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(57) ABSTRACT

Aliquid crystal display substrate capable of providing good
reflection display characteristics, a method of manufacturing
the same, and a liquid crystal display device having the same
are provided. The liquid crystal display substrate contains a
plurality of pixel areas each having a reflection area reflect-
ing light incident from a front surface side of the substrate
and a transmission area transmitting light incident from a
back surface side of the substrate; a wrinkled resin layer
formed with a positive light-sensitive resin in the reflection
area and having at least a portion thereof a wrinkled surface;
a reflection electrode formed with a light reflection material
on the wrinkled resin layer and having a wrinkled surface
following the surface of the wrinkled resin layer; and light
shielding portions formed as an underlayer of the wrinkled
resin layer and shielding light incident from the back surface
of the substrate.
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LIQUID CRYSTAL DISPLAY SUBSTRATE,
METHOD OF MANUFACTURING THE SAME,
AND LIQUID CRYSTAL DISPLAY DEVICE
HAVING THE SAME

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to a liquid crystal
display substrate, a method of manufacturing the same, and
a liquid crystal display device having the same, and more
particularly, it relates to such a substrate for transreflective
liquid crystal display that can attain display in both a
transmission mode and a reflection mode, a method of
manufacturing the same, and a liquid crystal display device
having the same.

[0003] 2. Description of the Related Art

[0004] In recent years, liquid crystal devices are
demanded to have higher performance. According to spread
of mobile phones and mobile electronic devices, in particu-
lar, they are strongly demanded to attain low electric energy
consumption and good usability out of doors. In order to
attain low electric energy consumption and good usability
out of doors, a reflection liquid crystal display device has
been proposed, which has a pixel electrode having light
reflection capability (a reflection electrode) and attains dis-
play by reflecting outside light to make a light source device
unnecessary.

[0005] Athin film transistor (TFT) substrate of a reflection
liquid crystal display device has a reflection electrode
formed thereon with a metallic thin film having high light
reflectivity. In the reflection liquid crystal display device,
natural light incident thereon from the display screen side or
light emitted by utilizing electricity is reflected by the
reflection electrode on the TFT substrate, and the reflected
light is used as a light source for liquid crystal display. The
reflection electrode has an uneven surface. The uneven
surface of the reflection electrode can be obtained by pre-
viously forming a light-sensitive resin layer having an
uneven surface as an underlayer of the reflection electrode.
The light incident from the display screen side is diffusely
reflected by the uneven surface of the reflection electrode to
obtain high luminance and a large viewing angle.

[0006] In the reflection liquid crystal display devices dis-
closed in JP-A-2002-221716 and JP-A-2002-296585, for
example, a surface (an upper layer portion) of an overcoat
layer formed with a resin material is applied to predeter-
mined energy to make the upper layer portion be relatively
cured in comparison to a lower layer portion, and then the
overcoat layer is subjected to a heat treatment at a tempera-
ture equal to or higher than the heat curing point thereof,
whereby wrinkled unevenness is formed on the surface of
the overcoat layer.

[0007] A transreflective liquid crystal display device is
also proposed, which can attain display in a transmission
mode in addition to display in a reflection mode as similar
to the reflection liquid crystal display device. In the tran-
sreflective liquid crystal display device, a transmission area
having a transparent electrode formed with a light transmis-
sion material and a reflection area having a reflection
electrode formed with a light reflection material are formed
on each of pixel areas. The reflection electrode of the

1. Field of the Invention
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transreflective liquid crystal display device is formed on a
resin layer having an uneven surface, as similar to the
reflection liquid crystal display device. The transreflective
liquid crystal display device referred herein includes a
slightly transmission liquid crystal display device, which has
an increased proportion of the reflection area in pixel areas
to improve display luminance in a reflection mode, and a
slightly reflection liquid crystal display device, which has an
increased proportion of the transmission area in pixel areas
to improve display luminance in a transmission mode.

[0008] FIG. 27A is a plan view showing a constitution of
a TFT substrate of a conventional transreflective liquid
crystal display device. FIG. 27B is a cross sectional view
showing the TFT substrate shown in FIG. 27A on line X-X.
As shown in FIGS. 27A and 27B, a glass substrate 110 of
the TFT substrate 102 has a plurality of gate bus lines 112
extending in parallel to each other in the landscape direction
in FIG. 27A (provided that only one of them is shown in
FIGS. 27A and 27B).

[0009] An insulating film 130 is formed on the gate bus
lines 112 on the entire surface of the substrate (which is
sometimes referred to as agate insulating film, depending on
the position where the film is formed). A plurality of drain
bus lines 114 are formed extending in parallel to each other
in the portrait direction in FIG. 27A as intersecting the gate
bus lines 112 with the insulating film 130 intervening
therebetween (provided that only two of the drain bus lines
114 are shown in FIG. 27A). TFTs 120 are formed in the
vicinities of positions where the gate bus lines 112 and the
drain bus lines 114 are intersected each other.

[0010] The TFT 120 has an active semiconductor layer
128 formed with an a-Si layer on the insulating film 130. A
channel protective film 123 is formed on the active semi-
conductor layer 128. The gate bus line 112 in an area
immediately beneath the channel protective film 123 is
configured to function as a gate electrode of the TFT 120.
The channel protective film 123 has thereon a drain elec-
trode 121 drawn from the adjacent drain bus line 114 and a
source electrode 122 disposed to face the drain electrode 121
through a predetermined gap.

[0011] A protective film 132 is formed on the TFT 120 on
the entire surface of the substrate. A wrinkled resin layer 134
having wrinkled unevenness on the surface thereof is formed
on the protective film 132 in a reflection area of each of the
pixel arcas. A reflection electrode 117 is formed on the
wrinkled resin layer 134. The reflection electrode 117 has a
wrinkled uneven surface following the surface of the
wrinkled resin layer 134. The reflection electrode 117 and
the wrinkled resin layer 134 are formed to cover the TFT
120. Separately, a transparent electrode 116 is formed on the
protective film 132 in a transmission area of each of the pixel
areas. One pixel is constituted with the reflection area and
the transmission area positioned on the adjacent upper side
of the reflection electrode in FIG. 27A. The reflection
electrode 117 and the transparent electrode 116 in the same
pixel are electrically connected to each other. The transpar-
ent electrode 116 is electrically connected through a contact
hole 124 to a source electrode 122 of a TFT 120 formed as
an underlayer of a reflection electrode 117 of a pixel
positioned on the adjacent upper side in FIG. 27A.

[0012] A storage capacitor bus line 118 is formed on the
glass substrate 110 in parallel to the gate bus line 112 as
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extending in the landscape direction in FIG. 27A. The
storage capacitor bus line 118 functions as one electrode of
a storage capacitor. A storage capacitor electrode 119 is
formed on the storage capacitor bus line 118 through the
insulating film 130. The storage capacitor electrode 119 is
electrically connected to the source electrode 122 and func-
tions as the other electrode of the storage capacitor. A light
leakage preventing film 140 is also formed on the glass
substrate 110 in parallel to the gate bus line 112 and the
storage capacitor bus line 118 in the landscape direction in
FIG. 27A. The light leakage preventing film 140 is disposed
to shielding the vicinity of the boundary between the reflec-
tion area and the transmission area from light, so as to
prevent leakage of light caused by alignment failure of the
liquid crystal in the vicinity of the boundary between the
areas.

[0013] The wrinkled resin layer 134 in the TFT substrate
120 shown in FIGS. 27A and 27B is formed by the
following procedures. A positive light-sensitive resin is
coated on a whole surface of a glass substrate having TFTs
and the like formed thereon to form a resin layer. The glass
substrate is placed on an exposing stage in an exposing
apparatus, and the resin layer is exposed through a photo-
mask that shields areas to be reflection areas from light. By
this, the resin layer is exposed on areas other than the
reflection areas. Subsequently, the resin layer is developed to
remove the resin layer in the exposed area by dissolving in
a developer solution, whereby the resin layer in the non-
exposed reflection areas remains as not dissolved in the
developer solution. The surface of the remaining resin layer
is irradiated with UV light to cure the upper layer portion of
the resin layer. Subsequently, the resin laver is subjected to
a heat treatment at a temperature equal to or higher than the
heat curing point thereof, so as to form a wrinkled resin layer
having wrinkled unevenness on the surface thereof.

[0014] In the step of exposing the resin layer, however, the
light reflected by the surface of the exposing stage is also
incident on the resin layer in the reflection areas. Accord-
ingly, the resin layer in the reflection areas is exposed and
cured to such an extent that it is not dissolved in the
developer solution. In general, the surface of the exposing
stage has grooves formed thereon. Therefore, the intensity of
the light incident on the resin layer in the reflection areas
varies depending on the presence and absence of the grooves
on the surface of the exposing stage, and thus, the extent of
curing of the resin layer varies depending on the positions of
the grooves. Accordingly, uniform wrinkled unevenness
cannot be formed on the surface of the resin layer in the
subsequent step to fluctuate the shape of wrinkled uneven-
ness corresponding to the positions of the grooves on the
surface of the exposing stage. Consequently, a transreflec-
tive liquid crystal display device thus manufactured has such
a problem that display ununiformity corresponding to the
positions of the grooves on the surface of the exposing stage
is viewed upon display in a reflection mode, so as to fail to
obtain an intended reflectivity and good reflection unifor-
mity.

SUMMARY OF THE INVENTION

[0015] An object of the invention is to provide a liquid
crystal display substrate capable of providing good reflec-
tion display characteristics, a method of manufacturing the
same, and a liquid crystal display device having the same.
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[0016] The aforementioned object of the invention can be
attained by a liquid crystal display substrate containing: a
plurality of pixel areas each having at least a portion thereof
areflection area reflecting light incident from a front surface
side of the substrate; a wrinkled resin layer formed with a
positive light-sensitive resin in the reflection area, the
wrinkled resin layer having at least a portion thereof a
wrinkled surface; a reflection electrode formed with a light
reflection material on the wrinkled resin layer, the reflection
electrode having a wrinkled surface following the surface of
the wrinkled resin layer; and a light shielding portion formed
as an underlayer of the wrinkled resin layer, the light
shielding portion shielding light incident from a back sur-
face of the substrate.

[0017] According to the invention, such a liquid crystal
display device can be realized that provides good reflection
display characteristics.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1 is a schematic diagram showing a consti-
tution of a liquid crystal display device according to a first
embodiment of the invention;

[0019] FIG. 2 is a schematic diagram showing an equiva-
lent circuit of a liquid crystal display substrate according to
the first embodiment of the invention;

[0020] FIGS. 3A and 3B are a plan view and a cross
sectional view showing a constitution of a liquid crystal
display substrate according to the first embodiment of the
invention;

[0021] FIGS. 4A and 4B are a plan view and a cross
sectional view showing a constitution of a liquid crystal
display substrate according to a modified example of the first
embodiment of the invention;

[0022] FIGS. 5A and 5B are a plan view and a cross
sectional view showing a constitution of a liquid crystal
display substrate according to a second embodiment of the
invention;

[0023] FIGS. 6A and 6B are a plan view and a cross
sectional view showing a constitution of a liquid crystal
display substrate according to a modified example of the
second embodiment of the invention;

[0024] FIGS. 7A and 7B are a plan view and a cross
sectional view showing a constitution of a liquid crystal
display substrate according to a third embodiment of the
invention;

[0025] FIGS. 8A and 8B are a plan view and a cross
sectional view showing a constitution of a liquid crystal
display substrate according to a fourth embodiment of the
invention;

[0026] FIGS. 9A and 9B are a plan view and a cross
sectional view showing a constitution of a liquid crystal
display substrate according to a modified example of the
fourth embodiment of the invention;

[0027] FIG. 10 is a cross sectional view showing a con-
stitution of a liquid crystal display substrate according to a
fifth embodiment of the invention;

[0028] FIGS. 11A and 11B are cross sectional views
showing a method of manufacturing a liquid crystal display
substrate according to the fifth embodiment of the invention;



US 2005/0219444 A1

[0029] FIGS. 12A and 12B are cross sectional views
showing a method of manufacturing a liquid erystal display
substrate according to the fifth embodiment of the invention;

[0030] FIG. 13 is a cross sectional view showing a con-
stitution of a liquid crystal display substrate according to a
sixth embodiment of the invention;

[0031] FIGS. 14A and 14B are cross sectional views
showing a method of manufacturing a liquid crystal display
substrate according to the sixth embodiment of the inven-
tion;

[0032] FIGS. 15A and 15B are cross sectional views
showing a method of manufacturing a liquid crystal display
substrate according to the sixth embodiment of the inven-
tion;

[0033] FIG. 16 is a cross sectional view showing a con-
stitution of a liquid crystal display substrate according to a
seventh embodiment of the invention;

[0034] FIGS. 17A to 17C are cross sectional views show-
ing a method of manufacturing a liquid crystal display
substrate according to the seventh embodiment of the inven-
tion;

[0035] FIG. 18 is a cross sectional view showing a con-
stitution of a liquid crystal display substrate according to an
eighth embodiment of the invention;

[0036] FIGS. 19A and 19B are cross sectional views
showing a method of manufacturing a liquid crystal display
substrate according to the eighth embodiment of the inven-
tion;

[0037] FIGS. 20A and 20B are cross sectional views
showing a method of manufacturing a liquid crystal display
substrate according to the eighth embodiment of the inven-
tion;

[0038] FIG. 21 is a cross sectional view showing a con-
stitution of a liquid crystal display substrate according to a
ninth embodiment of the invention;

[0039] FIGS. 22A and 22B are cross sectional views
showing a method of manufacturing a liquid crystal display
substrate according to the ninth embodiment of the inven-
tion;

[0040] FIGS. 23A and 23B are cross sectional views
showing a method of manufacturing a liquid erystal display
substrate according to the ninth embodiment of the inven-
tion;

[0041] FIG. 24 is a cross sectional view showing a con-
stitution of a liquid crystal display substrate according to a
tenth embodiment of the invention;

[0042] FIGS. 25A and 25B are cross sectional views
showing a method of manufacturing a liquid crystal display
substrate according to the tenth embodiment of the inven-
tion;

[0043] FIGS. 26A and 26B are cross sectional views
showing a method of manufacturing a liquid crystal display

substrate according to the tenth embodiment of the inven-
tion; and

[0044] FIGS. 27A and 27B are a plan view and a cross
sectional view showing a constitution of a TFT substrate of
a conventional transreflective liquid crystal display device.
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Embodiment

[0045] A liquid crystal display substrate according to a
first embodiment of the invention and a liquid crystal display
device using the same will be described with reference to
FIGS. 1 to 4B. FIG. 1 is a schematic diagram showing a
constitution of a transreflective liquid crystal display device
according to a first embodiment of the invention. As shown
in FIG. 1, the transreflective liquid crystal display device
has such a structure that a transparent electrode formed with
a light transmission material, a reflection electrode formed
with a light reflection material and a TFT substrate 2 having
a TFT and the like formed in each of pixel areas are attached
to an opposite substrate 4 having a common electrode, a CF
layer and the like as facing each other, and a liquid crystal
is sealed between them.

[0046] The TFT substrate 2 has a gate bus line driving
circuit 80 having a driver IC mounted thereon for driving the
plurality of gate bus lines and a drain bus line driving circuit
82 having a driver IC mounted thereon for driving the
plurality of drain bus lines. The driving circuits 80 and 82
output a scanning signal and a data signal to the predeter-
mined gate bus line or drain bus line based on the prede-
termined signal output from a control circuit 84.

[0047] The opposite substrate 4 has a CF layer having one
color selected from red (R), green (G) and blue (B) formed
for each pixel areas. The facing surfaces of the substrates 2
and 4 have alignment films for aligning the liquid crystal
molecules to a predetermined direction. The TFT substrate
2 has, on the surface opposite to that having an element
formed, a polarizing plate 87 attached thereto. A backlight
unit 88 is disposed on the side of the polarizing plate 87
opposite to the TFT substrate 2. On the contrary, a polarizing
plate 86 is attached to the surface of the opposite substrate
4 opposite to that having the CF layer formed.

[0048] FIG. 2 is a schematic diagram showing an equiva-
lent circuit of the element formed on the TFT substrate 2.
FIG. 3A is a plan view showing the constitution of approxi-
mately one pixel area of the TFT substrate 2, and FIG. 3B
is a cross sectional view showing the constitution of the TFT
substrate 2 on line A-A in FIG. 3A. As shown in FIGS. 2,
3A and 3B, a glass substrate 10 of the TFT substrate 2 has
the plurality of gate bus lines 12 extending in parallel to each
other in the landscape direction in FIGS. 2 and 3A (pro-
vided that only one of them is shown in FIG. 3A).

[0049] An insulating film (gate insulating film) 30 is
formed on the gate bus lines 12 on the entire surface of the
substrate. The plurality of drain bus lines 14 are formed
extending in parallel to each other in the portrait direction in
FIGS. 2 and 3A as intersecting the gate bus lines 12 with the
insulating film 30 intervening therebetween (provided that
only two of the drain bus lines 14 are shown in FIG. 3A).
A channel protective film type TFTs 20, for example, are
formed in the vicinities of positions where the gate bus lines
12 and the drain bus lines 14 are intersected each other.

[0050] The TFT 20 has an active semiconductor layer 28
formed with an a-Si layer on the insulating film 30. A
channel protective film 23 is formed on the active semicon-
ductor layer 28. On the channel protective film 23, a drain
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electrode 21 withdrawn from the adjacent drain bus line 14
and an n*a-Si layer 51 as an under ohmic contact layer
thereof, and a source electrode 22 and a lower n*a-Si layer
51 as an underlayer thereof are formed to face each other
through a predetermined gap. The drain electrode 21 and the
source electrode 22 each has, for example, an accumulated
layer structure having a titanium (Ti) layer 21a, an alumi-
num (Al) layer 21 and a Ti layer (21c¢). In this constitution,
the gate bus line 12 immediately beneath the channel
protective film 23 functions as a gate electrode of the TFT
20.

[0051] Aprotective film 32 is formed on the TFT 20 on the
entire surface of the substrate. A wrinkled resin layer 34
having wrinkled unevenness on the surface thereof is formed
on the protective film 32 in a reflection area of each of the
pixel areas. The wrinkled resin layer 34 is formed by using
a positive light-sensitive resin. A reflection electrode 17 is
formed on the wrinkled resin layer 34. The reflection elec-
trode 17 is formed with an electroconductive film having
light reflection capability and has, for example, a structure
having a Tilayer 17a and an Al layer 17b accumulated in this
order. The reflection electrode 17 has a wrinkled uneven
surface following the surface of the wrinkled resin layer 34.
Light incident from the display screen side is diffusely
reflected by the wrinkled surface of the reflection electrode
17 to obtain good reflection display characteristics. The
reflection electrodes 17 formed on each of the pixels are
disposed to cover the TFT 20 which drives the pixel adjacent
lower side of the pixel in FIG. 3A.

[0052] Separately, a transparent electrode 16 is formed on
the protective film 32 in a transmission area of each of the
pixel areas. The transparent electrode 16 is formed with an
electroconductive film having light transmissibility, such as
ITO (indium tin oxide). One pixel is constituted with the
reflection area and the transmission area positioned on the
adjacent upper side of the reflection electrode in FIG. 3A.
The reflection electrode 17 and the transparent electrode 16
in the same pixel are electrically connected to each other.

[0053] Astorage capacitor bus line 18 is formed in parallel
to the gate bus line 12 as extending in the landscape
direction in FIGS. 2 and 3A. The storage capacitor bus line
18 is formed with the same material as the gate bus line 12.
A storage capacitor electrode 19 is formed on the storage
capacitor bus line 18 for each of the pixels through the
insulating film 30. The storage capacitor electrode 19 is
formed with the same material as the drain bus line 14. A
light leakage preventing film 40 is also formed in parallel to
the gate bus line 12 in the landscape direction in FIG. 3A.
The light leakage preventing film 40 is disposed to shield the
vicinity of the boundary between the reflection area and the
transmission area from light, so as to prevent leakage of light
caused by alignment failure of the liquid crystal in the
vicinity of the boundary between the areas. The light leakage
preventing film 40 is formed with the same material as the
gate bus line 12 and the storage capacitor bus line 18, and
is, for example, in an electrically floating state.

[0054] The TFT substrate 2 of this embodiment has, as an
underlayer of the wrinkled resin layer 34 formed in the
reflection area, light shielding portions 60a and 60b for
shielding light incident from the back surface side of the
glass substrate 10 (the lower side in FIG. 3B). The light
shielding portions 60a and 60b are formed with the same
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material as the gate bus line 12, the storage capacitor bus line
18 and the light leakage preventing film 40 simultaneously
therewith. The light shielding portion 60z is disposed
between the light leakage preventing film 40 and the gate
bus line 12. The light shielding portion 60z is electrically
connected to the light leakage preventing film 40 and is
electrically separated from the gate bus line 12. The light
shielding portion 60b is disposed between the gate bus line
12 and the storage capacitor bus line 18. The light shielding
portion 605 is electrically separated from the gate bus line 12
and is electrically connected to the storage capacitor bus line
18. A large proportion of the reflection area (i.c., the area
having the wrinkled resin layer 34 formed) is shielded from
light incident from the back surface side of the glass
substrate 10 by the gate bus line 12, the storage capacitor bus
line 18, the light leakage preventing film 40 and the light
shielding portions 60a and 60b (with portions of the drain
electrode 21 and the source electrode 22). In the area having
the wrinkled resin layer 34 formed, the proportion of the
area shielded from light incident from the back surface side
of the glass substrate 10 is preferably higher, for example,
30% or more.

[0055] The TFT 20, the bus lines 12, 14 and 18, the light
leakage preventing film 40 and the light shielding portions
602 and 60b are formed by the photolithography process
through a series of steps of semiconductor process, i.c.,
forming of a film, coating of a resist, exposure, develop-
ment, etching, and removal of resist.

[0056] According to this embodiment, in the step of pat-
terning a positive light-sensitive resin layer for forming the
wrinkled resin layer 34 in the reflection area, reflected light
on the exposing stage in the exposing apparatus is shielded
by the light shielding portions 60a and 60b, and thus the
light is substantially not incident on the light-sensitive resin
layer in the reflection area. Therefore, a heat treatment by
applying energy to the surface thereof in the subsequent step
provides such a wrinkled resin layer 34 that has uniform
wrinkled unevenness formed thereon. Consequently, the
reflection electrode 17 formed on the wrinkled resin layer 34
also has uniform wrinkled unevenness to obtain a desired
inclined plane distribution with good controllability.
According to this embodiment, therefore, excellent reflec-
tion uniformity and stable reflectivity can be obtained to
realize a transreflective liquid crystal display device having
good reflection display characteristics. Furthermore, since
the light shielding portions 60a and 605 are formed in the
same process step as the gate bus line 12, the storage
capacitor bus line 18 and the light leakage preventing film
40, no process step is added to the manufacturing method of
the TFT substrate 2.

[0057] A modified example of the constitution of the
liquid crystal display substrate of this embodiment will be
described with reference to FIGS. 4A and 4B. FIG. 4A is
a plan view showing the constitution of the vicinity of the
reflection area of one pixel area of the TFT substrate 2
according to this modified example, and FIG. 4B is a cross
sectional view showing the constitution of the TFT substrate
2 on line B-B in FIG. 4A. In this modified example, as
shown in FIGS. 4A and 4B, the light shielding portions 60a
and 60b each is divided into plural portions, and is electri-
cally separated from the light leakage preventing film 40 and
the storage capacitor bus line 18, as different from the
constitution shown in FIGS. 3A and 3B. The modified
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example is the same as the constitution shown in FIGS. 3A
and 3B in such a standpoint that the light shielding portions
60a and 60b are formed with the same material as the gate
bus line 12 and the like.

[0058] The three portions of the light shielding portion
60a formed between the gate bus line 12 and the light
leakage preventing film 40 are electrically separated from
both the gate bus line 12 and the light leakage preventing
film 40 and thus is in a floating state. The two portions of the
light shielding portion 60b formed between the gate bus line
12 and the storage capacitor bus line 18 are electrically
separated from both the gate bus line 12 and the light
leakage preventing film 40 and thus is in a floating state. In
this modified example, even in the case where the light
shielding portion 60z is shorted to one of the gate bus line
12 and the light leakage preventing film 40 due to contami-
nation with electroconductive foreign matters or the like, the
gate bus line 12 and the light leakage preventing film 40 are
not shorted to each other. Similarly, even in the case where
the light shielding portion 605 is shorted to one of the gate
bus line 12 and the storage capacitor bus line 18, the gate bus
line 12 and the storage capacitor bus line 18 are not shorted
to each other. According to this modified example, therefore,
the manufacturing yield of the TFT substrate 2 can be further
improved, in addition to the similar effect as in the consti-
tution shown in FIGS. 3A and 3B.

Second Embodiment

[0059] A liquid crystal display substrate according to a
second embodiment of the invention will be described with
reference to FIGS. 5A to 6B. FIG. 5A is a plan view
showing the constitution of the vicinity of the reflection area
of one pixel area of the TFT substrate 2 according to this
embodiment, and FIG. 5B is a cross sectional view showing
the constitution of the TFT substrate 2 on line C-C in FIG.
5A. As shown in FIGS. 5A and 5B, the TFT substrate 2
according to this embodiment has, as an underlayer of the
wrinkled resin layer 34 formed in the reflection area, light
shielding portions 61a and 61b for shielding light incident
from the back surface side of the glass substrate 10 (the
lower side in FIG. 5B). The light shielding portions 61 and
61b are formed with the same material as the drain bus line
14, the drain electrode 21, the source electrode 22 and the
storage capacitor electrode 19 simultaneously therewith.
The light shielding portion 61a is electrically connected to
the drain bus line 14 and the drain electrode 21 and is
disposed between the light leakage preventing film 40 and
the gate bus line 12. The light shielding portion 61b is
electrically connected to the source electrode 22 and the
storage capacitor electrode 19 and is disposed between the
gate bus line 12 and the storage capacitor bus line 18. Alarge
proportion of the reflection area (i.c., the area having the
wrinkled resin layer 34 formed) is shielded from light
incident from the back surface side of the glass substrate 10
by the gate bus line 12, the storage capacitor bus line 18, the
light leakage preventing film 40 and the light shielding
portions 61a and 61b.

[0060] According to this embodiment, in the step of pat-
terning a positive light-sensitive resin layer for forming the
wrinkled resin layer 34 in the reflection area, reflected light
on the exposing stage in the exposing apparatus is shielded
by the light shielding portions 61a and 61b, and thus the
light is substantially not incident on the light-sensitive resin
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layer in the reflection area, as similar to the first embodi-
ment. Therefore, a heat treatment by applying energy to the
surface thereof in the subsequent step provides such a
wrinkled resin layer 34 that has uniform wrinkled uneven-
ness formed thereon. Consequently, the reflection electrode
17 formed on the wrinkled resin layer 34 also has uniform
wrinkled unevenness to obtain a desired inclined plane
distribution with good controllability. According to this
embodiment, therefore, excellent reflection uniformity and
stable reflectivity can be obtained to realize a transreflective
liquid crystal display device having good reflection display
characteristics. Furthermore, since the light shielding por-
tions 61a and 61b are formed in the same process step as the
drain bus line 14, the drain electrode 21, the source electrode
22 and the storage capacitor electrode 19, no process step is
added to the manufacturing method of the TFT substrate 2.

[0061] A modified example of the constitution of the
liquid crystal display substrate of this embodiment will be
described with reference to FIGS. 6A and 6B. FIG. 6A is
a plan view showing the constitution of the vicinity of the
reflection area of one pixel area of the TFT substrate 2
according to this modified example, and FIG. 6B is a cross
sectional view showing the constitution of the TFT substrate
2 on line D-D in FIG. 6A. In this modified example, as
shown in FIGS. 6A and 6B, the light shielding portions 61a
and 615 each 1s divided into plural portions, and is electri-
cally separated from the drain bus line 14, the drain elec-
trode 21, the source electrode 22 and the storage capacitor
electrode 19, as different from the constitution shown in
FIGS. 5A and 5B. The modified example is the same as the
constitution shown in FIGS. 5A and 5B in such a standpoint
that the light shielding portions 61a and 615 are formed with
the same material as the drain bus line 14 and the like.

[0062] The three portions of the light shielding portion
61a formed between the gate bus line 12 and the light
leakage preventing film 40 are electrically separated from
both the drain bus line 14 and the drain electrode 21 and thus
is in a floating state. The two portions of the light shielding
portion 615 formed between the gate bus line 12 and the
storage capacitor bus line 18 are electrically separated from
all the drain bus line 14, the source electrode 22 and the
storage capacitor electrode 19 and thus is in a floating state.
In this modified example, even in the case where the light
shielding portion 614 is shorted to one of the two drain bus
lines 14 adjacent to each other in the landscape direction of
the pixel due to contamination with electroconductive for-
eign matters or the like, the two drain bus lines 14 are not
shorted to each other. Similarly, even in the case where the
light shielding portion 615 is shorted to one of the drain bus
line 14 and the source electrode 22 (or the storage capacitor
electrode 19), the drain bus line 14 and the source electrode
22 are not shorted to each other. According to this modified
example, therefore, the manufacturing yield of the TFT
substrate 2 can be further improved, in addition to the
similar effect as in the constitution shown in FIGS. 5A and
5B.

Third Embodiment

[0063] A liquid crystal display substrate according to a
third embodiment of the invention will be described with
reference to FIGS. 7A to 7B. FIG. 7A is a plan view
showing the constitution of the vicinity of the reflection area
of one pixel area of the TFT substrate 2 according to this
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embodiment, and FIG. 7B is a cross sectional view showing
the constitution of the TFT substrate 2 on line E-E in FIG.
7A. As shown in FIGS. 7A and 7B, the TFT substrate 2
according to this embodiment has, as an underlayer of the
wrinkled resin layer 34 formed in the reflection area, light
shielding portions 60a, 60b, 61a and 615 for shielding light
incident from the back surface side of the glass substrate 10
(the lower side in FIG. 7B). The light shielding portions 60a
and 60b are formed with the same material as the gate bus
line 12, the storage capacitor bus line 18 and the light
leakage preventing film 40 simultaneously therewith. The
light shielding portion 60a is disposed between the gate bus
line 12 and the light leakage preventing film 40 and is
electrically separated from both the gate bus line 12 and the
light leakage preventing film 40. The light shielding portion
600 is disposed between the gate bus line 12 and the storage
capacitor bus line 18 and is electrically separated from both
the gate bus line 12 and the storage capacitor bus line 18.

[0064] At the position corresponding to the gap between
the light leakage preventing film 40 and the light shielding
portion 60a, the light shielding portion 6la is disposed
through the insulating film 30 to overlap partly the light
leakage preventing film 40 and the light shielding portion
60a. Similarly, at the position corresponding to the gap
between the gate bus line 12 and the light shielding portion
60q, the light shielding portion 61a is disposed through the
insulating film 30 to overlap partly the gate bus line 12 and
the light shielding portion 60a. Furthermore, at the position
corresponding to the gap between the gate bus line 12 and
the light shielding portion 605, the light shielding portion
61b is disposed through the insulating film 30 to overlap
partly the gate bus line 12 and the light shielding portion
60b. The light shielding portions 61a and 61b are formed
with the same material as the drain bus line 14, the drain
electrode 21, the source electrode 22 and the storage capaci-
tor electrode 19 simultaneously therewith. As described
herein, in this embodiment, the light shielding portions are
formed with different materials depending on the areas
where the light shielding portions are formed. The substan-
tially whole reflection area is shielded from light incident
from the back surface side of the glass substrate 10 by the
gate bus line 12, the storage capacitor bus line 18, the light
leakage preventing film 40, the drain electrode 21, the
source electrode 22, the storage capacitor electrode 19 and
the light shielding portions 60a, 60b, 61a and 61b.

[0065] According to this embodiment, in the step of pat-
terning a positive light-sensitive resin layer for forming the
wrinkled resin layer 34 in the reflection area, reflected light
on the exposing stage is shielded by the light shielding
portions 60a, 60b, 61a and 61b, and thus the light is
substantially not incident on the light-sensitive resin layer in
the reflection area, as similar to the first and second embodi-
ments. Therefore, a heat treatment by applying energy to the
surface thereof in the subsequent step provides such a
wrinkled resin layer 34 that has uniform wrinkled uneven-
ness formed thereon. Consequently, the reflection electrode
17 formed on the wrinkled resin layer 34 also has uniform
wrinkled unevenness to obtain a desired inclined plane
distribution with good controllability. According to this
embodiment, therefore, excellent reflection uniformity and
stable reflectivity can be obtained to realize a transreflective
liquid crystal display device having good reflection display
characteristics. Furthermore, since the light shielding por-
tions 60« and 60b are formed in the same process step as the
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gate bus line 12, the storage capacitor bus line 18 and the
light leakage preventing film 40, and the light shielding
portions 61a and 615 are formed in the same process steps
as the drain bus line 14, the drain electrode 21, the source
electrode 22 and the storage capacitor electrode 19, no
process step is added to the manufacturing method of the
TFT substrate 2.

Fourth Embodiment

[0066] A liquid crystal display substrate according to a
fourth embodiment of the invention will be described with
reference to FIGS. 8A to 9B. FIG. 8A is a plan view
showing the constitution of the vicinity of the reflection area
of one pixel area of the TFT substrate 2 according to this
embodiment, and FIG. 8B is a cross sectional view showing
the constitution of the TFT substrate 2 on line F-F in FIG.
8A. As shown in FIGS. 8A and 8B, the TFT substrate 2
according to this embodiment has, as an underlayer of the
wrinkled resin layer 34 formed in the reflection area, light
shielding portions 62a and 62b for shielding light incident
from the back surface side of the glass substrate 10 (the
lower side in FIG. 8B). The TFT substrate 2 has a channel
etching type TFT 25, which is different from the channel
protective film type TFT 20 in the first to third embodiments.

[0067] The TFT 25 has an active semiconductor layer 28
formed with an a-Si layer on an insulating film 30. On the
active semiconductor layer 28, a drain electrode 21 with-
drawn from the adjacent drain bus line 14 and an n*a-Si
layer 51 as an underlayer thereof, and a source electrode 22
and a lower n*a-Si layer 51 as an underlayer thereof are
formed to face each other through a predetermined gap. For
example, the source electrode 22 has a stick-like planar
shape. The drain electrode 21 is disposed to surround the
source electrode 22 in a C-shape. The channel area surface
of the active semiconductor layer 28 is partly etched for
ensuring separation and insulation between the drain elec-
trode 21 and the source electrode 22. The active semicon-
ductor layer 28 has a thickness, for example, of from 150 to
200 nm upon formation thereof, and the thickness of the
active semiconductor layer 28 at the portion having a surface
being etched is, for example, about 100 nm. The gate bus
line 12 immediately beneath the active semiconductor layer
28 functions as a gate electrode of the TFT 25. The gate bus
line 12 in this embodiment has a larger width in the area
functioning as the gate electrode than that of the other areas.

[0068] The light shielding portions 62z and 62b are
formed with the same material as the active semiconductor
layer 28 of the TFT 25 simultaneously therewith. The light
shielding portions 62a and 62b have a thickness of about 100
nm, which is substantially the same as the thickness of the
active semiconductor layer 28 of the TFT 25 in the area
having a surface being etched, and has a function of shield-
ing (absorbing) light. As described herein, this embodiment
utilizes such a constitution that the active semiconductor
layer 28 of the channel etching type TFT 25 is formed to
have a larger thickness than the active semiconductor layer
28 of the channel protective film type TFT 20 (for example,
about from 30 to 50 nm). The light shielding portion 624 is
disposed between the gate bus line 12 and the light leakage
preventing film 40 and is electrically separated from the
active semiconductor layer 28, the drain electrode 21, the
drain bus line 14, the gate bus line 12 and the light leakage
preventing film 40. The light shielding portion 62b is
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disposed between the gate bus line 12 and the storage
capacitor bus line 18 and is electrically separated from the
active semiconductor layer 28, the source electrode 22, the
storage capacitor electrode 19, the gate bus line 12 and the
storage capacitor bus line 18. A large proportion of the
reflection area is shielded from light incident from the back
surface side of the glass substrate 10 by the gate bus line 12,
the storage capacitor bus line 18, the light leakage prevent-
ing film 40 and the light shielding portions 62a and 62b.

[0069] According to this embodiment, in the step of pat-
terning a positive light-sensitive resin layer for forming the
wrinkled resin layer 34 in the reflection area, reflected light
on the exposing stage is shielded by the light shielding
portions 62a and 62b, and thus the light is substantially not
incident on the light-sensitive resin layer in the reflection
area, as similar to the first to third embodiments. Therefore,
a heat treatment by applying energy to the surface thereof in
the subsequent step provides such a wrinkled resin layer 34
that has uniform wrinkled unevenness formed thereon. Con-
sequently, the reflection electrode 17 formed on the wrinkled
resin layer 34 also has uniform wrinkled unevenness to
obtain a desired inclined plane distribution with good con-
trollability. According to this embodiment, therefore, excel-
lent reflection uniformity and stable reflectivity can be
obtained to realize a transreflective liquid crystal display
device having good reflection display characteristics. Fur-
thermore, since the light shielding portions 624 and 62b are
formed in the same process step as the active semiconductor
layer 28, no process step is added to the manufacturing
method of the TFT substrate 2.

[0070] A modified example of the constitution of the
liquid crystal display substrate of this embodiment will be
described with reference to FIGS. 9A and 9B. FIG. 9A is
a plan view showing the constitution of the vicinity of the
reflection area of one pixel area of the TFT substrate 2
according to this modified example, and FIG. 9B is a cross
sectional view showing the constitution of the TFT substrate
2 on line G-G in FIG. 9A. In this modified example, as
shown in FIGS. 9A and 9B, the light shielding portion 62a
partly overlaps the light leakage preventing film 40. At the
gap between the two adjacent light shielding portions 62a
(i-¢., on the surrounding of the light shielding portion 624),
a light shielding portion 60z extending from the light
leakage preventing film 40 is disposed, which is formed with
the same material as the gate bus line 12 simultaneously
therewith. At the gap between the light shielding portion 624
and the drain electrode 21, alight shielding portion 60a is
disposed, which is formed with the same material as the light
shielding portion 60a simultaneously therewith. Separately,
a light shielding portion 60b, which is formed with the same
material as the gate bus line 12 simultaneously therewith, is
disposed on the surrounding of the light shielding portion
62b. The light shielding portion 60b is electrically separated
from both the gate bus line 12 and the storage capacitor bus
line 18. As described herein, in this modified embodiment,
the light shielding portions are formed with different mate-
rials depending on the areas where the light shielding
portions are formed. The substantially whole reflection area
is shielded from light incident from the back surface side of
the glass substrate 10 by the gate bus line 12, the storage
capacitor bus line 18, the light leakage preventing film 40,
the drain electrode 21, the source electrode 22, the storage
capacitor electrode 19 and the light shielding portions 60g,
60a, 60b, 62¢ and 62b. According to this modified example,
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therefore, further uniform wrinkled unevenness can be
formed on the reflection electrode 17 in comparison to the
constitution shown in FIGS. 8A and 8B, so as to provide
better reflection display characteristics.

Fifth Embodiment

[0071] A liquid crystal display substrate according to a
fifth embodiment of the invention and a manufacturing
method thereof will be described with reference to FIGS. 10
to 12B. FIG. 10 is a cross sectional view showing a
constitution of a TFT substrate 2 according to this embodi-
ment. In FIG. 10, the area having a TFT 20 of a pixel formed
therein is shown on the left side, a transmission area of the
pixel is shown at the center, and a reflection area of the
adjacent pixel is shown on the right side. As shown in FIG.
10, the TFT substrate 2 of this embodiment has an insulating
film 31 as an underlayer of agate electrode (gate bus line) 12
of the channel protective film type TFT 20. A transparent
electrode 116 is formed immediately above the glass sub-
strate 10 in the transmission area. The surface of the trans-
parent electrode 16 is exposed through an opening 27 where
the protective film 32 and the insulating films 30 and 31 are
removed. The transparent electrode 16 is electrically con-
nected to the source electrode 22 of the TFT 20 through the
reflection electrode 17. A light shielding portion 63 is
formed as an underlayer of the insulating film 31 in the
reflection area. The light shielding portion 63 has such a
constitution that an ITO layer 52 formed with the same
material as the transparent electrode 16 and a high melting
point metal layer 53 having a light shielding capability are
accumulated in this order and patterned into the same shape.

[0072] A manufacturing method of the liquid crystal dis-
play substrate according to this embodiment will be
described. FIGS. 11A to 12B are cross sectional views
showing the manufacturing method of the TFT substrate 2
according to this embodiment. As shown in FIG. 11A, an
ITO layer 52 having a thickness, for example, of 70 nm and
a high melting point metal layer 53 having a thickness, for
example, of 100 nm are formed by sputtering directly on a
glass substrate 10 as a transparent insulating substrate or
after forming a protective film, such as SiO,, thereon
depending on necessity. By this, an electroconductive film
having a thickness of about 170 nm having the ITO layer 52
and the high melting point metal layer 53 accumulated is
formed on the whole surface of the substrate. Examples of
the material for forming the high melting point metal layer
53 include Ti, chromium (Cr), molybdenum (Mo), tantalum
(Ta), tungsten (W) and alloys thereof. A resist is then coated
on the whole surface of the electroconductive film and
patterned by using a first photomask (or a reticle) to form a
resist pattern having a predetermined shape. Subsequently,
wet etching by using, for example, a mixed reagent of acetic
acid, nitric acid and phosphoric acid, and wet etching using,
for example, a reagent, such as oxalic acid, are effected by
using the resist pattern as an etching mask. Consequently, a
light shielding portion 63 is formed on at least a portion of
an area to be a reflection area, and an electroconductive film
(electroconductive layer) 54 having a predetermined shape
is formed on an area to be a transmission area.

[0073] As shown in FIG. 11B, by the plasma CVD
process a silicon nitride film (SiN film) having a thickness,
for example, of 200 nm is formed on the light shielding
portion 63 and the electroconductive film 54 on the whole
surface of the substrate to form an insulating film 31.
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[0074] As shown in FIG. 12A, an Al layer (or an Al alloy
layer) 55 having a thickness, for example, of 130 nm and a
high melting point metal layer (such as a Ti layer or a Ti
alloy layer) 56 having a thickness, for example, of 70 nm are
formed in this order by sputtering on the insulating layer 31
on the whole surface of the substrate. Consequently, an
electroconductive film having a thickness of 200 nm con-
taining the Allayer 55 and the high melting point metal layer
56 accumulated is formed. Examples of the Al alloy include
those materials that are obtained by adding one or plurality
of neodymium (Nd), silicon (Si), copper (Cu), Ti, W, Ta and
scandium (Sc) to Al. Examples of the high melting point
metal include Cr, Mo, Ta, W and alloys thereof. A resist is
then coated on the whole surface of the electroconductive
film and patterned by using a second photomask to form a
resist pattern having a predetermined shape. Subsequently,
dry etching using, for example, a chlorine series gas is
effected by using the resist pattern as an etching mask.
Consequently, a gate bus line 12, a storage capacitor bus line
18 (not shown in the figure) and a gate bus line terminal (not
shown in the figure) are formed.

[0075] An SiN film having a thickness, for example, of
400 nm is formed by the plasma CVD process on the gate
bus line 12, the storage capacitor bus line 18 and the gate bus
line terminal on the whole surface of the substrate, so as to
form an insulating film (gate insulating film) 30. An a-Si
layer having a thickness, for example, of 30 nm is then
formed by the plasma CVD process on the whole surface of
the insulating layer 30. Subsequently, an SiN film having a
thickness, for example, of 150 nm is formed by the plasma
CVD process on the whole surface of the a-Si layer. A resist
is coated by spin coating on the whole surface of the SiN
film to form a resist layer. The glass substrate 10 is then
exposed from the back surface side thereof by using the gate
bus line 12 as a mask. Subsequently, the glass substrate 10
is exposed from the front surface side thereof by using a
third photomask. The resist layer is then developed, and the
resist layer in the exposed area is removed by dissolution.
Consequently, a resist pattern is formed in a self aligning
manner only on the area for forming the channel protective
film on the gate bus line 12. Dry etching using a fluorine
series gas is then effected by using the resist pattern as an
etching mask to form a channel protective film 23.

[0076] Immediately after cleaning the surface of the a-Si
layer (removal of a spontaneous oxidized film) by using
diluted hydrofluoric acid, an n*a-Si layer having a thickness,
for example, of 30 nm is formed on the whole surface of the
substrate by the plasma process. A high melting point metal
layer (such as a Ti layer or a Ti alloy layer) 57 having a
thickness, for example, of 40 nm, an Al layer (or an Al alloy
layer) 58 having a thickness, for example, of 75 nm and a
high melting point metal layer (such as a Ti layer or a Ti
alloy layer) 59 having a thickness, for example, of 80 nm are
then formed by sputtering in this order to form an electro-
conductive film. Examples of the high melting point metal
include Cr, Mo, Ta, W and alloys thereof. It is necessary that
the high melting point metal layer 39 is not removed but
remains upon removing by etching the high melting point
metal layer 33 in the transmission area in the subsequent
process step, and therefore, the materials for forming the
high melting point metal layers 53 and 59 are selected under
consideration of etching selectivity thereof (see FIG. 12B).
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[0077] A resist is then coated on the whole surface of the
electroconductive film and patterned by using a fourth
photomask to form a resist pattern having a predetermined
shape. The electroconductive film, the n*a-Si layer and the
a-Si layer are subjected to dry etching using a chlorine series
gas by using the resist pattern as an etching mask. Conse-
quently, a drain electrode 21 and a source electrode 22 of the
TFT 20, an active semiconductor layer 28, a storage capaci-
tor electrode 19 (not shown in the figure), a drain bus line 14
(not shown in the figure) and a drain bus line terminal (not
shown in the figure) are formed. The channel protective film
23 functions as an etching stopper upon etching, and the a-Si
layer as an underlayer thereof is not etched but remains.
According to the aforementioned operations, a channel
protective film type TFT 20 is formed.

[0078] As shown in FIG. 12B, an SIN film having a
thickness, for example, of 300 nm is formed by the plasma
CVD process on the whole surface of the substrate to form
a protective film 32. A resist is then coated on the whole
surface of the protective film 32 and patterned by using a
fifth photomask to form a resist pattern having a predeter-
mined shape. The protective film 32 (and the insulating films
30 and 31) is subjected to dry etching using a mixed gas of
a fluorine series gas and an O, gas by using the resist pattern
as an etching mask. Consequently, a contact hole 26 on the
source electrode 22, a contact hole (not shown in the figure)
on the storage capacitor electrode 19 and a contact hole (not
shown in the figure) on the gate bus line terminal and the
drain bus line terminal are formed. Simultancously, the
protective film 32 and the insulating films 30 and 31 on the
electroconductive film 34 in the transmission area are
removed to form an opening 27. Subsequently, wet etching
using a mixed reagent of acetic acid, nitric acid and phos-
phoric acid is effected. Consequently, the high melting point
metal layer 53 as an upper layer of the electroconductive
film 54 exposed through the opening 27 is removed, and the
ITO layer 52 as a lower layer thereof remains, so as to form
a transparent electrode 16.

[0079] A positive light-sensitive novolak resin, for
example, is coated on the whole surface of the substrate by
using a spin coater or a slit coater to form a light-sensitive
resin layer having a thickness, for example, of about from
0.5 to 4 um. Subsequently, the substrate is subjected to a heat
treatment at a temperature of 160° C. or lower. The light-
sensitive resin layer is then exposed by using a sixth
photomask and is developed by using an alkali developer
solution, such as TMAH (tetramethylammonium hydrox-
ide), so as to form an overcoat (OC) layer (resin layer)
having a predetermined shape. The OC layer is formed on at
least a portion of the area to be the reflection area. In the
exposing step for patterning, since the light shielding portion
63 is formed as an underlayer (i.., on the side of the glass
substrate 10) of the light-sensitive resin layer, light reflected
on the exposing stage of the exposing apparatus is substan-
tially not incident on the light-sensitive resin layer in the
reflection area.

[0080] The OC layer is then annealed at a temperature of
from 100 to 180° C. for from 0.2 to 60 minutes by using a
clean oven or a hot plate. The surface of the OC layer is then
irradiated with UV light having a wavelength of from 200 to
470 nm at an energy density of from 10 to 550 mJ/em?® for
from 5 to 300 seconds. The OC layer is then annealed by
using a clean oven or the like at a temperature equal to or
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higher than the heat curing point thereof (from 180 to 230°
C.) for about 1 hour. Consequently, a wrinkled resin layer 34
having wrinkled unevenness on the surface thereof is formed
in the reflection area (see FIG. 10). As described in the
foregoing, in this embodiment, light reflected by the expos-
ing stage of the exposing apparatus is substantially not
incident on the light-sensitive resin in the reflection area, and
therefore, a wrinkled resin layer 34 having uniform wrinkled
unevenness can be obtained through the subsequent UV
light irradiation and heat treatment.

[0081] In the constitution shown in FIGS. 3A and 3B, for
example, there is such a possibility that reflected light from
the exposing stage is incident through the gap between the
light shielding portions 60a and 60b and the gate bus line 12.
Therefore, there is such a possibility that the wrinkled
unevenness is deformed in a partial area of the wrinkled
resin layer 34 depending on the positions of the grooves on
the surface of the exposing stage and that display uneven-
ness depending on the area proportion of the gap to the
reflection area is formed. In order to prevent the phenom-
enon, the glass substrate 10 may be subjected to exposure
from the back surface side (i.e., the lower side in the figure)
under predetermined exposing conditions after patterning
the OC layer and before subjecting to the heat treatment at
a temperature equal to or higher than the heat curing point.
Consequently, the OC layer in the area corresponding to the
gap between the light shielding portions 60a and 605 and the
gate bus line 12 is substantially uniformly cured over all the
pixels, whereby display unevenness is not viewed although
no wrinkled unevenness is formed in that area through the
subsequent heat treatment.

[0082] A Ti layer (or a Ti alloy layer) 174 having a
thickness, for example, of 100 nm and an Al layer (or an Al
alloy layer) 17b having a thickness, for example, of 100 nm
are formed by sputtering on the whole surface of the
wrinkled resin layer 34. A high melting point metal layer
formed with Cr, Mo, Ta, W or alloys thereof may be formed
instead of the Ti layer. A resist is then coated on the whole
surface of the Al layer 17b and patterned by using a seventh
photomask to form a resist pattern having a predetermined
shape. Subsequently, dry etching using a chlorine series gas
is effected by using the resist pattern as an etching mask.
Consequently, a reflection electrode 17 is formed in the
reflection area including the wrinkled resin layer 34. The
surface of the reflection electrode 17 has a wrinkled uneven
surface according to the surface of the wrinkled resin layer
34. The reflection electrode 17 is electrically connected to
the source electrode 22 through the contact hole 26, and is
electrically connected to the storage capacitor electrode 19
through a contact hole not shown in the figure. The reflection
electrode 17 is also electrically connected to the transparent
electrode 16 through a portion of the opening 27. Thereafter,
the substrate is subjected to a heat treatment at a temperature
of from 150 to 230° C., preferably 200° C. According to the
aforementioned process steps, the TFT substrate 2 shown in
FIG. 10 is completed.

[0083] According to this embodiment, in the step of pat-
terning the positive light-sensitive resin layer for forming
the wrinkled resin layer 34 in the reflection area, light
reflected from the exposing stage is shielded by the light
shielding portion 63 and the like, and thus the light is
substantially not incident on the light-sensitive resin layer in
the reflection area, as similar to the first to fourth embodi-
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ments. Therefore, a heat treatment by applying energy to the
surface thereof in the subsequent step provides such a
wrinkled resin layer 34 that has substantially uniform
wrinkled unevenness formed thereon. Consequently, the
reflection electrode 17 formed on the wrinkled resin layer 34
also has substantially uniform wrinkled unevenness to
obtain a desired inclined plane distribution with good con-
trollability. According to this embodiment, therefore, excel-
lent reflection uniformity and stable reflectivity can be
obtained to realize a transreflective liquid crystal display
device having good reflection display characteristics.

[0084] Furthermore, since the light shielding portion 63 is
patterned by using the same photomask (the first photomask)
as the transparent electrode 16, and the high melting point
metal layer 53 on the transparent electrode 16 is removed by
using the predetermined etchant after exposing through the
opening 27 formed simultaneously with the contact hole 26.
In this embodiment, therefore, the light shielding portion 63
is formed by using no additional photomask, and thus no
process step is added to the manufacturing method of the
TFT substrate 2.

Sixth Embodiment

[0085] A liquid crystal display substrate according to a
sixth embodiment of the invention and a manufacturing
method thereof will be described with reference to FIGS. 13
to 15B. FIG. 13 is a cross sectional view showing a
constitution of a TFT substrate 2 according to this embodi-
ment. In FIG. 13, the area having a TFT 20 of a pixel formed
therein is shown on the left side, a transmission area of the
pixel is shown at the center, and a reflection area of the
adjacent pixel is shown on the right side, as similar to FIGS.
10 to 12B. As shown in FIG. 13, the TFT substrate 2 of this
embodiment has the same constitution as the fifth embodi-
ment except that it has a channel etching type TFT 25. That
is, the TFT substrate 2 has a light shielding portion 63
formed by accumulating an ITO layer 52 formed with the
same material as a transparent electrode 16 and a high
melting point metal layer 53 having light shielding capabil-
ity in this order, which are then patterned in the same shape.

[0086] A manufacturing method of the liquid crystal dis-
play substrate according to this embodiment will be
described. FIGS. 14A to 15B are cross sectional views
showing the manufacturing method of the TFT substrate 2
according to this embodiment. As shown in FIG. 14A, an
ITO layer 52 having a thickness, for example, of 70 nm and
a high melting point metal layer 53 having a thickness, for
example, of 100 nm are formed by sputtering directly on a
glass substrate 10 as a transparent insulating substrate or
after forming a protective film, such as SiO,, thereon
depending on necessity. Consequently, an electroconductive
film having a thickness of about 170 nm having the ITO
layer 52 and the high melting point metal layer 53 accumu-
lated is formed on the whole surface of the substrate. A resist
is then coated on the whole surface of the electroconductive
film and patterned by using a first photomask to form a resist
pattern having a predetermined shape. Subsequently, wet
etching by using, for example, a mixed reagent of acetic
acid, nitric acid and phosphoric acid, and wet etching using,
for example, a reagent, such as oxalic acid, are effected by
using the resist pattern as an etching mask. Consequently, a
light shielding portion 63 is formed on at least a portion of
an area to be a reflection area, and an electroconductive film
54 is formed on an area to be a transmission area.
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[0087] As shown in FIG. 14B, by the plasma process, an
SiN film having a thickness, for example, of 200 nm is
formed on the light shielding portion 63 and the electrocon-
ductive film 54 on the whole surface of the substrate to form
an insulating film 31.

[0088] As shown in FIG. 15A, an Al layer (or an Al alloy
layer) 55 having a thickness, for example, of 130 nm and a
high melting point metal layer (such as a Ti layer or a Ti
alloy layer) 56 having a thickness, for example, of 70 nm are
formed in this order by sputtering on the insulating layer 31
on the whole surface of the substrate. Consequently, an
electroconductive film having a thickness of 200 nm con-
taining the Allayer 55 and the high melting point metal layer
56 accumulated is formed. A resist is then coated on the
whole surface of the electroconductive film and patterned by
using a second photomask to form a resist pattern having a
predetermined shape. Subsequently, dry etching using, for
example, a chlorine series gas is effected by using the resist
pattern as an etching mask. Consequently, a gate bus line 12,
a storage capacitor bus line 18 (not shown in the figure) and
a gate bus line terminal (not shown in the figure) are formed.

[0089] An SiN film having a thickness, for example, of
400 nm is formed by the plasma CVD process on the gate
bus line 12, the storage capacitor bus line 18 and the gate bus
line terminal on the whole surface of the substrate, so as to
form an insulating film (gate insulating film) 30. An a-Si
layer having a thickness, for example, of 150 nm is then
formed by the plasma CVD process on the whole surface of
the insulating layer 30. Subsequently, an n*a-Si layer having
a thickness, for example, of 30 nm is formed by the plasma
CVD process on the whole surface of the a-Si layer.

[0090] A resist is coated by spin coating on the whole
surface of the n*a-Si layer to form a resist layer. The glass
substrate 10 is then exposed from the front surface side
thereof by using a third photomask. The resist layer is then
developed, and the resist layer in the exposed area is
removed by dissolution. Consequently, a resist pattern is
formed on the area for forming a TFT 25. Dry etching using
a fluorine series gas is then effected by using the resist
pattern as an etching mask. Consequently, an active semi-
conductor layer 28 and the n*a-Si layer 51 as an upper layer
thereof are formed in an island shape.

[0091] A high melting point metal layer (such as a Ti layer
or a Ti alloy layer) 57 having a thickness, for example, of 40
nm, an Al layer (or an Al alloy layer) 58 having a thickness,
for example, of 75 nm and a high melting point metal layer
(such as a Ti layer or a Ti alloy layer) 59 having a thickness,
for example, of 80 nm are formed by sputtering in this order
to form an electroconductive film. Examples of the high
melting point metal include Cr, Mo, Ta, W and alloys
thereof. It is necessary that the high melting point metal
layer 59 is not removed but remains upon removing by
etching the high melting point metal layer 53 in the trans-
mission area in the subsequent process step, and therefore,
the materials for forming the high melting point metal layers
53 and 359 are selected under consideration of etching
selectivity thereof (see FIG. 15B).

[0092] A resist is then coated on the whole surface of the
electroconductive film and patterned by using a fourth
photomask to form a resist pattern having a predetermined
shape. The electroconductive film and the n*a-Silayer 51 are
subjected to dry etching using a chlorine series gas by using
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the resist pattern as an etching mask. In order to separate
certainly the drain electrode 21 and the n*a-Si layer 51 as an
under layer thereof from the source electrode 22 and the
n*a-Si layer 51 as an under layer thereof, the etching is
effected up to the surface of the active semiconductor layer
28 (channel etching). Consequently, the drain electrode 21
and the source electrode 22 of the TFT 25, a storage
capacitor electrode 19 (not shown in the figure), a drain bus
line 14 (not shown in the figure) and a drain bus line terminal
(not shown in the figure) are formed. According to the
aforementioned operations, a channel etching type TFT 25 is
formed.

[0093] As shown in FIG. 15B, an SiN film having a
thickness, for example, of 300 nm is formed by the plasma
CVD process on the whole surface of the substrate to form
a protective film 32. A resist is then coated on the whole
surface of the protective film 32 and patterned by using a
fifth photomask to form a resist pattern having a predeter-
mined shape. The protective film 32 (and the insulating films
30 and 31) is subjected to dry etching using a mixed gas of
a fluorine series gas and an O, gas by using the resist pattern
as an etching mask. Consequently, a contact hole 26 on the
source electrode 22, a contact hole (not shown in the figure)
on the storage capacitor electrode 19 and a contact hole (not
shown in the figure) on the gate bus line terminal and the
drain bus line terminal are formed. Simultancously, the
protective film 32 and the insulating films 30 and 31 on the
electroconductive film 54 in the transmission area are
removed to form an opening 27. Subsequently, wet etching
using a mixed reagent of acetic acid, nitric acid and phos-
phoric acid is effected. Consequently, the high melting point
metal layer 53 as an upper layer of the electroconductive
film 54 exposed through the opening 27 is removed, and the
ITO layer 52 as a lower layer thereof remains, so as to form
a transparent electrode 16.

[0094] A positive light-sensitive novolak resin, for
example, is coated on the whole surface of the substrate by
using a spin coater or a slit coater to form a light-sensitive
resin layer having a thickness, for example, of about from
0.5 to 4 um. Subsequently, the substrate is subjected to a heat
treatment at a temperature of 160° C. or lower. The light-
sensitive resin layer is then exposed by using a sixth
photomask and is developed by using an alkali developer
solution, such as TMAH, so as to form an OC layer having
a predetermined shape. The OC layer is formed on at least
a portion of the area to be the reflection area. In the exposing
step for patterning, since the light shielding portion 63 is
formed as an underlayer (ic., on the side of the glass
substrate 10) of the light-sensitive resin layer, light reflected
on the exposing stage of the exposing apparatus is substan-
tially not incident on the light-sensitive resin layer in the
reflection area.

[0095] The OC layer is then annealed at a temperature of
from 100 to 180° C. for from 0.2 to 60 minutes by using a
clean oven or a hot plate. The surface of the OC layer is then
irradiated with UV light having a wavelength of from 200 to
470 nm at an energy density of from 10 to 550 mJ/cm? for
from 5 to 300 seconds. Subsequently, depending on neces-
sity, the glass substrate 10 is exposed from the back surface
side thereof. The OC layer is then annealed by using a clean
oven or the like at a temperature of from 180 to 230° C. for
about 1 hour. Consequently, a wrinkled resin layer 34 having
wrinkled unevenness on the surface thereof is formed in the
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reflection area (see FIG. 13). As described in the foregoing,
in this embodiment, light reflected by the exposing stage of
the exposing apparatus is substantially not incident on the
light-sensitive resin layer in the reflection area, and there-
fore, a wrinkled resin layer 34 having uniform wrinkled
unevenness can be obtained through the subsequent UV
light irradiation and heat treatment.

[0096] A Ti layer (or a Ti alloy layer) 174 having a
thickness, for example, of 100 nm and an Al layer (or an Al
alloy layer) 17b having a thickness, for example, of 100 nm
are formed by sputtering on the whole surface of the
wrinkled resin layer 34. A resist is then coated on the whole
surface of the Al layer 17b and patterned by using a seventh
photomask to form a resist pattern having a predetermined
shape. Subsequently, dry etching using a chlorine series gas
is effected by using the resist pattern as an etching mask.
Consequently, a reflection electrode 17 is formed in the
reflection area including the wrinkled resin layer 34. The
surface of the reflection electrode 17 has a wrinkled uneven
surface according to the surface of the wrinkled resin layer
34. The reflection electrode 17 is electrically connected to
the source electrode 22 through the contact hole 26, and is
electrically connected to the storage capacitor electrode 19
through a contact hole not shown in the figure. The reflection
electrode 17 is also electrically connected to the transparent
electrode 16 through a portion of the opening 27. Thereafter,
the substrate is subjected to a heat treatment at a temperature
of from 150 to 230° C., preferably 200° C. According to the
aforementioned process steps, the TFT substrate 2 shown in
FIG. 13 is completed.

[0097] According to this embodiment, in the step of pat-
terning the positive light-sensitive resin layer for forming
the wrinkled resin layer 34 in the reflection area, light
reflected from the exposing stage is shielded by the light
shielding portion 63 and the like, and thus the light is
substantially not incident on the light-sensitive resin layer in
the reflection area, as similar to the first to fifth embodi-
ments. Therefore, a heat treatment by applying energy to the
surface thereof in the subsequent step provides such a
wrinkled resin layer 34 that has uniform wrinkled uneven-
ness formed thereon. Consequently, the reflection electrode
17 formed on the wrinkled resin layer 34 also has substan-
tially uniform wrinkled unevenness to obtain a desired
inclined plane distribution with good controllability.
According to this embodiment, therefore, excellent reflec-
tion uniformity and stable reflectivity can be obtained to
realize a transreflective liquid crystal display device having
good reflection display characteristics.

[0098] Furthermore, since the light shielding portion 63 is
patterned by using the same photomask (the first photomask)
as the transparent electrode 16, and the high melting point
metal layer 53 on the transparent electrode 16 is removed by
using the predetermined etchant after exposing through the
opening 27 formed simultaneously with the contact hole 26.
In this embodiment, therefore, the light shielding portion 63
is formed by using no additional photomask, and thus no
process step is added to the manufacturing method of the
TFT substrate 2.

Seventh Embodiment

[0099] A liquid crystal display substrate according to a
seventh embodiment of the invention and a manufacturing
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method thereof will be described with reference to FIGS. 16
to 17C. FIG. 16 is a cross sectional view showing a
constitution of a TFT substrate 2 according to this embodi-
ment. In FIG. 16, the area having a TFT 20 of a pixel formed
therein is shown on the left side, a transmission area of the
pixel is shown at the center, and a reflection area of the
adjacent pixel is shown on the right side, as similar to FIGS.
10 to 15B. As shown in FIG. 16, the TFT substrate 2 of this
embodiment has, in the transmission area, a transparent
electrode 16 formed directly on the glass substrate 10. The
surface of the transparent electrode 16 is exposed through an
opening 27 where a protective film 32 and an insulating film
30 are removed. The transparent electrode 16 is electrically
connected to the source electrode 22 of the TFT 20 through
the reflection electrode 17. A gate bus line (gate electrode)
12 has such a constitution that an ITO layer 52 formed with
the same material as the transparent electrode 16, a high
melting point metal layer 70, an Al layer 71 and a high
melting point metal layer 72 are accumulated in this order.
Alight shielding portion 64 is formed as an underlayer of the
insulating film 30 in the reflection area. The light shielding
portion 64 has such a constitution that an ITO layer 52
formed with the same material as the transparent electrode
16, a high melting point metal layer 70, an Al layer 71 and
a high melting point metal layer 72 are accumulated in this
order, as similar to the gate bus line 12. The layers consti-
tuting the light shielding portion 64 are patterned into the
same shape.

[0100] A manufacturing method of the liquid crystal dis-
play substrate according to this embodiment will be
described. FIGS. 17A to 17C are cross sectional views
showing the manufacturing method of the TFT substrate 2
according to this embodiment. As shown in FIG. 17A, an
ITO layer 52, a high melting point metal layer 70, an Al layer
71 and a high melting point metal layer 72 are formed in this
order to form an electroconductive film directly on a glass
substrate 10 or after forming a protective film, such as SiO,,
thereon depending on necessity. A resist is then coated on the
whole surface of the electroconductive film and patterned by
using a first photomask to form a resist pattern having a
predetermined shape. Subsequently, wet etching by using,
for example, a mixed reagent of acetic acid, nitric acid and
phosphoric acid, and wet etching using, for example, a
reagent, such as oxalic acid, are effected by using the resist
pattern as an etching mask. Consequently, a gate bus line 12,
a storage capacitor bus line 18 (not shown in the figure) and
a gate bus line terminal (not shown in the figure) are formed,
a light shielding portion 64 is formed on at least a portion of
an area to be a reflection area, and an electroconductive film
54 is formed on an area to be a transmission area.

[0101] As shown in FIG. 17B, an SiN film is formed by
the plasma CVD process on the gate bus line 12, the light
shielding portion 64 and the electroconductive film 54 on the
whole surface of the substrate to form an insulating film 30.
An a-Si layer is then formed by the plasma CVD process on
the while surface of the insulating layer 30. Subsequently, an
SiN film is formed by the plasma CVD process on the whole
surface of the a-Si layer. A resist is then coated by spin
coating or the like on the whole surface of the SiN film to
form a resist layer. The glass substrate 10 is then exposed
from the back surface side thereof by using the gate bus line
12 as a mask. Subsequently, the glass substrate 10 is exposed
from the front surface side thereof by using a second
photomask. The resist layer is then developed, and the resist
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layer in the exposed area is removed by dissolution. Con-
sequently, a resist pattern is formed in a self aligning manner
only on the area for forming the channel protective film on
the gate bus line 12. Dry etching using a fluorine series gas
is then effected by using the resist pattern as an etching mask
to form a channel protective film 23.

[0102] Immediately after cleaning the surface of the a-Si
layer by using diluted hydrofluoric acid, an n*a-Si layer is
formed by the plasma CVD process on the whole surface of
the substrate. A high melting point metal layer (such as a Ti
layer or a Ti alloy layer) 57, an Al layer (or an Al alloy layer)
58 and a high melting point metal layer (such as a Ti layer
or a Ti alloy layer) 59 are then formed by sputtering in this
order to form an electroconductive film.

[0103] Aresist is then coated on the whole surface of the
electroconductive film and patterned by using a third pho-
tomask to form a resist pattern having a predetermined
shape. The electroconductive film, the n*a-Si layer and the
a-Si layer are subjected to dry etching using a chlorine series
gas by using the resist pattern as an etching mask. Conse-
quently, a drain electrode 21 and a source electrode 22 of the
TFT 20, an active semiconductor layer 28, a storage capaci-
tor electrode 19 (not shown in the figure), a drain bus line 14
(not shown in the figure) and a drain bus line terminal (not
shown in the figure) are formed. The channel protective film
23 functions as an etching stopper upon etching, and the a-Si
layer as an underlayer thereof is not etched but remains.
According to the aforementioned operations, a channel
protective film type TFT 20 is formed.

[0104] As shown in FIG. 17C, an SiN film is formed by
the plasma CVD process on the whole surface of the
substrate to form a protective film 32. A resist is then coated
on the whole surface of the protective film 32 and patterned
by using a fourth photomask to form a resist pattern having
a predetermined shape. The protective film 32 (and the
insulating film 30) is subjected to dry etching using a mixed
gas of a fluorine series gas and an O, gas by using the resist
pattern as an etching mask. Consequently, a contact hole 26
on the source electrode 22, a contact hole (not shown in the
figure) on the storage capacitor electrode 19 and a contact
hole (not shown in the figure) on the gate bus line terminal
and the drain bus line terminal are formed. Simultaneously,
the protective film 32 and the insulating film 30 on the
electroconductive film 354 in the fransmission area are
removed to form an opening 27.

[0105] A positive light-sensitive novolak resin, for
example, is coated on the whole surface of the substrate by
using a spin coater or a slit coater to form a light-sensitive
resin layer having a thickness, for example, of about from
0.5 to 4 um. Subsequently, the substrate is subjected to a heat
treatment at a temperature of 160° C. or lower. The light-
sensitive resin layer is then exposed by using a fifth photo-
mask and is developed by using an alkali developer solution,
such as TMAH, so as to form an OC layer having a
predetermined shape. The OC layer is formed on at least a
portion of the area to be the reflection area. In the exposing
step for patterning, since the light shielding portion 64 is
formed as an underlayer (i.c., on the side of the glass
substrate 10) of the light-sensitive resin layer, light reflected
on the exposing stage of the exposing apparatus is substan-
tially not incident on the light-sensitive resin layer in the
reflection area.
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[0106] The OC layer is then annealed at a temperature of
from 100 to 180° C. for from 0.2 to 60 minutes by using a
clean oven or a hot plate. The surface of the OC layer is then
irradiated with UV light having a wavelength of from 200 to
470 nm at an energy density of from 10 to 550 mJ/cm?® for
from 5 to 300 seconds. Subsequently, depending on neces-
sity, the glass substrate 10 is exposed from the back surface
side thereof. The OC layer is then annealed by using a clean
oven or the like at a temperature of from 180 to 230° C. for
about 1 hour. Consequently, a wrinkled resin layer 34 having
wrinkled unevenness on the surface thereof is formed in the
reflection area (see FIG. 16). As described in the foregoing,
in this embodiment, light reflected by the exposing stage of
the exposing apparatus is substantially not incident on the
light-sensitive resin in the reflection area, and therefore, a
wrinkled resin layer 34 having uniform wrinkled unevenness
can be obtained through the subsequent UV light irradiation
and heat treatment.

[0107] ATilayer (or a Ti alloy layer) 17a and an Al layer
(or an Al alloy layer) 17b are formed by sputtering on the
whole surface of the wrinkled resin layer 34. Aresist is then
coated on the whole surface of the Al layer 17b and
patterned by using a sixth photomask to form a resist pattern
having a predetermined shape. Subsequently, dry etching
using a chlorine series gas is effected by using the resist
pattern as an etching mask. Consequently, a reflection elec-
trode 17 is formed in the reflection area including the
wrinkled resin layer 34. The surface of the reflection elec-
trode 17 on the wrinkled resin layer 34 has a wrinkled
uneven surface following the surface of the wrinkled resin
layer 34. The reflection electrode 17 is electrically connected
to the source electrode 22 through the contact hole 26, and
is electrically connected to the storage capacitor electrode 19
through a contact hole not shown in the figure. The reflection
electrode 17 is also electrically connected to the transparent
electrode 16. By the etching operation, the high melting
point metal layer 72, the Al layer 71 and the high melting
point metal layer 70 of the electroconductive film 54
exposed through the opening 27 are removed, and the ITO
layer 52 as the lowermost layer remains, so as to form a
transparent electrode 16. Thereafter, the substrate is sub-
jected to a heat treatment at a temperature of from 150 to
230° C., preferably 200° C. According to the aforemen-
tioned process steps, the TFT substrate 2 shown in FIG. 16
is completed.

[0108] According to this embodiment, in the step of pat-
terning the positive light-sensitive resin layer for forming
the wrinkled resin layer 34 in the reflection area, light
reflected from the exposing stage is shiclded by the light
shielding portion 64 and the like, and thus the light is
substantially not incident on the light-sensitive resin layer in
the reflection area, as similar to the first to sixth embodi-
ments. Therefore, a heat treatment by applying energy to the
surface thereof in the subsequent step provides such a
wrinkled resin layer 34 that has substantially uniform
wrinkled unevenness formed thereon. Consequently, the
reflection electrode 17 formed on the wrinkled resin layer 34
also has substantially uniform wrinkled unevenness to
obtain a desired inclined plane distribution with good con-
trollability. According to this embodiment, therefore, excel-
lent reflection uniformity and stable reflectivity can be
obtained to realize a transreflective liquid crystal display
device having good reflection display characteristics.
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[0109] Furthermore, since the light shielding portion 64 is
patterned by using the same photormask (the first photomask)
as the transparent electrode 16, as similar to the fifth and
sixth embodiments. The high melting point metal layer 70,
the Al layer 71 and the high melting point metal layer 72 on
the transparent electrode 16 are removed through the etching
step for forming the reflection electrode 17 after exposing
through the opening 27 formed simultaneously with the
contact hole 26. In this embodiment, therefore, the light
shielding portion 64 is formed by using no additional
photomask, and thus no process step is added to the manu-
facturing method of the TFT substrate 2.

[0110] In this embodiment, furthermore, the transparent
electrode 16 and the light shielding portion 64 are patterned
by using the same photomask as the gate bus line 12 and the
like. Therefore, the number of photomasks can be reduced
by one in comparison to the fifth and sixth embodiments.

[0111] While this embodiment exemplifies the TFT sub-
strate 2 having the channel protective film type TFT 20, the
invention can also be applied to a TFT substrate 2 having a
channel etching type TFT 25.

Eighth Embodiment

[0112] A liquid crystal display substrate according to an
eighth embodiment of the invention and a manufacturing
method thereof will be described with reference to FIGS. 18
to 20B. FIG. 18 is a cross sectional view showing a
constitution of a TFT substrate 2 according to this embodi-
ment. In FIG. 18, the area having a TFT 20 of a pixel formed
therein is shown on the left side, a transmission area of the
pixel is shown at the center and a reflection area of the
adjacent pixel is shown on the right side, as similar to FIGS.
10 to 17C. As shown in FIG. 18, the TFT substrate 2 of this
embodiment has, on an insulating film 30 in the transmission
area, an a-Si layer 75, which is formed with the same
material with an active semiconductor layer 28 of the TFT
20 integrally therewith. A transparent electrode 16 is formed
on the a-Si layer 75. In the reflection area, a light shielding
portion 65 is formed on the insulating film 30 but as an
underlayer of a protective film 32. The light shielding
portion 65 has such a constitution that an a-Si layer 73
formed with the same material as the active semiconductor
layer 28, an ITO layer 52 formed with the same material as
the transparent electrode 16 and a high melting point metal
layer 74 are accumulated in this order. The layers constitut-
ing the light shielding portion 65 are patterned into the same
shape. In this embodiment, while the a-Si layer 75 is formed
as an underlayer of the transparent electrode 16 in the
transmission area, the thickness of the active semiconductor
layer 28 of the channel protective film type TFT 20 and the
thickness of the a-Si layer 75 are about from 30 to 50 nm,
and thus the light transmittance in the transmission area is
substantially not decreased.

[0113] A manufacturing method of the liquid crystal dis-
play substrate according to this embodiment will be
described. FIGS. 19A to 20B are cross sectional views
showing the manufacturing method of the TFT substrate 2
according to this embodiment. As shown in FIG. 19A, an Al
layer (or an Al alloy layer) 55 and a high melting point metal
layer (an Mo layer) 56 are formed in this order by sputtering
directly on a glass substrate 10 or after forming a protective
film, such as SiO,, thereon depending on necessity. Conse-
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quently, an electroconductive film containing the Al layer 55
and the high melting point metal layer 56 is formed. Addi-
tional examples of the high melting point metal include Cr,
Ti, Ta, W and alloys thereof. A resist is then coated on the
whole surface of the electroconductive film and patterned by
using a first photomask to form a resist pattern having a
predetermined shape. Subsequently, dry etching using, for
example a chlorine series gas is effected by using the resist
pattern as an etching mask. Consequently, a gate bus line 12,
a storage capacitor bus line 18 (not shown in the figure) and
a gate bus line terminal (not shown in the figure) are formed.

[0114] As shown in FIG. 19B, an SiN film is formed by
the plasma CVD process on the gate bus line 12, the storage
capacitor bus line 18 and the gate bus line terminal on the
whole surface of the substrate to form an insulating film 30.
An a-Si layer 76 is then formed by the plasma CVD process
on the while surface of the insulating layer 30. Subsequently,
an SiN film is formed by the plasma CVD process on the
whole surface of the a-Si layer 76. A resist is then coated by
spin coating or the like on the whole surface of the SiN film
to form a resist layer. The glass substrate 10 is then exposed
from the back surface side thereof by using the gate bus line
12 as a mask. Subsequently, the glass substrate 10 is exposed
from the front surface side thereof by using a second
photomask. The resist layer is then developed, and the resist
layer in the exposed area is removed by dissolution. Con-
sequently, a resist pattern is formed in a self aligning manner
only on the area for forming the channel protective film on
the gate bus line 12. Dry etching using a fluorine series gas
is then effected by using the resist pattern as an etching mask
to form a channel protective film 23.

[0115] An ITO layer 52 and a high melting point metal
layer 74 are formed in this order by sputtering on the whole
surface of the channel protective film 23. Consequently, an
electroconductive film having the ITO layer 52 and the high
melting point metal layer 74 accumulated is formed on the
whole surface of the substrate. A resist is then coated on the
whole surface of the electroconductive film and patterned by
using a third photomask to form a resist pattern having a
predetermined shape. Subsequently, wet etching by using,
for example, a mixed reagent of acetic acid, nitric acid and
phosphoric acid, and wet etching using, for example, a
reagent, such as oxalic acid, are effected by using the resist
pattern as an etching mask. Consequently, a light shielding
portion 65' is formed on at least a portion of an area to be a
reflection area, and an ¢lectroconductive film 54 is formed
in the transmission area.

[0116] As shown in FIG. 20A, immediately after cleaning
the surface of the a-Si layer 76 by using diluted hydrofluoric
acid, an n*a-Si layer is formed by the plasma CVD process
on the whole surface of the substrate. A high melting point
metal layer (such as a Ti layer or a Ti alloy layer) 57, an Al
layer (or an Al alloy layer) 58 and a high melting point metal
layer 59 are then formed by sputtering in this order to form
an electroconductive film.

[0117] Aresist is then coated on the whole surface of the
electroconductive film and patterned by using a fourth
photomask to form a resist pattern having a predetermined
shape. The electroconductive film, the n*a-Si layer and the
a-Si layer 76 are subjected to dry etching using a chlorine
series gas by using the resist pattern as an etching mask.
Consequently, a drain electrode 21 and a source electrode 22



US 2005/0219444 A1

of the TFT 20, an active semiconductor layer 28, a storage
capacitor electrode 19 (not shown in the figure), a drain bus
line 14 (not shown in the figure), a drain bus line terminal
(not shown in the figure) and an a-Si layer 75 are formed.
The channel protective film 23 functions as an etching
stopper upon etching, and the a-Si layer 76 as an underlayer
thereof is not etched but remains. The source electrode 22 is
electrically connected to an ITO layer 52 in the transmission
area 1o be a transparent electrode 16 through the high
melting point metal layer 74. According to the aforemen-
tioned operations, a channel protective film type TFT 20 is
formed, and simultancously a light shiclding portion 65
having the a-Si layer 73, the ITO layer 52 and the high
melting point metal layer 74 accumulated is formed.

[0118] As shown in FIG. 20B, an SiN film is formed by
the plasma CVD process on the whole surface of the
substrate to form a protective film 32. A resist is then coated
on the whole surface of the protective film 32 and patterned
by using a fifth photomask to form a resist pattern having a
predetermined shape. The protective film 32 (and the insu-
lating film 30) is subjected to dry etching using a mixed gas
of a fluorine series gas and an O, gas by using the resist
pattern as an etching mask. Consequently, a contact hole 26
on the source electrode 22, a contact hole (not shown in the
figure) on the storage capacitor electrode 19 and a contact
hole (not shown in the figure) on the gate bus line terminal
and the drain bus line terminal are formed. Simultaneously,
the protective film 32 on the electroconductive film 54 in the
transmission area is removed to form an opening 27.

[0119] A positive light-sensitive novolak resin, for
example, is coated on the whole surface of the substrate by
using a spin coater or a slit coater to form a light-sensitive
resin layer having a thickness, for example, of about from
0.5 to 4 um. Subsequently, the substrate is subjected to a heat
treatment at a temperature of 160° C. or lower. The light-
sensitive resin layer is then exposed by using a sixth
photomask and is developed by using an alkali developer
solution, such as TMAH, so as to form an OC layer having
a predetermined shape. The OC layer is formed on at least
a portion of the area to be the reflection area. In the exposing
step for patterning, since the light shielding portion 65 is
formed as an underlayer (i.e., on the side of the glass
substrate 10) of the light-sensitive resin layer, light reflected
on the exposing stage of the exposing apparatus is substan-
tially not incident on the light-sensitive resin layer in the
reflection area.

[0120] The OC layer is then annealed at a temperature of
from 100 to 180° C. for from 0.2 to 60 minutes by using a
clean oven or a hot plate. The surface of the OC layer is then
irradiated with UV light having a wavelength of from 200 to
470 nm at an energy density of from 10 to 550 mJ/cm? for
from 5 to 300 seconds. Subsequently, depending on neces-
sity, the glass substrate 10 is exposed from the back surface
side thereof. The OC layer is then annealed by using a clean
oven or the like at a temperature of from 180 to 230° C. for
about 1 hour. Consequently, a wrinkled resin layer 34 having
wrinkled unevenness on the surface thereof is formed in the
reflection area (see FIG. 18). As described in the foregoing,
in this embodiment, light reflected by the exposing stage of
the exposing apparatus is substantially not incident on the
light-sensitive resin layer in the reflection area, and there-
fore, a wrinkled resin layer 34 having uniform wrinkled

Oct. 6, 2005

unevenness can be obtained through the subsequent UV
light irradiation and heat treatment.

[0121] ATilayer (or a Ti alloy layer) 17a and an Al layer
(or an Al alloy layer) 17b are formed by sputtering on the
whole surface of the wrinkled resin layer 34. A resist is then
coated on the whole surface of the Al layer 17b and
patterned by using a seventh photomask to form a resist
pattern having a predetermined shape. Subsequently, dry
etching using a chlorine series gas is effected by using the
resist pattern as an etching mask. Consequently, a reflection
electrode 17 is formed in the reflection area including the
wrinkled resin layer 34. The surface of the reflection elec-
trode 17 on the wrinkled resin layer 34 has a wrinkled
uneven surface following the surface of the wrinkled resin
layer 34. The reflection electrode 17 is electrically connected
to the source electrode 22 through the contact hole 26, and
is electrically connected to the storage capacitor electrode 19
through a contact hole not shown in the figure. By the
etching operation, the high melting point metal layer 74 as
an upper layer of the electroconductive film 54 exposed
through the opening 27 is removed, and the ITO layer 52 as
a lower layer remains, so as to form a transparent electrode
16. Thereafter, the substrate is subjected to a heat treatment
at a temperature of from 150 to 230° C., preferably 200° C.
According to the aforementioned process steps, the TFT
substrate 2 shown in FIG. 18 is completed.

[0122] According to this embodiment, in the step of pat-
terning the positive light-sensitive resin layer for forming
the wrinkled resin layer 34 in the reflection area, light
reflected from the exposing stage is shielded by the light
shielding portion 65 and the like, and thus the light is
substantially not incident on the light-sensitive resin layer in
the reflection area, as similar to the first to seventh embodi-
ments. Therefore, a heat treatment by applying energy to the
surface thereof in the subsequent step provides such a
wrinkled resin layer 34 that has substantially uniform
wrinkled unevenness formed thercon. Consequently, the
reflection electrode 17 formed on the wrinkled resin layer 34
also has substantially uniform wrinkled unevenness to
obtain a desired inclined plane distribution with good con-
trollability. According to this embodiment, therefore, excel-
lent reflection uniformity and stable reflectivity can be
obtained to realize a transreflective liquid crystal display
device having good reflection display characteristics.

[0123] Furthermore, since the light shielding portion 65 is
patterned by using the same photomask (the third photo-
mask) as the transparent electrode 16, as similar to the fifth
to seventh embodiments. The high melting point metal layer
74 on the transparent electrode 16 is removed through the
etching step for forming the reflection electrode 17 after
exposing through the opening 27 formed simultaneously
with the contact hole 26. In this embodiment, therefore, the
light shielding portion 63 is formed by using no additional
photomask, and thus no process step is added to the manu-
facturing method of the TFT substrate 2.

Ninth Embodiment

[0124] A liquid crystal display substrate according to a
ninth embodiment of the invention and a manufacturing
method thereof will be described with reference to FIGS. 21
to 23B. FIG. 21 is a cross sectional view showing a
constitution of a TFT substrate 2 according to this embodi-
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ment. In FIG. 21, the area having a TFT 20 of a pixel formed
therein is shown on the left side, a transmission area of the
pixel is shown at the center, and a reflection area of the
adjacent pixel is shown on the right side, as similar to FIGS.
10 to 20B. As shown in FIG. 21, the TFT substrate 2 of this
embodiment has, on an insulating film 30 in the transmission
area, an a-Si layer 75, which is formed with the same
material with an active semiconductor layer 28 of the TFT
20 integrally therewith. An SiN film 77 formed with the
same material as a channel protective film 23 of the TFT 20
is formed on the a-Si layer 75. A transparent electrode 16 is
formed on the SiN film 77. In the reflection area, a light
shielding portion 66 is formed on the insulating film 30 but
as an underlayer of a protective film 32. The light shielding
portion 66 has such a constitution that an a-Si layer 73
formed with the same material as the active semiconductor
layer 28, an SiN filml 77 formed with the same material as
the channel protective film 23, an ITO layer 52 formed with
the same material as the transparent electrode 16 and a high
melting point metal layer 74 are accumulated in this order.
The layers constituting the light shielding portion 66 are
patterned into the same shape. In this embodiment, while the
a-Si layer 75 and the SiN film 77 are formed as underlayers
of the transparent electrode 16 in the transmission area, the
thickness of the active semiconductor layer 28 of the chan-
nel protective film type TFT 20 and the thickness of the a-Si
layer 75 are about from 30 to 50 nm, and SiN film 77 has
good light transmission, and thus the light transmittance in
the transmission area is substantially not decreased.

[0125] A manufacturing method of the liquid crystal dis-
play substrate according to this embodiment will be
described. FIGS. 22A to 23B are cross sectional views
showing the manufacturing method of the TFT substrate 2
according to this embodiment. As shown in FIG. 22A, an Al
layer (or an Al alloy layer) 55 and a high melting point metal
layer (an Mo layer) 56 are formed in this order by sputtering
directly on a glass substrate 10 or after forming a protective
film, such as SiO,, thereon depending on necessity. Conse-
quently, an electroconductive film containing the Al layer 55
and the high melting point metal layer 56 is formed. Addi-
tional examples of the high melting point metal include Cr,
Ti, Ta, W and alloys thereof. A resist is then coated on the
whole surface of the electroconductive film and patterned by
using a first photomask to form a resist pattern having a
predetermined shape. Subsequently, dry etching using, for
example a chlorine series gas is effected by using the resist
pattern as an etching mask. Consequently, a gate bus line 12,
a storage capacitor bus line 18 (not shown in the figure) and
a gate bus line terminal (not shown in the figure) are formed.

[0126] As shown in FIG. 22B, an SiN film is formed by
the plasma CVD process on the gate bus line 12, the storage
capacitor bus line 18 and the gate bus line terminal on the
whole surface of the substrate to form an insulating film 30.
An a-Si layer 76 is then formed by the plasma CVD process
on the while surface of the insulating layer 30. Subsequently,
an SiN film is formed by the plasma CVD process on the
whole surface of the a-Si layer 76. An I'TO layer 52 and a
high melting point metal layer 74 are formed by sputtering
on the whole surface of the SiN film. A resist is then coated
on the whole surface of the high melting point metal layer
74 and patterned by using a second photomask to form a
resist pattern having a predetermined shape. Subsequently,
by using the resist pattern as an etching mask, the high
melting point metal layer 74 and the ITO layer 52 are
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subjected to wet etching by using, for example, a mixed
reagent of acetic acid, nitric acid and phosphoric acid, and
wet etching using, for example, a reagent, such as oxalic
acid. Consequently, an electroconductive film 54 is formed
in the transmission area, and an electroconductive film to be
an upper layer of a light shielding portion 66' is formed on
at least a portion of the reflection area.

[0127] A resist is then coated on the whole surface of the
substrate. The glass substrate 10 is exposed from the back
surface side thereof by using the gate bus line 12 as a mask.
Subsequently, the glass substrate 10 is exposed from the
front surface side by using a third photomask. The resist
layer is then developed, and the resist layer in the exposed
area is removed by dissolution. Consequently, a resist pat-
tern is formed in a self aligning manner only on the area for
forming the channel protective film on the gate bus line 12.
The SiN film is then subjected to dry etching using a fluorine
series gas by using the resist pattern, the electroconductive
film 54 in the transmission area and the electroconductive
film in the reflection area as an etching mask. Consequently,
a channel protective film 23, an SiN film 77 as an underlayer
of the electroconductive film 54, and an SiN film 77 as an
underlayer of the light shielding portion 66 are formed.

[0128] Asshown in FIG. 23A, immediately after cleaning
the surface of the a-Si layer 76 by using diluted hydrofluoric
acid, an n*a-Si layer is formed by the plasma CVD process
on the whole surface of the substrate. A high melting point
metal layer (such as a Ti layer or a Ti alloy layer) 57, an Al
layer (or an Al alloy layer) 58 and a high melting point metal
layer 59 are formed by sputtering in this order to form an
electroconductive film.

[0129] Aresist is then coated on the whole surface of the
electroconductive film and patterned by using a fourth
photomask to form a resist pattern having a predetermined
shape. The electroconductive film, the n*a-Si layer and the
a-Si layer 76 are subjected to dry etching using a chlorine
series gas by using the resist pattern as an etching mask.
Consequently, a drain electrode 21 and a source electrode 22
of the TFT 20, an active semiconductor layer 28, a storage
capacitor electrode 19 (not shown in the figure), a drain bus
line 14 (not shown in the figure), a drain bus line terminal
(not shown in the figure) and a-Si layers 73 and 75 are
formed. The source electrode 22 is electrically connected to
the I'TO layer 52 in the transmission area to be a transparent
electrode 16 through the high melting point metal layer 74.
According to the aforementioned operations, a channel
protective film type TFT 20 is formed, and simultaneously
a light shielding portion 66 having the a-Si layer 73, the SiN
film 77, the ITO layer 52 and the high melting point metal
layer 74 accumulated is formed.

[0130] As shown in FIG. 23B, an SiN film is formed by
the plasma CVD process on the whole surface of the
substrate to form a protective film 32. A resist is then coated
on the whole surface of the protective film 32 and patterned
by using a fifth photomask to form a resist pattern having a
predetermined shape. The protective film 32 (and the insu-
lating film 30) is subjected to dry etching using a mixed gas
of a fluorine series gas and an O, gas by using the resist
pattern as an etching mask. Consequently, a contact hole 26
on the source electrode 22, a contact hole (not shown in the
figure) on the storage capacitor electrode 19 and a contact
hole (not shown in the figure) on the gate bus line terminal
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and the drain bus line terminal are formed. Simultaneously,
the protective film 32 on the electroconductive film 54 in the
transmission area is removed to form an opening 27.

[0131] A positive light-sensitive novolak resin, for
example, is coated on the whole surface of the substrate by
using a spin coater or a slit coater to form a light-sensitive
resin layer having a thickness, for example, of about from
0.5 to 4 um. Subsequently, the substrate is subjected to a heat
treatment at a temperature of 160° C. or lower. The light-
sensitive resin layer is then exposed by using a sixth
photomask and is developed by using an alkali developer
solution, such as TMAH, so as to form an OC layer having
a predetermined shape. The OC layer is formed on at least
a portion of the area to be the reflection area. In the exposing
step for patterning, since the light shielding portion 66 is
formed as an underlayer (i.e., on the side of the glass
substrate 10) of the light-sensitive resin layer, light reflected
on the exposing stage of the exposing apparatus is substan-
tially not incident on the light-sensitive resin layer in the
reflection area.

[0132] The OC layer is then anncaled at a temperature of
from 100 to 180° C. for from 0.2 to 60 minutes by using a
clean oven or a hot plate. The surface of the OC layer is then
irradiated with UV light having a wavelength of from 200 to
470 nm at an energy density of from 10 to 550 mJ/cm? for
from 5 to 300 seconds. Subsequently, depending on neces-
sity, the glass substrate 10 is exposed from the back surface
side thereof. The OC layer is then annealed by using a clean
oven or the like at a temperature of from 180 to 230° C. for
about 1 hour. Consequently, a wrinkled resin layer 34 having
wrinkled unevenness on the surface thereof 1s formed in the
reflection area (see FIG. 21). As described in the foregoing,
in this embodiment, light reflected by the exposing stage of
the exposing apparatus is substantially not incident on the
light-sensitive resin layer in the reflection area, and there-
fore, a wrinkled resin layer 34 having uniform wrinkled
unevenness can be obtained through the subsequent UV
light irradiation and heat treatment.

[0133] AT layer (or a Ti alloy layer) 17a and an Al layer
(or an Al alloy layer) 17b are formed by sputtering on the
whole surface of the wrinkled resin layer 34. Aresist is then
coated on the whole surface of the Al layer 17b and
patterned by using a seventh photomask to form a resist
pattern having a predetermined shape. Subsequently, dry
etching using a chlorine series gas is effected by using the
resist pattern as an etching mask. Consequently, a reflection
electrode 17 is formed in the reflection area including the
wrinkled resin layer 34. The surface of the reflection elec-
trode 17 on the wrinkled resin layer 34 has a wrinkled
uneven surface following the surface of the wrinkled resin
layer 34. The reflection electrode 17 is electrically connected
to the source electrode 22 through the contact hole 26, and
is electrically connected to the storage capacitor electrode 19
through a contact hole not shown in the figure. By the
etching operation, the high melting point metal layer 74 as
an upper layer of the electroconductive film 54 exposed
through the opening 27 is removed, and the [TO layer 52 as
a lower layer remains, so as to form a transparent electrode
16. Thereafter, the substrate is subjected to a heat treatment
at a temperature of from 150 to 230° C., preferably 200° C.
According to the aforementioned process steps, the TFT
substrate 2 shown in FIG. 21 is completed.
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[0134] According to this embodiment, in the step of pat-
terning the positive light-sensitive resin layer for forming
the wrinkled resin layer 34 in the reflection area, light
reflected from the exposing stage is shielded by the light
shielding portion 66 and the like, and thus the light is
substantially not incident on the light-sensitive resin layer in
the reflection area, as similar to the first to eighth embodi-
ments. Therefore, a heat treatment by applying energy to the
surface thereof in the subsequent step provides such a
wrinkled resin layer 34 that has substantially uniform
wrinkled unevenness formed thereon. Consequently, the
reflection electrode 17 formed on the wrinkled resin layer 34
also has substantially uniform wrinkled unevenness to
obtain a desired inclined plane distribution with good con-
trollability. According to this embodiment, therefore, excel-
lent reflection uniformity and stable reflectivity can be
obtained to realize a transreflective liquid crystal display
device having good reflection display characteristics.

[0135] Furthermore, since the light shielding portion 66 is
patterned by using the same photomask (the second photo-
mask) as the transparent electrode 16, as similar to the fifth
to eighth embodiments. The high melting point metal layer
74 on the transparent electrode 16 is removed through the
etching step for forming the reflection electrode 17 after
exposing through the opening 27 formed simultaneously
with the contact hole 26. In this embodiment, therefore, the
light shielding portion 66 is formed by using no additional
photomask, and thus no process step is added to the manu-
facturing method of the TFT substrate 2.

Tenth Embodiment

[0136] A liquid crystal display substrate according to a
tenth embodiment of the invention and a manufacturing
method thereof will be described with reference to FIGS. 24
to 26B. FIG. 24 is a cross sectional view showing a
constitution of a TFT substrate 2 according to this embodi-
ment. In FIG. 24, the area having a TFT 20 of a pixel formed
therein is shown on the left side, a transmission area of the
pixel is shown at the center, and a reflection area of the
adjacent pixel is shown on the right side, as similar to FIGS.
10 to 23B. As shown in FIG. 24, the TFT substrate 2 of this
embodiment has a transparent electrode 16 on an insulating
film 30 in the transmission area. In the reflection area, a light
shielding portion 67 is formed on the insulating film 30 but
as an under layer of a protective film 32. The light shielding
portion 67 has such a constitution that an ITO layer 52
formed with the same material as the transparent electrode
16 and a high melting point metal layer 74 are accumulated
in this order. The layers constituting the light shielding
portion 67 are patterned into the same shape.

[0137] A manufacturing method of the liquid crystal dis-
play substrate according to this embodiment will be
described. FIGS. 25A to 26B are cross sectional views
showing the manufacturing method of the TFT substrate 2
according to this embodiment. As shown in FIG. 25A, an Al
layer (or an Al alloy layer) 55 and a high melting point metal
layer (an Mo layer) 56 are formed in this order by sputtering
directly on a glass substrate 10 or after forming a protective
film, such as SiO_, thereon depending on necessity. Conse-
quently, an electroconductive film containing the Al layer 55
and the high melting point metal layer 56 is formed. A resist
is then coated on the whole surface of the electroconductive
film and patterned by using a first photomask to form a resist
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pattern having a predetermined shape. Subsequently, dry
etching using, for example a chlorine series gas is effected
by using the resist pattern as an etching mask. Consequently,
a gate bus line 12, a storage capacitor bus line 18 (not shown
in the figure) and a gate bus line terminal (not shown in the
figure) are formed.

[0138] As shown in FIG. 25B, an SiN film is formed by
the plasma CVD process on the gate bus line 12, the storage
capacitor bus line 18 and the gate bus line terminal on the
whole surface of the substrate to form an insulating film 30.
An a-Si layer is then formed by the plasma CVD process on
the while surface of the insulating layer 30. Subsequently, an
SiN film is formed by the plasma CVD process on the whole
surface of the a-Si layer. A resist is then coated by spin
coating or the like on the whole surface of the SiN film to
form a resist layer. The glass substrate 10 is then exposed
from the back surface side thereof by using the gate bus line
12 as a mask. Subsequently, the glass substrate 10 is exposed
from the front surface side thereof by using a second
photomask. The resist layer is then developed, and the resist
layer in the exposed area is removed by dissolution. Con-
sequently, a resist pattern is formed in a self aligning manner
only on the area for forming the channel protective film on
the gate bus line 12. Dry etching using a fluorine series gas
is then effected by using the resist pattern as an etching mask
to form a channel protective film 23.

[0139] Immediately after cleaning the surface of the a-Si
layer by using diluted hydrofluoric acid, an n*a-Si layer is
formed by the plasma CVD process on the whole surface of
the substrate. A high melting point metal layer (such as a Ti
layer or a Ti alloy layer) 57, an Al layer (or an Al alloy layer)
58 and a high melting point metal layer 59 are then formed
by sputtering in this order to form an electroconductive film.

[0140] A resist is then coated on the whole surface of the
electroconductive film and patterned by using a third pho-
tomask to form a resist pattern having a predetermined
shape. The electroconductive film, the n*a-Si layer and the
a-Si layer are subjected to dry etching using a chlorine series
gas by using the resist pattern as an etching mask. Conse-
quently, a drain electrode 21 and a source electrode 22 of the
TFT 20, an active semiconductor layer 28, a storage capaci-
tor electrode 19 (not shown in the figure), a drain bus line 14
(not shown in the figure) and a drain bus line terminal (not
shown in the figure) are formed. According to the afore-
mentioned operations, a channel protective film type TFT 20
is formed.

[0141] As shown in FIG. 26A, an ITO layer 52 and a high
melting point metal layer 74 are formed by sputtering on the
drain electrode 21 and the source electrode 22 on the whole
surface of the substrate. A resist is then coated on the whole
surface of the high melting point metal layer 74 and pat-
terned by using a fourth photomask to form a resist pattern
having a predetermined shape. Subsequently, by using the
resist pattern as an etching mask, the high melting point
metal layer 74 and the ITO layer 52 are subjected to wet
etching by using, for example, a mixed reagent of acetic
acid, nitric acid and phosphoric acid, and wet etching using,
for example, a reagent, such as oxalic acid. Consequently, an
electroconductive film 54 is formed in the transmission area,
and a light shielding portion 67 is formed on at least a
portion of the reflection area.

[0142] As shown in FIG. 26B, an SiN film is formed by
the plasma CVD process on the whole surface of the
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substrate to form a protective film 32. A resist is coated on
the whole surface of the protective film 32 and patterned by
using a fifth photomask to form a resist pattern having a
predetermined shape. The protective film 32 (and the insu-
lating film 30) is subjected to dry etching using a mixed gas
of a fluorine series gas and an O, gas by using the resist
pattern as an etching mask. Consequently, a contact hole 26
on the source electrode 22, a contact hole (not shown in the
figure) on the storage capacitor electrode 19 and a contact
hole (not shown in the figure) on the gate bus line terminal
and the drain bus line terminal are formed. Simultaneously,
the protective film 32 on the electroconductive film 54 in the
transmission area is removed to form an opening 27.

[0143] A positive light-sensitive novolak resin, for
example, is coated on the whole surface of the substrate by
using a spin coater or a slit coater to form a light-sensitive
resin layer having a thickness, for example, of about from
0.5 to 4 um. Subsequently, the substrate is subjected to a heat
treatment at a temperature of 160° C. or lower. The light-
sensitive resin layer is then exposed by using a sixth
photomask and is developed by using an alkali developer
solution, such as TMAH, so as to form an OC layer having
a predetermined shape. The OC layer is formed on at least
a portion of the area to be the reflection area. In the exposing
step for patterning, since the light shielding portion 67 is
formed as an underlayer (ic., on the side of the glass
substrate 10) of the light-sensitive resin layer, light reflected
on the exposing stage of the exposing apparatus is substan-
tially not incident on the light-sensitive resin layer in the
reflection area.

[0144] The OC layer is then annealed at a temperature of
from 100 to 180° C. for from 0.2 to 60 minutes by using a
clean oven or a hot plate. The surface of the OC layer is then
irradiated with UV light having a wavelength of from 200 to
470 nm at an energy density of from 10 to 550 mJ/cm® for
from 5 to 300 seconds. Subsequently, depending on neces-
sity, the glass substrate 10 is exposed from the back surface
side thereof. The OC layer is then annealed by using a clean
oven or the like at a temperature of from 180 to 230° C. for
about 1 hour. Consequently, a wrinkled resin layer 34 having
wrinkled unevenness on the surface thereof is formed in the
reflection area (see FIG. 24). As described in the foregoing,
in this embodiment, light reflected by the exposing stage of
the exposing apparatus is substantially not incident on the
light-sensitive resin in the reflection area, and therefore, a
wrinkled resin layer 34 having uniform wrinkled unevenness
can be obtained through the subsequent UV light irradiation
and heat treatment.

[0145] ATi layer (or a Ti alloy layer) 17a and an Al layer
(or an Al alloy layer) 17b are formed by sputtering on the
whole surface of the wrinkled resin layer 34. A resist is then
coated on the whole surface of the Al layer 17b and
patterned by using a seventh photomask to form a resist
pattern having a predetermined shape. Subsequently, dry
etching using a chlorine series gas is effected by using the
resist pattern as an etching mask. Consequently, a reflection
electrode 17 is formed in the reflection area including the
wrinkled resin layer 34. The surface of the reflection elec-
trode 17 on the wrinkled resin layer 34 has a wrinkled
uneven surface following the surface of the wrinkled resin
layer 34. The reflection electrode 17 is electrically connected
to the source electrode 22 through the contact hole 26, and
is electrically connected to the storage capacitor electrode 19
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through a contact hole not shown in the figure. The reflection
electrode 17 is also electrically connected to the transparent
electrode 16 through a portion of the opening 27. By the
etching operation, the high melting point metal layer 74 as
an upper layer of the electroconductive film 54 exposed
through the opening 27 is removed, and the [TO layer 52 as
a lower layer remains, so as to form the transparent electrode
16. Thereafter, the substrate is subjected to a heat treatment
at a temperature of from 150 to 230° C., preferably 200° C.
According to the aforementioned process steps, the TFT
substrate 2 shown in FIG. 24 is completed.

[0146] According to this embodiment, in the step of pat-
terning the positive light-sensitive resin layer for forming
the wrinkled resin layer 34 in the reflection area, light
reflected from the exposing stage is shielded by the light
shielding portion 67 and the like, and thus the light is
substantially not incident on the light-sensitive resin layer in
the reflection arca, as similar to the first to ninth embodi-
ments. Therefore, a heat treatment by applying energy to the
surface thereof in the subsequent step provides such a
wrinkled resin layer 34 that has substantially uniform
wrinkled unevenness formed thereon. Consequently, the
reflection electrode 17 formed on the wrinkled resin layer 34
also has substantially uniform wrinkled unevenness to
obtain a desired inclined plane distribution with good con-
trollability. According to this embodiment, therefore, excel-
lent reflection uniformity and stable reflectivity can be
obtained to realize a transreflective liquid crystal display
device having good reflection display characteristics.

[0147] Furthermore, since the light shielding portion 67 is
patterned by using the same photomask (the fourth photo-
mask) as the transparent electrode 16, as similar to the fifth
to ninth embodiments. The high melting point metal layer 74
on the transparent electrode 16 is removed through the
etching step for forming the reflection electrode 17 after
exposing through the opening 27 formed simultancously
with the contact hole 26. In this embodiment, therefore, the
light shielding portion 67 is formed by using no additional
photomask, and thus no process step is added to the manu-
facturing method of the TFT substrate 2.

[0148] The invention encompasses various modifications
in addition to the aforementioned embodiments.

[0149] For example, while a transreflective liquid crystal
display device is exemplified in the aforementioned embodi-
ments, the invention is not limited thereto and can be applied
to a reflection liquid crystal display device.

What is claimed is:
1. A liquid crystal display substrate comprising:

a plurality of pixel areas each having at least a portion
thereof a reflection area reflecting light incident from a
front surface side of the substrate;

a wrinkled resin layer formed with a positive light-
sensitive resin in the reflection area, the wrinkled resin
layer having at least a portion thereof a wrinkled
surface;

a reflection electrode formed with a light reflection mate-
rial on the wrinkled resin layer, the reflection electrode
having a wrinkled surface following the surface of the
wrinkled resin layer; and
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a light shielding portion formed as an underlayer of the
wrinkled resin layer, the light shielding portion shield-
ing light incident from a back surface side of the
substrate.

2. Aliquid crystal display substrate as claimed in claim 1,
wherein the plurality of pixel areas each has a transmission
area having a transparent electrode formed therein that
transmits light incident from the back surface side of the
substrate to the front surface side of the substrate.

3. Aliquid crystal display substrate as claimed in claim 2,
wherein at least a portion of the light shielding portion is
formed with the same material as the transparent electrode.

4. Aliquid crystal display substrate as claimed in claim 3,
wherein the light shielding portion comprises an underlayer
formed with the same material as the transparent electrode,
and an upper layer formed with a material having light
shielding capability on the underlayer and patterned in
substantially the same shape as the underlayer.

5. Aliquid crystal display substrate as claimed in claim 1,
further comprising a thin film transistor formed in each of
the pixel areas.

6. A liquid crystal display substrate as claimed in claim 5,
wherein at least a portion of the light shielding portion is
formed with the same material as a gate electrode of the thin
film transistor.

7. Aliquid crystal display substrate as claimed in claim 6,
wherein the light shielding portion is electrically separated
from the gate electrode.

8. Aliquid crystal display substrate as claimed in claim 5,
wherein at least a portion of the light shielding portion is
formed with the same material as a drain electrode and a
source clectrode of the thin film transistor.

9. Aliquid crystal display substrate as claimed in claim 8,
wherein the light shielding portion is electrically separated
from the drain electrode and the source electrode.

10. A liquid crystal display substrate as claimed in claim
5, wherein at least a portion of the light shielding portion is
formed with the same material as an active semiconductor
layer of the thin film transistor.

11. A liquid crystal display substrate as claimed in claim
10, wherein the light shielding portion is electrically sepa-
rated from the active semiconductor layer.

12. A liquid crystal display device comprising a pair of
substrates facing each other and a liquid crystal sealed
between the pair of substrates,

one of the pair of substrates comprises a liquid crystal
display substrate as claimed in claim 1.

13. A method of manufacturing a liquid crystal display
substrate having a reflection area reflecting light incident
from a front surface side of a substrate, and a transparent
area transmitting light incident from a back surface side of
the substrate, in each of the pixel areas, the method com-
prising the steps of:

forming a first electroconductive film having light trans-
mittance and a second electroconductive film having
light shielding capability in this order on the substrate;

forming a light shielding portion in the reflection area and
an electroconductive layer having a predetermined
shape in the transmission area by patterning the first
and second electroconductive films;

forming an insulating film on the light shielding portion
and the electroconductive layer;
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exposing the electroconductive layer by removing the 14. A method of manufacturing a liquid crystal display

insulating film in the transmission area; substrate as claimed in claim 13, wherein a gate electrode of
a thin film transistor is formed simultaneously with forming
the light shielding portion and the electroconductive layer.

15. A method of manufacturing a liquid crystal display
substrate as claimed in claim 13, wherein the step of forming
forming a resin layer having a predetermined shape on the a wrinkled resin layer comprises a step of exposing the resin

insulating film in the reflection area; layer from a back surface side of the substrate before heat
treatment so as to prevent the wrinkled unevenness from
being formed on the resin layer in an area having no light
shielding portion formed.

forming a transparent electrode by removing the second
electroconductive film of the exposed electroconduc-
tive layer;

forming a wrinkled resin layer having wrinkled uneven-
ness on at least a portion of a surface thereof by curing
and heat treating a surface of the resin layer; and

forming a reflection electrode on the wrinkled resin layer. S
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