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(57) ABSTRACT 
A re?ection illumination device includes a light guide, light 
sources, and a re?ecting mirror. The light guide is placed in 
front of an object to be illuminated. The light sources are 
arranged around the light guide. The re?ecting mirror is 
placed behind the object. One or a plurality of total re?ection 
areas on Which projections or recesses each having a trian 
gular cross-section and serving to totally re?ect light emitted 
from the light source toWard the object are formed are 
arranged on the surface of the light guide. Each of the 
projections or recesses is constituted by an inclined surface 
inclined at a predetermined angle toWard a reference portion 
positioned at a predetermined position on the light guide, 
and a vertical surface vertical to the light guide. The light 
sources and irradiation means for parallelly irradiating the 
total re?ection areas With light from the light sources are 
arranged at edges of the light guide in correspondence With 
the total re?ection areas. 
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REFLECTION ILLUMINATION DEVICE FOR 
OBJECT TO BE ILLUMINATED 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a re?ection illu 
mination device for an object to be illuminated, Which is 
placed in front of the object to display the object With 
re?ected light, and improves display quality by preventing 
diffused re?ection of external light. 

[0002] As an illumination device for illuminating an 
object such as a liquid crystal display apparatus, a device 
having the folloWing arrangement is knoWn. In this illumi 
nation device, a light guide is placed in front of the object, 
a light source such as an LED is placed at a side surface of 
the light guide, and a re?ecting mirror is placed behind the 
object. In this arrangement, illumination light from the light 
source Which is totally re?ected by the surface of the light 
guide is re?ected by the re?ecting mirror to display the 
object on the surface of the light guide. 

[0003] FIG. 5 shoWs a knoWn liquid crystal display appa 
ratus using such a re?ection illumination device. Referring 
to FIG. 5, reference numeral 2 denotes a light guide; 10, a 
liquid crystal display apparatus as an object; 6, a light 
source, and 9, a re?ector plate. 

[0004] The illumination device in FIG. 5 Will be 
described. First of all, illumination light S emitted from a 
light source 6 travels in the light guide 2 While repeatedly 
undergoing total re?ection at ?at portions on the upper- and 
loWer-surface sides of the light guide 2. The illumination 
light S incident on an inclined surface 4 of each projection 
3 formed on the surface of the light guide 2 changes its 
direction to a direction perpendicular to the light guide 2 (the 
vertical direction of the draWing surface of FIG. 5), passes 
through the light guide 2, and reaches the re?ector plate 9 
through the liquid crystal display apparatus 10. The illumi 
nation light S is re?ected by the re?ector plate 9, passes 
through the liquid crystal display apparatus 10 and light 
guide 2, and emerges outside from the surface of the light 
guide 2. With the above operation, the contents displayed on 
the liquid crystal display apparatus 10 are projected on the 
surface of the light guide 2. 

[0005] Such a re?ection illumination device can illumi 
nate an object by using external light such as sunlight or 
light from an indoor lamp, and hence has advantages, e.g., 
loW poWer consumption and alloWing a reduction in equip 
ment siZe. 

[0006] HoWever, the folloWing problems are posed in the 
above conventional re?ection illumination device. 

[0007] The problems Will be described With reference to 
FIG. 6. The ?rst problem is that unnecessary re?ected light 
makes it difficult to see part of the contents displayed on the 
liquid crystal display apparatus. An external light beam R1 
incident on a ?at portion of the surface of the light guide 2 
passes through the light guide 2 and liquid crystal display 
apparatus 10, Without changing its optical path, and is 
re?ected by the re?ector plate 9. As a consequence, the 
contents displayed on the liquid crystal display apparatus 10 
are displayed on the surface of the light guide 2. On the other 
hand, an external light beam R2 incident on the inclined 
surface 4 of the projection 3 reaches the opposing inclined 
surface 4 upon changing its traveling direction, and is 
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re?ected by the inclined surface 4 to enter an eye of a user 
in front of the light guide 2 upon further changing its 
direction. According to the prior art, therefore, unnecessary 
re?ected light of the external light beam R2 makes it di?icult 
to see part of the contents displayed on the liquid crystal 
display apparatus 10. 

[0008] The second problem is that the contents displayed 
on the liquid crystal display apparatus illuminated With light 
vary in brightness depending on the display positions, result 
ing in luminance irregularity. The illumination light S emit 
ted from the light source 6 travels in the light guide 2 While 
being repeatedly re?ected. For this reason, as the distance 
from the light source 6 increases, the brightness of the 
illumination light S decreases, resulting in luminance irregu 
larity, i.e., different luminances at different portions of the 
light guide 2. As a consequence, the contents displayed on 
the liquid crystal display apparatus 10 illuminated With light 
vary in brightness depending on display positions, resulting 
in luminance irregularity. 

SUMMARY OF THE INVENTION 

[0009] It is, therefore, a principal object of the present 
invention to provide a re?ection illumination device for an 
object to be illuminated, Which can obtain high-quality 
display by preventing external light re?ected by the surface 
of a light guide from entering the eyes of a user, and a 
re?ection illumination device for an object to be illuminated, 
Which can obtain high-quality display that is bright through 
out the display and free from luminance irregularity. 

[0010] In order to achieve the above object, according to 
the present invention, there is provided a re?ection illumi 
nation device comprising a light guide placed in front of an 
object to be illuminated, a light source arranged around the 
light guide, and a re?ecting mirror placed behind the object, 
Wherein one or a plurality of total re?ection areas on Which 
projections or recesses each having a triangular cross 
section and serving to totally re?ect light emitted from the 
light source toWard the object are formed are arranged on a 
surface of the light guide, each of the projections or recesses 
is constituted by an inclined surface inclined at a predeter 
mined angle toWard a reference portion positioned at a 
predetermined position on the light guide, and a vertical 
surface vertical to the light guide, and the light source and 
irradiation means for parallelly irradiating the total re?ection 
area With light from the light sources are arranged at an edge 
of the light guide in correspondence With the total re?ection 
area. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 is a plan vieW of a re?ection illumination 
device according to an embodiment of the present invention; 

[0012] FIG. 2 is a sectional vieW taken along a line I-I in 
FIG. 1; 

[0013] FIG. 3 is a partial enlarged vieW of FIG. 2, Which 
is used to explain the relationship betWeen the inclination of 
an inclined surface and the irradiation direction angle of 
illumination light; 

[0014] FIG. 4 is a plan vieW of a re?ection illumination 
device according to another embodiment of the present 
invention; 
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[0015] FIG. 5 is a sectional vieW showing an example of 
a liquid crystal display apparatus using a conventional 
re?ection illumination device; and 

[0016] FIG. 6 is a sectional vieW for explaining problems 
in the conventional re?ection illumination device. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0017] Embodiments of the present invention Will be 
described in detail beloW With reference to the accompany 
ing draWings. Although an object to be illuminated in each 
of the folloWing embodiments Will be described as a liquid 
crystal display apparatus used for a personal computer, 
portable telephone, or the like, the present invention can be 
applied to any kind of equipment for Which a re?ection 
illumination device can be used. 

[0018] FIGS. 1 and 2 shoW a re?ection illumination 
device according to an embodiment of the present invention. 
FIG. 3 is a vieW for explaining the relationship betWeen the 
inclination of an inclined surface and the irradiation direc 
tion angle of illumination light. 

[0019] TWo total re?ection areas A and A‘ are formed on 
the surface of a light guide 12 in the re?ection illumination 
device of this embodiment. The total re?ection areas A and 
A‘ totally re?ect illumination light from light sources 16. 
The total re?ection areas A and A‘ are symmetrically 
arranged on the left and right sides (the left and right sides 
of FIG. 1) of the Y-axis passing through a center C. 

[0020] A plurality of projections 13 are symmetrically 
formed in the total re?ection areas A and A‘ to be arrayed 
from the Y-axis to right and left edges 12a and 12b of the 
light guide 12. The projections 13 are formed parallel to the 
Y-axis at the same pitch. Each projection 13 has a triangular 
cross-section. Each projection 13 is loW enough to avoid 
visual impairment of the contents displayed on a liquid 
crystal display apparatus 10. The height of the rectangular 
shape of each projection preferably falls Within the range of 
1 pm to 100 pm. Note that the Width of each projection 13 
is geometrically determined by the height of the projection 
13 and an inclination 0t (see FIG. 13) of an inclined surface 
14. This inclination 0t Will be described later. 

[0021] The inclined surfaces 14 of the projections 13 are 
inclined at the same angle toWard the center C of the light 
guide 12. The inclining directions of the inclined surfaces 14 
sWitch at the center of the light guide 12 With Which the total 
re?ection areas A and A‘ are in contact. On the Y-axis 
passing through the center C, the inclined surfaces 14 of the 
right and left total re?ection areas A and A‘ form a V-shaped 
groove. 

[0022] The other inclined surface of each rectangular 
projection 13 is formed as a vertical surface 15 vertical to the 
light guide 12. In this case, an axis vertical to the light guide 
12 is assumed to be a Z-axis. The projection 13 therefore has 
the shape of a right-angled triangle With the inclined surface 
14 being the hypotenuse. 

[0023] The light sources 16 such as LEDs or ?uorescent 
tubes are arranged on right and left edges 12a and 12b of the 
light guide 12, respectively. When this re?ection illumina 
tion device is to be used for a compact device such as a 
portable telephone, a light source that requires no inverter 
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circuit, e.g., an LED, is preferably selected. If a point light 
source such as an LED is used as the light source 16, a 
plurality of light sources 16 are preferably arranged at equal 
intervals along the edges 12a and 12b, as shoWn FIG. 1. In 
this embodiment, three light sources are arranged along each 
edge. 
[0024] In addition, the periphery of the light guide 12 is 
preferably surrounded by a re?ecting member 19 to prevent 
illumination light from leaking outside from the periphery of 
the light guide 12. This re?ecting member 19 is preferably 
formed from a mirror member having a high re?ectance. 
Note that the re?ecting member 19 may be formed from a 
metal plate made of a metal having a high re?ectance, e.g., 
aluminum, a plastic plate having a metal such as aluminum 
deposited or bonded to its surface, or the like. 

[0025] Portions of the re?ecting member 19 Which corre 
spond to the edges 12a and 12b are formed as holding 
portions 19a and 19b for holding the light sources 16. Each 
of the holding portions 19a and 19b has a cross-section in 
the form of a quadratic curve. The light sources 16 are 
attached to the focal portions of the quadratic curve. Each 
holding portion is formed to have such a cross-section in the 
form of a quadratic curve so as to irradiate the interior of the 
light guide 12 With light from the light sources 16 as 
collimated illumination light. 

[0026] The holding portions 19a and 19b are preferably 
mounted on the light guide 12 in a slightly inclined state, and 
openings are preferably formed in the holding portions 19a 
and 19b, respectively, to be as Wide as possible in the 
direction of thickness of the light guide 12. Such a structure 
is taken to alloW illumination light emerging from the 
opening of the holding portion 19a (19b) to be directly 
applied to almost all the projections 13 from the edge 12a 
(12b) of the light guide 12 to the center C. 

[0027] The holding portions 19a and 19b having the above 
structure constitute an irradiation means for parallelly irra 
diating the entire total re?ection areas A and A‘ With light 
from the light sources 16. 

[0028] The above inclination 0t Will be described next. The 
inclination of each inclined surface 14 can be determined as 
folloWs. As shoWn in FIG. 3, let 0t be the inclination of the 
inclined surface 14 With respect to the light guide 12, i.e., the 
X-axis, [3 be the mounting angle (equal to the irradiation 
direction angle of illumination light) of each of the holding 
portions 19a and 19b With respect to the X-axis, and 0 be the 
incident angle of illumination light S from each light source 
16 With respect to a line perpendicular to the inclined surface 
14. In addition, the critical angle of the material for the light 
guide 12 is represented by 00. 
[0029] The folloWing relationship holds betWeen the 
angles 0t, [3, and 0. 

ot+[5+6=90° 
[0030] Since 0>0O must be satis?ed to alloW the illumi 
nation light S to be totally re?ected by the inside of the 
inclined surface 14, the inclination 0t of the inclined surface 
14 must be 

[0031] If, for example, the light guide 12 is made of 
acrylic resin, since the critical angle of acrylic resin is 
knoWn to be 42°, the inclination a may be selected to satisfy 

ot<48°—[3. 
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[0032] Letting L (see FIG. 3) be the Width of the total 
re?ection areas A and A‘ in the lateral direction, and H (see 
FIG. 3) be the Width of the openings in the holding portions 
19a and 19b, the mounting angle [3 of the holding portions 
19a and 19b is preferably determined to satisfy sin [3=H/L. 
If the mounting angle [3 is selected in this manner, all the 
projections 13 in the total re?ection areas A and A‘ can be 
directly irradiated With illumination light. If all the projec 
tions in the total re?ection areas can be directly irradiated 
With light from the light sources, luminance irregularity in 
the total re?ection areas can be eliminated. 

[0033] The function of the re?ection illumination device 
having the above arrangement Will be described next. 

[0034] Light from the light sources 16 is made into the 
collimated illumination light S by the holding portions 19a 
and 19b. The illumination light S is totally re?ected by the 
inside of each inclined surface 14 at an angle equal to the 
incident angle 0, passes through the light guide 12 and liquid 
crystal display apparatus 10, and is re?ected by a re?ector 
plate 9. At this time, the collimated illumination light S 
emitted from the light sources 16 is directly applied to the 
projections 13 in the total re?ection areas A and A‘. The 
contents displayed on the liquid crystal display apparatus 10, 
Which are obtained When the illumination light S is totally 
re?ected by the inclined surfaces 14, are bright as a Whole 
and high in quality having an almost uniform luminance 
distribution. 

[0035] If the entire periphery of the light guide 12 is 
surrounded by the re?ecting member 19 as in the re?ection 
illumination device of this embodiment, since the illumina 
tion light S can be con?ned in the light guide 12, decreases 
in luminance at the peripheral portions at Which the light 
sources 16 are not provided can be prevented, in particular, 
thereby obtaining display With uniform brightness as a 
Whole. 

[0036] In a normal operation state, external light R (see 
FIG. 3) strikes the light guide 12 from an almost vertical 
direction. The external light R is hardly re?ected by the 
vertical surface 15. In addition, since the external light R is 
incident on the inclined surface 14 at an incident angle larger 
than the critical angle 00, the external light is hardly re?ected 
by the inclined surface 14 either. 

[0037] Note that external light that reaches the light guide 
12 upon undergoing diffused re?ection at the surroundings 
of the re?ection illumination device may partly strike the 
inclined surface 14 at an incident angle larger than the 
critical angle 00. In this case, hoWever, most of the external 
light totally re?ected by the inclined surface 14 is diffused 
in the lateral direction of the light guide 12, and hence there 
is no chance of affecting the display quality. 

[0038] A preferred embodiment of the present invention 
has been described above. HoWever, the present invention is 
not limited to the above embodiment. 

[0039] For example, in the above embodiment, the pro 
jections 13 each having a cross-section in the form of a 
right-angled triangle are formed on the surface of the light 
guide 12. Instead of the projections, hoWever, recesses each 
having a cross-section in the form of a right-angled triangle 
may be formed in the surface of the light guide 12. 

[0040] In addition, as a reference portion serving as a 
reference for the formation of the total re?ection areas A and 
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A‘, the center C of the light guide 12 is used in the above 
embodiment. HoWever, a reference portion can be set at any 
arbitrary position as Well as the center. In this case as Well, 
the inclination a of the inclined surface 14 of each projection 
13 and the mounting angle [3 of the holding portions 19a and 
19b are preferably selected and determined to satisfy the 
above conditions. 

[0041] If light sources With the same brightness are used 
in a case Wherein the distances from the light sources to the 
projections or recesses in one total re?ection area differ from 
those in the other total re?ection area, illumination light 
brightness irregularity occurs betWeen the total re?ection 
areas, resulting in luminance irregularity of display. If, 
therefore, the central portion of the light guide is selected as 
a reference portion as in the above embodiment, the dis 
tances from the light sources to the projections or recesses 
in one total re?ection area can be made almost equal to those 
in the other total re?ection area. This reduces the illumina 
tion light brightness irregularity betWeen the total re?ection 
areas, and hence makes it possible to obtain display With 
higher quality. 

[0042] In the above embodiment, the total re?ection areas 
A and A‘ are formed on the tWo sides of the center C, and the 
projections 13 are formed from the center C toWard the 
edges 12a and 12b. If, hoWever, the light guide 12 is 
rectangular, four total re?ection areas may be formed around 
the center C, and projections may be formed in the respec 
tive total re?ection areas from the center C to the respective 
edges. With this structure as Well, since each total re?ection 
area is irradiated With illumination light from corresponding 
light sources and irradiation means, each total re?ection area 
can re?ect illumination light With high luminance toWard the 
object, thereby obtaining high-quality display that is bright 
and free from luminance irregularity. In this case, light 
sources and holding portions similar to those described 
above may be arranged at the respective edges. In addition, 
the inclination 0t of the inclined surface of each projection 
and the mounting angle [3 of each holding portion can be 
determined in the same manner as described above. 

[0043] The shape of each projection is not limited to the 
linear one that is parallel to an axis passing through the 
center C. Any shape, e.g., a circular shape, elliptic shape, or 
curved shape, can be selected. FIG. 4 shoWs the arrange 
ment of a re?ection illumination device according to another 
embodiment of the present invention, in Which each projec 
tion has an elliptic shape. As shoWn in FIG. 4, in this 
re?ection illumination device, a center C of a light guide 22 
is set as the common center of curvature, and a plurality of 
elliptic projections 23 are formed. With this structure as 
Well, since the entire total re?ection areas are irradiated With 
light from a plurality of light sources and irradiation means, 
high-quality display that is bright and free from luminance 
irregularity can be obtained. In addition, even if a light guide 
having an arbitrary shape, e.g., a circular or elliptic shape, is 
used, this re?ection illumination device can be formed. Each 
of the above projections 23 is formed to have a cross-section 
in the form of a right-angle triangle in the same manner as 
described above. All inclined surfaces 24 of the projections 
23 are directed to the center C. Although not shoWn, a 
re?ecting member 29 is mounted on the periphery of the 
light guide 22, and a plurality of light sources 26 arranged 
along the periphery of the light guide 22 are held by holding 
portions 29a to 29d of the re?ecting member 29. As in the 
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above embodiment, the holding portions 29a to 29d convert 
light from the light sources 26 into collimated illumination 
light to irradiate the projections 23 With the light. 

[0044] A mounting angle [3 (see FIG. 3) of each of the 
holding portions 29a to 29d and the positions and number of 
light sources 26 to be arranged are preferably selected to 
directly irradiate the entire surface of the light guide 22, on 
Which the projections 23 are formed, With illumination light. 

[0045] An inclination 0t of each inclined surface 24 (see 
FIG. 3) is determined by a critical angle 00 of the material 
for the light guide 22, and the mounting angle [3 of each of 
the holding portions 29a to 29d as in the above embodiment. 

[0046] As has been described above, in a re?ection illu 
mination device according to the present invention Which 
includes a light guide placed in front of an object to be 
illuminated, a light source arranged around the light guide, 
and a re?ecting mirror placed behind the object, one or a 
plurality of total re?ection areas on Which projections or 
recesses each having a triangular cross-section and serving 
to totally re?ect light emitted from the light source toWard 
the object are formed are arranged on a surface of the light 
guide, each of the projections or recesses is constituted by an 
inclined surface inclined at a predetermined angle toWard a 
reference portion positioned at a predetermined position on 
the light guide, and a vertical surface vertical to the light 
guide, and the light source and irradiation means for paral 
lelly irradiating the total re?ection area With light from the 
light sources are arranged at an edge of the light guide in 
correspondence With the total re?ection area. 

[0047] According to the present invention, light emitted 
from the light sources is totally re?ected by the inclined 
surface of each projection or recess, passes through the light 
guide and object, and is re?ected by the re?ecting mirror. 
Since the total re?ection areas are formed on the light guide, 
together With the light sources and irradiation means in 
correspondence With the total re?ection areas, each total 
re?ection area is irradiated With collimated illumination 
light from corresponding light sources. Almost Whole exter 
nal light incident on the surface of the light guide enters the 
light guide Without being re?ected by the projections or 
recesses each formed on the surface of the light guide to 
have a triangular cross-section. Therefore, there is no pos 
sibility that the external light is re?ected by the surface of 
the light guide and degrades the display quality of the object. 

[0048] In addition, since this device is designed to directly 
irradiate each projection or recess in the total re?ection areas 
and display the object With the resultant re?ected light, 
high-quality display that is bright and free from luminance 
irregularity can be obtained. 
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[0049] Furthermore, the device having the re?ecting mem 
ber around the periphery of the light guide can provide 
high-quality display Without luminance irregularity by pre 
venting decreases in luminance at the peripheral portions of 
the light guide. 

What is claimed is: 
1. A re?ection illumination device comprising a light 

guide placed in front of an object to be illuminated, a light 
source arranged around said light guide, and a re?ecting 
mirror placed behind the object, 

Wherein one or a plurality of total re?ection areas on 
Which projections or recesses each having a triangular 
cross-section and serving to totally re?ect light emitted 
from said light source toWard the object are formed are 
arranged on a surface of said light guide, 

each of the projections or recesses is constituted by an 
inclined surface inclined at a predetermined angle 
toWard a reference portion positioned at a predeter 
mined position on said light guide, and a vertical 
surface vertical to said light guide, and 

said light source and irradiation means for parallelly 
irradiating the total re?ection area With light from said 
light sources are arranged at an edge of said light guide 
in correspondence With the total re?ection area. 

2. A device according to claim 1, Wherein the total 
re?ection area comprises a plurality of total re?ection areas 
arranged on tWo side or around the reference portion. 

3. A device according to claim 1, Wherein the projection 
or recess is formed to have a circular shape, an elliptic shape, 
or a closed curved shape, and 

said light source and said irradiation means are arranged 
at predetermined portions of the edge of said light 
guide. 

4. A device according to claim 1, Wherein the reference 
portion is positioned to the center of said light guide. 

5. A device according to claim 1, Wherein said irradiation 
means inclines an irradiation direction of illumination light 
at a predetermined angle With respect to said light guide to 
directly irradiate all the projections or recesses in the total 
re?ection area With collimated light. 

6. A device according to claim 1, Wherein an inclination 
of the inclined surface is smaller than 90°—([3+0O) Where [3 
is the irradiation direction angle of illumination light and 00 
is a critical angle of a material for said light guide. 

7. A device according to claim 1, further comprising a 
re?ecting member surrounding a peripheral portion of said 
light guide. 


