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(7) ABSTRACT

[Means for Solving the Problems] A liquid crystal display
substrate includes an insulating substrate 10, an interlayer
insulating film 11 formed on the insulating substrate 10, an
interlayer insulating film 11a in a transmitting portion T, a
reflecting metal film 12 formed on an interlayer insulating
film 115 in a reflecting portion R, and a color filter 13 formed
on the interlayer insulating film 114 and the reflecting metal
film 12. The interlayer insulating film 115 in the reflecting
portion R has a corrugated surface formed by concave por-
tions and convex portions. A height hl of the interlayer insu-
lating film 11« in the transmitting portion T is equal to or
lower than a height h2 of the convex portion. The liquid
crystal display substrate further includes a transparent dielec-
tric layer 14 on the color filter 13 formed in the reflecting
portion R.
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LIQUID CRYSTAL DISPLAY SUBSTRATE,
LIQUID CRYSTAL DISPLAY DEVICE, AND
MANUFACTURING METHOD OF THE
LIQUID CRYSTAL DISPLAY SUBSTRATE

TECHNICAL FIELD

[0001] The invention relates to a liquid crystal display sub-
strate that is used in a reflective-transmissive type liquid
crystal display device capable of providing display both in a
transmissive mode and a reflective mode.

BACKGROUND ART

[0002] Recently, mobile equipments such as a cellular
phone and a PDA (Personal Digital Assistance) have been
used for various purposes at various locations, and new prod-
ucts have been developed one after another. A reflective-
transmissive type liquid crystal display (hereinafter, referred
to as “transflective liquid crystal display”) is an example of a
liquid crystal display that is often used in these equipments.
The transflective liquid crystal display has capabilities of both
areflective type display that uses reflection of strong ambient
light such as sunlight from a reflector and a transmissive type
display that uses transmitted light from an illumination device
such as a backlight. The transflective liquid crystal display
can be used at various locations. Therefore, technology of the
transflective liquid crystal display has been actively devel-
oped and various technologies and ideas have been applied to
display panels.

[0003] FIG. 13 is a schematic cross-sectional view of a
currently widely used transflective liquid crystal display. As
shown in FIG. 13, in the transflective liquid crystal display, a
transparent electrode 101 for a transmitting portion for trans-
mitting light 301 from an internal backlight therethrough and
areflector 102 for reflecting external light 302 are provided in
a single pixel. The reflector 102 is produced by forming an
electrically conductive metal having a high reflectance such
as Al and Ag on an interlayer insulating film 103 having a
finely corrugated profile, and is used as an electrode for a
reflective portion. The corrugated profile of the reflector 102
is precisely designed with photolithography technology or
the like so that the reflector 102 efficiently reflects incident
light 302 and improved brightness and improved reflection
display characteristics are obtained.

[0004] 1Inthe transflective display, an optical path length of
the light 302 reflected from the reflector 102 in the reflecting
portion is different from that of the internal light 301 in the
transmitting portion. Therefore, various techniques are
required to obtain equal display capability both in the reflect-
ing portion and the transmitting portion. In particular, since
color design is a very important display property. Since light
302 passes through the color filter 201 twice in a reflection
display mode, color adjustment between the transmitting por-
tion and the reflecting portion is implemented by making the
color purity of a color filter 201 in the reflecting portion
smaller than that of a color filter 202 in the transmitting
portion, changing the color filter thickness between the
reflecting portion and the transmitting portion, and the like.
[0005] High quality screen has been increasingly
demanded not only for large screen displays but for small
screen displays used for mobile equipments, and very high
definition displays of more than 200 ppi (pixel per inch) have
been developed for mobile equipments. However, since
higher definition displays have a smaller pixel size, a large
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margin for misalignment needs to be set in the manufacturing
process, which reduces an aperture ratio (a ratio of display
size to pixel size). In a liquid crystal display element, large
misalignment is caused in the process of bonding a thin film
transistor (TFT) substrate and a counter substrate having a
color filter to each other. This large misalignment has been a
problem in manufacturing a high definition display. There-
fore, so-called CF on TFT technology, a technology of form-
ing a color filter (CF) directly on a TFT substrate, has been
developed instead of the currently used method of forming a
color filter on a counter substrate (for example, see Patent
document 1).

[0006] Recently, a lightweight, flexible plastic substrate
has attracted attention for use in next-generation displays. A
plastic substrate changes in dimensions significantly by tem-
perature and water compared to a glass substrate. Therefore,
the CF on TFT technology that does not cause misalignment
in the bonding process is an especially promising method for
manufacturing a flexible display using a plastic substrate.
Patent document 1: Japanese Patent Laid-Open Publication
No. 8-122824

DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention

[0007] However, when the CF on TFT technology is used
for the TFT substrate of FIG. 13, a big problem is caused in
color filter control. More specifically, the TFT substrate of
FIG. 13 has a large recess with a depth of about 3 pm in the
transmitting portion. Therefore, when a color filter is applied
to the transmitting portion by a spin coating method or the
like, the color filter is deposited in the recess. In other words,
the thickness of the color filter in the transmitting portion is
significantly different from that of the color filter in the
reflecting portion. Since the area of the transmitting portion
and the size of the recess vary by the model of the device, the
need for controlling the recess also varies. Moreover, the
influence of the recess also varies depending on the viscosity
of a color filter material. Therefore, especially in the trans-
flective display, color filter control in the reflecting portion
and the transmitting portion greatly affect display capability,
making the problem caused by the recess more serious.
[0008] The recess causes a problem not only in application
of the color filter but in application of an alignment film and
an electrically conductive film. In other words, the recess
causes a non-uniform film thickness and formation of liquid
pool. Moreover, in a rubbing process for rubbing an align-
ment film with cloth in a fixed direction in order to orient
liquid crystal molecules, the recess may cause defective rub-
bing, resulting in non-uniform alignment or the like.

[0009] Inaddition, inthe transflective liquid crystal display
of FIG. 13, the color filter 201 and the color filter 202 respec-
tively corresponding to the reflecting portion and the trans-
mitting portion need to be precisely aligned. However, mis-
alignment of several micrometers occurs in the actual
bonding process, resulting in reduction in color purity at the
boundary or reduction in an aperture ratio.

Means for Solving the Problems

[0010] It is an object of the invention to facilitate color
adjustment between a transmitting portion and a reflecting
portion while maintaining excellent reflection characteristics
in a color liquid crystal display substrate having a plurality of
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pixels having a transmitting portion and a reflecting portion
and to provide a high aperture ratio, high definition display.

[0011] A liquid crystal display substrate according to the
invention has a plurality of pixels having a transmitting por-
tion and a reflecting portion. The liquid crystal display sub-
strate of the invention includes: an insulating substrate; an
insulating film formed on the insulating substrate; an elec-
trode for the transmitting portion formed on the insulating
film in the transmitting portion; an electrode for the reflecting
portion formed on the insulating film in the reflecting portion;
and a color filter formed on the transmitting portion electrode
and the reflecting portion electrode. The insulating film in the
reflecting portion has a corrugated surface formed by concave
portions and convex portions. A height of the insulating film
in the transmitting portion is equal to or lower than a height of
the convex portion of the insulating film.

EFFECT OF THE INVENTION

[0012] The invention provides a high aperture ratio, high
definition display that enables easy implementation of color
adjustment between a transmitting portion and a reflecting
portion while maintaining excellent reflection characteristics.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG.1isaschematic cross-sectional view of aliquid
crystal display device according to a first embodiment;

[0014] FIG. 2 is an enlarged cross-sectional view of an
interlayer insulating film 11 of the first embodiment;

[0015] FIG. 3 isa plan view of a pattern corresponding to a
single pixel in a photomask used in a test conducted by the
inventors;

[0016] FIG. 4 is a cross-sectional view of a corrugated
profile of an interlayer insulating film 103 in the case of
insufficient postbake;

[0017] FIG. 5 is a cross-sectional view of a corrugated
profile of the interlayer insulating film 103 in the case of
sufficient postbake;

[0018] FIG. 6 is a graph showing the relation between a
postbake temperature and a corrugated profile in a reflecting
portion R;

[0019] FIG. 7 is a graph showing the relation between a
postbake temperature and a maximum value (a maximum
angle) of tilt angle distribution in the reflecting portion R;
[0020] FIG. 8 is a graph showing scattering reflection char-
acteristics of reflecting portions having tilt angle distribution
in an ideal region and out-of-ideal regions A and B shown in
FIG. 7,

[0021] FIG.9isa plan view of a pattern corresponding to a
single pixel in a photomask used in the first embodiment;
[0022] FIG. 10 schematically illustrates how a color filter
13 is applied to the interlayer insulating film 11 of the first
embodiment so that the color filter 13 has approximately the
same thickness in the reflecting portion R and the transmitting
portion T;

[0023] FIG. 11 schematically illustrates patterning of the
color filter 13 on a counter substrate 2 of the first embodiment;
[0024] FIG. 12 is a schematic cross-sectional view of a
singlepixel portion of a TFT substrate 1 according to a second
embodiment; and
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[0025] FIG. 13 is a schematic cross-sectional view of a
currently widely used transflective liquid crystal display.

DESCRIPTION OF THE REFERENCE

NUMERALS
[0026] 1 TFT substrate
[0027] 2 counter substrate
[0028] 3 liquid crystal layer
[0029] 10 insulating substrate
[0030] 11 interlayer insulating film
[0031] 12 reflecting metal film
[0032] 13 color filter
[0033] 14 transparent dielectric layer
[0034] 20 insulating substrate
[0035] 21 counter electrode
[0036] 41 mask pattern
[0037] 42 half-tone exposure pattern
[0038] T transmitting portion
[0039] R reflecting portion
[0040] hl height of the interlayer insulating film 11 in the

transmitting portion T

[0041] h2 height of a convex portion in the reflecting
portion R

[0042] h3 height of a concave portion in the reflecting
portion R

BEST MODE FOR CARRYING OUT THE
INVENTION

[0043] Hereinafter, embodiments of the invention will be
described with reference to the accompanying drawings. In
the following embodiments, a TFT (thin film transistor) lig-
uid crystal display device will be described as an example of
the invention. Similar elements designated by reference
numerals with an alphabetic letter attached thereto are some-
times generally referred to by a reference numeral without an
alphabetic letter. For example, an interlayer insulating film
11a in a transmitting portion T and an interlayer insulating
film 115 in a reflecting portion R are sometimes generally
referred to as an interlayer insulating film 11.

First Embodiment

[0044] FIG. 1is aschematic cross-sectional view of a liquid
crystal display device according to a first embodiment. The
liquid crystal display device of this embodiment includes a
TFT substrate 1, a counter substrate 2 facing the TFT sub-
strate 1, and a liquid crystal layer 3 interposed between the
TFT substrate 1 and the counter substrate 2. The liquid crystal
display device of this embodiment has a plurality of pixels
arranged in a matrix.

[0045] At least one of the plurality of pixels has a transmit-
ting portion T and a reflecting portion R. The transmitting
portion T provides transmissive mode display by using light
entering from the side of the TFT substrate 1. The reflecting
portion R provides reflective mode display by using external
light entering from the side of the counter substrate 2.
[0046] The TFT substrate 1 has pixel electrodes 15 respec-
tively corresponding to the pixels, TFTs (not shown) respec-
tively corresponding to the pixel electrodes, and scanning
lines and signal lines (both not shown) electrically connected
to the TFTs.

[0047] The TFT substrate 1 has an insulating substrate 10
such as a plastic substrate and a glass substrate. The scanning
lines, the signal lines, the TFT's, and the like are formed on the
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insulating substrate 10, and an interlayer insulating film 11 is
formed so as to cover the scanning lines, the signal lines, the
TFTs, and the like. A reflecting metal film 12 for a reflector is
formed on the surface of the interlayer insulating film 11 in
the reflecting portion 1R.

[0048] A color filter 13 is formed on the interlayer insulat-
ing film 11. The color filter 13 typically has red, green, and
blue hues. The thickness of the color filter 13 in the transmit-
ting portion T is lager than an average thickness of the color
filter 13 in the reflecting portion R. Color tone can thus be
adjusted between the reflecting portion R where light passes
through the color filter 13 twice and the transmitting portion
T where light passes through the color filter 13 once. More-
over, a transparent dielectric layer 14 is formed on the color
filter 13 for the reflecting portion R and a transparent elec-
trode 15 is formed thereon. Like the color filter 13, the trans-
parent dielectric layer 14 is used to adjust the thickness of the
liquid crystal layer 3 in the transmitting portion T and the
reflecting portion R in view of the path difference of light
passing through the liquid crystal layer 3, whereby an optical
path length in the reflecting portion R matches an optical path
length in the transmitting portion T. The transparent electrode
15 is formed from a transparent, electrically conductive mate-
rial such as ITO (indium tin oxide) and [ZO (indium zinc
oxide). The transparent electrode 15 is electrically connected
to a drain electrode of a TFT through a contact hole formed in
the interlayer insulating film 11 and the color filter 13 and
functions as a pixel electrode.

[0049] The counter substrate 2 has an insulating substrate
20 such as a plastic substrate and a glass substrate. A counter
electrode 21 is formed in a region corresponding to the
reflecting portion R and a region corresponding to the trans-
mitting portion T on the insulating substrate 20. The counter
electrode 21 is formed from a transparent, electrically con-
ductive material such as ITO and has a flat surface regardless
of the regions.

[0050] Typically, an alignment layer (not shown) of a poly-
meric material such as polyimide is formed on the respective
surfaces of the TFT substrate 1 and the counter substrate 2
which are located on the side of the liquid crystal layer 3.
These alignment layers are subjected to a rubbing process.
The TFT substrate 1 and the counter substrate 2 are bonded
together by a sealant (not shown) such as epoxy resin and a
liquid crystal material is introduced between the substrates 1
and 2 as the liquid crystal layer 3.

[0051] In this embodiment, the color filter formed on the
counter substrate 2 in the conventional technology is accu-
rately formed over the TFT substrate 1 by high precision
alignment such as a photolithography process. In addition,
the transparent dielectric layer 14 provided to adjust the
respective optical path lengths in the transmitting portion T
and the reflecting portion R is also accurately formed over the
TFT substrate 1 by the same high precision alignment.

[0052] The above structure prevents reduction in an aper-
ture ratio resulting from large misalignment in the bonding
process. Therefore, a high aperture ratio, high definition dis-
play can be manufactured for a liquid crystal display device
having a transmitting portion T and a reflecting portionR ina
single pixel.

[0053] FIG. 2 is an enlarged cross-sectional view of the
interlayer insulating film 11 of this embodiment. It should be
noted that the reflecting metal film 12 and the color filter 13
are not shown in FIG. 2.
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[0054] Theinterlayer insulating film 11 of this embodiment
has a flat surface in the transmitting portion T and a corru-
gated surface having concave portions and convex portions in
the reflecting portion R. A height h1 from the substrate sur-
face to the flat surface of the interlayer insulating film 11 in
the transmitting portion T is about 3 pm. The height hl is
lower than a height h2 from the substrate surface to the top of
a convex portion in the reflecting portion R and is higher than
a height h3 from the substrate surface to the bottom of a
concave portion in the reflecting portion R.

[0055] Thedifference inlevel between the top surface in the
transmitting portion T and the top of each convex portion in
the reflecting portion R can be made approximately equal to
the difference in level between the top surface in the trans-
mitting portion T and the bottom of each concave portion in
the reflecting portion R. In other words, the height hl of the
interlayer insulating film 11 in the transmitting portion T can
be made approximately equal to an average height of the
convex portions and the concave portions in the reflecting
portion R. Note that the difference in level between the con-
vex portion and the concave portion in the reflecting portion
R (h2-h3) is in the range of about 0.5 um to about 1 pm. The
height hl of the interlayer insulating film 11 in the transmit-
ting portion T may be equal to the height h2 of the convex
portion in the reflecting portion R or may be equal to the
height h3 of the concave portion in the reflecting portion R.
[0056] Theinterlayer insulating film 11 of this embodiment
has a smooth corrugated profile for the reflecting portion R
and a flat profile for the transmitting portion T. Therefore, a
transflective display device with excellent reflection charac-
teristics can be obtained. In particular, the height hl of an
interlayer insulating film 11a in the transmitting portion T is
equal to or lower than the height h2 of the convex portions in
the reflecting portion R and equal to or higher than the height
h3 of the concave portions in the reflecting portion R. There-
fore, the height of the interlayer insulating film 11a in the
transmitting portion T can be made approximately equal to
the height of an interlayer insulating film 115 in the reflecting
portion R. With this structure, a thin film and a coating mate-
rial can be applied to the interlayer insulating film 11 with
approximately the same height in the transmitting portion T
and the reflecting portion R. Accordingly, a display device
with easy function control can be manufactured.

[0057] 1In the case where the height of the interlayer insu-
lating film 114 in the transmitting portion T is approximately
equal to the average height of the convex portions and the
concave portions in the reflecting portion R, a thin film and a
coating material can be applied to the interlayer insulating
film 11 with approximately the same volume in the transmit-
ting portion T and the reflecting portion R. In other words, a
display device with easier function control can be manufac-
tured.

[0058] In the process of reaching the invention, the inven-
tors obtained new knowledge through the following test. This
test will now be described with reference to the accompany-
ing drawings.

[0059] A highly transparent positive photosensitive resin
(e.g., OFRP-800 made by Tokyo Ohka Kogyo Co., Ltd.) was
evenly applied with a thickness of 3 pm to the insulating
substrate 10 by using a spin coating method (a rotating speed
ofabout 1,500 rpm). A prebake process was then conducted at
a relatively low temperature of about 100° C. by using a hot
plate, an oven, or the like to evaporate an excessive organic
solvent and improve an adhesion property of the resin film.
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The resin film was then exposed to ultraviolet (UV) rays
through a photomask shown in FIG. 3 and a pattern was
developed by using a developer (e.g., NMD-3 made by Tokyo
Ohka Kogyo Co., Ltd.). The photomask of FIG. 3 has a mask
pattern 401 having circular light-shielding portions (with a
diameter of about 5 um) dispersed corresponding to the cor-
rugated pattern in the reflecting portion R and a light-shield-
ing pattern 402 corresponding to the transmitting portion T.
[0060] A postbake process was then conducted at a tem-
perature higher than the prebake temperature (e.g., 100 to
200° C.) by using a hot plate, an oven, or the like. As a result,
the difference in level between the convex portion and the
convex portion in the reflecting portion R was about 0.5 pm
and the resin film had a smooth corrugated surface in the
reflecting portion R. Since the unexposed transmitting por-
tion T was not developed, the resin film had a flat surface in
the transmitting portion T. A metal film having a high reflec-
tance such as Al or Ag was then deposited on the resultant
interlayer insulating film by a sputtering method. A photoli-
thography process and an etching process were conducted so
that the metal film was left only on the corrugated pattern in
the reflecting portion R. A reflector having a smooth corru-
gated profile was thus completed. A postbake process is a
process of causing heat sagging of a resin material by heating
so as to change a steep corrugated surface into a smooth
corrugated surface. The postbake process is one of the very
important processes for the corrugated profile and reflection
characteristics of the reflector.

[0061] Hereinafter, the relation between the postbake con-
ditions and the corrugated profile in the reflecting portion R
will be described. FIG. 4 is a cross-sectional view of a corru-
gated profile of an interlayer insulating film 103 in the case of
insufficient postbake. In FIG. 4, due to insufficient heat sag-
ging by the postbake process, the corrugated profile is not so
smooth, and is very steep in cross section. Note that there is
almost no difference in level between the top of the convex
portion and the flat surface of the unexposed transmitting
portion T.

[0062] FIG. 5 is a cross-sectional view of a corrugated
profile of the interlayer insulating film 103 in the case of
sufficient postbake. In FIG. 5, because of sufficient heat sag-
ging by the postbake process, a smooth corrugated profile is
formed. However, since heat sagging of the convex portions is
also used to form a smooth profile, the height of the convex
portions is reduced and the difference in level between the top
of the convex portion and the flat surface of the unexposed
transmitting portion T is increased.

[0063] These results are shown in FIGS. 6 and 7. FIG. 6 is
a graph showing the relation between the postbake tempera-
ture and the corrugated profile in the reflecting portion R.
More specifically, FIG. 6 shows the relation between the
postbake temperature and the total probability of presence of
the tilt angle of 0° to 20° in the tilt angle distribution of the
corrugated profile. FIG. 6 also shows how the difference in
level between the top of the convex portion and the unexposed
portion changes with a change in the postbake temperature.
The presence probability of the tilt angle distribution repre-
sents the proportion of the convex and concave portions hav-
ing each tilt angle. The corrugated profile having a too large
tilt angle means that incident light is reflected in a direction
significantly away from the incident direction. It is known in
the art that incident light can be reflected more efficiently as
the probability that the tilt angle of the corrugated profile is
present in the tilt angle distribution of 0° to 20° is higher.
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Preferably, the total presence probability of the tilt angle
distribution of 0° to 20° is 90% or higher.

[0064] FIG. 7 is a graph showing the relation between the
postbake temperature and the maximum value (maximum
angle) of the tilt angle distribution in the reflecting portion R.
In FIG. 7, a region where the total presence probability of the
tilt angle distribution of 0° to 20° is 90% or higher and the
maximum value (maximum angle) of the tilt angle distribu-
tion is about 2° or more is indicated as an ideal region.
However, the ideal region varies somewhat depending on a
material to be used or the like. It is generally desirable that the
total presence probability of the tilt angle distribution of 0° to
20° is 90% or higher and that the maximum value of the tilt
angle distribution is in the range of 2° to 10°.

[0065] FIG. 8 shows scattering angle reflection character-
istics of each reflecting portion in the ideal region and the
out-of-ideal regions A and B shown in FIG. 7. In the reflecting
portion of the out-of-ideal region A, the reflecting portion has
a steep corrugated profile and loss of reflected light is large.
Therefore, this reflecting portion does not function suffi-
ciently. In the reflecting portion of the out-of-ideal region B,
there is no loss of reflected light, but reflected light intensity
changes significantly with a change of the scattering angle.
Therefore, brightness varies according to an angle of view. In
other words, the advantages of forming a corrugated profile
cannot be obtained in the reflecting portion of the out-of-ideal
region B. In the reflecting portion of the ideal region, on the
other hand, there is no loss of reflected light, and approxi-
mately the same reflection intensity is obtained even when the
angle of view changes to around 30°. Therefore, this reflect-
ing portion is considered as an ideal reflecting portion.
[0066] As can be seen from FIG. 6, it was found from the
test conducted by the inventors that when the postbake pro-
cess is conducted at a temperature for manufacturing a reflec-
tor having an ideal smooth corrugated profile, the height of an
interlayer insulating film (a flat surface) for a transmitting
portion becomes higher than the height of an interlayer insu-
lating film (convex portions) for a reflecting portion. It was
also found that the difference in level between the flat surface
for the transmitting portion and the top of the convex portion
in the corrugated profile for the reflecting portion needs to be
at least about 1.0 pm.

[0067] However, when such a corrugated profile is present
in a large area of the whole reflecting portion, the same
problems as those of the liquid crystal display device of FIG.
13 will arise. More specifically, when a coating material such
as acolor filter material is applied by a spin coating method or
the like, the color filter material is deposited in the recesses of
the reflecting portion and does not spread around the recesses.
Therefore, the color filter material may be deposited with a
large thickness in the reflecting portion or alarge difference in
level may be produced at the color filter surface. Moreover, a
larger color filter thickness in the reflecting portion than in the
transmitting portion means higher color purity in the reflect-
ing portion than in the transmitting portion. Therefore, color
design of the color filter becomes more difficult due to the
relation between the respective optical path lengths of the
reflecting portion and the transmitting portion in a transflec-
tive display.

[0068] The inventors then found a method for manufactur-
ing an interlayer insulating film by using a new photomask. In
other words, the inventors found a method for manufacturing
an interlayer insulating film having a smooth corrugated pro-
file for the reflecting portion and a flat profile for the trans-
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mitting portion and having substantially no difference in level
between the transmitting portion and the reflecting portion.
[0069] FIG.9isa plan view of a pattem corresponding to a
single pixel in a photomask used in this embodiment. The
photomask of FIG. 9 has a mask pattern 41 having circular
light-shielding portions (with a diameter of about 5 wm) dis-
persed corresponding to the concave and convex portions of
the reflecting portion R and a halftone exposure pattern 42
corresponding to the transmitting portion T.

[0070] A halfione exposure pattern is a technology of aver-
agely reducing the exposure amount by causing light from an
exposure system to pass through a pattern having a width or
diameter smaller than the resolution of the exposure system.
Accordingly, by conducting exposure and development with
the halftone exposure pattern 42, the level of the flat surface in
the transmitting portion T becomes lower than in the case
where a light-shielding pattern is used. Moreover, since a
separate mask for adjusting an excessive exposure amount is
not required, manufacturing cost can be suppressed.

[0071] A commonly used stepper-type exposure system
has a resolution of about 2 um. Therefore, the halftone expo-
sure pattern 42 is usually produced as a fine pattern of that
resolution or less (e.g., about 1 um. In this embodiment,
however, a postbake process is conducted after exposure and
development. Therefore, it was found that even when the
surface has a somewhat uneven profile after exposure and
development, the surface can be planarized by using heat
sagging. Accordingly, the halftone exposure pattern 42 need
not be formed as a fine pattern of about 1 pm, and a pattern
having a width or diameter that is equal to or larger than the
resolution of an exposure system such as a pattern having a
width or diameter of 2 jum to 4 um can be used as the halftone
exposure pattern 42. Production of a photomask having a very
fine pattern of about 1 um costs several times as much as
production of a mask pattern of about 2 um. Therefore,
according to this embodiment, the halftone exposure pattern
technology can be used while suppressing excessive cost. As
a result, manufacturing cost can be significantly reduced.
[0072] The halftone exposure pattern 42 of FIG. 9 is a slit
type pattern and has light-shielding portions 421 with a width
(the direction crossing the longitudinal direction) of about 3
pm and spaces (gaps) 422 with a width of about 2 pm inter-
posed between the light-shielding portions 421 in the width
direction. However, the pattern feature of the halftone expo-
sure pattern 42 is not limited to this. For example, the halftone
exposure pattern 42 may be a dot type pattern such as a
rectangular or circular shape surrounded by a light-shielding
portion. The halftone exposure amount can be adjusted by
adjusting the proportion of the pattern size of the light-shield-
ing portion 421 and the size of the gap 422. By using the new
mask pattern of FIG. 9, am interlayer insulating film 11 hav-
ing both a smooth corrugated profile and a flat profile can be
manufactured by the same method as a normal halftone expo-
sure method.

[0073] Although a positive photosensitive resin, a resin
whose exposed part is developed, is used in this embodiment,
a negative photosensitive resin, a resin whose unexposed part
is developed, may alternatively be used. In this case, the width
of the light-shielding portions 421 can be made equal to or
larger than the resolution of all exposure system such as 2 pm
to 4 um.

[0074] Hereinafter, the step of forming the color filter 13 on
the interlayer insulating film 11 according to this embodiment
will be described with reference to FIGS. 10 and 11. First, a
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transparent electrode having a thickness of about 0.1 um is
formed on the interlayer insulating film 11a in the transmit-
ting portion T, and a reflecting electrode 12 having a thickness
ofabout0.1 pm is formed on the interlayer insulating film 114
in the reflecting portion R. A photosensitive coat-type color
filter 13 is applied with a thickness of about 3 um on the
interlayer insulating film 11 by a spin coating method at a
rotating speed of 1,000 rpm. As shown in FIG. 10, since there
is almost no difference in level of the interlayer insulating film
11 between the reflecting portion R and the transmitting por-
tion T, the color filter 13 can be applied to the interlayer
insulating film 11 so as to have approximately the same
thickness in the transmitting portion T and the reflecting
portion R. In other words, the color filter 13 can be applied
with improved accuracy of the film thickness. It should be
noted that since red, green, and blue coat-type color filter
materials have different viscosities, the rotating speed of the
spin coating process can be determined according to the vis-
cosity of the color filter material.

[0075] As shown in FIG. 11, the color filter 13 is patterned
by adjusting the exposure amount by using the halftone expo-
sure technology or the like. More specifically, the color filter
13 is patterned so that the color filter 13 remains only on the
interlayer insulating film 11 in the reflecting portion R and the
transmitting portion T and that the thickness of a color filter
135 in the reflecting portion R becomes approximately a half
of the thickness ofa color filter 13a in the transmitting portion
T. Color tone can thus be adjusted in the color filter 135 of the
reflecting portion R through which light passes twice and in
the color filter 13a of the transmitting portion T through
which light passes once.

[0076] In this embodiment, color adjustment is conducted
by reducing the thickness of the color filter 135 of the reflect-
ing portion R by half. However, color adjustment may alter-
natively be conducted by forming a transparent region (a
white region) by patterning a part of the color filter 135 ofthe
reflecting portion R.

[0077] Inthis embodiment, the color filter 13 is formed on
the interlayer insulating film 11. However, the same effects as
those obtained by forming the color filter 13 can be obtained
even when another coating material is applied to the inter-
layer insulating film 11 by a spin coating method. For
example, the thickness in the transmitting portion T and the
reflecting portion R can be made approximately uniform even
when an electrically conductive material such as coat-type
ITO or an insulating material such as an interlayer insulating
film for adjusting the liquid crystal gap and a liquid crystal
alignment film is applied to the transmitting portion T and the
reflecting portion R. In other words, since a coating material
can be applied to the interlayer insulating film 11 having
approximately the same height in the reflecting portion R and
the transmitting portion T, the coating material can be applied
with excellent control and a display device can be precisely
designed and manufactured.

[0078] The TFT substrate 1 of this embodiment has the
color filter 13. Therefore, misalignment such as bonding mis-
alignment can be reduced even when a plastic substrate is
used whose dimensions change significantly due to the tem-
perature and water compared to a glass substrate. In other
words, the CF on TFT technology capable of improving an
aperture ratio can be used. Accordingly, a lightweight flexible
display device having excellent flexibility can be easily and
accurately manufactured. In other words, a transflective dis-
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play device capable of implementing a large aperture ratio
and accurate color design can be manufactured.

Second Embodiment

[0079] In the example described in the first embodiment,
the height of the interlayer insulating film 11a in the trans-
mitting portion T is equal to or lower than the height of the
convex portion in the reflecting portion R and is equal to or
higher than the height of the concave portion in the reflecting
portion R. However, this invention is not limited to this struc-
ture.

[0080] In the example described in this embodiment, the
height of the interlayer insulating film 11a in the transmitting
portion T is lower than the respective heights of the convex
portion and the concave portion in the reflecting portion R.
FIG. 12 is a schematic cross sectional view of a single pixel
portion of a TFT substrate 1 of this embodiment. It should be
noted that, in FIG. 12, the same elements as those of the TFT
substrate 1 ofthe first embodiment are denoted with the same
reference numerals and characters, and description thereof
will be omitted.

[0081] In this embodiment, the thickness of the color filter
13 that is applied to the interlayer insulating film 11 is
adjusted by positively using adjustment of the difference in
level in the interlayer insulating film 11. More specifically,
the height of the interlayer insulating film 11a in the trans-
mitting portion T is intentionally made slightly lower than the
height of the interlayer insulating film 115 in the reflecting
portion R. For example, the height h1 of the interlayer insu-
lating film 11a in the transmitting portion T is made lower
than the height h2 of the convex portion in the reflecting
portion R by about 1 pm. The height of the interlayer insulat-
ing film 114 in the transmitting portion T can be adjusted by
adjusting the pattern size of the halftone exposure pattern 42
of FIG. 9 and the like. Note that the difference between the
height h2 of the convex portion and the height h3 of the
concave portion in the reflecting portion R is about 0.5 pm.
[0082] When a photosensitive coat-type color filter 13 is
applied to the interlayer insulating film 11 by a spin coating
method at a rotating speed of 1,000 rpm so that the thickness
in the transmitting portion T becomes about 3 um, the volume
of the color filter 13a in the transmitting portion T is approxi-
mately twice the volume of the color filter 135 in the reflect-
ing portion R. Accordingly, color tone ofthe color filter 135 in
the reflecting portion R can be adjusted without patterning the
color filter 135 in the reflecting portion R. In other words,
color tone of the color filter 135 in the reflecting portion R can
be adjusted by merely applying the color filter 13 to the
interlayer insulating film 11. As a result, the manufacturing
process can be simplified as compared to the first embodi-
ment.

[0083] Although the invention has been described based on
the embodiments, the technical scope of the invention is not
limited to the range described in the above embodiments. It
should be understood by those skilled in the art that the above
embodiments are for illustration only, that various modifica-
tions can be made to combinations of the elements and the
processing steps described in the embodiments, and that such
modifications also fall within the scope of the invention. For
example, an active matrix liquid crystal device using TFTs is
described in the above embodiments. However, the invention
is also applicable to an active matrix liquid crystal display
device using a two-terminal element such as MIM (Metal
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Insulator Metal) as a switch element and a passive (multiplex)
addressing liquid crystal display device.

INDUSTRIAL APPLICABILITY

[0084] The liquid crystal display substrate of the invention
is applicable to a digital still camera, a cellular phone, a PDA
(Personal Digital Assistance), a liquid crystal television, a
notebook computer, a display of a personal computer, a dis-
play of a car navigation system, an amusement equipment
such as game and pachinko, and the like.

What is claimed is:

1. A liquid crystal display substrate having a plurality of
pixels having a transmitting portion and a reflecting portion,
comprising: an insulating substrate; an insulating film formed
on the insulating substrate; an insulating film in the transmit-
ting portion; a reflecting metal film formed on the insulating
film in the reflecting portion; and a color filter formed on the
insulating film in the transmitting portion and the insulating
film in the reflecting portion, wherein the insulating film in
the reflecting portion has a corrugated surface formed by
concave portions and convex portions, and a height of the
insulating film in the transmitting portion is equal to or lower
than a height of the convex portion of the insulating film.

2. The liquid crystal display substrate according to claim 1,
wherein the height of the insulating film in the transmitting
portion is equal to or higher than a height of the concave
portion of the insulating film.

3. The liquid crystal display substrate according to claim 1,
wherein the height of the insulating film in the transmitting
portion is approximately equal to an average height of the
convex portions and the concave portions of the insulating
film.

4. The liquid crystal display substrate according to claim 1,
wherein the corrugated surface has 90% or higher of total
presence probability of tilt angle distribution of 0° to 20° and
amaximum value of the tilt angle distribution is in a range of
2°to 10°.

5. The liquid crystal display substrate according to claim 1,
wherein the height of the insulating film in the transmitting
portion is equal to or lower than a height of the concave
portion of the insulating film.

6. The liquid crystal display substrate according to claim 1,
wherein the substrate is a plastic substrate.

7. A liquid crystal display device, comprising: the liquid
crystal display substrate of claim 1; a counter substrate facing
the liquid crystal display substrate and having a common
electrode; and a liquid crystal layer interposed between the
liquid crystal display substrate and the counter substrate,
wherein the transmitting portion provides display in a trans-
missive mode by using light entering from a side of the liquid
crystal display substrate, and the reflecting portion provides
display in a reflective mode by using light entering froma side
of the counter substrate.

8. A method for manufacturing the liquid crystal display
substrate of claim 1, comprising the steps of:

forming a photosensitive resin film on the insulating sub-

strate;

conducting halftone exposure to the photosensitive resin

film by using an exposure system and a photomask; and
forming the insulating film by heating the exposed photo-
sensitive resin film.

9. The method according to claim 8, wherein a pattern
corresponding to the transmitting portion in the photomask
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has a width or a diameter that is equal to or lower than
resolution of the exposure system.

10. The method according to claim 8, wherein a pattern
corresponding to the transmitting portion in the photomask
has a width or a diameter in a range of 2 pm to 4 pm.

11. The liquid crystal display substrate according to claim
1, further comprising a transparent dielectric layer on the
color filter formed in the reflecting portion in order to adjust
a thickness of a liquid crystal layer in the reflecting portion to
approximately a half of a thickness of the liquid crystal layer
in the transmitting portion.

12. The liquid crystal display substrate according to claim
11, wherein the substrate is a plastic substrate.
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13. A liquid crystal display device, comprising the liquid
crystal display substrate of claim 11; a counter substrate
facing the liquid crystal display substrate and having a com-
mon electrode; and a liquid crystal layer interposed between
the liquid crystal display substrate and the counter substrate,
wherein the transmitting portion provides display in a trans-
missive mode by using light entering from a side of the liquid
crystal display substrate, and the reflecting portion provides
display in a reflective mode by using light entering froma side
of the counter substrate.
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