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(57) ABSTRACT

To provide a reflection plate and a reflection type liquid
crystal display apparatus, in which a light from a light source
of a fluorescent light or the sun light can be effectively used
to thereby increase an amount of lights to be reflected to an
observer side so that a bright display can be obtained, and a
method of manufacturing the same.
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REFLECTION PLATE, REFLECTION TYPE
LIQUID CRYSTAL DISPLAY APPARATUS,
AND METHOD OF MANUFACTURING THE
SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a reflection plate, a
reflection type liquid crystal display apparatus, and a method
of manufacturing the same, and more particularly relates to
a reflection plate and a reflection type liquid crystal display
apparatus which reflect an input light from outside (external
portion) and then use it as a display light source, and a
method of manufacturing the same.

2. Description of the Related Art

Conventionally, a reflection type liquid crystal display
(LCD) apparatus is known which has a reflection plate
within the apparatus and reflects an input light from external
portion by using this reflection plate and, then uses it as a
display light source so that it does not require a back light
as a light source.

As such a conventional reflection type liquid crystal
display apparatus, for example, there is a display apparatus
in which isolated convex portions are formed on the surface
of a reflection plate by using a photo-lithography process
while organic insulation film is left, and interlayer film is
formed on the convex portions, and smoothed concave and
convex structure provided with mountain sections composed
of the convex portions and valley sections composed of
other portions are formed, and the concave and convex
pattern is formed on the surface of the reflection plate (refer
to Japanese Patent No. 2825713).

FIG. 14 is a plan view showing an example of the concave
and convex pattern formed on a conventional reflection
plate. As shown in FIG. 14, a concave and convex pattern 1
is configured such that a plurality of respectively isolated
convex portions 3 are formed on a reflection plate 2, in
which they are used as the basic convex pattern.

However, in a case of the conventional reflection plate 2,
its object is to reflect the input light while scattering with
predetermined angular range. Thus, the scattering of light is
strong, and the input light is substantially regularly reflected
so that the reflection direction is circular-corn-shaped.

FIG. 15 is an explanation view showing the relation
between the input light and the reflection light resulting from
the reflection plate in FIG. 14. As shown in FIG. 15, an input
light Li of fluorescent light or sun light, which is inputted
from a front direction of an observer viewing a screen of the
reflection type liquid crystal display apparatus, is reflected
on the reflection plate 2, and it becomes a reflection light L,
which is scattered substantially regularly wide direction.

At a results, there is a following problem in an environ-
ment in which a dominant emission of a strong light (direct
light) of a fluorescent light from a particular direction in a
room and an input light (indirect light) inputted to a panel
through a reflection on a wall is weak. That is, the reflection
plate 2 composed of the conventional concave and convex
pattern using a substantially circular pattern can not effi-
ciently reflect the light from the particular direction to an
observer side. Thus, it is not possible to effectively use the
input light to the panel. Hence, the reflection light to the
observer side is weak, which leads to the dark display.

It is therefore an object of the present invention to provide
a reflection plate and a reflection type liquid crystal display
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2

apparatus, in which a light from a light source having a
strong energy, such as a fluorescent light or the sun light is
effectively used to thereby increase an amount of lights to be
reflected to an observer side so that a bright display can be
obtained, and a method of manufacturing the same.

SUMMARY OF THE INVENTION

In order to achieve the above-mentioned object, a reflec-
tion plate according to the present invention is characterized
in that in a reflection plate used in a reflection type liquid
crystal display apparatus using an input light from external
portion as a display light source, a light outputted from the
light source is reflected to an observer side, on the plane
including the light source and the screen and the observer
viewing a screen.

The above-mentioned configuration enables the reflection
plate used in the reflection type liquid crystal display appa-
ratus using the input light from the external portion as the
display light source to give an anisotropy for a light reflec-
tion direction with respect to the input light from the external
portion, and also enables the effective usage of a light from
a light source existing within a substantial extension plane
including a line through which a screen and an observer
viewing the screen are linked. Thus, it is possible to effec-
tively use a light from a light source having a strong energy
such as a fluorescent light or the sun light, and thereby
increase an amount of lights to be reflected to the observer
side, and accordingly obtain a bright display even under an
environment with a strong direct light.

Also, a method of manufacturing a reflection plate accord-
ing to the present invention can manufacture the above-
mentioned reflection plate. The reflection type liquid crystal
display apparatus according to the present invention can
achieve the reflection type liquid crystal display apparatus
having the above-mentioned reflection plate. The method of
manufacturing the reflection type liquid crystal display
apparatus according to the present invention can achieve the
above-mentioned reflection type liquid crystal display appa-
ratus.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a partially sectional view showing a reflection
type liquid crystal display apparatus according to an
embodiment of present invention;

FIG. 2A is a plan view showing an example of convex
patterns formed on a reflection electrode of FIG. 1 and FIG.
2B is a plan view showing another example of convex
patterns formed on a reflection electrode of FIG. 1,

FIG. 3 is an explanation view showing a reflection light
through the convex pattern of FIGS. 2A, 2B;

FIG. 4A is a explanation view from side showing a
positional relation between a direct light, a reflection type
liquid crystal display apparatus and an observer and FIG. 4B
is a explanation view from front side thereof;

FIG. 5 is an explanation view showing a condition with
regard to the shape of the convex pattern of FIGS. 2A, 2B,

FIG. 6 is explanation view showing examples of the
convex pattern on the basis of a unit figure of FIG. §;

FIG. 7 is an explanation view showing an examples of a
basic figure pattern to form the convex pattern of FIG. 6;

FIGS. 8A to 8D are explanation views showing a process
for manufacturing a reflection electrode, in a process for
manufacturing the reflection type liquid crystal display
apparatus shown in FIG. 1,

FIG. 9 is a plan view showing another example of the
convex pattern formed on the reflection electrode of FIG. 1;
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FIG. 10 is a schematic view showing an apparatus to
illustrate a method of measuring a reflectance;

FIG. 11 is an explanation view showing a reflection
property of the reflection plate of the present invention;

FIG. 12 is a plan view showing a shape of the reflection
plate of the present invention;

FIG. 13 is a plan view for illustrating the reflection type
liquid crystal display apparatus of the present invention;

FIG. 14 is a plan view showing an example of a concave
and convex pattern formed on a conventional reflection
plate; and

FIG. 15 is an explanation view showing a relation
between an input light and a reflection light resulting from
the reflection plate of FIG. 14.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Preferred embodiments of the present invention will be
explained below with reference to the drawings.

FIG. 1 is a partially sectional view of a reflection type
liquid crystal display apparatus according to an embodiment
of the present invention. As shown in FIG. 1, a reflection
type liquid crystal display apparatus 10 has a lower substrate
11, an opposite substrate 12 located opposite to the lower
substrate 11, and a liquid crystal layer 13 sandwiched
between the lower substrate 11 and the opposite substrate 12,
within the apparatus.

This reflection type liquid crystal display apparatus 10
employs an active matrix system, for example, in which a
thin film transistor (TFT) is placed for each pixel as a
switching element.

The lower substrate 11 has an insulation substrate 14, an
insulation protection film 15, a TFT 16, a first insulation
layer 17, a convex pattern 18, a second insulation layer 19,
and a reflection electrode 20. The insulation protection film
15 is laminated on the insulation substrate 14. The TFT 16
is formed on the insulation protection film 15. The TFT 16
has a gate electrode 16a on the insulation substrate 14, a
drain electrode 16b on the insulation protection film 15
covering the gate electrode 16a, a semiconductor layer 16c,
and a source electrode 16d.

The convex pattern 18 is formed on the insulation pro-
tection film 15 and the TFT 16, via the first insulation layer
17 or the source electrode 16d of the TFT 16. The second
insulation layer 19 is laminated so as to cover this convex
pattern 18, the first insulation layer 17 and the source
electrode 16d. A contact hole 21 reaching the source elec-
trode 164 is made in the second insulation layer 19.

Moreover, the reflection electrode 20 is laminated so as to
cover the second insulation layer 19 together with the
contact hole 21. The reflection electrode 20 is connected to
the drain electrode 165 or the source electrode 164 of the
TFT 16, and it has the functions as a reflection plate and a
pixel electrode.

Also, together with a gate terminal unit 22 on the insu-
lation substrate 14, a drain terminal unit 23 on the insulation
protection film 15 for covering the gate terminal unit 22 is
formed in the terminal region placed in the circumference of
the lower substrate 11.

The opposite substrate 12 has a transparent electrode 24,
a color filter 25 and an insulation film 26 which are lami-
nated in this order from the liquid crystal layer 13. An input
light Li inputted from this insulation substrate 26 to the
opposite substrate 12 reaches the lower substrate 11 through
the liquid crystal layer 13 from the opposite substrate 12.
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Then, it is reflected by the reflection electrode 20 to thereby
become a reflection light Lr. It is again passed through the
liquid crystal layer 13, and outputted from the transparent
electrode 24 to the external portion of the opposite substrate
12.

FIGS. 2A, 2B are plan views showing an example of the
convex patterns formed on the reflection electrode of FIG. 1.
As shown in FIGS. 2A, 2B, the convex pattern 18 is formed
on the surface of the reflection electrode (reflection plate)
20.

This convex pattern 18 functions as a base of a concave
and convex pattern (having a concave and convex shape)
formed on the surface of the reflection electrode 20. It is
formed, for example, by lining up bar members bent in the
middle (refer to FIG. 2A), or by combining a member whose
flat plane is circular and a member whose flat plane has a
thin plane shape (refer to FIG. 2B) so that a line component
in a lateral direction along the surface of the reflection
electrode 20 is greater.

That s, the convex pattern 18 is configured such that it has
the directivity, in which the greater part of the lights inputted
to the reflection electrode 20 from a particular direction are
reflected to the side of the observer viewing the screen of the
reflection type liquid crystal display apparatus 10.

FIG. 3 is an explanation view showing the reflection light
resulting from the convex pattern of FIGS. 2A, 2B. As
shown in FIG. 3, an input light Li from a light source S
located in a front direction of an observer P is reflected on
the convex pattern 18 of the reflection electrode 20. Most of
the reflection lights become the reflection lights Lr directed
to the direction of the observer’s eye viewing the screen.

In short, the concave and convex pattern is located along
the surface of the reflection electrode 20, and it is formed by
the convex pattern 18 in which an average inclination angle
corresponding to the elements formed in a longitudinal
direction implying a direction where the input light Li and
the observer P are linked is different from an average
inclination angle corresponding to the elements formed in a
lateral direction orthogonal to the longitudinal direction.

As a result, the concave and convex pattern 18 is formed
by a polygonal base, in which a line component along the
transverse direction is greater. So, since the line component
in the lateral direction is greater, the plane on which the
input lights Li from the front direction of the observer P are
reflected to the observer P side is widely formed, which
thereby enables the input lights Li to be efficiently reflected
to the observer P side.

Thus, as compared with a reflection electrode in which the
line component in the lateral direction is smaller than a
component in the other direction, it is possible to effectively
use the direct light whose light source is the fluorescent light
or the sun light. Thus, it is possible to provide the reflection
type liquid crystal display apparatus having the brighter
screen.

Here, the particular direction and the observer side direc-
tion are described. The particular direction implies the
direction of the existence of an external light (direct light)
having a strong illuminance, in the external light that may
input to the reflection electrode 20 from the external portion
of the reflection type liquid crystal display apparatus 10.
This direction of the existence of the direct light is the
direction in which a lighting device such as a fluorescent
light and the like is located, in a case of an interior of a room,
and the direction of the sun light in a case of an exterior of
a room.

Also, in a case of a small portable terminal device having
the reflection type liquid crystal display apparatus 10, its
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direction can be freely changed. Thus, it may be considered
that the observer uses the device by moving it to a position
at which the observer can view the screen in the easiest
condition.

FIG. 4 is an explanation view showing a positional
relation between the direct light, the reflection type liquid
crystal display apparatus and the observer. As shown in FIG.
4, the position at which the observer P can view the screen
in the easiest condition is usually the position when the
direct light from the light source S inputted to the reflection
electrode 20, a reflection point of the reflection type liquid
crystal display apparatus 10 and the observer P viewing the
screen exist on the same plane including a normal line at the
reflection point of the reflection type liquid crystal display
apparatus 10 (refer to FIGS. 4A, 4B). Thus, the direction,
which satisfies those positional relation, is defined as the
particular direction and the observer side direction.

Its expanse range is determined on the basis of various
related factors, such as the structure of the lighting device,
an interval from the observer’s eyes or a distance from the
device, and the like. With respect to the normal line
direction, the input light Li is from 0 to about —60 degrees,
and the reflection light Lr is from about -10 to about +20
degrees. Also, with respect to the lateral direction along the
screen, both the input light Li and the reflection light Lr are
about 40 degrees (from about -20 degrees to about +20
degrees).

Next, the lateral direction and its ratio will be described
below. The lateral direction is assumed to be a direction
orthogonal to a straight line through which the observer P
and the light source S are linked (refer to FIG. 4B) In a case
of the reflection electrode 20 according to the present
invention, as compared with the conventional case in which
the lights are uniformly collected from all directions (360
degrees), it is desired that an intensity of the light from the
particular direction (in the range of about +20 degrees to
about -20 degrees from the longitudinal direction) is two
times or more. To attain such optical property, in the concave
and convex pattern of the reflection electrode 20, it is
desirable that the ratio of the angular range from about +10
degrees to about -10 degrees in the lateral direction is about
20% or more of the whole.

FIG. 5 is an explanation view with regard to the shape of
the convex pattern in FIGS. 2A, 2B. As shown in FIG. §, the
convex pattern 18 (refer to FIGS. 2A, 2B) on the reflection
electrode 20 is formed by a unit FIG. 27 having the
anisotropy in which a length of a major axis direction is
different from that of a minor axis direction.

Here, it is defined that a length of the major axis of the
unit FIG. 27 is r, an angle between a base line O and the
minor axis direction (orthogonal direction to the major axis
direction) is 8 [degrees], the number of the unit FIGS. 27
forming the convex pattern 18 on the reflection electrode 20
is n, and a length of the major axis direction of each unit
FIG. 27 is rn. If the unit figures are classified depending on
the angle condition (68<-20 or 8>20, -20=6=20), a sum
Lterget of the major axis direction lengths, a sum Lall of all
major axis direction lengths, and an effective line ratio Ratio
are represented by:

"3 019 < =20 or 8> 20) [Equation 1]
Lterget = Z

(=20 £ 0 £20)
n=1

20

25

30

35

40

45

50

55

60

65

6

-continued

n

Lallzz In

n=1

Ratio = (Lyerger [ Lar) X 100

If the major axis of the unit figures are homogeneous to
every direction, the effective line ratio is about 22%. Increas-
ing this effective line ratio to about 22% or more, preferably
to about 33% (about 1.5 times) enables the light from the
base direction O (or it’s orthogonal direction) to be effi-
ciently used.

FIGS. 6A to 6F are explanation views showing examples
of the convex pattern based on the unit figure in FIG. 5.
FIGS. 6A to 6F contrastively show the shapes of the
reflection electrodes 20 on which the various convex pat-
terns 18 are formed and the figures serving as the bases to
form the convex patterns 18 (refer to FIGS. 6A to 6F). The
basic figures are formed by randomly placing the unit FIGS.
27. They illustrate the representative shapes among the
various formed shapes.

Here, the effective line ratios in the convex pattern shapes
of the respective reflection electrodes 20 are compared with
each other. If the basic figure is hexagonal (refer to FIG. 6C),
it is about 34%. In a case of a triangle (refer to FIG. 6A), it
is about 35%. In a case of a quadrangle (refer to FIG. 6B)
or a rectangle (refer to FIG. 6F), it is about 47%. In a case
of a multi-point straight shape (refer to FIG. 6E), it is about
60%. And, in a case of a linear shape (refer to FIG. 6D), it
is about 100%.

In short, it is desired to form the convex pattern 18
composed of a figure based on a polygon, which has many
lines in the lateral direction.

FIG. 7 is an explanation view showing examples of basic
figure patterns to form the convex patterns in FIGS. 6A to
6F. FIG. 7 contrastively shows the basic figure patterns to
form the various convex patterns (refer to FIGS. 6A to 6F)
and the various basic figures serving as the originals for the
basic figure patterns.

As the respective basic figure patterns, for example, there
are STDtr whose basic figure is a triangular, STDsikaku
whose basic figure is a quadrangular, STDhishi whose basic
figure is a rhombus, STDHex1~3 whose basic figure is
hexagonal, and STDUgatal~4 whose basic figure is
U-shaped.

When the convex pattern 18 (refer to FIGS. 6A to 6F) is
designed, the unit FIG. 27 (refer to FIG. 5) is firstly used to
draw this basic figure pattern. Next, the positions of the
vertexes of the basic figure pattern are shifted, placed and
changed to accordingly form the desirable convex pattern
18.

At this time, as the basic pattern, a straight line (a line in
the lateral direction), a triangle, a quadrangle, a hexagon,
compressed figures of them, a rectangle, an ellipse, a
U-shape, a rhombus, a V/U structure and the like, rotated
patterns of them, or enlarged or contracted patterns of them
or the like are used. As a parameter, a length of one side, a
width of a line, a pitch, or randomness or the like are used.

FIGS. 8A to 8D are explanation views showing a process
for manufacturing a reflection electrode, in the process for
manufacturing the reflection type liquid crystal display
apparatus shown in FIG. 1. As shown in FIGS. 8Ato 8D, a
substrate of TFT 16 serving as a switching element is firstly
formed (refer to FIG. 8A).

A gate electrode 164 is formed on the insulation substrate
14, and an insulation protection film 15 is laminated. Then,
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a drain electrode 16b, a semiconductor layer 16¢ and a
source electrode 16d are respectively formed on the insula-
tion protection film 15. Moreover, a first insulation layer 17
is laminated so as to cover the TFT 16.

By the way, the switching element is not limited to the
TFT 16. For example, a substrate of another switching
element, such as a diode and the like, can be formed.

After organic resin is coated on the first insulation layer
17, exposing and developing processes are carried out to
form the convex patterns 18 of a plurality of conditions so
as to form the concave and convex pattern on the surface of
the reflection electrode 20 by using a convex pattern for-
mation mask (refer to FIG. 8B). After that, a heat baking
operation for the organic resin is carried out (refer to FIG.
80).

Next, the interlayer film made of the organic resin is
coated so as to cover the convex pattern 18. After the
formation of the smoothed concave and convex shape, a
contact hole 21 is made by carrying out the exposing and
developing processes. After that, the heat baking operation
for the interlayer film is carried out to accordingly form a
second insulation layer 19 (refer to FIG. 8D).

Then, aluminum (Al) thin film for covering the second
insulation layer 19 together with the contact hole 21 is
formed corresponding to the formation position of the
reflection electrode 20. After that, the exposing and devel-
oping processes are carried out to accordingly form the
reflection electrode 20 serving as a reflecting pixel electrode
(refer to FIG. 1). By the way, the material for the reflection
electrode 20 is not limited to Al It may be made of another
conductive material.

In this process for manufacturing the reflection electrode,
the organic interlayer film (concave and convex layer)
between the Al film and the TFT substrate may be made with
one layer as well as two layers.

As mentioned above, the concave and convex portions are
formed on the surface of the reflection electrode 20.
However, in the organic material to form the concave and
convex portions and the like, their shapes are changed
depending on the exposing, developing and heating pro-
cesses. Thus, the obvious difference of reflection character is
never brought about, for example, by the pattern difference
of the basic figure, such as the thombus, the ellipse and the
like. Also, in the case of the rectangle, or even if the lengths
of the longer sides are different from each other, the differ-
ence in the finally concave and convex shapes is never
brought about by making the patterns closer to each other.

Thus, as the shape as the base of a light shield unit (or an
optically transparent unit) of the mask used in the process for
forming the convex film 18 serving as the base, it is
important to use the combination of the shapes having the
two-axis property of the major axis and the minor axis.

By the way, this embodiment has been described with the
rectangle as the standard. However, even if it is thombus-
shaped or ellipse-shaped, this naturally has no influence on
the effectiveness of the present invention. Also, at this time,
the respective figures need not be perfectly independent of
each other. They may be superimposed on each other or
connected to each other.

FIG. 9 is a plan view showing another example of the
convex pattern formed on the reflection electrode in FIG. 1.
As shown in FIG. 9, convex patterns 29 formed on the
reflection electrode 20 are designed such that their flat
planes are substantially circular, and their lateral directions
are close to each other, and they are arranged independently
of each other so as to provide a difference between an
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average of lateral direction pitches Ph and an average of
longitudinal direction pitches Pv. Thus, even the indepen-
dent convex patterns 29 that are substantially circular can
further strongly reflect the input lights Li from the particular
direction.

Also, the reflection plane of the reflection electrode 20 has
the convex or concave portion, in which the light shield
portion of the mask used for the formation of the convex
pattern is reflected. When one convex pattern on the reflec-
tion plane is noted, it has the substantially contrastive
structure with the vertex as the center.

By the way, by making the convex portion having the
pattern (the light shield portion of the mask) of large size and
the convex portion having the pattern of small size closer to
each other, and increasing the film remaining on the large
portion and decreasing the film remaining on the small
portion, that is, by using two or more kinds of patterns
having sizes different from each other, it is possible to form
the inclined plane on the convex pattern.

In this way, according to the present invention, the bright
reflection type liquid crystal display apparatus 10 can be
provided by forming the concave and convex shape so as to
reflect the greater part of the input lights Li from the
particular direction, to the observer P side, on the surface of
the reflection electrode 20 of the reflection type liquid
crystal display apparatus.

In short, when a particular direction within an azimuth
direction of the reflection electrode 20 is set at 0 degree, in
order to increase the rate of a line segment (a line pattern)
oriented to this particular direction, it is necessary to design
the following main point. That is, as for the convex pattern
18 formed on the surface of the reflection electrode 20, the
major axis and the minor axis have the anisotropy shapes
different from each other, and they may be at any state of an
isolated state or a linked state, and the directions of the major
axis sides are converged into a certain direction.

Thus, in the case of the concave and convex pattern
formed on the conventional reflection plate, the input lights
are substantially uniformly reflected in the circular corn
manner. However, in the case of the concave and convex
pattern of the reflection electrode according to the present
invention, the greater part of the input lights are reflected to
the direction close to the observer’s eyes viewing the screen.

Also, the reflection electrode 20 according to the present
invention reflects the input light outputted from the light
source to the observer P side, on the plane containing the
light source, the screen and the observer P viewing the
screen. Its surface is concave convex in shape. The lines
through which the convex portion and the concave portion
of this concave and convex shape or the respective middle
portions of the convex portion and the concave portion art
linked have many components substantially orthogonal to
the direction in which the observer P and the light source are
linked.

Moreover, the ratio of the component, where the lines
through which the convex or concave portions in the con-
cave and convex shape are linked exist in an angular range
from about +10 degrees to about -10 degrees, when the
direction substantially orthogonal to the line through which
the observer P and the light source are linked is defined as
a center, is 20% or more of the whole. The average incli-
nation angle of the concave and convex portion formed in
the direction in which the observer P and the light source in
this concave and convex shape are linked is different
(preferably, 0.5 degrees or more) from the average inclina-
tion angle of the concave and convex portion formed in the
direction orthogonal to the above-mentioned direction.



US 6,943,856 B2

9

By the way, in the above-mentioned embodiment, the
concave and convex pattern formed on the surface of the
reflection electrode 20 is formed with the convex pattern 18
as the base. However, it is not limited to the convex pattern
18. For example, the concave pattern may be used as the
base of the concave and convex paitern.

FIG. 10 shows an explanation view illustrating a method
of measuring a reflection property of the reflection plate of
the present invention. Also, FIG. 11 shows an example of the
reflection property of the reflection plate of the present
invention. The reflection property is measured such that
parallel lights are inputted at an angle of —¢ with respect to
a direction vertical to the reflection plate, and a strength of
the reflection light is measured by a light receiving unit
mounted at an angle of 6 with respect to the direction
vertical to the reflection plate. The measured result shown in
the FIG. 11 can be obtained by carrying out the above-
mentioned measurement at various azimuths by changing
the direction of the reflection plate while maintaining the
angles of —¢ and 0.

The reflection property of the reflection plate of the
present invention is characterized in that it is different
depending on the azimuth of the light inputted to the
reflection plate, and an azimuth of a high reflectance and an
azimuth of a low reflectance appear at a certain period. In
this example, when a standard point of the measurement is
assumed to be 0 degree and the reflection plate is rotated by
360 degrees, the reflectance is increased for each 60 degrees.

FIG. 12 is a plan view showing the shape in another
embodiment of the reflection plate of the present invention.
The reflection plate of the present invention is concave and
convex on the surface, and it is configured such that a
concave portion 31 surrounded by the convex portion 30 of
this concave and convex shape is triangular. It is character-
ized in that when the light source is inputted to the reflection
plate, one side of the triangle is substantially orthogonal to
the direction through which the observer and the light source
are linked.

Such formation of the concave and convex shape enables
the reflection property of the reflection plate to exhibit the
anisotropy to the azimuth, as shown in FIG. 11. Also, if the
azimuth in the existence of the observer is assumed to be 0
degree, it is possible to constitute the reflection plate, which
can reflect the greater part of the lights to the observer side.

FIG. 12 shows the example in which the concave shape is
triangular. However, the shape of the concave portion is not
limited to the triangle. It may be a quadrangle or a further
polygonal shape. The change in the shape changes the
reflectance and the period of the anisotropy of the reflec-
tance. Also, the reflection plate of the present invention is
characterized in that an average distance between the ver-
texes of the polygon is 5 um or more. In this way, the
distance is 5 um or more. Thus, the normal line components
of the inclined plane formed over the convex portion and the
concave portion can be uniformed so that the reflectance has
the anisotropy to the azimuth.

FIG. 13 is a plan view showing a screen of another
embodiment of the reflection plate and the reflection type
liquid crystal display apparatus of the present invention. A
reflection plate 33 of the present invention is concave and
convex on the surface, and it is configured such that the
convex portion of the concave and convex shape is trian-
gular.

At this time, if one side of the triangle is formed so as to
be substantially orthogonal to the direction through which
the observer and the light source are linked, as for the
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reflectance on the observer side, in the property shown in
FIG. 11, the azimuth in the existence of the observer is 0
degree. Thus, the greater part of the lights can be reflected
to the observer side. Hence, it is possible to provide the
bright reflection type liquid crystal display apparatus 32.

FIG. 13 shows the example in which the convex shape is
triangular. However, the shape of the convex portion is not
limited to the triangle. It may be the quadrangle or the
further polygonal shape.

The method of manufacturing the reflection type liquid
crystal display apparatus of the present invention will be
schematically described below. As shown in FIGS. 8A to
8D, convex portions 18 (or, concave portions) patterned to
triangles or further polygonal shapes by using the organic
resin and the like is formed on a substrate 14 (refer to FIG.
8A) having elements such as TFTs 16 and the like (refer to
FIG. 8B). Such pattern can be formed through a photo-
lithography process, an etching process and the like.

Then, the tip of the thus-formed convex portion 18 is
rounded by carrying out a heat treatment and the like (refer
to FIG. 8C).

Moreover, so as to cover those convex portions 18 (or
concave portions), interlayer films 19 are formed by using
the organic resin and the like so that the entire portion is
smoothly concave and convex (refer to FIG. 8D). At this
time, a contact hole 21 is made on the interlayer film 19.

Finally, film having a high reflectance, such as Aluminum
and the like, is formed on the upper portion of the interlayer
film 19. Then, a pixel electrode is patterned. Accordingly,
the reflection type liquid crystal display apparatus is attained
as shown in FIG. 1.

As mentioned above, according to the present invention,
the reflection plate used in the reflection type liquid crystal
display apparatus, which uses the input light from the
external portion as the display light source, can give the
anisotropy to the light reflection direction to the input light
from the external portion. So, it is possible to effectively use
the light from the light source existing within the substan-
tially extending plane of the line through which the screen
and the observer viewing the screen are linked. Thus, it is
possible to effectively use the light from the light source
having the strong energy, such as the fluorescent light or the
sun light, and also possible to increase the lights reflected to
the observer side. Accordingly, the bright display can be
obtained even under the environment having the large direct
light component.

Also, the method of manufacturing the reflection plate
according to the present invention can manufacture the
above-mentioned reflection plate. The reflection type liquid
crystal display apparatus according to the present invention
can attain the reflection type liquid crystal display apparatus
having the above-mentioned reflection plate. The method of
manufacturing the reflection type liquid crystal display
apparatus according to the present invention can attain the
above-mentioned reflection type liquid crystal display appa-
ratus.

The invention may be embodied in other specific forms
without departing from the spirit or essential characteristic
thereof. The present embodiments are therefore to be con-
sidered in all respects as illustrative and not restrictive, the
scope of the invention being indicated by the appended
claims rather than by the foregoing description and all
changes which come within the meaning and range of
equivalency of the claims are therefore intended to be
embraced therein.

The entire disclosure of Japanese Patent Application No.
2000-340171 (Filed on Nov. 8, 2000) and Japanese Patent



US 6,943,856 B2

11

Application No. 2001-088101 (Filed on Mar. 26, 2001)
including specification, claims, drawings and summary are
incorporated herein by reference in its entirety.

What is claimed is:

1. A reflection type liquid crystal display apparatus using
an external input light as a display light source, comprising
a reflection electrode shaped so that a reflected strength of a
light input at a first angle and reflected at a second angle to
said reflection plate has an anisotropy, when the reflection
plate is rotated while the first and second angles are main-
tained.

2. A reflection type liquid crystal display apparatus
according to claim 1, wherein:

the reflection electrode has a concave and convex shape;

a first concave portion of the concave and convex shape,
is surrounded by a first convex portion of the concave
and convex shape, and is formed in a shape of a
polygon.

3. A reflection type liquid crystal display apparatus
according to claim 2, wherein anisotropy of the reflected
strength of the light is dependent upon the shape of said
polygon.

4. A reflection type liquid crystal display apparatus
according to claim 2, wherein a distance between vertexes of
the polygon in said concave and convex shape is 5 um or
more, on average.

5. A reflection type liquid crystal display apparatus
according to claim 1, wherein there are a plurality of the
polygon shaped first concave portions, and these portions
are arranged directly adjacent to each other.

6. A reflection type liquid crystal display apparatus com-
prising:

a substrate supporting bar-shaped convex portions

arranged to define borders of polygon shaped concave
portions in a plan view of said substrate; and

a reflection electrode formed on the convex portions and
concave portions,

wherein the reflection plate has anisotropic reflectivity
when viewed from different directions at a constant
angle to its surface.

7. A reflection type liquid crystal display apparatus as
recited in claim 6, wherein ones of the bar shaped convex
portions are connected and arranged to extend transversely
across substrate.

8. A reflection type liquid crystal display apparatus as
recited in claim 6, wherein:

the bar shaped convex portions are connected to each
other to form lines across the surface of the substrate;

more than 22% of the bar shaped convex portions have
long axes that extend toward a first transverse direction;
and.
9. A reflection type liquid crystal display apparatus com-
prising:
a reflection plate comprising convex and concave por-
tions;
wherein said convex portions are generally circularly
shaped, and are arranged independently of one another
in rows so that an average distance between immedi-
ately adjacent convex portions is shorter than an aver-
age distance between the rows; and
the reflection plate has anisotropic reflectivity when
viewed from different directions at a constant angle to
its surface.
10. A reflection-type liquid crystal display apparatus,
comprising a substrate, convex portions formed on an upper
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surface of the substrate, and a reflection electrode formed on
the convex portions, wherein:
the convex portions comprise individual convex shapes
formed with a long axis and a short axis along the upper
5 surface of the substrate;
the individual convex shapes comprise first individual
convex shapes having their long axes aligned along the
upper surface of the substrate in a first direction.

11. A reflection-type liquid crystal display according to
claim 10, wherein:

the first individual convex shapes are aligned along the

first direction when the long axis is within an angular
range from +10 to -10 degrees with respect to the first
direction; and

the first individual convex shapes make up 20% or more

of the whole length of one of the first, second or third
lines.

12. A reflection-type liquid crystal display according to
claim 10, wherein an average inclination angle of the first
individual convex portions shapes is different from an
average inclination angle of remaining ones of the individual
convex shapes.

13. A reflection-type liquid crystal display according to
claim 12, wherein said respective average inclination angles
are different by 0.5 degrees or more from each other.

14. A reflection-type liquid crystal display according to
claim 10, wherein:

an effective line ratio is defined as a ratio of a sum of the

length of the long axes of the individual convex shapes
having short axes aligned within a predetermined angu-
lar range with respect to a base line to a sum of the
length of the long axes of all of the individual convex
shapes, and

the effective line ratio is about 22% or more.

15. A reflection-type liquid crystal display according to
claim 14, wherein said predetermined angular range is set
from —20 degree to +20 degree with respect to said base line.

16. A reflection type liquid crystal display apparatus
according to claim 10, further comprising a liquid crystal
layer driven by an active matrix method, wherein a thin film
transistor serves as a switching device and is installed for
each pixel.

17. A reflection-type liquid crystal display apparatus
according to claim 10, wherein the first individual convex
shapes are directly connected to form a straight line of first
5 individual convex shapes extending across the upper surface
of the substrate along the first direction.

18. A reflection-type liquid crystal display apparatus
according to claim 17, wherein the straight line extends
across the entire upper surface of the substrate along the first
direction.

19. A reflection-type liquid crystal display apparatus
according to claim 10, wherein the individual convex shapes
are bar-shaped.

20. A reflection-type liquid crystal display apparatus
5 according to claim 10, wherein the first individual convex
shapes are directly connected to form a multi-point line
extending across the upper surface of the substrate along the
first direction.

21. A reflection-type liquid crystal display apparatus
according to claim 10, wherein:

the individual convex shapes further comprise second

individual convex shapes having long axes aligned
along the upper surface of the substrate in directions
other than the first direction;

the first individual convex shapes and second individual

convex shapes are directly interconnected to form
polygonal shapes on the upper surface of the substrate.

10

20

35

40

Y

50

wn

60



US 6,943,856 B2

13

22. A reflection-type liquid crystal display according to
claim 21, wherein positions of vertexes of the polygonal
shapes are shifted and randomly arranged.

23. A reflection-type liquid crystal display according to

claim 22, wherein said polygonal shapes comprise ones of a 5

triangle, a quadrangle, a hexagon, a rectangle, an ellipse, a
U-shape, a rhombus, a V/U structure, or compressed,
rotated, enlarged or contracted patterns thereof.

24. A reflection-type liquid crystal display apparatus

according to claim 10, wherein the multi-point line extends 10

across the entire upper surface of the substrate along the first
direction.

25. A reflection type liquid crystal display apparatus,
comprising: a reflection plate manufactured by using a
mask, comprising a basic figure having an anisotropy form-
ing an optically transparent pattern or a light shield pattern,
to form individual convex shapes on a substrate, wherein the
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basic figure has a long axis direction and a short axis
direction that are different from each other, and then forming
said individual convex shapes wherein:

an external light reflected in said reflection plate is used
as a display light source;

the convex portions comprise individual convex shapes
formed with a long axis and a short axis along the upper
surface of the substrate;

the individual convex shapes comprise first individual

convex shapes having their long axes aligned alone the
upper surface of the substrate in a first direction.

26. A reflection plate according to claim 25, wherein the

reflection plate has anisotropic reflectivity when viewed

15 from different directions at a constant angle to its surface.
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