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(54) LIGHT-EMITTING DEVICE AND METHOD FOR MANUFACTURING THE SAME

(57) The invention provides a light-emitting device
10 including an light-emitting element 12 and a substrate
11 where the light-emitting element 12 is arranged, char-
acterized in that a housing part 28 housing the light-emit-
ting element 12 and having a shape that is tapered up-

ward from the substrate 11 and a metal frame 15 sur-
rounding the light-emitting element 12 and including the
side face 28A of the housing part 28 made into an almost
mirror-polished surface are provided on the substrate 11.
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Description

[0001] The present invention relates to a light-emitting
device and its manufacturing method and in particular to
a light-emitting device that uses a face of a housing part
for housing a light-emitting element as a reflector and its
manufacturing method.
[0002] Fig. 1 is a cross-sectional view of a related art
light-emitting device. θ1 shown in Fig. 1 represents the
inclination angle of the side face 109A of a housing part
109 with respect to the bottom face 109B of the housing
part 109 (hereinafter referred to as the "inclination angle
θ1").
[0003] Referring to Fig. 1, the related art light-emitting
device 100 includes a substrate 101, a light-emitting el-
ement 102, a phosphor-containing resin 103, and a seal-
ing resin 104.
[0004] The substrate 101 includes a substrate main
body 106 and a wiring pattern 107. The substrate main
body 106 includes a housing part 109 and a plurality of
through holes 111. The housing part 109 is intended to
house the light-emitting element 102. The housing part
109 has a shape that is tapered upward from the bottom
109B of the housing part 109.
[0005] The side face 109A of the housing part 109 is
an inclined surface forming an inclination angle θ1 with
respect to the bottom face 109B of the housing part 109.
The side face 109A of the housing part 109 is arranged
to surround the light-emitting element 102. The side face
109A of the housing part 109 functions as a reflector to
reflect light emitted from the light-emitting element 102.
A material for the substrate main body 106 may be ce-
ramic or a resin. Note that a resin has a problem that it
is deteriorated by ultraviolet rays contained in the light
emitted from the light-emitting element 102 and thus ce-
ramic is preferable as a material for the substrate main
body 106. In case ceramic is used as a material for the
substrate main body 106, the housing part 109 is formed
by countersinking (scraping) a ceramic substrate.
[0006] The wiring pattern 107 is arranged to fill the
through holes 111 and reach the lower face 106A of the
substrate main body 106 via the through holes 111. The
light-emitting element 102 is flip-chip connected to the
wiring pattern 107 via a bump 112.
[0007] The phosphor-containing resin 103 is arranged
to cover the light-emitting element 102. The sealing resin
104 is arranged on the housing part 109 so as to seal
the light-emitting element 102 covered with the phos-
phor-containing resin 103. (For example, refer to JP-A-
2005-311314)
[0008] However, the related art light-emitting device
100 forms a housing part 109 by countersinking (scrap-
ing) a ceramic substrate, so that it is impossible to obtain
a sufficient flatness of the side face 109A of the housing
part 109 and it is thus difficult to efficiently reflect the light
emitted by the light-emitting element 102 with the side
face 109A of the housing part 109. This results in a prob-
lem that the lighting efficiency of the light-emitting device

100 is reduced.
[0009] The related art light-emitting device 100 has a
housing part 109 formed on a substrate 101. For exam-
ple, to change the inclination angle θ1 of the side face
109A of the housing part 109, the entire substrate 101
must be replaced with another substrate, which adds to
the costs of the light-emitting device 100.
[0010] An object of the invention is to provide a light-
emitting device capable of readily changing the shape of
a housing part functioning as a reflector as well as im-
proving the light-emitting efficiency and its manufacturing
method.
[0011] In light of the above, the light-emitting device
according to independent claims 1 and 4, the method of
manufacturing a light-emitting device according to inde-
pendent claims 6, 9 and 10 are provided.
[0012] Further advantages, features, aspects and de-
tails of the invention are evident from the dependent
claims, the description and the drawings.
[0013] According to an aspect of the invention, there
is provided a light-emitting device including:

a light-emitting element,
a substrate where the light-emitting element is ar-
ranged, and
a metal frame provided on the substrate including a
housing part for housing the light-emitting element,
the housing part having a shape that is tapered up-
ward from the substrate.

[0014] With this invention, by separately forming a met-
al frame having a shape that is tapered upward from a
substrate and a substrate, it is possible to provide on a
substrate a metal frame having a face (a face functioning
as a reflector) of a housing part made into an almost
mirror-polished surface. This enhances the light-emitting
efficiency of a light-emitting device.
[0015] By separately forming a metal frame and a sub-
strate, a metal frame can be replaced with another on
the same substrate. This makes it possible to readily
change the inclination angle of the face of the housing
part functioning as a reflector.
[0016] In the above light-emitting device, it is prefera-
ble that the substrate includes a metal frame inserting
part where at least part of the metal frame is inserted, and
a cutting part for allowing the external shape of the metal
frame to be deformable is provided on the metal frame.
[0017] It is preferable that the above light-emitting de-
vice, further include:

a reflecting member for reflecting light emitted from
the light-emitting element, provided on the face of
the housing part surrounding the light-emitting ele-
ment.

[0018] According to another aspect of the invention,
there is provided a light-emitting device including:
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a light-emitting element,
a substrate where the light-emitting element is ar-
ranged, wherein
a housing part for housing the light-emitting element
and a metal cover including through holes for trans-
mitting light emitted from the light-emitting element
are provided on the substrate.

[0019] With this invention, by separately forming a
housing part for housing a light-emitting element, a metal
cover including through holes for transmitting light emit-
ted from the light-emitting element and a substrate, it is
possible to provide on a substrate a metal cover having
a face (a face functioning as a reflector) of a housing part
made into an almost mirror-polished surface. This en-
hances the light-emitting efficiency of a light-emitting de-
vice.
[0020] By separately forming a metal cover and a sub-
strate, a metal cover can be replaced with another on the
same substrate. This makes it possible to readily change
the size of the through holes.
[0021] It is preferable that the above light-emitting de-
vice, further includes:

a reflecting member for reflecting light emitted from
the light-emitting element, provided on the face of
the metal cover surrounding the light-emitting ele-
ment.

[0022] According to another aspect of the invention,
there is provided a method for manufacturing a light-emit-
ting device including a light-emitting element, a substrate
where the light-emitting element is arranged and a metal
frame including a housing part for housing the light-emit-
ting element, the housing part provided on the substrate
and having a shape that is tapered upward from the sub-
strate,
the method including:

a metal plate preparation step of preparing a metal
plate including a plurality of metal frame forming ar-
eas where the metal frame is formed, and
a housing part forming step of forming, by way of
press working, the housing part on the metal plate
corresponding to the metal frame forming areas.

[0023] With this invention, it is possible to finish the
face of a housing part functioning as a reflector into an
almost mirror-polished surface by forming, by way of
press working, the housing part on a metal plate. This
enhances the light-emitting efficiency of a light-emitting
device.
[0024] It is preferable that the above method for man-
ufacturing a light-emitting device, further includes:

a metal plate cutting step of cutting the metal plate
along the external shape positions of the metal frame
forming areas by way of press working after the hous-

ing part forming step.

[0025] It is preferable that the above method for man-
ufacturing a light-emitting device, further includes:

a reflecting member forming step of forming a re-
flecting member for reflecting light emitted from the
light-emitting element on the face of the housing part
surrounding the light-emitting element between the
housing part forming step and the metal plate cutting
step.

[0026] According to another aspect of the invention,
there is provided a method for manufacturing a light-emit-
ting device including a light-emitting element, a substrate
where the light-emitting element is arranged and a metal
frame including a housing part for housing the light-emit-
ting element, the housing part having a shape that is ta-
pered upward from the substrate, the substrate including
a metal frame inserting part where at least part of the
metal frame is inserted, wherein
the method including:

a metal plate preparation step of preparing a metal
plate including a plurality of metal frame forming ar-
eas where the metal frame is formed,
a housing part forming step of forming, by way of
press working, the housing part on the metal plate
corresponding to the metal frame forming areas, and
a cutting part forming step of forming on the metal
plate a cutting part to allow the external shape of the
metal frame to be deformable.

[0027] With this invention, it is possible to finish the
face of a housing part functioning as a reflector into an
almost mirror-polished surface by forming, by way of
press working, the housing part on a metal plate. This
enhances the light-emitting efficiency of a light-emitting
device.
[0028] It is possible to mount a metal frame at the metal
frame inserting part of a substrate without using an ad-
hesive by forming on the metal frame a cutting part to
allow the external shape of the metal frame to be deform-
able.
[0029] According to another aspect of the invention,
there is provided a method for manufacturing a light-emit-
ting device including a light-emitting element, a substrate
where the light-emitting element is arranged, a housing
part arranged on the substrate for housing the light-emit-
ting element and a metal cover including through holes
for transmitting light emitted from the light-emitting ele-
ment, wherein
the method including:
a metal plate preparation step of preparing a metal plate
including a plurality of metal cover forming areas where
the metal cover is formed,
a housing part forming step of forming, by way of press
working, the housing part on the metal plate correspond-
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ing to the metal cover forming areas, and
a through hole forming step of forming, by way of press
working, the through holes in the metal plate correspond-
ing to a position where the housing part is formed.
[0030] With this invention, it is possible to finish the
face of a housing part functioning as a reflector into an
almost mirror-polished surface by forming, by way of
press working, the housing part on a metal plate. This
enhances the light-emitting efficiency of a light-emitting
device.
[0031] With this invention, it is possible to readily
change the shape of a housing part having a reflector
function as well as enhance the light-emitting efficiency
of a light-emitting device.
[0032] Embodiments are also directed to apparatuses
for carrying out the disclosed methods and including ap-
paratus parts for performing described method steps.
Furthermore, embodiments are also directed to methods
by which the described apparatus are manufactured. It
may include method steps for manufacturing parts of the
apparatus. The method steps may be performed by way
of hardware components, firmware, a computer pro-
grammed by appropriate software, by any combination
thereof or in any other manner.
[0033] The invention will be better understood by ref-
erence to the following description of embodiments of
the invention taken in conjunction with the accompanying
drawings, wherein:

Fig. 1 is a cross-sectional view of a related art light-
emitting device.
Fig. 2 is a cross-sectional view of a light-emitting
device according to the first embodiment of the in-
vention.
Fig. 3 is a plan view of the metal frame shown in Fig.
2.
Fig. 4 is a plan view of another metal frame applicable
to a light-emitting device of this embodiment.
Fig. 5A shows a step of manufacturing a light-emit-
ting device according to the first embodiment of the
invention.
Fig. 5B shows a step of manufacturing a light-emit-
ting device according to the first embodiment of the
invention.
Fig. 5C shows a step of manufacturing a light-emit-
ting device according to the first embodiment of the
invention.
Fig. 5D shows a step of manufacturing a light-emit-
ting device according to the first embodiment of the
invention.
Fig. 5E shows a step of manufacturing a light-emit-
ting device according to the first embodiment of the
invention.
Fig. 5F shows a step of manufacturing a light-emit-
ting device according to the first embodiment of the
invention.
Fig. 5G shows a step of manufacturing a light-emit-
ting device according to the first embodiment of the

invention.
Fig. 5H shows a step of manufacturing a light-emit-
ting device according to the first embodiment of the
invention.
Fig. 5I shows a step of manufacturing a light-emitting
device according to the first embodiment of the in-
vention.
Fig. 6A is a plan view of the metal plate shown in
Fig. 5D.
Fig. 6B is a plan view of the metal plate shown in
Fig. 5E including a plurality of recessed parts formed
thereon.
Fig. 6C is a plan view of the metal plate shown in
Fig. 5F including a plurality of housing parts formed
thereon.
Fig. 7 is a cross-sectional view of a light-emitting
device according to the second embodiment of the
invention.
Fig. 8 shows a step of manufacturing the light-emit-
ting device according to the second embodiment of
the invention.
Fig. 9 is a cross-sectional view of a light-emitting
device according to the third embodiment of the in-
vention.
Fig. 10 is a plan view of the light-emitting device ac-
cording to the third embodiment of the invention.
Fig. 11 is a plan view of a metal frame.
Fig. 12 is a cross-sectional view of a light-emitting
device according to a variation of the third embodi-
ment.
Fig. 13 is a plan view of another metal frame including
a cutting part.
Fig. 14 shows a step of manufacturing the light-emit-
ting device according to the third embodiment of the
invention.
Fig. 15 is a plan view of the metal plate shown in Fig.
14.
Fig. 16 is a cross-sectional view of a light-emitting
device according to the fourth embodiment of the
invention.
Fig. 17 is a plan view of the light-emitting device ac-
cording to the fourth embodiment of the invention.
Fig. 18 is a plan view of a metal cover.
Fig. 19A shows a step of manufacturing a light-emit-
ting device according to the fourth embodiment of
the invention.
Fig. 19B shows a step of manufacturing a light-emit-
ting device according to the fourth embodiment of
the invention.
Fig. 19C shows a step of manufacturing a light-emit-
ting device according to the fourth embodiment of
the invention.
Fig. 19D shows a step of manufacturing a light-emit-
ting device according to the fourth embodiment of
the invention.
Fig. 19E shows a step of manufacturing a light-emit-
ting device according to the fourth embodiment of
the invention.
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Fig. 19F shows a step of manufacturing a light-emit-
ting device according to the fourth embodiment of
the invention.
Fig. 20A is a plan view of the metal plate shown in
Fig. 19A.
Fig. 20B is a plan view of the metal plate shown in
Fig. 19B.
Fig. 20C is a plan view of the metal plate shown in
Fig. 19C.

[0034] Embodiments of the invention will be described
based on figures.
[0035] Fig. 2 is a cross-sectional view of a light-emitting
device according to the first embodiment of the invention.
θ2 shown in Fig. 2 represents the inclination angle of the
side face 28A of a housing part 28 with respect to the
bottom face 15A of a metal frame 15 (hereinafter referred
to as the "inclination angle θ2").
[0036] Referring to Fig. 2, a light-emitting device 10
according to the first embodiment of the invention in-
cludes a substrate 11, a light-emitting element 12, a phos-
phor-containing resin 13, a metal frame 15 and a sealing
resin 16.
[0037] The substrate 11 includes a substrate main
body 18 and a wiring pattern 19. The substrate main body
18 has a shape of a plate and includes a plurality of
through holes 21. The through holes 21 are intended to
arrange vias 22. A material for the substrate main body
18 may be for example a resin, ceramic, glass, or silicon.
In case silicon is used as a material for the substrate
main body 18, an insulating layer (not shown) is provided
between the substrate main body 18 and the wiring pat-
tern 19.
[0038] The wiring pattern 19 includes vias 22 and wir-
ing 23. Each via 22 is provided at the through hole 21.
The upper end of the via 22 is electrically connected to
the electrode 25 of the light-emitting element 12 by way
of a bump 26. The lower end of the via 22 is connected
to the wiring 23. A material for the via 22 may be a con-
ductive metal. A conductive metal as a material for the
via 22 may be for example Cu.
[0039] The wiring 23 is provided on the lower face 18A
of the substrate main body 18. The wiring 23 is connected
to the lower end of the via 22. The wiring 23 is thus elec-
trically connected to the light-emitting element 12 by way
of the via 22 and a bump 26. The wiring 23 functions as
an external connection terminal of the light-emitting de-
vice 10. A material for the wiring 23 may be a conductive
metal. A conductive metal as a material for the wiring 23
may be for example a Cu/Ni/Au multilayer film including
a Cu layer, an Ni layer and an Au layer laminated in this
order on the lower face 18A of the substrate main body
18.
[0040] The light-emitting element 12 is an element that
emits light and includes an electrode 25. The electrode
25 of the light-emitting element 12 is electrically connect-
ed to the via 22 via the bump 26. The light-emitting ele-
ment 12 is flip-chip connected to the via 22. In case the

light-emitting device 10 emits white light, for example, a
light-emitting diode (LED) element that emits blue light
may be used as the light-emitting element 12.
[0041] The phosphor-containing resin 13 is provided
so as to cover the light-emitting element 12. The phos-
phor-containing resin 13 is a translucent resin into which
phosphor particles are incorporated. A translucent resin
may be for example a silicone resin.
[0042] By using a silicone resin as a translucent resin,
it is possible to suppress the deterioration of the phos-
phor-containing resin 13 that occurs when ultraviolet rays
contained in the light emitted from the light-emitting ele-
ment 12 pass through the phosphor-containing resin 13.
[0043] In case the light-emitting device 10 emits white
light, for example, phosphor particles that emit yellow
light may be used as phosphor particles in the phosphor-
containing resin 13. For example, a YAG phosphor may
be used as a phosphor emitting yellow light.
[0044] Fig. 3 is a plan view of the metal frame shown
in Fig. 2.
[0045] The metal frame 15 will be described referring
to Figs. 2 and 3. The metal frame 15 is fixed to the sub-
strate 11 via an adhesive (not shown). The metal frame
15 and the substrate 11 are separately formed. The metal
frame 15 has a shape of a frame surrounding the light-
emitting element 12 and includes a housing part 28. The
housing part 28 has a shape that is tapered upward from
the substrate 11. The lower end of the housing part 28
has a quadrangular shape and the upper end of the hous-
ing part 28 is a quadrangle that is larger than the lower
end of the housing part 28. The housing part 28 is intend-
ed to house the light-emitting element 12.
[0046] The housing part 28 includes a side face 28A
surrounding the light-emitting element 12. The side face
28A of the housing part 28 is an inclined surface forming
the inclination angle θ2 with respect to the bottom face
15A of the metal frame 15. The side face 28A of the hous-
ing part 28 functions as a reflector for reflecting light emit-
ted from the light-emitting element 12. The inclination
angle θ2 is an angle that allows light to be reflected in a
desired direction. The inclination angle θ2 may be set for
example within the range of 45 to 55 degrees. The hous-
ing part 28 may be formed for example through press
working of a metal plate.
[0047] For example, one or more types of metal out of
Cu, Fe, Au, Ag, Al, Ni, Pd and Pt may be used as a ma-
terial for the metal frame 15. In particular, a Cu alloy or
an Fe-Ni alloy is preferable as a material for the metal
frame 15. In case the light-emitting element 12 is 80 mi-
crometers thick, the thickness M1 of the metal frame 15
may be for example 120 micrometers.
[0048] As described above, by separately forming the
metal frame 15 and the substrate 11, it is possible to
provide on the substrate 11 the metal frame 15 including
the side face 28A (a face functioning as a reflector) of
the housing part 28 made into an almost mirror-polished
surface. This enhances the light-emitting efficiency of the
light-emitting device 10.
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[0049] By separately forming the metal frame 15 and
the substrate 11, the metal frame 15 can be replaced
with another on the substrate 11. This makes it possible
to readily change the inclination angle θ2 of the side face
28A of the housing part 28.
[0050] When the metal frame 15 on the substrate 11
is replaced with another metal frame, it is not necessary
to change the configuration of the substrate 11. This re-
duces the costs of the light-emitting device 10 compared
with the related art light-emitting device 100 including the
substrate 101 with the housing part 109 arranged there-
on.
[0051] The sealing resin 16 will be described referring
to Fig. 2. The sealing resin 16 is formed on the housing
part 28 so as to cover the phosphor-containing resin 13.
The sealing resin 16 is intended to seal the light-emitting
element 12 covered with the phosphor-containing resin
13. For example, a silicone resin may be used as the
sealing resin 16.
[0052] According to the light-emitting device of this em-
bodiment, by separately forming the metal frame 15 and
the substrate 11, it is possible to provide on the substrate
11 the metal frame 15 including the side face 28A (a face
functioning as a reflector) of the housing part 28 made
into an almost mirror-polished surface. This enhances
the light-emitting efficiency of the light-emitting device 10.
[0053] By separately forming the metal frame 15 and
the substrate 11, the metal frame 15 can be replaced
with another on the substrate 11. This makes it possible
to readily change the inclination angle θ2 of the face 28A
of the housing part 28 functioning as a reflector.
[0054] While the sealing resin 16 is provided on the
light-emitting device 10 of this embodiment, this embod-
iment is applicable to a light-emitting device that does
not include the sealing resin 16.
[0055] Fig. 4 is a plan view of another metal frame ap-
plicable to a light-emitting device of this embodiment.
[0056] Referring to Fig. 4, the metal frame 30 includes
a housing part 31 for housing a light-emitting element 12.
The housing part 31 has a shape that is tapered from the
lower end to the upper end of the housing part 31. The
lower end of the housing part 31 is formed into a circle
and the upper end of the housing part 31 is formed into
a quadrangle. Side faces 31A, 31B of the housing part
31 are designed to surround the light-emitting element
12. The side faces 31A, 31B of the housing part 31 are
formed into almost mirror-polished surfaces. The side
faces 31A, 31B of the housing part 31 are inclined sur-
faces having a predetermined angle with respect to the
bottom face of the metal frame 30. The predetermined
angle may be set to an angle approximately equal to the
inclination angle θ2 of the side face 28A of the housing
part 28 described earlier (refer to Fig. 2). Each of the side
faces 31A, 31B of the housing part 31 functions as a
reflector that reflects light emitted from the light-emitting
element 12.
[0057] The metal frame 30 thus configured may be pro-
vided on the substrate 11 in place of the metal frame 15.

A light-emitting device including the substrate 11 with the
metal frame 30 arranged thereon has the same advan-
tage as that of the light-emitting device 10 of the first
embodiment.
[0058] A metal frame arranged on the substrate 11 has
only to include a housing part whose side face functioning
as a reflector is formed into an almost mirror-polished
surface, and is not limited to the shapes of the metal
frame 15 and 30 shown in Figs. 3 and 4.
[0059] Figs. 5A to 5I show the steps of manufacturing
a light-emitting device according to the first embodiment
of the invention. In Figs. 5A to 5I, a same component as
that of the light-emitting device 10 according to the first
embodiment of the invention is given a same sign. A sign
A shown in Figs. 5D to 5F represents an area of the metal
plate 35 where the metal frame 15 is formed (hereinafter
referred to as the "metal frame forming area A").
[0060] Fig. 6A is a plan view of the metal plate shown
in Fig. 5D. Fig. 6B is a plan view of the metal plate in-
cluding a plurality of recessed parts shown in Fig. 5E.
Fig. 6C is a plan view of the metal plate including a plu-
rality of housing parts formed thereon shown in Fig. 5F.
[0061] A method for manufacturing a light-emitting de-
vice 10 according to the first embodiment of the invention
will be described referring to Figs. 5A to 6C.
[0062] First, the step shown in Fig. 5A forms a sub-
strate 11 including a substrate main body 18 including a
plurality of through holes 21 and a wiring pattern 19 com-
posed of vias 22 and a wiring 23 by way of a known
technique.
[0063] To be more precise, in case the material for the
substrate main body 18 is silicon, a plurality of through
holes 21 are formed into the substrate main body 18 by
way of dry etching, and an insulating layer (not shown)
is formed on the surface of the substrate main body 18
(including the inner walls of the through holes 21). Next,
a metal foil (not shown) is applied to the lower face 18A
of the substrate main body 18 and a conductive metal
film such as a Cu film is deposited and grown on the inner
surfaces of the plurality of through holes 21 by way of
the electroplating method using the metal foil as a power
feed layer thereby forming vias 22. The metal foil is then
removed. A Cu layer, an Ni layer and an Au layer are
sequentially laminated on the lower face 18A of the sub-
strate main body 18 to form a Cu/Ni/Au multilayer film by
way of the sputtering method. An unnecessary part of
the Cu/Ni/Au multilayer film is lifted off to form wiring 23.
[0064] The step shown in Fig. 5B flip-chip connects the
light-emitting element 12 to a via 22. To be more precise,
a bump 26 is formed on the upper end of the via 22 and
the electrode 25 of the light-emitting element 12 is
pressed against the bump 26 in a molten state to flip-chip
connect the light-emitting element 12 to the via 22. In
case the light-emitting device 10 emits white light, for
example, a light-emitting diode (LED) element that emits
blue light may be used as the light-emitting element 12.
[0065] Next, the step shown in Fig. 5C forms a phos-
phor-containing resin 13 so as to cover a light-emitting
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element 12. The phosphor-containing resin 13 may be
formed through the inkjet method. The phosphor-con-
taining resin 13 is a translucent resin into which phosphor
particles are incorporated. For example, a silicone resin
may be used as a translucent resin. In case the light-
emitting device 10 emits white light, for example, phos-
phor particles that emit yellow light may be used as phos-
phor particles in the phosphor-containing resin 13. For
example, a YAG phosphor may be used as a phosphor
emitting yellow light.
[0066] The step shown in Fig. 5D prepares a metal
plate 35 including a plurality of metal frame forming areas
A (refer to Fig. 6A) (metal plate preparation step). For
example, one or more types of metal out of Cu, Fe, Au,
Ag, Al, Ni, Pd and Pt may be used as a material for the
metal plate 35. In particular, a Cu alloy or an Fe-Ni alloy
is preferable as a material for the metal plate 35. The
thickness M2 of the metal plate 35 is set so as to be
approximately equal to the thickness M1 of the metal
frame 15. To be more precise, in case the light-emitting
element 12 is 80 micrometers thick, the thickness M2 of
the metal plate 35 may be for example 120 micrometers.
[0067] Next, the step shown in Fig. 5E presses the met-
al plate 35 by using a lower die 36 made into a plate and
an upper die 37 including a plurality of protruding parts
to form a recessed part 39 including a side face 28A
formed into an almost mirror-polished surface on the met-
al plate corresponding to the metal frame forming areas
A (refer to Fig. 6B). The protruding part 38 corresponds
to the shape of the housing part 28. The face 38A of the
protruding part 38 is an inclined surface. The inclination
angle θ3 of the face 38A of the protruding part 38 with
respect to the face 37A of the upper die 37 is set to be
approximately equal to the inclination angle θ2 of the face
28A of the recessed part 39 (side face of the housing
part 28). The inclination angle θ3 may be set for example
within the range of 45 to 55 degrees. The recessed part
39 is made into the housing part 28 when an unnecessary
metal plate part 35B located at the bottom face of the
recessed part 39 is punched in the step shown in Fig. 5F.
[0068] Thus, by way of press working that uses the
lower die 36 and the upper die 37, the side face 28A of
the housing part 28 made into a nearly mirror-polished
surface is formed on the metal plate 35 corresponding
to the metal frame forming area A.
[0069] Next, the step shown in Fig. 5F punches the
unnecessary metal plate part 35B to form the housing
part 28 in the metal frame forming area A of the metal
plate 35 by pressing the metal plate 35 while using a
lower die 41 including an opening 41A where some of
the protruding parts 43 of an upper die 42 are inserted
and the upper die 42 including a plurality of protruding
parts 43 (housing forming step). The protruding parts 43
correspond to the shapes of the housing part 28 and the
opening 41A. With this housing part forming step, a struc-
ture corresponding to the metal frame 15 is formed in the
metal frame forming area A of the metal plate 35 (refer
to Fig. 6C).

[0070] In this way, by pressing the metal plate 35 to
form the housing part 28, it is possible to finish the side
face 28A of the housing part 28 functioning as a reflector
into an almost mirror-polished surface. This enhances
the light-emitting efficiency of the light-emitting device 10.
[0071] By forming the housing part 28 through two
steps of press working, it is possible to enhance the flat-
ness of the side face 28A of the housing part 28 compared
with a case where the housing part 28 is formed through
a single step of press working.
[0072] The step shown in Fig. 5G cuts part of the metal
plate part 35 corresponding to the metal frame forming
area A (part where a structure corresponding to the metal
frame 15 is formed) by pressing the metal plate 35 while
using a lower die 45 including an opening 45A where
some of the protruding parts 47 of an upper die 46 are
inserted and the upper die 46 including a plurality of pro-
truding parts 47 corresponding to the shape of the open-
ing 45A. This makes the metal frame 15 into individual
pieces thus manufacturing a plurality of metal frames 15.
[0073] In this way, by cutting the metal plate 35 corre-
sponding to the metal frame forming area A by way of
press working to manufacture a plurality of metal frames
15, it is possible to form the housing part 28 and make
the metal frame 15 into individual pieces on the same
press working machine tool. This reduces the manufac-
turing costs of the metal frame 15 compared with a case
where a method other than press working such as use
of a dicer is employed to cut the metal frame 15 and make
the metal frame 15 into individual pieces.
[0074] Next, the step shown in Fig. 5H uses an adhe-
sive (not shown) to fix the metal frame 15 on the structure
shown in Fig. 5C. The step shown in Fig. 5I fills the hous-
ing part 28 with a sealing resin 16 to seal the light-emitting
element 12 covered with a phosphor-containing resin 13.
This produces a light-emitting device 10. For example, a
silicone resin may be used as the sealing resin 16.
[0075] With the method for manufacturing a light-emit-
ting device according to this embodiment, it is possible
to finish the side face 28A of the housing part 28 func-
tioning as a reflector into an almost mirror-polished sur-
face by pressing the metal plate 35 to form the housing
part 28. This enhances the light-emitting efficiency of the
light-emitting device 10.
[0076] By forming the housing part 28 and make the
metal frame 15 into individual pieces by way of press
working, it is possible to reduce the manufacturing costs
of the light-emitting device 10 (manufacturing costs of
the metal frame 15) compared with a case where a meth-
od other than press working such as use of a dicer is
employed to cut the metal frame 15 into individual pieces.
[0077] While in the method for manufacturing the light-
emitting device 10 according to this embodiment, the
light-emitting element 12 is mounted on the substrate 11,
the light-emitting element 12 is covered with the phos-
phor-containing resin 13, the metal frame 15 is fixed to
the substrate 11, and the light-emitting element 12 cov-
ered with the phosphor-containing resin 13 is sealed with
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the sealing resin 16 as a non-limiting example, another
procedure is available where the metal frame 15 is fixed
to the substrate 11, the light-emitting element 12 is
mounted on the substrate 11, the light-emitting element
12 is covered with the phosphor-containing resin 13, and
the light-emitting element 12 covered with the phosphor-
containing resin 13 is sealed with the sealing resin 16.
[0078] Fig. 7 is a cross-sectional view of a light-emitting
device according to the second embodiment of the in-
vention. In Fig. 7, a same component as that of the light-
emitting device 10 according to the first embodiment of
the invention is given a same sign.
[0079] Referring to Fig. 7, a light-emitting device 50
according to the second embodiment is the same as the
light-emitting device 10 except that a reflecting member
51 is added to the configuration of the light-emitting de-
vice 10 according to first embodiment.
[0080] The reflecting member 51 is provided so as to
cover the side face 28A of a housing part 28. The reflect-
ing member 51 is intended to efficiently reflect the light
emitted by the light-emitting element 12. As the reflecting
member 51, for example, a metal film or a conductor
paste including a solvent where a metal particles are dis-
persed may be used. As a material for a metal film, at
least one metal out of for example Au, Ag, Al, Ni, Pd and
Pt may be used. A metal film may be formed by way of
the plating method, vapor deposition method, sputtering
method or the like.
[0081] A solvent in a conductor paste may be for ex-
ample water or an organic solvent containing or not con-
taining glycerin. As an organic solvent, for example, al-
cohol, ether, xylene, or toluene may be used. Metal par-
ticles in the conductor paste may be particles including
at least one of the metals such as Au, Ag, Al, Ni, Pd and
Pt. The conductor paste may be formed by way of the
spray coat method, inkjet method, or dispensing method.
[0082] With the light-emitting device according to this
embodiment, it is possible to efficiently reflect the light
emitted from the light-emitting element 12 by providing
the reflecting member 51 on the side face 28A of the
housing part 28. This enhances the light-emitting efficien-
cy of the light-emitting device 50.
[0083] The light-emitting device 50 according to the
second embodiment can be manufactured with the same
procedure as that for the light-emitting device 10 accord-
ing to the first embodiment except that a reflecting mem-
ber forming step of forming the reflecting member 51 is
provided between the step (housing part forming step)
shown in Fig. 5F and the step shown in Fig. 5G.
[0084] Fig. 8 shows a step of manufacturing the light-
emitting device according to the second embodiment of
the invention. In Fig. 8, a same component as that of the
light-emitting device 10 according to the first embodiment
of the invention is given a same sign. In the example
shown in Fig. 8, the reflecting member 51 is formed by
way of the electroplating method.
[0085] The reflecting member forming step will be de-
scribed referring to Fig. 8. As shown in Fig. 8, a metal

film is deposited and grown on the surfaces of the metal
plate 35 (including the side face 28A of the housing part
28) by way of the electroplating method that uses as a
power feed layer the metal plate 35 where a plurality of
housing parts 28 are formed. This forms the reflecting
member 51.
[0086] In this way, by simultaneously forming the re-
flecting member 51 on the side faces 28A of the plurality
of housing parts 28 provided on the metal plate 35, it is
possible to enhance the productivity of the light-emitting
device 50 compared with a case where the reflecting
member 51 is formed on the side face 28A of each metal
frame 15 as an individual piece.
[0087] A metal film working as the reflecting member
51 may be formed by way of a method other than the
plating method, such as vapor deposition method or sput-
tering method. The conductor paste described earlier
may be formed as the reflecting member 51 on each of
the side faces 28A of the plurality of housing parts 28 by
way of the inkjet method or dispensing method.
[0088] After the reflecting member forming step, a plu-
rality of light-emitting devices 50 are manufactured by
performing the same steps as those shown in Figs. 5G
to 5I.
[0089] According to the method for manufacturing the
light-emitting device of this embodiment, by simultane-
ously forming the reflecting member 51 on the side faces
28A of the plurality of housing parts 28 provided on the
metal plate 35, it is possible to enhance the productivity
of the light-emitting device 50 compared with a case
where the reflecting member 51 is formed on the side
face 28A of each metal frame 15 as an individual piece.
[0090] The light-emitting device 50 according to this
embodiment may be manufactured by fixing the metal
frame 15 including the reflecting member 51 to the sub-
strate 11, mounting the light-emitting element 12 on the
substrate 11, covering the light-emitting element 12 is
with the phosphor-containing resin 13, and sealing the
light-emitting element 12 covered with the phosphor-con-
taining resin 13 by using the sealing resin 16.
[0091] Fig. 9 is a cross-sectional view of a light-emitting
device according to the third embodiment of the inven-
tion. Fig. 10 is a plan view of the light-emitting device
according to the third embodiment of the invention. In
Figs. 9 and 10, a same component as that of the light-
emitting device 10 according to the first embodiment of
the invention is given a same sign. In Fig. 9, θ4 represents
the inclination angle of the side face 65A of a housing
part 65 with respect to the bottom face 62A of a metal
frame 62 (hereinafter referred to as the "inclination angle
θ4"). θ5 represents the inclination angle of the side face
65B of the housing part 65 with respect to the bottom
face 62A of the metal frame 62 (hereinafter referred to
as the "inclination angle θ5").
[0092] Referring to Figs. 9 and 10, a light-emitting de-
vice 60 according to the third embodiment is the same
as the light-emitting device 10 except that a substrate 61
and a metal frame 62 are provided in place of the sub-
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strate 11 and the metal frame 15 provided in the light-
emitting device 10 according to the first embodiment.
[0093] The substrate 61 includes a substrate main
body 63 and a wiring pattern 19 including vias 22 and
wiring 23. The substrate main body 63 includes a plurality
of through holes 21 and a metal frame inserting part 64.
The metal frame inserting part 64 is a recessed portion
into which the metal frame 62 is inserted. The metal frame
inserting part 64 is in contact with the bottom face 62A.
The depth D1 of the outer peripheral surface 62B of the
metal frame inserting part 64 is approximately equal to
the thickness M3 of the metal frame 62. A material for
the substrate main body 63 may be for example a resin,
ceramic, glass, or silicon. In case silicon is used as a
material for the substrate main body 63, an insulating
layer (not shown) is provided between the substrate main
body 63 and the wiring pattern 19.
[0094] Fig. 11 is a plan view of a metal frame.
[0095] Referring to Figs. 9 and 11, the metal frame 62
is separately formed from the substrate 61 and provided
at the metal frame housing part 64 formed on the sub-
strate 61. The metal frame 62 has a shape of a frame
surrounding the light-emitting element 12 and includes a
housing part 65 and a cutting part 66.
[0096] The housing part 65 has a shape that is tapered
upward from the substrate 61. The housing part 65 is
intended to house the light-emitting element 12. The low-
er end of the housing part 65 has a quadrangular shape
and the upper end of the housing part 65 is a quadrangle
that is larger than the lower end of the housing part 65.
[0097] The side faces 65A, 65B of the housing part 65
are provided to surround the light-emitting element 12.
The side faces 65A, 65B of the housing part 65 are mirror-
polished. The side face 65A of the housing part 65 is an
inclined surface forming the inclination angle θ4 with re-
spect to the bottom face 62A of the metal frame 62. The
side face 65B of the housing part 65 is an inclined surface
forming the inclination angle θ5 with respect to the bottom
face 62A of the metal frame 62. The inclination angle θ5
is approximately equal to the inclination angle θ4. The
side faces 65A, 65B of the housing part 65 function as
reflectors for reflecting light emitted from the light-emit-
ting element 12.
[0098] The inclination angles θ4, θ5 are angles that
allow light to be reflected in a desired direction. The in-
clination angles θ4, θ5 may be set for example within the
range of 45 to 55 degrees. The housing part 65 may be
formed for example through press working of a metal
plate.
[0099] For example, one or more types of metal out of
Cu, Fe, Au, Ag, Al, Ni, Pd and Pt may be used as a ma-
terial for the metal frame 62. In particular, a Cu alloy or
an Fe-Ni alloy is preferable as a material for the metal
frame 62. In case the light-emitting element 12 is 80 mi-
crometers thick, the thickness M3 of the metal frame 62
may be for example 120 micrometers.
[0100] As described above, by separately forming the
metal frame 62 and the substrate 61, it is possible to

provide at the metal frame inserting part 64 of the sub-
strate 61 the metal frame 62 including the side faces 65A,
65B (faces functioning as reflectors) of the housing part
65 made into an almost mirror-polished surface. This en-
hances the light-emitting efficiency of the light-emitting
device 60.
[0101] By separately forming the metal frame 62 and
the substrate 61, the metal frame 62 can be replaced
with another on the substrate 61. This makes it possible
to readily change the inclination angles θ4, θ5 of the side
faces 65A, 65B of the housing part 65.
[0102] When the metal frame 62 is replaced with an-
other metal frame, it is not necessary to change the con-
figuration of the substrate 61. This reduces the costs of
the light-emitting device 60 compared with the related art
light-emitting device 100 including the substrate 101 with
the housing part 109 arranged thereon.
[0103] A cutting part 66 is provided so as to cut the
metal frame 62 positioned between two side faces 65B
of the housing part 65. The metal frame 62 thus has a
shape of a frame including a gap part. The cutting part
66 of the metal frame 62 inserted into the metal frame
inserting part 64 is filled with a sealing resin 16. The width
W1 of the cutting part 66 may be for example 0.1mm.
[0104] By providing such a cutting part 66 on the metal
frame 62, it is possible to press the corner parts 62D,
62E of the metal frame 62 in C1 and C2 directions to
deform the external shape of the metal frame 62. This
allows the metal frame 62 to be attached to the metal
frame inserting part 64 without using an adhesive.
[0105] According to the light-emitting device of this em-
bodiment, by separately forming the metal frame 62 and
the substrate 61, it is possible to provide at the metal
frame inserting part 64 of the substrate 61 the metal frame
62 including the side faces 65A, 65B (faces functioning
as reflectors) of the housing part 65 made into an almost
mirror-polished surface. This enhances the light-emitting
efficiency of the light-emitting device 60.
[0106] By separately forming the metal frame 62 and
the substrate 61, the metal frame 62 can be replaced
with another on the substrate 61. This makes it possible
to readily change the inclination angles θ4, θ5 of the side
faces 65A, 65B of the housing part 65.
[0107] By providing the cutting part 66 on the metal
frame 62, it is possible to deform the external shape of
the metal frame 62. This allows the metal frame 62 to be
attached to the metal frame inserting part 64 without us-
ing an adhesive. The outer peripheral surface 62B of the
metal frame 62 is pressed against the metal frame in-
serting part 64 by way of the elastic force of the metal
frame 62. This attaches the metal frame 62 to the metal
frame inserting part 64 of the substrate main body 63.
[0108] The light-emitting device 60 according to this
embodiment may include a reflecting member 51 de-
scribed in the second embodiment on the side faces 65A,
65B of the housing part 65.
[0109] Fig. 12 is a cross-sectional view of a light-emit-
ting device according to a variation of the third embodi-
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ment. In Fig. 12, a same component as that of the light-
emitting device 60 according to the third embodiment is
given a same sign.
[0110] Referring to Fig. 12, a light-emitting device 70
according to a variation of the third embodiment has the
same configuration as the light-emitting device 60 except
that a substrate 71 is provided in place of the substrate
61 provided in the light-emitting device 60 of the third
embodiment.
[0111] The substrate 71 includes a substrate main
body 72 and a wiring pattern 19 including vias 22 and
wiring 23. The substrate main body 72 includes a plurality
of through holes 21 and a metal frame inserting part 73.
The metal frame inserting part 73 is a recessed part for
inserting at least part of the metal frame 62. The depth
D2 of the metal frame inserting part 73 is smaller than
the thickness M3 of the metal frame 62 (D2<M3). A ma-
terial for the substrate main body 72 may be for example
a resin, ceramic, glass, or silicon. In case silicon is used
as a material for the substrate main body 72, an insulating
layer (not shown) is provided between the substrate main
body 72 and the wiring pattern 19.
[0112] The light-emitting device 70 including the sub-
strate 71 with the metal frame inserting part 73 arranged
thereon has the same advantage as that of the light-emit-
ting device 60 of the third embodiment. A metal frame
applicable to the light-emitting device 70 only needs to
include the side face of a housing part made into an al-
most mirror-polished surface and a single cutting part
and is not limited to the shape of the metal frame 62. For
example, a metal frame 75 shown in Fig. 13 described
later is applicable.
[0113] Fig. 13 is a plan view of another metal frame
including a cutting part. In Fig. 13, a same component
as that of the metal frame 30 shown in Fig. 4 is given a
same sign.
[0114] Referring to Fig. 13, a metal frame 75 has the
same configuration as the metal frame 30 except that a
cutting part 76 is added to the metal frame 30 shown in
Fig. 4. The cutting part 76 is formed so as to cut part of
the metal frame 75.
[0115] Even in case the metal frame 75 of the above
configuration is provided in place of the metal frame 62
arranged in the light-emitting device 60 or 70, it is possible
to obtain the same advantage as that of the light-emitting
device 60 or 70.
[0116] The reflecting member described in the second
embodiment may be provided on the side faces 31A, 31B
of the housing part 31 of the metal frame 75.
[0117] The light-emitting device 60 according to the
third embodiment can be manufactured with the same
procedure as that for the light-emitting device 10 accord-
ing to the first embodiment except that a cutting part form-
ing step of forming the cutting part 66 is provided between
the step (housing part forming step) shown in Fig. 5F and
the step shown in Fig. 5G.
[0118] Fig. 14 shows a step of manufacturing the light-
emitting device according to the third embodiment of the

invention. In Figs. 14 and 15, a same component as that
of the light-emitting device 60 according to the third em-
bodiment is given a same sign. A sign E shown in Figs.
14 and 15 represents the area of the metal plate 35 where
the metal frame 62 is formed (hereinafter referred to as
the "metal frame forming area E") .
[0119] The cutting part forming step will be described
referring to Fig. 14.
[0120] As shown in Fig. 14, by way of press working
that uses a lower die 77 including an opening 77A where
some of the protruding parts 79 of an upper die 78 are
inserted and the upper die 78 including a plurality of pro-
truding parts 79 corresponding to the shape of the cutting
part 66, the cutting part 66 is formed in the metal frame
forming area E of the metal plate 35 where a housing
part 65 is formed (refer to Fig. 15). This forms a structure
corresponding to the metal frame 62 in the metal frame
forming area E of the metal plate 35.
[0121] In this way, by forming on the metal frame 62
the cutting part 66 that allows the external shape of the
metal frame 62 to be deformed, it is possible to attach
the metal frame 62 to the metal frame inserting part 64
of the substrate 61 without using an adhesive.
[0122] By separately performing press working for
forming the housing part 65 and press working for forming
the cutting part 66, it is possible to enhance the flatness
of the side faces 65A, 65B of the housing part 65 com-
pared with a case where the housing part 65 and the
cutting part 66 are formed in a single process of press
working.
[0123] After the cutting member forming step, a plural-
ity of light-emitting devices 60 are manufactured by per-
forming the same steps as those shown in Figs. 5G to 5I
explained in the first embodiment.
[0124] According to the method for manufacturing the
light-emitting device of this embodiment, it is possible to
finish the side faces 65A, 65B of the housing part 65
functioning as reflectors into almost mirror-polished sur-
faces by forming the housing part 65 on the metal plate
35 by way of press working. This enhances the light-
emitting efficiency of the light-emitting device 60.
[0125] By forming on the metal frame 62 the cutting
part 66 that allows the external shape of the metal frame
62 to be deformed, it is possible to attach the metal frame
62 to the metal frame inserting part 64 of the substrate
61 without using an adhesive.
[0126] By separately performing press working for
forming the housing part 65 and press working for forming
the cutting part 66, it is possible to enhance the flatness
of the side faces 65A, 65B of the housing part 65.
[0127] The light-emitting device 60 according to this
embodiment may be manufactured by attaching the met-
al frame 62 to the metal frame inserting part 64 of the
substrate 61, mounting the light-emitting element 12 on
the substrate 61, covering the light-emitting element 12
is with the phosphor-containing resin 13, and sealing the
light-emitting element 12 covered with the phosphor-con-
taining resin 13 by using the sealing resin 16. The light-
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emitting device 70 according to the variation of the third
embodiment can be produced in a similar manner as that
of the light-emitting device 60.
[0128] Fig. 16 is a cross-sectional view of a light-emit-
ting device according to the fourth embodiment of the
invention. Fig. 17 is a plan view of the light-emitting device
according to the fourth embodiment of the invention. Fig.
18 is a plan view of a metal cover. In Fig. 16, a same
component as that of the light-emitting device 10 accord-
ing to the first embodiment of the invention is given a
same sign. M4 shown in Fig. 16 represents the thickness
(hereinafter referred to as the "thickness M4") of a metal
cover 81 at a portion that comes into contact with the
substrate main body 18.
[0129] Referring to Figs. 16 to 18, a light-emitting de-
vice 80 according to the fourth embodiment has the same
configuration as the light-emitting device 10 except that
a metal cover 81 and a sealing resin 82 are provided in
place of the metal frame 15 and the sealing resin 16 pro-
vided in the light-emitting device 10 according to the first
embodiment.
[0130] The metal cover 81 is provided on the substrate
11. The metal cover 81 includes a housing part 84 and
through holes 85. The housing part 84 is provided on the
metal cover 81 on the side that comes into contact with
the substrate 11. The housing part 84 is intended to
house the light-emitting element 12 covered with the
phosphor-containing resin 13. The housing part 84 has
a shape of a dome. The face 84A of the housing part 84
is an almost mirror-polished surface and functions as a
reflector for reflecting light from the light-emitting element
12. The housing part 84 is formed for example by press-
ing a metal plate.
[0131] The through holes 85 are formed so as to pen-
etrate the metal cover 81 corresponding to the position
where the housing part 84 is formed. The through holes
85 are intended to emit to outside the metal cover 81 the
light emitted from the light-emitting element 12. The
through holes 85 are formed for example by pressing a
metal plate where the housing part 84 is formed. The
diameter R1 of the through hole 85 is for example 1mm.
[0132] A material for the metal cover 81 may be for
example at least one of the metals such as Cu, Fe, Au,
Ag, Al, Ni, Pd and Pt. In particular, a Cu alloy or an Fe-
Ni alloy is preferable as a material for the metal cover
81. In case the light-emitting element 12 is 80 microme-
ters thick, the thickness M4 of the metal cover 81 may
be for example 180 micrometers.
[0133] The sealing resin 82 is provided to fill the hous-
ing part 84. The sealing resin 82 is intended to seal the
light-emitting element 12 covered with the phosphor-con-
taining resin 13. For example, a silicone resin may be
used as the sealing resin 82.
[0134] According to the light-emitting device of this em-
bodiment, by separately forming the housing part 84 for
housing the light-emitting element 12, the metal cover 81
including through holes 85 for transmitting light emitted
from the light-emitting element 12 and the substrate 11,

it is possible to provide on the substrate 11 the metal
cover 81 having the face 84A of the housing part 84 made
into an almost mirror-polished surface. This enhances
the light-emitting efficiency of the light-emitting device 80.
[0135] By separately forming the metal cover 81 and
the substrate 11, the metal cover 81 can be replaced with
another on the substrate 11. This makes it possible to
readily change the size of the diameter R1 of the through
hole 85.
[0136] While the light-emitting device 80 according to
this embodiment includes a sealing resin 82 as a non-
limiting example, the sealing resin may be omitted. A
light-emitting device that does not include the sealing res-
in 82 has the same advantage as that of the light-emitting
device 80 according to this embodiment. The reflecting
member 51 described in the second embodiment may
be provided on the face 84A of the housing part 84. By
providing the reflecting member 51 on the face 84A of
the housing part 84, it is possible to enhance the light-
emitting efficiency of the light-emitting device 80.
[0137] Figs. 19A to 19F show steps of manufacturing
the light-emitting device according to the fourth embod-
iment of the invention. In Figs. 19A to 19F, a same com-
ponent as that of the light-emitting device 80 according
to the fourth embodiment is given a same sign. A sign B
shown in Figs. 19A to 19C represents the area of the
metal plate 87 where the metal cover 81 is formed (here-
inafter referred to as the "metal cover forming area B").
[0138] Fig. 20A is a plan view of the metal cover shown
in Fig. 19A. Fig. 20B is a plan view of the metal plate
shown in Fig. 19B. Fig. 20C is a plan view of the metal
cover shown in Fig. 19C.
[0139] A method for manufacturing the light-emitting
device 80 according to the fourth embodiment of the in-
vention will be described referring to Figs. 19A to 20C.
[0140] The step shown in Fig. 19A prepares a metal
plate 87 including a plurality of metal cover 81 forming
areas B (refer to Fig. 20A) (metal plate preparation step).
For example, at least one of the metals including Cu, Fe,
Au, Ag, Al, Ni, Pd and Pt may be used as a material for
the metal plate 87. In particular, a Cu alloy or an Fe-Ni
alloy is preferable as a material for the metal plate 87.
The thickness M5 of the metal plate 87 is set so as to be
approximately equal to the thickness M4 of the metal
cover 81. To be more precise, in case the light-emitting
element 12 is 80 micrometers thick, the thickness M5 of
the metal plate 87 may be for example 180 micrometers.
[0141] The step shown in Fig. 19B forms the housing
part 84 (refer to Fig. 20B) in the metal cover forming area
B of the metal plate 87 by way of press working that uses
a lower die 88 having a shape of a plate and an upper
die 91 including a plurality of protruding parts 92 (housing
part forming step). The protruding parts 92 correspond
to the shape of the housing part 84.
[0142] In this way, by forming the housing part 84 on
the metal plate 87 by way of press working that uses the
lower die 88 and the upper die 91, it is possible to finish
the face 84A of the housing part 84 functioning as a re-
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flector into an almost mirror-polished surface. This en-
hances the light-emitting efficiency of the light-emitting
device 80.
[0143] The step shown in Fig. 19C forms through holes
85 in the metal cover forming area B of the metal plate
87 through press working that uses a lower die 93 includ-
ing an opening 93A where some of the protruding parts
95 of an upper die 94 are inserted and the upper die 94
including a plurality of protruding parts 95 (through hole
forming step). This forms a structure corresponding to
the metal cover 81 in the metal cover forming area B of
the metal plate 87 (refer to Fig. 20C). The protruding parts
95 correspond to the shape of the through holes 85. The
diameter R1 of the through hole 85 is for example 1mm.
[0144] By separately performing press working for
forming the housing part 84 and press working for forming
the through holes 85, it is possible to enhance the flatness
of the face 84A of the housing part 84 compared with a
case where the housing part 84 and the through holes
85 are formed in a single process of press working.
[0145] The step shown in Fig. 19D cuts the metal cover
forming area B (area where a structure corresponding to
the metal cover 81 is formed) out of the metal plate 87
by way of press working that uses a lower die 97 including
an opening 97A where some of the protruding parts 99
of an upper die 98 are inserted and the upper die 98
including a plurality of protruding parts 99. This produces
a plurality of metal covers 81. The protruding parts 99
correspond to the shapes of the metal cover forming area
B and the opening 97A.
[0146] In this way, by forming the housing part 84, form-
ing the through holes 85, and punching the metal plate
35 (making the metal cover 81 into individual pieces) by
way of press working, it is possible to reduce the manu-
facturing costs of the metal cover 81 compared with a
case where a method other than press working such as
use of a dicer is employed to make the metal cover 81
into individual pieces.
[0147] Next, the step shown in Fig. 19E uses an ad-
hesive (not shown) to fix the metal cover 81 on the struc-
ture shown in Fig. 5C. The step shown in Fig. 19F fills
the housing part 84 with a sealing resin 82 via through
holes 85 to seal the light-emitting element 12 covered
with a phosphor-containing resin 13. This produces the
light-emitting device 80. For example, a silicone resin
may be used as the sealing resin 82.
[0148] With the method for manufacturing a light-emit-
ting device according to this embodiment, it is possible
to finish the face 84A of the housing part 84 functioning
as a reflector into an almost mirror-polished surface by
pressing the metal plate 87 to form the housing part 84.
This enhances the light-emitting efficiency of the light-
emitting device 80.
[0149] By separately performing press working for
forming the housing part 84 and press working for forming
the through holes 85, it is possible to enhance the flatness
of the faces 84A of the housing part 84.
[0150] Further, by forming the housing part 84, forming

the through holes 85, and punching the metal plate 87
(making the metal cover 81 into individual pieces) by way
of press working, it is possible to reduce the manufactur-
ing costs of the light-emitting device 80 compared with a
case where a method other than press working such as
use of a dicer is employed to make the metal cover 81
into individual pieces.
[0151] According to embodiments described herein,
for example, a light-emitting device can be provided, the
light-emitting device includes an light-emitting element
and a substrate where the light-emitting element is ar-
ranged, whereby a housing part can house the light-emit-
ting element and can have a shape that is tapered upward
from the substrate and a metal frame surrounding the
light-emitting element and including the side face of the
housing part made into an almost mirror-polished surface
can be provided on the substrate.
[0152] While the preferable embodiments of the inven-
tion are described, the invention is not limited to those
specific embodiments but various changes and modifi-
cations can be made in it without departing from the
scope thereof defined in the claims.
[0153] While the light-emitting devices 10, 50, 60, 70,
80 are described where the light-emitting element 12 and
the wiring pattern 19 are flip-chip connected to each other
in the first to fourth embodiments, the invention is also
applicable to a light-emitting device where the light-emit-
ting element 12 and the wiring pattern 19 are connected
to each other via wire bonding.
[0154] While the housing parts 28, 31, 65, 84 are
formed by way of press working in the first to fourth em-
bodiments, a method other than press working such as
the etching method may be used to form the housing
parts 28, 31, 65, 84.
[0155] This invention is applicable to a light-emitting
device that uses a face of a housing part as a reflector
and its manufacturing method.
[0156] In the following, specific examples are de-
scribed.

Example 1

[0157] A light-emitting device comprising:

a light-emitting element,
a substrate where the light-emitting element is ar-
ranged, and
a metal frame provided on the substrate including a
housing part for housing the light-emitting element,
the housing part having a shape that is tapered up-
ward from the substrate.

Example 2

[0158] The light-emitting device according to example
1, wherein
the substrate includes a metal frame inserting part where
at least part of the metal frame is inserted, and
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a cutting part for allowing the external shape of the metal
frame to be deformable is provided on the metal frame.

Example 3

[0159] The light-emitting device according to example
1, further comprising:

a reflecting member for reflecting light emitted from
the light-emitting element, provided on the face of
the housing part surrounding the light-emitting ele-
ment.

Example 4

[0160] A light-emitting device comprising:

a light-emitting element, and
a substrate where the light-emitting element is ar-
ranged, wherein
a metal cover including a housing part for housing
the light-emitting element and a through hole for
transmitting light emitted from the light-emitting ele-
ment, is provided on the substrate.

Example 5

[0161] The light-emitting device according to example
4, further comprising:

a reflecting member for reflecting light emitted from
the light-emitting element, provided on the face of
the metal cover surrounding the light-emitting ele-
ment.

Example 6

[0162] A method for manufacturing a light-emitting de-
vice including a light-emitting element, a substrate where
the light-emitting element is arranged and a metal frame
including a housing part for housing the light-emitting el-
ement, the housing part provided on the substrate and
having a shape that is tapered upward from the substrate,
the method comprising:

a metal plate preparation step of preparing a metal
plate including a plurality of metal frame forming ar-
eas where the metal frame is formed, and
a housing part forming step of forming, by way of
press working, the housing part on the metal plate
corresponding to the metal frame forming areas.

Example 7

[0163] The method for manufacturing a light-emitting
device according to example 6, further comprising:

a metal plate cutting step of cutting the metal plate

along the external shape positions of the metal frame
forming areas by way of press working after the hous-
ing part forming step.

Example 8

[0164] The method for manufacturing a light-emitting
device according to example 7, further comprising:

a reflecting member forming step of forming a re-
flecting member for reflecting light emitted from the
light-emitting element on the face of the housing part
surrounding the light-emitting element between the
housing part forming step and the metal plate cutting
step.

Example 9

[0165] A method for manufacturing a light-emitting de-
vice including a light-emitting element, a substrate where
the light-emitting element is arranged and a metal frame
including a housing part for housing the light-emitting el-
ement, the housing part having a shape that is tapered
upward from the substrate, the substrate including a met-
al frame inserting part where at least part of the metal
frame is inserted,
the method comprising:

a metal plate preparation step of preparing a metal
plate including a plurality of metal frame forming ar-
eas where the metal frame is formed,
a housing part forming step of forming, by way of
press working, the housing part on the metal plate
corresponding to the metal frame forming areas, and
a cutting part forming step of forming on the metal
plate a cutting part to allow the external shape of the
metal frame to be deformable.

Example 10

[0166] A method for manufacturing a light-emitting de-
vice including a light-emitting element, a substrate where
the light-emitting element is arranged, a housing part ar-
ranged on the substrate for housing the light-emitting el-
ement and a metal cover including through holes for
transmitting light emitted from the light-emitting element,
wherein
the method comprising:

a metal plate preparation step of preparing a metal
plate including a plurality of metal cover forming ar-
eas where the metal cover is formed,
a housing part forming step of forming, by way of
press working, the housing part on the metal plate
corresponding to the metal cover forming areas, and
a through hole forming step of forming, by way of
press working, the through holes in the metal plate
corresponding to a position where the housing part
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is formed.

Example 11

[0167] The method for manufacturing a light-emitting
device according to example 9, further comprising:

a metal plate cutting step of cutting the metal plate
along the external shape positions of the metal frame
forming areas by way of press working after the hous-
ing part forming step.

Example 12

[0168] The method for manufacturing a light-emitting
device according to example 10, further comprising:

a metal plate cutting step of cutting the metal plate
along the external shape positions of the metal cover
forming areas by way of press working after the hous-
ing part forming step.

Claims

1. A light-emitting device (10; 50; 60; 70) comprising:

a light-emitting element (12),
a substrate (11; 61; 71) where the light-emitting
element (12) is arranged, and
a metal frame (15; 62) provided on the substrate
and including a housing part (28; 31; 65) for
housing the light-emitting element (12), the
housing part of the metal frame (15; 63) having
a shape that is tapered upward from the sub-
strate (11, 61, 71)
wherein the substrate (61; 71) includes a metal
frame inserting part (64; 73) where at least part
of the metal frame is inserted, and
wherein the metal frame (62) further includes a
cutting part (66) for allowing the external shape
of the metal frame (62) to be deformable.

2. The light-emitting device according to claim 1, further
comprising:

a reflecting member (51) for reflecting light emit-
ted from the light-emitting element, provided on
the face of the housing part surrounding the
light-emitting element (12).

3. The light-emitting device according to claim 1 or 2,
wherein the substrate comprises a substrate main
body (18), which includes through holes (21), and a
wiring pattern (19) which comprises wiring (23) and
vias (22) which extend through the through holes
(21) of the substrate main body (18).

4. The light-emitting device according to claim 3,
wherein the light-emitting element (12) is electrically
connected to the vias (22) that extend through the
through holes (21).

5. A method for manufacturing a light-emitting device
including a light-emitting element (12), a substrate
(11; 61 71) where the light-emitting element is ar-
ranged and a metal frame including a housing part
for housing the light-emitting element, the housing
part having a shape that is tapered upward from the
substrate, the substrate including a metal frame in-
serting part where at least part of the metal frame is
inserted,
the method comprising:

a metal plate preparation step of preparing a
metal plate including a plurality of metal frame
(15; 62) forming areas where the metal frame is
formed,
a housing part forming step of forming, by way
of press working, the housing part (28; 31; 65)
on the metal plate corresponding to the metal
frame forming areas, and
a cutting part forming step of forming on the met-
al plate a cutting part (66) to allow the external
shape of the metal frame to be deformable.

6. The method for manufacturing a light-emitting device
according to claim 5, further comprising:

a metal plate cutting step of cutting the metal
plate along the external shape positions of the
metal frame forming areas by way of press work-
ing after the housing part forming step.

7. The method for manufacturing a light-emitting device
according to claim 6, further comprising:

a reflecting member forming step of forming a
reflecting member (51) for reflecting light emit-
ted from the light-emitting element on the face
of the housing part surrounding the light-emitting
element between the housing part forming step
and the metal plate cutting step.

8. The method for manufacturing a light-emitting device
according to any of the claims 5 to 7, further com-
prising:

forming through holes (21) in a substrate main
body (18) of the substrate; and
forming a wiring pattern (19) which comprises
wiring (23) and vias (22) which extend through
the through holes (21) of the substrate main
body (18).

9. The method for manufacturing a light-emitting device

25 26 



EP 3 007 241 A1

15

5

10

15

20

25

30

35

40

45

50

55

according to claim 8, further comprising:

electrically connecting the light-emitting ele-
ment (12) to the vias (22) that extend through
the through holes (21).
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