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7) ABSTRACT

A light emitting device that can provide enhanced heat
radiation as well as allowing light from a light emitting
diode (LED) chip to be efficiently extracted out of the
device. This light emitting device includes a metal plate (11)
that is made of aluminum. The metal plate (11) has a
projection (11a) projecting forward. The projection (11a)
has a front side provided with a housing recess (11b). An
LED chip (1) is mounted on the bottom of the housing recess
(11b) so that it is thermally coupled to the metal plate (11),
thus allowing heat to be radiated efficiently. A printed circuit
board (12), having a grass epoxy substrate to be joined to the
front surface of the metal plate (11), is provided with an
insertion hole (13) into which the projection (11la) is
inserted. The LED chip (1) and a bonding wire (W) are
encapsulated in a transparent resin seal portion (50). The
side wall of the housing recess (11b) that is part of the metal
plate (11) functions as a reflector for reflecting forward light
emitted from the LED chip (1). Thus, light from the LED
chip (1) can be extracted efficiently.
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LIGHT EMITTING DEVICE USING LED

TECHNICAL FIELD

[0001] The present invention relates to light emitting
devices using light emitting diode (LED) chips.

BACKGROUND ART

[0002] Alight emitting device using a light emitting diode
chip has been conventionally proposed that is shown in
FIGS. 18A and 18B. In the conventional device, the light
emitting diode chip (hereinafter, referred to as LED chip) 1
is mounted on a metal mounting board 20 that includes a
metal plate 21 made of a metal with a high thermal con-
ductivity, e.g. aluminum, an insulating layer 22 made of an
insulating resin material, e.g. glass epoxy and provided on a
surface of the metal plate, and a wiring portion (wiring
pattern) 23 that is a copper foil provided on the insulating
layer 22.

[0003] The LED chip 1 is electrically connected with the
wiring portion 23 through a bonding wire W. The LED chip
1 includes, for example, a sappshire substrate and a gallium
nitride light emitting portion provided on the sapphire
substrate.

[0004] The conventional light emitting device includes a
frame member 30 that has a round hole around the LED chip
1. The frame member 30 is adhered to the metal mounting
board 20 via an adhesive layer 40 (shown in FIG. 18B). The
hole in the frame member 30 is filled with a transparent
sealing resin such as epoxy resin, silicone resin, or the like,
in which the LED chip 1 is encapsulated. Light emitted from
the LED chip 1 is extracted forward (upward in FIG. 18A)
through a resin seal portion 50 of the sealing resin filled in
the hole in the frame member 30. The inside diameter of the
round hole in the frame member 30 mainly decreases with
distance from the top of the hole so that the hole has inverted
trapezoidal cross section, but in the vicinity of the metal
mounting board 20, the inside diameter increases toward the
metal mounting board 20 as shown in FIG. 18B.

[0005] In the light emitting device, the LED chip 1 is
mounted on the metal mounting board 20 with a high
thermal conductivity that includes the metal plate 21 and the
insulating layer 22 of about 100 um thickness. Therefore, the
light emitting device allows heat generated at the LED chip
1 to be easily radiated to the outside, as compared to a device
where a surface mount LED having an LED chip therein is
mounted on a circuit board. Thus, the light emitting device
can advantageously protect the LED chip 1 from tempera-
ture rise that may cause decrease of the luminous efficiency,
decrease of the operating life, and deterioration of the resin
seal portion 50.

[0006] The frame member 30 is made of a white resin so
that its inside wall 31 functions as a reflector. Light from the
LED chip 1 can be reflected on the inside wall 31 of the
frame member 30 to be directed forward, thus efficiently
extracted from the light emitting device to the outside.

[0007] However, in the conventional light emitting device,
the LED chip 1 is not mounted directly on the metal plate 21,
but it is mounted over the metal plate with the insulating
layer 22, which is lower in thermal conductivity than the
metal plate 21 and has about 100 um thickness, provided
between them. Therefore, heat radiation of the light emitting
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device decreases, as compared to the case where the LED
chip is mounted directly on the metal plate 21.

[0008] Additionally, the conventional light emitting
device has the following disadvantage in the efficiency of
light extraction from the LED chip 1. If the LED chip 1 is
positioned deeper than the region of the round hole in the
frame member 30 where the radius is the smallest, light from
the LED chip 1 is partially blocked, thus failing to be
extracted efficiently. With reference to the surface of the
insulating layer 22, the surface of the LED chip 1 is at a
height of about 80 um, the thickness of the chip. The height
H from the reference plane to the region of the frame
member 30 where the radius of the hole is the smallest is
about 300 um that is the sum of the thickness of the adhesive
layer 40, the thickness of the wiring portion 23 (the thick-
ness of the copper foil), and the thickness of the portion of
the frame member 30 where the inside diameter of the hole
increases toward the metal mounting board. In other words,
the inside wall 31 of the frame member 30 that functions as
a reflector is located away as compared to the surface of the
LED chip

[0009] 1. Thus, efficient reflection of light cannot be
provided.

[0010] In the case where the LED chip 1 has a transparent
substrate such as sapphire substrate or the like, light emitted
from the light emitting portion of the LED chip 1 is partially
directed sideward. Therefore, the conventional light emit-
ting device is disadvantageous in that light emitted sideward
from the LED chip 1 fails to be efficiently extracted to the
outside.

[0011] There may be a case where part of the insulating
layer 22 is removed so that the LED chip 1 can be mounted
on the metal plate 21 in order to improve heat radiation. In
such a case, the thickness of portions that fail to function as
areflector (ineffective portions) increases by the thickness of
the insulating layer 22 (about 100um), in addition to the
height H. This further decreases the efficiency of extraction
of light emitted sideward from the LED chip 1.

[0012] In the conventional light emitting device, the frame
member 30 is made of a white resin for enhancing the light
extraction efficiency. However, when heated in mounting
process of the LED chip 1, the white resin may be oxidized
to be colored, thus decreased in the reflecting ability. Fur-
ther, in the case where an LED chip emitting blue light is
employed as the LED chip 1, blue light emitted from the
LED chip 1 may cause the frame member 30 of resin to
deteriorate to be colored and thus decreased in the reflecting
ability.

[0013] The present invention has been developed in view
of the above mentioned problems, and it is an object of the
present invention to provide a light emitting device that can
enhance heat radiation while allowing light from a light
emitting diode chip to be efficiently extracted to the outside,
as compared to conventional devices.

DISCLOSURE OF THE INVENTION

[0014] In order to solve the above mentioned problems, an
aspect of the present invention provides a light emitting
device using an LED, comprising: a metal plate having a
projection projecting forward, the projection having a front
side provided with a housing recess; a light emitting diode
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chip disposed on a bottom of the housing recess to be
thermally coupled to the metal plate; an insulating substrate
having an insertion hole into which the projection is
inserted, the insulating substrate being joined to the metal
plate in layers; a light-transmissible sealing resin in which
the light emitting diode chip is encapsulated.

[0015] In this structure, the light emitting diode chip is
placed on the bottom of the housing recess that is a part of
the metal plate so as to be thermally coupled to the metal
plate. Therefore, the heat radiation can be enhanced as
compared to a conventional device where a chip is mounted
through the insulating layer. This can protect the light
emitting diode chip from temperature rise that may cause
decrease of the luminous efficiency, decrease of the operat-
ing life, and deterioration of the sealing resin. The inner
surface of the housing recess, which is a part of the metal
plate, functions as a light reflector so that light emanated
from the light emitting diode chip can be reflected on the
inner surface of the housing recess for extraction out of the
housing recess. Thus, the light extraction efficiency can be
increased. Since the light reflector is made of metal, not
resin, it can be prevented from decrease in the reflecting
ability due to heating in mounting process of the light
emitting diode chip or due to exposure to light from the light
emitting diode chip in making the device in use.

[0016] In the improved light emitting device, preferably,
the insulating substrate has a resin filled portion in which at
least part of the sealing resin is filled. This allows the
encapsulation to be easily performed by using a resin
suitable for molding, e.g. epoxy resin or silicone resin, as the
sealing resin.

[0017] Preferably, the light emitting device further com-
prises a frame member joined to a front surface of the
insulating substrate so as to surround the insertion hole, and
the sealing resin is filled in the resin filled portion and the
frame member. This arrangement can easily and economi-
cally provide a space to be filled with the sealing resin as
well as ensuring the resin filling.

[0018] Preferably, in the light emitting device, the insu-
lating substrate is a three-dimensional molded circuit board
having a wiring portion extended along a peripheral surface
of the resin filled portion for electrical connection to the light
emitting diode chip. This allows the three-dimensional resin
filled portion to be formed integrally with the insulating
substrate, thus facilitating not only the assembling but also
the electrical connection between the light emitting diode
chip and the wiring portion.

[0019] In the improved light emitting device, preferably,
the metal plate serves as a part of the wiring portion for
electrical connection to the light emitting diode chip. This
allows a light emitting diode chip having electrodes at both
sides in the direction of the thickness to be mounted on the
bottom of the housing recess so that the electrode arranged
at the rear side of the chip can be connected to the electric
wiring.

[0020] In the improved light emitting device, preferably,
the housing recess has an inner surface provided with a
reflecting film of a metal with a reflectance higher than a
reflectance of the metal plate. In this arrangement, the
function of the metal plate and the function of the reflector
can be provided separately. Therefore, the material used for
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the metal plate can be selected from a variety of materials.
For example, the metal plate can be made of a material
selected in view of the adhesive property with respect to the
insulating substrate or in view of the thermal conductivity.

[0021] In the light emitting device, preferably, the frame
member has an inside wall provided with a reflecting film of
a metal with a reflectance higher than a reflectance of the
frame member. This allows light emitted from the light
emitting diode chip to be efficiently extracted out of the
device.

[0022] Preferably, the light emitting device further com-
prises a circuit component mounting substrate joined to the
front surface of the insulating substrate alongside of the
frame member, the circuit component mounting substrate
having a front surface provided with a wiring portion.
Further, it is preferable that the circuit component mounting
substrate has a thickness such that the frame member is
prevented from protruding forward beyond the circuit com-
ponent mounting substrate. This allows a surface-mount
circuit component to be easily mounted at the front side of
the circuit component mounting substrate by a reflow pro-
cess.

[0023] Preferably, in the light emitting device, the insu-
lating substrate has a reflector, of which reflectance is higher
than the insulating substrate, on a front surface thereof inside
the frame member. This can provide further increased effi-
ciency of light extraction from the light emitting diode chip
to the outside.

[0024] In the improved light emitting device, preferably,
the housing recess has a periphery configured to be a
segment of a paraboloid of revolution. This allows light
emitted sideward or backward from the light emitting diode
chip to be efficiently reflected and directed forward, thus
providing further increased efficiency of light extraction
from the light emitting diode chip to the outside.

[0025] In the improved light emitting device, preferably,
the insulating substrate has a portion on which the metal
plate is not layered, the portion of the insulating substrate
having a back at which circuit components are mounted.
This allows even a lead-mount circuit component to be
mounted without the risk of a short-circuit via the metal
plate. Further, since light emitted from the light emitting
diode chip is prevented from being absorbed in or reflected
on the circuit component, the light can be extracted to the
outside further efficiently.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] FIG.11is a schematic cross sectional view of a light
emitting device according to Embodiment 1 of the present
invention.

[0027] FIG. 2 is a schematic cross sectional view of a light
emitting device according to Embodiment 2 of the present
invention.

[0028] FIG. 3 is a schematic cross sectional view of
another example of the same.

[0029] FIG. 4is a schematic cross sectional view of a light
emitting device according to Embodiment 3 of the present
invention.

[0030] FIG. 5 is a schematic cross sectional view of
another example of the same.
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[0031] FIG. 61is a schematic cross sectional view of a light
emitting device according to Embodiment 4 of the present
invention.

[0032] FIG. 7 is a schematic cross sectional view of a light
emitting device according to Embodiment 5 of the present
invention.

[0033] FIG. 8is a schematic cross sectional view of a light
emitting device according to Embodiment 6 of the present
invention.

[0034] FIG.9is a schematic cross sectional view of a light
emitting device according to Embodiment 7 of the present
invention.

[0035] FIG. 10 is a schematic cross sectional view of a
light emitting device according to Embodiment 8 of the
present invention.

[0036] FIG. 11 is a schematic cross sectional view of
another example of the same.

[0037] FIG. 12 is a schematic cross sectional view of still
another example of the same.

[0038] FIG. 13A is a schematic cross sectional view of a
light emitting device according to Embodiment 9 of the
present invention.

[0039] FIG. 13B is a schematic plan view of the light
emitting device according to Embodiment 9 in a state before
sealing resin is filled.

[0040] FIG. 14 is a schematic cross sectional view of a
light emitting device according to Embodiment 10 of the
present invention.

[0041] FIG. 15 is a schematic cross sectional view of
another example of the same.

[0042] FIG. 16 is a schematic cross sectional view of a
light emitting device according to Embodiment 11 of the
present invention.

[0043] FIG. 17 is a schematic cross sectional view of an
example shown for reference purposes in the same.

[0044] FIG. 18A is a schematic cross sectional view of a
conventional light emitting device.

[0045] FIG. 18B is a magnified view of main portions of
the conventional device that are denoted by A in FIG. 18A.

BEST MODES FOR EMBODYING THE
INVENTION

[0046] Referring now to the accompanying drawings, pre-
ferred embodiments of the present invention will be
described.

[0047] (Embodiment 1)

[0048] As shown in FIG. 1, a light emitting device
according to this embodiment includes a metal plate 11 that
is made of aluminum and has a plurality of cylindrical
projections 11a each projecting forward (upward in FIG. 1)
and a printed circuit board 12 that has a grass epoxy
substrate as the insulating substrate and is joined, in layers,
to the front surface of the metal plate 11. Each of the
projections 11a has a front side provided with a housing
recess 11b, in which a light emitting diode chip (hereinafter,
referred to as an LED chip) 1 is accommodated. The LED
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chip 1 is encapsulated in a transparent resin seal portion 50,
together with a bonding wire W, which will be described
below.

[0049] The housing recess 11b formed in the metal plate
11 is sized so that the LED chip 1 is mounted directly on the
bottom of the recess while the depth of the recess is larger
than the thickness of the LED chip 1.

[0050] The LED chip 1 is mounted (disposed) in a state
where it is thermally coupled to the bottom face (lowermost
part) of the housing recess 11b. In other words, the LED chip
1 is thermally coupled to the metal plate 11.

[0051] The housing recess 115 is configured to be circular,
and the inside diameter increases with the distance from the
bottom. In other words, the side wall of the housing recess
1156 is outwardly tilted. This allows light from the LED chip
1 that is emitted sideward to be reflected on the tilted side
wall of the housing recess 115 for extraction through the
housing recess 1b.

[0052] The printed circuit board 12 has one side provided
with a copper foil as a wiring portion (wiring pattern) 12a
while being adhered to the metal plate 11 at the other side.
The printed circuit board 12 has, in the direction of the
thickness, a plurality of insertion holes 13 in which the
projections 11a of the metal plate 11 are inserted respec-
tively. It should be noted that the printed circuit board 12 has
a thickness substantially identical to the height of the
projection 11a projecting forward from the front surface of
the metal plate 11.

[0053] The wiring portion 12a provided at the front of the
printed circuit board 12 is extended to the vicinity of the
insertion hole 13 and electrically connected with the LED
chip 1 through a thin metal wire, e.g. a thin gold wire, as the
bonding wire W. As described above, the bottom of the
housing recess 1b, on which the LED chip 1 is mounted, is
positioned ahead of the joining portion between the metal
plate 11 and the printed circuit board 12. This allows a pad
(not shown) for wiring that is provided on the LED chip 1
to be arranged substantially flush with the wiring portion
124, thus facilitating the electrical connection between the
LED chip 1 and the wiring portion 12a by use of the bonding
wire W.

[0054] The LED chip 1 is a blue LED chip that has a
sapphire substrate and a gallium nitride light emitting por-
tion formed thereon.

[0055] The LED chip 1 and the bonding wire W is
encapsulated in the resin seal portion 50 of transparent resin
such as epoxy resin, silicone resin, or the like. The resin seal
portion 50 is formed, for example, by dropping epoxy resin
for molding. Alternatively, the resin seal portion 50 may be
formed from epoxy resin suitable for transfer molding by
using a metal mold. This can make it easy to shape the resin
seal portion 50 in a desired way. For example, the resin seal
portion 50 can be shaped like a hemisphere, that is, being
convex at the front, in order to function as a lens.

[0056] In this embodiment, the metal plate 11 is 0.6 mm
thick. The diameter of the projection 11a of the metal plate
is 1 mm and its height is 0.3 mm. The depth of the housing
recess 115 is 0.3 mm and the diameter of its bottom is 0.7
mm. The printed circuit board 12 has a thickness of 0.3 mm.
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The LED chip 1 has a chip area of 350 um* and a thickness
of 80 um so that it can be mounted on the bottom of the
housing recess 11b.

[0057] In the light emitting device according to this
embodiment, the LED chip 1 is disposed to be thermally
coupled to the bottom of the housing recess 115 at the front
of the projection 11a projecting from the metal plate 11. This
allows heat generated at the LED chip 1 to be rapidly
radiated through the metal plate 11 to the outside. More
particularly, the metal plate 11 can function as a radiator.
Further, the LED chip 1 is arranged so that its front surface
is positioned deeper than the top of the projection 11a. This
allows light emitted sideward from the LED chip 1 to be
reflected on the tilted side wall of the housing recess 115
formed in the projection 114 so that the reflected light can be
extracted from the light emitting device to the outside
(forward), thus providing improved efficiency of light
extraction from the LED chip 1.

[0058] The portion that functions as a reflector is the tilted
metal side wall of the housing recess 115 formed in the metal
projection 11a formed integrally with the metal plate 11
capable of heat radiation. This reflector is free from dete-
rioration due to oxidation when heated in the mounting
process of the LED chip 1, in contrast to the conventional
reflector of white resin. Further, this reflector can be pre-
vented from decrease in the reflecting ability due to the
deterioration of resin that is caused by receiving blue light
emitted from the LED chip 1.

[0059] In this embodiment, the space between the side
wall of the insertion hole 13 in the printed circuit board 12
and the periphery of the projection 1la is a resin filled
portion in which at least part of sealing resin is filled.

[0060] (Embodiment 2)

[0061] As shown in FIG. 2, a light emitting device
according to this embodiment includes a frame member 30
in addition to the components included in the light emitting
device according to Embodiment 1. By adding this member,
the configuration of a resin seal portion 50 is modified. Since
the light emitting device according to this embodiment is
substantially identical in basic structure to the device
according to Embodiment 1, like components are denoted by
like numerals and will be explained in no more detail.

[0062] The frame member 30 is made of a white plastic
resin and configured like a frame (circular). The frame
member is joined to the front surface of the printed circuit
board 12 so as to surround the insertion hole 13. Sealing
resin, which forms the resin seal portion 50, is poured into
the frame member 30 for encapsulation of an LED chip 1
and a bonding wire W. The front surface of the resin seal
portion 50 and the front surface of the frame member 30 are
arranged to be substantially flush in the vertical direction.
The inside diameter of the frame member 30 gradually
becomes greater toward its front surface. The resin seal
portion 50 is formed by dropping transparent epoxy resin.

[0063] Thus, in this embodiment, the frame member 30
allows the resin seal portion 50 to be formed into a desired
shape even if a sealing resin for molding is used as the
material of the resin seal portion 50.

[0064] The wiring portion 12 provided at the front of the
printed circuit board 12 is extended to the vicinity of the
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insertion hole 13 through under the frame member 30.
Therefore, even with the frame member 30, the electrical
connection between the LED chip 1 and the wiring portion
124 can be easily carried out with the bonding wire W. The
LED chip 1 is a blue LED chip that has a sapphire substrate
and a gallium nitride light emitting portion formed on the
substrate, in the same manner as Embodiment 1.

[0065] In this embodiment, in the same manner as
Embodiment 1, a metal plate 11 is 0.6 mm thick. The
diameter of a projection 11a of the metal plate is 1 mm and
its height is 0.3 mm. The depth of a housing recess 115 is 0.3
mm and the diameter of its bottom is 0.7 mm. The printed
circuit board 12 has a thickness of 0.3 mm. The LED chip
has a chip area of 350 um* and a thickness of 80 #m. The
frame member 30 is 3 mm in inside diameter and 1 mm in
thickness.

[0066] In another example of the light emitting device
according to this embodiment, as shown in FIG. 3, the top
of the projection 11a is configured to be substantially flush
with or ahead of the front surface of the printed circuit board
12. An LED chip 1 is mounted on the top of the projection
11a. In this case, light emanated sideward from the LED
chip 1 can be reflected on the lower end of the frame member
30 or transmitted for extraction out of the light emitting
device.

[0067] (Embodiment 3)

[0068] As shown in FIG. 4, a light emitting device
according to this embodiment includes a MID (Molded
Interconnected Device) substrate 60 (three-dimensional
molded circuit board) that has a resin insulating substrate
molded to be non-planar and a wiring portion 61 provided in
three dimensions on the surfaces of the insulating substrate,
in place of the printed circuit board 12 described in Embodi-
ment 1. Like components as those of Embodiment 1 are
denoted by like numerals and will be explained in no more
detail.

[0069] The MID substrate 60 is joined to the front surface
of a metal plate 11. The MID substrate 60 has an insertion
hole 62a into which a projection 1la projecting forward
from the front surface of the metal plate 11 is inserted and
a hole as a resin filled portion 62b that is communicated with
the insertion hole 62a and is larger in inside diameter than
the insertion hole 62a. The inside diameter of the resin filled
portion increases toward the opening. The insertion hole and
the resin filled portion are formed during molding of the
MID substrate 60. The resin filled portion 62a and the space
between the side wall of the insertion hole 624 and the
periphery of the projection 11a are filled with sealing resin,
for forming a resin seal portion 50. The thickness of the MID
substrate 60 around the insertion hole 62a is substantially
the same as the height of the projection 11a.

[0070] The wiring portion 61 provided at the front of the
MID substrate 60 is extended toward the insertion hole 625
along the side wall of the resin filled portion 6256 so that the
wiring portion 61 is electrically connected with an LED chip
1 through a bonding wire W. The LED chip 1 is a blue LED
chip that has a sapphire substrate and a gallium nitride light
emitting portion formed thereon, in the same manner as
Embodiment 1.

[0071] In this embodiment, in the same manner as
Embodiment 1, the metal plate 11 is 0.6 mm thick. The
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diameter of the projection 11 is 1 mm and its height is 0.3
mm. The depth of a housing recess 115 is 0.3 mm and the
diameter of its bottom is 0.7 mm.

[0072] The insulating substrate of the MID substrate 60 is
0.3 mm thick at the part around the insertion hole 62a while
it is 1.3 mm thick at the part around the resin filled portion
62b.

[0073] The insulating substrate of the MID substrate 60 is
made of Amodel (a trademark of BP Amoco Polymers, Inc.).
Alternatively, the insulating substrate of the MID substrate
60 may be made of polyphthalamide resin.

[0074] The front surface of the resin seal portion 50 and
the front surface of the MID substrate 60 are arranged to be
substantially flush in the vertical direction. In this embodi-
ment, the resin filled portion 625 is provided in the MID
substrate 60. This can eliminate the steps of forming an
additional frame member 30 (refer to FIG. 2) in which
sealing resin is filled and adhering it as required in Embodi-
ment 2, thus facilitating the assembling as compared to
Embodiment 2.

[0075] FIG. 5 shows another example of the light emitting
device according to this embodiment. In this example, a
printed circuit board 12 having a glass epoxy substrate as
insulating substrate is joined to the front surface of a metal
plate 11 having a plurality of projections 11a each projecting
forward from the front surface. Provided on the front surface
of the printed circuit board 12 are MID substrates 60 each
for a single LED chip 1. In contrast to the above described
device according to this embodiment that uses a single MID
substrate 60 for a plurality of LED chips 1, this example uses
an MID substrate 60 provided individually for a respective
LED chip.

[0076] Each of the MID substrates 60 has an insertion hole
62a that is configured to be continuous with respect to an
insertion hole 13 provided in the printed circuit board 12 and
a hole as a resin filled portion 625 that is communicated with
the insertion hole 62a.

[0077] In this example, the wiring portion 61 of the MID
substrate 60 is connected with the LED chip 1 through a
bonding wire W while being connected with a wiring portion
12a of the printed circuit board 12.

[0078] Generally, an MID substrate is difficult to be
increased in size as well as being relatively expensive. The
structure shown in FIG. 5 can minimize the amount of MID
substrate to be used so as to reduce the cost while allowing
the light emitting device to be increased in size.

[0079] (Embodiment 4)

[0080] As shown in FIG. 6, a light emitting device
according to this embodiment has a groove 15 formed by
cutting a metal plate 11 with a rotary cutter. The groove 15
allows projections 11a to be electrically isolated from each
other. Further, an MID substrate 60 in this embodiment has
a wiring portion 61 that is partially extended to the back of
the MID substrate 60 along the side wall of a resin filled
portion 62b and the side wall of an insertion hole 62a so as
to be electrically connected with the metal plate 11. Since
the other arrangement of this embodiment is substantially
identical to that of Embodiment 3 shown in FIG. 4, like
components are denoted by like numerals and will be
explained in no more detail.
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[0081] An LED chip 1 in this embodiment is a red LED
chip that has a light emitting portion of AllnGaP and
electrodes provided at both sides in the direction of the
thickness of the chip. The LED chip 1 is mounted on a
housing recess 115 with the back side being adhered to the
bottom of the housing recess 11 by using an electrically
conductive paste (such as a silver paste). This causes the
electrode provided at the back side of the LED chip 1 to be
electrically connected with the metal plate 11. The electrode
(pad) provided at the front side of the LED chip 1 is
electrically connected with the wiring portion 61 of the MID
substrate 60 through a bonding wire W.

[0082] In this embodiment, in the same manner as
Embodiment 3, the metal plate 11 is 0.6 mm thick. The
diameter of the projection 11a is 1 mm and its height is 0.3
mm. The depth of the housing recess 115 is 0.3 mm and the
diameter of its bottom is 0.7 mm.

[0083] In this embodiment, an LED chip having electrodes
at both sides in the direction of the thickness can be used as
the LED chip 1. Further, if a plurality of LED chips are
connected in parallel, currents flowing through the respec-
tive LED chips are varied depending on their voltage
characteristics. In this embodiment, the LED chips 1 are
connected in series. This can prevent the variations of
currents flowing through the respective LED chips. In addi-
tion, this embodiment allows regulation resistors to be
connected in parallel so as to regulate the currents individu-
ally.

[0084] (Embodiment 5)

[0085] As shown in FIG. 7, a light emitting device
according to this embodiment includes a single MID sub-
strate 60 and a plurality of metal plates 11 each having a
projection 11a. Each of the metal plates 11 is adhered to the
back side (the lower side in FIG. 7) of the MID substrate 60.
The MID substrate 60 has a surface (front surface) provided
with a wiring portion 61, which is partially extended via a
through hole 63 to the back side of the MID substrate so as
to be electrically connected with the metal plate 11. Since
the other arrangement of this embodiment is substantially
identical to that of Embodiment 4, like components are
denoted by like numerals and will be explained in no more
detail.

[0086] In this embodiment, in the same manner as
Embodiment 4, the metal plate 11 is 0.6 mm thick. The
diameter of the projection 11a is 1 mm and its height is 0.3
mm. The depth of a housing recess 115 is 0.3 mm and the
diameter of its bottom is 0.7 mm.

[0087] In this embodiment, in the same manner as
Embodiment 4, an LED chip having electrodes at both sides
in the direction of the thickness can be used as the LED chip
1. Further, in the same manner as Embodiment 4, this
embodiment can prevent the variations of currents flowing
through the respective LED chips as well as allowing the
currents to be regulated individually.

[0088] (Embodiment 6)

[0089] As shown in FIG. 8, a light emitting device
according to this embodiment is substantially identical in
basic structure to the device according to Embodiment 3 that
is shown in FIG. 4. Like components are denoted by like
numerals as those of Embodiment 3 and will be explained in
no more detail.
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[0090] This embodiment employs as a metal plate 1la
copper plate in place of the aluminum plate, because copper
plates are superior, in both adhesive property with respect to
an MID substrate 60 and thermal conductivity, to aluminum
plates. The thermal conductivity of copper is 403W/(m-K)
while the thermal conductivity of aluminum is 236W/(m'K).

[0091] The light emitting device has a reflecting film 17
made of aluminum, which is provided on the bottom and
side wall of a housing recess 115 formed at the front of a
projection 11a projecting forward from the front surface of
the metal plate 11. The reason is that aluminum is higher in
light reflectance than copper. The reflecting film 17 is
provided by masking the metal plate 11 with the exception
of the housing recess 115 followed by depositing an alumi-
num film onto the bottom and side wall of the housing recess
11b.

[0092] In this embodiment, in the same manner as
Embodiment 3, the metal plate 11 is 0.6 mm thick. The
diameter of the projection 11 is 1 mm and its height is 0.3
mm. The depth of the housing recess 115 is 0.3 mm and the
diameter of its bottom is 0.7 mm.

[0093] The MID substrate 60 has an insulating substrate
that is 0.3 mm thick at the part around an insertion hole 62a
and 1.3 mm thick at the part around a resin filled portion 62b.
The resin filled portion 62b is a circular hole, of which the
inside diameter increases toward the opening.

[0094] The insulating substrate of the MID substrate 60 is
made of Amodel (a trademark of BP Amoco Polymers, Inc.).
Alternatively, the insulating substrate of the MID substrate
60 may be made of polyphthalamide resin.

[0095] Since the metal plate 11 is a copper plate in this
embodiment, the metal plate 11 can be favorably adhered to
the insulating substrate of the MID substrate 60 as well as
allowing heat generated at the LED chip 1 to be efficiently
radiated to the outside, as compared with a metal plate made
of aluminum.

[0096] In this embodiment, the LED chip 1 is a blue LED
chip in the same manner as Embodiment 3. Since copper has
a low reflectance at blue wavelength region, it may lower the
efficiency of light extraction from the LED chip 1 to the
outside. In order to prevent the lowering, the reflecting film
17 of aluminum higher in reflectance than copper is pro-
vided on the bottom and side wall of the housing recess 11b.
Thus, the light emitting device can be provided that has
increased light extraction efficiency as well as radiating heat
efficiently. The material for the reflecting film 17, which is
provided on the bottom and side wall of the housing recess
11b, is not limited to aluminum used in this embodiment but
may be another material, e.g. silver. The reflecting film 17 of
silver can be implemented by silver plating, for example.

[0097] The reflecting film 17 in this embodiment, which is
made of a metal having a reflectance higher than that of the
metal plate 11 and is disposed on the inner surfaces of the
housing recess 11b, allows the metal plate 11 to be made of
a desired material regardless of the reflectance, hence
extending the range of choices for the material. For example,
the metal plate 11 can be made of a material selected in view
of the adhesive property with respect to the insulating
substrate of the MID substrate 60 or the capacity of heat
radiation.
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[0098] (Embodiment 7)

[0099] As shown in FIG. 9, a light emitting device
according to this embodiment is similar to the light emitting
device according to Embodiment 2. Therefore, like compo-
nents are denoted by like numerals as those of Embodiment
2 and will be explained in no more detail.

[0100] The light emitting device according to this embodi-
ment is different from Embodiment 2 in that it has a
reflecting film 33 of aluminum formed on an inside wall 31
of a frame member 30 and a dispersing agent scattered
within the sealing resin in a resin seal portion 50. The
reflecting film 33 may be made of silver, for example, in
place of aluminum used in this embodiment. The reflecting
film 17 of silver can be implemented by silver plating, for
example.

[0101] In this embodiment, in the same manner as
Embodiment 2, a metal plate 11 is 0.6 mm thick. The
diameter of a projection 1la is 1 mm and its height is 0.3
mm. The depth of a housing recess 15 is 0.3 mm and the
diameter of its bottom is 0.7 mm. A printed circuit board 12
is 0.3 mm thick. An LED chip has a chip area of 350 m? and
a thickness of 80 ym. The frame member 30 is 3 mm in
inside diameter and 1 mm in thickness.

[0102] If the dispersing agent or fluorescent particles are
scattered in the sealing resin, light emanated from the LED
chip 1 in the forward direction passes through the sealing
resin without diffusion. As a result, the light is mostly
extracted out of the device without shining on the inside wall
31 of the frame member 30.

[0103] On the other hand, the light emitting device accord-
ing to this embodiment has the dispersing agent, which
serves to uniformalize the intensity distribution of luminous
radiation, scattered within the sealing resin in the resin seal
portion 50. Therefore, light emanated from the LED chip 1
can pass through the resin seal portion 50 while being
diffused by the dispersing agent. Since the reflecting film 33
is formed on the inside wall 31 of the frame member 30, the
light diffused by the dispersing agent toward the inside wall
of the frame member 30 is reflected on the reflecting film 33
for extraction to the outside. This can provide increased light
extraction efficiency, as compared to a case using no reflect-
ing film 33, in which light is reflected on the surface of the
frame member 30 itself.

[0104] (Embodiment 8)

[0105] As shown in FIG. 10, a light emitting device
according to this embodiment includes a printed circuit
board 70 having a glass epoxy substrate as the insulating
substrate. The printed circuit board 70 is joined to the front
surface of the insulating substrate of a printed circuit board
12, alongside of a frame member 30. The printed circuit
board 70 is a substrate on which a circuit component is
mounted. As the other arrangement of the light emitting
device according to this embodiment is substantially iden-
tical to that of Embodiment 2, like components are denoted
by like numerals and will be explained in no more detail.

[0106] The printed circuit board 70 has a copper foil as a
wiring portion (wiring pattern) 71 at the front side while
being joined to the front surface of the printed circuit board
12 at the rear (back) side. The printed circuit board 70 has
a hole 70a formed at a location corresponding to the frame
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member 30. The wiring portion 71 provided at the front of
the printed circuit board 70 is extended along the side wall
of the hole 70a for electrical connection with a wiring
portion 12a of the printed circuit board 12.

[0107] The printed circuit board 70 is substantially as
thick as or thicker than the frame member 30 so as to prevent
the frame member 30 from protruding forward beyond the
printed circuit board 70. The printed circuit board 70 is a
circuit component mounting substrate.

[0108] When mounting on a circuit board circuit compo-
nents such as a resistor, a transistor, and the like by a reflow
process, it is necessary to mask the circuit board for applying
solder paste only to the region where the circuit components
are placed. In the above described light emitting device
according to Embodiment 2, as shown in FIG. 2, the front
side of the printed circuit board 12 is not flat with the frame
member 30 protruded. This makes the masking troublesome.

[0109] On the other hand, the light emitting device accord-
ing to this embodiment includes the printed circuit board 70
substantially identical in thickness to the frame member 30
as described above. More particularly, the front surface of
the printed circuit board 70 is substantially flush with the
front surface of the frame member 30, hence making it easy
to mount surface-mount circuit components 5 on the front of
the printed circuit board 70 by a reflow process.

[0110] The insulating substrate of the printed circuit board
70 as the circuit component mounting substrate is not
limited to the glass epoxy substrate used in this embodiment.
Further, the printed circuit board 70 on which the circuit
components are mounted may be thicker than the frame
member 30 rather than being substantially as thick as the
frame member 30. In such a case, the printed circuit board
70 can be also masked so that the circuit components 5 can
be efficiently mounted by the reflow process.

[0111] FIG. 11 shows another example of the light emit-
ting device according to this embodiment. In this example,
a printed circuit board 70 has a resin filled portion 72
communicating with an insertion hole 13 formed in a printed
circuit board 12 so that the printed circuit board 70 can serve
as a frame member. Provided at the front of the printed
circuit board 70 is a wiring portion 71, which is partially
extended to the back of the printed circuit board 70 via a
through hole 73 to be electrically connected with the wiring
portion 12a of the printed circuit board 12.

[0112] Such a structure can facilitate the mounting of
surface-mount circuit components 5, e.g. a resistor and a
transistor, by the reflow process as well as the structure
according to this embodiment shown in the preceding figure.
Since a separate frame member 30 (as shown in FIG. 10) is
not required, the assembling can be simplified. In addition,
the positioning between the resin filled portion 72 and the
insertion hole 13 can be made easy because this structure
permits them to be positioned together.

[0113] In this structure, the printed circuit board 70 as a
circuit component mounting substrate may have a reflecting
film 74 provided on the side wall of the resin filled portion
72, as shown in FIG. 12. The reflecting film 74 is formed
from a material having a reflectance higher than that of the
printed circuit board 70. This allows the frame member, for
defining a portion to be filled with sealing resin, to serve as
a reflecting wall. The reflecting film 74 provides increased
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efficiency of light extraction from an LED chip 1 to the
outside. The reflecting film 74 is provided by through-hole
plating. In this case, the reflecting film 74 and the wiring
portion 12a are electrically isolated from each other through
an insulating film 80. Instead of through-hole plating, the
reflecting film 74 may be formed by, for example, applying
a coat of white paint, which is higher in reflectance than the
printed circuit board 70, to the side wall of the resin filled
portion 72. In such a case, the insulating film 80 is not
required.

[0114] (Embodiment 9)

[0115] As shown in FIGS. 13A and 13B, a light emitting
device according to this embodiment includes a substantially
circular reflector 18 disposed on the front surface of a
portion of the insulating substrate of a printed circuit board
12 that is exposed inside a frame member 30. As the other
arrangement of the light emitting device according to this
embodiment is substantially identical to that of Embodiment
2, like components are denoted by like numerals and will be
explained in no more detail.

[0116] The reflector 18 is configured so as not to cover a
wiring portion 12a (part) provided at the front of the printed
circuit board 12 for connection with an LED chip 1. The
reflector 18 can be formed from any material having a
reflectance higher than that of the insulating substrate of the
printed circuit board 12. In this embodiment, the reflecting
member 18 is formed from white silk for use in silk-screen
printing. In place of white silk, a metal film, for example,
having a reflectance higher than that of the insulating
substrate may be used as the reflecting member 18.

[0117] The light emitting device according to this embodi-
ment allows light emitted from an LED chip 1 to be further
efficiently extracted out of the device because the reflector
18 higher in reflectance than the insulating substrate is
provided, inside the frame member 30, on the front surface
of the insulating substrate of the printed circuit board 12.

[0118] (Embodiment 10)

[0119] As shown in FIG. 14, a light emitting device
according to this embodiment includes a metal plate 11
provided with a projection 11a having a housing recess 115
of which the periphery is in the configuration of a segment
of a paraboloid of revolution. Further, the metal plate 11 has
an integrally formed mounting portion 11c on which an LED
chip 1 is placed. The mounting portion is projected forward
from the bottom of the housing recess 11b. As the other
arrangement of the light emitting device according to this
embodiment is substantially identical to that of Embodiment
2, like components are denoted by like numerals and will be
explained in no more detail.

[0120] The housing recess 11b is axisymmetric and open
forward of the metal plate 11. The axis of symmetry is
coincident with the central axis of the paraboloid of revo-
lution. The mounting portion 1lc has such a height that,
when the LED chip 1 is placed on the mounting portion 1lc,
the paraboloid of revolution has focal point in the center of
the light emitting layer of the LED chip 1.

[0121] The light emitting device according to this embodi-
ment allows light emitted from the side surface of the LED
chip 1, in particular, to be efficiently reflected on the
periphery of the housing recess 11b, which is in the con-
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figuration of a segment of a paraboloid of revolution, so as
to be directed forward. This can provide increased light
extraction efficiency.

[0122] FIG. 15 shows another example of the light emit-
ting device according to this embodiment. In this example,
a mounting portion 11c has a front surface that is configured
smaller than the chip area of the LED chip 1. This allows
part of light emitted backward from the LED chip 1 to be
efficiently reflected toward the front side of the light emitting
device, thus providing further increased light extraction
efficiency as compared to the device shown in the preceding
figure that has the mounting portion 11c¢ of which the area of
the front surface is substantially as large as or slightly larger
than the chip area of the LED chip 1.

[0123] (Embodiment 11)

[0124] As shown in FIG. 16, a light emitting device
according to this embodiment is substantially identical in
basic structure to the light emitting device according to
Embodiment 2 (see FIG. 2), but this light emitting device
includes a printed circuit board 12 having a portion on which
a metal plate 11 is not layered. Mounted at the back of the
portion of the printed circuit board are lead-mount circuit
components 5 in a cluster. FIG. 17 shows an example, for
reference, of a light emitting device in which a printed
circuit board 12 has a portion on which a metal plate 11 is
not disposed, in the same manner as the light emitting device
according to this embodiment, but lead-mount circuit com-
ponents 5 are mounted in a cluster at the front side of the
portion of the printed circuit board.

[0125] Either of the two light emitting devices described
above is advantageous in that it allows such lead-mount
circuit components 5 to be mounted on the printed circuit
board 12 without the risk of a short-circuit via the metal
plate 11.

[0126] In the light emitting device according to this
embodiment, the printed circuit board 12 has a front surface
provided with a wiring portion 12a, which is extended via a
through hole 14 to the back of the portion of the printed
circuit board on which the metal plate 11 is not disposed, for
connection with the lead of each of the circuit components
5 arranged together at the back of the portion. This structure
makes the light emitting device according to this embodi-
ment superior to the device described above for reference.
More specifically, in the light emitting device according to
this embodiment, light emitted from an LED chip 1 can be
radiated forward without being absorbed in or reflected on
the circuit component 5, whereby the light emitting device
enables the mounting of the lead-mount circuit components
5 while allowing the light from the LED chip 1 to be
efficiently extracted out of the device.

INDUSTRIAL APPLICATIONS

[0127] The present invention is widely applicable to a
number of primary industries employing a power of light
converted from electric energy as the light source. Among
the light source for emanating a large power of light while
the heat radiation and the light extraction efficiency being
improved are a light source for illumination, a light source
for indicating the action of a switch, a light source in a traffic
signal, a light source for displaying an alarm in an automo-
bile, and a light source for advertisement.
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1. A light emitting device using an LED, comprising:

a metal plate having a projection projecting forward, the
projection having a front side provided with a housing
recess;

a light emitting diode chip disposed on a bottom of the
housing recess to be thermally coupled to the metal
plate;

an insulating substrate having an insertion hole into which
the projection is inserted, the insulating substrate being
joined to the metal plate in layers;

a light-transmissible sealing resin in which the light
emitting diode chip is encapsulated.
2. A light emitting device according to claim 1,

wherein the insulating substrate has a resin filled portion
in which at least part of the sealing resin is filled.
3. A light emitting device according to claim 2, further
comprising a frame member joined to a front surface of the
insulating substrate so as to surround the insertion hole,

wherein the sealing resin is filled in the resin filled portion
and the frame member.
4. A light emitting device according to claim 2,

wherein the insulating substrate is a three-dimensional
molded circuit board having a wiring portion extended
along a peripheral surface of the resin filled portion for
electrical connection to the light emitting diode chip.
5. A light emitting device according to claim 1,

wherein the metal plate serves as a part of the wiring
portion for electrical connection to the light emitting
diode chip.

6. A light emitting device according to claim 1,

wherein the housing recess has an inner surface provided
with a reflecting film of a metal with a reflectance
higher than a reflectance of the metal plate.

7. A light emitting device according to claim 3,

wherein the frame member has an inside wall provided
with a reflecting film of a metal with a reflectance
higher than a reflectance of the frame member.

8. A light emitting device according to claim 3, further
comprising a circuit component mounting substrate joined to
the front surface of the insulating substrate alongside of the
frame member, the circuit component mounting substrate
having a front surface provided with a wiring portion,

wherein the circuit component mounting substrate has a
thickness such that the frame member is prevented
from protruding forward beyond the circuit component
mounting substrate.

9. A light emitting device according to claim 3, wherein
the insulating substrate has a reflector, of which reflectance
is higher than the insulating substrate, on a front surface
thereof inside the frame member.

10. A light emitting device according to claim 1,

wherein the housing recess has a periphery configured to
be a segment of a paraboloid of revolution.
11. A light emitting device according to claim 1,

wherein the insulating substrate has a portion on which
the metal plate is not layered, the portion of the
insulating substrate having a back at which circuit
components are mounted.

* Ed Ed * *
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