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SEMICONDUCTOR LIGHT EMITTING
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This nonprovisional application is based on and claims
priority to Japanese Patent Application No. 2005-132334
filed with the Japan Patent Office on Apr. 28, 2005, the entire
contents of which are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a semiconductor light
emitting device using a light emitting element such as a light
emitting diode (LED).

2. Description of the Background Art

A semiconductor light emitting device of this kind is dis-
closed for example in Japanese Patent Laying-Open No.
2000-269551.

This conventional device typically has a structure of a
surface mounted LED as shown in FIG. 12. In this conven-
tional structure, a resin b to fix a lead frame a is formed by
insert molding or the like. On lead frame a, an LED chip c is
electrically and mechanically connected by means of an Ag
paste fand a gold wire d. The circumference of LED chip c is
protected and sealed with an epoxy resin e.

In this conventional semiconductor light emitting device,
lead frame a is formed to have a designated pattern shape,
plated with Ag, and then insert molded into resin b. On lead
frame a, LED chip c is electrically and mechanically con-
nected by means of Ag paste f and gold wire d. Then, LED
chip c is sealed with epoxy resin e or a silicon resin. After an
unnecessary lead portion is cut, lead frame a is bent into a U
shape, and thus a terminal portion for joining with a mounting
board is formed.

Examples of such a semiconductor light emitting device
include a device having one or a plurality of LEDs emitting
light in a single color such as red, blue, or yellow, or emitting
white light generated by exciting a blue LED with a fluores-
cent substance (for example, a device having two red LEDs);
and a device of RGB (red, green, and blue) light emitting type
in which three LEDs emitting light in each of three primary
colors (ared LED, a green LED, and a blue LED) are mounted
into one product (for example, see Japanese Patent Laying-
Open No. 08-153895).

Of'the conventional devices as shown in FIG. 12, the device
having a plurality of LEDs of white light emitting type each
formed by exciting a fluorescent substance with blue LEDs,
and the device of so-called RGB light emitting type having
three LEDs emitting light in each of three primary colors (a
red LED, a green LED, and a blue LED) are often mounted
mainly in a light source for a supplementary light of a CCD
(charge-coupled device), or in a light source for backlighting
liquid crystal. Since each of these conventional devices has
advantages and disadvantages as described below, it has been
difficult to produce an LED having high brightness and excel-
lent color rendering properties.

(1) The device having LEDs of white light emitting type each
formed by exciting a fluorescent substance with blue LEDs:

The device of this type features good light emission and
conversion efficiency, and it can obtain high brightness easier
than the device of RGB light emitting type which generates
white light by combining the three primary colors (red, green,
and blue). At the same time, since the device of this type
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generates white light in a pseudo manner in combination with
a yellowish green component generated by exciting a fluo-
rescent substance with blue LEDs, it contains almost no red
component. As a result, the device having LEDs of white light
emitting type has poor color rendering properties, and in
particular it cannot provide bright red color.

Although some fluorescent substances allow the device of
this type to have a red component, using such a fluorescent
substance to achieve the above effect involves poor efficiency.
Accordingly, further improvement is required for practical
use. Furthermore, since the device having LEDs of white light
emitting type cannot display individual colors such as blue,
green, and the like, its application is limited.

(2) The device of RGB light emitting type having LEDs
emitting light in each of the three primary colors (a red LED,
a green LED, and a blue LED):

Since the device of this type contains three primary color
components, it has excellent color rendering properties.
Thereby, it can in particular provide bright red color when
used for shooting with a CCD, backlighting liquid crystal, or
the like. Further, since the device of this type has a red LED,
a green LED, and a blue LED individually, color balance can
be adjusted. As a result, the device of this type can reproduce
individual colors and generate various colors, and thus it is
also excellent as an illumination. However, when compared
with the device having LEDs of white light emitting type each
formed by exciting a blue LED with a fluorescent substance,
it is difficult for the device of this type to achieve brightness
due to a problem in individual light emission efficiency.

SUMMARY OF THE INVENTION

One object of the present invention is to provide a semi-
conductor light emitting device having high brightness and
excellent color rendering properties.

To achieve the foregoing object, the semiconductor light
emitting device of the present invention includes four ele-
ments provided on a substrate and having different light emit-
ting colors of red, green, blue, and white, respectively; a resin
covering each of the elements; and a reflector provided to
surround a circumference of the resin.

According to the present invention, a semiconductor light
emitting device having high brightness and excellent color
rendering properties can be provided.

The foregoing and other objects, features, aspects and
advantages of the present invention will become more appar-
ent from the following detailed description of the present
invention when taken in conjunction with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross sectional view of a semiconductor light
emitting device showing an embodiment of the present inven-
tion.

FIG. 2 is a plan view of the semiconductor light emitting
device shown in FIG. 1.

FIG. 3 is a cross sectional view of a semiconductor light
emitting device showing another embodiment of the present
invention.

FIG. 4 is a plan view of the semiconductor light emitting
device shown in FIG. 3.

FIG. 5 is a cross sectional view of a semiconductor light
emitting device showing still another embodiment of the
present invention.
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FIG. 6 is a plan view of the semiconductor light emitting
device shown in FIG. 5.

FIG. 7 is a cross sectional view of a semiconductor light
emitting device showing still another embodiment of the
present invention.

FIG. 8 is a plan view of the semiconductor light emitting
device shown in FIG. 7.

FIG. 9 is a plan view of a semiconductor light emitting
device showing still another embodiment of the present
invention.

FIG. 10 is a cross sectional view of a semiconductor light
emitting device showing still another embodiment of the
present invention.

FIG. 11 is a cross sectional view of a semiconductor light
emitting device showing still another embodiment of the
present invention.

FIG. 12 is a cross sectional view showing a semiconductor
light emitting device employing a conventional technique.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring to the drawings, embodiments of the present
invention will be described.

FIGS. 1 and 2 are a cross sectional view and a plan view,
respectively, of a surface mounted LED showing an embodi-
ment of a semiconductor light emitting device of the present
invention.

The semiconductor light emitting device has a substrate 1
with a terminal (not shown) formed thereon for electrically
connecting substrate 1 with an external interconnection. On
substrate 1 are provided elements 2 emitting light in four
different colors. The four different colors include red, green,
blue, and white. Element 2 is formed of a light emitting diode
element (hereinafter, element 2 will also be referred to as an
“LED chip”).

On the surface of substrate 1 is formed pattern intercon-
nection electrically connecting an electrode of each element 2
with the terminal (not shown), and LED chip 2 is mounted
thereon. Specifically, LED chip 2 is electrically and mechani-
cally connected with substrate 1 by means of an Ag paste 5
and a gold wire 6.

In FIG. 2, a white light emitting portion is indicated by 1, a
blue light emitting portion is indicated by j, a red light emit-
ting portion is indicated by k, and a green light emitting
portion is indicated by 1 (these reference characters 1, j, k, and
1 indicate like elements throughout the drawings described
below).

Each element 2 is covered with a resin. The light emitting
portions other than white light emitting portion i are sealed
with a transparent or opalescent epoxy or silicon resin 7. In
white light emitting portion i, blue or ultraviolet LED 2 is
mounted and sealed with an epoxy or silicon resin 8 contain-
ing a fluorescent substance.

Although resins 7 and 8 basically have a substantially flat
surface, they can also have a surface in the shape of a convex
lens, a concave lens, or the like.

Further, particularly when gold wire 6 is formed as an
inverse wire, epoxy or silicon resin 8 containing a fluorescent
substance can have a reduced height, and the amount of the
resin used and the amount of the fluorescent substance con-
tained can be reduced and optimized, obtaining efficient
white light emission. It is to be noted that an inverse wire
refers to an interconnection structure between a substrate and
an electrode on the surface side of a light emitting element, as
shown in FIG. 1 of Japanese Patent Laying-Open No. 2000-
049384. Specifically, unlike the embodiment of the present
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invention shown in FIG. 1, in the technique of forming an
inverse wire, a gold ball is formed on a substrate, ball bonding
is performed between the gold ball and a gold wire, and
wedge bonding is performed between the gold wire and a
surface side electrode of a light emitting element.

Furthermore, when an LED element using AuSn or Sn as a
material constituting a backside electrode is used as LED chip
2, it is also possible to join LED chip 2 with a substrate pattern
portion without using Ag paste 5, by means of eutectic bond-
ing between a metal constituting the backside electrode and
metal plating of Au, Ag or the like formed on the substrate
pattern portion. Such junction is particularly effective when it
is desired to secure junction strength or to release heat gen-
erated from LED chip 2 efficiently to a lower surface.

A reflector 9 is provided to surround the circumferences of
resins 7 and 8. Reflector 9 has a reflecting surface 10 which is
subjected to metal plating or metal vapor deposition.

Reflector 9 is formed to surround each of the four elements
2. Specifically, reflector 9 is formed for each element emitting
light in each color, and reflecting surface 10 is formed at an
angle effective for each element. By providing reflector 9 for
each element, the distance between each of the four elements
2 and reflecting surface 10 can be set optimally, allowing light
to be emitted to the front efficiently. Further, a surface apart at
a predetermined distance can efficiently be irradiated with
light from each element, and color mixture can also be per-
formed with ease.

Although reflecting surface 10 may be formed of a white
resin having high reflectivity, higher reflectivity can be
obtained by means of metal plating or metal vapor deposition,
achieving higher brightness. In addition, when it is desired to
further improve color mixing property even at a position other
than the irradiated surface apart at the predetermined dis-
tance, it is also effective to lower a reflecting surface 10a
between the elements emitting light in the respective colors
than a circumferential reflecting surface 105.

FIGS. 3 and 4 show a semiconductor light emitting device
in another embodiment of the present invention. In the present
embodiment, reflector 9 is formed to surround elements 2
respectively emitting red, blue, and green light as one group,
and to surround element 2 emitting white light as another
group.

Although the device in the present embodiment has a basic
technical idea common to the device shown in FIGS. 1 and 2,
it differs from the device in the embodiment shown in FIGS.
1 and 2 in that reflector 9 separately surrounds white light
emitting element 2 as one group and RGB light emitting
elements 2 as another group.

Since RGB light emitting elements 2 are formed as a group
in the present embodiment, the distance from each RGB light
emitting element 2 to reflecting surface 10 differs with each
other. As a result, a light axis is slightly deviated when light is
emitted to the front, and efficiency in each of RGB light
emitting elements 2 is reduced. However, color mixing prop-
erty is significantly improved particularly when the LEDs are
seen directly or even at a position other than the irradiated
surface apart at the predetermined distance. Further, a smaller
sized product can be created more easily when compared with
the device in the embodiment shown in FIGS. 1 and 2.

The semiconductor light emitting device in the present
embodiment firstly causes white LED chip 2 to emit light to
obtain predetermined brightness, and adjusts the brightness
ofred, green, and blue LED chips 2 to obtain a predetermined
color tone. Thereby, the semiconductor light emitting device
can have high brightness and excellent color rendering prop-
erties.
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FIGS. 5 and 6 show a semiconductor light emitting device
in still another embodiment of the present invention. In the
present embodiment, reflector 9 is formed to surround all of
elements 2 respectively emitting red, green, blue, and white
light as one group.

The semiconductor light emitting device in the present
embodiment is an example of a surface mounted LED, and all
of'elements 2 respectively emitting red, green, blue, and white
light are surrounded by one reflecting surface 10.

Since this device has a characteristic that all elements 2 are
formed as one group, the distance from each element 2 to
reflecting surface 10 differs with each other. As aresult, alight
axis is slightly deviated when light is emitted to the front, and
efficiency in each element 2 is reduced. However, color mix-
ing property is significantly improved particularly when the
LEDs are seen directly or even at a position other than the
irradiated surface apart at the predetermined distance.

Unlike the device shown in FIG. 3, in the device of the
present embodiment shown in FIGS. 5 and 6, all elements 2
including the one emitting white light are formed as one
group. Accordingly, the device of the present embodiment has
an effect of obscuring uneven light emission (poor color
mixing property) from the red, green, and blue light emitting
portions when white light is emitted. In addition, with the
device of the present embodiment, further smaller sized prod-
uct can be created when compared with the device in the
embodiment shown in FIG. 3.

Although epoxy or silicon resin 8 containing a fluorescent
substance is further covered with epoxy or silicon resin 7 in
the present embodiment, it is also possible to employ a struc-
ture in which resin 8 is not covered with resin 7 and respective
elements 2 are individually covered with resins 7 or 8 inside
reflector 9.

FIGS. 7 and 8 show a semiconductor light emitting device
in another embodiment of the present invention, wherein
substrate 1 has a placement surface 11 on which elements 2
are placed and which has a two-stage structure. White light
emitting element 2 is placed on a stage different from a stage
on which RGB light emitting elements 2 are placed. In the
present embodiment, white light emitting element 2 is placed
on a lower stage, and RGB light emitting elements 2 are
placed on an upper stage.

For the device of the type in which all elements 2 are
formed as one group, it is desirable to employ a structure as
shown in FIG. 7.

Specifically, substrate 1 has a two-stage structure, and blue
or ultraviolet LED chip 2 is mounted on a lower stage and
sealed with epoxy or silicon resin 8 containing a fluorescent
substance. The remaining RGB light emitting elements 2 are
mounted on an upper stage of substrate 1.

With this structure, epoxy or silicon resin 8 containing a
fluorescent substance can easily provide sealing by means of
potting, and it can obtain a stable shape. Further, sealing
element 2 with transparent or opalescent epoxy or silicon
resin 7 can be performed easily.

Furthermore, since epoxy or silicon resin 8 containing a
fluorescent substance is hidden in the lower stage, it does not
cast a shadow when RGB light emission is performed.
Accordingly, light can be emitted efficiently.

It is also possible to place blue and green light emitting
elements on a stage different from a stage on which red and
white light emitting elements are placed.

FIG. 9 shows a semiconductor light emitting device in
another embodiment of the present invention, wherein white
light emitting element 2 is placed at the center of substrate 1
and red, blue, and green light emitting elements 2 are placed
to surround white light emitting element 2.
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In the present embodiment, if color mixing property is
further considered as important, it is desirable to place white
light emitting element 2 at the center and place red, blue, and
green light emitting elements 2 at positions of the apexes of a
substantially regular triangle.

It is to be noted that, when the present technique is
employed, it is effective to place red LED chip 2 also on the
lower stage.

While blue and green LED chips 2 have a height of about
100 pm, red LED chip 2 has a greater height of about 300 pum.
Accordingly, when these LED chips 2 are placed on the same
stage, red LED chip 2 may cast a shadow when blue light and
green light are emitted, resulting in a reduction in light emis-
sion efficiency. By placing red LED chip 2 also on the lower
stage, the above problem is solved and an efficient light emit-
ting device can be provided. Specifically, higher brightness
can be obtained by placing an LED chip with a greater height
on the lower stage to prevent it from blocking a path of light
emitted from an LED chip with a lower height.

Itis desirable that the lower stage has a height which is high
enough to seal element 2 in white light emitting portion i and
lower than the height of a light emitting layer of red LED chip
2. The present technique is also effective when green light is
excited with a fluorescent substance.

For the devices in all the embodiments described above, it
is of course possible to form substrate 1 as a two-stage struc-
ture and place all chips 2 on the lower stage, as shown in FIG.
10. Although the size of a product is slightly increased, seal-
ing with a resin can easily be performed and stabilized, sim-
plifying the manufacturing process.

Further, by forming substrate 1 as a three-stage structure,
placing a required combination of elements 2 on each of
lower and middle stages, and forming the third stage as a dam
for a sealing resin as shown in FIG. 11, sealing with the resin
can further be performed easily and stabilized, and the manu-
facturing process can further be simplified in the semicon-
ductor light emitting device in the embodiment shown in FIG.
7.

Although the present invention has been described and
illustrated in detail, it is clearly understood that the same is by
way of illustration and example only and is not to be taken by
way of limitation, the spirit and scope of the present invention
being limited only by the terms of the appended claims.

What is claimed is:

1. A semiconductor light emitting device, comprising:

a substrate;

a white light emitting portion comprising a light emitting
element provided on said substrate and emitting at least
one of a blue or ultraviolet light and a first resin com-
prising a fluorescent substance arranged to cover the
light emitting element;

three additional elements provided on said substrate and
emitting light in colors of red, green, and blue, respec-
tively;

a second resin covering each of said additional elements;
and

a reflector provided to surround a circumference of the
second resin,

wherein the white light emitting portion is placed on a
placement surface of the substrate at a lower stage than
the three additional elements or is shielded by the reflec-
tor, such that light from the element emitting blue light is
prevented from entering the white light emitting portion.

2. The semiconductor light emitting device according to

claim 1, wherein a reflecting surface of said reflector is sub-
jected to metal plating or metal vapor deposition.
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3. The semiconductor light emitting device according to
claim 1, wherein the reflector is formed to surround each of
said four elements.

4. The semiconductor light emitting device according to
claim 1, wherein said reflector is formed to surround said
elements respectively emitting red, blue, and green light as
one group, and surround said white light emitting portion as
another group.

5. The semiconductor light emitting device according to
claim 1, wherein said substrate includes the placement sur-
face on which said elements are placed, the placement surface
having a two-stage structure, and said white light emitting
portion is placed on a stage different from a stage on which
said elements respectively emitting red, blue, and green light
are placed.

6. The semiconductor light emitting device according to
claim 1, wherein said substrate includes the placement sur-
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face on which said elements are placed, the placement surface
having a two-stage structure, and said elements respectively
emitting blue and green light are placed on a stage different
from a stage on which said elements red light and said white
light emitting portion are placed.

7. The semiconductor light emitting device according to
claim 1, wherein said white light emitting portion is placed at
a center of said substrate, and said elements respectively
emitting red, blue, and green light are placed to surround the
white light emitting portion.

8. The semiconductor light emitting device according to
claim 7, wherein said elements respectively emitting red,
blue, and green light are placed at positions of apexes of a
substantially regular triangle.





