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(57) Abstract: (Problem) To provide a lighting device with a broad light distribution in which the light from an LED light source is
led near to the center of the lighting device. (Means of Resolution) Lighting device provided with LED board (3) on which LED ele -
ment (8) is mounted, and lighting circuit board which powers LED element (8), having a plurality ot U- shaped light guides (95) po-
sitioned above LED element (8), LED element (8) being mounted on the lower surface of the two bases of light guides (95), and the
plurality of U-shaped light guides (95) characterized in crossing over each other. Light from LED elements (8) mounted on the lower
surface of the base of the light guides (95) is led by light guides (95) near to the center of the lighting device, with light from LED
elements (8) able to have a broad light distribution due to diffusion over a wider area including the vertical and horizontal directions
of the board surface of LED element (8).
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Description

Lighting device

Technical Field)

(0001)

PCT/EP2012/063965

The invention relates to a lighting device which employs a

light-emitting diode.

(Technical Background)

(0002)

Various improvements have contributed to realizing an LED

bulb with a broad light distribution close to that of an in-

candescent bulb.

(Pricr Art Reference)
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(0003)

(Patent
(Patent
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(Patent

(Summary of Invention)

(Difficulty to Be Resolved by the Invention)
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The invention has the purpose of employing a light-emitting
diocde element to provide a lighting device with a broad light

distribution.

(Means of Resolution)

(0005)

The lighting device of the invention is characterized in be-
ing provided with a board mounted with a light source, and a
lighting circuit which powers the light source, and in having
a plurality of U-shaped light guides positioned above the
light source, the light source being mounted on the lower
surface of the two bases of the light guides, and the plural-

ity of U-shaped light guides crossing over each other.

(0006)

The U-shaped light guides which cross over each other are

characterized in intersecting at a crossover point.

(0007)

The U-shaped light guides which cross over each other are
characterized in that the heights of each light guide are
different, and do not intersect at a crossover point.

(0008)

The U-shaped light guides are characterized in that the hori-

zontal section is processed to diffuse light, or has material
added which diffuses light.

(0009)

The lighting device of the invention is characterized in be-

ing provided with a board mounted with a light source, and a
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lighting circuit which powers the light source, and in having
a spiral-shaped light guide positioned above the light
source, the light source being mounted on the lower surface
of the two bases of the light guide.

(0010)

The spiral-shaped light guide is characterized in that part
of or the whole surface of the pipe is processed to diffuse
light, or has material added which diffuses light.

(0011)

The lighting device is further characterized in being pro-

vided with a translucent globe which covers the light source.

(0012)

The light source is characterized in being a light-emitting
dicde.

(Effect of the Invention)

(0013)

With the invention, light from the light source mounted on
the lower surface of the bases of the light guide is guided
by the light guide near to the center of the lighting device,
ensuring that light from the light source has a broad light
distribution as it is diffused over a wider area including
directions both perpendicular and horizontal to the board

surface of the light source.

(Brief Description of the Drawings)

(0014)
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(Fig. 1) Structural

(Fig. 2) Structural

(Fig. 3) Structural

ments 1, 2, 3.

(Fig. 4) Structural

(Fig. 5) Structural

(Fig. 6) Structural

(Fig. 7) Structural

(Fig. 8) Structural

diagram
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Embodi-

(Fig. 9) Schematic diagram of the light paths of the lighting

device 1in Embodiment

1.

(Fig. 10) Schematic diagram of the light paths of the light-

ing device in Embodiment 2.

(Fig. 11) Schematic diagram of the light paths of the light-

ing device in Embodiment 6.

(Embodiments)

(0015)

Embodiment 1

(1) First Embodiment

(Fig.

1,

Fig.

LED board 3 on which LED element 8

3 (a) (b), Fig.

9):

(light-emitting diode ele-

ment) is mounted is provided within an enclosure comprising

translucent glcbe 1 made of polycarbonate which covers LED
and fitting 7.

light-emitting surfa
The lighting circuit

ce 31,
board

(not shown)

outer surround 6,

which powers the LED
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is provided within outer surround 6 which forms the enclo-

sure.

(0016)

Main plane plate 51 on the surface of the translucent globe 1
side of outer surround 6 is made of aluminum, and LED board 3
on which LED element 8 is mounted is provided on main plane
plate 51. Lighting device 5 comprises items such as the
lighting circuit board, outer surround 6, fitting 7, and main

plane plate 51.

(0017)

Translucent globe 1 is hemispherical in shape, and provided
with an overhang which extends upward (the direction in which
light shines out) (see Fig. 1). Moreover, a diffusing agent
which diffuses light is added to translucent globe 1. A resin
to which a diffusing agent has been added is used for trans-
lucent globe 1, but may be of any type provided that translu-
cent globe 1 allows light to pass through and that a method
is employed to allow part of it to reflect and diffuse, such
as frosting the resin itself, or coating the inside with ti-

tanium oxide which diffuses and reflects light.

(0018)

With the surface of LED board 3 as the z direction, the cen-

tral axis of lighting device 100 is taken as the x direction.
x direction: perpendicular tc the plane of LED board 3 (axis

of lighting device)

z direction: horizontal to the plane of LED board 3

(0019)

LED board 3 is made of aluminum, with four LED elements 8

provided on one side (light-emitting surface 31) of LED board
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3 and two U-shaped light guides 9 (Fig. 3 (a)) mounted above
these with their ends facing downward in parallel and the two
ends of each positioned respectively above two LED elements 8

(see Fig. 3 (a)).

(0020)

Light guide 9 is a U-shaped light pipe, with the both ends of
the U-shape (bases) having end surfaces 91 which allow light
to pass (see Fig. 1). As shown in Fig. 3 (a), a pair of LED
elements 8a and a pair of LED elements 8b are positioned on
light-emitting surface 31. Moreover light guide S%a is at-
tached so that a pair of LED elements 8a are respectively po-
sitioned at the lower part of end surfaces 91 on both sides.
Light guide %b is attached sc that so that a pair of LED ele-
ments 8b are respectively positicned at the lower part of end
surfaces 91 on both sides. Light guide 9%a and light guide %b

are positioned in parallel.

(0021)

Light guide 9 has the ends of the U-shape (end surfaces 91)
attached to light-emitting surface 31 of LED board 3 so as to
cover LED element 8. With light guide 9, light emitted by LED
element 8 positioned under end surfaces 21 on both sides at
the end of the U-shape is guided into the light pipe from the
ends of the U-shape (end surfaces 91) and guided to the cen-
tral horizontal section within the light pipe. As shown in
Fig. 1, the central horizontal section of U-shaped light
guide 9 is diffusion section 10 which diffuses light, and has

a light diffusing agent added to it.
(0022)
Light guide 9 of the embodiment is a rod-type light pipe

processed into a U-shape from a cylinder formed of transpar-

ent material such as glass for example, but it may be a
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light-tunnel type of light pipe formed with a hollow interior

and mirrored side surfaces.

(0023)

LED element 8 is ccated around with silicon adhesive, and the
ends of U-shaped light guide 9 are mounted on and fixed to
the surface of LED element 8 by sticking the ends of light
guide 9

(0024)

Fig. 9 is a schematic diagram of the light paths of light
guide ¢ in the embodiment. Light emitted from LED element 8
is led to diffusion section 10 by light guide 9, and the
light by diffusion 10 diffused into paths K1, L1, Ml etc.,

for example.

(0025)

As 1t passes through translucent globe 1, light K1 emitted
from diffusion unit 10 of light guide 9 is diffused by the
effect of translucent globe 1 into light paths K11, K12, K13,
for example. Moreover, as i1t passes through translucent globe
1, light L1 emitted from diffusion section 10 of light guide
9 is diffused by the diffusing effect of translucent globe 1
into light paths L11, L12, L13 etc. Light Ml emitted from
diffusion unit 10 of light guide 9 is in the same way dif-
fused into light paths M11, M12, M13 etc..

(0026)

In this way the light emitted by LED element 8 is first dif-
fused into light paths such as K1, L1, Ml etc. by diffusion
unit 10, and then diffused further by translucent glcbe 1. In
other words, light paths K1, L1, Ml etc., are diffused into
K11, K12, K13 etc., L11, L12, L13 etc., MI11l, M12, MI13 etc.

and shone out from lighting device 100.
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(0027)

As described above, the light emitted from LED element 8

turns into the light paths shown by solid and broken lines in
Fig. 9 due to light guide 9 and translucent globe 1, both re-
alizing light distribution over more than 180°, and enabling

greater light distribution in the z direction, for example.

(0028)

As shown in Fig. 3 (b), three U-shaped light guides 9 may be
used. In Fig. 3 (b), six LED elements 8 are mounted on light-
emitting surface 31 of LED board 3. In addition, in Fig. 3
(a), a pair of LED elements 8c is positioned on light-
emitting surface 31. Light guide 9c is then attached such
that a pair of LED elements 8c are respectively positioned at
the lower part of both end surfaces 21. Light guide 9%9a, light
guide Sb and light guide 9c¢ are positioned in parallel. Light
guide Sa, light guide %b and light guide 9c are preferably

positioned so as to be equidistant from one another.

(0029)

Lighting device 100 of the embodiment comprises a board (LED
board 3) on which a light source (LED element 8) is mounted,
and a lighting circuit board which powers the lighting
source, and with lighting device 100 in which a plurality of
U-shaped light guides 9 are positioned above the light
source, the light source is characterized in being mounted on
the lower surface of the two bases of light guides 9 (lower

ends of the U-shape (end surfaces %81)).
(0030)
Lighting device 100 of Embodiment 1 is such that the light

source mounted on the lower surface of the two bases of light

guides 9 is led near the center of lighting device 100 by a
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plurality of U-shaped light guides 9, enabling a broad light
distribution due to diffusion over a wider area including
vertical and horizontal directions of the board surface of

the light source.

(0031)

Moreover, lighting device 100 of Embodiment 1 is character-
ized in that the plurality of U-shaped light guides 9 are po-

sitioned in parallel.

(0032)

With lighting device 100 of Embodiment 1, the extent of the
light distribution is broadened due to the fact that light
guides 9 are positioned in parallel, enabling a further

broadening of the range of light distribution.

(0033)

Moreover, lighting device 100 of Embodiment 1 is character-
ized in that U-shaped light guide 9 has a light-diffusing ma-
terial added in the horizontal section of the pipe (diffusion

unit 10), or is processed to diffuse light.

(0034)

With lighting device 100 of Embodiment 1, the horizontal sec-
tion of the pipe (diffusion unit 10) in light guide 9 is
processed to diffuse light (frosting) or has material added
which diffuses light, which increases the diffusion effect,
and further increases the range over which light is distrib-
uted.

(0035)

Embodiment 2
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(2) Second Embodiment (Fig. 2, Fig. 3 (e) (f), Fig. 10):

As shown in Fig. 2, Fig. 3 (e), lower end surfaces 951 of

light guide 95 formed of two U-shapes made to intersect at
crossover point 11 are positioned above four LED elements 8
positioned at the apexes of a square. Apart from this, the
structure is the same as in Embodiment 1, and parts of the
embodiment having the same structure as that described for
Embodiment 1 are keyed identically and their description is

omitted.

(0036)

As shown in Fig. 3 (e), light guide 95 in this embodiment is
shaped such that two U-shapes are made to intersect in a
cross shape at crossover point 11. Light guide 95 also has a
cross shape connected internally. The horizontal section of
the cross shaped part of light guide 95 acts as diffusion

section 10.

(0037)

Light guide 95 is attached to light-emitting surface 31 of
LED board 3 so that the four end sections (end surfaces 851)
(see Fig. 2) respectively cover the four LED elements 8.

With light guide 95, the light emitted from LED elements 8
positioned below end surfaces 951 is guided within the light
pipe from end surfaces 951 and led into the horizontal cen-
tral section (diffusion unit 10) of the light pipe. A diffus-

ing agent is added to diffusion unit 10.

(0038)

Fig. 10 shows a schematic diagram of the light paths caused
by light guide 95 in the embodiment. The method of diffusion
shown in Fig. 10 is the same as the method described in Fig.
9 for Embodiment 1. The light from LED element 8 becomes the
light paths shown in Fig. 10 due to light guide 95, enabling
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a light distribution tc be realized cver more than 180°, and

enabling greater distribution of light in the z direction.

(0039)

As shown in Fig. 3 (f), light guide 95a may also be used in
which three U-shapes are made to intersect at crossover point
11. With light guide 95a shown in Fig. 3 (f), diffusion unit
10 has a form which extends more toc the periphery than with
light guide 95 shown in Fig. 3 (e). For this reason, improved
light distribution in both the vertical and the horizontal
directions of LED board 3 can be obtained in every direction

from lighting device 100.

(0040)

With lighting device 101 in Embodiment 2, the plurality of U-
shaped light guides 9 provided are characterized in mutually

intersecting one another. Moreover, the mutually intersecting
U-shaped light guides 9 are characterized in intersecting at

crossover point 11. The mutually intersecting U-shaped light

guides 9 intersect with one another at crossover point 11,

forming a single light guide 9ba.

(0041)

As light guides 9 intersect with one another in lighting de-
vice 101 of Embodiment 2, light is directed all around the
lighting device, and improved light distribution in both the
horizontal and vertical direction of light-emitting surface
31 of LED board 3 can be obtained from all directions of
lighting device 101.

(0042)

Embodiment 3

(3) Third Embodiment (Fig. 3 (c) (d)):
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With this embodiment, a method of forming a lighting device
using two U-shaped light guides 9d, 9e of different heights

will be described.

(0043)

As shown in Fig. 3 (c), with this embodiment U-shaped light
guides 9d, 9e of different heights are made to cross over in
a cross shape, so that the two light guides 9d, Se do not in-
tersect with each other. As shown in Fig. 3 (c), the two ends
91d of light guide 9d are positioned respectively above two
LED elements 8 on a diagonal line between the four LED ele-
ments 8 positiocned at the apexes of a square. Moreover, the
two ends 9le of light guide 9e are positioned respectively
above the other two LED elements 8. The rest of the structure
is identical to that described for Embodiment 1, and its de-

scription will be omitted.

(0044)

By having U-shaped light guides 9d, 9e of different heights
made to cross over in a cross shape, diffusion unit 10d of
light guide 9d and diffusion unit 10e of light guide 9e are
made to cross over in a cross shape. By this means diffusion
units 10 (10d, 10e) have a form which extends further to the
periphery.

(0045)

With the embodiment, two U-shaped light guides 9 of different
heights are combined, but as the light guides are not formed
into the shape of an intersecting cross, the processing and

manufacture of light guides 9 are simple.

(0046)



10

15

20

25

30

35

WO 2013/017403 PCT/EP2012/063965

13

As shown in Fig. 3 (d), three U-shaped light guides 9d, O9e,
9f of different heights may be used in such a way that the
three light guides 9 (9d, 9%9e, 9f) do not intersect.

(0047)

With the lighting device of Embodiment 3, the U-shaped light
guides 9 are characterized in that the heights of the respec-
tive light guides 9 are different, and that they do not in-

tersect with one another at a crossover point 11.

(0048)

With the lighting device of Embodiment 3, since light guides
9 which crocss over each other have heights that differ from
one another, and as they do not intersect at crossover point
11, U-shaped light guide 9 does not need to have a complex

shape, thus reducing processing costs.

(0049)

Embodiment 4

(4) Fourth Embodiment (Fig. 4):

The two lower end surfaces 912 of spiral-shaped light guide
96 are positioned so as to be mounted over two LED elements
8. Spiral-shaped light guide 96 comprises vertical sections
910 of the spiral (parts which rise up along the x-axis) and
a swirl section 9811 of the spiral (a part which winds in a
spiral shape along the x-axis). Except for vertical sections
910 of the spiral, with spiral-shaped light guide 96 a light-
diffusing agent is added to swirl section 911 of the spiral.
Apart from this it is identical to Embodiment 1, and its de-

scription will be omitted.

(0050)
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The interior of translucent globe 1 is coated with reflec-
tive/diffusing titanium oxide, forming light reflect-

ing/diffusing film 2.

(0051)

Lighting device 102 of Embodiment 4 comprises a board (LED
board 3) on which a light source (LED element 8) is mounted,
and a lighting circuit board which powers the light source,
and in lighting device 102 in which spiral-shaped light guide
96 is positioned over this lighting source, the lighting
source 1ig characterized in being mounted on the bottom sur-
face of the two bases of light guide 96 (lower end surfaces
g912).

(0052)

With lighting device 102 of Embodiment 4, light from the
light source mounted on the bottom surface (lower end sur-
faces 912) of the two bases of light guide 96 is led by spi-
ral light guide 96 near to the center of lighting device 102,
enabling a broader light distribution due to diffusion over a
wider area including the horizontal and vertical directions

of the board surface (light-emitting surface 31).

(0053)

Moreover, lighting device 102 of Embodiment 4 is character-
ized in that all or part of the surface of the pipe in spiral
light guide 96 is processed to diffuse light, or has light-
diffusing material added.

(0054)
As with lighting device 102 of Embodiment 4, all or part of

the surface of the pipe in spiral light guide 96 is processed

to diffuse light (frosted) or has light-diffusing material
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added, a greater diffusion effect is obtained, and light dis-

tribution can be expanded over an even greater range.

(0055)

Embodiment 5

(5) Fifth Embodiment (Fig. 5, Fig. 6):

With lighting device 103 of the embodiment, 12 LED elements 8
are positioned in a circle on light-emitting surface 31 of
LED board 3 (see Fig. ©). Hemispherical-shaped hemispherical
light guide 920 is mounted above the 12 LED elements 8 posi-
tioned in a circle. The inside of hemispherical light guide
90 is hollowed out, and L2 of hemispherical light guide 20
(see Fig. 6) may be of any thickness as long as it is greater
than the width L1 of LED element 8 (see Fig. 6).

(0056)

A resin to which a light diffusing agent has been added is
used for hemispherical light guide 90. Apart from this, the
structure is identical to that of Embodiment 1. As shown in
Fig. 5, Fig. 6, lower end surfaces 913 of hemispherical light
guide S0 form a circular shape of width L2. Lower end sur-
faces 913 of hemispherical light guide 90 are attached so as
to cover the 12 LED elements 8 positioned in a circle. The
method of attachment for hemispherical light guide 90 is

identical to the method described for Embodiment 1.

(0057)

Light emitted from the 12 LED elements 8 1s guided over the
entire hemispherical light guide 90 from the lower end sur-
faces 913 of hemispherical light guide 90. The thickness L2
(width) of lower end surfaces 913 is larger than the width L1
of LED element 8, and so the LED elements 8 are entirely cov-

ered by lower end surface 913, and the light emitted from LED
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elements 8 can be guided without leakage into hemispherical
light guide 90.

(0058)

With this embodiment, hemispherical light guide 90 is formed
so as to cover 12 LED elements 8, but the light guide need
not be a hemispherical shape. Light guide 9 may for example
be in the shape of a dome, a bell, an egg-plant, a gourd, a

hill, a lump, a semioval, a light bulb or the like.

(0059)

Lighting device 103 of the embodiment provided with a board
(LED board 3) on which a light source (LED element 8) is
mounted, and a lighting circuit board which powers the light
source, and translucent globe 1 which covers the light-
emitting surface 31 of the light source, is characterized in
that the hemispherical light guide (hemispherical light guide
90) is positioned above the board provided on the horizontal
surface of the lighting device 103 where translucent globe 1
and lighting device main body 5 join together, the light
source being mounted on the circular bottom surface (lower
end surface 913) of the periphery of hemispherical light
guide 90.

(0060)

With lighting device 103 of the embodiment, the positioning
of a hemispherical light guide (hemispherical light guide 90)
with the light source mounted on the circular bottom surface
of the periphery of the light guide (hemispherical light
guide 20) allows the entire hemispherical light guide (hemi-
spherical light guide 90) to emit light, enabling light to be
distributed in the vertical direction and over the entire pe-

ripheral area of translucent globe 1.

(0061)
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Embodiment 6

(6) Sixth Embodiment (Fig. 7, Fig. 8, Fig. 11):

With lighting device 104 in this embodiment, as shown in Fig.
7, Fig. 8 the hemispherical globe light guide 900 is mounted
above 12 LED elements 8 positioned in a circle around LED
board 3. Hemispherical globe light guide 900 also functions
as translucent globe 1. L3 between inner surface 902 of hemi-
spherical globe light guide 900 and outer surface 901 may be
of any thickness as long as it is greater than the width L4

cf LED elements 8 (see Fig. 8).

(0062)

The thickness (width) L3 of lower surface 921 (lower end sur-
face) of globe light guide 900 is circular in form. 12 cut-
away sections (12 concavities 903) are provided facing the
inside of glcbe light guide 900 at lower end surface 921 of
glocbe light guide 900, into which LED elements 8 fit. As the
thickness (width) L3 of lower end surface 921 is greater than
the width L4 of LED elements 8, LED elements 8 are completely
covered by lower end surface 921, and the light emitted from
LED elements 8 can be transmitted without leakage into globe
light guide 900.

(0063)

Resin to which a light diffusing agent has been added is used
for globe light guide 900. Apart from this the structure is
identical to that of Embodiment 1.

(0064)

Light from LED elements 8 forms the light paths shown in Fig.
11 due to light guide 9, realizing light distribution over



10

15

20

25

30

35

WO 2013/017403 PCT/EP2012/063965

18

more than 180°, and also enabling a greater distribution of

light in the z direction.

(0065)

Lighting device 104 of the embodiment is characterized in
that the hemispherical light guide (globe light guide 900)

also functions as translucent globe 1.

(0066)

With lighting device 104 of the embodiment, as the hemi-
spherical light guide (globe light guide 900) also functions
as translucent globe 1, the structure is simple and light
distribution is enabled in the vertical direction and over
the entire region of the periphery of the hemispherical light
guide (globe light guide 900) over a broad area.

(0067)

With lighting device 104 of the embodiment, the hemispherical
light guide (gloke light guide 900) is characterized in that
its internal surface 902 or external surface 901 is processed
so as to diffuse light, or has material added which diffuses
light.

(0068)

With lighting device 104 of the embodiment, the hemispherical
light guide (globe light guide 900) has its internal surface
902 or external surface 901 processed to diffuse light, or
has material added which diffuses light, so the light diffu-
sion effect is increased and it is possible to have light

distributed over an even greater range.

(0069)
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Embodiments 1-6 have been described above, but these may be
realized by combining twc or more of these embodiments. Al-
ternatively one of these embodiments may be partially real-
ized. Alternatively an embodiment may be also realized by

combining parts of two or more of these embodiments.
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(Key to Diagrams)
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translucent globe,

light reflecting/diffusing film,

LED board,
LED element,
main body of lighting device,
outer surround,
fitting,
light guide,
diffusion unit,
crossover point,
light-emitting surface,
main plane plate,
hemispherical light guide,
end surface,
light guide,
a light guide,
light guide,

0, 101, 102, 103, 104 lighting device,

0 globe light guide,

1 external surface,

2 internal surface,

3 concavity,

0 vertical section of spiral,
1 whirl section of spiral,

2 lower end surface,

3 lower surface,

1 lower end surface,

1 end surface.
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Patent claims

(Claim 1)

A lighting device characterized in being provided with a
board mounted with a light source, a lighting circuit board
which powers the light source, and having a plurality of U-
shaped light guides positioned above the light source, the
light source being mounted on the lower surface of two bases
of the light guide, the plurality of U-shaped light guides

crossing over each other.

(Claim 2)

The lighting device as claimed in claim 1, in which the U-
shaped light guides which cross over each other are charac-
terized in intersecting with one another at a crossover

point.

(Claim 3)

The lighting device as claimed in claim 1, in which the U-
shaped light guides which cross over each other are charac-
terized in that the heights of each light guide are differ-

ent, and do not intersect at a crossover point.

(Claim 4)

The lighting device as claimed in any of claims 1-3, in which
the U-shaped light guides are characterized in that the hori-
zontal section is processed to diffuse light, or has material
added which diffuses light.

(Claim 5)
A lighting device characterized in being provided with a

board mounted with a light source, and a lighting circuit

board which powers the light source, and in having a spiral-
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shaped light guide positioned above the light source, the
light source being mounted on the lower surface of the two

bases of the light guide.

(Claim 6)

The lighting device as claimed in claim 5, characterized in
that the spiral light guide is such that part or all of the
surface of the pipe is processed to diffuse light, or has ma-
terial added which diffuses light.

(Claim 7)

The lighting device as claimed in any of claims 1-6, charac-

terized in that the lighting device is further provided with

a translucent globe which covers the light source.

(Claim 8)

The lighting device as claimed in any of claims 1-7, charac-

terized in that the light source is a light-emitting diode.
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