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LIQUID CRYSTAL DISPLAYS USING
ORGANIC INSULATING MATERIAL AND
MANUFACTURING METHODS THEREOF

CROSS REFERENCE TO PRIOR APPLICATIONS

This application is a Divisional Application from a U.S.
patent application Ser. No. 10/676,667 filed on Oct. 1, 2003
now U.S. Pat. No. 6,940,566, which is a Continuation appli-
cation ofthe U.S. patent application Ser. No. 10/387,278 filed
on Mar. 12, 2003 now U.S. Pat. No. 6,862,050, which is a
Continuation Application of U.S. patent application Ser. No.
09/800,700 filed on Mar. 7, 2001 and issued as U.S. Pat. No.
6,597,415, which is a Divisional application of the U.S.
patent application Ser. No. 09/532,810 filed on Mar. 21, 2000
and issued as U.S. Pat. No. 6,243,146, which is a Continua-
tion Application of U.S. patent application Ser. No. 08/979,
572 filed on Nov. 26, 1997 and issued as U.S. Pat. No. 6,057,
896.

BACKGROUND OF THE INVENTION

(a) Field of the Invention

The present invention relates to a thin film transistor liquid
crystal display, more specifically to a thin film transistor
liquid crystal display whose black matrix is formed on a thin
film transistor substrate.

(b) Description of the Related Art

Most liquid crystal displays include a thin film transistor
(TFT) substrate and a color filter substrate. Black matrix is
generally formed on the color filter substrate and is used to
shield the light leakage in the portions between pixels. How-
ever, misalignment between the TFT substrate and the color
filter substrate may make it hard to shield the light leakage
perfectly. For that reason, a method of forming the black
matrix on TFTs, which is called black matrix on TFT (BM on
TFT), was recently suggested.

FIG. 1 illustrates a cross-sectional view of a conventional
BM on TFT type TFT substrate.

As shown in FIG. 1, a gate electrode 2 and a storage
capacitor electrode 3 are formed on a transparent substrate 1.
A gate insulating layer 4 is formed on the gate electrode 2 and
the storage capacitor electrode 3. An amorphous silicon layer
5, an etch stopper layer 6 and an n+ amorphous silicon layer
7 are deposited sequentially on the gate insulating layer 4 over
the gate electrode 2. A source electrode 8 and a drain electrode
9 are formed on the n+ amorphous silicon layer 7, and the
source electrode 8 is connected to a data line (not shown). The
gate electrode 2, the gate insulating layer 4, the amorphous
silicon layer 5, the n+ amorphous silicon layer 7, the source
electrode 8 and the drain electrode 9 form a TFT. A passiva-
tion layer 10 is formed on the TFT and the gate insulating
layer 4, and a black matrix 11 is formed on the passivation
layer 10 over the TFT. A pixel electrode 12 made of ITO
(indium tin oxide) is formed on the passivation layer 10 in a
pixel region, and connected to the drain electrode 9 through a
contact hole in the passivation layer 10.

Because the pixel electrode 12 is close to the data line,
coupling capacitance is generated between the pixel electrode
12 and the data line when the liquid crystal display is in
operation, and the coupling capacitance distorts the display
signal.

Since the black matrix 11 is formed on the TFT, the height
difference between the portions near the TFT and the pixel
electrode 12 can become larger to make defects of the align-
ment layer, thereby causing leakage. Although the light leak-
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age may be reduced by increasing the width of the black
matrix, in this case, the aperture ratio may decrease.

On the other hand, liquid crystal displays comprise two
spaced parallel substrates and a liquid crystal layer therebe-
tween. Spacers are inserted between the substrates to keep the
cell gap, which is the thickness of the liquid crystal layer
injected between two substrates, to be constant. It is common
to use spherical spacers having uniform size, and the spacers
are uniformly distributed on the pixel electrode 12. Because
of the height difference in the color filter substrate and in the
TFT substrate, it may be difficult to make a uniform cell gap.
Therefore, the thickness of the liquid crystal layer becomes
non-uniform, and display characteristics become worse.
Moreover, the spacers on the pixel electrode 12 may cause a
defect in the alignment layer and may cause the light from the
backlight unit to be scattered, thereby causing the low trans-
mittance of the liquid crystal cell and the light leakage.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to allow a
reduction in the coupling capacitance generated between a
data line and a pixel electrode.

It is another object of the present invention to allow a
reduction in the defect of the alignment layer.

It is yet another object of the present invention to allow an
increase in the aperture ratio of liquid crystal display.

Itis still another object of the present invention to allow the
cell gap of a liquid crystal display to be uniform.

It is another object of the present invention to allow an
increase in the transmittance and a decrease in the light leak-
age by reducing the scattering of the back light.

These and other objects, features and advantages are pro-
vided, according to the present invention, by a liquid crystal
display having a passivation layer made of a flowable insu-
lating material. It is preferable that the flowable insulating
material is an organic insulating material and has dielectric
constant of 2.4-3.7. The passivation layer having a flat surface
is formed on gate lines, data lines and TFTsina TFT substrate
to prevent the interference between signals of a pixel elec-
trode formed on the passivation layer and of a data line
formed under the passivation layer.

A portion of the passivation layer on gate lines, data lines
and TFTs is removed to make a groove, and a black matrix
made of an organic black photoresist is filled in the groove.

The thickness of the passivation layer is preferably 2.0-4.0
um to have sufficient insulating characteristics, and the thick-
ness of the black matrix is preferably 0.5-1.7 pm.

Inthe pixel region, storage capacitor electrode is formed on
a transparent substrate to form a storage capacitor with the
pixel electrode on the passivation layer. To increase the stor-
age capacitance, the portion of the passivation layer on the
storage capacitor electrode is thinned or removed.

Another way to compensate the storage capacitance is, for
example, to thin a portion of a gate insulating layer between
the storage capacitor electrode and the pixel electrode. In
another embodiment, a contact hole exposing the storage
capacitor electrode is formed in the gate insulating layer, and
a metal pattern is formed on the gate insulating layer and
connected to the storage capacitor electrode through the con-
tact hole. Another embodiment provides a metal pattern con-
nected to the pixel electrode that may be formed on a portion
of the gate insulating layer on the storage capacitor electrode.

A flowable insulating layer is also used as a gate insulating
layer such that the gate insulating layer may have a flat sur-
face, and thus the parasitic capacitance between a gate elec-
trode and a drain electrode can be reduced. A silicon nitride
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layer may be formed between the flowable gate insulating
layer and a semiconductor layer made of amorphous silicon
to prevent the interfacial characteristics of the amorphous
silicon layer from being deteriorated. It is preferable that an
organic insulating material is used and the thickness of the
organic gate insulating layer is preferably 2,500-5,500 A. It is
preferable that the thickness of the silicon nitride layer is
500-800 A.

In the case of an etch stopper type TFT substrate, a photo
definable material is used as an etch stopper layer to decrease
the parasitic capacitance between a gate electrode and a drain
electrode and to make process simple. It is preferable that an
organic material is used and the thickness of the etch stopper
layer is 3,000-5,000 A.

To keep a cell gap between a TFT substrate and a color filter
substrate, spacers made of a photo definable organic material
are formed on the color filter substrate. The spacers are
formed between color filters, and they are formed at the
position corresponding to TETs on the TFT substrate.

To make a TFT substrate according to the present inven-
tion, a flowable insulating layer which is to form a gate
insulating layer is coated on a substrate having a gate elec-
trode. A silicon nitride layer is deposited on the flowable
insulating layer. A semiconductor layer in formed on the
silicon nitride layer and the silicon nitride layer is etched
away except the portion under the semiconductor layer.

When an etch stopper layer is made of a photo definable
material, a photo definable organic layer is coated on the
semiconductor layer and patterned to form an etch stopper
layer. The process of patterning the etch stopper layer
includes the steps of exposing the organic layer to light from
the rear side of the substrate, exposing the organic layer to
light from the front side of the substrate using an etch stopper
mask, developing the organic layer and annealing the organic
layer.

Next, an ohmic contact layers a data pattern are formed
sequentially. A flowable insulating material, which is used for
a passivation layer, is coated, and a portion of the passivation
layer on the storage capacitor electrode is removed.

Then, an ITO (indium tin oxide) layer is deposited and
patterned to make a pixel electrode in a pixel region, the
passivation layer is etched to a depth using the pixel electrode
as a mask, and an organic black photoresist is filled in the
etched region flatly to form a black matrix.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view of a conventional BM on
TFT substrate;

FIG. 2 shows a layout of aTFT substrate according to a first
embodiment of the present invention.

FIG. 3 illustrates a cross-sectional view of'a TFT substrate
shown in FIG. 2 along the line III-1IT".

FIGS. 4-11 are cross-sectional views of TFT substrates
according to second to ninth embodiments respectively.

FIG. 12 illustrates a cross-sectional view of a color filter
substrate according to an embodiment of the present inven-
tion.

FIG. 13 illustrates a cross-sectional view of a liquid crystal
display cell according to an embodiment of the present inven-
tion.

FIG. 14A illustrates a layout of a color filter substrate
shown in FIG. 12 to show the position of spacers.

FIG. 14B is a cross-sectional view of the color filter sub-
strate illustrated in FIG. 14A along the line XIV-XIV".
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FIGS. 15A, 16A and 17A show layouts of intermediate
structures illustrating a method of manufacturing the TFT
substrate according to the first embodiment of the present
invention.

FIGS. 15B, 16B and 17B illustrate cross-sectional views of
the TFT substrate along with the line XV-XV' of F1G. 15A,
the line XVI-XVT of FIG. 16A and the line XVII-XVII' of
FIG. 17A.

FIGS. 18 and 19 show cross-sectional views of intermedi-
ate structures illustrating a method of manufacturing the TFT
substrate according to the sixth embodiment of the present
invention.

FIGS. 20 and 21 show cross-sectional views of intermedi-
ate structures illustrating a method of manufacturing the TFT
substrate according to the eighth embodiment of the present
invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The present invention will now be described more fully
hereinafter with reference to the accompanying drawings, in
which preferred embodiments of the present invention are
shown. This invention may, however, be embodied in differ-
ent forms and should not be construed as limited to the
embodiments set forth herein. Rather, these embodiments are
provided so that this disclosure will be thorough and com-
plete, and will fully convey the scope of the invention to those
skilled in the art. In the drawings, the thickness of layers and
regions are exaggerated for clarity.

Liquid crystal displays according to the embodiment of the
present invention comprise a liquid crystal cell comprising a
TFT substrate and a color filter substrate, liquid crystal mate-
rial injected into the cell, driving. ICs and peripheral devices.

FIG. 2 showsalayout ofa TFT substrate according to a first
embodiment of the present invention, and FIG. 3 illustrates a
cross-sectional view ofa TFT substrate shown in FIG. 2 along
the line III-11T".

As shown in FIGS. 2 and 3, a gate line 21 which transmits
scanning signals from the outside, a gate electrode 20 which
is abranch of the gate line 21 and a storage capacitor electrode
30 which is parallel to the gate line 21 are formed on a
transparent insulating substrate 10 such as glass. A gate insu-
lating layer 40 is formed thereon.

A data line 81 which s perpendicular to the gate line 21 and
transmits display signals from the outside is formed on the
portion of gate insulating layer 40. An amorphous silicon
(a-Si) layer 50 is formed on the gate insulating layer 40 on the
gate electrode 20. An etch stopper layer 60 and an ohmic
contact layer 71 and 72 made of heavily doped amorphous
silicon with n type ions (n+ a-Si) are formed on the a-Si layer
50 in sequence. A source electrode 80 and a drain electrode 90
are formed on the ohmic contact layer 71 and 72 respectively,
and the source electrode 80 is connected to the data line 81.

Here, the gate electrode 20, the source electrode 80, the
drain electrode 90, the gate insulating layer 40, the ohmic
contact layer 71 and 72 and the a-Si layer 50 form a TFT, and
the channel of the TFT is generated in the portion of the a-Si
layer 50 between the source electrode 80 and the drain elec-
trode 90. When the scanning signal is applied to the gate
electrode 20 through the gate line 21, the TFT is turned on and
the display signal which reaches the source electrode 80
through the data line 81 flows into the drain electrode 90
through the channel in the a-Si layer 50.

A passivation layer 100 having a flat surface is formed on
the TFT and the gate insulating layer 40. The passivation layer
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100 is made of a flowable organic insulating material having
low dielectric constant of 2.4-3.7 and the thickness of 2.0-4.0
pm.
Compared with the silicon nitride layer which is generally
used as a passivation layer, an organic insulating layer which
is thicker by 10 times than the silicon nitride layer has almost
the same transmittance. For example, the organic insulating
layer of 2.5 um has the same transmittance as the silicon
nitride layer of 0.2 um with respect to the visible light.

Examples of flowable insulating materials are photo-BCB,
BCB and PFCB produced by Dow Chemical Co., acrylic
photoresist produced by JSR Co., and polyimide, and SOG
(spin on glass) is also available. Since those materials are
flowable, the passivation layer may have a flat surface by
using spin coating method.

The passivation layer 100 has a contact hole 130 exposing
the drain electrode 90, and the portion of the passivation layer
100 on the storage capacitor electrode 30 is thinned to form a
trench or is removed to expose the gate insulating layer 40. In
apixel region defined by the gate line 21 and the data line 81,
a pixel electrode 140 made of ITO (indium tin oxide) is
formed on the passivation layer 100. The pixel electrode 140
is connected to the drain electrode 90 through the contact hole
130, and receives the display signal from the drain electrode
90 to drive liquid crystal molecules.

A portion of the passivation layer 100, which is not covered
with the pixel electrode 140, is located on the TFT, the gate
line 21 and the data line 81, and is etched by a depth to make
a groove. A black matrix 110 made of an organic black pho-
toresist is filled in the groove and has a flat surface. The
thickness of the black matrix 1101s 0.5-1.7 um and the optical
density of the black matrix 110 is equal to or more than 2.5 to
have a sufficient light shielding characteristics. The thickness
of the black matrix 110 may vary with the available material,
and especially the thickness depends on the optical density of
the material. If the material having high optical density is
used, the thickness of the black matrix can be decreased.
Since the pixel electrode 140 is in contact with the passivation
layer 100, it is preferable that the black matrix 110 has the
high resistance, for instance, its surface resistance is prefer-
ably equal to or more than 10'° Q/[1.

Carbon base organic materials or pigment type organic
materials may be used as the black matrix 110, and since the
carbon base organic materials have higher optical density
than the pigment type materials, the carbon base organic
materials are preferable. However, graphite type organic
materials having high optical density may not be as good for
the black matrix because of its low surface resistance.

The storage capacitor electrode 30 and the pixel electrode
140 form a storage capacitor. Because there is thick passiva-
tion layer 100 between the two electrodes 30 and 140, the
storage capacitance may not be sufficiently large. To compen-
sate for the storage capacitance, the portion of the passivation
layer between the two electrodes 30 and 140 may be removed
or become thinned.

The TFT substrate may have some other modified struc-
tures to compensate the storage capacitance. FIGS. 4-6 illus-
trate cross-sectional views of TFT substrates according to
second to fourth embodiments of the present invention which
are improved to compensate storage capacitance.

According to the second embodiment of the present inven-
tion, as shown in FIG. 4, the portion of the passivation layer
100 on the storage capacitor electrode 30 is removed, and the
portion of the gate insulating layer 40 on the storage capacitor
electrode 30 is thinner than the other portions. To keep the
uniform thickness of the portion of the gate insulating layer
40 on the storage capacitor electrode 30, the gate insulating
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layer 40 may include two layers which have different etch
rates, and the portion of the upper layer on the storage capaci-
tor electrode 30 may be removed.

According to the third embodiment of the present inven-
tion, as illustrated in FIG. 5, a metal pattern 31 is formed on
the portion of the gate insulating layer 40 on the storage
capacitor electrode 30. The metal pattern 31 is connected to
the storage capacitorelectrode 30 through a contacthole 32 in
the gate insulating layer 40, and covered with the passivation
layer 100.

According to the fourth embodiment of the present inven-
tion, as illustrated in FIG. 6, a metal pattern 31 is formed on
the portion of the gate insulating layer 40 on the storage
capacitor electrode 30. The portion of the passivation layer
100 on the metal pattern 31 is removed to form a contact hole
120, and the pixel electrode 140 covers the metal pattern 31
through the contact hole 120.

As described above, since the organic passivation layer 100
having low dielectric constant is formed between the pixel
electrode 140 and the data line 81, the coupling capacitance
between the pixel electrode 140 and the data line 81 may be
reduced, and thereby it is possible to make the pixel electrode
140 to overlap the data line 81 and the gate line 21. Accord-
ingly, by decreasing the area which the black matrix occupies
and increasing the area which the pixel electrode occupies,
the aperture ratio of the TFT substrate can be enlarged.

In addition, since the black matrix 110 is formed on the
TFT substrate, the photo induced leakage current due to the
reflection of the back light by the black matrix may be
reduced. Moreover, because the surface of the TFT substrate
is planarized, the problem of a defect in the alignment layer,
which s caused by the height difference of the pattern, may be
prevented or reduced.

FIG. 7 illustrates a cross-sectional view of an etch back
type TFT substrate according to the fifth embodiment of the
present invention, and the layout view of the TFT is substan-
tially the same as FIG. 2. The structure of the TFT substrate
according to this embodiment is substantially the same as that
according to the first embodiment shown in FIG. 3. However,
the TFT of this embodiment does not have an etch stopper
layer.

Therefore, a channel region of the a-Si layer 50 of the TFT
is directly in contact with the organic insulating layer. How-
ever, the characteristics of the TFT need not be affected.

The TFT substrate may have some other modified struc-
tures to compensate the storage capacitance similar to the
second to fourth embodiments of the present invention except
for the structures of the TFTs.

A flowable insulating layer is also used as a gate insulating
layer such that the gate insulating layer has the flat surface.
According to the sixth embodiment of the present invention,
a gate insulating layer is double-layered structure including a
flowable insulating layer and a silicon nitride layer. FIG. 8
shows a cross-sectional view of a TFT substrate according to
the sixth embodiment of the present invention, and the layout
view of the TFT is substantially the same as FIG. 2.

A flowable organic insulating layer 41 having the thickness
of 2,500-5,500 A is formed on a substrate having a gate
electrode and a storage capacitor electrode. A silicon nitride
layer 42 having the thickness of 500-800 A is formed between
the flowable organic insulating layer 41 and an amorphous
silicon layer 50.

When only a flowable organic insulating material is used as
a gate insulating layer, the gate insulating layer has a flat
surface. However, the characteristics of the amorphous sili-
con layer formed thereon may be deteriorated. Therefore, the
silicon nitride layer 42 is inserted between the flowable
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organic insulating layer 41 and the a-Si layer 50, and thus, it
is possible to make the thickness of a-Si layer less than 1,000
A to reduce photo induced leakage current. However, the
silicon nitride layer 42 also may not be used.

As shown in FIG. 8, the silicon nitride (SiNXx) layer 41 is
formed only under the a-Si layer 50. If the SiNx layer is
formed all over the flowable organic insulating layer, the
triple layer of the flowable organic insulating layer, the SiNx
layer and the passivation layer is formed at the gate pad
region. Because the etch rate of the organic insulating layer
and that of the SiNx are different, it may not be easy to form
contactholes in the gate pad region. Therefore, the SiNx layer
except the portion under the a-Si layer is removed in advance
to make it easier to form the contact holes.

The structure which is not described above is similar to the
TFT substrate according to the fifth embodiment of the
present invention.

The TFT substrate may have some other modified struc-
tures to compensate the storage capacitance similar to the
second to fourth embodiments of the present invention except
for the structures of the TFTs.

The seventh embodiment of the present invention shown in
FIG. 9 suggests a TFT substrate having a metal layer 31
formed on the portion of the organic insulating layer 41 on the
storage capacitor electrode 30 as in the fourth embodiment of
the present invention. The remaining structure is similar to
that of the TFT shown in FIG. 8.

According to the eighth embodiment of the present inven-
tion, an etch stopper layer is made of an organic material.

FIG. 8 illustrates a cross-sectional view of an etch stopper
type TFT substrate according to the eighth embodiment of the
present invention. According to the eighth embodiment of the
present invention, a gate insulating layer includes an organic
insulating layer and an SiNx layer as in the sixth embodiment
of the present invention.

Anetch stopper layer 61 made of a photo definable organic
material is formed between an a-Si layer 50 and an ohmic
contact layer 71 and 72. The remaining structure is similar to
that of the TFT substrate shown in FIG. 9. The parasitic
capacitance between a gate electrode and a drain electrode
causing kickback decreases since the dielectric constant of
the organic material is relatively low. In addition, the manu-
facturing process is relatively simple since the a-Si layer 50
and the SiNx layer 42 is etched using the etch stopper layer 61
as a mask.

The structure which is not described above is similar to the
TFT substrate according to the sixth embodiment of the
present invention.

The TFT substrate may have some other modified struc-
tures to compensate the storage capacitance similar to the
second to the fourth embodiments of the present invention
except for the structures of the TFTs.

The ninth embodiment of the present invention shown in
FIG. 11 suggests a TFT substrate having a metal layer 31
formed on the portion of the organic insulating layer 41 on the
storage capacitor electrode 30 as in the fourth embodiment of
the present invention. The remaining structure is similar to
that of the TFT shown in FIG. 10.

FIG. 12 illustrates a cross-sectional view of a color filter
substrate according to an embodiment of the present inven-
tion. As shown in FIG. 12, a color filter 160 is formed on a
transparent insulating substrate 150, and a passivation layer
170 and a common electrode 180 is successively formed
thereon.

FIG. 13 illustrates a cross-sectional view of a liquid crystal
display cell according to an embodiment of the present inven-
tion. The TFT substrate and the color filter substrate are
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arranged such that the color filter 160 corresponds to the pixel
electrode 140. To keep up the cell gap between the TFT
substrate and the color filter substrate, a column shaped
spacer 190 is formed on the color filter substrate. The spacer
190 is made of a photo definable organic material, and posi-
tioned corresponding to the TFT on the TFT substrate. The
spacer 190 does not affect the characteristics of the TFT since
there are planarized layers 100 and 110 having a sufficient
thickness on the channel of the TFT.

FIG. 14A illustrates a layout of a color filter substrate to
show the position of spacers, FIG. 148 is a cross-sectional
view of the color filter substrate illustrated in FIG. 14A along
the line XIV-XIV'. InFIGS. 14A and 14B, R, G and B indicate
red, green and blue color filters respectively. The color filter
160 has a concave shape (a) as shown in FIG. 14A, the spacers
190 are formed there.

Since the spacer 190 is made of a photo definable organic
material and made by photolithography process, the spacers
190 can be placed at the desired position and the spacers 190
can have a uniform thickness. For example, as shown in FIGS.
14A and 14B, the spacers 190 can be formed at the exact
position corresponding to the TFTs on the TFT substrate
which has a uniform height, and thereby uniform cell gap is
obtained. In addition, since TFTs are covered with the black
matrix and they need not affect the aperture ratio the spacers
190 need not reduce the aperture ratio. Moreover, since the
spacers 190 need not be placed on the color filters R, Gand B,
color filters may have different thickness in order to have
different cell gaps for optimizing the color coordinate and the
transmittance.

Since the spacers 190 have a height, the shading area due to
the spacers 190 may be generated, which can cause problems
in the rubbing process. However, since the width of the spac-
ers 190 can be made sufficiently small, the shading area is
narrower than the TFT's and shielded by the black matrix 110.

Referring to FIGS. 15A-17B, a method of manufacturing
liquid erystal display according to an embodiment of the
present invention will now be described.

FIGS. 154, 16A and 17A show layouts of intermediate
structures illustrating a method of manufacturing the TFT
substrate of the first embodiment shown in FIGS. 2 and 3.
FIGS. 15B, 16B and 17B illustrate cross-sectional views of
the TFT substrate along the line XV-XV' of FIG. 15A, the line
XVI-XVT of FIG. 16A and the line X VII-XVII' of FIG. 17A.

As shown in FIGS. 15A and 15B, a metal pattern of about
3,000 thickness is deposited and patterned to form a gate
electrode 20, a gate line 21 and a storage capacitor electrode
30 on a transparent insulating substrate 10. A gate insulating
layer 40, an a-Si layer 50, and a silicon nitride layer 60 are
deposited thereon in sequence using CVD (chemical vapor
deposition) method. The thickness of the gate insulating layer
40 is 3,000-6,000 A, that ofthe a-Si layer 50 is 500-1,000 A,
and that of the silicon nitride layer 60 used as an etch stopper
is 1,000-2,000 A.

Then, a layer of photoresist is coated on the silicon nitride
layer 60, and exposed to light from the rear side of the sub-
strate 10 to form a photoresist pattern. The silicon nitride
layer 60 is etched using the photoresist pattern as a mask to
form an etch stopper layer 60.

Next, heavily doped n+ a-Si layer 71 and 72 is deposited
and etched with the a-Si layer 50. Then, a metal pattern of
about 3,000 A thickness is deposited and patterned to form a
source electrode 80, a drain electrode 90 and a data line 81,
and the n+ a-Si layer 71 and 72 is etched using the source and
the drain electrodes 80 and 90 and the data line 81 as a mask
to form an ohmic contact layer 71 and 72.
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Then, as shown in FIGS. 16A and 16B, a passivation layer
100 made of organic insulating material having low dielectric
constant and high transmittance is coated by spin coating, and
thereby the passivation layer 100 can have a flat surface. The
dielectric constant of the passivation layer 100 is preferably
2.4-3.7, and its thickness is preferably 2.0-4.0 um. A contact
hole 130 exposing the drain electrode 90 and a trench 120
exposing the storage capacitor electrode 30 are formed by
etching the passivation layer 100. The contact hole 130 and
the trench 120 are formed by dry etching method using O,,
SF, and CF,. In case that the organic insulating material is
photo definable, only the steps of exposing using a mask and
developing the passivation layer 100 may be performed.

Next, as illustrated in FIGS. 17A and 17B, an ITO layer is
deposited and patterned to form a pixel electrode 140 in pixel
region which is defined by the gate line 21 and the data line
81.

Finally, as shown in FIGS. 2 and 3, the passivation layer
100 is etched to a depth using the pixel electrode 140 as a
mask, and organic black photoresist is filled in the groove in
the passivation layer 100 to form a black matrix having a flat
surface. The etching depth is 05-1.7 um preferably, the sur-
face resistance of the organic black photoresist is equal to or
more than 10*° /1. The optical density of the black matrix
110 is equal to or more than 2.5.

Referring now to FIGS. 4-6, methods of manufacturing
liquid crystal displays having different storage capacitors will
be described.

To manufacture the TFT substrate according to the second
embodiment of the present invention, as shown in FIG. 4,
after the passivation layer 100 is etched to make a trench 120,
an exposed portion of the gate insulating layer 40 is dry
etched. Therefore, the portion of the gate insulating layer 40
on the storage capacitor electrode 30 becomes thin and the
storage capacitance becomes large. In this case, to etch the
gateinsulating layer 40 to a uniform depth, the gate insulating
layer may include two layers which have large etching selec-
tivity and only the upper layer may be removed.

To manufacture the TFT substrate according to the third
embodiment of the present invention, as illustrated in FIG. 5,
a portion of the gate insulating layer 40 on the storage capaci-
tor electrode 30 is etched to form a contact hole 32 before
depositing a metal layer for the data lines, the source and the
drain electrodes. Then, a metal pattern 31 is formed on the
portion of the gate insulating layer 40 on the storage capacitor
electrode 30 simultaneously with a source electrode 80 and a
drain electrode 90. The metal pattern 31 is connected to the
storage capacitor electrode 30 through the contact hole 32.

To manufacture the TFT substrate according to the fourth
embodiment of the present invention, as illustrated in FIG. 6,
a metal pattern 31 is formed on the portion of the gate insu-
lating layer 40 on the storage capacitor electrode 30 simulta-
neously with a source electrode 80 and a drain electrode 90.
The metal pattern 31 is connected to the pixel electrode 140.

Then, referring to FIGS. 18 and 19, manufacturing method
of a TFT substrate of the sixth embodiment shown in FIG. 8.

As illustrated in FIG. 18, an organic insulating layer 41 of
2,500-5,500 A thickness is spin coated on a transparent insu-
lating substrate 10 having a gate electrode 20, a gate line (not
shown) and a storage capacitor electrode 30, and an SiNx
layer 42 of 500-800 A is deposited thereon using CVD
(chemical vapor deposition) method. The organic insulating
layer 41 and the SiNx layer 42 form a gate insulating layer 40.
On the SiNx layer 42, an a-Si layer 50 and an n+ a-Si layer 70
are deposited in sequence. The thickness of the a-Si layer 50
is less than 1,000 A.
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Then, a layer of photoresist is formed and patterned. The
n+ a-Si layer 70, the a-Si layer 50 and the SiNx layer 42 are
etched in sequence using the photoresist pattern as a mask.

Next, as shown in FIG. 19, a metal pattern is deposited and
patterned to form a source electrode 80, a drain electrode 90
and a data line (not shown), and the n+ a-Si layer 70 is etched
using the source and the drain electrodes 80 and 90 and the
data line as a mask to form an ochmic contact layer 71 and 72.

The remaining processes are similar to those of the manu-
facturing method of the TFT substrate of the first embodi-
ment.

To manufacture the TFT substrate according to the seventh
embodiment of the present invention, as illustrated in FIG. 9,
ametal pattern 31 is formed on the portion of the gate insu-
lating layer 40 on the storage capacitor electrode 30 when a
source electrode 80 is formed. The metal pattern 31 is con-
nected to the pixel electrode 140.

FIGS. 20 and 21 illustrate a manufacturing method of a
TFT substrate of the eighth embodiment shown in FIG. 10.

As illustrated in FIG. 20, an organic insulating layer 41 of
2,500-5,500 thickness is spin coated on a transparent insulat-
ing substrate 10 having a gate electrode 20, a gate line (not
shown) and a storage capacitor electrode 30, and an SiNx
layer 42 of 500-800 A is deposited using CVD (chemical
vapor deposition) method. On the SiNx layer 42, an a-Si layer
50 of less than 1,000 A thickness is deposited, and a layer of
positive type photo definable organic material having the
thickness of 3,000-5,000 A is coated thereon. Photo BCB,
photo definable acrylic polymer may be used as the organic
material. Then, the substrate 10 is exposed to light from the
rear side of the substrate 10 by the energy of 200-600 mJ
(millijjoule), and exposed to light again from the front side of
the substrate 10 using a mask which exposes the portion of the
organic insulating layer which becomes the etch stopper layer
by the energy of 50-100 mJ. Next, the organic material layer
is developed to form the etch stopper layer 61 and annealed
under the N, environment at the temperature of 200-230° C.

Using the etch stopper layer 61 as a mask, the a-Si layer 50
and the SiNx layer 42 are etched. Next, an n+ a-Si layer and
a metal layer is deposited and patterned to form a source
electrode 80, a drain electrode 90, a data line (not shown), and
the n+ a-Si layer 71 and 72 thereunder.

The remaining processes of the manufacturing method are
similar to those of the manufacturing method of the TFT
substrate of the first embodiment.

In the manufacturing method of the TFT substrate of the
ninth embodiment, as illustrated in FIG. 11, the processes for
forming TFT are similar to those of the manufacturing
method of the TFT substrate of the eighth embodiment. The
remaining processes are similar to those of the manufacturing
method of the TFT substrate of the fourth embodiment.

Now, referring to FIG. 12, manufacturing method ofa color
filter substrate according to an embodiment of the present
invention. As illustrated in FIG. 12, a layer of color resist is
formed on a transparent substrate 150, and color filters 160
are formed using photo etching process for the color resist
layer. A passivation layer 170 is formed on the color filters
160, and an ITO common electrode 180 is formed thereon.

Next, as shown in FIG. 13, an organic insulating layer is
formed on the common electrode 180 and patterned to form
column shaped spacers 190. The spacers 190 are placed on the
TFT on the TFT substrate.

Finally, an empty liquid crystal cell is made by assembling
the TFT substrate and the color filter substrate, liquid crystal
materials are filled in the cell, and driving ICs are added to
complete liquid crystal display, as shown in FIG. 13.
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According to the present invention, since the black matrix
is formed using the pixel electrode as an etching mask, the
aperture ratio can be increased. In addition, since the passi-
vation layer and/or the gate insulating layer are made of
organic materials having flat surfaces, the height difference
between patterns can be reduced.

In the case that the etch stopper layer is made of the organic
insulating layer having low dielectric constant, the parasitic
capacitance between the gate electrode and the drain elec-
trode can be decreased.

On the other hand, because the spacers are formed using
photo definable organic material, the positions of the spacers
can be controlled. Accordingly, by placing the spacers at
suitable positions, the uniformity of the cell gap can be
obtained, and a decrease of the transmittance can be pre-
vented.

In the drawings and specification, there have been dis-
closed typical preferred embodiments of the invention and,
although specific terms are employed, they are used in a
generic and descriptive sense only and not for purposes of
limitation, the scope of the invention being set forth in the
following claims.

What is claimed is:

1. A liquid crystal display comprising:

a first insulating substrate comprising a plurality of thin
film transistors formed on the first insulating substrate
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and a passivation layer covering the plurality of thin film
transistors and having a flat surface and a black matrix
formed on the passivation layer and overlapping the
plurality of thin film transistors;

a second insulating substrate facing the first insulating
substrate and comprising a plurality of spacers and a
plurality of color filters formed on the second insulating
substrate, wherein the plurality of spacers are each
formed over a region where the plurality of thin film
transistors are formed and outside of a region in which
the plurality of color filters are formed on the second
insulating substrate.

2. The liquid crystal display of claim 1, wherein the first
insulating substrate further comprises an organic insulating
layer covering the plurality of thin film transistors and is
located between the passivation layer and the plurality of thin
film transistors.

3. The liquid crystal display of claim 2, wherein the spacers
are made of an organic material.

4. The liquid crystal display of claim 3, wherein the passi-
vation layer has a groove formed therein and the black matrix
is formed within the groove of the passivation layer.

5. The liquid crystal display of claim 1, wherein the passi-
vation layer has a groove formed therein and the black matrix
is formed within the groove of the passivation layer.

I S I
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