
Printed by Jouve, 75001 PARIS (FR)

Europäisches Patentamt

European Patent Office

Office européen des brevets

(19)

E
P

1 
19

3 
77

2
A

2
*EP001193772A2*
(11) EP 1 193 772 A2

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
03.04.2002 Bulletin 2002/14

(21) Application number: 01307756.5

(22) Date of filing: 12.09.2001

(51) Int Cl.7: H01L 33/00

(84) Designated Contracting States:
AT BE CH CY DE DK ES FI FR GB GR IE IT LI LU
MC NL PT SE TR
Designated Extension States:
AL LT LV MK RO SI

(30) Priority: 29.09.2000 JP 2000298579

(71) Applicant: Citizen Electronics Co., Ltd.
Fujiyoshida-shi, Yamanashi-ken (JP)

(72) Inventors:
• Fukasawa, Koichi

Fujiyosida-shi, Yamanashi (JP)
• Ishii, Hirohiko

Fujiyosida-shi, Yamanashi (JP)

(74) Representative: Bubb, Antony John Allen et al
Wilson Gunn Gee,
Chancery House,
Chancery Lane
London WC2A 1QU (GB)

(54) Light emitting diode with wavelength conversion and absorbing material

(57) A light emitting diode is disclosed which is small
and inexpensive and can emit a variety of intermediate
colors of light with a single light emitting element chip
and whose current consumption is small. This invention
provides a light emitting diode which comprises: a sub-
strate; electrodes formed on the substrate; a light emit-
ting element chip connected to the electrodes and

mounted on an upper surface of the substrate; a resin
material sealing an upper surface side of the light emit-
ting element chip; and fluorescent particles and coloring
particles scatteringly distributed in the resin material.
The coloring particles absorb a part of wavelengths of
light from the light emitting element chip and a part of
wavelengths of light that have been changed by the flu-
orescent particles.
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Description

Field of the invention

[0001] The present invention relates to an improve-
ment in a light emitting diode and more specifically to a
light emitting diode which converts a natural color of light
from a light emitting element chip into a soft, intermedi-
ate pastel color.

Description of the Prior Art

[0002] A conventional practice to produce an interme-
diate color of light involves simultaneously causing two
or more light emitting element chips to emit different
colors of light and mixing them. An example light emit-
ting diode of this kind is a surface mount type light emit-
ting diode 1 which has two light emitting element chips
3, 4 that produce two different colors of light, as shown
in Fig. 1. This light emitting diode 1 has a glass epoxy
substrate 2 forming a base, two light emitting element
chips 3, 4 mounted on the substrate to emit different
colors of light, and a resin sealing member 5 covering
the light emitting element chips 3, 4 from above. On the
upper surface of the glass epoxy substrate 2 are provid-
ed cathode electrodes 6a, 6b for securely holding the
two light emitting element chips 3, 4 and anode elec-
trodes 8a, 8b connected to the light emitting element
chips 3, 4 through bonding wires 7.
[0003] In the light emitting diode 1, when the two light
emitting element chips 3, 4 are made from a blue color
chip and a red color chip, respectively, violet light can
be produced by causing the two chips to emit light si-
multaneously and mixing the different colors of emitted
light.
[0004] A light emitting diode 10 is also known which
has three light emitting element chips mounted thereon
and mixes multiple colors to produce a desired color of
light, as shown in Fig. 2. This light emitting diode 10
comprises three light emitting element chips 12, 13, 14
mounted on a base 11 that emit light in red, blue and
green, respectively, electrode terminals 15, 16, 17 con-
nected to the light emitting element chips 12, 13, 14,
respectively, and a bullet-shaped resin sealing member
18 covering the light emitting element chips 12, 13, 14
from above. The light emitting diode 10 of this construc-
tion can produce light of almost any color by combining
the three light emitting element chips 12, 13, 14 that emit
light in red, blue and green (see Masakazu Matsumoto,
"Electronic Display," from Ohmsha Co., Ltd., p213, Figs.
6 & 20, July 7, 1995).
[0005] In either of the light emitting diodes 1, 10 de-
scribed above, to produce an intermediate color of light
requires two or more light emitting element chips that
emit different colors of light. This necessarily increases
the size of the package of the light emitting diode and
requires a control circuit to individually control the
mounted light emitting element chips, thus complicating

the control method. Depending on the kinds of light emit-
ting element chips combined, an optimum balance in
brightness among different colors may not be able to be
established. For example, if one of the light emitting el-
ement chips to be used in combination has a low bright-
ness, an adjustment must be made to match other light
emitting element chips to the low-brightness chip, giving
rise to a problem that performances of high-luminance
light emitting element chips cannot be fully exploited.
[0006] The light emitting diodes 1, 10 described
above also have a problem of a large current consump-
tion resulting from the need to make a plurality of light
emitting element chips produce light simultaneously.

SUMMARY OF THE INVENTION

[0007] An object of the present invention is to provide
a light emitting diode capable of producing a variety of
intermediate colors of light with a single light emitting
element chip.
[0008] Another object of the present invention is to
provide a small, inexpensive light emitting diode.
[0009] Still another object of the present invention is
to provide a light emitting diode which consumes a small
amount of current in the light emitting element chip and
which has no need to control the current.
[0010] According to one aspect, the present invention
provides a light emitting diode which comprises: a sub-
strate; a light emitting element chip mounted on the sub-
strate; a wavelength conversion material to receive light
from the light emitting element chip and change wave-
lengths of the received light; and a wavelength absorb-
ing material to receive the light from the light emitting
element chip and the wavelength conversion material
and absorb a part of the wavelengths of the received
light.
[0011] The substrate is formed with electrodes, which
are connected to the light emitting element chip.
[0012] The wavelength conversion material is made
from, for example, fluorescent particles and the wave-
length absorbing material is made from, for example,
coloring particles.
[0013] It is preferred that the wavelength conversion
material and the wavelength absorbing material be dis-
persed in a scatteringly distributed condition in a cover
member enclosing the light emitting element chip.
[0014] The cover member may be made from a light
transmitting resin material.
[0015] Because the resin material is mixed with the
fluorescent particles for producing light with a wider
range of wavelength and with coloring particles for ab-
sorbing a desired wavelength range, it is possible to pro-
duce a soft, intermediate, pastel color of light based only
on the color of light emitted by a single light emitting el-
ement chip.
[0016] According to another aspect of the present in-
vention, the fluorescent particles are made from yttrium
aluminum garnet (YAG).
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[0017] Because this invention uses yttrium aluminum
garnet (YAG) for the fluorescent particles, a wide range
of wavelengths, 400 nm to 700 nm, can be produced
stably and efficiently by exciting the fluorescent parti-
cles.
[0018] According to still another aspect of the present
invention, the coloring particles are made from a dye
which absorbs a part of wavelengths of light from the
light emitting element chip and a part of wavelengths of
light that were changed by the fluorescent particles.
[0019] Because this invention uses a dye for the color-
ing particles, it is possible to produce a soft, intermedi-
ate, pastel color of light with low cost.
[0020] According to a further aspect of the present in-
vention, the light emitting element chip is a blue light
emitting diode element formed of a gallium nitride com-
pound semiconductor.
[0021] These and other features and advantages of
the present invention will be described in more detail by
referring to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022]

Fig. 1 is a perspective view showing an example of
a conventional surface mount type multicolor light
emitting diode.
Fig. 2 is a perspective view showing an example of
a conventional lead frame type multicolor light emit-
ting diode.
Fig. 3 is a perspective view showing a light emitting
diode as a first embodiment of the present inven-
tion.
Fig. 4 is a cross-sectional view of the light emitting
diode of the first embodiment taken along the line
A-A of Fig. 3 when the light emitting diode is mount-
ed on a mother board.
Fig. 5 is an explanatory diagram showing how light
emitted from the light emitting element chip in the
light emitting diode is changed in wavelength.
Fig. 6 is a CIE chromaticity diagram showing a re-
sult of chromaticity measurements using the light
emitting diode of the present invention.
Fig. 7 is an explanatory diagram showing how light
emitted from a light emitting element chip in a light
emitting diode of a second embodiment is changed
in wavelength.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0023] Now, embodiments of a light emitting diode ac-
cording to the present invention will be described in de-
tail by referring to the accompanying drawings. Fig. 3 to
Fig. 5 represent the first embodiment of the invention
which is implemented as a surface mount type light emit-
ting diode. A surface mount type light emitting diode 31

of this embodiment has a rectangular substrate 32, a
pair of electrodes (a cathode electrode 33 and an anode
electrode 34) patterned on the substrate 32, and a light
emitting element chip 41 arranged almost at a center on
the upper surface of the substrate 32. The light emitting
diode 31 is surface-mounted on a mother board 37 by
having its electrodes 33, 34 soldered at 40 on the un-
derside to printed wires 38, 39 (see Fig. 4).
[0024] The light emitting element chip 41 is secured
to the substrate 32 by a bonding agent 51 applied to the
underside thereof. The light emitting element chip 41 is
a blue light emitting element made of a gallium nitride
compound semiconductor which is grown by diffusing
an n-type semiconductor 44 and a p-type semiconduc-
tor 45 over the upper surface of an element substrate
43 of sapphire glass, as shown in Fig. 5. The n-type
semiconductor 44 and the p-type semiconductor 45
have an n-type electrode 46 and a p-type electrode 47,
respectively, which are connected through bonding
wires 48, 49 to the cathode electrode 33 and the anode
electrode 34, respectively, provided on the substrate 32.
Supplying a predetermined amount of current causes
the light emitting element chip 41 to emit light in blue.
[0025] This invention is characterized by a wave-
length conversion material which, upon receiving light
from the light emitting element chip 41, changes the
wavelength of the received light and also by a wave-
length absorbing material which, upon receiving light
from the light emitting element chip and the wavelength
conversion material, absorbs a part of the wavelengths
of the received light. To describe in more detail, in this
embodiment the wavelength conversion material is
made from fluorescent particles 52 and the wavelength
absorbing material is made from coloring particles 53.
[0026] The fluorescent particles 52 and the coloring
particles 53 are preferably scattered in a cover member,
for example, a light transmitting resin material 55, which
encloses the light emitting element chip 41 and seals
and protects the substrate 32. More specifically, the res-
in material 55 is a transparent base material of silicone
resin which is mixed with appropriate amounts of yttrium
aluminum garnet (abbreviated YAG), the material for the
fluorescent particles 52, and of dye, the material for the
coloring particles 53. The added materials are uniformly
scattered. The resin material 55 containing the fluores-
cent particles 52 and the coloring particles 53 is formed
in a rectangular parallelepiped shape over the upper
surface of the substrate 32 except for through-hole por-
tions 35 in the cathode electrode 33 and anode elec-
trode 34.
[0027] The dye used as the coloring particles 53 is
made as follows. Appropriate amounts of, for example,
four compounds -- phthalocyanine compound, an-
thraquinone compound, azo compound and quinoph-
thalone compound -- are mixed to generate six colors
in advance, i.e., blue, green, yellow, orange, red and vi-
olet. In this case, a blue is produced from the phthalo-
cyanine compound, and a green is produced by mixing
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the phthalocyanine compound and the anthraquinone
compound. A yellow is made from the quinophthalone
compound, and an orange and a red are produced by
mixing the anthraquinone compound and the azo com-
pound. A violet is made either by using the anthraqui-
none compound or by mixing the phthalocyanine com-
pound, anthraquinone compound and azo compound.
In this embodiment, these six colors produced in this
manner in advance are further mixed to generate a de-
sired chromaticity. The coloring particles 53 are not lim-
ited to the above-described dye but a pigment may also
be used.
[0028] In the light emitting diode 31 of this embodi-
ment, when a current flows through the light emitting el-
ement chip 41, blue light is produced at a boundary
plane between the n-type semiconductor 44 and the p-
type semiconductor 45. The blue light is emitted as blue
rays of light 56 in various directions, upward, sideways
and downward. The blue rays 56 emitted upward in par-
ticular excite the fluorescent particles 52 scattered in the
resin material 55 to produce wavelength-changed yel-
low rays 57 with a wider range of wavelength which in
turn propagate through the resin material 55 in all direc-
tions. At the same time, when the yellow rays 57 and
the blue rays 56 pass through the coloring particles 53
distributed in the resin material 55, the coloring particles
53 absorb a part of the wavelengths of the yellow rays
57 and blue rays 56, thus producing a variety of inter-
mediate colors of rays 58. Any intermediate color of rays
58 can be formed by appropriately selecting the kind and
amount of a dye, the material for the coloring particles
53 scatteringly distributed in the resin material 55. The
brightness of an intermediate color can be adjusted by
controlling the current flowing through the light emitting
element chip 41.
[0029] Fig. 6 is a CIE chromaticity diagram showing
a result of chromaticity measurement when various in-
termediate colors of rays 58 are produced by the light
emitting diode 31. The diagram has found that although
the color of light produced varies depending on the kind
of the coloring particles 53 used, many rays are ob-
served in an intermediate color range and few rays light
up in those areas on or around the lines connecting the
red LED, blue LED and green LED which are close to
primary colors.
[0030] Fig. 7 shows a light emitting diode according
to the second embodiment of the invention. In this em-
bodiment, the bonding agent 51 that bonds the light
emitting element chip 41 to the substrate 32 is also
mixed with the fluorescent particles 52 to form a fluores-
cent bonding layer 60 so that the rays of light propagat-
ing downward from the light emitting element chip 41
can also be changed in wavelength, thereby producing
a brighter intermediate color of light. Since other consti-
tutional elements are similar to those of the first embod-
iment shown in Figs. 3 to 5, their detailed explanations
are omitted. In this embodiment, because the fluores-
cent particles 52 are mixed in the bonding agent 51, the

blue rays 56 propagating downward from the light emit-
ting element chip 41 excite the fluorescent particles 52
distributed in the fluorescent bonding layer 60 and at the
same time the blue rays 56 propagating upward from
the light emitting element chip 41 excite the fluorescent
particles 52 mixed in the resin material 55, thus produc-
ing brighter yellow rays 57. Further, because the amount
of rays of an intermediate color 58 produced by the emit-
ted light passing through the coloring particles 53 in-
creases, the brightness of the intermediate color also
increases.
[0031] Next, the features of light emission in the light
emitting diode 61 of the second embodiment will be ex-
plained by referring to Fig. 7. When a current flows
through the light emitting element chip 41, blue light is
produced at the boundary plane between the n-type
semiconductor 44 and the p-type semiconductor 45.
The blue light is emitted as blue rays of light 56 in various
directions, upward, sideways and downward. The blue
rays 56 emitted downward in particular excite the fluo-
rescent particles 52 scatteringly distributed in the fluo-
rescent bonding layer 60 to produce wavelength-
changed yellow rays 57 which in turn propagate in all
directions. Then, the yellow rays 57 and the blue rays
56 are absorbed by the coloring particles 53 distributed
in the resin material 55, thus producing a desired inter-
mediate color of light 58. As with the first embodiment,
a desired intermediate color of light 58 can be obtained
by selecting an appropriate kind and amount of a dye,
the material for the coloring particles 53 contained in the
resin material 55. Controlling the current applied to the
light emitting element chip 41 can adjust the brightness
of the light produced.
[0032] In either of the embodiments above, we have
explained about a chip type light emitting diode directly
surface-mounted on the printed wires 38, 39 provided
on the upper surface of the mother board 37 as shown
in Fig. 4. It should be noted that the light emitting diode
according to this invention can also be applied to a lead
frame type light emitting diode. That is, a desired inter-
mediate color of light can be produced by rigidly mount-
ing a blue light emitting element chip of gallium nitride
compound semiconductor on a base and scatteringly
distributing appropriate amounts of the fluorescent par-
ticles 52 and the coloring particles 53 in a bullet-shaped
resin sealing member.
[0033] While, in the embodiments above, we have de-
scribed the case where the light emitting element chip
and the electrodes are connected by wire bonding, the
present invention is not limited to this method of con-
nection but also includes other connection methods
such as flip-chip mounting using solder bumps.
[0034] As described above, by scatteringly distribut-
ing the fluorescent particles and coloring particles in the
resin material that seals the light emitting element chip,
the present invention can provide a light emitting diode
that can emit an intermediate color of light with a single
light emitting element chip. Further, by adjusting a vol-
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ume ratio between the fluorescent particles and the
coloring particles scatteringly distributed in the resin ma-
terial, the range of wavelength to be absorbed and the
amount of wavelength absorption can be changed, thus
producing a variety of intermediate colors of light.
[0035] Further, because there is no need to incorpo-
rate two or more light emitting element chips with differ-
ent colors of emitted light, as required by the conven-
tional technology, the size of the light emitting diode can
be reduced.
[0036] Further, because the color of light emitted by
the light emitting diode can be selected by the fluores-
cent particles and coloring particles mixed in the resin
material, there is no need to control the current applied
to the light emitting element chip, as is required by the
conventional light emitting diode.
[0037] The light emitting diode according to the
present invention is advantageously used as a chip type
light emitting diode for emitting an intermediate color of
light and also has a structure suited for mass production.
[0038] It should be appreciated that the present inven-
tion is not limited to the embodiments described above
and that various changes and modifications may be
made without departing from the scope of this invention.

Claims

1. A light emitting diode comprising:

a substrate;
a light emitting element chip mounted on said
substrate;
a wavelength conversion material to receive
light from said light emitting element chip and
change wavelengths of the received light; and
a wavelength absorbing material to receive the
light from said light emitting element chip and
said wavelength conversion material and ab-
sorb a part of the wavelengths of the received
light.

2. A light emitting diode according to claim 1, wherein
said wavelength conversion material is fluorescent
particles and said wavelength absorbing material is
coloring particles.

3. A light emitting diode according to claim 1, wherein
said wavelength conversion material and said
wavelength absorbing material are scatteringly dis-
tributed in a cover member enclosing said light emit-
ting element chip.

4. A light emitting diode according to claim 3, wherein
said cover member is made from a light transmitting
resin material.

5. A light emitting diode comprising:

a substrate;
electrodes formed on said substrate;
a light emitting element chip connected to said
electrodes and mounted on an upper surface
of said substrate;
a resin material for sealing an upper surface
side of said light emitting element chip; and
fluorescent particles and coloring particles con-
tained in said resin material.

6. A light emitting diode according to claim 5, wherein
said fluorescent particles are made from yttrium alu-
minum garnet (YAG).

7. A light emitting diode according to claim 5, wherein
said coloring particles are made from a dye which
absorbs a part of wavelengths of light from said light
emitting element chip and a part of wavelengths of
light that have been changed by said fluorescent
particles.

8. A light emitting diode according to claim 5, wherein
said light emitting element chip is a blue light emit-
ting diode element made from a gallium nitride com-
pound semiconductor.
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