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7) ABSTRACT

Areflection plate is formed so as to have a wavy surface, and
to have uneven distribution of normal line directions of the
surface in terms of a specific azimuth angle. The wavy
surface is formed due to line-shaped protruding patterns and
an insulation film layer. The protruding patterns intersect
with one another to form concave portions each having a
shape of a closed figure. The protruding patterns are formed

(21) Appl. No.: 10/176,599 by patterning, such that they have almost uniform thickness.
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REFLECTION PLATE, MANUFACTURING
METHOD THEREOF, LIQUID CRYSTAL DISPLAY
DEVICE, AND MANUFACTURING METHOD
THEREOF

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to a reflection plate
achieving a high contrast, a manufacturing method thereof,
a liquid crystal display device, and a manufacturing method
thereof.

[0003]

[0004] There has been known a reflection type liquid
crystal display device, which reflects incident light coming
from outside with a reflection plate included therein, to use
the light as the light source for display. The reflection type
liquid crystal display device does not require backlight as a
light source. Therefore, the reflection type liquid crystal
display device can be more decreased in power consumption
and more thinned than a transmission type liquid crystal
display device, and thus is used in portable phones, etc.

[0005] The reflection type liquid crystal display device
comprises liquid crystal sealed in a liquid crystal cell,
switching elements for driving the liquid crystal, and a
reflection plate which is provided inside or outside the liquid
crystal cell. The reflection type liquid crystal display device
is an active matrix type liquid crystal display device employ-
ing thin film transistors as switching elements, for example.

[0006] A liquid crystal display device, which comprises a
reflection plate on whose surface a reflection electrode
having uneven patterns is formed in order to increase light
to be scattered toward the normal line direction of the
reflection plate (toward the viewer) and thereby to improve
the contrast, is developed as a reflection type liquid crystal
display device. Such a liquid crystal display device is
disclosed in Japanese Patent No. 2825713, and other pub-
lications.

[0007] In this liquid crystal display device, the wavy
patterns are formed by arranging a plurality of cylindrical
protruding portions made of resin, under a light reflection
layer. This light reflection layer is formed on the reflection
plate on which the protruding patterns arc formed, via an
organic insulation film. As illustrated in a plan view shown
in FIG. 21, the plurality of protruding patterns each having
a circular-shaped cross section, are arranged on the surface
of the reflection plate independently from one another. The
protruding patterns having a circular-shaped cross section
have a high light scattering characteristic, and reflect inci-
dent light almost uniformly toward the entire azimuth angle.

[0008] The polar angle is an angle 61 shown in FIG. 22
measured from the normal line direction of the reflection
plate, while the azimuth angle is an angle 02 measured in the
plane parallel to the reflection layer. Generally, reflection
characteristics (azimuth angle, polar angle, intensity) of a
reflection plate are observed by examining reflection light of
incident light coming from a direction of a —30-degree polar
angle.

[0009] A reflection plate acquiring a high reflection light
intensity toward the direction of a O-degree polar angle
(toward the normal line direction) is demanded from a

1. Field of the Invention

2. Description of the Related Art
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viewpoint of improving the contrast of a liquid crystal
display device when it is used. However, a reflection plate
having protruding patterns like the one shown in FIG. 21
reflects light almost uniformly toward the entire azimuth
angle. Accordingly, the relationship between the polar angle
and the reflection light intensity shows a state similar to
normal distribution, as shown by a graph of FIG. 23.
Therefore, there has existed a limit on how much the
reflection light intensity can be improved toward the direc-
tion of the O-degree polar angle, with the use of such
protruding patterns having a circular-shaped cross section.

[0010] Not only the reflection type liquid crystal display
device, but a so-called semi-transparent liquid crystal dis-
play device, such as disclosed in Japanese Patent No.
2955277, has the same problem. This liquid crystal display
device comprises pixel electrodes having a transparent
region and a reflection region, and a reflection plate, and thus
has both of the transmission function and the reflection
function. As having the reflection plate, this type of liquid
crystal display device cannot avoid the same problem.

SUMMARY OF THE INVENTION

[0011] Inview of the above circumstance, an object of the
present invention is to provide a reflection plate achieving a
high contrast, a manufacturing method thereof, a liquid
crystal display device, and a manufacturing method thereof.

[0012] Another object of the present invention is to pro-
vide a reflection plate which can reflect light efficiently
toward the normal line direction of the reflection plate, a
manufacturing method thereof, a liquid crystal display
device, and a manufacturing method thereof.

[0013] To achieve the above objects, a reflection plate
according to a first aspect of the present invention has
concave and protruding portions on a surface thereof,
wherein:

[0014] distribution of normal line directions on the
surface is uneven in terms of a specific azimuth
angle; and

[0015] reflection light intensity is dependent upon
azimuth angle.

[0016] Distribution of reflection light intensity in relation
to polar angle at the specific azimuth angle may show one or
more local maximum values, other than a normal reflection
component.

[0017] Closed figures may be formed by the protruding
portions of the concave and protruding portions.

[0018] The concave portions of the concave and protrud-
ing portions may be enclosed by the closed figures.

[0019]

[0020] The polygon may be approximately a triangle, or
approximately a trapezoid.

[0021] The polygon may be approximately a triangle
having a flattening ratio of equal to or greater than 0.5 and
equal to or smaller than 0.8.

[0022] 1In each of the closed figures, its length in a first
direction in which reflection light intensity becomes the
largest, may be smaller than its length in a second direction
which is perpendicular to the first direction.

The closed figures may be a polygon.
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[0023] Line shapes formed by the protruding portions of
the closed figures may have almost uniform width.

[0024] The line shapes formed by the protruding portions
of the closed figures may have almost uniform thickness.

[0025] A liquid crystal display device according to a
second aspect of the present invention has the reflection
plate described above.

[0026] In this case, when incident light is radiated to a
display surface of the liquid crystal display device from a
direction of -30-degree polar angle, the reflection light
intensity may reach local maximum in a range of polar angle
of 0 to 10 degrees.

[0027] When incident light is radiated to the display
surface of the liquid crystal display device from a direction
of -30-degree polar angle, the reflection light intensity may
have a positive slope in relation to polar angle in a range of
polar angle of 10 to 20 degrees, the slope may become
smaller as polar angle becomes larger in a range of polar
angle of 10 to A degrees (10<A<20), and the slope may
become larger as polar angle becomes larger in a range of
polar angle of A to 20 degrees.

[0028] A method of manufacturing a reflection plate
according to a third aspect of the present invention com-
prises:

[0029] coating an organic resin on a substrate, pat-
terning the organic resin with a line-shape mask, and
thus forming a plurality of line-shaped protruding
patterns such that the protruding patterns intersect
with one another to form concave portions cach
having a shape of a closed figure; and

[0030] coating an interlayer film So as to cover the
line-shaped protruding patterns.

[0031] The line-shape mask may comprise mask lines
whose width at and about intersection portions of the mask
lines is narrower than that of portions other than the inter-
section portions.

[0032] A method of manufacturing a reflection plate
according to a fourth aspect of the present invention com-
prises forming a contact hole portion, and at a same time,
concave and protruding portions including a plurality of
line-shaped protruding portions which intersect with one
another, and concave portions enclosed by the protruding
portions, by coating an organic resin on a substrate, and
exposing and developing the organic resin by changing
luminous exposure.

[0033] The patterning of the contact hole portion and the
concave and protruding portions may include exposing the
organic resin using different masks and by different lumi-
nous exposures for the two different portions.

[0034] Tuminous exposure of the organic resin for pat-
terning the concave and protruding portions may be 10 to
50% of luminous exposure of the organic resin for patterning
the contact hole portion.

[0035] The patterning of the contact hole portion and the
concave and protruding portions may include exposing the
organic resin by using a half tone mask having different light
transmittance for the contact hole portion and the concave
and protruding portions, respectively.
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[0036] A mask for forming the line-shaped protruding
portions may comprise mask lines whose width at and about
intersection portions of the mask lines is narrower than that
of portions other than the intersection portions.

[0037] A method of manufacturing a liquid crystal display
device according to a fifth aspect of the present invention
comprises forming a reflection plate in accordance with the
manufacturing method described above.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] These objects and other objects and advantages of
the present invention will become more apparent upon
reading of the following detailed description and the accom-
panying drawings in which:

[0039] FIG. 1 is a diagram showing the cross section of a
reflection type liquid crystal display device according to an
embodiment of the present invention;

[0040] FIGS. 2A and 2B are diagrams illustrating light to
be reflected;
[0041] FIGS. 3A to 3F are diagrams showing steps of

manufacturing a lower substrate shown in FIG. 1;
[0042] FIG. 4 is a diagram showing a mask pattern;

[0043] FIGS. 5A to 5C are expanded diagrams of an
intersection of a mask pattern,

[0044] FIG. 6A is an expanded diagram of a basic figure,
and FIGS. 6B to 6D are cross sections of FIG. 6A when it
is cut along a line A-A,

[0045] FIGS. 7A and 7B are graphs showing the relation-
ship between reflection light intensity and azimuth angle and
polar angle, regarding a reflection plate according to the
embodiment;

[0046] FIG. 8 shows a protruding pattern having an equi-
lateral triangle basic figure;

[0047] FIG.9 is a graph showing the relationship between
line width and thickness of side;

[0048] FIG. 10 is a graph showing the relationship
between polar angle and reflectivity at an azimuth angle of
180 degrees;

[0049] FIGS. 11A and 11B are graphs showing the rela-
tionship between polar angle and reflectivity in a case where
line width is varied,

[0050] FIGS. 12A to 12C are graphs showing the rela-
tionship between polar angle and reflectivity in a case where
length of side is varied,

[0051] FIGS. 13A and 13B are graphs showing the rela-
tionship between polar angle and reflectivity in a case where
flattening ratio is varied;

[0052] FIG. 14 shows a protruding pattern having an
isosceles triangle basic figure;

[0053] FIGS. 15A and 15B are graphs showing the rela-
tionship between polar angle and reflectivity in a case where
randomness is varied,;

[0054] FIGS. 16A and 16B are graphs showing the rela-
tionship between polar angle and reflectivity in a case where
different mask patterns are used,
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[0055] FIG. 17 is a graph showing the relationship
between azimuth angle and reflectivity in a case where the
thickness of the organic insulation layer is varied,

[0056] FIGS. 18A to 18C arc diagrams showing steps of
manufacturing a lower substrate according to the second
embodiment of the invention;

[0057] FIG. 19 is a graph showing the relationship
between azimuth angle and reflectivity in a case where
luminous exposure is varied;

[0058] FIG. 20 shows a semi-transparent type liquid crys-
tal display device according to the other embodiment of the
invention.

[0059] FIG. 21 is a plan view showing conventional
protruding patterns;

[0060] FIG. 22 is a diagram for explaining a polar angle
and an azimuth angle; and

[0061] FIG. 23 is a graph showing the relationship
between polar angle and reflection light intensity in a case
where the protruding patterns shown in FIG. 21 arc used.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0062] An embodiment of the present invention will be
explained below with reference to the drawings. The
embodiment to be described below is one embodiment of the
present invention, and not intended to limit the scope of the
present invention.

First Embodiment

[0063] A reflection type liquid crystal display device
according to this embodiment is an active matrix type liquid
crystal display device having a switching element such as a
thin film transistor (TFT) in each pixel.

[0064] FIG. 1 is a cross section of a unit pixel area of the
reflection type liquid crystal display device according to this
embodiment. As shown in FIG. 1, the reflection type liquid
crystal display device 10 comprises a lower substrate 11, an
opposing substrate 12 which is set opposite from the lower
substrate 11, and a liquid crystal layer 13 which is sand-
wiched between the lower substrate 11 and the opposing
substrate 12.

[0065] The lower substrate 11 includes an insulation sub-
strate 14, an insulation protection film 15, a TFT 16, a first
insulation layer 17, protruding patterns 18, a second insu-
lation layer 19, and a reflection electrode 20.

[0066] The insulation protection film 15 made of an inor-
ganic or organic insulation material is deposited on the
insulation substrate 14. The TFT 16 which serves as a
switching element is formed on the insulation protection
film 15.

[0067] The TFT 16 comprises a gate electrode 16a formed
on the insulation substrate 14, a semiconductor layer 16b
which is laid just above the gate electrode 16a via the
insulation protection film 15, and a drain electrode 16¢ and
a source electrode 16d respectively connected to a drain area
and a source area in a non-illustrated semiconductor layer.

[0068] Transistors other than a TFT, a diode such as MTM
may be used as the switching element.
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[0069] The first insulation layer 17 is made of an inorganic
or organic insulation material, and is formed to have pre-
determined patterns on the insulation protection film 15 on
which the TFT 16 is formed.

[0070] The protruding patterns 18 are made of a resin
material, and are formed on the first insulation layer 17 and
the source electrode 16d. The protruding patterns 18 are
formed into a plurality of line-shaped patterns, as will be
described later.

[0071] The second insulation layer 19 is formed to cover
the protruding patterns 18. The second insulation layer 19 is
made of a resin material. A contact hole 21, at the bottom of
which the source electrode 16d is exposed, is formed in the
second insulation layer 19. The surface of the second
insulation layer 19 is wavy (uneven) due to the protruding
patterns 18 thereunder.

[0072] The reflection electrode 20 is made of a conductive
material such as aluminum, and is formed on the second
insulation layer 19 including the contact hole 21. The
reflection electrode 20 is connected to the source electrode
16d of the TFT 16 through the contact hole 21, so as to
function as a pixel electrode and a light reflection layer. The
surface of the reflection electrode 20 is also wavy, due to the
protruding patterns 18 and the second insulation layer 19.

[0073] Inaterminal arca around the periphery of the lower
substrate 11, a gate terminal 22 is formed on the insulation
substrate 14, and a drain terminal 23 is formed on the
insulation protection film 15 which covers the gate terminal
22.

[0074] The opposing substrate 12 includes a color filter 25
and a transparent electrode 24 which are sequentially depos-
ited on one surface of a transparent insulation substrate 26.
A polarizing plate 27 is formed on the other surface of the
insulation substrate 26.

[0075] The liquid crystal layer 13 is formed using a TN
(Twisted Nematic) method, an STN (Super Twisted Nem-
atic) method, a one polarizing plate method, a GH (Guest
Host) method, a PDLC (Polymer Dispersed Liquid Crystal)
method, a cholesteric method, or the like. The liquid crystal
layer 13 is provided with a predetermined orientation.

[0076] The operation of the reflection type liquid crystal
display device 10 having the above described structure will
now be explained.

[0077] 1In a white mode, incident light Li coming from
outside of the opposing substrate 12 through the polarizing
plate 27 goes through the insulation substrate 26, the color
filter 25, the transparent electrode 24, and the liquid crystal
layer 13, and finally reaches the surface of the reflection
electrode 20.

[0078] The surface of the reflection electrode 20 is wavy
due to the protruding patterns 18, thus the incident light Li
is reflected in accordance with a directivity influenced by the
waves. The reflection light Lr returns to the outside as
display light, going back through the liquid crystal layer 13,
the transparent electrode 24, the color filter 25, the insulation
substrate 26, and the polarizing plate 27.

[0079] On the contrary, in a black mode, although the
incident light Li coming from outside of the opposing
substrate 12 is reflected on the reflection electrode 20
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likewise in the white mode, the reflected light is prevented
by the polarizing plate 27 from being externally emitted. In
this way, the reflection type liquid crystal display device 10
is switched ON and OFF.

[0080] The distributions of reflection direction and reflec-
tion light intensity of the reflection light Lr depend upon the
distributions of tilt angle and normal line direction of the
wavy surface patterns formed on the surface of the reflection
electrode 20. FIG. 2A is a diagram exemplarily showing the
incident light Li, and the reflection light Lr to be perceived
by the viewer. The angles respectively formed by the inci-
dent light Li from the light source and the light Lr reflected
on the opposing substrate 12 with respect to the normal line
direction of the opposing substrate 12 are defined incident
angle Ti and reflection angle Tr, respectively. Since the
incident light Li is reflected on the wavy surface of the
reflection electrode 20, the incident angle Ti and the reflec-
tion angle Tr take different values.

[0081] FIG. 23 is a diagram exemplarily showing reflec-
tion of the incident light Li' coming to a point A which exists
on wavy surface of the reflection electrode 20. In the case
where the incident light Li' comes to the point A, the light
is reflected on the contact plane at the point A of the
reflection electrode 20. Thus, the reflection light Lr' is
reflected in a direction determined by the normal line
direction at the point A as a symmetry axis to have the same
angle as that of the incident light Li' with respect to the
symmetry axis. Here, it is assumed that an angle formed by
the contact plane of the reflection electrode 20 at the point
A and the lower substrate 11 is defined as a tilt angle 0 at the
point A. The distributions of reflection direction and reflec-
tion light intensity of the reflection light Lr depend upon the
distributions of the tilt angle 0 and normal line direction of
the convex and concave patterns of the reflection electrode
20.

[0082] Next, a method of manufacturing the above
described reflection type liquid crystal display device 10 will
be explained. FIGS. 3A to 3F are explanatory diagrams
showing manufacturing steps of the reflection type liquid
crystal display device 10 shown in FIG. 1, or the lower
substrate 11 in particular.

[0083] The TFT serving as a switching element is formed
on the insulation substrate 14 first. Specifically, the gate
electrode 16a is formed on the insulation substrate 14, and
then the insulation protection film 15 is formed so as to
cover the insulation substrate 14 and the gate electrode 16a.
Next, the semiconductor layer 16 having a drain area and
source arca (not illustrated) is formed on the insulation
protection film 15 by etching, impurity implantation, etc.
(FIG. 3A). Then, the drain electrode 16c and the source
electrode 164 which are to be connected respectively to the
drain area and the source area are formed on the insulation

protection film 15. Further, the first insulation layer 17 is
formed on the TFT 16 (FIG. 3B).

[0084] Then, after organic resin is coated on the first
insulation layer 17, the resin is patterned using a predeter-
mined photolithography technique and an etching technique.
By this patterning, the protruding patterns 18 are formed, as
shown in FIG. 3C. After the patterning, a baking process is
applied to the protruding patterns 18. The shapes of the
protruding patterns 18 are rounded by the baking process, as
shown in FIG. 3D.
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[0085] The protruding patterns 18 are formed into a shape
of line. Adjacent protruding patterns 18 form a concave
portion having a shape of a basic figure, especially, a closed
figure such as a triangle. The formation of the line-shaped
protruding patterns 18 is carried out with the use of a mask
pattern as shown in FIG. 4. A reflection plate having such
line-shaped protruding patterns 18 is disclosed in the Japa-
nese Patent Application No. 2001-55229 filed by the appli-
cant of the present patent application.

[0086] By forming the line-shaped protruding patterns 18
so as to form a concave portion having a shape of a basic
figure, the reflection electrode 20 to be formed in a later step
will have concave and protruding portions of a predeter-
mined shape on its surface. As a result, there will be
provided the lower substrate 11, which achieves reflection
light intensity that depends upon the azimuth angle, and
which enables a highly directional light reflection with
increasing the light to be reflected toward a specific direc-
tion.

[0087] Inthe mask pattern shown in FIG. 4, the pattern of
an intersection (shown in FIG. 5A) of some line-shaped
protruding portion forming portions may be replaced with
modified mask patterns shown in FIGS. 5B and 5C. With
the use of such modified mask patterns, it is possible to
reduce the difference in film thickness between the vertex
and side of the basic figure.

[0088] In the case where the protruding patterns are
formed using the mask pattern shown in FIG. 5A, the
vertexes of the basic figure (triangle) will become broadened
and rounded as shown in FIG. 6A, due to an error in the
resolution of exposure and the resolution of a resist. Further,
as shown in a cross section shown in FIG. 6B along a line
A-A of FIG. 6A, heights (film thickness) of the patterns will
not be uniform, such that the vertex portion is higher than the
side portion.

[0089] In the case where the second insulation layer 19 is
deposited on the protruding patterns 18 where the heights of
the vertex portions and the side portions are not uniform, if
the areas around the vertex portions are designed to be
provided with appropriate tilt angles, the second insulation
layer 19 may be flat in the areas near the side portions (FIG.
6C). On the other hand, if the areas near the side portions are
designed to be provided with appropriate tilt angles, the
vertex portions may project from the second insulation layer
19 (FIG. 6D). Therefore, if there is difference in the heights
of the protruding patterns 18, efficient light reflection cannot
be obtained, and unevenness of light reflection may be
caused.

[0090] In the mask pattern shown in FIG. 5B, the pro-
truding portion forming portions have, at the intersection
thereof, narrower width of line. For example, in the mask
pattern shown in FIG. 5A, the line width of the protruding
portion forming portions is set to about 4 ym along the entire
line, while in the mask pattern shown in FIG. 5B, the line
width is set to about 2 um at and near the intersections. In
the mask pattern shown in FIG. 5C, the lines are removed
at and near the intersections. By narrowing the line width of
the protruding patterns 18 at the vertex portions, or by
removing the lines at the vertex portions, it is possible to
reduce or eliminate the unevenness in the height (film
thickness) between the vertexes and sides of the basic figure.
Accordingly, efficient light reflection can be obtained.
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[0091] The explanation will return to FIG. 3D. Succes-
sively, an interlayer film made of organic resin is coated over
the protruding patterns 18, so that the surface becomes
mildly wavy. Then, the contact hole 21 is opened using a
photolithography technique. Afterwards, baking is applied
to the interlayer film to form the second insulation layer 19

(FIG. 3E).

[0092] Then, an aluminum (Al) thin film is formed on the
second insulation layer 19 including the contact hole 21.
After this, the reflection electrode 20 as a reflection pixel
electrode is formed by patterning (FIG. 3F). Thus, the lower
substrate 11 as a reflection plate is completed.

[0093] Spacers (not illustrated) are placed between thus
formed lower substrate 11 and the opposing substrate 12
formed by depositing the color filter 25, etc. on the insula-
tion substrate 26. A space (cell) formed by the spacers is
filled with resin and sealed. Thereafter, the polarizing plate
27 is adhered onto the surface of the opposing substrate 12
to complete the reflection type liquid crystal display device
10 shown in FIG. 1.

[0094] As described above, in the reflection type liquid
crystal display device 10 having the above structure includ-
ing the line-shaped protruding patterns 18, the reflection
light intensity depends upon the azimuth angle, and thus
light to be reflected toward a specific direction can be
increased.

[0095] FIG. 7 shows a result of a research to test the
azimuth angle and reflection light intensity when light is
radiated on the lower substrate 11 (reflection plate) having
the above structure, from a direction of -30-degree polar
angle. Here, the polar angle is the angle 01 shown in FIG.
22 measured from the normal line direction of the reflection
plate, and the azimuth angle is the angle 62 measured in the
plane parallel to the reflection layer.

[0096] When considering an ordinary usage situation of a
liquid crystal display device, it can be considered that when
incident light Li is radiated onto the display surface from a
direction of -30 degree polar angle (0 degree azimuth
angle), the viewer best perceives light Lr reflected from a
direction of 0 to 20 degree polar angle (180 degree azimuth
angle), preferably from direction of 0 to 10 or 10 to 20 polar
angle (180 degree azimuth angle). Accordingly, high con-
trast may be realized on a liquid crystal display device
having a reflection plate which reflects light Lr in the above
direction more than the other directions, when incident light
Li is radiated from the above described direction.

[0097] FIG. 7A and FIG. 7B respectively show the rela-
tionship between polar angle and reflection light intensity
and the relationship between the azimuth angle and reflec-
tion light intensity, which are obtained when light is radiated
to the lower substrate 11 (reflection plate) having the above
described structure from a direction of -30 degree polar
angle. As shown in FIG. 22, the polar angle is an angle 01
measured from the normal line direction of the reflection
plate, and the azimuth angle is an angle 62 measured in the
plane parallel to the reflection plate.

[0098] Closed figure patterns made of equilateral triangle
basic figures arc formed on the lower substrate 11, as shown
in FIG. 8.

[0099] As shown in FIG. 7A, the reflection light intensity
shows a peak near the polar angle of 0 to 10 degrees, other
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than in the normal reflection direction (polar angle of 30
degrees). As shown in FIG. 7B, the reflection light intensity
changes regularly, in response to the change of azimuth
angle. Especially, the reflection light intensity shows peaks
at the polar angles of 0 degree, 60 degrees, and 120 degrees.
And as the polar angle becomes larger, for example, from 10
degrees to 20 degrees, the peak becomes lower.

[0100] The reason why the reflection light intensity
becomes stronger toward a direction of a specific angle is
that there is unevenness in the distribution of normal line
directions on the wavy surface of the lower substrate 11.

[0101] Tt can be considered that the reflection character-
istic near the polar angle Of 0 to 10 degrees is mainly caused
by the side portions of the triangles, and the reflection
characteristic of the component near the normal reflection
equal to or larger than 20 degrees is, due to the flat portion
near the center of the triangles. Accordingly, it can be
considered that it is effective to increase the number of sides
orthogonal to the measuring direction, in order to improve
the reflectivity near the polar angle of 0 to 30 degrees when
the azimuth angle is at 180 degrees (when the azimuth angle
faces toward the front).

EXAMPLE 1

[0102] FIG. 9 shows the relationship between the line
width of the basic figure (triangle) and the thickness of the
vertex and side portions, in a case where the basic figure is
formed by coating a resin film having 2.35 um thickness,
patterning the film with the use of the mask patterns shown
in FIGS. 5A and 5B, and baking the film.

[0103] As shown in FIG. 9, in the case of using the
unmodified mask pattern shown in FIG. 5A, the thickness of
the vertex portion is 1.90 um. On the other hand, in the case
of using the mask pattern shown in FIG. 5B where the line
width at the intersection is narrowed, the thickness of the
vertex portion is 1.60 #m. It is turned out from this result that
in the case where the modified mask pattern is used, differ-
ence in the thickness between the vertex and the side can be
reduced.

[0104] Further, it is apparent that the larger the line width
becomes, the thicker the side portion becomes Therefore, it
can preferably be said that the larger the line width of the
side portion is, the smaller the difference in the thickness
between the side portion and the vertex portion becomes.
Especially, it is apparent that the line width should be
preferably set to about 5 pm, so that the thickness of the side
portion can be about 1.3 ym.

EXAMPLE 2

[0105] Light is radiated from a direction of -30-degree
polar angle onto the lower substrate 11 in which the pro-
truding patterns 18 are formed so as to constitute triangle-
shaped concave portions, in order to measure the relation-
ship between polar angle and reflection light intensity at all
azimuth angle of 180 degrees, which is counter to the light
source.

[0106] In this measurement, a spectrophotometer IMUC
(LCD7000) made by Otsuka Electronics Co., Ltd. is used.
Further in this measurement, the incident light is caused to
be radiated onto one vertex of the triangle, which is the basic
figure. And the spectrophotometer is placed horizontally to
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one side of the triangle. The measurement result at the
180-degree azimuth angle is shown in FIG. 10.

[0107] It is apparent from the result shown in FIG. 10 that
the reflection light intensity (reflectivity) reaches local maxi-
mum twice near the polar angle of 30 degrees and the polar
angle of 5 degrees. The fact that alternation of the reflection
light intensity shows a plurality of local maximum values in
accordance with the polar angle, proves the fact that the
lower substrate 11 has the directivity shown in FIGS. 7A
and 7B, regarding the azimuth angle.

[0108] The reflection light intensity at the 0-degree polar
angle is stronger than the reflection light intensity at the
90-degree azimuth angle (not shown by the data). The
reason for this is considered to be that in case of the
180-degree azimuth angle, local maximum of the reflection
light intensity appears near the 5-degree polar angle, due to
azimuth-angle-dependent light reflection as shown in FIGS.
7A and 7B. The reflection light intensity at the 0-degree
polar angle can be strengthened if the local maximum of the
reflection light intensity appears near 0 to 10 degrees.

EXAMPLE 3

[0109] Inorderto maximize the reflection light intensity at
an azimuth angle of 180 degrees and at a polar angle of 0
degree, parameters with regard to the protruding patterns 18
will be considered.

EXAMPLE 3-1

[0110] FIGS. 11A and 11B respectively show results of
measuring the relationship between polar angle and reflec-
tion light intensity at an azimuth angle of 180 degrees, where
the line width of the basic figure is set to 3 um in FIG. 11A,
and 4 um in FIG. 11B. The conditions for measurement are
the same as those in the example 2. The film thickness of the
protruding patterns 18 at the sides of the basic figure is 1.3
um after being baked. The film thickness of the second
insulation layer 19 is 1.5 um, and the length of the sides of
the basic figure is 24 um on the average.

[0111] The reflection light intensity has a plurality of local
maximum values, in each of the graphs shown in FIG. 11A
and 11B. From FIG. 11A, it is known that the reflection
light intensity reaches local maximum near the polar angle
of 15 degrees in the case where the line width is 3 gm. On
the other hand, it is known from FIG. 11B that the reflection
light intensity reaches local maximum near the polar angle
of 0 degree in addition to the polar angle of 15 degrees, in
the case where the line width is 4 um. Since the reflection
light intensity reaches local maximum near the polar angle
of 0 degree, it is turned out that the reflection light intensity
at the polar angle of O degree is stronger, in the case where
the line width is 4 um.

EXAMPLE 3-2

[0112] FIGS. 12A to 12C respectively show results of
measuring the relationship between polar angle and reflec-
tion light intensity, where the length of a side of a triangle
(basic figure) is 24 um in FIG. 12A, 20 um in FIG. 12B, and
16 ym in FIG. 12C. The conditions for measurement are the
same as those in the example 2. The film thickness of the
protruding patterns 18 at the sides of the basic figure is 1.3
um after being baked. The film thickness of the second
insulation layer 19 is 1.5 um, and the line width of the basic
figure is 5 um.
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[0113] The reflection light intensity has a plurality of local
maximum values, in each of the graphs shown in FIGS. 12A
to 12C. By comparing FIGS. 12A to 12C, it is apparent that
the larger the length of the side is, the polar angle, at which
the local maximum of the reflection light intensity appears,
becomes closer to 0 degree. That is, it is turned out that the
larger the length of the side is, the stronger the reflection
light intensity at the polar angle of 0 degree becomes.

EXAMPLE 3-3

[0114] FIGS. 13A and 13B respectively show results of
measuring the relationship between polar angle and reflec-
tion light intensity, where the flattening ratio of a triangle is
1.0in FIG. 13A, and 0.8 in FIG. 13B. Here, it is defined that
ratio between base and altitude of an equilateral triangle
represents a flattening ratio of 1.0 (as illustrated in FIG. 8),
and the ratio between base and altitude of an isosceles
triangle having an altitude of 0.8 times as high as that of an
isosceles triangle represents a flattening ratio of 0.8 (as
illustrated in FIG. 14). The conditions for measurement are
the same as those in the example 2. The film thickness of the
protruding patterns 18 at the sides of the triangle is 1.3 um
after being baked. The film thickness of the second insula-
tion layer 19 is 1.5 um, the length of the sides of the triangle
is 24 um on the average, and the line width is 5 um.

[0115] The reflection light intensity has a plurality of local
maximum values, in each of the graphs shown in FIGS. 13A
and 13B. By comparing FIGS. 13A and 13B, it is apparent
that the reflection light intensity at the polar angle of 0
degree is stronger in a case where a triangle having a
flattening ratio of 0.8 is formed, than in a case where a
triangle having a flattening ratio of 1.0 is formed. As
explained above, the reason for this result is considered to be
that there are more line-shaped protruding patterns 18 that
are arranged horizontally to the spectrophotometer within a
specific area in the case of the flattening ratio of 0.8 than in
the case of the flattening ratio of 1.0.

[0116] However, if the flattening ratio is less than 0.5, the
reflection light might cause interference, and thus the char-
acteristic of the reflection plate might be deteriorated. There-
fore, it is found that the flattening ratio is preferably 0.5 to
0.8.

EXAMPLE 3-4

[0117] FIGS. 15A and 15B respectively show results of
measuring the relationship between polar angle and reflec-
tion light intensity, where the randomness when arranging
the basic figures is 0.5 in FIG. 15A, and 0.75 in FIG. 15B.
Here, it is assumed that in a case where all the basic figures
are arranged parallel to one another, this state is defined as
having randomness of 0.0, while in a case where all the basic
figures arc arranged completely randomly, this state is
defined as having randomness of 1.0. The conditions for
measurement are the same as those in the example 2. The
film thickness of the protruding patterns 18 at the sides of the
basic figure is 1.3 um after being baked. The film thickness
of the second insulation layer 19 is 1.5 um, the length of the
sides of the basic figure is 24 um on the average, and the line
width is 5 um.

[0118] The reflection light intensity has a plurality of local
maximum values, in each of the graphs shown in FIGS. 15A
and 15B. By comparing FIGS. 15A and 15B, it is apparent
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that the reflection light intensity at the polar angle of O
degree is stronger in a case where the randomness is 0.5,
than in a case where the randomness is 0.75. The reason for
this result is considered to be that the number of the
line-shaped protruding patterns 18 that are arranged hori-
zontally to the spectrophotometer is smaller in a case where
the randomness is large. However, if the randomness is
reduced too much, the reflection light might cause interfer-
ence, and thus the characteristic of the reflection plate might
be deteriorated

EXAMPLE 3-5

[0119] FIGS. 16A and 16B respectively show results of
measuring the relationship between polar angle and reflec-
tion light intensity, where the modified mask pattern shown
in FIG. 5B is applied to the vertexes of the basic figure in
FIG. 16A, and the unmodified mask pattern shown in FIG.
5A is applied to the vertexes of the basic figure in FIG. 16B.
The conditions for measurement are the same as those in the
example 2. The film thickness of the protruding patterns 18
at the sides of the basic figure is 1.3 um after being baked
The film thickness of the second insulation layer 19 is 1.5
um, the length of the sides of the basic figure is 24 ym on
the average, and the line width is 5 um.

[0120] The reflection light intensity has a plurality of local
maximum values, in each of the graphs shown in FIGS. 16A
and 16B. By comparing FIGS. 16A and 16B, it is apparent
that the reflection light intensity at the polar angle of 0
degree is stronger in the case where the modified mask
pattern shown in FIG. 5B is used, than in the case where the
unmodified mask pattern is used. By narrowing the line
width at the vertexes of the basic figure, the difference in
height between the vertex and side portions of the protruding
patterns 18 is reduced. Thus, it is considered that the shape
of the vertexes is prevented from being circular as shown in
FIG. 21, when viewed in a plan, and the directivity (anisot-
ropy) of the reflection light intensity is enhanced toward the
direction of azimuth angle.

EXAMPLE 3-6

[0121] The relationship between polar angle and reflection
light intensity will be considered by changing the thickness
of the second insulation layer 19. The conditions for mea-
surement are the same as those in the example 2. FIG. 17
shows the result when the coating thickness of the second
insulation layer 19 is 1.5 um, 2.0 um or 3.0 um, on the
condition that the basic figure is a triangle, the flattening
ratio is 0.8, the line width is 0.4 um, the length of a side is
28 um, the thickness of the protruding pattern 18 is 2.0 um
and the randomness is 0.75.

[0122] From FIG. 17, it is known that as the second
insulation layer 19 becomes thicker, peak appearing near the
azimuth angle of 0 degree shifts to near 20 degrees and
finally disappears. It can be considered that this is because
the sides of the triangles are flattened by the second insu-
lation layer 19.

[0123] In the case where the thickness of the second
insulation layer 19 is 1.5 um, the reflection light intensity
reaches local maximum near the polar angle of 0 to 10
degrees. Accordingly, when the display device is used in this
range of angles, high reflectivity can be obtained if the
reflection plate is designed in this way.
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[0124] Also it is known that in the case where the thick-
ness of the second insulation layer 19 is 2.0 um, the change
of the reflection light intensity has a positive slope in the
range of polar angle of 10 to 20 degrees. And in the range
of polar angle of 10 to A degrees (10<A<20), the slope of the
change of the reflection light intensity becomes smaller, as
the polar angle becomes larger. Further, in the range of polar
angle of A to 20 degrees, the slope of the change of the
reflection light intensity becomes larger, as the polar angle
becomes larger. Accordingly, in the case where the display
device is used in this range of polar angle, high reflectivity
can be obtained if the reflection plate is designed in this way.

[0125] The same consideration will be made (not shown
by data) by using three materials having different melting
characteristics when being baked, as the material for the
second insulation layer 19. From the result of the measure-
ment, a material which has a poor melting characteristic and
thus a poor tendency to change in its shape, achieves the
strongest reflection light intensity at the polar angle or 0
degree.

[0126] As described in the above examples, the reflection
light intensity is changed by the protruding patterns 18
which form the basic figure, in accordance with the azimuth
angle. Therefore, it has been made sure that the alteration of
the reflection light intensity in relation to the polar angle
takes a plurality or local maximum values, and the reflection
light intensity at the polar angle of 0 degree can be strength-
ened, if one of such local maximum values appears near the
polar angle of 0 to 10 degrees. Thus, the lower substrate 11
(reflection plate) can increase the amount of light to be
reflected toward the direction of 0-degree polar angle, i.c.,
toward the viewer, and thus can improve the contrast.

[0127] Specifically, by changing the line width, length of
a side, and film thickness of the protruding patterns 18, and
the film thickness of the second insulation layer 19, it is
possible to form the protruding and concave portions, so as
to maximize the anisotropy of the reflection plate and the
reflection light intensity toward the normal line direction of
the reflection plate. Further, by narrowing the line width of
the line-shaped protruding patterns 18 at the intersections, it
is possible to make the thickness of the protruding patterns
18 almost uniform. Thus, the difference in height between at
the vertexes and at the sides of the basic figure can be
reduced.

[0128] With the reduction of the difference in height,
deterioration of light reflection efficiency due to projection
of the protruding patterns 18 from the second insulation
layer 19 can be prevented. Moreover, since the thickness of
the second insulation layer 19 can freely be set to some
extent, it is possible to select the thickness of the second
insulation layer 19, so that the light reflection intensity
toward the normal line direction (direction of 0-degree polar
angle) can be strengthened.

Second Embodiment

[0129] FIG. 18C shows the structure of a reflection plate
(lower substrate 11) according to a second embodiment. The
lower substrate 11 according to the second embodiment
forms the wavy surface of the reflection electrode 20, by the
waves formed on one interlayer insulation film 30, unlike the
first embodiment.
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[0130] The interlayer insulation film 30 is made of pho-
tosensitive resin, and its concave and protruding patterns are
formed at the same time as the contact hole 21 is formed, by
changing the luminous exposure of ultra violet rays (UV), as
will be described later.

[0131] A method of manufacturing the lower substrate 11
according to the second embodiment will be explained
below with reference 1o FIGS. 18A to 18C. This manufac-
turing method is disclosed in Unexamined Japanese Patent
Application KOKAI Publication No. 2000-250025.

[0132] First, as shown in FIG. 18A, an organic resin layer
31 made of, for example, positive photosensitive resin is
formed by coating on the first insulation layer 17 and the like
in the state shown in FIG. 3B.

[0133] Then, the organic resin layer 31 is exposed and
developed to form the contact hole 21, and at the same time,
concave and protruding patterns are formed on the surface of
the organic resin layer 31, as shown in FIG. 18B. That is, the
area where the contact hole 21 1s formed, and the areas
where the concave and protruding patterns are formed, are
exposed by using different masks and by different luminous
exposures. Preferably, the luminous exposure (UV1) for the
areas for the concave and protruding patterns is 10 to 50%
of the luminous exposure (UV2) of the area for the contact
hole.

[0134] The dissolution speed of a positive photosensitive
resin depends largely upon the decomposition ratio of a
photosensitive agent. Using this characteristic, by changing
the decomposition ratios for the areas for the concave and
protruding patterns and the area for the contact hole, it is
possible to generate a difference in dissolution speed
between the resins of the both areas. Accordingly, it is
possible to form the deep contact hole 21 and the shallow
patterns, by developing the organic resin layer 31 during a
period of time enough to dissolve (resolve) the layer to form
the contact hole 21.

[0135] Patterning of the organic resin layer 31 may be
carried out by using a same mask, if the mask is a so called
half tone mask, that is, if the mask has different light
transmittance for the area for the contact hole 21, and the
areas for the concave and protruding patterns.

[0136] After the organic resin layer 31 is patterned, it is
baked to form an interlayer insulation film 30. Then, a metal
film made of aluminum or the like 1s formed, and then
patterned. Thus, a reflection electrode 20 is formed. As a
result, the lower substrate 11 shown in FIG. 18C is com-
pleted.

[0137] FIG. 19 shows results obtained when the film
thickness of the organic resin layer 31 is unchanged, and the
luminous exposure for the areas for the concave and pro-
truding patterns is set to 25%, 20%, and 15% of the
luminous exposure of the area for the contact hole. The
conditions for measurement are the same as those in the
above example 3-6.

[0138] As known from FIG. 19, as the luminous exposure
is reduced, the peak of the reflection light intensity near the
0 degree angle shifts to near the 20 degree angle, and at last
disappears. This may be because the sides of the triangles are
flattened by the interlayer insulation film 30.
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[0139] When the luminous exposure is 25% of that of the
contact hole area, the reflection light intensity reaches local
maximum near the polar angle of 0 to 10 degrees. Accord-
ingly, if the display device is used in this range of polar
angle, high reflectivity can be obtained if the lower substrate
is designed as described above.

[0140] When the luminous exposure is 20% of that of the
contact hole area, the change of the reflection light intensity
has a positive slope in the range of polar angle of 10 to 20
degrees. And in the range of polar angle of 10 to A degrees
(10<A<20), the slope of the change of the reflection light
intensity becomes smaller, as the polar angle becomes larger.
Further, in the range of polar angle of A to 20 degrees, the
slope of the change of the reflection light intensity becomes
larger, as the polar angle becomes larger. Accordingly, if the
display device is used in this range of polar angle, high
reflectivity can be obtained if the lower substrate is designed
as described above.

[0141] As explained, the reflection plate having the con-
cave and protruding patterns according to the first and
second embodiments achieves reflection light intensity
which is dependent upon azimuth angle. And the change of
the reflection light intensity in relation to the polar angle
shows a plurality of local maximum values. High reflection
light intensity at the polar angle of 0 degree is realized when
the local maximum appears near the polar angle of 0 to 10
degrees.

[0142] Various embodiments and changes may be made
thereunto without departing from the broad spirit and scope
of the invention. The above-described embodiments are
intended to illustrate the present invention, not to limit the
scope of the present invention. The scope of the present
invention is shown by the attached claims rather than the
embodiments. Various modifications made within the mean-
ing of an equivalent of the claims of the invention and within
the claims are to be regarded to be in the scope of the present
invention.

[0143] In the above described embodiments, examples
where the present invention is applied to a reflection type
liquid crystal display device, are explained. However, the
present invention can be applied to a so-called semi-trans-
parent type liquid crystal display device, as disclosed in
Japanese Patent No. 2955277. For example, the present
invention can be applied to a liquid crystal display device
shown in FIG. 20, which comprises a transparent electrode
including a transparent region and a reflection region, and a
reflection plate, and thus has the function of a transparent
liquid crystal display device and the function of a reflection
type liquid crystal display device.

[0144] This application is based on Japanese Patent Appli-
cation No. 2001-190264 filed on Jun. 22, 2001 and including
specification, claims, drawings and summary. The disclosure
of the above Japanese Patent Application is incorporated
herein by reference in its entirety.

What is claimed is:
1. A reflection plate having concave and protruding por-
tions on a surface thereof, wherein:

distribution of normal line directions on said surface is
uneven in terms of a specific azimuth angle; and

reflection light intensity is dependent upon azimuth angle.
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2. The reflection plate according to claim 1. wherein

distribution of reflection light intensity in relation to polar
angle at said specific azimuth angle shows one or more
local maximum values, other than a normal reflection
component.

3. The reflection plate according to claim 1, wherein:

closed figures are formed by said protruding portions of
said concave and protruding portions; and

said concave portions of said concave and protruding
portions are enclosed by said closed figures.
4. The reflection plate according to claim 3, wherein

said closed figures are a polygon.
5. The reflection plate according to claim 4, wherein

said polygon is approximately a triangle, or approxi-
mately a trapezoid.
6. The reflection plate according to claim 4, wherein

said polygon is approximately a triangle having a flatten-
ing ratio of equal to or greater than 0.5 and equal to or
smaller than 0.8.

7. The reflection plate according to claim 3, wherein

in each of said closed figures, its length in a first direction
in which reflection light intensity becomes the largest,
is smaller than its length in a second direction which is
perpendicular to said first direction.

8. The reflection plate according to claim 3, wherein

line shapes formed by said protruding portions of said
closed figures have almost uniform width.
9. The reflection plate according to claim 3, wherein

line shapes formed by said protruding portions of said
closed figures have almost uniform thickness.
10. A liquid crystal display device having the reflection
plate recited in any one of claims 1 to 9.
11. The liquid crystal display device according to claim
10, wherein

when incident light is radiated to a display surface of said
liquid crystal display device from a direction of -30-
degree polar angle, the reflection light intensity reaches
local maximum in a range of polar angle of 0 to 10
degrees.
12. The liquid crystal display device according to claim
10, wherein

when incident light is radiated to a display surface of said
liquid crystal display device from a direction of -30-
degree polar angle, the reflection light intensity has a
positive slope in relation to polar angle in a range of
polar angle of 10 to 20 degrees, said slope becomes
smaller as polar angle becomes larger in a range of
polar angle of 10 to A degrees (10<A<20), and said
slope becomes larger as polar angle becomes larger in
a range of polar angle of A to 20 degrees.
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13. A method of manufacturing a reflection plate, com-
prising:
coating an organic resin on a substrate, patterning said
organic resin with a line-shape mask, and thus forming
a plurality of line-shaped protruding patterns such that
said protruding patterns intersect with one another to
form concave portions each having a shape of a closed
figure; and
coating an interlayer film so as to cover said line-shaped
protruding patterns.
14. The method of manufacturing a reflection plate
according to claim 13, wherein

said line-shape mask comprises mask lines whose width
at and about intersection portions of said mask lines is
narrower than that of portions other than said intersec-
tion portions.
15. A method of manufacturing a reflection plate, com-
prising
forming a contact hole portion, and at a same time,
concave and protruding portions including a plurality
of line-shaped protruding portions which intersect with
one another, and concave portions enclosed by said
protruding portions, by coating an organic resin on a
substrate, and exposing and developing said organic
resin by changing luminous exposure.
16. The method of manufacturing a reflection plate
according to claim 15, wherein

said patterning of said contact hole portion and said
concave and protruding portions includes exposing said
organic resin using different masks and by different
luminous exposures for the two different portions.
17. The method of manufacturing a reflection plate
according to claim 16, wherein

luminous exposure of said organic resin for patterning
said concave and protruding portions is 10 to 50% of
luminous exposure of said organic resin for patterning
said contact hole portion.
18. The method of manufacturing a reflection plate
according to claim 17, wherein

said patterning of said contact hole portion and said
concave and protruding portions includes exposing said
organic resin by using a half tone mask having different
light transmittance for said contact hole portion and
said concave and protruding portions, respectively.
19. The method of manufacturing a reflection plate
according to claim 15, wherein

a mask for forming said line-shaped protruding portions
comprises mask lines whose width at and about inter-
section portions of said mask lines is narrower than that
of portions other than said intersection portions.

20. A method of manufacturing a liquid crystal display

device, comprising

forming a reflection plate in accordance with a manufac-
turing method recited in any one of claims 13 to 19.
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