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Description

TECHNICAL FIELD

[0001] The present invention relates to a light source
device and a surface illuminating device using same light
source device, and more in detail, to a light source device
that can emit substantially uniform illumination light while
using a point light source having high directionality as a
light source, and surface illuminating device using same
light source device.

BACKGROUND ART

[0002] In recent years, as an alternative to traditional
incandescent light bulbs and fluorescent lamps, a illumi-
nating device using a point light source having high di-
rectionality, such as a light-emitting diode (hereinafter
called LED) or a laser diode (hereinafter called LD), has
been developed and is beginning to be used in a display
device and the like. The LED has excellent features such
as being more power-saving, longer-lived, and smaller
than other illuminating devices such as the incandescent
light bulbs and the fluorescent lamps. The LED, however,
has drawbacks such as having an extremely small illu-
mination area due to high directionality, and giving dam-
age to eyes looking directly at the light emitted from the
LED. Consequently, in order to use the LED for illumina-
tion light, a technology for efficiently diffusing the light is
required. Therefore, in order to use such a point light
source for illumination light, there are proposed illuminat-
ing devices in which various contrivances are used (refer
to, for example, JP 2004 006317 A and JP 2008 027886
A below).
[0003] For example, JP 2004 006317 A (see para-
graphs [0020] to [0026], and Fig. 1) listed below describes
a surface light-emitting device that enables to provide
surface light by mounting, on an LED, light control means
that controls light emitted from the LED.
[0004] This surface light-emitting device includes:
LEDs; a rectangular solid-shaped case that houses the
LEDs; light control means mounted on an external sur-
face of a lens of each of the LEDs; and a diffusion panel
that covers an opening of the case. The case is structured
as follows: a reflector is arranged in the case; the plurality
of LEDs are arranged on a bottom of the reflector at pre-
determined intervals each other; the light control means
is mounted on each of the LEDs; and the opening of the
case is covered by the diffusion panel. The light control
means is composed of a main reflective portion that is
located in a position corresponding to the center of the
LED, and reflects and transmits the light emitted from the
LED at a greater reflection amount than a transmission
amount, of a reflective/transmissive portion that is locat-
ed around the main reflective portion and transmits a
greater amount of light than that of the main reflective
portion, and of a holder portion provided at the main re-
flective portion.

[0005] JP 2008 027886 A (see paragraphs [0045] to
[0048], and Fig. 1) listed below describes a surface light-
ing light source device, and a surface illuminating device
using the surface lighting light source device.
[0006] This surface lighting light source device is com-
posed of an LED, of a box-shaped casing that has a bot-
tom surface portion provided at a central part thereof with
the LED, side face portions arranged in a standing man-
ner from a periphery of the bottom surface portion, and
a side defining an opening provided facing the bottom
surface portion, and of an optical reflective plate that cov-
ers the opening and makes the light from the LED sub-
stantially uniform. The surface illuminating device uses
a plurality of such surface lighting light source devices
which are adjacently connected with each other.
[0007] When the plurality of surface lighting light
source devices are adjacently connected with each other,
adjacently connected portions are dark. Therefore, for
example, JP 2009 110696 A (see paragraphs [0045] to
[0048], and Fig. 8) listed below discloses a surface illu-
minating device in which the adjacently connected por-
tions are provided at sidewall portions thereof with side-
wall holes. The sidewall holes are communicated to the
opening. Note that JP 2008 027886 A and JP 2009
110696 A are patent applications filed by the applicant
of the present application.
[0008] JP 2009 110696 A discloses a surface lighting
unit comprising a bottom part, sidewall parts, and the
optical reflector having an opening and spaced apart by
a predetermined distance from the bottom part. The
opening substantially satisfies a relation: A=bx2+c, where
A is an opening ratio, i.e. the ratio of the area of the open-
ing in a predetermined region to the area of the region,
b and c are constants, and x is a distance from the center
of the optical reflector. The opening includes concentric
blind slots in the center of the optical reflector, outer con-
centric arcuate slots, and a plurality of further outer round
holes.
JP 2005 071733 A discloses a light modulating body
which is externally fitted to a tubular light source. This
light modulating body is a cylindrical body formed by
bonding both side rims of a light modulating sheet having
the almost same shape as the light modulating body and
a wider width than the tube diameter of the tubular light
source to both side rims of a transparent plastic sheet,
and has the almost same length as that of the tubular
light source. A plurality of through holes the rate of hole
area of each of which is not less than 5 % and not more
than 50 % and the diameter of which is from 1 mm to 30
mm are formed in the light modulating sheet. When the
tubular light source is inserted in the light modulating
body comprising a cylindrical body, the light modulating
sheet is disposed on the irradiation side (the side facing
a translucent plate) of the tubular light source, and the
transparent plastic sheet is disposed on the anti-irradia-
tion side (the side facing a reflecting plate).
[0009] JP 9 236803 A discloses a shielding plate com-
posed of a transparent or translucent plastic material
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such as a transparent polyester film which is disposed
on the upper side of a box case. A slit pattern is printed
on the shielding plate by using a white ink essentially
composed of titanium oxide so that the slits are parallel
to the longitudinal direction of a light source (fluorescent
light). A light scattering plate is disposed on the shielding
plate, and a liquid crystal display element is disposed
thereon. The slit pattern printed on the shielding plate is
formed in such a manner that the pattern is dense near
the light source and rough as distanct from the light
source. The printed pattern on the shielding plate may
be another pattern as far as it shows a dense and rough
pattern in which proportion of the light-shielding part in-
creases near the light source, and a dot or lattice pattern
can be used.

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0010] All of the surface light-emitting devices and the
surface illuminating devices of JP 2004 006317 A,
JP 2008 027886 A and JP 2009 110696 A have a struc-
ture in which a plurality of light source devices are closely
in contact with each other without a space between the
adjacent devices. In order to Increase an area of a light-
emitting surface, that is an illumination area, of these
surface illuminating devices, more of the light source de-
vices are to be installed. In such additional installation,
if a plurality of additional light source devices are installed
closely in contact with each other as have been Installed
before, the area of the light-emitting surface cannot be
increased as much as an increase in cost for the addi-
tional installation. That is, the area of the light-emitting
surface is at most the total of areas of the light-emitting
surfaces of the light source devices thus increased. It
can be contrived to arrange the light source devices not
in contact with each other but with a predetermined space
between the adjacent light source devices. However, in
that case, the space is dark, and the dark portion is pro-
jected on a diffusion plate. Thus, dark lines or the like
appear on the light-emitting surface. In order to solve this
problem, the diffusion plate arranged above the light
source device must be raised, that is, the distance of the
diffusion plate from the light-emitting surface must be in-
creased. As a result, problems arise such that the surface
Illuminating device becomes tall. This problem cannot be
solved even with the surface illuminating device of JP
2009 110696 A described above. In the case of additional
installation of the surface light-emitting devices of JP
2004 006317 A described above, the rectangular solid-
shaped cases housing the reflector are to be added.
Therefore, the number of
the LEDs cannot be adjusted in the additional installation.
[0011] The light source device using the LED has ad-
vantages such as being power-saving, long-lived, and
small-sized thanks to the features of the LED in recent
years. Examples of applications of such a light source

device are therefore not limited to the use cases as de-
scribed above in JP 2004 006317 A, JP 2008 027886 A
and JP 2009 110696 A but also may include these de-
vices embedded in an automatic vending machine or a
large-size game machine. However, when embedded
without any special consideration, the light source device
provides only a limited illumination area because it has
the light-emitting surface only on one face, that is, only
on the top face. Thus, such a light source device cannot
be used when a peripheral area needs to be illuminated.
[0012] In addition to the above-described problems, in
the inventions disclosed by JP 2004 006317 A and JP
2008 027886 A, there has been the following problem.
The surface lighting light source devices are arranged
without a space between each other. Therefore, when
the surface to be illuminated is large, a very large number
of the surface lighting light source devices are arranged,
thus resulting in high cost.
[0013] In order to reduce such cost, various methods
can be considered. The methods include: to degrade the
quality of the LED and/or the reflective plate, to stop using
the diffusion plate, and to reduce the size of the illumi-
nation surface, for example.
[0014] However, degrading the quality of the LED
leads to an increase in failure rate, or a failure in obtaining
uniform light emission. Therefore, the life as a illuminating
device is shortened and a variation in brightness of the
illumination light increases. Degrading the quality of the
reflective plate leads to occurrence of
disadvantages, such as difficulty in obtaining uniform il-
lumination light due to insufficient reflection, and darken-
ing of the illumination light.
[0015] If the reflective plate is not used, it is also difficult
to obtain uniform illumination light, in the same manner
as in the case of degrading quality of the reflective plate.
Though reducing the size of the illumination surface leads
to a cost reduction, it becomes impossible to illuminate
an intended area. In this case, such illuminating device
does not fulfill its role.
[0016] In order to solve the problems of the conven-
tional technologies described above, it is an object of the
present invention to provide a light source device that
can be used for multiple purposes by enabling to emit
illumination light from multiple faces.
[0017] It is another object of the present invention to
provide a surface illuminating device at low cost that can
provide uniform illumination light over a large area with-
out increasing a thickness (that is, a height from the light
source) of the surface illuminating device, by using the
above-described light source device.

MEANS FOR SOLVING THE PROBLEMS

[0018] A light source device according to a first aspect
of the present invention is defined by claim 1. It includes:
a point light source having high directionality; a housing
that has a housing bottom plate arranged with the point
light source, housing side plates arranged in a standing
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manner from a periphery of the housing bottom plate to
a predetermined height, and a side defining an opening
provided facing the housing bottom plate, and that is
formed on inner wall surfaces thereof with reflective sur-
faces; and an optical reflective plate that covers the open-
ing and emits light from the point light source as substan-
tially uniform illumination light, each of at least some of
the housing side plates being provided with a side central
reflective portion having a high optical reflectance and a
low optical transmittance in a side plate region nearest
to the point light source, and provided, in outer side plate
regions of the side central reflective portion, with side
outer reflective portions that have an optical reflectance
decreasing and an optical transmittance increasing as
being distant from the side central reflective portion.
[0019] Dependent claims relate to preferred embodi-
ments. In the light source device of the first aspect of the
present invention, it is preferable that, in the housing, the
housing bottom plate have a rectangular shape, and at
least one of the housing side plates arranged in a stand-
ing manner from the periphery of the rectangular shape
be provided with the side central reflective portion and
the side outer reflective portions.
[0020] In the light source device of the first aspect of
the present invention, it is also preferable that the side
central reflective portion be provided with grooves formed
by half-cutting the housing side plate or with fine holes,
and the side outer reflective portions be provided with
through-holes that penetrate the housing side plate and
have a predetermined opening area,
[0021] In the light source device of the first aspect of
the present invention, it is also preferable that the point
light source be a light-emitting diode or a laser diode.
[0022] A surface illuminating device according to a sec-
ond aspect of the present invention is defined by claim
5. It includes one or more of the light source devices, a
container case that is provided with an opening and a
size capable of containing one or more of the light source
devices, and a diffusion plate that covers the opening.
The container case is a box body including a case bottom
plate that has a larger area than a total of bottom areas
of the contained number of the light source devices, case
side plates that are arranged in a standing manner from
a periphery of the case bottom plate to a height larger
than that of the housing side plates of the light source
device, and a side defining the opening provided facing
the case bottom plate, with inner wall surfaces of the box
body formed with reflective surfaces. The light source
device is arranged in the container case with a clearance
(Dl) that allows the illumination light to pass between the
inner wall surface and the light source device.
[0023] In the surface illuminating device of the second
aspect of the present invention, it is preferable that the
case side plates be inclined outward at 90° to 150° from
a flat surface of the case bottom plate.
[0024] In the surface illuminating device of the second
aspect of the present invention, It is also preferable that
the container case contain the plurality of light source

devices with adjacent light source devices being ar-
ranged with a predetermined clearance (D2) between
each other, and the diffusion plate be arranged with a
predetermined clearance (D3) from the optical reflective
plate of each of the plurality of light source devices.
[0025] In the surface illuminating device of the second
aspect of the present invention, it is also preferable that
the clearance (D2) be a half or more of a maximum dis-
tance (W) between opposed side plates of the light
source device, the clearance (Dl) be a half or more of the
clearance (D2), and the clearance (D3) be a half or less
of the distance (D2) .
[0026] The disclosure also relates to a surface illumi-
nating device according to a third aspect (not part of the
present invention) that includes a point light source, light
source devices each of which has a box-shaped housing
provided with a housing bottom plate whose inner surface
side on which the point light source is fixed is reflective,
with housing side plates that are arranged in a standing
manner from a periphery of the housing bottom plate to
a predetermined height and are reflective on the inner
and outer surface sides thereof, with a side defining an
opening provided facing the housing bottom plate, and
with an optical reflective plate that covers the opening of
the housing, and that reflects and transmits light from the
point light source; a container case with an opening that
is reflective on the inner surface side thereof and contains
the plurality of light source device; and a diffusion plate
that covers the opening of the container case. Adjacent
light source devices among the light source devices are
arranged with a predetermined clearance (D2) between
each other, and the diffusion plate is arranged with a
predetermined clearance (D3) from each of the optical
reflective plates of the plurality of light source
devices.
[0027] In the surface illuminating device of the third
aspect, it is preferable that the predetermined clearance
(D2) be a half or less of a maximum distance (W) between
opposed side plates of the light source devices.
[0028] In the surface illuminating device of the third
aspect, it is also preferable that the predetermined clear-
ance (D3) be a half or more of the predetermined clear-
ance (D2).
[0029] The housing side plate may be provided with
an opening that allows part of light to be transmitted.
[0030] In the surface illuminating device of the third
aspect, it is also preferable that the optical reflective plate
have a transmittance increasing and a reflectance de-
creasing as a distance increases from the point light
source.
[0031] In the surface illuminating device of the third
aspect, it is also preferable that the housing and the op-
tical reflective plate include ultrafinely foamed optical re-
flective members.
[0032] In the surface illuminating device of the third
aspect, it is also preferable that the housing have any
one of a rectangular shape, a triangular shape, a circular
shape, and a honeycomb shape in a plan view.
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[0033] In the surface illuminating device of the third
aspect, it is also preferable that the container case have
a similar shape to the housing.

EFFECTS OF THE INVENTION

[0034] With the light source device of the first aspect
of the present invention, the light from the point light
source can be emitted not only from the surface of the
optical reflective plate but also from the surface of the
housing side plate substantially uniformly. As a result,
the light-emitting surface becomes multifaceted and the
light emission area increases. Accordingly, the light
source device can be used in the surface illuminating
device so as to enlarge the illumination area, and can
also be embedded in equipment such as an automatic
vending machine or a large-size game machine without
any special consideration so as to enlarge the illumina-
tion area.
[0035] Also, with the light source device of the first as-
pect of the present invention, the side central reflective
portion is provided with grooves formed by half-cutting
the side plate or with fine holes, and the side outer re-
flective portion is provided with through-holes that pen-
etrate the side plate and have a predetermined opening
area. Therefore, the side central reflective portion and
the side outer reflective portions can be produced easily.
[0036] In addition, the light source device of the first
aspect of the present invention can provide uniform illu-
mination light even with the point light source having high
directionality, such as an LED or an LD, eliminating the
possibility of leaving a bright spot at a central part or
darkening a part directly above the point light source.
[0037] With the surface illuminating device of the sec-
ond aspect of the present invention, the respective ef-
fects of the light source device according to the above
descriptions can be provided, and in addition, by arrang-
ing the plurality of light source devices, it is possible to
obtain a surface illuminating device that can achieve il-
lumination light having a uniform illuminance distribution
covering a wider area.
[0038] Also, with the surface illuminating device of the
second aspect of the present invention, the case side
plates are inclined outward. Therefore, the area of the
case opening is larger than that of the case bottom plate,
and in addition, the light radiated from the side of the light
source device can be efficiently reflected toward the case
opening.
[0039] In addition, with the surface illuminating device
of the second aspect of the present Invention, the light
source devices are not arranged adjacent to each other
in the container case. Therefore, it is possible to obtain
uniform Illumination light over a large screen while min-
imizing a reduction in luminance by using a smaller
number of the point light sources.
[0040] With the surface illuminating device of the third
aspect, the light source devices are not arranged adja-
cent to each other in the container case. Therefore, it is

possible to obtain uniform illumination light over a large
screen while minimizing a reduction in luminance.
[0041] Also, with the surface illuminating device of the
third aspect, it is possible to appropriately determine a
distance between the light source devices and a clear-
ance between the optical reflective plate and the diffusion
member.
[0042] In addition, with the surface illuminating device
of the third aspect, unevenness of light is suppressed
even if the diffusion member is located closer, and thus,
more uniform illumination light can be obtained.
[0043] It is possible to use the housing bottom plate,
the housing side plates, and the optical reflective plate
that are made of the same material. Using these plates
of the same material makes production of them easy be-
cause the housing can be formed of a single material.
[0044] Also, it is possible to provide variously shaped
surface illuminating devices that can provide uniform il-
lumination light.

BRIEF DESCRIPTION OF THE DRAWINGS

[0045]

[Fig. 1] Fig. is an exploded perspective view of a light
source device according to a first embodiment of the
present invention.
[Fig. 2] Fig. 2A is a top view of an optical reflective
plate constituting the light source device of Fig. 1,
and Fig. 2B is a top view of a variation of the optical
reflective plate.
[Fig. 3] Fig. 3A is one side view of an optical reflective
portion of a side plate constituting the light source
device of Fig. 1, and Figs. 3B to 3D are side views
of respective variations of the optical reflective por-
tion of the side plate.
[Fig. 4] Fig. 4 is a schematic top view of a surface
illuminating device according to a second embodi-
ment of the present invention.
[Fig. 5] Fig. 5 is a cross-sectional view obtained by
cutting along a line V-V of Fig. 4.
[Fig. 6] Fig. 6 is a cross-sectional view illustrating a
variation of the surface illuminating device of Fig. 4.
[Fig. 7] Figs. 7A and 7B are schematic top views of
respective variations of the surface illuminating de-
vice of Fig. 4.
[Fig. 8] Fig. 8A is a cross-sectional view along a line
VIIIA-VIIIA of Fig. 7B, and Figs. 8B and 8C are side
views of optical reflective portions provided on side
plates.
[Fig. 9] Fig. 9A is a schematic top view of a light
source device and a surface illuminating device us-
ing same light source device according to a third em-
bodiment of the present invention, Fig. 9B is one side
view of the surface illuminating device of Fig. 9A,
and Fig. 9C is a cross-sectional view along a line
IXC-IXC of Fig. 9A.
[Fig. 10] Fig. 10A is a top view of a variation of the

7 8 



EP 2 479 480 B1

6

5

10

15

20

25

30

35

40

45

50

55

surface illuminating device of Fig. 9A, and Fig. 10B
is a cross-sectional view along a line XB-XB of Fig.
10A.
[Fig. 11] Fig. 11 is an external perspective view of a
surface lighting light source device used in a surface
illuminating device according to a fourth embodiment
of the present invention.
[Fig. 12] Fig. 12A is a top view of the surface illumi-
nating device according to the fourth embodiment of
the present invention, and Fig. 12B is a cross-sec-
tional view obtained by cutting along a line XIIB-XIIB
of Fig. 12A.
[Fig. 13] Fig. 13 is an external perspective view of
the surface illuminating device according to the
fourth embodiment of the present invention.
[Fig. 14] Fig. 14 is a front view of an optical reflective
plate used in a light source device of a fifth embod-
iment of the present invention.
[Fig. 15] Fig. 15A is a graph showing a relationship
between a distance from a light source and illumi-
nance in the case in which an ordinary optical reflec-
tive plate is used, and Fig. 15B is a graph showing
a relationship between the distance from the light
source and illuminance in the case in which an optical
reflective plate used is processed so that illuminance
is higher in a peripheral part than in a central part.
[Fig. 16] Fig. 16 is an external perspective view of a
light source device used in a surface illuminating de-
vice according to a sixth embodiment of the present
invention.
[Fig. 17] Fig. 17 is an external perspective view of
the surface illuminating device according to the sixth
embodiment of the present invention.
[Fig. 18] Fig. 18 illustrates top views of light source
devices that can be used in surface illuminating de-
vices of variations in the embodiments 4 to 6 of the
present invention.

BEST MODE(S) FOR CARRYING OUT THE INVEN-
TION

[0046] Embodiments of the present invention will be
described below. It should be noted that the embodi-
ments presented below are for exemplifying a light
source device and a surface illuminating device using
same light source device for realizing the technological
concept of the present invention, and are not intended
to limit the present invention to those devices exemplified
below, but the present invention can be equally applied
to other embodiments included in the scope of the claims.

[First Embodiment]

[0047] An outline of a light source device according to
a first embodiment of the present invention will be de-
scribed with reference to Fig. 1. Fig. 1 is an exploded
perspective view of the light source device according to
the first embodiment of the present invention.

[0048] The light source device 1 is composed of a point
light source 2, a box-shaped housing 3 that is provided,
at a bottom plate thereof, with the point light source and
is open at top, and an optical reflective plate 4 that covers
the opening of the housing and reflects and transmits
light from the point light source 2.
[0049] As the point light source 2, a single piece of LED
or an LED assembly of a plurality of LED elements (these
are hereinafter collectively called LED), or an LD is used.
The LED may be not only in one of the three primary
colors R, G, and B, but also in another color. In addition,
the LED or the LD may be equipped with a lens. In the
present embodiment, examples using the LED will be
described.
[0050] The housing 3 has a box shape that includes a
housing bottom plate 3a to substantially central part of
which an LED 2 is fixed, housing side plates 3b to 3e that
are arranged in a standing manner from a periphery of
the housing bottom plate to a predetermined height, and
a side defining an opening 3f provided facing the housing
bottom plate. Inner wall surfaces of the housing 3 are
formed with reflective surfaces. External wall surfaces of
the housing side plates 3b to 3e are preferable to be also
formed with reflective surfaces. When a surface illumi-
nating device is produced using same light source device
1 in which the external wall surfaces are formed with the
reflective surfaces, LED light is reflected between the
external wall surfaces and inner wall surfaces of a con-
tainer case of the surface illuminating device, and thus,
the light can be efficiently emitted to a diffusion plate side.
The surface illuminating device will be described later.
The housing 3 is formed of a reflective plate material,
such as an ultrafinely foamed optical reflective plate, that
has a high optical reflectance, a low optical transmit-
tance, and a low optical absorptance. A type of the ul-
trafinely foamed optical reflective plate material having
an optical reflectance of 98%, an optical transmittance
of 1%, and an optical absorptance of 1% is available, and
preferable to be used. The material to be used for the
housing is obviously not limited to this material. A trans-
parent substrate on which reflective material is coated or
printed may be used. Such a material is formed, for ex-
ample, by coating or screen-printing an emulsion of fine
particles of titanium white or an emulsion of fine particles
of polytetrafluoroethylene.
[0051] The housing bottom plate 3a has a substantially
square shape with a side length of L1 (for example, 200
mm), and formed, at the substantially central part thereof,
with an exposing hole that exposes a light-emitting part
of the LED 2. The LED 2 is fixed to a mounting board
(not illustrated), which in turn is arranged on the backside
of the bottom plate so as to expose the light-emitting part
of the LED through the exposing hole. The housing side
plates 3b to 3e are formed of vertical plates that are ar-
ranged in a standing manner from the periphery of the
substantially square-shaped bottom plate 3a to a prede-
termined height of h1 (for example, 15 mm). That is, side
plates 3b to 3e are formed of four vertical plates. Note
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that, although the housing side plates stand vertically,
they may be inclined outward at a predetermined angle
from the periphery of the housing bottom plate 3a. The
inclination angle is preferably approximately more than
90° and not more than 150° between the side plate and
a flat surface of the housing bottom plate 3a. With the
inclination, the opening can be enlarged, and the LED
light can be efficiently emitted to the opening side by us-
ing the inclined surfaces. All, one, or some of the four
housing side plates 3b to 3e are each provided thereon
with an optical reflective portion that emits the LED light
to an outer surface side of the housing side plate sub-
stantially uniformly. A structure of the optical reflective
portion will be described later.
[0052] The optical reflective plate mounted at the open-
ing of the housing will be described with reference to
Figs. 1 and 2. Note that Fig. 2 illustrates the optical re-
flective plates constituting the light source device of Fig.
1, with Fig. 2A being a top view, and Fig. 2B being a top
view of a variation of the optical reflective plate.
[0053] As illustrated in Figs. 1 and 2A, the optical re-
flective plate 4 is formed of a square plate-shaped body
that closes the opening 3f of the housing 3. The optical
reflective plate 4 is formed of the square plate-shaped
body that has a predetermined thickness and identical
side lengths of L1. That is, opposed sides 4a and 4b have
the same length as that of 4c and 4d. The optical reflective
plate 4 is provided with a central reflective portion 5A at
a central part of the plate, and an outer reflective portion
5B around the outer perimeter of the central reflective
portion, and is formed of a reflective plate, such as an
ultrafinely foamed optical reflective plate material, that
has a high optical reflectance, a low optical transmit-
tance, and a low optical absorptance. A type of the ul-
trafinely foamed optical reflective plate material having
an optical reflectance of 98%, an optical transmittance
of 1%, and an optical absorptance of 1% is available, and
preferable to be used.
[0054] The central reflective portion 5A is located di-
rectly above the LED 2 when the optical reflective plate
4 is mounted at the opening 3f of the housing 3, and is
composed of a central reflecting area 5a that has a small
area and faces a vertically top portion of the light-emitting
part of the LED, and of a pericentral reflecting area 5b
that has a slightly enlarged area and is located at a pre-
determined distance apart from the central reflecting area
5a. Because of light distribution characteristics thereof,
the LED 2 irradiates the strongest light to the central re-
flecting area 5a, and second strongest light to the peri-
central reflecting area 5b. Therefore, the central reflect-
ing area 5a is adjusted to have the highest optical reflect-
ance and the lowest optical transmittance, and the peri-
central reflecting area 5b is adjusted to have a slightly
lower optical reflectance and a slightly higher optical
transmittance than those of the central reflecting area
5a. Because the central reflecting area 5a has the highest
reflectance and the lowest optical transmittance, this ar-
ea can be prevented from producing a high-luminance

illumination spot while not being darkened.
[0055] The optical reflectance and the optical transmit-
tance are adjusted by processing the reflective plate. In
the central reflecting area 5a, the optical reflectance and
the optical transmittance are adjusted by applying
processing such as providing a fine groove group com-
posed of a plurality of fine grooves (longitudinal grooves,
transverse grooves, and ring-shaped grooves) on the re-
flective plate material, or adjusting the plate thickness.
In the pericentral reflecting area 5b, the optical reflect-
ance and the optical transmittance are adjusted by pro-
viding, for example, a fine hole group composed of a
plurality of fine holes (through-holes having a diameter
of, for example, 1.0 mm or less).
[0056] The outer reflective portion 5B is provided with
a plurality of through-holes 51 to 53 that have opening
areas different from each other and are arranged with
predetermined regularity from the pericentral reflecting
area 5b toward the sides 4a to 4d. As for openings of the
through-holes 51 to 53, the through-hole 51 located near-
est to the pericentral reflecting area has the smallest
opening area, and the opening area increases in the or-
der of the through-holes 52 and 53 as the through-hole
departs from the pericentral reflecting area. The through-
holes having these openings are formed at places where
parallel lines in parallel with the side 4a and vertical lines
in parallel with the side 4b perpendicular to the side 4a
intersect with each other. That is, the openings of these
through-holes are arranged with regularity at even inter-
vals in an orthogonal grid pattern.
[0057] This optical reflective plate 4 had at four corners
thereof through-holes each having a predetermined
opening. However, it was found that, if the corner portions
have the openings, the surface illuminating device is
slightly dark at places corresponding to the corner por-
tions when the light source device is embedded in the
surface illuminating device described later. Therefore, an
optical reflective plate 4A is provided with no openings
in the predetermined areas at corner portions 6, as illus-
trated in Fig. 2B. By not providing the openings at the
corner portions, more amount of reflected light is emitted
from the optical reflective portions of the side plates cor-
responding to the corner portions. Thus, the above-de-
scribed disadvantage is eliminated.
[0058] Although the ultrafinely foamed optical reflec-
tive plate material has been exemplified as raw material
of the optical reflective plate, the raw material is not lim-
ited to this material. Instead, a transparent substrate may
be used on which reflective material is coated or printed
except at the opening portions described above. Such a
material is formed, for example, by coating or screen-
printing an emulsion of fine particles of titanium white or
an emulsion of fine particles of polytetrafluoroethylene.
[0059] Next, the optical reflective portion formed on the
side plate will be described with reference to Fig. 3. Note
that Fig. 3 illustrates the optical reflective portion of the
side plate constituting the light source device of Fig. 1,
with Fig. 3A being one side view of Fig. 1, and Figs. 3B
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to 3D being side views of respective variations of the
optical reflective portion.
[0060] Each of the four housing side plates 3b to 3e is
provided with an optical reflective portion 7A. The optical
reflective portion 7A is composed of a side central reflec-
tive portion 7a that faces the LED 2 and is provided in an
area nearest to the LED, and of a side outer reflective
portion 7b that is provided in an area extended in the
longitudinal direction from the side central reflective por-
tion. The side central reflective portion 7a is provided with
a plurality of fine holes so as to have a low optical trans-
mittance while reflecting the outgoing light from the LED
at a high optical reflectance. The side outer reflective
portion 7b is provided with through-holes each of which
has an opening that gradually reduces the optical reflect-
ance and increases the optical transmittance as the
through-hole departs from the side central reflective por-
tion 7a. The fine holes and the through-holes are formed
using substantially the same methods as those for the
central reflective portion 5A and the outer reflective por-
tion 5B of the optical reflective plate 4. The optical reflec-
tive portion 7A may be rougher than and not so elaborate
as the optical reflective plate 4. This is because the light
irradiated to the housing side plate is weaker than that
directly above the LED due to the light distribution char-
acteristics of the LED 2.
[0061] The optical reflective portion is not limited to the
optical reflective portion 7A, but may be changed vari-
ously. In an optical reflective portion 7B, a side central
reflective portion 7a1 and a side outer reflective portion
7b1 are provided with slits, each of which is changed in
area so as to give a predetermined opening ratio (refer
to Fig. 3B). An optical reflective portion 7C is structured
to be provided with no slit at a side central reflective por-
tion 7a2, but is provided with a relatively long slit with an
opening area thereof enlarged in the longitudinal direc-
tion at a side outer reflective portion 7b2 (refer to Fig.
3C). An optical reflective portion 7D is structured to be
provided with no notch at a side central reflective portion
7a3, but is provided with a notch that is wider as it goes
outward in the longitudinal direction at a side outer re-
flective portion 7b3 (refer to Fig. 3C).
[0062] In the present embodiment, the optical reflec-
tive portion is provided on each of the four housing side
plates 3b to 3e. However, the optical reflective portion
need not be provided on every one of the side plates, but
may be provided on one or several of the side plates
depending on the necessity of illumination light from the
side faces. The optical reflective portion is provided with
the through-holes, the slits, and the notch that have the
predetermined openings. Because these openings pen-
etrate the side plate, dust or the like may enter from these
portions depending on the use environment. In such a
use environment, it is preferable to use a transparent
substrate for the housing side plate, and to structure the
side plate by coating or printing the reflective material on
the substrate.
[0063] Because the light source device 1 can emit the

light from the LED 2 not only through the surface of the
optical reflective plate 4 but also through the surfaces of
the side plates of the housing 3 substantially uniformly,
the light source device 1 can be used by being embedded
not only in the surface illuminating device to be described
later but also in an automatic vending machine or a large-
size game machine.

[Second Embodiment]

[0064] Next, a surface illuminating device according to
a second embodiment of the present invention will be
described with reference to Fig. 4. Fig. 4 is a schematic
top view of the surface illuminating device according to
the second embodiment of the present invention, and
Fig. 5 is a cross-sectional view obtained by cutting along
a line V-V of Fig. 4. Note that Fig. 4 illustrates the surface
illuminating device with a diffusion plate removed so that
the inside can be seen.
[0065] As illustrated in Figs. 4 and 5, a surface illumi-
nating device 8 includes four light source devices 1, a
container case 9 that contains the light source devices,
and a diffusion plate 10 that closes an opening of the
container case and diffuses outgoing light from the light
source devices. The surface illuminating device 8 is
structured such that the four light source devices 1 are
arranged in the container case 9 with a predetermined
clearance (distance) between each other, and the open-
ing of the container case 9 is covered with the diffusion
plate 10.
[0066] The container case 9 includes a case bottom
plate 9a that has a larger area than a total area obtained
by summing a bottom area of each of the light source
devices 1, case side plates 9b to 9e that are arranged in
a standing manner from a periphery of the case bottom
plate, and a side defining an opening 9f provided facing
the case bottom plate. Inner wall surfaces of the container
case 9 are formed with reflective surfaces. The case bot-
tom plate 9a has a larger area than a total area obtained
by summing a bottom plate area of each of four housings
3 constituting the light source devices 1. The length of a
side of the case bottom plate 9a is greater than a total
length obtained by summing the length L1 in the longitu-
dinal direction of each of the housing side plates. A height
h3 of the case side plate is greater than the height h1 of
the housing side plate, as illustrated in Fig. 5. A height
(distance) of a clearance between the optical reflective
plate 4 of the light source device 1 and the diffusion plate
10 is denoted as h2, and a relation holds that h3 = h1 +
h2. Note that, in the claims, the height h2 is denoted as
a clearance D3 between the diffusion plate and the optical
reflective plate of the light source device.
[0067] As illustrated in Fig. 4, the surface illuminating
device 8 is embedded as follows: In the container case
9, the four light source devices 1 are arranged with a
predetermined clearance (distance) G1 between adja-
cent devices and with a clearance (distance) G2 between
the device and the case side plate, and then, the opening
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9f is covered with the diffusion plate 10, which is then
fixed. Note that, in the claims, G1 is denoted as a clear-
ance D2 between the light source devices, and G2 is
denoted as a clearance D1 that allows the illumination
light to be emitted between the inner wall surfaces and
the light source devices. By this assembly, the clearance
(distance) h2 is formed between a light-emitting surface
of each of the light source devices 1 and the diffusion
plate 10. The relationships among the distances G1, G2,
and h2 are important for obtaining uniform illumination
light from an outer surface of the diffusion plate 10. That
is, increasing the distances G1 and G2 darkens the area
between the adjacent light source devices 1 and the area
between the case side plate of the container case 9 and
the light source devices 1, and increasing the height h2
makes it impossible to obtain a desired illuminance.
[0068] These relationships are set as follows depend-
ing on the existence of the optical reflective portions 7 of
the housing side plates. Note that the following settings
were confirmed by experiment.

(a) The housing side plates of the light source device
are not provided with the optical reflective portions.
The distance G1 between the adjacent light source
devices is set to a half or less of a maximum distance
W between opposed side plates of the light source
device 1 (refer to Fig. 4); G2 is set to a half or less
of G1; and h2 is set to a half or more of G1. When
these relationships are satisfied, the clearance area
is not dark, and a desired illuminance can be ob-
tained. When these relationships are not satisfied,
uniform illumination light is hardly obtained.
(b) The housing side plates of the light source device
are provided with the optical reflective portions.

[0069] When the housing side plates are provided with
the optical reflective portions, the area of the light-emit-
ting surface can be larger, and the device can be shorter
in height than in the above case (a). That is, each of the
light source devices 1 emits substantially uniform LED
light from the housing side plates 4b to 4e thereof through
the optical reflective portions 7, and the emitted light is
reflected in the clearance between the adjacent devices
and by the inner wall surfaces of the container case 9
and then goes out from the diffusion plate 10. Conse-
quently, the clearances G1 and G2 can be larger than
those in the above case (a). Thus, G1 can be set to a
half or more of the maximum distance W between op-
posed side plates of the light source device 1 (refer to
Fig. 4); G2 can be set to a half or more of G1; and h2
can be set to a half or less of G1. As a result, the area
of the light-emitting surface of the surface illuminating
device can be increased and the device height can be
decreased.
[0070] In the surface illuminating device 8, the side
plates 9b to 9e of the container case 9 are arranged in a
vertically standing manner from the case bottom plate
9a. However, the side plates may be inclined outward at

a predetermined angle from the periphery of the case
bottom plate 9a as illustrated by a surface illuminating
device 8A (refer to Fig. 6). The inclination angle is pref-
erably approximately more than 90° and not more than
150° between the side plate and a flat surface of the case
bottom plate 9a. With this inclination, the opening and a
diffusion plate 10A are enlarged, and thus, a light emis-
sion area is increased. In addition, a height h2’ can be
smaller (h2’ < h2). Here, h3’ < h3 because h3’ = h1 + h2’.
Thus, it is possible to obtain a surface illuminating device
having a smaller height of the case side plates, that is, a
thinner surface illuminating device.
[0071] Note that, although the side plates of the con-
tainer case have a flat plate shape, they may be curved
toward the inside of the case. In this case, if the inner
walls of the container case are formed with reflective sur-
faces such as mirror surfaces, the light can be radiated
more efficiently from the opening of the container case.
The side plates can also have a corrugated shape or
other shapes instead of the flat plate shape. By thus
changing the shape of the side plates of the container
case, it is possible to adjust an irradiation area of the
surface illuminating device and uniformity of brightness
in the irradiation area in accordance with the purpose of
use of the surface illuminating device.
[0072] The surface illuminating devices 8 and 8A of
the above-described embodiment are composed of the
four light source devices 1. The number of the devices,
however, can be changed corresponding to the purpose
of use. For example, the surface illuminating device may
be structured by containing a single piece of the light
source device 1 in a container case 9B for one device
like a surface illuminating device 8B (in Fig. 7A).
[0073] The surface illuminating devices 8, 8A, and 8B
of the above-described embodiment are structured such
that the light source device 1 has a substantially square
shape, and the container cases 9, 9A, and 9B containing
the light source device(s) have a substantially square
shape. However, they may have any shape, such as a
non-square rectangular shape as illustrated in Fig. 7B.

[Variation]

[0074] A surface illuminating device having a non-
square rectangular shape will be described as a variation
with reference to Figs. 7B and 8. Fig. 7B is a schematic
top view of the surface illuminating device. Fig. 8A is a
cross-sectional view along a line VIIIA-VIIIA of Fig. 7B,
and Figs. 8B and 8C are side views of optical reflective
portions provided on side plates. Note that Fig. 7B illus-
trates the surface illuminating device with a diffusion plate
removed so that the inside can be seen.
[0075] A surface illuminating device 8C is composed
of a light source device 1A having a non-square rectan-
gular shape, a container case 9C that contains the light
source device, and a diffusion plate 10B (refer to Fig. 8A)
that covers an opening of the container case. The light
source device 1A, the container case 9C, and the diffu-
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sion plate 10B are the same in structure as, though dif-
ferent in shape from, the light source device 1, the con-
tainer case 9, and the diffusion plate 10 of the surface
illuminating device 8 described above. Therefore, de-
scriptions thereof will be omitted.
[0076] The light source device 1A includes a pair of
opposed short housing side plates 3b’ and 3d’ and a pair
of opposed long housing side plates 3c’ and 3e’. These
housing side plates are each provided with an optical
reflective portion. The housing side plates 3b’ and 3d’
and the housing side plates 3c’ and 3e’ have mutually
different approach distances to the LED 2. Therefore, the
long housing side plates 3c’ and 3e’ are each provided
with an optical reflective portion 7A’ that is composed of
a side central reflective portion 7a’ and side outer reflec-
tive portions 7b’. Because the short housing side plates
3b’ and 3d’ are farther from the LED 2, no processing is
required to form reflective portions such as the side cen-
tral reflective portion 7a’ and the side outer reflective por-
tion 7b’. Instead, an optical reflective portion 7E is pro-
vided that is provided with through-holes having the same
opening area as each other.

[Third Embodiment]

[0077] A surface illuminating device according to a
third embodiment of the present invention will be de-
scribed with reference to Figs. 9 and 10. Fig. 9 illustrates
a light source device and a surface illuminating device
using same light source device according to the third em-
bodiment of the present invention, with Fig. 9A being a
schematic top view, Fig. 9B being one side view of the
surface illuminating device of Fig. 9A, and Fig. 9C being
a cross-sectional view along a line IXC-IXC of Fig. 9A.
Fig. 10 illustrates a variation of the surface illuminating
device of Fig. 9A, with Fig. 10A being a top view, and
Fig. 10B being a cross-sectional view along a line XB-
XB of Fig. 10A. Note that Figs. 9A and 10A each show
the surface illuminating device with a diffusion plate re-
moved so that the inside can be seen.
[0078] A part of the structure of each of the light source
devices 1 and 1A, and the surface illuminating devices
8, 8B, and 8C that use the light source device(s) is
changed corresponding to the purpose of use.
[0079] As illustrated in Fig. 9A, a surface illuminating
device 8D according to the third embodiment of the
present invention is composed of a light source device
1B, a container case 9D that contains the light source
device 1B, and a diffusion plate (not illustrated) that cov-
ers an opening of the container case. Note that this sur-
face illuminating device is obtained by cutting the surface
illuminating device 8C of Fig. 7B along a line IXA-IXA
and by changing a part of the structure thereof.
[0080] The light source device 1B has four housing
side plates 3b1 to 3e1. The housing side plates 3e1, 3b1,
and 3d1 of the housing side plates 3b1 to 3e1 are each
provided with an optical reflective portion. The housing
side plate 3c1 is formed of only a plate body without being

provided with an optical reflective portion. The container
case 9D includes a case bottom plate 9a, case side plates
9b1 to 9e1 that are arranged in a standing manner from
a periphery of the case bottom plate, and a side defining
an opening 9f provided facing the case bottom plate. In-
ner wall surfaces of the container case 9D are formed
with reflective surfaces. One side plate 9c1 of the case
side plates is provided with a slit 9c1’ that allows light
from the light source device 1B to pass therethrough.
The slit 9cl’ is provided with an opening area defined by
a length equal to or slightly greater than that of a long
side plate of the light source device and by a predeter-
mined width. The illumination light is also irradiated from
the slit 9c1’. The surface illuminating device 8D is used
by being embedded in, for example, a game machine.
[0081] In the surface illuminating device 8, the case
side plates 9b1 to 9e1 of the container case 9 are ar-
ranged in a vertically standing manner from the case bot-
tom plate 9a1. Case side plates 9b1’, 9d1’, and 9e1’ of
a container case 9E, however, may be inclined outward
at a predetermined angle from the periphery of the case
bottom plate 9a1 as illustrated by a surface illuminating
device 8E (refer to Figs. 10A and 10B). The inclination
angle is preferably approximately more than 90° and not
more than 150° between the side plate and a flat surface
of the case bottom plate 9a1. With this inclination, the
opening and the diffusion plate 10B are enlarged, and
thus, the light emission area is increased. In addition, the
case height h2’ can be further decreased (h2’ < h2). Note
that the side plate 9c1 is arranged in a vertically standing
manner from the case bottom plate 9a1 because the side
plate 9c1 is not provided with a reflective portion but pro-
vided with the slit 9c1’.

[Fourth to Sixth Embodiments]

[0082] Next, a light source device used in surface illu-
minating devices according to fourth to sixth embodi-
ments of the present invention will be described with ref-
erence to Fig. 11. Fig. 11 is an external perspective view
of a light source device used in a surface illuminating
device according to a fourth embodiment of the present
invention. A box-shaped housing 3 is provided with a
housing bottom plate 3a whose inner surface is formed
with a reflective member, provided with housing side
plates 3b to 3e that are arranged in a standing manner
from a periphery of the housing bottom plate 3a and are
formed on the inner and outer surfaces thereof with re-
flective members, and provided with a side defining an
opening provided facing the housing bottom plate 3a. A
light source device 1C is composed of the housing 3, a
point light source 2 that is fixed to the housing bottom
plate 3a, and an optical reflective plate 4 that covers the
opening of the housing 3, and reflects and transmits light
from the point light source 2.
[0083] The four housing side plates 3b, 3c, 3d, and 3e
are arranged in a vertically standing manner from the
housing bottom plate 3a. The light source device 1C has
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a height of h1, and the housing side plates 3b, 3c, 3d,
and 3e have the same length of L1.
[0084] The housing 3 and the optical reflective plate 4
are each formed of a material, such as an ultrafinely
foamed transmissive/reflective member, that has a high
optical reflectance, a low optical transmittance, and a low
optical absorptance. A type of the ultrafinely foamed
transmissive/reflective member having an optical reflect-
ance of 98%, an optical transmittance of 1%, and an op-
tical absorptance of 1% is available. Other usable mate-
rials include a material formed by coating or screen-print-
ing an emulsion of fine particles of titanium white or an
emulsion of fine particles of polytetrafluoroethylene.
[0085] In addition, as a member for use in the housing
3 and the optical reflective plate 4, a coated film contain-
ing fine particles of titanium white or polytetrafluoroeth-
ylene is also suitable.
[0086] As the point light source 2 used in the light
source device 1C, an LED or an LED group composed
of a plurality of LEDs, or an LD is used. The LED and the
LD has high directionality, but uniform illumination light
can be obtained at the top face by adjusting the trans-
mittance of the optical reflective plate 4. Because the
optical reflective plate 4 used in the present fourth em-
bodiment is the same as that used in the first embodi-
ment, descriptions thereof will be omitted.
[0087] Next, the surface illuminating device using
same light source device 1C will be described using Figs.
12 and 13. Fig. 12A is a top view of the surface illuminat-
ing device according to the fourth embodiment, and Fig.
12B is a cross-sectional view obtained by cutting along
a line XIIB-XIIB of Fig. 12A. Fig. 13 is an external per-
spective view of the surface illuminating device according
to the fourth embodiment of the present invention.
[0088] As illustrated in Fig. 12, the light source devices
are arranged in the container case 9 with predetermined
distances La and Lc between each other. The distances
La and Lc have the same value of a half or less of a
maximum distance W between opposed side plates of
the light source device. A distance of more than this value
makes it difficult to obtain uniform illumination light. In
addition, distances Lb and Ld are provided between the
light source devices and container case side faces 9a,
9b, 9c, and 9d. The distances Lb and Ld have the same
value of a half of the distances La and Lc. This is because
the container case side faces 9a to 9d have no light
source and hence illumination from the side faces is not
obtained.
[0089] The light emitted from the outer reflective por-
tion 5B illuminates above the outer part of the light source
device and a top surface S of a face where the light source
device is not placed. The light from the central reflective
portion 5A of the light source device illuminates above
the central part of the surface illuminating device. Be-
cause the light from the outer reflective portion 5B illumi-
nates the top surface S, the illuminance of the top surface
S increases whereas the illuminance above the outer part
of the light source device decreases, and thus, the illu-

minance of the surface illuminating device becomes uni-
form as a whole. The overall illuminance is further uni-
formed by providing the diffusion plate 10. The diffusion
plate 10 is provided at a predetermined clearance h2
from the optical reflective plate 4.
[0090] The clearance h2 between the diffusion plate
10 and the optical reflective plate 4 is preferably a half
or more of the predetermined distances La and Lc be-
tween the light source devices. The longer the clearance
h2 is, the more easily the illuminance can be uniformed,
but the lower the illuminance is. By contrast, light is no-
ticeably uneven with the clearance h2 that is a half or
less of the predetermined distances La and Lc.
[0091] Although the optical reflective plate 4 used in
the fourth embodiment described above can provide uni-
form illumination light, it is possible to use an optical re-
flective plate 4’ that is provided, in the outer reflective
portion 5B, with larger openings than those of the optical
reflective plate 4, and thus, that cannot obtain uniform
illumination light as a single light source device.
[0092] Fig. 14 is a front view of the optical reflective
plate 4’ in a light source device (not illustrated) used in
a light source device of a fifth embodiment of the present
invention. The optical reflective plate 4’ has almost the
same structure as that of the optical reflective plate 4 in
the fourth embodiment, and thus, descriptions of the
same parts will be omitted.
[0093] An opening provided at an outer reflective por-
tion 5B’ is formed in a larger size than that of the optical
reflective plate 4 in the light source device 1C used in
the surface illuminating device of the fourth embodiment.
The optical reflective plate 4’ according to the fifth em-
bodiment is processed so that the illuminance is higher
in a peripheral part than in a central part. Fig. 15A is a
graph showing a relationship between a distance from
the light source and the illuminance in the case in which
the optical reflective plate 4 is used, and Fig. 15B is a
graph showing a relationship between the distance from
the light source and the illuminance in the case in which
the optical reflective plate 4’ is used. As is found by com-
paring Fig. 15A with Fig. 15B, the size of the opening of
light source device 1’ of the fifth embodiment is deter-
mined so that the illuminance is higher as the distance
is longer from the light source.
[0094] In the case of using the optical reflective plate
4 which can provide uniform illumination light over the
entire light source device, the illumination light hardly
reaches the top surface above the place where the light
source device 1C is not located. Accordingly, when the
diffusion plate 10 is arranged at a near place, the surface
illuminating device gives a slightly unevenly distributed
illumination as an entire surface illuminating device in
which the light source devices 1C are arranged side by
side. Therefore, in the fifth embodiment, the optical re-
flective plate 4’ is used that is processed so that the illu-
minance is higher in the outer part than in the central part.
[0095] That is, by changing the size of the opening pro-
vided in the optical reflective plate depending on the
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place, the obtained illumination light can be uniform as
that of an entire surface illuminating device even if a sin-
gle light source device emits uneven illumination light.
[0096] In the fourth and fifth embodiments, explanation
has been made of the surface illuminating device that
obtains uniform illumination light by using the processed
optical reflective plate 4. Instead of changing the size of
the openings of the optical reflective plate 4, the side face
portions 3b to 3e may be provided with openings.
[0097] Fig. 16 is an external perspective view of a light
source device 1D in a sixth embodiment, and Fig. 17 is
an external perspective view of a surface illuminating de-
vice in which the light source devices 1D in the present
embodiment are arranged side by side.
[0098] As illustrated in Fig. 16, sidewall portions 30b,
30c, 30d, and 30e of the light source device 1D are each
provided with openings H1, H2, and H3. As illustrated in
Fig. 17, sidewall portions 90a, 90b, 90c, and 90d of a
container case are arranged in a standing manner not
vertically but obliquely at an inclination angle of approx-
imately 45 degrees from the vertical direction. The side-
wall portions 90a to 90d are each formed of a material,
such as an ultrafinely foamed transmissive/reflective
member, that has a high optical reflectance, a low optical
transmittance, and a low optical absorptance. A type of
the ultrafinely foamed transmissive/reflective member
having an optical reflectance of 98%, an optical transmit-
tance of 1%, and an optical absorptance of 1% is avail-
able. Other materials may be used, such as an emulsion
of fine particles of titanium white and an emulsion of fine
particles of polytetrafluoroethylene. These materials may
be coated or screen-printed on the housing.
[0099] Part of light is transmitted through the openings
H1, H2, and H3, and reflected by the sidewall portions
90a to 90d of the container case. Thereby, a top surface
S of a face where the light source device is not placed is
illuminated, and thus, more uniform illumination light can
be obtained.
[0100] In the above-described embodiments, the
housing has a rectangular shape in a plan view. However,
the housing is not necessarily limited to have a rectan-
gular shape, but can have various shapes, such as a
triangular shape, a honeycomb shape, and a circular
shape, in a plan view as illustrated in Fig. 18. Fig. 18
illustrates top views of light source devices that can be
used in surface illuminating devices of variations in the
embodiments 4 to 6 of the present invention. In this case,
a predetermined distances La and Lc between the light
source devices are also a half or less of a maximum dis-
tance W between opposed side plates of the light source
device in the same manner as in the above-described
embodiments. In the same manner, a clearance h2 be-
tween the diffusion plate and the light source device is
also a half or more of the predetermined distances La
and Lc.

EXPLANATION OF REFERENCE NUMERALS

[0101]

1, 1A, 1B, 1C, 1D Light source device
2 Point light source
3 Housing
3a Housing bottom plate
3b to 3e Housing side plate
4 Optical reflective plate
7, 7A’, 7A to 7E Optical reflective portion
7a, 7a1, 7a2, 7a3 Side central reflective portion
7b, 7b1, 7b2, 7b3 Side outer reflective portion
8, 8A to 8E Surface illuminating device
9, 9A to 9E Container case
9a Case bottom plate
9b to 3e Case side plate
10, 10A to 10C Diffusion plate

Claims

1. A light source device (1, 1A, 1B, 1C, 1D) comprising:

a point light source (2) having high directionality;
a housing (3) that has a housing bottom plate
(3a) arranged with the point light source (2),
housing side plates (3b-3e) arranged in a stand-
ing manner from a periphery of the housing bot-
tom plate (3a) to a predetermined height, and a
side defining an opening provided facing the
housing bottom plate (3a), and that is formed on
inner wall surfaces thereof with reflective sur-
faces; characterised in
an optical reflective plate (4) that covers the
opening and emits light from the point light
source (2) as substantially uniform illumination
light,
each of at least some of the housing side plates
(3b-3e) being provided with a side central reflec-
tive portion (7a, 7a1, 7a2, 7a3) having a high
optical reflectance and a low optical transmit-
tance in a side plate region nearest to the point
light source (2), and provided, in outer side plate
regions of the side central reflective portion, with
side outer reflective portions (7b, 7b1, 7b2, 7b3)
that have an optical reflectance decreasing and
an optical transmittance increasing as being dis-
tant from the side central reflective portion (7a,
7a1, 7a2, 7a3).

2. The light source device according to claim 1, wherein
the housing (3), the housing bottom plate (3a) has a
rectangular shape, and at least one of the housing
side plates (3b-3e) arranged in a standing manner
from the periphery of the rectangular shape is pro-
vided with the side central reflective portion (7a, 7a1,
7a2, 7a3) and the side outer reflective portions (7b,

21 22 



EP 2 479 480 B1

13

5

10

15

20

25

30

35

40

45

50

55

7b1, 7b2, 7b3).

3. The light source device according to claim 1, wherein
the side central reflective portion (7a, 7a1, 7a2, 7a3)
is provided with grooves formed by half-cutting the
housing side plate (3b-3e) or with fine holes, and the
side outer reflective portions (7b, 7b1, 7b2, 7b3) are
provided with through-holes that penetrate the hous-
ing side plate and have a predetermined opening
area.

4. The light source device according to any one of
claims 1 to 3, wherein the point light source (2) is a
light-emitting diode or a laser diode.

5. A surface illuminating device comprising:

one or more of the light source devices (1, 1A,
1B, 1C, 1D) according to any one of claims 1 to 4;
a container case (9, 9A-9E) that is provided with
an opening and a size capable of containing one
or more of the light source devices (1, 1A, 1B,
1C, 1D); and
a diffusion plate (10, 10A-10C) that covers the
opening,
the container case (9, 9A-9E) being a box body
including a case bottom plate (9a) that has a
larger area than a total of bottom areas of the
contained number of the light source devices (1,
1A, 1B, 1C, 1D), case side plates (9b-9e) that
are arranged in a standing manner from a pe-
riphery of the case bottom plate (9a) to a height
larger than that of the housing side plates (3b-
3e) of the light source device (1, 1A, 1B, 1C,
1D), and a side defining the opening provided
facing the case bottom plate (9a), with inner wall
surfaces of the box body formed with reflective
surfaces, and the light source device (1, 1A, 1B,
1C, 1D) being arranged in the container case
(9, 9A-9E) with a clearance (Dl) that allows the
illumination light to pass between the inner wall
surface and the light source device (1, 1A, 1B,
1C, 1D).

6. The surface illuminating device according to claim
5, wherein the case side plates (9b-9e) are inclined
outward at 90° to 150° from a flat surface of the case
bottom plate (9a) .

7. The surface illuminating device according to claim
5, wherein the container case (9, 9A-9E) contains
the plurality of light source devices (1, 1A, 1B, 1C,
1D) with adjacent light source devices being ar-
ranged with a predetermined clearance (D2) be-
tween each other, and the diffusion plate (10, 10A-
10C) is arranged with a predetermined clearance
(D3) from the optical reflective plate (4) of each of
the plurality of light source devices (1, 1A, 1B, 1C,

1D).

8. The surface illuminating device according to claim
7, wherein the clearance (D2) is a half or more of a
maximum distance (W) between opposed side
plates of the light source device (1, 1A, 1B, 1C, 1D),
the clearance (Dl) is a half or more of the clearance
(D2), and the clearance (D3) is a half or less of the
distance (D2).

Patentansprüche

1. Lichtquellenvorrichtung (1, 1A, 1B, 1C, 1D), umfas-
send:

eine Punktlichtquelle (2), die eine hohe Richt-
wirkung aufweist;
ein Gehäuse (3), das eine Gehäusebodenplatte
(3a) aufweist, die mit der Punktlichtquelle (2) an-
geordnet ist, Gehäuseseitenplatten (3b-3e), die
von einem Umfang der Gehäusebodenplatte
(3a) in einer vorbestimmten Höhe stehend an-
geordnet sind und eine Seite, die eine Öffnung
definiert, die der Gehäusebodenplatte (3a) zu-
gewandt ist, und die an Innenwandoberflächen
davon mit reflektierenden Oberflächen gebildet
ist; gekennzeichnet durch
eine optische reflektierende Platte (4), die die
Öffnung abdeckt und Licht von der Punktlicht-
quelle (2) als im Wesentlichen gleichmäßiges
Beleuchtungslicht emittiert,
wobei jede von mindestens einigen der Gehäu-
seseitenplatten (3b-3e) mit einem seitlichen
zentralen reflektierenden Abschnitt (7a, 7a1,
7a2, 7a3) bereitgestellt ist, der ein hohes opti-
sches Reflexionsvermögen und eine geringe
optische Durchlässigkeit in einem der Punkt-
lichtquelle (2) nächstgelegenen Seitenplatten-
bereich aufweist und in den äußeren Seitenplat-
tenbereichen des zentralen Seitenreflexionsab-
schnitts mit seitlichen äußeren reflektierenden
Abschnitten (7b, 7b1, 7b2, 7b3) bereitgestellt ist,
die ein abnehmendes optisches Reflexionsver-
mögen und eine zunehmende optische Durch-
lässigkeit haben, da sie von dem seitlichen zen-
tralen reflektierenden Abschnitt (7a, 7a1, 7a2,
7a3) beabstandet sind.

2. Lichtquellenvorrichtung nach Anspruch 1, wobei das
Gehäuse (3), die Gehäusebodenplatte (3a) eine
rechteckige Form aufweist, und mindestens eine der
Gehäuseseitenplatten (3b-3e), die von dem Umfang
der rechteckigen Form stehend angeordnet sind, mit
dem seitlichen zentralen reflektierenden Abschnitt
(7a, 7a1, 7a2, 7a3) und den seitlichen äußeren re-
flektierenden Abschnitten (7b, 7b1, 7b2, 7b3) bereit-
gestellt ist.
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3. Lichtquellenvorrichtung nach Anspruch 1, wobei der
seitliche zentrale reflektierende Abschnitt (7a, 7a1,
7a2, 7a3) mit Nuten bereitgestellt ist, die durch Halb-
schneiden der Gehäuseseitenplatte (3b-3e) oder mit
feinen Löchern gebildet sind und die seitlichen äu-
ßeren reflektierenden Abschnitte (7b, 7b1, 7b2, 7b3)
mit Durchgangslöchern bereitgestellt sind, die die
Gehäuseseitenplatte durchdringen und eine vorbe-
stimmte Öffnungsfläche aufweisen.

4. Lichtquellenvorrichtung nach einem der Ansprüche
1 bis 3, wobei die Punktlichtquelle (2) eine Leucht-
diode oder eine Laserdiode ist.

5. Oberflächenbeleuchtungsvorrichtung, umfassend:

eine oder mehrere der Lichtquellenvorrichtun-
gen (1, 1A, 1B, 1C, 1D) nach einem der Ansprü-
che 1 bis 4;
ein Behältergehäuse (9, 9A-9E), das mit einer
Öffnung und einer Größe versehen ist, die fähig
sind, eine oder mehrere der Lichtquellenvorrich-
tungen (1, 1A, 1B, 1C, 1D) aufzunehmen; und
eine Streuplatte (10, 10A-10C), die die Öffnung
abdeckt,
wobei das Behältergehäuse (9, 9A-9E) ein Kas-
tenaufbau ist, der eine Gehäusebodenplatte
(9a) beinhaltet, die eine größere Fläche als eine
Gesamtheit von Bodenflächen der enthaltenen
Anzahl der Lichtquellenvorrichtungen (1, 1A,
1B, 1C, 1D) aufweist, Gehäuseseitenplatten
(9b-9e), die von einem Umfang der Gehäuse-
bodenplatte (9a) auf eine Höhe größer als die
der Gehäuseseitenplatten (3b-3e) der Licht-
quellenvorrichtung (1, 1A, 1B, 1C, 1D) stehend
angeordnet sind und einer Seite, die die bereit-
gestellte Öffnung definiert, die der Gehäusebo-
denplatte (9a) zugewandt ist, wobei die Innen-
wandoberflächen des Kastenaufbaus mit reflek-
tierenden Oberflächen gebildet sind und die
Lichtquellenvorrichtung (1, 1A, 1B, 1C, 1D) in
dem Behältergehäuse (9, 9A-9E) mit einem Zwi-
schenraum (D1) angeordnet ist, der es dem Be-
leuchtungslicht ermöglicht, zwischen der Innen-
wandoberfläche und der Lichtquellenvorrich-
tung (1, 1A, 1B, 1C, 1D) hindurchzugehen.

6. Oberflächenbeleuchtungsvorrichtung nach An-
spruch 5, wobei die Gehäuseseitenplatten (9b-9e)
um 90° bis 150° von einer flachen Oberfläche der
Gehäusebodenplatte (9a) nach außen geneigt sind.

7. Oberflächenbeleuchtungsvorrichtung nach An-
spruch 5, wobei das Behältergehäuse (9, 9A-9E) die
Vielzahl von Lichtquellenvorrichtungen (1, 1A, 1B,
1C, 1D) enthält, wobei benachbarte Lichtquellenvor-
richtungen mit einem vorbestimmten Zwischenraum
(D2) zwischen einander angeordnet sind, und die

Streuplatte (10, 10A-10C) mit einem vorbestimmten
Zwischenraum (D3) von der optischen Reflexions-
platte (4) jeder der Vielzahl von Lichtquellenvorrich-
tungen (1, 1A, 1B, 1C, 1D) angeordnet ist.

8. Oberflächenbeleuchtungsvorrichtung nach An-
spruch 7, wobei der Zwischenraum (D2) eine Hälfte
oder mehr einer maximalen Entfernung (W) zwi-
schen gegenüberliegenden Seitenplatten der Licht-
quellenvorrichtung (1, 1A, 1B, 1C, 1D) ist, der Zwi-
schenraum (D1) eine Hälfte oder mehr des Zwi-
schenraums (D2) ist und der Zwischenraum (D3) ei-
ne Hälfte oder weniger des Zwischenraums (D2) ist.

Revendications

1. Dispositif de source de lumière (1, 1A, 1B, 1C, 1D)
comprenant :

une source lumineuse ponctuelle (2) ayant une
directionnalité élevée ;
un logement (3) qui a une plaque inférieure de
logement (3a) agencée avec la source lumineu-
se ponctuelle (2), des plaques latérales de lo-
gement (3b-3e) agencées d’une manière dres-
sée à partir d’une périphérie de la plaque infé-
rieure de logement (3a) jusqu’à une hauteur pré-
déterminée, et un côté définissant une ouverture
ménagée face à la plaque inférieure de loge-
ment (3a), et qui est formé sur des surfaces de
paroi internes de celui-ci avec des surfaces
réfléchissantes ; caractérisé par
une plaque réfléchissante optique (4) qui couvre
l’ouverture et émet de la lumière à partir de la
source lumineuse ponctuelle (2) sous forme de
lumière d’éclairage essentiellement uniforme,
chacune d’au moins certaines des plaques la-
térales de logement (3b-3e) étant pourvue d’une
partie réfléchissante centrale latérale (7a, 7a1,
7a2, 7a3) ayant une réflectance optique élevée
et une faible transmittance optique dans une ré-
gion de plaque latérale la plus proche de la sour-
ce lumineuse ponctuelle (2), et pourvue, dans
des régions externes de plaque latérale de la
partie réfléchissante centrale latérale, de parties
réfléchissantes externes latérales (7b, 7b1, 7b2,
7b3) qui présentent une réflectance optique qui
diminue et une transmittance optique qui aug-
mente avec la distance par rapport à la partie
réfléchissante centrale latérale (7a, 7a1, 7a2,
7a3).

2. Dispositif de source de lumière selon la revendica-
tion 1, dans lequel le logement (3), la plaque infé-
rieure de logement (3a) a une forme rectangulaire,
et au moins une des plaques latérales de logement
(3b-3e) agencées d’une manière dressée à partir de
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la périphérie de la forme rectangulaire comporte la
partie réfléchissante centrale latérale (7a, 7a1, 7a2,
7a3) et les parties réfléchissantes externes latérales
(7b, 7b1, 7b2, 7b3).

3. Dispositif de source de lumière selon la revendica-
tion 1, dans lequel la partie réfléchissante centrale
latérale (7a, 7a1, 7a2, 7a3) comporte des rainures
formées en coupant à moitié la plaque latérale de
logement (3b-3e) ou des trous fins, et les parties
réfléchissantes externes latérales (7b, 7b1, 7b2,
7b3) sont pourvues de trous traversants qui pénè-
trent la plaque latérale de logement et ont une aire
d’ouverture prédéterminée.

4. Dispositif de source de lumière selon l’une quelcon-
que des revendications 1 à 3, dans lequel la source
lumineuse ponctuelle (2) est une diode électrolumi-
nescente ou une diode laser.

5. Dispositif d’éclairage de surface comprenant :

un ou plusieurs des dispositifs de source de lu-
mière (1, 1A, 1B, 1C, 1D) selon l’une quelconque
des revendications 1 à 4 ;
un boîtier réceptacle (9, 9A-9E) qui est pourvu
d’une ouverture et d’une taille capable de con-
tenir un ou plusieurs des dispositifs de source
de lumière (1, 1A, 1B, 1C, 1D) ; et
une plaque de diffusion (10, 10A-10C) qui cou-
vre l’ouverture,
le boîtier réceptacle (9, 9A-9E) étant un corps
d’enceinte incluant une plaque inférieure de boî-
tier (9a) qui a une aire plus grande qu’un total
des aires inférieures du nombre contenu des
dispositifs de source de lumière (1, 1A, 1B, 1C,
1D), des plaques latérales de boîtier (9b-9e) qui
sont agencées d’une manière dressée à partir
d’une périphérie de la plaque inférieure de boî-
tier (9a) jusqu’à une hauteur plus grande que
celle des plaques latérales de logement (3b-3e)
du dispositif de source de lumière (1, 1A, 1B,
1C, 1D), et un côté définissant l’ouverture fourni
face à la plaque inférieure de boîtier (9a), avec
des surfaces de paroi internes du corps d’en-
ceinte formées avec des surfaces réfléchissan-
tes, et le dispositif de source de lumière (1, 1A,
1B, 1C, 1D) étant agencé dans le boîtier récep-
tacle (9, 9A-9E) avec un dégagement (D1) qui
permet à la lumière d’éclairage de passer entre
la surface de paroi interne et le dispositif de sour-
ce de lumière (1, 1A, 1B, 1C, 1D).

6. Dispositif d’éclairage de surface selon la revendica-
tion 5, dans lequel les plaques latérales de boîtier
(9b-9e) sont inclinées vers l’extérieur à 90° à 150°
par rapport à une surface plate de la plaque inférieu-
re de boîtier (9a).

7. Dispositif d’éclairage de surface selon la revendica-
tion 5, dans lequel le boîtier réceptacle (9, 9A-9E)
contient la pluralité de dispositifs de source de lu-
mière (1, 1A, 1B, 1C, 1D) avec des dispositifs de
source de lumière adjacents agencés avec un dé-
gagement prédéterminé (D2) les uns entre les
autres, et la plaque de diffusion (10, 10A-10C) est
agencée avec un dégagement prédéterminé (D3)
par rapport à la plaque réfléchissante optique (4) de
chacun de la pluralité de dispositifs de source de
lumière (1, 1A, 1B, 1C, 1D).

8. Dispositif d’éclairage de surface selon la revendica-
tion 7, dans lequel le dégagement (D2) vaut une moi-
tié ou plus d’une distance maximale (W) entre des
plaques latérales opposées du dispositif de source
de lumière (1, 1A, 1B, 1C, 1D), le dégagement (D1)
est une moitié ou plus du dégagement (D2), et le
dégagement (D3) est une moitié ou moins de la dis-
tance (D2).
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