode 160 and the second 
electrode 170. 
0050. In some embodiments of the present invention, at 
least one of the first electrode 160 and the second electrode 
170 of the storage capacitor may include a transparent con 
ductive material. In some embodiments, the first electrode 
160 and the second electrode 170 may include a transparent 
conductive material and an opaque conductive material, 
respectively. In other embodiments, the first electrode 160 
and the second electrode 170 may include an opaque conduc 
tive material and a transparent conductive material, respec 
tively. In yet other embodiments, both of the first electrode 
160 and the second electrode 170 may include a transparent 
conductive material. 
0051. In such embodiments, reduction of transmittance is 
relatively small, even if the area of at least one of the first 
electrode 160 and the second electrode 170 increases. There 
fore, it is possible to increase the areas of the first electrode 
160 and the second electrode 170 to increase the capacitance 
between the first electrode 160 and the second electrode. 
0.052 The pixel electrode PE may correspond to the trans 
missive region P. In this configuration, at least one of the first 
electrode 160 and the second electrode 170 may extend to 
substantially correspond to the size of pixel electrode PE in 
Some embodiments. In other embodiments, at least one of the 
first electrode 160 and the second electrode 170 may be 
formed wider than the pixel electrode PE. In such embodi 
ments, at least one of the first electrode 160 and the second 
electrode 170 may overlap with a black matrix pattern 220 
disposed in a non-transmissive region. 
0053. The reduction of transmittance is relatively small, 
even if at least one of the first electrode 160 and the second 
electrode 170 are formed in an area corresponding to the 
entire transmissive region P is made to overlap the pixel 
electrode PE substantially corresponding to the pixel regionP 
of the pixel. It is thus possible to increase the capacitance by 
expanding one of the first electrode 160 and the second elec 
trode 170 to the non-transmissive region. 
0054. In some embodiments, the transparent conductive 
material may include ITO (indium tin oxide), TO (tin oxide), 
IZO (indium zinc oxide), and ITZO (indium tin Zinc oxide). 
These materials may be used alone or in combination. 
0055. The first and second gate lines GL1 and GL2 may 
extend in a first direction D1 on the first base member 110. 
The first and second data lines DL1 and DL2 may be arranged 
substantially in parallel in a second direction D2 different 
from the first direction D1. The second direction D2, for 
example, may be perpendicular to the first direction D1. The 
storage line STL is disposed between the first and second gate 
lines GL1 and GL2 and may extend in the first direction D1. 
The first insulating layer 120 may be formed on the first base 
member 110 to cover the first and second gate lines GL1 and 
GL2, the storage line STL, and the first electrode 160. 
0056. The first and second data lines DL1 and DL2 may 
extend in the second direction D2 on the first insulating layer 
120, and the first and second data lines DL1 and DL2 may 
cross the first and second gate lines GL1 and GL2 and the 
storage line STL. The first substrate 100 may be provided 
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with pixel regions divided by the first and second gate lines 
GL1 and GL2 and the first and second data lines DL1 and 
DL2. A pixel electrode PE may beformed in the transmissive 
region P of the pixel region. In some embodiments, the pixel 
regions may be formed by the first and second gate lines GL1 
and GL2 and the first and second data lines DL1 and DL2. 
0057 The pixel region may be divided into the transmis 
sive region P where the pixel electrode PE and the first and 
second electrode 160 and 170 are formed, and a thin film 
transistor region where a thin film transistor SW is formed. 
0058. The thin film transistor SW may include a gate elec 
trode GE connected with the first gate line GL1, a semicon 
ductor layer 130 formed on an insulating layer 120 to corre 
spond to the gate electrode GE, a source electrode SE 
connected with the first data line DL1 and overlapping the 
semiconductor layer 130, and a drain electrode DE disposed 
apart from the source electrode SE1 and overlapping the 
semiconductor layer 130. 
0059. The semiconductor layer 130 may include an active 
layer 130a and an ohmic contact layer 130b formed on the 
first insulating layer 120. 
0060. In some embodiments, the end of the drain electrode 
DE may be electrically connected with the second electrode 
170, which is the upper electrode of the storage capacitor. 
0061. A second insulating layer 140 may be formed on the 

first insulating layer 120 to cover the first and second data 
lines DL1 and DL2, the source electrode SE, and the drain 
electrode DE. 
0062. The domain forming layer 150 may be formed on 
the second insulating layer 140, planarizing the first Substrate 
1OO. 
0063. The domain forming layer 150 may have a 
depressed pattern 152 recessed down from the surface. The 
depressed pattern 152 may be formed in the transmissive 
region P. forming a liquid crystal domain of the transmissive 
region P. The depressed pattern 152 may be a dot type, and the 
domainforming layer 150 and the second insulating layer 140 
which correspond to the position of the depressed pattern 152 
may be open such that the second electrode 170 is exposed. 
0064. In some embodiments, a contact electrode CNT 
may be formed under the open depressed pattern 152. The 
contact electrode CNT may be formed in an island shape on 
the second electrode 170. The contact electrode CNT corre 
sponds to the region that is opened by the depressed pattern 
152. The contact electrode CNT may be formed of the same 
material as the source electrode SE and the drain electrode DE 
of the thin film transistor. In some embodiments, the contact 
electrode CNT may include low-resistance metal. 
0065. The depressed pattern 152 may be a dot type hole 
exposing a portion of the contact electrode CNT. The 
depressed pattern 152 may include an organic Substance oran 
inorganic Substance. In some embodiments, the domain 
forming layer 150 may include an organic layer made of the 
organic Substance and an inorganic layer made of the inor 
ganic Substance, and the depressed pattern 152 may be 
formed on the organic layer or the inorganic layer. 
0066. The pixel electrode PE is formed on the domain 
forming layer 150 in the transmissive region P. The pixel 
electrode PE may include a transparent conductive material. 
The pixel electrode PE may be formed to cover the entire 
depressed pattern 152. The pixel electrode PE may be elec 
trically connected with the thin film transistor SW by con 
tacting the contact electrode CNT through the depressed pat 
tern 152. 
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0067. High resistance of the first and second electrodes 
160 and 170, when such electrodes are formed using trans 
parent conductive material, may be overcome by forming a 
contact electrode CNT using low-resistance metal. 
0068. In a region having the same planar area, the pixel 
electrode PE on the depressed pattern is larger in area than the 
pixel electrode PE formed on a flat region of the domain 
forming layer 150. Therefore, when an electric field is gen 
erated between the first substrate 100 and the second substrate 
200, the magnitude of the electric field the closest to the 
depressed pattern 152 may be larger than the magnitude of the 
electric field in the flat region. 
0069. The first alignment layer AL1 may be formed 
throughout the first base member 110 including the pixel 
electrode PE. 
0070 The second substrate 200 may include a second base 
member 210 opposite the first substrate 100, a black matrix 
pattern 220, first, second, and third color filters 232, 234, and 
236, an overcoating layer 240, a common electrode layer 250, 
and a second alignment layer AL2. In some embodiments, the 
second substrate 200 may not include the overcoating layer 
240. 
0071. The black matrix pattern 220 may be formed on a 
second base member 210 corresponding to the region formed 
by the first and second gate lines GL1 and GL2, the first and 
second data lines DL1 and DL2, and the thin film transistor 
SW. The first, second, and third color filters 232,234, and 236 
may be formed in regions divided by the black matrix pattern 
220 on the second base member 210. In some embodiments, 
the first color filter 232 may be formed in the region corre 
sponding to the transmissive region P, where the pixel elec 
trode PE is formed, on the second base member 210. The 
second color filter 234 may beformed in the first direction D1 
of the first color filter 232 and the third color filter 236 may be 
formed in opposite direction to the first direction D1 of the 
first color filter 232. The overcoating layer 240 may be 
formed on the region where the black matrix pattern 220 and 
the first, second, and third color filters 232,234, and 236 may 
be formed, on the second base member 210, and may pla 
narize the second substrate 200. 
(0072. The common electrode 250 may be formed on the 
overcoating layer 240. The common electrode 250 may 
include a transparent conductive material. 
0073. In some embodiments, the common electrode may 
be formed throughout the second substrate 200, without a 
specific pattern. The liquid crystal domain of the liquid crys 
tallayer 300 may be formed by the pixel electrode PE, which 
can change the magnitude of the electric field, using the 
depressed pattern 152, and the patternless common electrode 
2SO. 

0074 The second alignment layer AL2 may be formed on 
the common electrode 250 above the second base member 
210. The second alignment layer AL2 may be formed 
throughout the second substrate 200. 
(0075. The liquid crystal layer 300 may be disposed 
between the first substrate 100 and the second substrate 200. 
The liquid crystal layer 300 may include liquid crystal mol 
ecules 310 and reactive mesogen (RM) hardened material 
32O. 
(0076. The liquid crystal molecules 310 react differently to 
the electric field generated between the pixel electrode PE and 
the common electrode 250, which makes it possible to adjust 
the light transmittance. The liquid crystal molecules 310, for 
example, may have negative dielectric anisotropy. 
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0077. When there is no voltage supplied to the pixel elec 
trode PE and the common electrode 250, the liquid crystal 
molecules 310 close to the first substrate 100 and/or the 
second substrate 200 may be arranged with their long axes 
perpendicular to the surface of the second base member 210 
and/or the first base member 110. The liquid crystal mol 
ecules 310 close to the depressed pattern 152 may be arranged 
with their long axes perpendicular to the side of the domain 
forming layer 150 forming the depressed pattern 152. 
0078. The RM hardened material 320 may be disposed 
between the liquid crystal molecules 310. The RM hardened 
material 320 may be disposed between the liquid crystal 
molecules 310 closest to the pixel electrode PE and/or the 
common electrode 250 The RM hardened material 320 may 
be disposed between the liquid crystal molecules 310 close to 
the first alignment layer AL1. The RM hardened material 320 
may be disposed between the liquid crystal molecules 310 
close to the second alignment layer AL2. 
0079 Even if an electric field is not generated between the 
pixel electrode PE and the common electrode 250, the RM 
hardened material 320 can keep the liquid crystal molecules 
310 closest to the first substrate 100 and/or the second sub 
strate pre-tilted with respect to the surface of the first base 
member 110 and/or second base member 210. RM hardened 
material 320 may be formed by RM monomers that are poly 
merized by external light in the process of manufacturing the 
display device. 
0080. In some embodiments, the external light may be 
ultraviolet rays. The RM monomers are photo-reacted and 
polymerized by the external light, such that the RM hardened 
material 320 is created between the liquid crystal molecules 
31 O. 

0081. The RM monomers are converted into the RM hard 
ened material 320 attached to the pixel electrode PE and the 
common electrode 250, by radiating ultraviolet rays of about 
10 to 15J for 6 to 7 minutes, with voltage applied to the pixel 
electrode PE and the common electrode 250, and radiating 
strong ultraviolet rays of about 15J for 50 to 60 minutes, with 
no voltage supplied to the pixel electrode PE and the common 
electrode 250. 

0082 If the first electrode 160 and the second electrode 
170 both include only reflective or opaque conductive mate 
rials, the RM hardened material 320 may not be completely 
created or the RM hardened material 320 may not be attached 
to the region where the first electrode 160 overlaps the second 
electrode 170. In some embodiments, a transparent conduc 
tive material is provided in at least one of the first electrode 
160 and the second electrode 170 to completely create or 
attach the RM hardened material. 

0083. In such embodiments, it is possible to form the 
liquid crystal domain, using the depressed pattern 152 on the 
domain forming layer 150, without forming a specific pattern 
on the common electrode 250. Since no pattern is formed on 
the common electrode 250, it is possible to remove the cause 
of misalignment of the first substrate 100 and the second 
Substrate 200. 

0084. It is also possible to simplify the manufacturing 
process by removing a specific patterning process for pattern 
ing the common electrode 250. This may help improve pro 
ductivity and display quality of the display device. 
0085. In the embodiment shown in FIGS. 2 and 3, the first 
electrode 160 and the second electrode 170 may have a thick 
ness of about 150 A to about 1500A, and the first insulating 
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layer 120 formed between the first and second electrode may 
have a thickness of about 400 A to about 6000 A. 
I0086. In embodiments where the liquid crystal display 
device is achieved with the thicknesses of the first and second 
electrodes 160 and 170 and the first insulating layer 120 
optimized as described above, the transmittance of the light 
emitted through the first and second substrates from the back 
light (not shown) under the first substrate 100 is 80% to 
99.5%. 

I0087 FIG. 3C is a cross-sectional view illustrating appli 
cation of voltage to the embodiment of the display device 
shown in FIG. 3B. 
I0088 Referring to FIG. 3C, when an electric field is gen 
erated between the pixel electrode PE and the common elec 
trode 250, the direction of the electric field within the pixel 
region is perpendicular to the surface of the first substrate 100 
and/or the second substrate 200. 

I0089. The electric field lines may be curved between the 
end of the pixel electrode PE and the common electrode 250. 
The electric field lines may also be curved between the end of 
another pixel electrode, adjacent to the pixel electrode PE, 
and the common electrode 250. The liquid crystal molecules 
310 are aligned to be dissipated to different points of the 
common electrode 250 in adjacent pixel electrodes PE, such 
that the liquid crystal domain may be divided between adja 
cent pixel regions. 
0090. In the shape of the electric field at a region close to 
the depressed pattern 152, the electric field may converge to 
one point of the common electrode 250, for example, the 
common electrode 250 corresponding to the depressed pat 
tern 152, by the pre-tilt due to the sides of the depressed 
pattern 152. 
0091 Embodiments of the invention used to implement 
HVA mode liquid crystal display devices which improve the 
viewing angle by forming a liquid crystal domain, help ensure 
Sufficient electrostatic capacity while decreasing the reduc 
tion of transmittance by forming both of the first electrode 
160 and the second electrode 170, using a transparent con 
ductive material in the area corresponding to the entire pixel 
region to overlap the pixel electrode corresponding to the 
pixel region P. 

Fabrication Method of Liquid Crystal Display Device 

0092. Embodiments of a method of fabrication of a liquid 
crystal display device will be described with reference to 
FIGS. 4 to 6. 

0093 FIGS. 4A to 4B are cross-sectional views illustrat 
ing an embodiment of a manufacturing process of the 
embodiment of a liquid crystal display device shown in FIG. 
1 

0094) Referring to FIG. 4A, a gate electrode 12 is formed 
in the thin film transistor TFT-forming region on the lower 
substrate 10. The gate electrode 12 is stacked on the lower 
Substrate 10 by deposition, Such as Sputtering. The gate elec 
trode 12 may be made of Al, Mo, Cr, or Cu. 
0.095 Astorage lower electrode 30 is formed in the storage 
capacitor Cst-forming region on the lower substrate 10 by 
deposition. The storage lower electrode 30 is made of a trans 
parent conductive material. In some embodiments, the Stor 
age lower electrode 30 may be made of any one of ITO, TO, 
IZO, and ITZO. 
0096. As shown in FIG. 4B, the gate insulating layer 18 is 
formed on the lower substrate 10. The semiconductor layer 
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23, including the active layer 20 and the ohmic contact layer 
22, is formed in the thin film transistor TFT-forming region. 
0097. The gate insulating layer 18 is formed by depositing 
an inorganic insulating Substance. Such as silicon nitride SiNX 
and silicon oxide SiOX, to the entire surface of the lower 
substrate 10, using a deposition process, such as PECVD 
(Plasma Enhanced Chemical Vapor Deposition). An amor 
phous silicon layer and an amorphous silicon layer with 
dopant are formed. The semiconductor layer 23, including the 
active layer 20 and the ohmic contact layer 22, is formed by 
patterning the amorphous silicon layer and the amorphous 
silicon layer with dopant, using photolithography and etch 
1ng. 
0098. As shown in FIG. 4C, a storage upper electrode 25 is 
formed in the storage capacitor Cst-forming region, by depo 
sition. The storage upper electrode 25 is made of a transparent 
conductive material. In some embodiments, the storage upper 
electrode 25 may be made of any one of ITO, TO, IZO, and 
ITZO. 

0099. A source electrode 26, a drain electrode 28, and a 
contact electrode 32 are formed by deposition, such as sput 
tering. In some embodiments, the Sputtering processing may 
include forming the electrodes by being deposited with metal 
(e.g. Mo or MoW) and then patterning by photolithography or 
etching. The active layer 20 is exposed by removing the 
ohmic contact layer 22 exposed between the two electrodes 
26 and 28, using as a mask the source electrode 26 and the 
drain electrode 28. The drain electrode 28 partially overlaps 
the storage upper electrode 25, allowing it to be electrically 
connected with the storage upper electrode 25 The storage 
capacitor Cst can thus be charged with the pixel Voltage 
supplied to the drain electrode 28 through the source elec 
trode 26. 

0100. The contact electrode 32 is formed in a portion of the 
storage upper electrode 25. The contact electrode 32 is posi 
tioned at a region overlapping a contact hole 40 of a passiva 
tion layer 38. 
0101. As shown in FIG. 4D, the passivation layer 38 is 
formed to cover the source electrode 26, drain electrode 28, 
and storage upper electrode 25. In some embodiments, the 
passivation layer is formed by PECVD, spin coating, or spin 
less coating, and the like. The contact hole 40 is formed by 
patterning the passivation layer 38, using photolithography 
and etching. The contact hole 40 is positioned at a region 
overlapping the contact electrode 32. In some embodiments, 
the passivation layer 38 may be made of an inorganic insu 
lating Substance, or an organic insulating Substance. Such as 
acryl. 
0102. As shown in FIG. 4E, a pixel electrode 42 is formed 
on the passivation layer 38. The pixel electrode 42 is formed 
by deposition, such as sputtering. The pixel electrode 42 
electrically contacts with the contact electrode 32 through the 
contact hole 40. This electrical contact controls the electric 
field of the liquid crystal which corresponds to the voltage 
charged in the storage capacitor Cst. In some embodiments, 
the pixel electrode 42 may be made of a transparent conduc 
tive material, such as ITO, TO, IZO, and ITZO. 
0103) In embodiments where the storage upper electrode 
25 and the storage lower electrode 30 are made of a transpar 
ent conductive material, it is possible to increase the overlap 
area of the storage upper electrode 25 and the storage lower 
electrode 30 irrespective of the aperture ratio. Therefore, it is 
possible to achieve a high-capacity storage capacitor Cstand 
thereby improve reliability in driving. It is also possible to 
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ensure high aperture ratio. In some embodiments, the 
increase in resistance due to the use of transparent conductive 
material is minimized by forming the contact electrode 32 of 
metal in the contact portion between the storage upper elec 
trode 25 and the pixel electrode 42. 
0104 FIGS. 5A to 5E are cross-sectional views illustrat 
ing an embodiment of a manufacturing process of the first 
Substrate in the cross section of an embodiment of a liquid 
crystal display device as shown in FIG. 3A. 
0105 Referring to FIG. 5A, a transparent conductive 
material 162 and a low-resistance metal 164 are deposited on 
a substrate 110. A gate line GL, a gate electrode GE, and a first 
electrode 160 of a storage capacitor are formed by patterning. 
0106. In some embodiments, the first electrode may be 
integrally formed with a storage line STL and may include a 
transparent conductive material. 
0107. In typical manufacturing processes, the first elec 
trode 160 is positioned on the same layer as the gate line GL 
and the gate electrode GE, and the gate line GL and the gate 
electrode GE are made of different materials. In such pro 
cesses, a mask process is added to form the first electrode 160, 
a process which is additional to the mask process used to form 
the gate line GL and the gate electrode GE, increasing the 
manufacturing cost and the process time. For example, in 
Some manufacturing processes, the gate line GL and the gate 
electrode GE include a low-resistance opaque metal. Such as 
Mo, and the first electrode includes a transparent conductive 
material, such as ITO. In such processes, it may be difficult to 
form the first electrode 160 with the mask used for forming 
the gate line GL and the gate electrode GE. 
0108. In some embodiments of the present invention, the 
gate line GL/gate electrode GE and the first electrode are 
simultaneously formed by using a halftone mask process 
without adding an additional mask. 
0109. In such embodiments, the gate line GL/gate elec 
trode GE are implemented by a structure in which transparent 
conductive material 162 and the low-resistance metal 164 are 
stacked. The thickness of the photoresistor PR disposed in the 
region where the first electrode 160 is formed is made to be 
smaller than the thickness of the photoresistor disposed in the 
region where the gate line/gate electrode are formed. Conse 
quently, by performing the photo process, the gate line 
GL/gate electrode GE have a structure in which the transpar 
ent material 162 and the low-resistance metal 164 are stacked 
but only the first electrode 160 remains because the low 
resistance material on the first electrode 160 is completely 
removed. Therefore, it is possible to simultaneously form the 
gate line GL/gate electrode GE and the first electrode 160 
without adding an additional mask process. 
0110. In some embodiments, the transparent conductive 
material may include ITO (indium tin oxide), TO (tin oxide), 
IZO (indium zinc oxide), and ITZO (indium tin Zinc oxide). 
These materials may be used alone or in combination. 
0111. In some embodiments, the low-resistance metal 
may be Mo, Al, AlNd, and Ti, and the like. which may be used 
alone or in combination. 
0112. As shown in FIG. 5B, a first insulating layer 120 is 
formed on the substrate 110 with the gate line GL/gate elec 
trode GE and the first electrode 160, and a semiconductor 
layer 130 including an active layer 130a and an ohmic contact 
layer 130b is formed in the thin film transistor-forming 
region. 
0113. The first insulating layer 120 is formed by deposit 
ing an inorganic insulating Substance. Such as silicon nitride 
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SiNX and silicon oxide SiOX, onto the substrate, using depo 
sition, such as PECVD. An amorphous silicon layer and an 
amorphous silicon layer with dopant are formed. The semi 
conductor layer 130, including the active layer 130a and the 
ohmic contact layer 130b, is formed by patterning the amor 
phous silicon layer and the amorphous silicon layer with 
dopant, using photolithography and etching. 
0114. A second electrode 170 of the storage capacitor is 
formed in the region overlapping the transmissive region P. or 
the first electrode 160, as shown in FIG.3C. In some embodi 
ments, the second electrode 170 may be made of a transparent 
conductive material. The transparent conductive material 
maybe ITO, TO, IZO, and ITZO etc. These materials may be 
used alone or in combination. 

0115. In some embodiments, since both of the first elec 
trode 160 and the second electrode 170, which are used as the 
electrodes of the storage capacitor, include a transparent con 
ductive material, they can be formed to have an area corre 
sponding to the entire transmissive region to overlap the pixel 
electrode PE corresponding to the transmissive region of the 
pixel. Therefore, it is possible to ensure sufficient electro 
static capacity, decreasing the reduction of transmittance. 
0116. A data line DL, a source electrode SE, a drain elec 
trode DE, and a contact electrode CNT are formed. The 
source electrode SE, drain electrode DE, and contact elec 
trode CNT may be formed by deposition, such as sputtering. 
The source electrode SE, drain electrode DE, and contact 
electrode CNT may be formed by being deposited with metal 
(e.g. Mo or MoW) and then performing photolithography. 
The active layer 130a may be exposed by removing the ohmic 
contact layer 130b exposed between the two electrodes, using 
the source electrode SE and the drain electrode DE as masks. 
The drain electrode DE may beformed to partially overlap the 
second electrode 170 to electrically contact with the second 
electrode 170. The drain electrode DE may electrically con 
tact with the second electrode 170 such that the storage 
capacitor Cst can be charged with the pixel electrode Supplied 
to the drain electrode DE through the source electrode SE. 
0117. The contact electrode CNT may be formed in a 
portion of the second electrode 170. The contact electrode 
CNT may be positioned to overlap the region exposed by the 
depressed pattern 152 of the second insulating layer and the 
domain forming layer 150. 
0118. As shown in FIG. 5D, a second insulating layer 140 
and the domain forming layer 150 may beformed to cover the 
source electrode SE, the drain electrode DE, and the second 
electrode 170. The second insulating layer 140 and the 
domain forming layer 150 may be formed by PECVD, spin 
coating, and spinless coating etc. The depressed pattern 152 
may be formed by patterning the second insulating layer and 
the domain forming layer, using photolithography and etch 
ing. The depressed pattern 152 may be positioned in a region 
overlapping the contact electrode CNT. 
0119 The material of the second insulating layer 140 may 
be silicon oxide and silicon nitride, and the like. In some 
embodiments, the material included in the domain forming 
layer 150 may be an organic Substance, Such as positive type 
photoresist compound or negative type photoresist com 
pound. In other embodiments, the material included in the 
domain forming layer 150 may be an inorganic Substance, 
Such as silicon oxide and silicon nitride. 

0120 Referring to FIG. 5E, a transparent electrode layer 
(not shown) is formed on the domain forming layer 150 with 
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the depressed pattern 152. A pixel electrode PE is formed by 
patterning the transparent electrode layer. 
I0121 The pixel electrode PE may be electrically con 
nected with the thin film transistor SW by contacting with the 
contact electrode CNT through the depressed pattern 152. In 
Some embodiments, the material included in the transparent 
electrode layer may be ITO and IZO. 
I0122. In some embodiments, a first alignment layer AL1 
may be formed on the pixel electrode PE. In such embodi 
ments, the first alignment layer AL1 may include a vertical 
alignment material that can vertically align liquid crystal 
molecules 310. 
I0123. In some embodiments, such as the bottom gate 
structure shown in FIG. 5, the semiconductor layer may be 
implemented by a thin film transistor made of amorphous 
silicon. In other embodiments, such as a top gate structure, the 
semiconductor layer may be implemented by a thin film tran 
sistor made of polysilicon. 
0.124 FIGS. 6A to 6F are cross-sectional views illustrating 
another embodiment of a manufacturing process of a portion 
of the embodiment of a liquid crystal display device shown in 
FIGS. 2 and 3. 
0.125 For the convenience of description, a pixel region 
defined by a gate line and data line is limitedly described. The 
pixel region is divided into a thin film transistor region and a 
transmissive region. 
0.126 Referring to FIG. 6A, a semiconductor layer 430 
made of polysilicon (Poly-si) may be formed on the thin film 
transistor region above a substrate. In the semiconductor 
layer 430 made of polysilicon, an amorphous silicon layer is 
deposited and may be crystallized into a polysilicon layer by 
performing crystallization, Such as ELA (Excimer Laser 
Annealing) using excimer laser, SLS(Sequential lateral 
Solidification) crystallization or heat treatment, or MILC 
(metal induced lateral crystallization). The semiconductor 
layer 430 may have an active region 430a including pure 
center polysilicon and source/drain regions 430b doped at 
both sides of the active region. 
I0127. Referring to FIG. 6B, a first insulating layer 420 
may be formed throughout the substrate 110 with the semi 
conductor layer 430. A gate electrode GE and a first electrode 
160 of a storage capacitor may be formed in a region over 
lapping the semiconductor layer 430 and the transmissive 
region P. respectively. 
I0128. This process is implemented by depositing a trans 
parent conductive material and a low-resistance metal and 
patterning them. As described in reference to FIG. 5A, it is 
possible to simultaneously form the gate electrode and the 
first electrode by using the halftone mask process without 
adding a mask. 
I0129. When the halftone mask process is used, the gate 
electrode, may have a structure in which a transparent con 
ductive material 462 and the low-resistance metal 464 are 
stacked. 
0.130. The thickness of the photoresistor PR disposed in 
the region where the first electrode is formed is made to be 
smaller than the thickness of the photoresistor disposed in the 
region where the gate electrode is formed. Consequently, by 
performing the photo process, the gate electrode GE has a 
structure in which the transparent material 462 and the low 
resistance metal 464 are stacked, but the first electrode 460 is 
implemented by only the transparent conductive material, 
because the low-resistance material on the first electrode 460 
is completely removed. Therefore, it is possible to simulta 
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neously form the electrode GE and the first electrode 460 
without adding an additional mask process. 
0131. In some embodiments, the transparent conductive 
material may include ITO (indium tin oxide), TO (tin oxide), 
IZO (indium zinc oxide), and ITZO (indium tin Zinc oxide). 
These materials may be used alone or in combination. 
0132. In some embodiments, the low-resistance metal 
may be Mo, Al, AlNd, and Ti and the like, which may be used 
alone or in combination, in a simple structure or in a stacked 
Structure. 

0133. As shown in FIG. 6C, a second insulating layer 422 
is formed on the substrate including the gate electrode GE and 
the first electrode 460 and a second electrode 470 of a storage 
capacitor is formed in a region overlapping the first electrode 
460 on the second insulating layer. 
0134. In some embodiments, the second electrode 470 
may be made of a transparent conductive material. 
0135 A source electrode SE, a drain electrode DE, and a 
contact electrode CNT may be formed, as shown in FIG. 6D. 
The source electrode SE, drain electrode DE, and contact 
electrode CNT may be formed by deposition, such as sput 
tering. The electrodes may beformed by being deposited with 
metal (e.g. Mo or MoW) and then patterned by photolithog 
raphy or etching. 
0136. The source electrode SW and the drain electrode DE 
are electrically connected with the source/drain region 430b 
of the semiconductor layer 430, respectively, which may be 
implemented by forming a contact hole in the second insu 
lating layer 422 having the Source region and the drain region. 
0137 The drain electrode DE may be formed to partially 
overlap the second electrode 470 to electrically contact with 
the second electrode 470 and the storage capacitor Cst can be 
charged with the pixel electrode supplied to the drain elec 
trode DE through the source electrode SE. 
0.138. The contact electrode CNT may be formed in a 
portion of the second electrode 470. The contact electrode 
CNT may be positioned to overlap the region exposed by the 
depressed pattern 452 of the third insulating layer 440 and the 
domain forming layer 450. 
0.139. As shown in FIG. 6E, the second insulating layer 
440 and the domain forming layer 450 may be formed to 
cover the source electrode, the drain electrode, and the second 
electrode 470. The third insulating layer 440 and the domain 
forming layer 450 may be formed by PECVD, spin coating, 
and spinless coating etc. The depressed pattern 452 may be 
formed by patterning the third insulating layer 440 and the 
domain forming layer 450, using photolithography and etch 
ing. The depressed pattern 452 may be positioned in a region 
overlapping the contact electrode CNT. 
0140. The material of the third insulating layer 440 may be 
silicon oxide and silicon nitride etc. The material of the 
domain forming layer 450 may be an organic Substance. Such 
as positive type photoresist compound or negative type pho 
toresist compound, or an inorganic Substance, such as silicon 
oxide and silicon nitride. 
0141. As shown in FIG. 6F, a transparent electrode layer 
(not shown) is formed on the domain forming layer 450 with 
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the depressed pattern 452 and a pixel electrode PE is formed 
by patterning the transparent electrode layer. The pixel elec 
trode PE may be electrically connected with the thin film 
transistor SW by contacting with the contact electrode CNT 
through the depressed pattern 452. In some embodiments, the 
material of the transparent electrode layer may be ITO and 
IZO. 

0142. A first alignment layer AL1 is formed on the pixel 
electrode PE, in which the first alignment layer AL1 may 
include a vertical alignment material that can vertically align 
liquid crystal molecules 310. 
0143. While certain embodiments of the present invention 
have been described, it is to be understood that the invention 
is not limited to the disclosed embodiments, but, on the con 
trary, is intended to cover various modifications and equiva 
lent arrangements included within the spirit and scope of the 
invention. 

What is claimed is: 

1. A method of fabrication of a liquid crystal display 
device, the method comprising: 

forming a gate electrode of a thin film transistor and a first 
electrode of a storage capacitor on a first Substrate, 
wherein the gate electrode comprises a transparent con 
ductive material, and a low-resistance metal, stacked 
together, 

forming a second electrode of the storage capacitor on a 
first insulating layer overlapping the first electrode; 

forming a second insulating layer comprising a depressed 
pattern exposing a portion of the second electrode, 

forming a domain forming layer; and 
forming a pixel electrode on the domain forming layer 

overlapping the second electrode, wherein the first elec 
trode and the second electrode of the storage capacitor 
comprise a transparent conductive material. 

2. The method as claimed in claim 1 further comprising: 
disposing a second Substrate having a common electrode to 

face the first substrate; and 
forming a liquid crystal layer disposed between the first 

Substrate and the second Substrate and comprising a 
reactive mesogen. 

3. The method as claimed in claim 1 wherein the gate 
electrode and the first electrode are formed using a halftone 
mask process. 

4. The method as claimed in claim 1, further comprising: 
forming a semiconductor layer above or under a region 

overlapping the gate electrode; and 
forming a source electrode and a drain electrode electri 

cally connected with the semiconductor layer. 
5. The method as claimed in claim 1, further comprising 

forming a contact electrode on the second electrode exposed 
by the depressed pattern. 
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