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(57) ABSTRACT 

This display apparatus 10 includes: a light guide plate 1; and 
a light source 6 provided on an edge face 1a of the light guide 
plate 1. In the light guide plate 1, a display portion 3 made of 
a dot-like reflection portion 2 with a reflection surface 2a for 
reflecting a light beam emitted from the light source 6 to a 
surface 1b is formed. In the display portion 3, the reflected 
light beam from the dot-like reflection portion 2 is configured 
to be visible. This display apparatus 10 is excellent in trans 
parency, has a display portion visually recognizable with 
ease, and can be manufactured at a low cost. 
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DISPLAY APPARATUS, MANUFACTURING 
METHOD THEREOF, PATTERN DISPLAY 
METHOD, BLIND APPARATUS, AND BLIND 

METHOD 

0001. This application is a continuation application based 
on a PCT Patent Application No. PCT/JP2007/058622, filed 
on Apr. 20, 2007, whose Priority is claimed on Japanese 
Patent Application No. 2006-117238 filed in Japan on Apr. 
20, 2006 and Japanese Patent Application No. 2007-052910 
filed in Japan on Mar. 2, 2007. The contents of both the PCT 
Application and the Japanese Applications are incorporated 
herein by reference. 

FIELD OF THE INVENTION 

0002 The present invention relates to a display apparatus 
for use in displaying, a manufacturing method thereof, a 
pattern display method using this display apparatus, a blind 
apparatus and a blinding method using this display apparatus. 

BACKGROUND ART 

0003. In recent years, more LEDs (light emitting diodes) 
have come to be used in various applications as highly effi 
cient, long-life light Sources. 
0004 LEDs are point-like light sources with directivity. In 
single use, their application is limited to spot illumination. 
Therefore, they are often combined with a light guide plate 
such as a transparent resin plate to be used as a linear or planar 
light source. Examples of this include a liquid crystal back 
light and a light panel for advertisement. 
0005. In addition, a display apparatus with transparency 
and excellent in designability includes one in which a Surface 
of a light guide plate is made rough by laser machining or 
etching to form a display portion that show a graphic form or 
a logo. 
0006. In this display apparatus, light is irradiated from a 
light source provided on an edge face of the light guide plate 
for causing the display portion to emerge. It is used for dis 
playing or the like. 
0007 Furthermore, a display apparatus with a display por 
tion in which LED elements are provided in a predetermined 
arrangement between two transparent glass plates is also in 
use (see Patent Document 1). 
Patent Document 1: European Patent No. EP0995199 

DISCLOSURE OF THE INVENTION 

Problems Solved by the Invention 
0008. In the aforementioned display apparatus with a 
rough-Surfaced display portion, light is scattered in the dis 
play portion. Therefore, luminance of the display portion per 
unit area is low, resulting in insufficient visibility. To enhance 
visibility, it is necessary to widen the area of the display 
portion. 
0009. However, if the display portion has a large opaque 
area, it becomes impossible to see the background through. 
This impairs transparency, which is a feature of this display 
apparatus, leading to a decrease in its value. 
0010. In a display apparatus provided with LED elements 
between transparent glass plates, only the LED elements 
shield transmitting light. This offers transparency Superior to 
that of the aforementioned one. However, an electrode wiring 
pattern is more complicated. Therefore, it is very expensive. 
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0011 Furthermore, to change the design of the display 
portion, it is necessary to replace the entirety of the display 
portion including the light Source (the LED elements), unlike 
a display apparatus in which the light source and the light 
guide plate are separate entities. 
0012. The present invention has been achieved in view of 
the above circumstances, and has an object to provide a dis 
play apparatus which is excellent in transparency, has a dis 
play portion visually recognizable with ease, can be manu 
factured at a low cost, and allows a modification in a display 
portion with ease, and to provide a manufacturing method 
thereof. Furthermore, the present invention has another object 
to provide a pattern display method using this display appa 
ratus, and a blind apparatus and a blinding method using this 
display apparatus. 

Means for Solving the Problem 

0013 A display apparatus according to the present inven 
tion includes: a light guide plate; and at least one light source 
that is provided on at least one edge face of the light guide 
plate. In the light guide plate, a display portion that is made of 
one or more dot-like reflection portions with a reflection 
surface for reflecting a light beam emitted from the light 
Source and incident from the edge face, to a surface, is 
formed, and reflected light beams from the dot-like reflection 
portions of the display portion being configured to be visually 
recognizable. 
0014. In this display apparatus, it is preferable that the 
dot-like reflection portion be made of a dot-like notch formed 
in the light guide plate. 
0015. Furthermore, it is preferable that the reflection sur 
face of the dot-like reflection portion be a smooth plane. 
0016 Furthermore, in this display apparatus, it is prefer 
able that the display portion be made of a plurality of dot-like 
reflection portions and be configured so that reflected light 
beams from the dot-like reflection portions are visually rec 
ognizable as forming a predetermined pattern. 
0017. Furthermore, in this display apparatus, it is prefer 
able that the dot-like reflection portions be arranged so as to 
form a letter, a sign, a graphic form, a designed pattern, or a 
combination of two or more of these. 
0018. Furthermore, in this display apparatus, it is prefer 
able that a plurality of the light guide plates be provided and 
that the light guide plates be stacked. 
0019. Furthermore, in this display apparatus, it is prefer 
able that a plurality of the light guide plates be provided and 
that the light guide plates be disposed in a spaced-apart man 
ner in the thickness direction. 
0020. Furthermore, in this display apparatus, it is prefer 
able that a plurality of the light guide plates be provided and 
that the light guide plates be disposed side by side within one 
plane. 
0021. Furthermore, in this display apparatus, it is prefer 
able that at least one of the light guide plates beformed with 
at least one part thereof being curved. 
0022. Furthermore, in this display apparatus, it is prefer 
able that the reflection surface of the dot-like reflection por 
tion have an angle of 45 degrees or more and 60 degrees or 
less with respect to a surface of the light guide plate. 
0023. Furthermore, in this display apparatus, it is prefer 
able that the dot-like reflection portion be configured to have 
a Substantially rectangular shape seen in a plane, a width to 
height ratio thereof being in a range of 10:1 to 1:1. 
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0024. Furthermore, in this display apparatus, it is prefer 
able that the dot-like reflection portion have a shape, seen in 
a plane, selected from a Substantial rectangle, a trapezoid, a 
triangle, a circle, or a circle having a part which is cut out. 
0025. Furthermore, in this display apparatus, it is prefer 
able that the light source be provided on the respective light 
guide plates. 
0026. Furthermore, in this display apparatus, it is prefer 
able that a relative position of the light source with respect to 
the light guide plates be configured to be variable from a 
position capable of entering a light beam into one of the light 
guide plates to a position capable of entering a light beam into 
one of the other light guide plates. 
0027. Furthermore, in this display apparatus, it is prefer 
able that the light source be extendingly formed along an 
extension direction of the light guide plate. 
0028. Furthermore, in this display apparatus, it is prefer 
able that the light source be made of a plurality of light 
emitting diodes arranged in a predetermined direction. 
0029. A manufacturing method of the display apparatus 
according to the present invention is a manufacturing method 
of the above-mentioned display apparatus, including: using a 
machining tool having one or more blade portions in the 
shape in accordance with a shape of the one or more of the 
dot-like reflection portions; heating one or both of the blade 
portions and the light guide plate to the Softening point of a 
material of the light guide plate or higher; and pressing the 
blade portions into the light guide plate to form the dot-like 
reflection portions. 
0030. Furthermore, in the manufacturing method of the 
display apparatus according to the present invention, a light 
guide plate in which the dot-like reflection portions are 
formed is capable of being stamped or injection-molded by a 
mold on which a raised pattern with a shape in correspon 
dence to the letter, the sign, the graphic form, the designed 
pattern, or the combination of two or more of these, which is 
arranged by the dot-like reflection portions of the display 
portion. 
0031. A pattern display method according to the present 
invention uses: a light guide plate in which a display portion 
including a pattern made of one or more dot-like reflection 
portions with a reflection Surface; and at least one light Source 
that is provided on at least one edge face of the light guide 
plate, and enters a light beam from the light source from the 
edge face of the light guide plate to allow the light beam to 
exit from a surface after reflection off the one or more dot-like 
reflection portions, to thereby display one or more reflected 
light beams of the pattern 
0032. Furthermore, in this pattern display method, it is 
preferable that a change be imparted to the pattern of the one 
or more reflected light beams by modifying one or more of the 
amount of time for light emission, the amount of light emis 
Sion, and the color of emitted light of the light Source. 
0033. A blind apparatus according to the present invention 
includes: a light guide plate; and at least one light source that 
is provided on at least one edge face of the light guide plate, 
in which a display portion that is made of one or more dot-like 
reflection portions with a reflection surface for reflecting a 
light beam, emitted from the light Source and incident from 
the edge face, to a Surface is formed in the light guide plate, 
one or more reflected light beams from the one or more 
dot-like reflection portions of the display portion being con 
figured to be visually recognizable. 
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0034. A blind method according to the present invention 
uses: a light guide plate in which a display portion made of 
one or more dot-like reflection portions with a reflection 
Surface; and at least one light source that is provided on at 
least one edge face of the light guide plate, and enters a light 
beam from the light source from an edge face of the light 
guide plate to allow the light beam to exit from a surface of the 
light guide plate after reflection off the one or more dot-like 
reflection portions, to thereby lower a background visibility. 

Advantageous Effects of the Invention 

0035. In the display apparatus of the present invention, 
dot-like reflection portions with a reflection surface, for 
example display portions made of dot-like notch(es) are 
formed in a light guide plate. Therefore, a light beam from the 
light source is allowed to be reflected off the reflection sur 
faces of the dot-like reflection portions to exit from the sur 
face. 

0036 Most of the light beams from the light source are 
reflected off the reflection surfaces and exit in substantially a 
given direction. Consequently, light intensity becomes suffi 
ciently large. Therefore, even in the case of an observation at 
a distance, excellent visibility is obtained. 
0037. Furthermore, the reflection surfaces of the dot-like 
reflection portions are Smooth planes. Therefore, a light beam 
from the light source is allowed to be reflected off the reflec 
tion surfaces of the dot-like reflection portions to exit from the 
Surface. 

0038. Furthermore, the dot-like reflection portions have a 
small area because they are of dot-like shape. Therefore, the 
transparency of the display apparatus is not impaired. 
0039. Furthermore, the display apparatus has a simple 
structure. Therefore, it is easily manufactured, and has an 
advantage also in cost. 
0040. Moreover, the light guide plate and the light source 
are separate entities. Therefore, it is easy to replace the light 
guide plate with a light guide plate with a different display 
portion. 
0041 Furthermore, in the case where a plurality of light 
guide plates are disposed in the thickness direction, the posi 
tions of the plurality of light guide plates in the thickness 
direction are different from one another. Therefore, a three 
dimensional pattern can be displayed. This offers excellent 
display effects and ornamentability. 
0042. Furthermore, when the light beam from the light 
source is reflected off the dot-like reflection portions to dis 
play the aforementioned pattern, a change can be imparted to 
the pattern of the reflected light beams by controlling one or 
more of the time for light emission, the amount of light 
emission, and the colorofemitted light of the light source. For 
example, use of a plurality of light guide plates enables a 
display in which it looks as if a figure (a pattern) moves, 
further improving a display effect. 
0043 Moreover, if the dot-like reflection portions are 
increased in number and the light quantity of the light source 
is made large, not only a function of a display apparatus but 
also a function of a planar illumination apparatus can be 
imparted. The reflection portion of the light guide plate is 
electrically neutral, and hence poses no problem of electric 
shocks or short circuits, and produces almost no heat. There 



US 2009/0073721 A1 

fore, the display apparatus is suitable for use as an illumina 
tion in an environment in which Such phenomena cause a 
problem. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0044 FIG. 1 is a perspective view schematically showing 
a first embodiment of a display apparatus of the present inven 
tion. 
0045 FIG. 2 is a cross-sectional view showing the display 
apparatus shown in FIG. 1. 
0046 FIG. 3 is an enlarged view of a main part of the 
display apparatus shown in FIG. 1. 
0047 FIG. 4 is a plan view showing a dot-like reflection 
portion of the display apparatus shown in FIG. 1. 
0048 FIG. 5A is a plan view showing an example of a 
shape of a dot-like reflection portion, seen in a plane. 
0049 FIG. 5B is a perspective view of the dot-like reflec 
tion portion shown in FIG. 5A. 
0050 FIG. 6A is a plan view showing an example of a 
shape of a dot-like reflection portion, seen in a plane. 
0051 FIG. 6B is a perspective view of the dot-like reflec 
tion portion shown in FIG. 6A. 
0052 FIG. 7A is a plan view showing an example of a 
shape of a dot-like reflection portion, seen in a plane. 
0053 FIG. 7B is a perspective view of the dot-like reflec 
tion portion shown in FIG. 7A. 
0054 FIG. 8A is a plan view showing an example of a 
shape of a dot-like reflection portion, seen in a plane. 
0055 FIG.8B is a perspective view of the dot-like reflec 
tion portion shown in FIG. 8A. 
0056 FIG. 9A is a plan view showing an example of a 
shape of a dot-like reflection portion, seen in a plane. 
0057 FIG.9B is a perspective view of the dot-like reflec 
tion portion shown in FIG.9A. 
0058 FIG. 10 is a procedural step diagram showing a 
manufacturing method of the display apparatus shown in 
FIG 1. 
0059 FIG. 10 is a procedural step diagram subsequent to 
the previous drawing. 
0060 FIG. 12 is a procedural step diagram subsequent to 
the previous drawing. 
0061 FIG. 13 is a plan view showing an example of a 
shape of a dot-like reflection portion, seen in a plane. 
0062 FIG. 14 is a plan view showing an example of a 
shape of a dot-like reflection portion, seen in a plane. 
0063 FIG. 15 is a perspective view schematically showing 
a second embodiment of a display apparatus of the present 
invention. 
0064 FIG. 16 is a cross-sectional view showing the dis 
play apparatus shown in FIG. 15. 
0065 FIG. 17 is cross-sectional view showing a modifi 
cation of the display apparatus shown in FIG. 15. 
0066 FIG. 18 is a cross-sectional view showing a third 
embodiment of a display apparatus of the present invention. 
0067 FIG. 19 is a plan view showing a fourth embodiment 
of a display apparatus of the present invention. 
0068 FIG. 20 is a cross-sectional view showing a fifth 
embodiment of a display apparatus of the present invention. 
0069 FIG. 21 is a cross-sectional view showing a sixth 
embodiment of a display apparatus of the present invention. 
0070 FIG.22 is a perspective view showing one example 
of a blind apparatus of the present invention. 
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0071 FIG. 23 is an explanatory diagram schematically 
showing an example of use of the blind apparatus shown in 
FIG 22. 
0072 FIG. 24 is an explanatory diagram schematically 
showing an example of use of the blind apparatus shown in 
FIG 22. 

DESCRIPTION OF THE REFERENCE SYMBOLS 

(0073) 1, 21, 22, 31 to 33, 41 to 43, 51 to 53: light guide 
plate, 2: dot-like reflection portion, 2a: reflection surface, 3. 
23, 24, 34 to 36, 44 to 46,54 to 56: display portion, 6,25,26, 
37 to 39, 47 to 49,57: light source, 12, 12A:blade portion, 13, 
13A: machining tool, 70; blindapparatus, C.: inclination angle 
of reflection surface 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

0074 FIG. 1 to FIG. 4 show a display apparatus 10 as a 
first embodiment of the present invention. FIG. 1 is a perspec 
tive view schematically showing the display apparatus 10. 
FIG. 2 is a cross-sectional view of the display apparatus 10. 
FIG. 3 is an enlarged view of a main part of the display 
apparatus 10. FIG. 4 is a plan view of a dot-like reflection 
portion 2. 
0075. The display apparatus 10 includes: a light guide 
plate 1; and a light Source 6 provided on an edge face 1a of the 
light guide plate 1. 
0076. As the light source 6, an LED, an LD (a laser diode), 
or the like can be used. It is preferable that the light source 6 
be extendingly formed along an extending direction of the 
light guide plate 1. In the example shown in the figure, the 
light source 6 is extendingly formed along one edge face 1a of 
the Substantially rectangular light guide plate 1. 
0077. As the light source 6, for example, one in which a 
plurality of LEDs are arranged in a direction along the edge 
face 1a can be used. Exemplary colors of light emitted by the 
light source 6 include white, red, green, and blue. They can be 
appropriately selected according to the pattern formed by the 
dot-like reflection portions 2. 
0078. Note that the light source 6 can be provided on one 
and the other edge faces of the light guide plate 1. 
007.9 The light guide plate 1 is made of any material as 
long as it is transparent. A plate made of a synthetic resin 
Such as an acrylic resin, a polycarbonate resin, a silicone 
resin, and a cyclopolyolefin resin; a glass plate; or the like 
may be used. Among them, an acrylic resin is preferable due 
to its transparency and easy machinability. 
0080. The light guide plate 1 has a thickness of for 
example 0.5 mm to 10 mm. It is preferable that the light guide 
plate 1 have a light transmittance to a degree that allows 
people to see the background. Furthermore, in the case of the 
present embodiment, the light guide plate 1 has a shape of a 
Substantially rectangular plate seen in a plane, as shown in the 
figures. However, the shape of the light guide plate 1 is not 
limited to the shape as shown in the figures as long as Surfaces 
which function as an edge face 1a, a surface 1b, and a back 
surface 1c can be formed. 
I0081. In the present invention, being transparent means 
having light transmittance to a degree that allows a visual 
recognition of the reflected light beam from the dot-like 
reflection portion 2. This definition is used commonly in the 
present invention. 
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0082 On the back surface of the light guide plate 1 a 
display portion 3 is formed which is made of one or more 
dot-like reflection portions 2. 
0083. As shown in FIG.3 and FIG. 4, the dot-like reflec 
tion portion 2 is a notch formed in the back surface 1c. It has 
a reflection Surface 2a for reflecting a light beam, emitted 
from the light source 6 and incident from the edge face 1a, to 
the surface 1b. The dot-like reflection portion 2 is configured 
to have a shape which allows the light beam from the light 
source 6 to hit the reflection surface 2a. 
0084. In the example shown in the figures, a shape of the 
dot-like reflection portion 2 seen in a plane is configured to be 
a Substantial rectangle (see FIG. 4). A cross section of the 
dot-like reflection portion 2 along an incident direction of a 
light beam from the light source 6 is a triangle with the 
reflection Surface 2a formed on the edge face 1a as a longest 
edge (see FIG. 3). 
0085. The dot-like reflection portion 2 may have any struc 
ture as long as it is formed within the light guide plate and 
reflects a light beam from the light source to the surface. 
Hence, its structure is not limited to the example shown in the 
figures. Other than a rectangle, the shape of the dot-like 
reflection portion 2 seen in a plane may be, for example, a 
polygon Such as a trapezoid, a triangle, or a pentagon, a circle, 
or a circle having a part thereof cut out. 
I0086) Such examples are shown in FIG. 5A to FIG.9B. 
FIG.5A and FIG. 5B show an example of the case where the 
shape of the dot-like reflection portion 2 seen in a plane is a 
Square, and the cross Section along the incident direction of 
the light beam from the light source 6 is a right-angled isos 
celes triangle with the reflection Surface 2a as the hypotenuse. 
FIG. 6A and FIG. 6B show an example of the case where the 
shape of the dot-like reflection portion 2 seen in a plane is a 
trapezoid. FIG. 7A and FIG.7B show an example of the case 
where the shape of the dot-like reflection portion 2 seen in a 
plane is a triangle. FIG. 8A and FIG. 8B show an example of 
the case where the shape of the dot-like reflection portion 2 
seen in a plane is a circle. FIG. 9A and FIG. 9B show an 
example of the case where the shape of the dot-like reflection 
portion 2 seen in a plane is a semicircle. Furthermore, the 
dot-like reflection portion 2 may be a through-hole formed in 
the light guide plate, or may be a space portion formed within 
the light guide plate, as in the example shown in the figure. 
0087. The width to height ratio (the aspect ratio) (average 
value) of the dot-like reflection portion 2 when seen in a plane 
is preferably in the range of 10:1 to 1:1, more preferably in the 
range of 5:1 to 1:1. 
0088. The width to height ratio denotes a ratio of a longer 
edge to a shorter edge (longer edge:shorter edge) of a mini 
mum-area rectangle in which the dot-like reflection portion 2 
is inscribed, seen in a plane. 
0089. If the width to height ratio is too large, the shape of 
the light beam from the dot-like reflection portion is recog 
nized not as a dot but as a line, resulting in a decrease in 
visibility. As shown in FIG. 4, in the case where the shape of 
the dot-like reflection portion seen in a plane is a rectangle, 
the width to height ratio denotes a ratio of a longer edge to a 
shorter edge (longer edge:shorter edge). If B1 >32, then 
B1:B2. If B1-B2, then B2:B1. If the shape of the dot-like 
reflection portion seen in a plane is a shape other than a 
rectangle, the width to height ratio denotes a ratio of a longer 
edge to a shorter edge (longer edge:shorter edge) of a mini 
mum-area rectangle in which the dot-like reflection portion 2 
is inscribed, seen in a plane. 
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0090. If an inclination angle (an angle C. as shown in FIG. 
3) of the reflection surface 2a with respect to the surface 1b of 
the light guide plate 1 is too small, an inclination angle of the 
exiting light beam becomes large accordingly, decreasing the 
visibility of the dot-like reflection portion 2 when the display 
apparatus 10 is seen from the front. If the inclination angle is 
too large, the incident angle of the light beam exceeds the 
critical angle, thus increasing the ratio of the light transmit 
ting the reflection surface 2a. Therefore, the reflection effi 
ciency of light is decreased, and hence the utilization effi 
ciency of light is decreased. 
0091. As a result, the inclination angle of the reflection 
surface 2a is preferably 45 degrees or more and 60 degrees or 
less, more preferably 50 degrees or more and 55 degrees or 
less. With the inclination angle in the aforementioned range, 
the reflection efficiency of light can be increased. In addition, 
the reflected light beam is allowed to exit at an angle close to 
perpendicularity to the surface 1b to increase the visibility of 
the dot-like reflection portion 2. 
0092. In the examples shown in the figures, the reflection 
surface 2a is flat. However, at least a part of the reflection 
surface may be curved. If the reflection surface is curved, 
there is a case where an exit angle of the reflected light beam 
has a wide ranges. In this case, the dot-like reflection portion 
2 comes to be visually recognizable from a wide range. 
0093. The surface roughness (the maximum height Ry) 
(JIS B 0601-1994) of the reflection surface 2a is preferably 1 
um or less, more preferably 0.1 um or less. With the surface 
roughness in this range, the reflection efficiency of light at the 
reflection Surface 2a can be enhanced. 

0094. If the height of the dot-like reflection portion 2 (the 
height Y as shown in FIG. 3) is too small, the visibility of the 
dot-like reflection portion 2 is lowered. If it is too large, it is 
not favorable in terms of transparency of the display appara 
tus 10. Therefore, the average height of the dot-like reflection 
portions 2 is preferably 0.1 mm to 5 mm, more preferably 0.5 
mm to 3 mm. 

0.095 The ratio (the average value) of the heights of the 
dot-like reflection portions 2 to the thickness of the light guide 
plate 1 is favorably 1/10 to 1/1, more preferably 1/5 to 2/3. 
0096 Supposing that all the dot-like reflection portions 2 
have the same area, there is a tendency that the intensity of the 
reflected light beam at a dot-like reflection portion 2 farther 
from the light source 6 is lower than that at a dot-like reflec 
tion portion 2 closer to the light source 6. Therefore, it is 
preferable that the dot-like reflection portion 2 have a larger 
area as they are farther away from the light source 6, to 
thereby uniform the intensities of the reflected light beams of 
the dot-like reflection portions 2. 
0097. In the example shown in the figure, a plurality of 
dot-like reflection portions 2 are arranged to form a predeter 
mined pattern in the display portion 3. The phrase "dot-like 
reflection portions 2 are arranged to form a predetermined 
pattern denotes that the dot-like reflection portions 2 are 
positioned according to a predetermined rule. The display 
portion 3 can have a structure in which the dot-like reflection 
portions 2 are disposed with irregularity, for example, a struc 
ture with sections where the dot-like reflection portions 2 are 
densely disposed and where the dot-like reflection portions 2 
are sparsely disposed. The example shown in FIG. 1 has a 
section 4a where the dot-like reflection portions 2 are densely 
disposed, and a section 4b where the dot-like reflection por 
tions 2 are sparsely disposed. The densely disposed section 4a 
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is made of five linear arrangement portions. 5a to 5e where a 
plurality of dot-like reflection portions 2 are arranged in a 
given direction. 
0098. It is preferable that a predetermined pattern formed 
by the dot-like reflection portions 2 be arranged so as to form 
a letter, a sign, a graphic form, a designed pattern, or a com 
bination of two or more of these. 
0099. Note that the dot-like reflection portions 2 may be 
uniformly disposed over the entirety of the light guide plate 1. 
0100. In the display apparatus 10, no constituent element 
that may impair the transparency of the display apparatus 10 
is provided on the surface 1b (or the back surface 1c) of the 
light guide plate 1. This allows the dot-like reflection portions 
2 to be visually recognized as dot-like luminescent spots. 
0101. Note that a translucent layer may be provided on the 
surface 1b (or the back surface 1c) of the light guide plate 1 as 
long as the dot-like reflection portions 2 are observed as 
dot-like luminescent spots. 
0102. As shown in FIG.3, in the display apparatus 10, the 
light beam from the light source 6 is allowed to exit from the 
surface 1b after it is incident in the light guide plate 1 from the 
edge face 1a and reflected off the reflection surface 2a of the 
dot-like reflection portion 2. Seen from the surface 1b, the 
dot-like reflection portion 2 is observed as a dot-like lumi 
nescent spot. 
0103 Most of the light beams from the light source 6 are 
reflected off the reflection surfaces 2a, and are directed in 
Substantially a given direction (in the example shown in the 
figure, in the direction perpendicular to the surface 1b). 
Therefore, the light intensity is sufficiently strong. As a result, 
even in the case of observing the display apparatus 10 at a 
distance, excellent visibility is obtained. 
0104 Furthermore, because the dot-like reflection por 
tions 2 are arranged to form a predetermined pattern, this 
pattern is visually recognizable by observing it from the Sur 
face 1b side. 
0105. In this display apparatus 10, the dot-like reflection 
portion 2 is of a dot-like shape, and hence has a small area. 
Therefore, the transparency of the display apparatus 10 is not 
impaired. 
0106 Furthermore, the display apparatus 10 has a simple 
structure. Therefore, it is easily manufactured, and has an 
advantage also in cost. 
0107 Moreover, the light guide plate 1 and the light source 
6 are separate entities. Therefore, it is advantageously easy to 
replace the light guide plate 1 with a light guide plate with a 
different display portion. 
0108 Furthermore, if the dot-like reflection portions 2 are 
increased in number and the light quantity of the light Source 
6 is made large, not only a function of a display apparatus but 
also a function of a planar illumination apparatus can be 
imparted. 
0109 Next, one example of a manufacturing method of 
the display apparatus 10 will be explained with reference to 
FIG 10 to FIG. 12. 
0110. As shown in FIG. 10, a machining tool 13 is used in 
which a blade portion 12 is protrudingly formed on a bottom 
surface of a base portion 11. The blade portion 12 is config 
ured to have a shape in accordance with that of the dot-like 
reflection portion 2. The apex angle (the apex angle 8 as 
shown in FIG. 10) of the blade portion 12 is preferably 10 to 
40 degrees. 
0111. To form the reflection surface 2a smooth, it is pref 
erable that an inclined surface 12a of the blade portion 12 for 
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forming the reflection surface 2a be formed smooth accord 
ingly. The surface roughness (the maximum height Ry) (JISB 
0601-1994) of the inclined surface 12a is preferably 1 um or 
less, more preferably 0.1 um or less. 
0112. As shown in FIG. 11 and FIG. 12, the machining 
tool 13 is descended along a formation direction of the blade 
portion 12 to press the blade portion 12 into the back surface 
1c of the light guide plate 1. Then, the machining tool 13 is 
ascended to pull out the blade portion 12. 
0113. At this time, if one or both of the blade portion 12 
and light guide plate 1 are heated to a temperature of the 
softening point of the material of the light guide plate 1 or 
higher, formation of the dot-like reflection portion 2 is facili 
tated. 
0114. As a result, the dot-like reflection portion 2 in a 
shape along the blade portion 12 is formed in the back surface 
1c of the light guide plate 1. 
0115 Then the machining tool 13 is moved horizontally 
and the similar operation is repeated. Thereby, a display por 
tion 3 made of a plurality of dot-like reflection portions 2 is 
formed to obtain the display apparatus 10 shown in FIG. 1 to 
FIG. 4. 
0116. According to the manufacturing method using the 
machining tool 13, a dot-like reflection portion 2 in an accu 
rate shape can be formed. Furthermore, the reflection surface 
2a can be formed Smooth. 
0117 Moreover, for example, it is possible to use a 
machining tool 13A as shown in FIG. 13 to simultaneously 
form a display portion 3 made of a plurality of dot-like reflec 
tion portions 2. 
0118. The machining tool 13A includes: a metal base por 
tion 11a in a rectangular, flat-plate shape; and a plurality of 
blade portions 12A that are protrudingly formed on a bottom 
surface of the base portion 11A. These blade portions 12A are 
disposed so as to correspond as a whole to a predetermined 
pattern formed by the dot-like reflection portions 2. The struc 
ture of the respective blade portions 12A is similar to that of 
the blade portion 12 as shown in FIG. 10. Therefore, its 
description is omitted. 
0119. As shown in FIG. 14, the machining tool 13A is 
descended along a formation direction of the blade portions 
12A (step (a) of FIG. 14) to press the blade portions 12A into 
the back surface 1c of the light guide plate 1 (step (b) of FIG. 
14). Then, the machining tool 13A is ascended to pull out the 
blade portions 12. 
I0120 Consequently, a plurality of dot-like reflection por 
tions 2 in shapes along the blade portions 12 are simulta 
neously formed in the back surface 1c of the light guide plate 
1 in a predetermined pattern which corresponds to positions 
of the blade portions 12A. As a result, the display apparatus 
10 with a predetermined pattern of the dot-like reflection 
portions 2 is obtained (step (c) of FIG. 14). 
I0121. At this time, if one or both of the blade portions 12 
and light guide plate 1 are heated to a temperature of the 
softening point of the material of the light guide plate 1 or 
higher, formation of the dot-like reflection portions 2 is facili 
tated. 
0.122 Other manufacturing methods include etching, cut 
ting work, stamping, and injection molding. 
0123. Among these methods, cutting work, stamping, and 
injection molding have an advantage in that the reflection 
surface 2a can be formed comparatively smooth. Further 
more, etching, stamping, and injection molding can form 
even a Small dot-like reflection portion 2 with good accuracy. 
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Furthermore, etching and cutting work do not require a mold, 
and hence can reduce the manufacturing cost. Therefore, they 
have an advantage in the case of machining on a light guide 
plate with an especially large area, and of a small-lot produc 
tion. 
0.124. Next, a second embodiment of a display apparatus 
of the present invention will be explained. In the following 
description, constituent elements in common with those 
shown in FIG. 1 are designated with like reference numerals, 
and their description is omitted. 
0.125. As shown in FIG. 15 and FIG. 16, a display appa 
ratus 20 includes: a first and second light guide plates 21, 22; 
and a first and second light Sources 25, 26. The display appa 
ratus 20 is different from the display apparatus 10 shown in 
FIG. 1 in that two light guide plates are provided. 
0126 The first and second light guide plates 21, 22 are 
stacked. On one edge face 21a of the first light guide plate 21, 
a first light source 25 is provided. On the other edge face 22a 
of the second light guide plate 22, a second light source 26 is 
provided. 
0127. On a back surface 21c of the first light guide plate 
21, a first display portion 23 made of a plurality of dot-like 
reflection portions 2 is formed. The dot-like reflection por 
tions 2 are positioned so as to form a predetermined pattern. 
In the example shown in the figure, they are arranged so as to 
substantially form a circle. 
0128. On a back surface 22c of the second light guide plate 
22, a second display portion 24 made of a plurality of dot-like 
reflection portions 2 is formed. The dot-like reflection por 
tions 2 are positioned so as to form a predetermined pattern. 
It is preferable that the second display portion 24 form a 
pattern different from that of the first display portion 23. In the 
example shown in the figure, they are arranged so as to Sub 
stantially form a triangle. 
0129. In the display apparatus 20, the display portions 23, 
24 may be simultaneously displayed by lighting both of the 
light sources 25, 26. Alternatively, either one of the display 
portions 23, 24 may be displayed by lighting either one of the 
light sources 25, 26. Furthermore, the display portion which 
is displayed can be changed over time through operations on 
the light sources 25, 26. 
0130. In this manner, the display apparatus 20 includes 
two light guide plates 21, 22, and these light guide plates 21, 
22 include the display portions 23, 24, respectively, There 
fore, it is possible to display a plurality of patterns, and hence 
designability of a displayed pattern can be enhanced. 
0131. In the display apparatus 20, the positions of the two 
light guide plates 21, 22 in the thickness direction are differ 
ent from each other. This imparts a spatial effect to a dis 
played pattern. Therefore, a display effect and ornamentabil 
ity are excellent. 
0132) The light sources 25, 26 may have a fixed time for 
light emission, a fixed amount of light emission, and a fixed 
color of emitted light. However, one or more of the amount of 
time for light emission, the amount of light emission, and the 
color of emitted light may be changed with the passage of 
time. The amount of light emission can be changed by chang 
ing an input power to these light sources. 
0.133 With the modification of the amount of time for light 
emission, the amount of light emission, the color of emitted 
light, and the like of the light Sources 25, 26, a change can be 
imparted to a displayed pattern. 
0134) For example, the order and the time of lighting of the 
light Sources can be appropriately set, to thereby enable a 
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display as if a figure (a pattern) moves. Therefore, a display 
effect can be further enhanced. 
I0135. As shown in FIG. 17, protective plates 27, 28 can be 
provided respectively on the surface 21b of the light guide 
plate 21 and on the back surface 22c of the light guide plate 
22. The protective plates 27, 28 may be made from any 
material as long as it is transparent. Preferable materials 
include a synthetic resin Such as an acrylic resin and a poly 
carbonate resin, and a glass. 
I0136. With the protective plates 27, 28, the endurance of 
the display apparatus 20 can be enhanced. 
0.137 Next, a third embodiment of a display apparatus of 
the present invention will be explained. 
0.138. As shown in FIG. 18, a display apparatus 30 
includes: first to third light guide plates 31 to 33; and first to 
third light sources 37 to 39. 
0.139. On back surfaces of the first to third light guide 
plates 31 to 33, there are respectively formed first to third 
display portions 34 to 36 made of a plurality of dot-like 
reflection portions 2. 
0140. The display apparatus 30 is different from the dis 
play apparatus 20 shown in FIG. 15 in that the first to third 
light guide plates 31 to 33 are disposed in a spaced-apart 
manner in the thickness direction. 
(0.141. The first to third light sources 37 to 39 axe respec 
tively provided on an edge face 31a of the first light guide 
plate 31, an edge face 32a of the second light guide plate 32, 
and an edge face 33a of the third light guide plate 33. 
0142. In the display apparatus 30, the first to third light 
guide plates 31 to 33 are arranged in a spaced-apartmanner in 
the thickness direction. Therefore, it can imparta more spatial 
effect to a displayed pattern than the display apparatus 20. As 
a result, designability of a displayed pattern can be enhanced. 
0143. Note that the number of the light guide plates is not 
limited to that of the example shown in FIG. 15 to FIG. 18, 
and may be four or more. 
0144. Next, a fourth embodiment of a display apparatus of 
the present invention will be explained. 
0145 FIG. 19 is a plan view of a display apparatus 40. The 
display apparatus 40 includes: first to third light guide plates 
41 to 43; and first to third light sources 47 to 49. 
0146. On back surfaces of the first to third light guide 
plates 41 to 43, first to third display portions 44 to 46 are 
respectively formed made of a plurality of dot-like reflection 
portions 2. 
0147 The display apparatus 40 is different from the dis 
play apparatus 30 shown in FIG. 18 in that the first to third 
light guide plates 41 to 43 arearranged side by side within one 
plane. 
0.148. The first to third light sources 47 to 49 are respec 
tively provided on an edge face 41a of the first light guide 
plate 41, an edge face 42a of the second light guide plate 42, 
and an edge face 43a of the third light guide plate 43. 
014.9 The light guide plates 41 to 43 are laid side by side 
without any opaque matter interposed therebetween. There 
fore, they can be actually treated as one light guide plate. 
0150. In the display apparatus 40, the light guide plates 41 
to 43 are arranged in one plane side by side. Therefore, an area 
of the display portion can be enlarged. 
0151. Furthermore, in the display apparatus 40, the light 
sources 47 to 49 may be all lit to simultaneously display the 
display portions 44 to 46. Alternatively, one or two of the light 
sources 47 to 49 may be lit to display one or two of the display 
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portions 44 to 46. Furthermore, the display portion which is 
displayed can be changed over time through operations on the 
light sources 47 to 49. 
0152. In this manner, in the display apparatus 40, it is 
possible to display a plurality of patterns, and hence design 
ability of a displayed pattern can be enhanced. 
0153. Next, a fifth embodiment of a display apparatus of 
the present invention will be explained. 
0154 As shown in FIG. 20, a display apparatus 50 
includes: first to third light guide plates 51 to 53; and a light 
Source 57. 
(O155 On back surfaces of the light guide plates 51 to 53, 
first to third display portions 54 to 56 made of a plurality of 
dot-like reflection portions 2 are respectively formed. The 
light guide plates 51 to 53 are stacked on top of each other. 
0156. It is configured such that the light source 57 is mov 
able from a position capable of entering a light beam into the 
first light guide plate 51 (a first position 57a), through a 
position capable of entering a light beam into the second light 
guide plate 52 (a second position 57b), to a position capable 
of entering a light beam into the third light guide plate 53 (a 
third position 57c). 
(O157. The first to third positions 57a to 57c are positions 
facing the light guide plates 51 to 53, respectively. 
0158. The display apparatus 50 can change a display por 
tion which is displayed by the movement of the light source 
57. For example, by moving the light source 57 from the first 
position 57a to the third position 57c with the passage of time, 
the display portions can be displayed in a Switching manner, 
enabling a display with excellent visibility. 
0159. In the example shown in the figure, the light source 
57 is movable with respect to the light guide plates 51 to 53. 
However, contrary to this, the light guide plates 51 to 53 may 
be movable with respect to the light source 57. 
0160 Next a sixth embodiment of a display apparatus of 
the present invention will be explained. 
0161. As shown in FIG. 21, a display apparatus 60 is 
different from the display apparatus 10 shown in FIG. 1 in that 
a light guide plate 1 is curved in a Substantially arc-shaped 
a. 

0162. In the display apparatus 60, the light guide plate 1 is 
curved. Therefore, a display portion3 is visually recognizable 
from a wider range. 
0163. In the example shown in the figure, the entirety of 
the light guide plate 1 is curved. However, the display appa 
ratus of the present invention is not limited to this. A part of 
the light guide plate 1 may be curved. 
0164. The display apparatus of the present invention can 
be used also as a blind apparatus (an image shielding appa 
ratus), because when the light source is lit to display the 
display portion, it becomes difficult to visually recognize the 
background. 
0.165 That is, in the display apparatus of the present inven 

tion, the dot-like reflection portions 2 have light reflection 
portions in the shape of a dot. That is, the light reflection 
portions are of dot-like shape. Therefore, each of the dots 
occupies a small area in the display apparatus. As a result, 
when the light is off and no reflection light beam is coming 
from the dots, the transparency of the light guide plate 1 is not 
impaired, and hence the background on the backside of the 
display apparatus is seen through. Consequently, the back 
ground can be visually recognized with ease. 
0166 On the other hand, when the light is on and the 
dot-like reflection portions 2 function as luminescent spots 
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with high luminance. In the vicinity thereof, visibility of the 
background is lowered due to glare. Therefore, with the 
arrangement of the dot-like reflection portions 2 with an 
appropriate spacing within a necessary range, it is possible to 
lower visibility of the background in the region in a light-on 
time. 
0.167 FIG. 22 shows one example of a blind apparatus of 
the present invention. This blind apparatus 70 includes: a light 
guide plate 1; and a light source 6. On a back Surface 1c of the 
light guide plate 1, there is formed a display portion 73 made 
of a multitude of dot-like reflection portions 2. 
0.168. It is preferable that the dot-like reflection portions 2 
be uniformly formed over the entirety of a predetermined 
region of the light guide plate 1. In the example shown in the 
figure, the dot-like reflection portions 2 are formed with sub 
stantially a regular spacing, and uniformly formed over the 
entire Surface of the light guide plate 1. 
0169. As shown in FIG. 23, when the light source is not lit, 

it is possible to see the background through the blind appa 
ratus 70. 
0170 As shown in FIG. 24, when the light source is lit, the 
multitude of dot-like reflection portions 2 function as lumi 
nescent spots with high luminance, thereby to make it difficult 
to see the background. 
0171 In general, a blind apparatus requires both of a 
shielding effect of making the background hard to see and an 
easiness of seeing the background in a non-shielded time, that 
is, a background visibility. 
0172 For example, in an apparatus whose display portion 

is formed through surface roughing by laser machining or the 
like, luminance of the display portion is likely to be insuffi 
cient. Therefore, this is inferior in shielding effect. Further 
more, in an apparatus whose display portion is formed of 
LED elements on a transparent base material, the LED ele 
ments make it difficult to see a background even when they 
are not lit. 
0173. In addition, to obtain a sufficient shielding effect 
when the light is on, a multitude of LED elements are 
required. This leads to another problem of increased cost. 
0.174. In contrast to this, in the blind apparatus 70 accord 
ing to the present invention, a Sufficient light transmittance is 
ensured as described above. Therefore, when the light source 
is not lit, it is possible to visually recognize the background 
favorably. When the light source is lit, a multitude of dot-like 
reflection portions 2 function as luminescent spots with high 
luminance, making it difficult to see the background. There 
fore, it is possible to utilize the blind apparatus 70 for the 
purpose of privacy protection. 
0.175. If the blind apparatus 70 is applied to the doors of a 
piece of furniture Such as a kitchen cabinet, it is possible to 
make it difficult to see things behind the doors when for 
example there is a visitor present. Therefore, this is effective 
for privacy protection. 
0176 Note that the positions and the number of the light 
Sources are not limited to the examples shown in the figures. 
It is preferable that the degrees of the inclination angle of the 
reflection surface of the dot-like reflection portion be opti 
mized according to the positions of the light Sources so as to 
obtain a high reflection efficiency. 
(0177. While preferred embodiments of the invention have 
been described and illustrated above, it should be understood 
that these are exemplary of the invention and are not to be 
considered as limiting. Additions, omissions, Substitutions, 
and other modifications can be made without departing from 
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the spirit or scope of the present invention. Accordingly, the 
invention is not to be considered as limited by the foregoing 
description and is only limited by the scope of the appended 
claims. 

INDUSTRIAL APPLICABILITY 

0178. According to the present invention, it is possible to 
provide a display apparatus which is excellent in transpar 
ency, has a display portion visually recognizable with ease, 
can be manufactured at low cost, and allows a modification in 
a display portion with ease, and to provide a manufacturing 
method thereof. Furthermore, according to the present inven 
tion, it is possible to provide a pattern display method using 
this display apparatus, and a blind apparatus and a blinding 
method using this display apparatus. 

1. A display apparatus, comprising: a light guide plate; and 
at least one light source that is provided on at least one edge 
face of the light guide plate, wherein 

a display portion that is made of one or more dot-like 
reflection portions with a reflection surface for reflecting 
a light beam emitted from the light source and incident 
from the edge face, to a Surface, is formed in the light 
guide plate, 

reflected light beams from the dot-like reflection portions 
of the display portion being configured to be visually 
recognizable. 

2. The display apparatus according to claim 1, wherein the 
dot-like reflection portion is made of a dot-like notch formed 
in the light guide plate. 

3. The display apparatus according to claim 1, wherein the 
reflection surface of the dot-like reflection portion is a smooth 
plane. 

4. The display apparatus according to claim 1, wherein the 
display portion is made of a plurality of dot-like reflection 
portions and is configured so that reflected light beams from 
the dot-like reflection portions are visually recognizable as 
forming a predetermined pattern. 

5. The display apparatus according to claim 4, wherein the 
dot-like reflection portions are arranged so as to form a letter, 
a sign, a graphic form, a designed pattern, or a combination of 
two or more of these. 

6. The display apparatus according to claim 1, wherein a 
plurality of the light guide plates are provided and the light 
guide plates are stacked. 

7. The display apparatus according to claim 1, wherein a 
plurality of the light guide plates are provided and the light 
guide plates are disposed in a spaced-apart manner in a thick 
ness direction. 

8. The display apparatus according to claim 1, wherein a 
plurality of the light guide plates are provided and the light 
guide plates are disposed side by side within one plane. 

9. The display apparatus according to claim 1, wherein at 
least one of the light guide plates is formed with at least one 
part thereof being curved. 

10. The display apparatus according to claim 1, wherein a 
reflection surface of the dot-like reflection portion has an 
angle of 45 degrees or more and 60 degrees or less with 
respect to a Surface of the light guide plate. 

11. The display apparatus according to claim 1, wherein the 
dot-like reflection portion is configured to have a Substan 
tially rectangular shape, seen inaplane, a width to height ratio 
thereof being in a range of 10:1 to 1:1. 

12. The display apparatus according to claim 1, wherein the 
dot-like reflection portion has a shape, seen in a plane, 

Mar. 19, 2009 

selected from a Substantial rectangle, a trapezoid, a triangle, a 
circle, or a circle having a part which is cut out. 

13. The display apparatus according to claim 6, wherein the 
light Source is provided on the respective light guide plates. 

14. The display apparatus according to claim 6, wherein a 
relative position of the light source with respect to the light 
guide plates is configured to be variable from a position 
capable of entering a light beam into one of the light guide 
plates to a position capable of entering a light beam into one 
of the other light guide plates. 

15. The display apparatus according to claim 1, wherein the 
light Source is extendingly formed along an extension direc 
tion of the light guide plate. 

16. The display apparatus according to claim 14, wherein 
the light source is made of a plurality of light emitting diodes 
arranged in a predetermined direction. 

17. A manufacturing method of the display apparatus 
according to claim 1, comprising: 

using a machining tool having one or more blade portions 
in a shape in accordance with a shape of the one or more 
of the dot-like reflection portions; heating one or both of 
the blade portions and the light guide plate to a softening 
point of a material of the light guide plate or higher, and 
pressing the blade portions into the light guide plate to 
form the dot-like reflection portions. 

18. The manufacturing method of the display apparatus 
according to claim 5, wherein 

a light guide plate in which the dot-like reflection portions 
are formed is stamped or injection-molded by a mold on 
which a raised pattern with a shape in correspondence to 
the letter, the sign, the graphic form, the designed pat 
tern, or the combination of two or more of these accord 
ing to claim 5, the shape of the raised pattern mating the 
dot-like reflection portion. 

19. A pattern display method, using: a light guide plate in 
which a display portion including a pattern made of one or 
more dot-like reflection portions with a reflection surface; 
and at least one light source that is provided on at least one 
edge face of the light guide plate, and 

entering a light beam from the light source from the edge 
face of the light guide plate to allow the light beam to exit 
from a surface after reflection off the one or more dot 
like reflection portions, to thereby display one or more 
reflected light beams of the pattern. 

20. The pattern display method according to claim 19, 
wherein a change is imparted to the pattern of the one or more 
reflected light beams by modifying one or more of an amount 
of time for light emission, an amount of light emission, and a 
color of emitted light of the light source. 

21. A blind apparatus, comprising: a light guide plate; and 
at least one light source that is provided on at least one edge 
face of the light guide plate, wherein 

a display portion that is made of one or more dot-like 
reflection portions with a reflection surface for reflecting 
a light beam, emitted from the light source and incident 
from the edge face, to a Surface is formed in the light 
guide plate, 

one or more reflected light beams from the one or more 
dot-like reflection portions of the display portion being 
configured to be visually recognizable. 

22. A blind method, using: a light guide plate in which a 
display portion made of one or more dot-like reflection por 
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tions with a reflection Surface; and at least one light Source from a surface of the light guide plate after reflection off 
that is provided on at least one edge face of the light guide the one or more dot-like reflection portions, to thereby 
plate, and lower a background visibility. 

entering a light beam from the light source from an edge 
face of the light guide plate to allow the light beam to exit ck 


