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TRANSFLECTIVE TYPE LIQUID CRYSTAL
DISPLAY DEVICE AND MANUFACTURING
METHOD THEREOF

BACKGROUND OF THE INVENTION

[0001] 1.Field of the Invention

[0002] The present invention relates to a transflective type
liquid crystal display device and a manufacturing method
thereof.

[0003] 2. Description of Related Art

[0004] In general, a liquid crystal display device is classi-
fied into two types, i.e., a transmissive type and a reflective
type. The transmissive type liquid crystal display device dis-
plays an image by using a backlight placed on the back
surface side. The reflective type liquid crystal display device
displays an image by using a reflective plate placed on the
substrate and reflecting ambient light on the surface of the
reflective plate. The transmissive liquid crystal display device
has a disadvantage that when ambient light is very bright,
such as direct sunlight, it is difficult to view the display since
display light is darker than the ambient light. On the other
hand, the reflective liquid crystal display device has a disad-
vantage that visibility decreases significantly when ambient
light is dark.

[0005] Inorder to compensate these disadvantages, there is
proposed a transflective type liquid crystal display device
which has both a transmission mode of transmitting a part of
light and a reflection mode of reflecting a part of light. In the
transflective type liquid crystal display device, an organic
film which has uneven (concave or convex) patterns on its
surface is coated over an insulating film so as to obtain good
scattering characteristics. For example, after coating an
organic film over on an insulating film by spin coating,
depressed portions are patterned on the surface of the organic
film by a photolithography process so as to form there uneven
patterns.

[0006] This organic film is patterned into a predetermined
shape within the display area, while the organic film outside
the display area is conventionally formed without patterning
over the surface. That is, the organic film is formed from the
display area to the frame area which is outside of the sealing
portion. Therefore, the organic film contacts the air at the
outside of the sealing portion, and absorbs moisture as the
time passes. Then, the moisture permeates into the panel
through the organic film. This causes disorder of orientation
of liquid crystal molecules when the liquid crystal display
device is used for a long period of time, so that defective
display easily occurs, thereby decreasing reliability.

[0007] As a method for solving such a problem, it is effec-
tive not to apply the organic film under the sealing portion.
For example, in Japanese Unexamined Patent Application
No. 2003-167258, there 1s disclosed a liquid crystal display
device of a structure having no organic film under the sealing
portion. In the Japanese Unexamined Patent Application No.
2003-167258, an opening is formed in the forming area of a
sealing material. The opening penetrates an inorganic insu-
lating film covering a thin film transistor (TFT) and an organic
film layered over the inorganic insulating film, and reaches an
interlayer insulating film applied between a source line and a
gate line. Then, the sealing material is formed in this opening
in order to bond opposing substrates. Since this structure
makes the sealing material adhere not to the organic film but
to the interlayer insulating film, thereby increasing the adhe-
sion strength.
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[0008] Moreover, according to the Japanese Unexamined
Patent Application No. 2003-167258, at the display area side
from the sealing portion, the connection of the source line is
changed to a line formed of the same layer as that of the gate
line, and then the source line is led to the outside of the sealing
portion. Thus, since the source line is once changed to the
same layer as that of the gate line, the upper part of a lead line
underlying the sealing portion is protected by the interlayer
insulating film. By virtue of this structure, it is possible to
prevent the lead line of the source line from directly contact-
ing the sealing material, thereby maintaining good resistance
to cotrosion.

[0009] However, the structure described in the Japanese
Unexamined Patent Application No. 2003-167258 needs to
be provided with a change unit for changing the source line to
the lead line of the same layer as that of the gate line. There-
fore, in the change unit, a contact hole is formed in the
interlayer insulating film in order to connect the source line to
the lead line in the same layer as that of the gate line. Thus, the
step of forming the contact hole in the interlayer insulating
film is newly needed, thereby increasing the number of manu-
facturing steps. Moreover, space for the change unit is also
newly needed, thereby increasing the width of the frame area.
[0010] Moreover, according to the Japanese Unexamined
Patent Application No. 2003-167258, at the process of form-
ing the contact hole for connecting a drain electrode to a pixel
electrode, an opening which penetrates the inorganic insulat-
ing film and the organic film is formed in the sealing portion.
Specifically, after forming an inorganic insulating film which
covers the TFT, a pattern of an organic film is formed thereon.
Dry etching of the inorganic insulating film is performed
using this pattern of the organic film as a mask. At this time,
the interlayer insulating film under the inorganic insulating
film 1is exposed to an etching gas at the opening. Thus, the
interlayer insulating film may be damaged, thereby there is
concern that insulation between the lead lines may be
decreased. If the interlayer insulating film is further damaged,
the lead line will be exposed to contact the sealing material
directly, so that there is a possibility of the line being broken
by corrosion. Thus, there is concern that the reliability may be
reduced.

[0011] In addition, another method can be considered in
which when forming the opening which penetrates the inor-
ganic insulating film and the organic film in the sealing por-
tion, patterning of the inorganic insulating film is performed
first, and then, a pattern of the organic film is formed thereon
in order to reduce the damage of the interlayer insulating film.
However, according to this method, the inorganic insulating
film is patterned separately, thereby increasing the number of
the steps of photolithography by adding one step. Thus, there
is a problem of causing an increase of the manufacturing cost
and a lengthening of the manufacturing period.

[0012] The present invention has been contrived to solve
the problem described above, and an object thereof is to
provide a transflective type liquid crystal display device
which can improve the reliability without increasing the num-
ber of photolithography steps, and to provide a manufacturing
method thereof.

SUMMARY OF THE INVENTION

[0013] In accordance with one example of the present
invention, there is provided a method of manufacturing a
transflective type liquid crystal display device that includes
forming a thin film transistor over a first substrate, forming an
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inorganic insulating film to cover the thin film transistor,
forming an organic film having different film thicknesses on
the inorganic insulating film, etching the inorganic insulating
film exposed from the organic film, to form a contact hole,
forming a transmissive electrode and a reflective electrode as
films on the organic film in order, forming a resist pattern
having different film thicknesses on the reflective electrode
and etching the reflective electrode and the transmissive elec-
trode, removing, by ashing, a thin film portion of the resist
pattern and a thin film portion of the organic film, exposed
from the transmissive electrode, to form an opening, forming
apixel electrode connecting to the thin film transistor through
the contact hole by etching the reflective electrode by using
the resist pattern left after the removal of the thin film portion,
and bonding the first substrate and a second substrate
arranged oppositely to the first substrate in such a manner that
a sealing material in a shape of a frame surrounding a display
area is arranged in the opening of the organic film.

[0014] In accordance with another example of the present
invention, there is provided a transflective type liquid crystal
display device that includes a first substrate including a thin
film transistor formed thereover, a second substrate arranged
oppositely to the first substrate, a sealing material, formed in
ashape of a frame surrounding a display area, to bond the first
substrate and the second substrate, an inorganic insulating
film to cover the thin film transistor over the first substrate, an
organic film formed on the inorganic insulating film, and a
pixel electrode including a transmissive electrode provided
on the organic film and a reflective electrode provided on a
part of the transmissive electrode, and the pixel electrode
connecting to the thin film transistor through a contact hole
penetrating the organic film and the inorganic insulating film.
The organic film includes a thick film portion provided under
the reflective electrode, a thin film portion formed outside of
the transmissive electrode and having a film thickness thinner
than a film thickness of the thick film portion, and an opening.
The sealing material is arranged in the opening.

[0015] The present invention is able to provide a transflec-
tive type liquid crystal display device which can improve the
reliability without increasing the number of photolithography
steps, and to provide a manufacturing method thereof.
[0016] The above and other objects, features and advan-
tages of the present invention will become more fully under-
stood from the detailed description given hereinbelow and the
accompanying drawings which are given by way of illustra-
tion only, and thus are not to be considered as limiting the
present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG. 1 is a front view showing the structure of a
liquid crystal display device according to a present embodi-
ment;

[0018] FIG. 2 is a plan view showing the pixel structure of
the liquid crystal display panel according to the present
embodiment;

[0019] FIG. 3 is a ITI-III cross-sectional view of FIG. 2;
[0020] FIG. 4 is a cross-sectional view cut through the line
IVIVinFIG. 1;

[0021] FIG. 5 is a cross-sectional view cut through the line
V-VinFIG. 1;

[0022] FIGS. 6A to 6C are cross-sectional views showing
one manufacturing process of the TFT array substrate accord-
ing to the present embodiment;
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[0023] FIGS. 7A to 7C are cross-sectional views showing
one manufacturing process of the TFT array substrate accord-
ing to the present embodiment;

[0024] FIGS. 8A to 8C are cross-sectional views showing
one manufacturing process of the TFT array substrate accord-
ing to the present embodiment;

[0025] FIGS. 9A to 9C are cross-sectional views showing
one manufacturing process of the TFT array substrate accord-
ing to the present embodiment;

[0026] FIGS. 10A to 10C are cross-sectional views show-
ing one manufacturing process of the TFT array substrate
according to the present embodiment;

[0027] FIGS. 11A to 11C are cross-sectional views show-
ing one manufacturing process of the TFT array substrate
according to the present embodiment;

[0028] FIGS. 12A to 12C are cross-sectional views show-
ing one manufacturing process of the TFT array substrate
according to the present embodiment, and

[0029] FIGS. 13A to 13C are cross-sectional views show-
ing one manufacturing process of the TFT array substrate
according to the present embodiment.

DESCRIPTION OF THE EXEMPLARY
EMBODIMENTS

[0030] Referring to FIG. 1, a transflective type liquid crys-
tal display device according to the present Embodiment will
now be described. F1G. 11s a front view showing the structure
of a liquid crystal display device.

[0031] The liquid crystal display device of the present
invention includes a liquid crystal display panel 100. In the
liquid crystal display panel 100, a thin film transistor array
substrate (TFT array substrate) 1 and an opposing substrate 2
are oppositely arranged.

[0032] A display area 41 and a frame area 42 surrounding
the display area 41 are provided to the TFT array substrate 1.
A plurality of gate lines (scanning signal lines) 6 and a plu-
rality of source lines (display signal lines) 5 are formed in the
display area 41. The plurality of gate lines 6 are provided in
parallel. Likewise, the plurality of source lines 5 are provided
in parallel. The gate lines 6 and source lines 5 are formed to
cross each other. The gate lines 6 and source lines 5 are
orthogonal. Moreover, an area surrounded by adjacent gate
lines 6 and source lines 5 is a pixel 49. Accordingly inthe TFT
array substrate 1, pixels 49 are arranged in matrix.

[0033] Furthermore, a flexible substrate 47 on which a con-
trol circuit 45 is loaded and a flexible substrate 48 on which a
control circuit 46 is loaded are connected to a frame area 42 of
the TFT array substrate 1. A gate line 6 extends from a display
area 41 to the frame area 42. The gate line 6 is connected to the
control circuit 46 through a gate line terminal 44, at the end of
the TFT array substrate 1. Similarly, a source line 5 extends
from the display area 41 to the frame area 42. The source line
5 is connected to the control circuit 45 through a source line
terminal 43, at the end of the TFT array substrate 1.

[0034] Various signals from outside are supplied to the
control circuits 45 and 46. The control circuit 46 supplies a
gate signal (scanning signal) to the gate line 6 according to an
external control signal. By the gate signal, the gate lines 6 are
selected sequentially. The control circuit 45 supplies a display
signal (source signal) to the source lines 5 according to an
external control signal or display data. This enables to supply
a display voltage according to the display data to each of the
pixels 49. The control circuit 45 may be separately loaded on
the liquid crystal display panel 100, the flexible substrate 47,
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and a flexible printed circuit (FPC) (not shown). Similarly, the
control circuit 46 may be separately loaded on the liquid
crystal display panel 100, the flexible substrate 48, and the
FPC. Furthermore, a part of the control circuits 45 and 46 may
be formed on the TFT array substrate 1.

[0035] Inside the pixel 49, at least one TFT 50 is formed.
The TFT 50 is placed near the intersection of the source line
5 and the gate line 6. For example, this TFT 50 supplies the
display voltage to a pixel electrode. That is, by the gate signal
from the gate line 6, the TFT 50, which is a switching device,
is turned on. This enables to apply the display voltage to the
pixel electrode connected to a drain electrode of the TFT 50
from the source line 5. Moreover, an electric field according
to the display voltage is generated between the pixel electrode
and an opposing electrode. Note that an alignment layer (not
shown) is formed over the surface of the TFT array substrate
1. Detailed structure in a pixel 49 will be described later.
[0036] Meanwhile, an opposing substrate 2 is for example
a color filter substrate and placed to the visible side. Over the
opposing substrate 2, a color filter, black matrix (BM), an
opposing electrode, an alighment layer, and so on are formed.
Note that the opposing electrode may be placed to the TFT
array substrate 1 side. The TFT array substrate 1 and the
opposing substrate 2 are bonded each other by a sealing
material 31. The sealing material 31 is formed in the shape of
a frame surrounding the display area 41. In addition, a liquid
crystal layer is held between the TFT array substrate 1 and the
opposing substrate 2. More specifically, liquid crystal is filled
between the TF array substrate 1 and the opposing substrate 2.
Further, a polarizing plate and retardation film or the like are
provided to the outside surface the TFT array substrate 1 and
the opposing substrate 2. Moreover, a backlight unit or the
like is provided to the non-visible side of the liquid crystal
display panel 100.

[0037] The liquid crystal is driven by the electric field
between the pixel electrode and the opposing electrode. That
is, an alignment direction of the liquid crystal between the
substrates changes. This changes the polarization state of the
light passing through the liquid crystal layer. To be more
specific, the light that has passed the polarizing plate and
became a linearly polarized light changes its polarization
state by the liquid crystal layer. More specifically, in a trans-
parent area, the light from the backlight unit becomes a lin-
early polarized light by the polarizing plate provided to the
TFT array substrate 1 side. Furthermore, by passing through
the retardation film of the TFT array substrate 1 side, the
liquid crystal layer, and the retardation film of the opposing
substrate 2 side, the linearly polarized light changes its polar-
ization state. On the other hand, in a reflection area, an outside
light entered from the visible side of the liquid crystal display
panel 100 becomes a linearly polarized light by the polarizing
plate of the opposing substrate 2. Then, by passing through
the retardation film of the opposing substrate 2 and the liquid
crystal layer back and forth, this light changes its polarization
state.

[0038] Thus, the amount of light passing through the polar-
izing plate of the opposing substrate 2 side varies according to
the polarization state. More specifically, among transmitted
light transmitting from the backlight unit through the liquid
crystal panel 100 and reflected light reflected at the liquid
crystal panel 100, the amount of light passing through the
polarizing plate of the visible side varies. The alignment
direction of the liquid crystal varies according to the applied
display voltage. Therefore, by controlling the display voltage,
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the amount of light passing through the polarizing plate of the
visible side can be changed. That is, by varying the display
voltage to each pixel, a desired image can be displayed.
[0039] Next, a pixel structure of the liquid crystal display
panel 100 will be described with reference to FIGS. 2 and 3.
FIG. 2 is a plan view showing the pixel structure of the liquid
crystal display panel 100 according to the present Embodi-
ment. FI1G. 3 is a [1I-III cross-sectional view of F1G. 2. FIG. 2
is aplan view showing one of the pixels 49 of the liquid crystal
display panel 100. A plurality of such pixels 49 are arranged
in matrix in the liquid crystal display panel 100. In FIG. 2,
only the TFT array substrate 1 side of the liquid crystal
display panel 100 is illustrated, and the opposing substrate 2
side of it is not shown.

[0040] As shown in FIGS. 2 and 3, the TFT array substrate
1 includes a substrate 3 which is transparent and insulated,
such as glass or plastic, and on which the gate line 6 and a gate
electrode 7 are formed. The gate electrode 7 is arranged
branching from the gate line 6 in each pixel 49. Moreover, on
the substrate 3, a common line 12 is formed of the same layer
as that of the gate line 6. The common line 12 is provided
away from the gate line 6 and extends in parallel to the gate
line 6. That is, the common line 12 is arranged between the
adjacent gate lines 6. The common line 12 is broadly formed
in the pixel 49, and serves as a storage capacitor electrode for
forming a storage capacitance enabling stable display. In FIG.
3, in the reflective area, the storage capacitance is respectively
formed between the common line 12 and a drain electrode 9
mentioned later and between the drain electrode 9 and a pixel
electrode 10 mentioned later. The storage capacitor stores a
drive voltage from a TFT 50 connected to each pixel 49 even
after the TFT 50 has been turned off.

[0041] Inthis case, the gate line 6, the gate electrode 7, and
the common line 12 are formed of an Al alloy, for example. It
is also possible for them to be formed of a Cu alloy, a Mo
alloy, an Ag alloy, or a Cr alloy, and alternatively formed of a
laminated multi-layer film composed of such an alloy film
and a film, layered beneath the alloy film, which strengthens
adhesion to the base, or a laminated multi-layer film com-
posed of suchan alloy film and a conductive film, layered over
the alloy film, which has good contact characteristics with a
transparent conductive film.

[0042] There is provided a gate insulating film 15 to cover
the gate line 6, the gate electrode 7, and the common line 12.
The gate insulating film 15 is formed of silicon nitride (SiN),
for example. On the opposite side of the gate electrode 7 with
respect to the gate insulating film 15, a semiconductor layer
14 is provided. The semiconductor layer 14 is formed of
amorphous silicon, for example.

[0043] On the semiconductor layer 14, there are formed the
source line 5, a source electrode 8, and the drain electrode 9.
The source electrode 8 is arranged branching from the source
line 5 in each pixel 49. The drain electrode 9 is provided away
from the source electrode 8, on the semiconductor layer 14.
That is, the source electrode 8 and the drain electrode 9 are
oppositely arranged on the semiconductor layer 14. In addi-
tion, an ohmic contact layer 16 is respectively formed
between the source electrode § and the semiconductor layer
14 and between the drain electrode 9 and the semiconductor
layer 14. The ohmic contact layer 16 is provided in the area
where the source electrode 8 and the semiconductor layer 14
overlap each other. Similarly, the ohmic contact layer 16 is
provided in the area where the drain electrode 9 and the
semiconductor layer 14 overlap each other. In the semicon-
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ductor layer 14, the area not covered with the source electrode
8 or the drain electrode 9 serves as a channel 4 of the TFT 50.
[0044] Inthis case, the source line 5, the source electrode 8,
and the drain electrode 9 are formed of Cr, for example. It is
also possible for them to be formed of a low resistance metal,
such as a Mo alloy, an Al alloy, and an Ag alloy, and alterna-
tively formed of a laminated multi-layer film composed of
such a low resistance metal and a conductive film, layered
beneath the low resistance metal, which has good contact
characteristics with the ohmic contact layer 16, or a laminated
multi-layer film composed of such a low resistance metal and
a conductive film, layered over the low resistance metal,
which has good contact characteristics with a transparent
conductive film.

[0045] There is provided a passivation film 17 to cover the
source line 5, the source electrode 8, and the drain electrode 9.
That is, the passivation film 17 covers the TFT 50. The pas-
sivation film 17 is formed of an inorganic insulating film, such
as SiN. Furthermore, there is applied an organic film 18 over
the passivation film 17. On the drain electrode 9 of the TFT
50, a contact hole 13 is formed in the organic film 18 and the
passivation film 17. That is, the contact hole 13 penetrates the
organic film 18 and the passivation film 17, and reaches the
drain electrode 9 of the TFT 50.

[0046] The organic film 18 is an organic resin film serving
as a base layer for forming the pixel electrode 10, and pla-
narizes the unevenness on the substrate 3 produced by the
source line 5, the gate line 6, the common line 12, the TFT 50,
etc. Since the liquid crystal display device according to the
present Embodiment is a transflective type liquid crystal dis-
play device, the pixel 49 includes a transmissive area and a
reflective area. In the reflective area. uneven patterns are
formed on the surface of the organic film 18 so that reflected
lights may have a suitable dispersed distribution.

[0047] On the organic film 18, there is provided the pixel
electrode 10 connected to the drain electrode 9 through the
contact hole 13. The pixel electrode 10 has a single layer
structure of a transmissive electrode 10q in the transmissive
area, and a laminated multi-layer structure where a reflective
electrode 105 is layered on the transmissive electrode 10a in
the reflective area. That is, the transmissive electrode 10a is
provided in both the transmissive area and the reflective area.
In this case, the transmissive electrode 10q is formed of a
transparent conductive film, such as an ITO. The transmissive
electrode 10¢ is not limited to the ITO, and it may be formed
of other transparent conductive film, such as an ITSO and an
IZ0. On the other hand, the reflective electrode 105 is pro-
vided only in the reflective area. In this case, the reflective
electrode 105 is formed of a reflective conductive film, such
as an AL alloy. It is also possible for the reflective electrode
105 to be formed of a high reflective metal, such as an Ag
alloy, or formed of a reflective conductive film such as a
laminated multi-layer film composed of the high reflective
metal and a contact metal layered beneath the high reflective
metal. Alternatively, it may have a structure where a transpar-
ent conductive film is coated on the reflective electrode 105 in
order to prevent burn-in.

[0048] In the present Embodiment, as shown in FIG. 3, the
film thickness of the organic film 18 at the area covered with
the pixel electrode 10 is thicker than that at the area not
covered with the pixel electrode 10. That is, in the organic film
18, athick film portion 184 is formed in the area covered with
the pixel electrode 10 and a thin film portion 18¢ is formed in
the area not covered with the pixel electrode 10. The reason
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for this state will be mentioned later. There is provided an
alignment film 19 for aligning a liquid crystal 30, on the pixel
electrode 10.

[0049] Inthe opposing substrate 2, there is formed a black
matrix 22 on the surface of a substrate 21 to be opposite to the
TFT array substrate 1. The black matrix 22 is made of a metal
such as a pigment or chromium and is for shielding lights. The
black matrix 22 is provided to be opposite side to the source
line 5 and the gate line 6 and is in a grid-like configuration.
Then, a color material 23 composed of a pigment or dye is
formed to fill between the black matrices 22. The color mate-
rial 23 is a color filter of R (red), G (green), and B (blue).
[0050] Further, there is formed an overcoat 24 to cover the
black matrix 22 and the color material 23. The overcoat 24 is
formed to be thicker in the reflective area than in the trans-
missive area. Thereby, the space (gap) between the TFT array
substrate 1 and the opposing substrate 2 in the transmissive
area can be broader than that in the reflective area. There are
layered an opposing electrode 25 and an alignment film 29 on
the overcoat 24 in this order. The opposing electrode 25
produces an electric field between itself and the pixel elec-
trodes 10 of the TFT array substrate 1, so as to drive the liquid
crystal 30.

[0051] Now, referring to FIGS. 4 and 5, the structure of the
sealing portion will be described. FIGS. 4 and 5 are cross-
sectional views showing the structure of the periphery of the
sealing portion of the liquid crystal display panel 100 accord-
ing to the present Embodiment. FIG. 4 is a cross-sectional
view cut through the line IV-IV in FIG. 1, and shows the
periphery of the sealing portion at the side of the gate line
terminal 44. FIG. 5 is a cross-sectional view cut through the
line V-V in FIG. 1, and shows the periphery of the sealing
portion at the side of the source line terminal 43.

[0052] In FIG. 4, there is formed the gate line 6 on the
substrate 3 of the TFT array substrate 1. The gate insulating
film 15 and the passivation film 17 are coated in this order to
cover the gate line 6. In FIG. 5, the source line 5 is formed on
the gate insulating film 15 provided over the substrate 3. The
passivation film 17 is formed to cover the source line 5.
[0053] InFIGS.4and5, the organic film 18 is formed on the
passivation film 17. According to the present Embodiment,
the organic film 18 under and around the sealing material 31
is removed to provide an opening 184. The opening 184 is
formed to be broader than the sealing material 31. Therefore,
the opening 184, which is broader than the sealing material
31, is provided to be in the shape of a frame surrounding the
display area 41. According to the present Embodiment, since
the passivation film 17 provided under the opening 184 is not
affected by a film thickness loss caused by etching etc., its
film thickness is approximately the same as that of the passi-
vation film 17 provided under the thin film portion 18¢ or the
thick film portion 18a.

[0054] FIGS. 4 and 5 show cross-sectional structure of the
area where the pixel electrode 10 is not provided on the
organic film 18 at the display area 41 side from the sealing
material 31. In this case, the thin film portion 18¢ is arranged
atthe display area 41 side from the sealing material 31 as well
as the structure of the pixel 49 shown in FIG. 3. Moreover, the
thin film portion 18c¢ is also arranged at the frame area 42 side
from the sealing material 31.

[0055] The TFT array substrate 1 described above adheres
to the opposing substrate 2 through the sealing material 31. At
the side of the opposing substrate 2, the sealing material 31 is
arranged in the pattern of the black matrix 22 and adheres to
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the opposing electrode 25. On the other hand, at the side of the
TFT array substrate 1, the sealing material 31 is arranged in
the opening 184 provided in the organic film 18. That is, the
sealing material 31 adheres to the passivation film 17 in the
opening 184. Thereafter, the liquid crystal 30 is filled in the
space surrounded by the TFT array substrate 1, the opposing
substrate 2, and the sealing material 31. In addition, the align-
ment film 19 is provided on the surface of the TFT array
substrate 1 contacting the liquid crystal 30, and the alignment
film 29 is provided on the surface of the opposing substrate 2
contacting the liquid crystal 30. That is, the alignment films
19 and 29 are arranged at the inner side from the sealing
material 31.

[0056] Now, a manufacturing method of the transflective
type liquid crystal display device according to the present
Embodiment will be described with reference to FIGS. 6A to
6C through 13A to 13C. FIGS. 6A to 6C through 13A to 13C
are cross-sectional views showing one manufacturing process
of the TFT array substrate according to the present Embodi-
ment. FIGS. 6A, 7A, 8A, 9A, 10A, 11A, 12A, and 13A are
cross-sectional views showing the inside of the pixel 49,
corresponding to the III-11I section in FIG. 2. FIGS. 6B, 7B,
8B, 9B, 10B, 11B, 12B, and 13B are cross-sectional views
showing the periphery of the sealing portion at the side of the
gate line terminal 44, corresponding to the IV-IV section in
FIG. 1. FIGS. 6C, 7C, 8C, 9C, 10C, 11C, 12C, and 13C are
cross-sectional views showing the periphery of the sealing
portion at the side of the source line terminal 43, correspond-
ing to the V-V section in FIG. 1.

[0057] First, with reference to FIGS. 6A to 6C, a manufac-
turing process related to a first photolithography step will be
described. To begin with, an electrode film serving as the gate
line 6, the gate electrode 7, and the common line 12 is formed
onthe substrate 3. Forexample, by the spatter method, etc.,an
electrode film of an Al alloy, etc. is formed all over the
substrate 3. The electrode film is not limited to be formed of
the Al alloy, and it may be formed of a Cu alloy, a Mo alloy,
an Ag alloy, or a Cr alloy, and alternatively formed of a
laminated multi-layer film composed of such an alloy film
and a film, layered beneath the alloy film, which strengthens
adhesion to the base, or a laminated multi-layer film com-
posed of such an alloy film and a conductive film, layered over
the alloy film, which has good contact characteristics with a
transparent conductive film. Next, a resist pattern is formed
on the electrode film by the process of the first photolithog-
raphy step. The electrode film is patterned by the wet etching
method, etc. Then, removing the resist pattern, the gate line 6,
the gate electrode 7, and the common line 12 are formed as
shown in FIGS. 6A to 6C.

[0058] Next, with reference to FIGS. 7A to 7C, a manufac-
turing process related to from a step of forming the gate
insulating film 15 through a second photolithography step
will be described. The gate insulating film 15 is formed to
cover the gate line 6, the gate electrode 7, and the common
line 12. For example, by the plasma CVD method, SiN is
formed as the gate insulating film 15 all over the substrate 3.
Then, the semiconductor layer 14 and the ohmic contact layer
16 are formed on the gate insulating film 15 in this order. For
example, by the plasma CVD method, after forming an amor-
phous silicon film as the semiconductor layer 14 all over the
substrate 3, an n-type amorphous silicon film to which impu-
rities such as phosphorus (P) is added is formed as the ohmic
contact layer 16 all over the substrate 3.
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[0059] Then, a resist pattern is formed on the ohmic contact
layer 16 by the process of the second photolithography step.
The ohmic contact layer 16 and the semiconductor layer 14
are patterned in the shape of an island by dry etching etc.
Removing the resist pattern, the semiconductor layer 14 and
the ohmic contact layer 16 are formed on the opposite side of
the gate electrode 7 with respect to the gate insulating film 15
as shown in FIG. 7A. At this time, on the periphery of the
sealing portion at the side of the gate line terminal 44, the gate
line 6 is covered with the gate insulating film as shown in FIG.
7B. On the periphery of the sealing portion at the side of the
source line terminal 43, the gate insulating film 15 is coated
over the substrate 3 as shown in FIG. 7C.

[0060] Now, withreference to FIGS. 8A to 8C, a manufac-
turing process related to a third photolithography step will be
described. An electrode film serving as the source line 5, the
source electrode 8 and the drain electrode 9 is formed to cover
the semiconductor layer 14 and the ohmic contact layer 16.
For example, by the spatter method etc., an electrode film of
Cr, etc. is formed all over the substrate 3. The electron film is
not limited to be formed of the Cr, and it may be formed of a
low resistance metal, such as a Mo alloy, an Al alloy, an Ag
alloy, etc., and alternatively formed ofa laminated multi-layer
film composed of such a low resistance metal and a conduc-
tive film, layered beneath the low resistance metal, which has
good contact characteristics with the ohmic contact layer 16,
or a laminated multi-layer film composed of such a low resis-
tance metal and a conductive film, layered over the low resis-
tance metal, which has good contact characteristics with a
transparent conductive film. Next, a resist pattern is formed
on the electrode film by the process of the third photolithog-
raphy step. Then, an electrode film is patterned by the wet
etching method etc. Thereby, the source line 5, the source
electrode 8, and the drain electrode 9 are formed. Thereafter,
the ohmic contact layer 16, which is exposed to the surface,
without being covered with the source electrode 8 or the drain
electrode 9, is removed by dry etching etc. Thereby, the
semiconductor layer 14 between the source electrode 8 and
the drain electrode 9 is exposed to form the channel 4. Then,
removing the resist pattern, the structure as shown in FIGS.
8A to 8C can be obtained.

[0061] Next, with reference to FIGS. 9A to 9C, a manufac-
turing process related to from a step of forming the passiva-
tion film 17 through a fourth photolithography step will be
described. The passivation film 17 is formed to cover the
source line 5, the source electrode 8, and the drain electrode 9.
For example, by the plasma CVD method, SiN is formed as
the passivation film 17 all over the substrate 3. The organic
film 18 having photosensitivity is applied on the passivation
film 17. Then, the fourth photolithography step is performed
to pattern the organic film 18. At this time, according to the
present Embodiment, the organic film 18 including the thick
film portion 18a, a thin film portion 185 and the contact hole
13 is formed by using multi level exposure, such as half tone
and gray tone.

[0062] Specifically, in the area used as the contact hole 13,
the organic film 18 is removed to expose the passivation film
17. In the area directly under or around the sealing material 31
(sealing portion periphery area 32), the thin film portion 186
whose film thickness is thin is formed by using the multi level
exposure as shown in FIGS. 9B and 9C. At this time, condi-
tions of the fourth photolithography step are adjusted so that
a film thickness d1 of the thin film portion 185 may be thinner
than a film thickness d2 which is removed by plasma ashing
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mentioned later. In the area except for the contact hole 13 and
the thin film portion 18, the thick film portion 18a whose
film thickness is thicker than that of the thin film portion 185
is formed. On the reflective area in the thick film portion 184,
uneven patterns are formed on the surface by partially expos-
ing. In the fourth photolithography step, as mentioned above,
the organic film 18 which has different film thicknesses is
formed by using a first multi-level exposure.

[0063] Then, using this organic film 18 as a mask, the
passivation film 17 is patterned by the dry etching method etc.
Thereby, the passivation film 17 in the area used as the contact
hole 13 is removed to expose the drain electrode 9 as shown
in FIG. 9A.

[0064] Next, with reference to FIGS. 10A to 10C, a manu-
facturing process related to from a step of forming a film of
the transmissive electrode 10a and the reflective electrode
105 through a fifth photolithography step will be described. A
transparent conductive film serving as the transmissive elec-
trode 10a is formed on the organic film 18, and further, a
reflective conductive film serving as the reflective electrode
105 is formed thereon. For example, by the spatter method, an
amorphous ITO as the transparent conductive film, and an Al
alloy film as the reflective conductive film are formed all over
the substrate 3 in this order. ITSO, IZO, etc. may be used for
the transparent conductive film serving as the transmissive
electrode 10a. Moreover, it is also possible to use a high
reflective metal, such as an Ag alloy, or a laminated multi-
layer film composed of such an alloy film and a contact metal
film layered beneath the alloy film, for the reflective conduc-
tive film serving as the reflective electrode 105. Thereby, the
contact hole 13 is covered with the transmissive electrode 104
and the reflective electrode 104.

[0065] Then, after applying resist (photosensitive resin)
over the reflective conductive film by the spin coat method
etc., a resist pattern 35 which has different film thicknesses is
formed by the process of the fifth photolithography step. The
resist pattern 35 includes a thick film portion 35« having a
film thickness d3 in the reflective area and a thin film portion
35b having a film thickness d4 in the transmissive area. That
is, using the multi-level exposure, the resist pattern 35 is
formed so that the film thickness d4 of the transmissive area
may be thinner than the film thickness d3 of the reflective
area. In the fifth photolithography step, as mentioned above,
the resist pattern 35 which has different film thicknesses is
formed by using a second multi-level exposure. Thereby, the
structure shown in FIGS. 10A, 10B, and 10C can be obtained,
where the resist pattern 35 is not formed in the sealing portion
periphery area 32 as shown in FIGS. 10B and 10C.

[0066] Now, with reference to FIGS. 11A to 11C, a manu-
facturing process related to a step of etching the transmissive
electrode 10a and the reflective electrode 1056 will be
described. Using the resist pattern 35 as a mask, patterning is
performed for the reflective electrode 106 and the transmis-
sive electrode 10¢ in this order by the well-known wet etching
method etc. Thereby, as shown in FIGS. 11A to 11C, the
transmissive electrode 10a and the reflective electrode 105
which do not overlap with the resist pattern 35 are removed.
[0067] Next, with reference to FIGS. 12A to 12C, a manu-
facturing process related to an ashing step will be described.
After etching the transmissive electrode 10a and the reflective
electrode 104, the thin film portion 355 of the resist pattern 35
1s removed by ashing, such as a plasma ashing method. Then,
the film thickness of the thick film portion 354 of the resist
pattern 35 becomes thin and the pattern remains as a resist
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pattern 35¢. That is, as shown in FIG. 12, the resist pattern
35 from which the thin film portion 355 has been removed
serves as the resist pattern 35¢. Simultaneously, according to
the present Embodiment, the thin film portion 185 of the
organic film 18, exposed from the transmissive electrode 10a,
is removed to form the opening 184 as shown in FIGS. 12B
and 12C. That is, ashing is performed for the organic film 18
in the area exposed from the transmissive electrode 10a, by
utilizing ashing of the resist pattern 35. Then, the film thick-
ness d2 of the thick film portion 18a of the organic film 18,
exposed from the transmissive electrode 10a, becomes thin
and the portion remains as a thin film portion 18c.

[0068] As mentioned above, the thin film portion 355 of the
resist pattern 35 is removed by ashing, and the thin film
portion 185 of the organic film 18, exposed from the trans-
missive electrode 10a, is removed by ashing to form the
opening 184 according to the present Embodiment. That is,
by this ashing, the thin film portion 185 is removed and the
opening 184 is formed in the sealing portion periphery area
32. Since the opening 184 is formed in the sealing portion
periphery area 32 by such a method, the passivation film 17 in
the opening 184 is not damaged by etching etc. Therefore, the
passivation film 17 in the opening 184 does not have a film
thickness loss caused by the damage, and has the same film
thickness as that of the passivation film 17 in the area covered
with the organic film 18. As shown in FIG. 12B, under the
opening 184, the lead line of the gate line 6 is covered with
this passivation film 17 and the gate insulating film 15. More-
over, as shown in FIG. 12C, under the opening 184, the lead
line of the source line 5 is covered with the passivation film
17.

[0069] Now, with reference to FIGS. 13A to 13C, a manu-
facturing process related to from a step of etching the reflec-
tive electrode 105 through a step of removing the resist pat-
tern 35 will be described. After ashing, patterning is
performed for the reflective electrode 105 with using the
resist pattern 35¢ as a mask, by the well-known wet etching
method etc. Thereby, the reflective electrode 104 in the trans-
missive area is removed. That is, as shown in FIG. 13A, the
transmissive electrode 10 in the transmissive area is exposed
to form the pixel electrode 10. Since a method suitable for the
material of the reflective electrode 105 is used for the etching
at this time, the passivation film 17 exposed in the opening
184 is not damaged by the etching. Then, the resist pattern 35¢
is removed and an annealing treatment is performed to crys-
tallize an amorphous ITO of the reflective electrode 105.
Consequently, the structure shown in FIGS. 13A to 13C can
be obtained. Through the steps described above, the TFT
array substrate 1 according to the present Embodiment is
completed.

[0070] The alignment film 19 is formed over the TFT array
substrate 1 produced in the way described above. Moreover,
the alignment film 29 is similarly formed over the opposing
substrate 2 which has been produced separately. Thereafter,
an orientation treatment (rubbing treatment) is performed for
the alignment films 19 and 29 to produce amicro roughness in
one direction on the contacting surface with liquid crystal.
Next, the sealing material 31 is applied to bond the TFT array
substrate 1 and the opposing substrate 2. Concretely, at the
side of the TFT array substrate 1, the TFT array substrate 1
and the opposing substrate 2 are bonded in such a manner that
the sealing material 31 is arranged in the opening 184 of the
organic film 18. That is, the sealing material 31 is bonded to
the passivation film 17 in the opening 184.
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[0071] Since the organic film 18 extending from the display
area 41 does not extend to the outside of the sealing material
31, itis possible to prevent moisture from permeating through
the organic film 18. At this time, under the sealing material 31,
the lead line of the gate line 6 is covered with the gate insu-
lating film 15 and the passivation film 17 which has not been
damaged. The lead line ofthe source line 5 is covered with the
passivation film 17 which has not been damaged. Accord-
ingly, itis possible to suppress an insulation decrease between
the lead lines of the gate line 6 or the source line 5. Moreover,
it is possible to deter the lead line being broken by corrosion
caused by directly contacting the sealing material 31. Thus,
the reliability of the liquid crystal display device can be
enhanced.

[0072] After bonding the TFT array substrate 1 and the
opposing substrate 2, the liquid crystal 30 is injected from the
liquid crystal inlet by the vacuum injection method, etc. Then,
the inlet of the liquid crystal is sealed. Thus, the liquid crystal
display panel 100 according to the present Embodiment is
completed.

[0073] In the present Embodiment, as mentioned above,
after applying the organic film 18 over the passivation film 17,
the contact hole 13 is formed on the organic film 18 on the
drain electrode 9 and the thin film portion 185 is formed in the
sealing portion periphery area 32, by using the first multi-
level exposure. Then, the passivation film 17 is etched by
using the organic film 18 as a mask, to form the contact hole
13 which reaches the drain electrode 9. After forming the
transmissive electrode 10a and the reflective electrode 105 as
films over the organic film 18 in this order. the resist pattern
35 having different film thicknesses is formed using the sec-
ond multi-level exposure, and then, the transmissive electrode
104 and the reflective electrode 104 are etched. Thereafter,
ashing is performed to remove the thin film portion 355 of the
resist pattern 35, and the thin film portion 185 of the organic
film 18, exposed from the transmissive electrode 10q, thereby
forming the opening 184. Thus, the opening 184 can be
formed in the organic film 18 of the sealing portion periphery
area 32 without increasing the number of photolithography
steps. Therefore, moisture permeation through the organic
film 18 canbe prevented. In the sealing portion periphery area
32, only the organic film 18 is removed by ashing and the
passivation film 17 remains without being damaged. Accord-
ingly, it is possible to suppress an insulation decrease between
the lead lines of the gate line 6 or the source line 5, and to
prevent the lead line from being broken. Therefore, the trans-
flective type liquid crystal display device capable of improv-
ing the reliability without increasing the number of photoli-
thography steps, and a manufacturing method thereof can be
provided.

[0074] Inthe Embodiment described above, while the case
of the organic film 18 under the sealing material 31 being
removed by the width larger than the width of the sealing
material 31 in order to remain the organic film 18 outside the
sealing material 31 is explained as an exemplification, it is not
limited to such a case. The organic film 18 outside (frame area
42 side) of the sealing material 31 may be removed. In this
case, if the thin film portion 185 of the organic film 18 in the
area to be removed is formed similarly to the sealing portion
periphery area 32 by the first multi-level exposure, it is pos-
sible to perform removing by ashing after the second multi-
level exposure. Furthermore, while the sealing material 31 is
arranged inside the opening 184, it is also possible for the
sealing material 31 to be arranged to straddle the organic film
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18 outside the opening 184. That is, if the end of the organic
film 18 extending from the display area 41 is located inside
the outer end of the sealing material 31, moisture permeation
through the organic film 18 can be prevented.

[0075] Moreover, although a step (unevenness) is provided
in the overcoat 24 of the opposing substrate 2 in order to make
the gaps in the transmissive area and the reflective area be
different, it is also preferable to provide the step not on the
side of the opposing substrate 2 but on the side of the TFT
array substrate 1. For example, the film thickness of the
organic film 18 in the transmissive area may be different from
that in the reflective area. In this case, a thin film portion is
formed in the transmissive area by the first multi-level expo-
sure when forming the organic film 18. The film thickness of
the thin film portion formed in the transmissive area may be
the same as that of the thin film portion 185 of the sealing
portion periphery area 32, and alternatively they may be
different from each other. That is, film thickness of the thin
film portion formed in the transmissive area can be appropri-
ately set up depending upon a required step (unevenness).
Since this thin film portion is covered with the transmissive
electrode 10a, it remains as a thin film portion without being
removed by ashing. In addition, although the thick film por-
tion 18a is formed by the first multi-level exposure in the area
except for the transmissive area, the reflective area, the con-
tact hole 13, and the sealing portion periphery area 32, it is
also possible to form the thin film portion 185 similarly to the
sealing portion periphery area 32. Since this thin film portion
185 is not covered with the transmissive electrode 10a, it can
be removed by ashing to form the opening 184.

[0076] Furthermore, although patterning of the source line
5, the source electrode 8, and the drain electrode 9 is per-
formed in the photolithography step which is different from
the photolithography step for patterning of the semiconductor
layer 14, it is also preferable to perform the patterning for
them in the same photolithography step by using the multi-
level exposure. In that case, the structure is in such a manner
that the ohmic contact layer 16 and the semiconductor layer
14 are formed approximately all over the area under the
source line 5, the source electrode 8, and the drain electrode 9.
Then, the multi-level exposure is performed for the forming
area of the channel 4.

[0077] In addition, while the case of forming a TFT of
channel etching type has been explained above as an exem-
plification, an etching stopper type TFT, or a top gate type
TFT using polysilicon for the semiconductor layer 14 may
also be used.

[0078] The above explanation is to describe the embodi-
ments of the present invention and the present invention is not
limited to the above embodiments. Moreover, those skilled in
the art can change, add and change each component of the
above embodiments easily in the scope of the present inven-
tion.

[0079] From the invention thus described, it will be obvious
that the embodiments of the invention may be varied in many
ways. Such variations are not to be regarded as a departure
from the spirit and scope of the invention, and all such modi-
fications as would be obvious to one skilled in the art are
intended for inclusion within the scope of the following
claims.
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What is claimed is:

1. A method of manufacturing a transflective type liquid
crystal display device, the method comprising:

forming a thin film transistor over a first substrate;

forming an inorganic insulating film to cover the thin film

transistor;

forming an organic film having different film thicknesses

on the inorganic insulating film;

etching the inorganic insulating film exposed from the

organic film, to form a contact hole;

forming a transmissive electrode and a reflective electrode

as films on the organic film in order;

forming a resist pattern having different film thicknesses

on the reflective electrode, and etching the reflective
electrode and the transmissive electrode;
removing, by ashing, a thin film portion of the resist pat-
tern, and a thin film portion of the organic film, exposed
from the transmissive electrode, to form an opening;

forming a pixel electrode connecting to the thin film tran-
sistor through the contact hole by etching the reflective
electrode by using the resist pattern left after the removal
of the thin film portion; and

bonding the first substrate and a second substrate arranged

oppositely to the first substrate in such a manner that a
sealing material in a shape of a frame surrounding a
display area is arranged in the opening of the organic
film.

2. The method of manufacturing a transflective type liquid
crystal display device according to claim 1, wherein, at a side
of the first substrate, the sealing material is bonded to the
norganic insulating film in the opening.

3. The method of manufacturing a transflective type liquid
crystal display device according to claim 1, wherein multi-
level exposure is used in the forming the organic film having
different film thicknesses and the forming the resist pattern
having different film thicknesses.

4. The method of manufacturing a transflective type liquid
crystal display device according to claim 1, wherein, in the
forming the organic film having different film thicknesses, a
film thickness of the thin film portion of the organic film is
formed to be thinner than a film thickness of a thick film
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portion of the organic film, exposed from the transmissive
electrode, to be removed by the ashing.

5. The method of manufacturing a transflective type liquid
crystal display device according to claim 1, wherein the open-
ing of the organic film is formed to surround a display area.

6. A transflective type liquid crystal display device com-
prising:

a first substrate including a thin film transistor formed

thereover;

a second substrate arranged oppositely to the first sub-
strate;

a sealing material, formed in a shape of a frame surround-
ing a display area, to bond the first substrate and the
second substrate;

an inorganic insulating film to cover the thin film transistor
over the first substrate;

an organic film formed on the inorganic insulating film;
and

a pixel electrode including a transmissive electrode pro-
vided on the organic film and a reflective electrode pro-
vided on a part of the transmissive electrode, and the
pixel electrode connecting to the thin film transistor
through a contact hole penetrating the organic film and
the inorganic insulating film, wherein

the organic film includes a thick film portion provided
under the reflective electrode, a thin film portion formed
outside of the transmissive electrode and having a film
thickness thinner than a film thickness of the thick film
portion, and an opening, and

the sealing material is arranged in the opening.

7. The transflective type liquid crystal display device
according to claim 6 further comprising:

a gate line formed of a same layer as a layer of a gate

electrode of the thin film transistor; and

a source line formed of a same layer as a layer of a source
electrode of the thin film transistor, wherein

the gate line and the source line are covered with at least the
inorganic insulating film, under the sealing material.

8. The transflective type liquid crystal display device

according to claim 6, wherein the opening is formed to sur-
round a display area.
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