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(54) [Title of the Invention] METHOD OF MANUFACTURING A PACKAGE SUBSTRATE FOR MOUNTING AN
OPTICAL SEMICONDUCTOR ELEMENT AND METHOD OF MANUFACTURING AN OPTICAL

SEMICONDUCTOR DEVICE USING THE SAME

(57) [Abstract]

[Problem to be Solved] To provide a method of
manufacturing a package substrate for mounting an
optical semiconductor eclement, the method thereof
enabling cost reductions and improvements in
productivity through the reduction of lead time and the
number of members and manufacturing processes that are
used, and to provide a method of manufacturing an
optical semiconductor device using the same.

[Solution] A method of manufacturing a package
substrate for mounting an optical semiconductor element,
the package substrate thereof having, on a wiring board, a
thermosetting resin composition layer for reflecting light,
the layer thereof being formed with two or more concave
parts serving as optical semiconductor element mounting
regions, wherein the thermosetting resin composition
layer for reflecting light is formed by transfer molding.
[Selected Drawing] FIG. 1

{a)

(b)

402 403

{c)

(d)
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[Scope of the Patent Claims]
[Claim 1]

A method of manufacturing a package substrate for mounting an optical semiconductor element, the package
substrate thereof having, on a wiring board, a thermosetting resin composition layer for reflecting light, the layer thereof
being formed with two or more concave parts serving as optical semiconductor element mounting regions, wherein the
thermosetting resin composition layer for reflecting light is formed by transfer molding.

[Claim 2]

The method of manufacturing a package substrate for mounting an optical semiconductor element according to
claim 1, wherein the thermosetting resin composition for reflecting light comprises, as essential components, (A) an epoxy
resin, (B) a curing agent, (C) a curing accelerator, (D) an inorganic filler, (E) a white pigment and (F) a coupling agent; the
light reflectance at wavelengths of from 800 nm to 350 nm after thermal curing is not less than 80%, and the thermosetting
resin composition can be pressure molded at room temperature (25°C) before thermal curing.

[Claim 3]

The method of manufacturing a package substrate for mounting an optical semiconductor element according to
claim 2, wherein the inorganic filler (D) is at least one type selected from a group comprising silica, alumina, magnesium
oxide, antimony oxide, aluminum hydroxide, barium sulfate, magnesium carbonate, and barium carbonate.

[Claim 4]

The method of manufacturing a package substrate for mounting an optical semiconductor element according to
claim 2 or 3, wherein the white pigment (E) is inorganic hollow particles.
[Claim 5]

The method of manufacturing a package substrate for mounting an optical semiconductor element according to any
one of claims 2 to 4, wherein the average particle size of the white pigment (E) is in a range of from 1 um to 50 pm.
[Claim 6]

The method of manufacturing a package substrate for mounting an optical semiconductor element according to any
one of claims 2 to 5, wherein the total amount of the inorganic filler (D) and the white pigment (E) with respect to the overall
thermosetting resin composition for reflecting light is in a range of from 70 volume% to 85 volume%.

[Claim 7]

The method of manufacturing a package substrate for mounting an optical semiconductor element according to any
one of claims 1 to 6, wherein the wiring board is any of a lead frame, a printed wiring board, a flexible wiring board, and a
metal base wiring board.

[Claim 8]

A method for manufacturing an optical semiconductor device, the method thereof comprising:

a step of mounting an optical semiconductor element to each bottom surface of the two or more concave parts
formed in the package substrate for mounting optical semiconductor elements, the package substrate thereof being
manufactured by the manufacturing method according to any one of claims 1 to 7; and

a step of covering the optical semiconductor element with a sealing resin.

[Claim 9]

The method for manufacturing an optical semiconductor device according to claim 8, further comprising a step of
dividing into optical semiconductor device units having a single optical semiconductor element after the resin sealing step.
[Claim 10]

The method for manufacturing an optical semiconductor device according to claim 9, wherein the dividing step is
performed through dicing.

[Detailed Description of the Invention]
[Technical Field]
[0001]

The present invention relates to a method of manufacturing a package substrate for mounting an optical
semiconductor element, the method thereof being useful for manufacturing an optical semiconductor device which combines
an optical semiconductor element and a phosphor or other such wavelength conversion means.

[Background]
[0002]
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With the miniaturization, reduction in weight, increase in performance, and multi-functional conversion of
electronic devices in recent years, electronic components are now being mounted in a high density manner on substrates. As
an electronic component for high density mounting, surface mounted devices (SMD) for which connections are possible
through reflow soldering and the like to a wiring pattern on a substrate are widely used, for example (see patent document 1,
for example).

[0003]

Light emitting diodes (LEDs), which are one example of this type of electronic component, are optical
semiconductor devices that combine an optical semiconductor element and phosphor, and are attracting attention as light
emitting devices that conserve power and have a long lifespan.

[0004]

An overview of a package substrate for an SMD type LED is described based on the drawings. FIG. 4 is a
perspective view of a typical SMD type LED. In FIG. 4, 1 is a package substrate for mounting an LED element, and is made
from a wiring board 2, a resin layer 4 and an adhesive sheet 5 for adhering these. A pair of connection terminals for
connecting an LED element 10 to be mounted is formed on the top surface of the wiring board 2, and each terminal is
subjected to a surface treatment such as silver plating and the like. Moreover, a cup-shaped through-hole 4d (a concave part
made from an upper opening 4a, a lower opening 4b and a side surface 4c) that becomes the mounting region for the LED
element 10 is formed in the resin layer 4, and the inner circumferential surface of the hole thereof functions as a reflector for
reflecting light emitted by the LED element 10 mounted to the bottom surface thereof and guiding the reflected light thereof
upward. Moreover, the adhesive sheet 5 is such that a portion corresponding to the lower opening 4b of the through-hole 4d
is removed.

[0005]

Moreover, as shown in FIG. 5, ordinarily this type of SMD type LED can be obtained by positioning an adhesive
sheet 15, in which holes 15a corresponding to the mounting positions of a plurality of LED elements are formed, on a wiring
board 12 having the plurality of LED elements mounted in a matrix shape, and sandwiching the adhesive sheet 15 thereof
with a resin layer plate (reflector) 14 having cup-shaped through holes corresponding to the mounting positions of the
plurality of LED elements, and then heating and pressing to achieve adhesion, after which the plurality of SMD type LEDs is
cut and separated into individual pieces along dicing lines 20 in two directions as shown in FIG. 6. According to this type of
manufacturing method, a plurality of SMD type LEDs can be simultaneously fabricated.

[0006]

However, with the above-described conventional method for manufacturing SMD type LEDs, a plurality of steps
including a step for producing a resin layer plate having through-holes, a step for producing an adhesive sheet having holes,
and a step for positioning and integrating the resin layer plate, the adhesive sheet, and the wiring board on which the LED
elements are mounted, and a plurality of members associated with the plurality of steps thereof are necessary.

[0007]

Moreover, the matter of manufacturing the resin layer plate for a LED package substrate through injection molding
using a highly heat resistant thermoplastic resin is disclosed, for example, by patent documents 2 to 4, but if a 400 mm’
matrix-shaped, large resin layer plate is batch formed, warping is easily generated by stress due to differences in the linear
expansion coefficient, and in some cases, there were problems such as that advancing with subsequent mounting steps
becomes difficult. Furthermore, typically used reflector materials use titanium oxide as a pigment, and therefore when the
light emitting wavelength is in the short wavelength range, the reflectance thereof decreases abruptly. Moreover, the matter
of a decrease in reflectance occurring also with respect to light in the visible range caused by degradation due to ultraviolet
rays is also an issue.

Patent Document 1: Japanese Unexamined Patent Application Publication No. 2003-218398

Patent Document 2: Japanese Unexamined Patent Application Publication No. 2005-194513

Patent Document 3: Japanese Unexamined Patent Application Publication No. 2004-277539

Patent Document 4: Japanese Unexamined Patent Application Publication No. 2004-075994
[Disclosure of the Invention]

[Problem to be Solved by the Invention]
[0008]
In light of the abovementioned issues, an object of the present invention is to provide a method for manufacturing
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a package substrate for mounting an optical semiconductor element, the method thereof enabling cost reductions and
improvements in productivity through the reduction of lead time and the number of members and steps that are used, and to
provide a method of manufacturing an optical semiconductor device using the same.

[0009]

Another object of the present invention is to provide a method of manufacturing a package substrate for mounting
an optical semiconductor element, the method thereof using a light reflecting thermosetting resin composition with high
reflectance from visible light to near ultraviolet light after curing, and to provide a method for manufacturing an optical
semiconductor device using the same.

[Summary of the Invention]
[0010]

The present invention is characterized by the matters described by the following items (1) to (10).

[0011]

(1) A method of manufacturing a package substrate for mounting an optical semiconductor element, the package
substrate thereof having, on a wiring board, a thermosetting resin composition layer for reflecting light, the layer thereof
being formed with two or more concave parts serving as optical semiconductor element mounting regions, wherein the
thermosetting resin composition layer for reflecting light is formed by transfer molding.

0012

: ] (2) The method of manufacturing a package substrate for mounting an optical semiconductor element according to
(1), wherein the thermosetting resin composition for reflecting light includes, as essential components, (A) an epoxy resin,
(B) a curing agent, (C) a curing accelerator, (D) an inorganic filler, (E) a white pigment and (F) a coupling agent, the light
reflectance at wavelengths of from 800 nm to 350 nm after thermal curing is not less than 80%, and the thermosetting resin
composition can be pressure molded at room temperature (25°C) before thermal curing.

[0013]

(3) The method of manufacturing a package substrate for mounting an optical semiconductor element according to
(2), wherein the inorganic filler (D) is at least one type selected from a group including silica, alumina, magnesium oxide,
antimony oxide, aluminum hydroxide, barium sulfate, magnesium carbonate, and barium carbonate.

[0014]

(4) The method of manufacturing a package substrate for mounting an optical semiconductor element according to
(2) or (3), wherein the white pigment (E) is inorganic hollow particles.

[0015]

(5) The method of manufacturing a package substrate for mounting an optical semiconductor element according to
any one of (2) to (4), wherein the average particle size of the white pigment (E) is in a range of from 1 pm to 50 um.
[0016]

(6) The method of manufacturing a package substrate for mounting an optical semiconductor element according to
any one of (2) to (5), wherein the total amount of the inorganic filler (D) and the white pigment (E) with respect to the
overall thermosetting resin composition for reflecting light is in a range of from 70 volume% to 85 volume%.

[0017]

(7) The method of manufacturing a package substrate for mounting an optical semiconductor element according to
any one of (1) to (6), wherein the wiring board is any of a lead frame, a printed wiring board, a flexible wiring board, and a
metal base wiring board.

[0018]

(8) A method for manufacturing an optical semiconductor device, the method thereof including: a step of mounting
an optical semiconductor element to each bottom surface of the two or more concave parts formed in the package substrate
for mounting optical semiconductor elements, the package substrate thereof being manufactured by the manufacturing
method according to any one of (1) to (7); and a step of covering the optical semiconductor element with a sealing resin.
[0019]

(9) The method for manufacturing an optical semiconductor device according to (8), further including a step of
dividing into optical semiconductor device units having a single optical semiconductor element after the resin sealing step.
[0020]
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(10) The method for manufacturing an optical semiconductor device according to (9), wherein the dividing step is
performed through dicing.
[Effect of the Invention]
[0021]

According to the present invention, a plurality of steps that were conventionally necessary can be performed in a single
step of transfer molding, and therefore a method of manufacturing a package substrate for mounting an optical semiconductor
element, the method thereof enabling cost reductions and improvements in productivity through a reduction of lead time and the
number of members and steps that are used, and a method of manufacturing an optical semiconductor device can be provided, and a
package substrate for mounting an optical semiconductor element with minimal warping and a semiconductor device can also be
provided.

[0022]

Moreover, by forming concave parts using the thermosetting resin composition for reflecting light as described by (2) to
(6) above, a package substrate for mounting an optical semiconductor element and an optical semiconductor device can be provided,
the package substrate thereof excelling particularly in reflectance from visible light to near ultraviolet light after curing.
[Description of the Preferred Embodiment]

[0023]

The present invention is a method of manufacturing a package substrate for mounting an optical semiconductor element,
the package substrate thereof having a wiring board, and a light reflecting thermosetting resin composition layer formed on the
wiring board, and having two or more concave parts (through-holes) serving as optical semiconductor element mounting regions
formed at prescribed positions, wherein the light reflecting thermosetting resin composition layer is batch formed through transfer
molding.

[0024]

Regarding formation through transfer molding, more specifically, for example, as the wiring board, a printed wiring
board 400 having metal wiring 401 as shown by FIG. 1(a) is used, the printed wiring board 400 is arranged in a mold 411 of a
prescribed shape as shown by FIG. 1(b), and a thermosetting resin composition for reflecting light is injected into the mold 411
through a resin injection port 410. Next, the injected light reflecting thermosetting resin composition is preferably thermally cured
at conditions including a mold temperature of from 170° to 190° for 60 seconds to 120 seconds, and at an after cure temperature of
from 120° to 180° for 1 hour to 3 hours, after which the mold 411 is removed to thereby obtain a package substrate 430 for
mounting an optical semiconductor element, the package substrate 430 having, on a wiring board, a light reflecting thermosetting
resin composition layer (reflector) 421 in which two or more concave parts (optical semiconductor element mounting regions) 420
are formed (FIG. 1(c), (d)). Moreover, Ni/Ag plating 104 can be performed through electroplating or the like on the surface of the
terminal to which is connected the optical semiconductor element at the concave part bottom surface. Furthermore, the shape of the
concave part is not particularly limited, but a cup-shape (circular truncated cone shape) which reflects light emitted from the
mounted LED element 10 and guides the light thereof upward is preferable.

[0025]

A well-known thermosetting resin composition for reflecting light may also be used as the thermosetting resin
composition for reflecting light, but preferably, a light reflecting thermosetting resin composition which can be pressure molded at
room temperature (25°C) prior to thermal curing and which has a light reflectance of at least 80% after thermal curing at
wavelengths from 800 nm to 350 nm is used, and more preferably a light reflecting thermosetting resin composition containing, as
essential components, (A) epoxy resin, (B) a curing agent, (C) a curing accelerator, (D) an inorganic filler, (E) a white pigment and
(F) a coupling agent, having a light reflectance after thermal curing of at least 80% at wavelengths of 800 nm to 350 nm, and which
is pressure moldable at room temperature (25°C) prior to thermal curing is used. When the light reflectance is less than 80%, the
reflectance thereof tends to not be able to sufficiently contribute to improving the luminance of the optical semiconductor device.
The light reflectance is more preferably at least 90%. Moreover, the ability to perform the abovementioned pressure molding under
conditions including for example, at room temperature (approximately 25°C) and a pressure of from 0.5 MPa to 2 MPa for around 1
to 5 seconds is favorable. Furthermore, the thermal conductivity of the light reflecting thermosetting resin composition used in the
present invention is preferably at least 1 W/mK. When this thermal conductivity is less than 1 W/mK, heat generated from the
optical semiconductor element cannot sufficiently escape, and there is a concern that the heat thereof could cause the sealing resin
and the like to degrade.

[0026]

The abovementioned epoxy resin (A) is not particularly limited, and epoxy resins which are ordinarily used as epoxy

resin molding materials for sealing electronic components can be used.
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Examples include phenol novolac type epoxy resin, ortho cresol novolac type epoxy resin and other such epoxy resins
obtained by epoxidizing novolac resins of phenols and aldehydes, bisphenol A, bisphenol F, bisphenol S, alkyl substituted
biphenol, and other such diglycidyl ethers, diaminodiphenyl methane, isocyanurate, and other such glycidyl amine type
epoxy resins obtained through a reaction between a polyamine and epichlorohydrin, chain type aliphatic epoxy resin and
alicyclic epoxy resin obtained by oxidizing olefin bonds with a peracid such as peracetic acid, and the like, and these may be
used singly, or as a combination of two or more types. Moreover, the epoxy resin that is used is preferably one with
relatively little coloring, and examples of this type of epoxy resin include bisphenol A epoxy resin, bisphenol F epoxy resin,
bisphenol S epoxy resin, and triglycidyl isocyanurate.

[0027]

The curing agent (B) is not particularly limited as long it is one which reacts with epoxy resin, and examples
include acid anhydride-based curing agents, phenol-based curing agents, and the like, and one with relatively little coloring
is preferable. Examples of acid anhydride-based curing agents include phthalic anhydride, maleic anhydride, trimellitic
anhydride, pyromellitic anhydride, hexahydrophthalic anhydride, tetrahydrophthalic anhydride, methyl nadic anhydride,
nadic anhydride, glutaric anhydride, methyl hexahydrophthalic anhydride, methyl tetrahydrophthalic anhydride, and the like,
and of these, the use of phthalic anhydride, hexahydrophthalic anhydride, tetrahydrophthalic anhydride, and methyl
hexahydrophthalic anhydride is preferable. Moreover, the acid anhydride-based curing agent that is used is preferably one
having a molecular weight of from around 140 to 200, and is preferably a colorless to pale yellow acid anhydride. Moreover,
these curing agents may be used singly, or two or more types may be used in combination. The blending ratio of the epoxy
resin and the curing agent is preferably a ratio such that the active groups (acid anhydride group or hydroxyl group) capable
of reacting with the epoxy groups of the curing agent become 0.5 equivalents to 1.5 equivalents, and more preferably 0.7
equivalents to 1.2 equivalents per 1 equivalent of epoxy groups in the epoxy resin. If the active groups are less than 0.5
equivalents, the curing speed of the epoxy resin composition is retarded, and in some cases, the glass transition temperature
of the cured body that is obtained becomes low, and on the other hand, if the active groups exceed 1.5 equivalents, in some
cases the moisture resistance decreases.

[0028]

The abovementioned curing accelerator (C) is not particularly limited, and examples include 1,8-diaza-
bicyclo(5,4,0) undecene-7, triethylene diamine, tri-2,4,6-dimethyl aminomethyl phenol, and other such tertiary amines, 2-
ethyl-4-methyl imidazole, 2-methyl imidazole, and other such imidazoles, triphenyl phosphine, tetraphenyl phosphonium
tetraphenyl borate, tetra-n-butyl phosphonium-o,0-diethyl phosphorodithioate, and other such phosphorous compounds,
quaternary ammonium salts, organic metal salts and derivatives thereof, and the like. These may be used singly, or may be
combined and used. Of these curing accelerators, the use of tertiary amines, imidazoles, and phosphorous compounds is
preferable. The content percentage of the curing accelerator is preferably from 0.01 weight% to 8.0 weight%, and more
preferably from 0.1 weight% to 3.0 weight% with respect to the epoxy resin. If the content percentage of the curing
accelerator is less than 0.01 weight%, in some cases a sufficient curing acceleration effect is not obtained, and if 8.0
weight% is exceeded, discoloration of the cured object that is obtained is observed in some cases.

[0029]

Examples of the inorganic filler (D) include silica, alumina, magnesium oxide, antimony oxide, aluminum
hydroxide, barium sulfate, magnesium carbonate, barium carbonate, and the like, and these may be used singly, or may be
combined and used. From the perspectives of thermal conductivity, light reflection characteristics, moldability, and flame
retardancy, the inorganic filler (D) is preferably a mixture of two or more types selected from silica, alumina, antimony
oxide, and aluminum hydroxide. Moreover, the particle size of the inorganic filler is not particularly limited, but when the
packing efficiency with white pigment is considered, the average particle size is preferably in a range of from 1 pum to 100
pm.

[0030]
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Examples of the white pigment (E) include alumina, magnesium oxide, antimony oxide, aluminum hydroxide, barium
sulfate, magnesium carbonate, barium carbonate, inorganic hollow particles and the like, and these may be used singly, or may be
combined and used. Examples of inorganic hollow particles include silicate soda glass, aluminum silicate glass, borosilicate soda
glass, white pumiceous soil, and the like. From the perspectives of thermal conductivity and light reflection characteristics, alumina,
magnesium oxide, inorganic hollow particles or a mixture thereof is preferable. Furthermore, the particle size of the white pigment
is preferably such that the average particle size is in a range of from 1 to 50 pm. When the average particle size is less than 1 pm,
the particles easily clump together, and dispersibility tends to worsen, and when the average particle size exceeds 50 um, there is a
tendency to not sufficiently obtain the reflection characteristic.

[0031]

The total amount of the inorganic filler (D) and the white pigment (E) is preferably in a range of from 70 to 85 volume%
with respect to the overall thermosetting resin composition for reflecting light. When this total amount is less than 70 volume%,
there is a concern that the thermal conductivity and light reflection characteristic will be insufficient, and when 85 volume% is
exceeded, the moldability of the resin composition worsens, and there is a tendency for the fabrication of a substrate for optical
semiconductor element mounting to become difficult.

[0032]

The coupling agent (F) is not particularly limited, and for example, a silane-based coupling agent, titanate-based coupling
agent, and the like can be used, and as the silane coupling agent, an epoxy silane-based, amino silane-based, cationic silane-based,
vinyl silane-based, acrylic silane-based, mercapto silane-based, and composite-based coupling agents thereof, and the like can be
used, for example. The type of coupling agent and processing conditions are not particularly limited, but the blending amount of the
coupling agent is preferably not more than 5 weight% per the overall thermosetting resin composition for reflecting light.

[0033]

Moreover, antioxidants, a mold releasing agent, an ion scavenger, and other additives may be added, as necessary, to the
thermosetting resin composition for reflecting light.
[0034]

Furthermore, the wiring board used in the present invention is not particularly limited, and a known wiring board can be
used, and for example, in addition to the abovementioned printed wiring board, a lead frame, a flexible wiring board, a metal base
wiring board, and the like can be used.

[0035]

The printed wiring can be obtained by forming wiring that becomes a circuit using a known technique with respect to a
prepreg with copper foil for example, and then forming a resin for insulation on the circuit thereof. At this time, a white insulating
resin is favorably used as the resin for insulation and the resin impregnated in the prepreg such that light from the LED element can
be efficiently reflected. Moreover, the abovementioned lead frame can be obtained, for example, by using copper, 42 alloy or other
such substrate and a known technique to form a circuit. When doing so, silver plating is favorably implemented on the substrate
surface such that light from the LED element can be efficiently reflected. Furthermore, the abovementioned flexible wiring board
can be obtained for example by using a polyimide substrate with copper foil and a known technique to form wiring that becomes a
circuit, and then forming a resin for insulation on the circuit thereof. At that time, a white insulating resin capable of efficiently
reflecting light from the LED element is favorably used as the resin for insulation. Moreover, the metal base wiring board can be
obtained for example by forming an insulating layer on a copper or aluminum substrate, using a known technique for forming
wiring that becomes a circuit, and then forming a resin for insulation on the circuit thereof. At that time, a white insulating resin
capable of efficiently reflecting light from the LED element is favorably used as the resin for the insulating layer on the metal
substrate and as the resin for circuit insulation.

[0036]

The method for manufacturing the optical semiconductor device of the present invention includes a step of mounting an
optical semiconductor element to each bottom surface of the two or more concave parts formed in the package substrate for
mounting optical semiconductor elements, the package substrate thereof obtained by the above-described method of the present
invention for manufacturing a package substrate for mounting an optical semiconductor element, and a step of covering the optical
semiconductor element with a transparent sealing resin.

[0037]
More specifically, for example, as shown in FIG. 2 and FIG. 3, an optical semiconductor element 100 is mounted at a
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prescribed position at each bottom surface of the concave parts 420 of the package substrate 430 for mounting an optical
semiconductor element as shown in FIG. 1(c) and (d) for example, the optical semiconductor element 100 and a metal wiring
105 are electrically connected by a known method such as a bonding wire 102, a solder bump 107, or the like, after which
the optical semiconductor element 100 is covered with a transparent sealing resin 101 containing a known phosphor 106, and
the optical semiconductor device of the present invention is thereby manufactured. Note that FIG. 1(c) and (d) show a case
in which the concave parts for mounting the optical semiconductor elements are formed in nine locations, but it goes without
saying that the present invention is not limited thereto.

[0038]

Moreover, after the abovementioned resin sealing step, the abovementioned optical semiconductor device, which is
in a matrix shape, is divided by a known method such as dicing, laser machining, waterjet machining, mold processing, and
the like to thereby obtain an optical semiconductor device unit (SMD type optical semiconductor device) having one optical
semiconductor element. As shown in FIG. 6, dicing lines are preferably formed in the matrix-shaped optical semiconductor
device, and dicing is performed along these lines.

[Examples]

[0039]

(Example 1)

<Printed Wiring Board>

Holes were formed in MCL-E-679 (product name, from Hitachi Chemical Co., Ltd.), which is a glass cloth-epoxy
resin impregnated double-sided copper-clad laminated plate having a substrate thickness of 0.6 mm and a copper foil
thickness of 18 pm, electroless plating was performed, a circuit was formed through an ordinary subtraction method, solder
resist was formed for protection of the copper circuit, and a printed wiring board was thereby fabricated.

[0040]
<Thermosetting Resin Composition for Reflecting Light>

A material of the following composition was roll kneaded with conditions that included a kneading temperature of
from 20°C to 30°C and a kneading time of 10 minutes, and a thermosetting resin composition for reflecting light was
produced.

[0041]
(A) Epoxy resin: triglycidyl isocyanurate
100 parts by weight (epoxy equivalent of 100)
(B) Curing agent: hexahydrophthalic anhydride
140 parts by weight
(C) Curing accelerator: tetra-n-butyl phosphonium-o,0-diethyl phosphorodithioate
2.4 parts by weight
(D) Inorganic filler: molten silica (average particle size of 20 um)
600 parts by weight
alumina (average particle size of 1 um)
890 parts by weight
(E) White pigment (E): borosilicate soda glass hollow particles (S60HS from 3M, average particle size of 27 pum)
185 parts by weight
(F) Coupling agent: epoxy silane
19 parts by weight
(G) Antioxidant: 9,10-dihydro-9-oxa-10-phosphaphenanthrene-10-oxide
1 part by weight
[0042]
<Molding of the Package Substrate for Mounting Optical Semiconductor Elements>

The printed wiring board obtained as described above was positioned and attached to a mold of a shape as shown in
FIG. 1(b), and the thermosetting resin composition for reflecting light obtained as described above was injected, after which
the composition thereof was heated and pressure molded with a transfer molding machine (TEP150 from Towa Seiki Co., Ltd.)
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at conditions that included an molding temperature of 180°C for 90 seconds at 6.9 MPa, and a 1600 mm? matrix-shaped package
substrate for mounting optical semiconductor elements and having a plurality of concave parts was produced.
[0043]
<Manufacturing an Optical Semiconductor Device>

An LED element was fixed using die bonding material (EN4620K from Hitachi Chemical Co., Ltd.) to the circuit of the
bottom surface of each concave part formed in the package substrate for mounting optical semiconductor element obtained as
described above, and the LED element was adhered on a terminal through heating at 150°C for 1 hour. Next, the LED element and
terminal were electrically connected using gold wire, after which a transparent sealing resin of the following composition was
poured into each concave part through potting, the resin thereof was heated and cured at 150°C for 2 hours, and the LED element
was resin sealed.
[0044]
(Transparent Sealing Resin Composition)

Hydrogenated bisphenol A epoxy resin: Denacol EX252 (from Nagase Chemtex Corporation)

90 parts by weight
Alicyclic epoxy resin: CEL-2021P (from Daicel Corporation)
10 parts by weight
4-methyl hexahydrophthalic anhydride HN-5500E (Hitachi Chemical Co., Ltd.)
90 parts by weight
2,6-di-tert-butyl-4-methyl phenol BHT
0.4 parts by weight
2-ethyl-4-methyl imidazole
0.9 parts by weight
[0045]
<Dicing>

After the abovementioned transparent sealing resin was cured, the matrix-shaped optical semiconductor device was
divided into individual pieces using a dicing device (DAD381 from Disco Corporation), and a plurality of individual optical
semiconductor devices (SMD type LED) having one LED element each was thereby manufactured.

[0046]
(Example 2)

An optical semiconductor device was manufactured in the same manner as Example 1 with the exception that a lead
frame was used in place of the printed wiring board.
[0047]

(Example 3)

An optical semiconductor device was manufactured in the same manner as Example 1 with the exception that a metal
core substrate was used in place of the printed wiring board.
[0048]

(Example 4)

An optical semiconductor device was manufactured in the same manner as Example 1 with the exception that a flexible
substrate was used in place of the printed wiring board.
[0049]

(Example 5)

A matrix-shaped optical semiconductor device was manufactured in the same manner as Example 1 with the exception
that a wiring board, on which a circuit for operations was formed with a plurality of LED elements in a matrix-state, was used in
place of the printed wiring board, and dicing was not performed after the resin sealing.

[0050]
(Comparative Example 1)

Thermoplastic polyphthalamide was used as the resin composition for light reflection, and was injection molded (molding
temperature of 100°C to 220°C, injection pressure of 490 to 1120 kg/cm?’, holding time of 10 to 40 seconds, back pressure of 7 to
70 kg/em?, cycle time of 20 to 60 seconds, extruder nozzle temperature of 330°C to 360°C, barrel tip end temperature of 320°C to
350°C,
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and screw rotational speed of 20 to 60 rotations/minute) to thereby produce a resin layer plate (reflector) having concave parts.
[0051]
(Comparative Example 2)

Thermoplastic polyphthalamide was used as the resin composition for light reflection, and was injection molded with the
same conditions as those of Comparative Example 1 to thereby produce a resin layer plate (reflector) having a plurality of concave
parts. An adhesive sheet (AS-3000 from Hitachi Chemical Co., Ltd.) having holes aligned to the positions of the through-holes of
the abovementioned resin substrate was aligned between the resin layer plate and the printed wiring board on which multiple LEDs
were mounted at prescribed positions, and this was then heated and pressure cured at 170°C and a pressure of 0.2 MPa for 60
minutes to integrate the adhesive sheet, resin layer plate and printed wiring board, and an optical semiconductor device was thereby
manufactured.

[0052]

The packaging substrates for mounting optical semiconductor elements manufactured in Examples 1 to 5 exhibited
warping of less than 0.5 mm, and by dicing the respective matrix-shaped semiconductor devices obtained by mounting the optical
semiconductor elements to the bottom surfaces of the plurality of concave parts formed in the package substrate, and then resin
sealing the units thereof, it was possible to efficiently manufacture a plurality of SMD type LEDs.

[0053]

On the other hand, the resin layer plate having concave parts and manufactured in Comparative Example 1 exhibited
significant warping, detachment occurred between the matrix-shaped resin layer plate (reflector) and the printed wiring board, and
it was difficult to perform the subsequent mounting step and the like. Moreover, with Comparative Example 2, an optical
semiconductor device similar to that of the examples could be manufactured, but use of a plurality of steps and a plurality of
members was necessary, and therefore the efficiency was poorer in comparison to the examples, and the manufacturing process was
not economical.

[Brief Description of the Drawings]
[0054]

FIG. 1 is a schematic view showing steps for manufacturing a package substrate for mounting a matrix-shaped optical
semiconductor element according to the present invention.

FIG. 2 is a cross-sectional view showing one embodiment of an optical semiconductor device obtained according to the
present invention.

FIG. 3 is a perspective view showing an embodiment of an optical semiconductor (excluding the sealing resin) obtained
according to the present embodiment.

FIG. 4 is a perspective view showing a typical structure of an SMD type LED.

FIG. 5 is a schematic view of steps for manufacturing a conventional matrix-shaped package for mounting optical
semiconductor elements.

FIG. 6 is a perspective view showing the state prior to dicing the matrix-shaped package substrate for mounting optical
semiconductor elements.

Reference Numerals]
0055]

— =

package substrate for mounting LED element
wiring board

AN N

resin layer (reflector)
4a upper opening
4b lower opening
4c side surface
4d through-hole
5 adhesive sheet
10 LED element
12 wiring board with LED element mounted
14 resin layer plate (reflector)
15 adhesive sheet
15a hole
20 dicing line
100 optical semiconductor element (LED element)
101  sealing resin

VIZIO Ex. 1031 Page 00024



102
103
104
105
106
107
110
400
401
402
403
410
411
420
421
430

[FIG.
(a)

(b)

(e)

(d)

(11)

bonding wire

reflector

Ni/Ag plating

metal wiring

phosphor

solder bump

optical semiconductor device
printed wiring board

metal wiring

connection hole between layers
solder resist

resin injection port

mold

concave part (optical semiconductor element mounting region)

light reflecting thermosetting resin cured article (reflector)

JP 2007-235085 A September 13, 2007

matrix-shaped package substrate for mounting an optical semiconductor element

1]

402 403

411

——410

411

430

[FIG. 2]

105—

110

VIZIO Ex. 1031 Page 00025



(12) JP 2007-235085 A September 13, 2007

[FIG. 3] [FIG. 5]
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