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(57) A method for producing an encapsulating layer-
covered semiconductor element (10) includes the steps
of preparing a support sheet (1) including a hard support
board (2); disposing a semiconductor element (4) at one
side in a thickness direction of the support sheet (1); dis-
posing an encapsulating layer (5) formed from an encap-
sulating resin composition containing a curable resin at
the one side in the thickness direction of the support sheet

so as to cover the semiconductor element (4); curing the
encapsulating layer (5) to encapsulate the semiconduc-
tor element (4) by the encapsulating layer that is flexible;
cutting the encapsulating layer (5) that is flexible corre-
sponding to the semiconductor element (4) to produce
an encapsulating layer-covered semiconductor element
(10); and peeling the encapsulating layer-covered sem-
iconductor element (10) from the support sheet (1).
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Description

[0001]

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The present invention relates to an encapsulat-
ing layer-covered semiconductor element, a producing
method thereof, and a semiconductor device, to be spe-
cific, to a method for producing an encapsulating layer-
covered semiconductor element, an encapsulating layer-
covered semiconductor element obtained by the method,
and a semiconductor device including the encapsulating
layer-covered semiconductor element.

Description of Related Art

[0003] It has been known that, conventionally, a sem-
iconductor device including a light emitting diode device
(hereinafter, abbreviated as an LED device), an electron-
ic device, or the like is produced as follows: first, a plurality
of semiconductor elements (including light emitting diode
elements (hereinafter, abbreviated as LEDs), electronic
elements, or the like) are mounted on a board; next, an
encapsulating layer is provided so as to cover a plurality
of the semiconductor elements; and thereafter, the re-
sulting products are singulated into individual semicon-
ductor elements.
[0004] Among all, when the semiconductor element is
an LED and the semiconductor device is an LED device,
unevenness in emission wavelength and luminous effi-
ciency is generated between a plurality of the LEDs, so
that in such an LED device mounted with the LED, there
is a disadvantage that unevenness in light emission is
generated between a plurality of the LEDs.
[0005] In order to solve such a disadvantage, it has
been considered that, for example, a plurality  of LEDs
are covered with a phosphor layer to fabricate a plurality
of phosphor layer-covered LEDs and thereafter, the
phosphor layer-covered LED is selected in accordance
with the emission wavelength and the luminous efficiency
to be then mounted on a board.
[0006] For example, a chip component obtained by the
following method has been proposed (ref: for example,
Japanese Unexamined Patent Publication No.
2001-308116). In the method, a chip is attached onto a
silica glass substrate via a pressure-sensitive adhesive
sheet; next, a resin is applied onto the chip to fabricate
dummy wafers made of the chips covered with the resin;
thereafter, the dummy wafers are peeled from the silica
glass substrate and the pressure-sensitive adhesive
sheet; and then, the obtained dummy wafers are sub-
jected to dicing on a chip basis to be singulated so as to
produce the chip component. The chip component in Jap-
anese Unexamined Patent Publication No. 2001-308116
is to be then mounted on a board, so that a semiconductor

device can be obtained.
[0007] Also, an LED obtained by the following method
has been proposed (ref: for example, Japanese Unex-
amined Patent Publication No. 2012-39013). In the meth-
od, an LED is disposed on a pressure-sensitive adhesive
sheet; next, a ceramic ink in which a phosphor is dis-
persed and mixed is applied thereto to be heated, so that
the ceramic ink is temporarily cured; thereafter, the ce-
ramic ink is subjected to dicing corresponding to the LED;
and then, the obtained ceramic ink is fully cured to be
vitrified so as to produce the LED. The LED in Japanese
Unexamined Patent Publication No. 2012-39013 is to be
then mounted on a board, so that an LED device is ob-
tained.

SUMMARY OF THE INVENTION

[0008] In the method described in Japanese Unexam-
ined Patent Publication No. 2001-308116, however,
when the dummy wafers are subjected to dicing, the dum-
my wafers are already peeled from the silica glass sub-
strate and the pressure-sensitive adhesive sheet, so that
the dummy wafers are not supported by them. Thus, the
dummy wafers are not capable of being subjected to dic-
ing with excellent accuracy and as a result, there is a
disadvantage that size stability of the chip component to
be obtained is low.
[0009] On the other hand, in the method described in
Japanese Unexamined Patent Publication No.
2012-39013, the ceramic ink is fully cured after being
subjected to dicing, so that after the dicing, in the ceramic
ink, a dimensional deviation caused by shrinkage that
occurs in full curing is generated and therefore, there is
a disadvantage that size stability of the LED to be ob-
tained is low.
[0010] It is an object of the present invention to provide
a method for producing an encapsulating layer-covered
semiconductor element in which an encapsulating layer-
covered semiconductor element is capable of being ob-
tained with excellent size stability, an encapsulating lay-
er-covered semiconductor element obtained by the
method, and a semiconductor device including the en-
capsulating layer-covered semiconductor element.
[0011] A method for producing an encapsulating layer-
covered semiconductor element of the present invention
includes a preparing step of preparing a support sheet
including a hard support board; a semiconductor element
disposing step of disposing a semiconductor element at
one side in a thickness direction of the support sheet; a
layer disposing step of, after the semiconductor element
disposing step, disposing an encapsulating layer formed
from an encapsulating resin composition containing a
curable resin at the one side in the thickness direction of
the support sheet so as to cover the semiconductor ele-
ment; an encapsulating step of curing the encapsulating
layer to encapsulate the semiconductor element by the
encapsulating layer that is flexible; a cutting step of, after
the encapsulating step, cutting the encapsulating layer
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that is flexible corresponding to the semiconductor ele-
ment to produce an encapsulating layer-covered semi-
conductor element including the semiconductor element
and the encapsulating layer covering the semiconductor
element; and a semiconductor element peeling step of,
after the cutting step, peeling the encapsulating layer-
covered semiconductor element from the support sheet.
[0012] In the method for producing an encapsulating
layer-covered semiconductor element of the  present in-
vention, it is preferable that the encapsulating layer is
formed of an encapsulating sheet.
[0013] In the method for producing an encapsulating
layer-covered semiconductor element of the present in-
vention, it is preferable that in the layer disposing step,
the semiconductor element is covered with the encapsu-
lating layer that is in a B-stage state and in the encapsu-
lating step, the encapsulating layer is cured to be brought
into a C-stage state and the semiconductor element is
encapsulated by the encapsulating layer in a C-stage
state.
[0014] In the method for producing an encapsulating
layer-covered semiconductor element of the present in-
vention, it is preferable that the support sheet further in-
cludes a pressure-sensitive adhesive layer that is lami-
nated at one surface in the thickness direction of the sup-
port board.
[0015] In the method for producing an encapsulating
layer-covered semiconductor element of the present in-
vention, it is preferable that in the semiconductor element
peeling step, the encapsulating layer-covered semicon-
ductor element is peeled from the support board and the
pressure-sensitive adhesive layer.
[0016] In the method for producing an encapsulating
layer-covered semiconductor element of the present in-
vention, it is preferable that after the cutting step and
before the semiconductor element peeling step, a sup-
port board peeling step in which the support board is
peeled from the pressure-sensitive adhesive layer is fur-
ther included and in the semiconductor element peeling
step, the encapsulating layer-covered semiconductor el-
ement is peeled from the pressure-sensitive adhesive
layer.
[0017] In the method for producing an encapsulating
layer-covered semiconductor element of the present in-
vention, it is preferable that the semiconductor element
peeling step includes the steps of transferring the encap-
sulating layer-covered semiconductor element to a
stretchable support  sheet that is capable of stretching
in a direction perpendicular to the thickness direction and
peeling the encapsulating layer-covered semiconductor
element from the stretchable support sheet, while
stretching the stretchable support sheet in the direction
perpendicular to the thickness direction.
[0018] In the method for producing an encapsulating
layer-covered semiconductor element of the present in-
vention, it is preferable that in the preparing step, the
support sheet is prepared so that a reference mark, which
serves as a reference of cutting in the cutting step, is

provided in advance.
[0019] In the method for producing an encapsulating
layer-covered semiconductor element of the present in-
vention, it is preferable that the semiconductor element
is an LED and the encapsulating layer is a phosphor lay-
er.
[0020] In the method for producing an encapsulating
layer-covered semiconductor element of the present in-
vention, it is preferable that the encapsulating layer in-
cludes a cover portion that covers the semiconductor el-
ement and a reflector portion that contains a light reflect-
ing component and is formed so as to surround the cover
portion.
[0021] An encapsulating layer-covered semiconductor
element of the present invention is obtained by a method
for producing an encapsulating layer-covered semicon-
ductor element including a preparing step of preparing a
support sheet including a hard support board; a semi-
conductor element disposing step of disposing a semi-
conductor element at one side in a thickness direction of
the support sheet; a layer disposing step of, after the
semiconductor element disposing step, disposing an en-
capsulating layer formed from an encapsulating resin
composition containing a curable resin at the one side in
the thickness direction of the support sheet so as to cover
the semiconductor element; an encapsulating step of cur-
ing the encapsulating layer to encapsulate the semicon-
ductor element by the encapsulating layer that is flexible;
a cutting step of, after the encapsulating step, cutting the
encapsulating layer that is flexible corresponding to the
semiconductor element to produce an encapsulating lay-
er-covered  semiconductor element including the semi-
conductor element and the encapsulating layer covering
the semiconductor element; and a semiconductor ele-
ment peeling step of, after the cutting step, peeling the
encapsulating layer-covered semiconductor element
from the support sheet.
[0022] A semiconductor device of the present inven-
tion includes a board and an encapsulating layer-covered
semiconductor element mounted on the board, wherein
the encapsulating layer-covered semiconductor element
is obtained by a method for producing an encapsulating
layer-covered semiconductor element including a pre-
paring step of preparing a support sheet including a hard
support board; a semiconductor element disposing step
of disposing a semiconductor element at one side in a
thickness direction of the support sheet; a layer disposing
step of, after the semiconductor element disposing step,
disposing an encapsulating layer formed from an encap-
sulating resin composition containing a curable resin at
the one side in the thickness direction of the support sheet
so as to cover the semiconductor element; an encapsu-
lating step of curing the encapsulating layer to encapsu-
late the semiconductor element by the encapsulating lay-
er that is flexible; a cutting step of, after the encapsulating
step, cutting the encapsulating layer that is flexible cor-
responding to the semiconductor element to produce an
encapsulating layer-covered semiconductor element in-
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cluding the semiconductor element and the encapsulat-
ing layer covering the semiconductor element; and a
semiconductor element peeling step of, after the cutting
step, peeling the encapsulating layer-covered semicon-
ductor element from the support sheet.
[0023] In the method for producing an encapsulating
layer-covered semiconductor element of the present in-
vention, after the cutting step, the encapsulating layer-
covered semiconductor element is peeled from the sup-
port sheet. That is, in the cutting step, the encapsulating
layer is capable of being cut, while the semiconductor
element and the encapsulating layer are supported by
the support sheet including the hard support board. Thus,
the encapsulating layer-covered semiconductor element
having excellent size stability can be obtained.
[0024] After the encapsulating step in which the en-
capsulating layer is cured, the cutting step in  which the
encapsulating layer is cut is performed, so that a dimen-
sional deviation caused by shrinkage of the encapsulat-
ing layer that may occur in the curing can be cancelled
in the cutting step. Thus, the encapsulating layer-covered
semiconductor element having further excellent size sta-
bility can be obtained.
[0025] In addition, the encapsulating layer that encap-
sulates the semiconductor element is flexible, so that in
the cutting step, the encapsulating layer is capable of
being smoothly cut not only using an expensive dicing
device, but also using various cutting devices.
[0026] Consequently, the encapsulating layer-covered
semiconductor element of the present invention has ex-
cellent size stability.
[0027] Also, the semiconductor device of the present
invention includes the encapsulating layer-covered sem-
iconductor element having excellent size stability, so that
it has excellent reliability.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028]

FIG. 1 shows process drawings for illustrating a first
embodiment of a method for producing an encapsu-
lating layer-covered semiconductor element of the
present invention:
FIG. 1 (a) illustrating a step of preparing a support
sheet (a preparing step),
FIG. 1 (b) illustrating a step of disposing LEDs on
the support sheet (an LED disposing step),
FIG. 1 (c) illustrating a step of disposing a phosphor
sheet on the support sheet (a sheet disposing step),
FIG. 1 (d) illustrating a step of encapsulating the
LEDs by the phosphor sheet (an encapsulating step)
and a step of cutting the phosphor sheet (a cutting
step),
FIG. 1 (e) illustrating a step of peeling phosphor
sheet-covered LEDs from the support sheet (an LED
peeling step), and
FIG. 1 (f) illustrating a step of mounting the phosphor

sheet-covered LED on a board (a  mounting step).
FIG. 2 shows a plan view of the support sheet shown
in FIG. 1 (a).
FIG. 3 shows process drawings for illustrating a sec-
ond embodiment of a method for producing an en-
capsulating layer-covered semiconductor element
of the present invention:
FIG. 3 (a) illustrating a step of preparing a support
sheet (a preparing step),
FIG. 3 (b) illustrating a step of disposing LEDs on
the support sheet (an LED disposing step),
FIG. 3 (c) illustrating a step of disposing a phosphor
sheet on the support sheet (a sheet disposing step),
FIG. 3 (d) illustrating a step of encapsulating the
LEDs by the phosphor sheet (an encapsulating step)
and a step of cutting the phosphor sheet (a cutting
step),
FIG. 3 (e) illustrating a step of peeling a support
board from a pressure-sensitive adhesive layer (a
support board peeling step),
FIG. 3 (f) illustrating a step of peeling phosphor
sheet-covered LEDs from the pressure-sensitive ad-
hesive layer (an LED peeling step),
FIG. 3 (f’) illustrating a step of describing the details
of a state of peeling the phosphor sheet-covered
LEDs from the pressure-sensitive adhesive layer us-
ing a pick-up device in the LED peeling step in FIG.
3 (f), and
FIG. 3 (g) illustrating a step of mounting the phosphor
sheet-covered LED on a board (a mounting step).
FIG. 4 shows process drawings for illustrating a third
embodiment of a method for producing an encapsu-
lating layer-covered semiconductor element of the
present invention:

FIG. 4 (a) illustrating a step of preparing a sup-
port sheet (a preparing step),
FIG. 4 (b) illustrating a step of disposing LEDs
on the support sheet (an LED disposing step),
FIG. 4 (c) illustrating a step of disposing a phos-
phor sheet on the support sheet (a sheet dis-
posing step),
FIG. 4 (d) illustrating a step of encapsulating the
LEDs by the phosphor sheet (an encapsulating
step) and a step of cutting the phosphor sheet
(a cutting step),
FIG. 4 (e) illustrating a step of transferring phos-
phor sheet-covered LEDs onto a transfer sheet,
FIG. 4 (f) illustrating a step of transferring the
phosphor sheet-covered LEDs onto a stretcha-
ble support sheet,
FIG. 4 (g) illustrating a step of peeling the phos-
phor sheet-covered LEDs from the stretchable
support sheet,
FIG. 4 (g’) illustrating a step of describing the
details of a state of peeling the phosphor sheet-
covered LEDs from the stretchable support
sheet using a pick-up device in the LED peeling
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step in FIG. 4 (g), and
FIG. 4 (h) illustrating a step of mounting the
phosphor sheet-covered LED on a board (a
mounting step).

FIG. 5 shows process drawings for illustrating a
fourth embodiment of a method for producing an en-
capsulating layer-covered semiconductor element
of the present invention:

FIG. 5 (a) illustrating a step of preparing a sup-
port sheet (a preparing step),
FIG. 5 (b) illustrating a step of disposing LEDs
on the support sheet (an LED disposing step),
FIG. 5 (c) illustrating a step of embedding the
LEDs by embedding portions of an embedding-
reflector sheet (a sheet disposing step),
FIG. 5 (d) illustrating a step of encapsulating the
LEDs by the embedding portions (an encapsu-
lating step) and a step of cutting a reflector por-
tion (a cutting step),
FIG. 5 (e) illustrating a step of peeling phosphor
sheet-covered LEDs each including the reflector
portion from the support sheet (an LED peeling
step), and
FIG. 5 (f) illustrating a step of mounting the phos-
phor sheet-covered LED including the reflector
portion on a board (a mounting step).

FIG. 6 shows a plan view of the phosphor sheet-
embedded LEDs shown in FIG. 5 (d).
FIG. 7 shows process drawings for illustrating a
method for producing the embedding-reflector sheet
shown in FIG. 5 (b):

FIG. 7 (a) illustrating a step of disposing a re-
flector sheet on a pressing device,
FIG. 7 (b) illustrating a step of pressing the re-
flector sheet to form a reflector portion,
FIG. 7 (c) illustrating a step of disposing a phos-
phor sheet on the reflector portion,
FIG. 7 (d) illustrating a step of pressing the phos-
phor sheet to form embedding portions,
and
FIG. 7 (e) illustrating a step of peeling the em-
bedding-reflector sheet from a releasing sheet.

FIG. 8 shows process drawings for illustrating a
method for producing an embedding-reflector sheet
used in a fifth embodiment of a method for producing
an encapsulating layer-covered semiconductor ele-
ment of the present invention:

FIG. 8 (a) illustrating a step of disposing a re-
flector sheet on a pressing device,
FIG. 8 (b) illustrating a step of pressing the re-
flector sheet to form a reflector portion,
FIG. 8 (c) illustrating a step of potting a varnish

of a phosphor resin composition into through
holes, and
FIG. 8 (d) illustrating a step of peeling the em-
bedding-reflector sheet from a releasing sheet.

FIG. 9 shows process drawings for illustrating a sixth
embodiment of a method for producing an encapsu-
lating layer-covered semiconductor element of the
present invention:

FIG. 9 (a) illustrating a step of preparing a sup-
port sheet (a preparing step),
FIG. 9 (b) illustrating a step of disposing LEDs
on the support sheet (an LED disposing step),
FIG. 9 (c) illustrating a step of embedding the
LEDs by embedding portions of an embedding-
reflector sheet (a sheet disposing step),
FIG. 9 (d) illustrating a step of encapsulating the
LEDs by the embedding portions (an encapsu-
lating step) and a step of cutting a reflector por-
tion (a cutting step),
FIG. 9 (e) illustrating a step of peeling phosphor
sheet-covered LEDs each including the reflector
portion from the support sheet (an LED peeling
step), and
FIG. 9 (f) illustrating a step of mounting the phos-
phor sheet-covered LED including the reflector
portion on a board (a mounting step).

FIG. 10 shows process drawings for illustrating a
seventh embodiment of a method for producing an
encapsulating layer-covered semiconductor ele-
ment of the present invention:

FIG. 10 (a) illustrating a step of preparing a sup-
port sheet (a preparing step),
FIG. 10 (b) illustrating a step of disposing LEDs
on the support sheet (an LED disposing step),
FIG. 10 (c) illustrating a step of embedding the
LEDs by embedding portions of an embedding-
reflector sheet (a sheet disposing step),
FIG. 10 (d) illustrating a step of encapsulating
the LEDs by the embedding portions (an encap-
sulating step) and a step of cutting a reflector
portion (a cutting step),
FIG. 10 (e) illustrating a step of peeling phosphor
sheet-covered LEDs each including the reflector
portion from the support sheet (an LED peeling
step), and
FIG. 10 (f) illustrating a step of mounting the
phosphor sheet-covered LED including the re-
flector portion on a board (a mounting step).

FIG. 11 shows process drawings for illustrating a
method for producing the  embedding-reflector sheet
shown in FIG. 10 (b):

FIG. 11 (a) illustrating a step of disposing a re-
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flector sheet on a punching device,
FIG. 11 (b) illustrating a step of stamping out the
reflector sheet to form a reflector portion,
FIG. 11 (c) illustrating a step of disposing a phos-
phor sheet on the reflector portion,
FIG. 11 (d) illustrating a step of pressing the
phosphor sheet to form embedding portions,
and
FIG. 11 (e) illustrating a step of peeling the em-
bedding-reflector sheet from a releasing sheet.

FIG. 12 shows process drawings for illustrating a
method for producing an embedding-reflector sheet
used in an eighth embodiment of a method for pro-
ducing an encapsulating layer-covered semiconduc-
tor element of the present invention:

FIG. 12 (a) illustrating a step of disposing a re-
flector sheet on a punching device,
FIG. 12 (b) illustrating a step of stamping out the
reflector sheet to form a reflector portion,
FIG. 12 (c) illustrating a step of potting a varnish
of a phosphor resin composition into through
holes, and
FIG. 12 (d) illustrating a step of peeling the em-
bedding-reflector sheet from a releasing sheet.

FIG. 13 shows process drawings for illustrating a
ninth embodiment of a method for producing an en-
capsulating layer-covered semiconductor element
of the present invention:

FIG. 13 (a) illustrating a step of preparing a sup-
port sheet (a preparing step),
FIG. 13 (b) illustrating a step of disposing LEDs
on the support sheet (an LED disposing step),
FIG. 13 (c) illustrating a step of covering the
LEDs with cover portions (a covering step),
FIG. 13 (d) illustrating a step of curing the cover
portions (a curing step) and a step of cutting a
reflector portion (a cutting step),
FIG. 13 (e) illustrating a step of peeling phosphor
sheet-covered LEDs each including the reflector
portion from the support sheet (an LED peeling
step), and
FIG. 13 (f) illustrating a step of mounting the
phosphor sheet-covered LED including the re-
flector portion on a board (a mounting step).

FIG. 14 shows process drawings for illustrating a
tenth embodiment of a method for producing an en-
capsulating layer-covered semiconductor element
of the present invention:

FIG. 14 (a) illustrating a step of preparing a sup-
port sheet (a preparing step),
FIG. 14 (b) illustrating a step of disposing LEDs
on the support sheet (an LED disposing  step),

FIG. 14 (c) illustrating a step of covering the side
surfaces of the LEDs with a phosphor sheet (a
sheet disposing step),
FIG. 14 (d) illustrating a step of curing the phos-
phor sheet (a curing step) and a step of cutting
the phosphor sheet (a cutting step),
FIG. 14 (e) illustrating a step of peeling phosphor
sheet-covered LEDs from the support sheet (an
LED peeling step), and
FIG. 14 (f) illustrating a step of mounting the
phosphor sheet-covered LED on a board (a
mounting step).

FIG. 15 shows a perspective view of a dispenser
used in an eleventh embodiment of a method for
producing an encapsulating layer-covered semicon-
ductor element of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0029]

<First Embodiment>

[0030] In FIG. 1, the up-down direction of the paper
surface is referred to as an up-down direction (a first di-
rection, a thickness direction); the right-left direction of
the paper surface is referred to as a right-left direction (a
second direction, a direction perpendicular to the first di-
rection); and the paper thickness direction of the paper
is referred to as a front-rear direction (a third direction, a
direction perpendicular to the first direction and the sec-
ond direction). Directions and direction arrows in FIG. 2
and the subsequent figures are in conformity with the
above-described directions and the direction arrows in
FIG. 1.
[0031] FIG. 1 shows process drawings for illustrating
a first embodiment of a method for producing an encap-
sulating layer-covered semiconductor element of the
present invention. FIG. 2 shows a plan view of the support
sheet shown in FIG. 1 (a).
[0032] In FIG. 2, a pressure-sensitive adhesive layer
3 to be described later is omitted so as to  clearly show
the relative arrangement of a support board 2 and a ref-
erence mark 18 to be described later.
[0033] As shown in FIGS. 1 (a) to 1 (e), a method for
producing a phosphor sheet-covered LED 10 (also, one
example of a phosphor layer-covered LED) as an encap-
sulating layer-covered semiconductor element includes
the steps of preparing a support sheet 1 (ref: FIG. 1 (a))
(a preparing step); disposing LEDs 4 as semiconductor
elements on (at one side in the thickness direction of)
the support sheet 1 (ref: FIG. 1 (b), a semiconductor el-
ement disposing step) (an LED disposing step); after the
LED disposing step, disposing a phosphor sheet 5 as an
encapsulating sheet that is one example of an encapsu-
lating layer on (at one side in the thickness direction of)
the support sheet 1 (ref: FIG. 1 (c), one example of a
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layer disposing step) (a sheet disposing step); curing the
phosphor sheet 5 to encapsulate the LEDs 4 by the phos-
phor sheet 5 (ref: FIG. 1 (d)) (an encapsulating step);
after the encapsulating step, cutting the phosphor sheet
5 corresponding to each of the LEDs 4 to produce the
phosphor sheet-covered LEDs 10 (ref: dashed lines in
FIG. 1 (d)) (a cutting step); and after the cutting step,
peeling the phosphor sheet-covered LEDs 10 from the
support sheet 1 (ref: a phantom line in FIG. 1. (e), a sem-
iconductor element peeling step) (an LED peeling step).
[0034] In the following, the steps of the first embodi-
ment are described in detail.

[Preparing Step]

[0035] As shown in FIGS. 1 (a) and 2, the support sheet
1 is formed into a sheet shape extending in the plane
direction (a direction perpendicular to the thickness di-
rection, that is, the right-left direction and the front-rear
direction). The support sheet 1 is formed into, for exam-
ple, a rectangular shape in plane view (a shape when
projected in the thickness direction).
[0036] The support sheet 1 is prepared so that the ref-
erence marks 18, which serve as a reference  of cutting
in the cutting step to be described later, are provided in
advance.
[0037] As shown in FIG. 2, a plurality of the reference
marks 18 are provided at spaced intervals to each other
at the circumference end portion in the plane direction of
the support sheet 1. The reference marks 18 are, for ex-
ample, provided at two sides that are opposed to each
other in the support sheet 1. The reference marks 18 are
formed to make a pair opposing to each other in an op-
posing direction of the two sides of the support sheet 1.
One pair of the reference marks 18 is provided corre-
sponding to the LEDs 4 that are subsequently disposed
and is disposed so as to be capable of singulating the
LEDs 4 when the phosphor sheet 5 is cut with the refer-
ence marks 18 as a reference.
[0038] Each of the reference marks 18 is formed into
a shape that is easily recognized in plane view and is,
for example, formed into a generally triangular shape in
plane view.
[0039] The maximum length of the support sheet 1 is,
for example, 10 mm or more and 300 mm or less.
[0040] The support sheet 1 is configured to be capable
of supporting the LEDs 4 (ref: FIG. 1 (b)) to be described
next and as shown in FIGS. 1 (a) and 2, includes, for
example, the support board 2 and the pressure-sensitive
adhesive layer 3 that is laminated on the upper surface
of the support board 2.
[0041] The support board 2 is formed into a plate shape
extending in the plane direction. The support board 2 is
provided in the lower portion of the support sheet 1 and
is formed to have the generally same shape as that of
the support sheet 1 in plane view.
[0042] In the upper portion of the support board 2, the
reference marks 18 are formed. The reference marks 18

are, in sectional view, though not shown, formed as con-
cave portions that  dent from the upper surface toward
the middle in the up-down direction of the support board
2 or as through holes that pass through in the up-down
direction thereof.
[0043] The support board 2 is incapable of stretching
at least in the plane direction and is formed of a hard
material. To be specific, examples of the material include
an oxide such as a silicon oxide (silica or the like) and
alumina, a metal such as stainless steel, and silicon.
[0044] The support board 2 has a Young’s modulus at
23°C of, for example, 1 3 106 Pa or more, preferably 1
3 107 Pa or more, or more preferably 1 3 108 Pa or
more, and of, for example, 1 3 1012 Pa or less. When
the Young’s modulus of the support board 2 is not less
than the above-described lower limit, hardness of the
support board 2 is secured and the LEDs 4 (ref: FIG. 1
(b)) to be described later can be further surely supported.
The Young’s modulus of the support board 2 is obtained
by, for example, the compressive elastic modulus in JIS
H 7902:2008.
[0045] The thickness of the support board 2 is, for ex-
ample, 0.1 mm or more, or preferably 0.3 mm or more,
and is, for example, 5 mm or less, or preferably 2 mm or
less.
[0046] The pressure-sensitive adhesive layer 3 is
formed on the entire upper surface of the support board 2.
[0047] An example of a pressure-sensitive adhesive
material for forming the pressure-sensitive adhesive lay-
er 3 includes a pressure-sensitive adhesive such as an
acrylic pressure-sensitive adhesive and a silicone pres-
sure-sensitive adhesive. The pressure-sensitive adhe-
sive layer 3 can be also formed of, for example, an active
energy ray irradiation release sheet in which the pres-
sure-sensitive adhesive force is capable of being re-
duced by application of an active energy ray (to be spe-
cific, an active energy ray irradiation release sheet de-
scribed in Japanese Unexamined Patent Publication No.
2005-286003 or the like) or a thermal release sheet in
which  the pressure-sensitive adhesive force is capable
of being reduced by heating (to be specific, a thermal
release sheet such as REVALPHA (manufactured by
NITTO DENKO CORPORATION)). To be specific, when
a phosphor resin composition in the phosphor sheet 5
(ref: the upper portion in FIG. 1 (b)) to be described later
contains a thermosetting resin, preferably, the pressure-
sensitive adhesive layer 3 is formed of an active energy
ray irradiation release sheet. On the other hand, when
the phosphor resin composition in the phosphor sheet 5
to be described later contains an active energy ray cur-
able resin, preferably, the pressure-sensitive adhesive
layer 3 is formed of a thermal release sheet.
[0048] The thickness of the pressure-sensitive adhe-
sive layer 3 is, for example, 0.1 mm or more, or preferably
0.2 mm or more, and is, for example, 1 mm or less, or
preferably 0.5 mm or less.
[0049] In order to prepare the support sheet 1, for ex-
ample, the support board 2 is attached to the pressure-
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sensitive adhesive layer 3. Also, the pressure-sensitive
adhesive layer 3 can be directly laminated on the support
board 2 by an application method or the like in which first,
the support board 2 is prepared; next, a varnish prepared
from the above-described pressure-sensitive adhesive
material and a solvent blended as required is applied to
the support board 2; and thereafter, the solvent is distilled
off as required.
[0050] The thickness of the support sheet 1 is, for ex-
ample, 0.2 mm or more, or preferably 0.5 mm or more,
and is, for example, 6 mm or less, or preferably 2.5 mm
or less.

[LED Disposing Step]

[0051] In the LED disposing step, as shown in FIG. 1
(b) and by the phantom lines in FIG. 2, a plurality of the
LEDs 4 are prepared to be disposed on the support sheet
1.
[0052]   The LEDs 4 are semiconductor elements that
convert electrical energy to light energy. Each of the
LEDs 4 is, for example, formed into a generally rectan-
gular shape in sectional view and a generally rectangular
shape in plane view with the thickness shorter than the
length in the plane direction (the maximum length). The
lower surface of each of the LEDs 4 is formed of a bump
that is not shown. An example of the LEDs 4 includes
blue light emitting diode elements that emit blue light.
[0053] The maximum length of each of the LEDs 4 is,
for example, 0.1 mm or more and 3 mm or less. The
thickness thereof is, for example, 0.05 mm or more and
1 mm or less.
[0054] In the LED disposing step, for example, a plu-
rality of the LEDs 4 are disposed in alignment on the
support sheet 1. To be specific, a plurality of the LEDs 4
are disposed in such a manner that a plurality of the LEDs
4 are arranged at equal intervals to each other in the
front-rear and the right-left directions in plane view. The
LEDs 4 are attached to the pressure-sensitive adhesive
layer 3 so that the bumps thereof that are not shown are
opposed to the support sheet 1. In this way, the LEDs 4
are supported at (pressure-sensitively adhere to) the up-
per surface of the support board 2 via the pressure-sen-
sitive adhesive layer 3 so that the alignment state thereof
is retained.
[0055] The gap between the LEDs 4 is, for example,
0.05 mm or more and 2 mm or less.

[Sheet Disposing Step]

[0056] In FIG. 1 (c), the phosphor sheet 5 is formed
from a phosphor resin composition containing a curable
resin and a phosphor into a sheet shape.
[0057] Examples of the curable resin include a ther-
mosetting resin that is cured by heating and an  active
energy ray curable resin that is cured by application of
an active energy ray (for example, an ultraviolet ray and
an electron beam). Preferably, a thermosetting resin is

used.
[0058] To be specific, an example of the curable resin
includes a thermosetting resin such as a silicone resin,
an epoxy resin, a polyimide resin, a phenol resin, a urea
resin, a melamine resin, and an unsaturated polyester
resin. Preferably, a silicone resin is used.
[0059] An example of the silicone resin includes a sil-
icone resin such as a two-step curable type silicone resin
and a one-step curable type silicone resin. Preferably, a
two-step curable type silicone resin is used.
[0060] The two-step curable type silicone resin is a
thermosetting silicone resin that has a two-step reaction
mechanism and in which a silicone resin is brought into
a B-stage state (a semi-cured state) in the first-step re-
action and is brought into a C-stage state (a completely
cured state) in the second-step reaction. On the other
hand, the one-step curable type silicone resin is a ther-
mosetting silicone resin that has a one-step reaction
mechanism and in which a silicone resin is completely
cured in the first-step reaction.
[0061] The B-stage state is a state between an A-stage
state in which a thermosetting silicone resin is in a liquid
state and a C-stage state in which the thermosetting sil-
icone resin is completely cured. Also, the B-stage state
is a state in which the curing and the gelation of the ther-
mosetting silicone resin are slightly progressed and the
compressive elastic modulus thereof is smaller than the
elastic modulus thereof in a C-stage state.
[0062] An example of the two-step curable type sili-
cone resin includes a condensation reaction and addition
reaction curable type silicone resin that has two reaction
systems of a condensation reaction and an addition re-
action.
[0063] The mixing ratio of the curable resin with respect
to the phosphor resin composition is, for example, 30
mass % or more, or preferably 50 mass % or more, and
is, for example, 99 mass % or less, or preferably 95 mass
% or less.
[0064] The phosphor has a wavelength conversion
function and examples thereof include a yellow phosphor
that is capable of converting blue light into yellow light
and a red phosphor that is capable of converting blue
light into red light.
[0065] Examples of the yellow phosphor include a gar-
net type phosphor having a garnet type crystal structure
such as Y3Al5O12:Ce (YAG (yttrium aluminum garnet):
Ce) and Tb3Al3O12:Ce (TAG (terbium aluminum garnet):
Ce) and an oxynitride phosphor such as Ca-α-SiAlON.
[0066] An example of the red phosphor includes a ni-
tride phosphor such as CaAlSiN3:Eu and CaSiN2:Eu.
[0067] Preferably, a yellow phosphor is used.
[0068] Examples of a shape of the phosphor include a
sphere shape, a plate shape, and a needle shape. Pref-
erably, in view of fluidity, a sphere shape is used.
[0069] The average value of the maximum length (in
the case of a sphere shape, the average particle size) of
the phosphor is, for example, 0.1 mm or more, or prefer-
ably 1 mm or more, and is, for example, 200 mm or less,
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or preferably 100 mm or less.
[0070] The mixing ratio of the phosphor with respect
to 100 parts by mass of the curable resin is, for example,
0.1 parts by mass or more, or preferably 0.5 parts by
mass or more, and is, for example, 80 parts by mass or
less, or preferably 50 parts by mass or less.
[0071] Furthermore, the phosphor resin composition
can also contain a filler.
[0072] Examples of the filler include organic micropar-
ticles such as silicone particles and inorganic micropar-
ticles such as silica, talc, alumina, aluminum nitride, and
silicon nitride. The mixing ratio of the filler with respect
to 100 parts by mass of the curable resin is, for example,
0.1 parts by mass or more, or preferably 0.5 parts by
mass or more, and is, for example, 70 parts by mass or
less, or preferably 50 parts by mass or less.
[0073] As shown in FIG. 1 (c), in order to dispose the
phosphor sheet 5 on the support sheet 1, first, as shown
by the upper portion in FIG. 1 (b), the phosphor sheet 5
is prepared. In order to prepare the phosphor sheet 5, a
curable resin and a phosphor, and a filler, which is blend-
ed as required, are blended to prepare a phosphor resin
composition. Next, the phosphor resin composition is ap-
plied to the surface of a release sheet 13 to be then heat-
ed. Examples of the release sheet 13 include a polymer
film such as a polyethylene film and a polyester film (PET
or the like), a ceramic sheet, and a metal foil. Preferably,
a polymer film is used. The surface of the release sheet
13 can be also subjected to release treatment such as
fluorine treatment.
[0074] When the curable resin contains a two-step cur-
able type silicone resin, the curable resin is brought into
a B-stage state (a semi-cured state) by the above-de-
scribed heating. That is, the phosphor sheet 5 in a B-
stage state is prepared.
[0075] The phosphor sheet 5 has a compressive elas-
tic modulus at 23°C of, for example, 0.01 MPa or more,
or preferably 0.04 MPa or more, and of, for example, 1.0
MPa or less, or preferably 0.5 MPa or less.
[0076] When the compressive elastic modulus of the
phosphor sheet 5 is not more than the above-described
upper limit, sufficient flexibility can be secured. On the
other hand, when the compressive elastic modulus of the
phosphor sheet 5 is not less than the above-described
lower limit, the LEDs 4 can be embedded.
[0077] Next, as shown in FIG. 1 (c), the phosphor sheet
5 is disposed on the support sheet 1 so as to embed the
LEDs 4 (an embedding step). That is, the phosphor sheet
5 is disposed on the support sheet 1 so as to cover the
upper surfaces and the side surfaces of the LEDs 4.
[0078] To be specific, as shown by arrows in FIG. 1
(b), the phosphor sheet 5 laminated on the release sheet
13 is compressively bonded toward the pressure-sensi-
tive adhesive layer 3.
[0079] In this way, in the sheet disposing step, the em-
bedding step in which the LEDs 4 are embedded by the
phosphor sheet 5 is performed.
[0080] Thereafter, as shown by the phantom line in

FIG. 1 (c), the release sheet 13 is peeled from the upper
surface of the phosphor sheet 5.
[0081] [Encapsulating Step]
[0082] The encapsulating step is performed after the
sheet disposing step (ref: FIG. 1 (c)).
[0083] In the encapsulating step, as shown in FIG. 1
(d), the phosphor sheet 5 is cured. When the curable
resin is a thermosetting resin, the phosphor sheet 5 is
thermally cured. To be specific, the phosphor sheet 5 is
heated at, for example, 80°C or more, or preferably
100°C or  more, and at, for example, 200°C or less, or
preferably 180°C or less.
[0084] When the thermosetting resin contains a two-
step curable type silicone resin and when the phosphor
sheet 5 that embeds the LEDs 4 is in a B-stage state,
the phosphor sheet 5 is completely cured (subjected to
a final curing) to be brought into a C-stage state by the
above-described heating.
[0085] When the thermosetting resin contains a one-
step curable type silicone resin, the phosphor sheet 5 is
completely cured (subjected to a final curing) to be
brought into a C-stage state by the above-described
heating.
[0086] When the curable resin is an active energy ray
curable resin, an active energy ray is applied to the phos-
phor sheet 5 from the upper side.
[0087] The cured (completely cured) phosphor sheet
5 has flexibility. To be specific, the cured (completely
cured) phosphor sheet 5 has a compressive elastic mod-
ulus at 23°C of, for example, 0.5 MPa or more, or pref-
erably I MPa or more, and of, for example, 100 MPa or
less, or preferably 10 MPa or less.
[0088] When the compressive elastic modulus of the
phosphor sheet 5 is not more than the above-described
upper limit, the flexibility can be surely secured and in
the cutting step (ref: FIG. 1 (d)) to be described next, for
example, the phosphor sheet 5 can be cut using a cutting
device (described later). When the compressive elastic
modulus of the phosphor sheet 5 is not less than the
above-described lower limit, the shape thereof after be-
ing cut can be retained.
[0089] In this way, the side surfaces and the upper sur-
faces of the LEDs 4, and a portion of the upper surface
of the pressure-sensitive adhesive layer 3 that is exposed
from the LEDs 4 are covered with the phosphor sheet 5
in close contact with each other. That is, the LEDs 4 are
encapsulated by the phosphor sheet 5 in a C-stage state.
[0090] [Cutting Step]
[0091] As shown by the dashed lines in FIG. 1 (d), in
the cutting step, the flexible phosphor sheet 5 around the
LEDs 4 is cut along the thickness direction. As shown by
dash-dot lines in FIG. 2, for example, the phosphor sheet
5 is cut into a generally rectangular shape in plane view
that surrounds each of the LEDs 4.
[0092] In order to cut the phosphor sheet 5, for exam-
ple, a dicing device using a disc-shaped dicing saw (dic-
ing blade) 31 (ref: FIG. 1 (d)), a cutting device using a
cutter, a laser irradiation device, or the like is used.
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[0093] The cutting of the phosphor sheet 5 is per-
formed with the reference marks 18 as a reference. To
be specific, the phosphor sheet 5 is cut so as to form cuts
8 along the straight lines (shown by the dash-dot lines in
FIG. 2) that connect the reference marks 18 making one
pair.
[0094] In the cutting of the phosphor sheet 5, for ex-
ample, the phosphor sheet 5 is cut from the upper surface
toward the lower surface so that the cuts 8 fail to pass
through the support sheet 1, to be specific, fail to pass
through the pressure-sensitive adhesive layer 3.
[0095] By the cutting step, the phosphor sheet-covered
LEDs 10, each of which includes the LED 4 and the phos-
phor sheet 5 that is cut so as to cover the LED 4, are
obtained in a state of being in close contact with the sup-
port sheet 1.
[0096]   [LED Peeling Step]
[0097] In FIG. 1 (e), in the LED peeling step, each of
the phosphor sheet-covered LEDs 10 is peeled from the
upper surface of the pressure-sensitive adhesive layer
3. That is, each of the phosphor sheet-covered LEDs 10
is peeled from the support board 2 and the pressure-
sensitive adhesive layer 3.
[0098] In this way, the phosphor sheet-covered LED
10 peeled from the support sheet 1 is obtained.
[0099] [Mounting Step]
[0100] Thereafter, after the phosphor sheet-covered
LED 10 is selected in accordance with emission wave-
length and luminous efficiency, as shown in FIG. 1 (f),
the selected phosphor sheet-covered LED 10 is mounted
on a board 9. In this way, an LED device 15 as a semi-
conductor device is obtained.
[0101] To be specific, the phosphor sheet-covered
LED 10 is disposed in opposed relation to the board 9
so that a bump (not shown) in the LED 4 is opposed to
a terminal (not shown) provided on the upper surface of
the board 9. That is, the LED 4 in the phosphor sheet-
covered LED 10 is flip-chip mounted on the board 9.
[0102] In this way, the LED device 15 including the
board 9 and the phosphor sheet-covered LED 10 that is
mounted on the board 9 is obtained.
[0103] Thereafter, as shown by the phantom line in
FIG. 1 (f), an encapsulating protective layer  20 (an en-
capsulating layer that is different from the phosphor sheet
5) that encapsulates the phosphor sheet-covered LED
10 is provided in the LED device 15 as required. In this
way, reliability of the LED device 15 can be improved.
[0104] In the method for producing the phosphor sheet-
covered LED 10, after the cutting step, each of the phos-
phor sheet-covered LEDs 10 is peeled from the support
sheet 1. That is, in the cutting step, the phosphor sheet
5 is capable of being cut, while the LEDs 4 and the phos-
phor sheet 5 are supported by the support sheet 1 in-
cluding the hard support board 2. Thus, the phosphor
sheet-covered LED 10 having excellent size stability can
be obtained.
[0105] After the encapsulating step in which the phos-
phor sheet 5 is cured, the cutting step in which the phos-

phor sheet 5 is cut is performed, so that a dimensional
deviation caused by shrinkage of the phosphor sheet 5
that may occur in the curing can be cancelled in the cut-
ting step. Thus, the phosphor sheet-covered LED 10 hav-
ing further excellent size stability can be obtained.
[0106] In addition, the phosphor sheet 5 that encapsu-
lates the LEDs 4 is flexible, so that in the cutting step,
the phosphor sheet 5 is capable of being smoothly cut
not only using an expensive dicing device, but also using
various cutting devices including a relatively cheap cut-
ting device.
[0107] In addition, in the sheet disposing step in this
method, the LEDs 4 are embedded by the phosphor
sheet 5 in a B-stage state; in the encapsulating step, the
phosphor sheet 5 is cured to be brought into a C-stage
state; and the phosphor sheet 5 in a C-stage state en-
capsulates the LEDs 4. Thus, the LEDs 4 are easily and
surely covered with the phosphor sheet 5 in a B-stage
state and the phosphor sheet 5 in a C-stage state is ca-
pable of surely encapsulating the LEDs 4. Therefore, the
phosphor sheet-covered LED 10 having excellent relia-
bility can be obtained.
[0108] The phosphor sheet 5 shown in FIG. 1 (b) is
formed into a sheet shape, so that it is capable  of col-
lectively encapsulating a plurality of the LEDs 4. Thus,
production efficiency of the phosphor sheet-covered LED
10 can be improved.
[0109] Consequently, the phosphor sheet-covered
LED 10 has excellent size stability.
[0110] Also, the LED device 15 includes the phosphor
sheet-covered LED 10 having excellent size stability, so
that it has excellent reliability and therefore, its luminous
efficiency is improved.
[0111] <Modified Example>
[0112] In the above-described preparing step in the
first embodiment (ref: FIG. 1 (a)), the support sheet 1 is
prepared so as to include the support board 2 and the
pressure-sensitive adhesive layer 3. Alternatively, for ex-
ample, though not shown, the support sheet 1 can be
also prepared so as to include the support board 2 only
without including the pressure-sensitive adhesive layer
3.
[0113] Preferably, as shown in FIG. 1 (a), the support
sheet 1 is prepared so as to include the support board 2
and the pressure-sensitive adhesive layer 3.
[0114] In this way, in the LED disposing step shown in
FIG. 1 (b), when the LEDs 4 are disposed on the support
sheet I, the LEDs 4 can adhere to the support board 2
via the pressure-sensitive adhesive layer 3. Thus, the
support sheet 1 can surely support the LEDs 4.
[0115] In the preparing step in this method, the support
sheet 1 is prepared so that the reference marks 18, which
serve as a reference of cutting in the cutting step, are
provided in advance.
[0116]   On the other hand, in the method described in
Japanese Unexamined Patent Publication No.
2001-308116 in which dummy wafers are peeled from a
silica glass substrate or a pressure-sensitive adhesive
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sheet to be then subjected to dicing, the dummy wafers
are not on the silica glass substrate when subjected to
dicing and thus, the dicing is not capable of being per-
formed with the above-described reference marks 18 as
a reference.
[0117] In contrast, in the first embodiment, the LEDs 4
are supported by the support sheet 1 in the cutting step,
so that in this way, the LEDs 4 can be singulated with
excellent accuracy with the reference marks 18 as a ref-
erence.
[0118] In FIG. 2, each of the reference marks 18 is
formed into a generally triangular shape in plane view.
However, the shape thereof is not particularly limited and
can be formed into an appropriate shape such as a gen-
erally circular shape in plane view, a generally rectangu-
lar shape in plane view, a generally X-shape in plane
view, and a generally T-shape in plane view.
[0119] <Second Embodiment>
[0120] FIG. 3 shows process drawings for illustrating
a second embodiment of a method for producing an en-
capsulating layer-covered semiconductor element of the
present invention.
[0121] In the second embodiment, the same reference
numerals are provided for members and steps corre-
sponding to each of those in the first embodiment, and
their detailed description is omitted.
[0122] In the LED peeling step (ref: FIG. 1 (e)) in the
first embodiment, each of the phosphor sheet-covered
LEDs 10 is peeled from the support board 2 and the pres-
sure-sensitive adhesive layer 3. Alternatively, for exam-
ple, as shown in FIG. 3 (e), first, the support board 2 is
peeled  from the pressure-sensitive adhesive layer 3 and
thereafter, as shown in FIG. 3 (f), each of the phosphor
sheet-covered LEDs 10 can be peeled from the pressure-
sensitive adhesive layer 3 only.
[0123] That is, this method includes the same steps of
preparing step (ref: FIG. 3 (a)), LED disposing step (ref:
FIG. 3 (b)), sheet disposing step (ref: FIG. 3 (c)), encap-
sulating step (ref: FIG. 3 (d)), cutting step (ref: the dashed
lines in FIG. 3 (d)), and LED peeling step (ref: the phan-
tom line in FIG. 3 (f)) as those in the first embodiment.
In addition, as shown in FIG. 3 (e), this method further
includes a support board peeling step in which the sup-
port board 2 is peeled from the pressure-sensitive adhe-
sive layer 3 after the cutting step (ref: FIG. 3 (d)) and
before the LED peeling step (ref: FIG. 3 (f)).
[0124] [Support Board Peeling Step]
[0125] As shown in FIG. 3 (e), in the support board
peeling step, the support board 2 is peeled from the lower
surface of the pressure-sensitive adhesive layer 3.
[0126] In order to peel the support board 2 from the
pressure-sensitive adhesive layer 3, for example, the
pressure-sensitive adhesive layer 3 is formed from a
pressure-sensitive adhesive in which the pressure-sen-
sitive adhesive force is capable of being reduced by ap-
plication of an active energy ray such as an ultraviolet
ray and the active energy ray is applied to the pressure-
sensitive adhesive layer 3, so that the pressure-sensitive

adhesive force of the pressure-sensitive adhesive layer
3 is reduced. Thereafter, the support board 2 is peeled
from the pressure-sensitive adhesive layer 3.
[0127] Alternatively, the pressure-sensitive adhesive
layer 3 is formed from a pressure-sensitive adhesive in
which the pressure-sensitive adhesive force is capable
of being reduced by heating and the pressure-sensitive
adhesive layer 3 is heated, so that the pressure-sensitive
adhesive force  of the pressure-sensitive adhesive layer
3 is reduced. Thereafter, the support board 2 is peeled
from the pressure-sensitive adhesive layer 3.
[0128] [LED Peeling Step]
[0129] Next, in the LED peeling step shown by the ar-
row in FIG. 3 (f), each of the phosphor sheet-covered
LEDs 10 is peeled from the pressure-sensitive adhesive
layer 3.
[0130] To be specific, as shown in FIG. 3 (f’), for ex-
ample, each of the phosphor sheet-covered LEDs 10 is
peeled from the pressure-sensitive adhesive layer 3 with
a pick-up device 17 that is provided with a pressing mem-
ber 14 such as a needle and an absorbing member 16
such as a collet. In the pick-up device 17, the pressing
member 14 presses (pushes up) the pressure-sensitive
adhesive layer 3 corresponding to the phosphor sheet-
covered LED 10 that is intended to be peeled off from
the lower side thereof. In this way, the phosphor sheet-
covered LED 10 that is intended to be peeled off is pushed
up upwardly, and the pushed-up phosphor sheet-cov-
ered LED 10 is peeled from the pressure-sensitive ad-
hesive layer 3, while being absorbed by the absorbing
member 16 such as a collet.
[0131] In this way, as shown in FIG. 3 (f), each of the
phosphor sheet-covered LEDs 10 that is peeled from the
support sheet 1 is obtained.
[0132] [Mounting Step]
[0133] Thereafter, after the phosphor sheet-covered
LED 10 is selected in accordance with emission wave-
length and luminous efficiency, as shown in FIG. 3 (g),
the selected phosphor sheet-covered LED 10 is mounted
on the board 9. In this way, the LED device 15 is obtained.
[0134]   According to this method, in the LED peeling
step, each of the phosphor sheet-covered LEDs 10 is
peeled from the pressure-sensitive adhesive layer 3, so
that the phosphor sheet-covered LED 10 can be easily
and surely peeled from the pressure-sensitive adhesive
layer 3 using the above-described pick-up device 17.
[0135] <Third Embodiment>
[0136] FIG. 4 shows process drawings for illustrating
a third embodiment of a method for producing an encap-
sulating layer-covered semiconductor element of the
present invention.
[0137] In the third embodiment, the same reference
numerals are provided for members and steps corre-
sponding to each of those in the first and second embod-
iments, and their detailed description is omitted.
[0138] In the LED peeling steps (ref: FIGS. 1 (e) and
3 (f)) in the first and second embodiments, each of the
phosphor sheet-covered LEDs 10 is peeled from the sup-
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port sheet 1 to be then mounted on the board 9 (ref: FIGS.
1 (f) and 3 (g)). Alternatively, for example, as shown in
FIGS. 4 (e) and 4 (f), the phosphor sheet-covered LEDs
10 are sequentially transferred onto a transfer sheet 11
and a stretchable support sheet 12, and thereafter, as
shown in FIG. 4 (g), each of the phosphor sheet-covered
LEDs 10 can be peeled from the stretchable support
sheet 12.
[0139] That is, this method includes the same steps of
preparing step (ref: FIG. 4 (a)), LED disposing step (ref:
FIG. 4 (b)), sheet disposing step (ref: FIG. 4 (c)), encap-
sulating step (ref: FIG. 4 (d)), and cutting step (ref: the
dashed lines in FIG. 4 (d)) as those in the first embodi-
ment and furthermore, includes the above-described
LED peeling step (ref: FIGS. 4 (e) to 4 (g)).
[0140] [LED Peeling Step]
[0141] The LED peeling step includes the steps of
transferring the phosphor sheet-covered LEDs 10 onto
the stretchable support sheet 12 (ref: FIG. 4 (f)) and peel-
ing the phosphor sheet-covered LEDs 10 from the
stretchable support sheet 12, while stretching the stretch-
able support sheet 12 in the plane direction (ref: FIGS.
4 (g) and 4 (g’)).
[0142] That is, in order to transfer the phosphor sheet-
covered LEDs 10 onto the stretchable support sheet 12,
as shown by the arrows in FIG. 4 (d), and in FIG. 4 (e),
the phosphor sheet-covered LEDs 10 after the cutting
step (ref: the dashed lines in FIG. 4 (d)) are transferred
onto the transfer sheet 11 in advance.
[0143] The transfer sheet 11 is formed of the same
material and with the same thickness as those in the
stretchable support sheet 12 to be described next.
[0144] By the transfer of the phosphor sheet-covered
LEDs 10 onto the transfer sheet 11, the lower surface of
the phosphor sheet 5 is in contact (in close contact) with
the upper surface of the transfer sheet 11, while the upper
surfaces of the LEDs 4 in which bumps that are not shown
are formed on a part of the upper surfaces are exposed
from the phosphor sheet 5 around the LEDs 4.
[0145] Thereafter, as shown in FIG. 4 (f), the phosphor
sheet-covered LEDs 10 are transferred onto the stretch-
able support sheet 12.
[0146] The stretchable support sheet 12 is a stretcha-
ble pressure-sensitive adhesive sheet that is capable of
stretching in the plane direction. Examples thereof in-
clude an active energy ray irradiation release sheet in
which the pressure-sensitive adhesive force is capable
of being reduced by application of an active energy ray
(to be specific, an active energy ray irradiation  release
sheet described in Japanese Unexamined Patent Publi-
cation No. 2005-286003 or the like) and a thermal release
sheet in which the pressure-sensitive adhesive force is
capable of being reduced by heating (to be specific, a
thermal release sheet such as REVALPHA (manufac-
tured by NITTO DENKO CORPORATION)). Preferably,
an active energy ray irradiation release sheet is used.
[0147] The stretchable support sheet 12 has a tensile
elasticity at 23°C of, for example, 0.01 MPa or more, or

preferably 0.1 MPa or more, and of, for example, 10 MPa
or less, or preferably 1 MPa or less.
[0148] The thickness of the stretchable support sheet
12 is, for example, 0.1 mm or more and 1 mm or less.
[0149] A commercially available product can be used
as the stretchable support sheet 12. To be specific, the
UE series (manufactured by NITTO DENKO CORPO-
RATION) or the like is used.
[0150] By the transfer of the phosphor sheet-covered
LEDs 10 onto the stretchable support sheet 12, the upper
surface of the phosphor sheet 5 is exposed upwardly,
while the lower surfaces of the LEDs 4 in which bumps
that are not shown are formed on a part of the lower
surfaces are in contact (in close contact) with the upper
surface of the stretchable support sheet 12.
[0151] [LED Peeling Step]
[0152] Thereafter, as shown in FIG. 4 (g), the stretch-
able support sheet 12 is stretched in the plane direction
and each of the phosphor sheet-covered LEDs 10 is
peeled from the stretchable support sheet 12.
[0153] To be specific, first, as shown by the arrows in
FIG. 4 (f), the stretchable support sheet 12 is stretched
outwardly in the plane direction. In this way, as shown in
FIG. 4 (g), in a state where the phosphor sheet-covered
LEDs 10 are in close contact with the stretchable support
sheet 12, the tensile stress is concentrated in the cuts 8;
thus, the cuts 8 expand; and the LEDs 4 are separated
from each other, so that gaps 19 are formed. Each of the
gaps 19 is formed into a generally grid shape in plane
view so as to separate the LEDs 4.
[0154] Subsequently, as shown in FIG. 4 (g’), the
stretchable support sheet 12 corresponding to the phos-
phor sheet-covered LED 10 that is intended to be peeled
off is pushed up from the lower side thereof by the press-
ing member 14. In this way, the phosphor sheet-covered
LED 10 is pushed up upwardly, and the pushed-up phos-
phor sheet-covered LED 10 is peeled from the stretcha-
ble support sheet 12, while being absorbed by the ab-
sorbing member 16.
[0155] When the stretchable support sheet 12 is an
active energy ray irradiation release sheet, in a case
where each of the phosphor sheet-covered LEDs 10 is
peeled from the stretchable support sheet 12, an active
energy ray is applied to the stretchable support sheet 12.
When the stretchable support sheet 12 is a thermal re-
lease sheet, the stretchable support sheet 12 is heated.
The pressure-sensitive adhesive force of the stretchable
support sheet 12 is reduced by those treatments, so that
each of the phosphor sheet-covered LEDs 10 can be
easily and surely peeled from the stretchable support
sheet 12.
[0156] In this way, each of the phosphor sheet-covered
LEDs 10 that is peeled from the support sheet 1 is ob-
tained.
[0157] [Mounting Step]
[0158] Thereafter, after the phosphor sheet-covered
LED 10 is selected in accordance with  emission wave-
length and luminous efficiency, as shown in FIG. 4 (h),
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the selected phosphor sheet-covered LED 10 is mounted
on the board 9. In this way, the LED device 15 is obtained.
[0159] In this method, the stretchable support sheet 12
is stretched in the plane direction and each of the phos-
phor sheet-covered LEDs 10 is peeled from the stretch-
able support sheet 12.
[0160] Thus, the gaps 19 are formed around each of
the phosphor sheet-covered LEDs 10, so that each of
the phosphor sheet-covered LEDs 10 can be further eas-
ily and surely peeled from the stretchable support sheet
12 using the pick-up device 17.
[0161] Additionally, the gap 19 is formed between the
phosphor sheet-covered LED 10 that is intended to be
peeled off and the phosphor sheet-covered LED 10 that
is adjacent thereto. Thus, it can be prevented that when
the absorbing member 16 is brought into contact with the
phosphor sheet-covered LED 10 that is intended to be
peeled off, the absorbing member 16 comes in contact
with the phosphor sheet-covered LED 10 that is adjacent
thereto to cause a damage to the phosphor sheet-cov-
ered LED 10.
[0162] <Fourth Embodiment>
[0163] FIG. 5 shows process drawings for illustrating
a fourth embodiment of a method for producing an en-
capsulating layer-covered semiconductor element of the
present invention. FIG. 6 shows a plan view of the phos-
phor sheet-embedded LEDs shown in FIG. 5 (d). FIG. 7
shows process drawings for illustrating a method for pro-
ducing the embedding-reflector sheet shown in FIG. 5
(b).
[0164] In the fourth embodiment, the same reference
numerals are provided for members and steps corre-
sponding to each of those in the first embodiment, and
their detailed description is  omitted.
[0165] In the first embodiment, as shown in FIG. 1(b),
the phosphor sheet 5 in which a phosphor is uniformly
(uniformly at least in the plane direction) dispersed is
illustrated as an encapsulating sheet that is one example
of the encapsulating layer of the present invention. Alter-
natively, for example, as shown in FIGS. 5 (b) and 6, an
embedding-reflector sheet 24 that includes embedding
portions 33 containing a phosphor as cover portions and
a reflector portion 34 surrounding the embedding por-
tions 33 can be also illustrated as an encapsulating sheet.
[0166] As shown in FIG. 6, a plurality of the embedding
portions 33 are provided at spaced intervals to each other
as portions that embed a plurality of the LEDs 4 in the
embedding-reflector sheet 24. Each of the embedding
portions 33 is formed into a generally circular shape in
plane view. To be specific, as shown in FIG. 5 (b), each
of the embedding portions 33 is formed into a generally
conical trapezoidal shape in which its width is gradually
reduced toward the lower side.
[0167] The diameter (the maximum length) of the lower
end portion of each of the embedding portions 33 is larger
than the maximum length in the plane direction of each
of the LEDs 4. To be specific, the diameter (the maximum
length) of the lower end portion thereof with respect to

the maximum length in the plane direction of each of the
LEDs 4 is, for example, 200 % or more, preferably 300
% or more, or more preferably 500 % or more, and is, for
example, 3000 % or less. To be more specific, the diam-
eter (the maximum length) of the lower end portion of
each of the embedding portions 33 is, for example, 5 mm
or more, or preferably 7 mm or more, and is, for example,
300 mm or less, or preferably 200 mm or less.
[0168] The diameter (the maximum length) of the up-
per end portion of each of the embedding portions 33 is
larger than the diameter (the maximum length) of the
lower end portion thereof. To be specific, the diameter
(the maximum length) of the upper end portion thereof
is, for example, 7 mm or more, or preferably 10 mm or
more, and is, for example, 400 mm or less, or  preferably
250 mm or less.
[0169] The gap between the embedding portions 33
(the minimum gap, to be specific, the gap between the
upper end portions of the embedding portions 33) is, for
example, 20 mm or more, or preferably 50 mm or more,
and is, for example, 1000 mm or less, or preferably 200
mm or less.
[0170] The embedding portions 33 are formed from the
above-described phosphor resin composition. When the
phosphor resin composition contains a curable resin, the
embedding portions 33 are formed in a B-stage state.
[0171] As shown in FIG. 6, the reflector portion 34 is
continuous at the circumference end portion of the em-
bedding-reflector sheet 24 and is disposed between the
embedding portions 33. The reflector portion 34 is formed
into a generally grid shape in plane view surrounding
each of the embedding portions 33.
[0172] The reflector portion 34 is formed from a reflect-
ing resin composition containing a light reflecting com-
ponent to be described later.
[0173] Next, a method for producing the embedding-
reflector sheet 24 is described with reference to FIGS. 6
and 7.
[0174] In this method, first, as shown in FIG. 7 (a), a
pressing device 35 is prepared.
[0175] The pressing device 35 is provided with a sup-
port board 36 and a die 37 that is disposed in opposed
relation to the upper side of the support board 36.
[0176] The support board 36 is, for example, formed
of a metal such as stainless steel into a generally rectan-
gular flat plate shape.
[0177] The die 37 is, for example, formed of a metal
such as stainless steel and integrally includes a flat plate
portion 38 and extruded portions 39 that are formed to
be extruded downwardly from the flat plate portion 38.
[0178] The flat plate portion 38 is formed into the same
shape as that of the support board 36 in plane view.
[0179] In the die 37, a plurality of the extruded portions
39 are disposed at spaced intervals to each other in the
plane direction so as to correspond to the embedding
portions 33. That is, each of the extruded portions 39 is
formed into a generally conical trapezoidal shape in
which its width is gradually reduced from the lower sur-
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face of the flat plate portion 38 toward the lower side. To
be specific, each of the extruded portions 39 is formed
into a tapered shape in which its width is gradually re-
duced toward the lower side in front sectional view and
side sectional view. That is, each of the extruded portions
39 is formed into the same shape as that of each of the
embedding portions 33.
[0180] As shown in FIG. 7 (a), a spacer 40 is provided
on the upper surface of the circumference end portion of
the support board 36. The spacer 40 is, for example,
formed of a metal such as stainless steel and is disposed
so as to surround a plurality of the embedding portions
33 when projected in the thickness direction. The spacer
40 is disposed on the support board 36 so as to be in-
cluded in the die 37, to be specific, to be overlapped with
the circumference end portion of the flat plate portion 38,
when projected in the thickness direction.
[0181]   The thickness of the spacer 40 is set so as to
be the total thickness of the thickness of a releasing sheet
49 to be described later and that of each of the extruded
portions 39. To be specific, the thickness of the spacer
40 is, for example, 0.3 mm or more, or preferably 0.5 mm
or more, and is, for example, 5 mm or less, or preferably
3 mm or less.
[0182] In the pressing device 35, the die 37 is config-
ured to be replaceable with that having a different shape.
To be specific, in the pressing device 35, the die 37 having
the extruded portions 39 shown in FIG. 7 (a) is configured
to be replaceable with the die 37 in a flat plate shape
having no extruded portion 39 shown in FIG. 7 (c) to be
described later.
[0183] As shown in FIG. 7 (a), the releasing sheet 49
is disposed at the inner side of the spacer 40 on the upper
surface of the support board 36. The circumference end
surfaces of the releasing sheet 49 are, on the upper sur-
face of the support board 36, formed so as to be in contact
with the inner side surfaces of the spacer 40. The thick-
ness of the releasing sheet 49 is, for example, 10 mm or
more, or preferably 30 mm or more, and is, for example,
200 mm or less, or preferably 150 mm or less.
[0184] Next, in the pressing device 35 shown in FIG.
7 (a), a reflector sheet 42 is disposed on the upper surface
of the releasing sheet 49.
[0185] In order to dispose the reflector sheet 42 on the
upper surface of the releasing sheet 49, for example, the
following method is used: that is, a laminating method in
which the reflector sheet 42 formed from a reflecting resin
composition is laminated on the upper surface of the re-
leasing sheet 49 or an application method in which a
liquid reflecting resin composition is applied to the upper
surface of the releasing sheet 49.
[0186] The reflecting resin composition contains, for
example, a resin and a light reflecting component.
[0187] An example of the resin includes a thermoset-
ting resin such as a thermosetting silicone resin, an epoxy
resin, a thermosetting polyimide resin, a phenol resin, a
urea resin, a melamine resin, an unsaturated polyester
resin, a diallyl phthalate resin, and a themiosetting ure-

thane resin. Preferably, a thermosetting silicone resin
and an epoxy resin are used.
[0188] The light reflecting component is, for example,
a white compound. To be specific, an example of the
white compound includes a white pigment.
[0189] An example of the white pigment includes a
white inorganic pigment. Examples of the white inorganic
pigment include an oxide such as a titanium oxide, a zinc
oxide, and a zirconium oxide; a carbonate such as white
lead (lead carbonate) and calcium carbonate; and a clay
mineral such as kaolin (kaolinite).
[0190] As the white inorganic pigment, preferably, an
oxide is used, or more preferably, a titanium oxide is
used.
[0191] To be specific, the titanium oxide is TiO2 (tita-
nium oxide (IV), titanium dioxide).
[0192] A crystal structure of the titanium oxide is not
particularly limited. Examples of the crystal structure
thereof include a rutile type, a brookite type (pyromela-
ne), and an anatase type (octahedrite). Preferably, a ru-
tile type is used.
[0193] A crystal system of the titanium oxide is not par-
ticularly limited. Examples of the crystal system thereof
include a tetragonal system and an orthorhombic system.
Preferably, a tetragonal system is used.
[0194] When the crystal structure and the crystal sys-
tem of the titanium oxide are the futile type and the te-
tragonal system, respectively, it is possible to effectively
prevent a reduction of the reflectivity with respect to light
(to be specific, visible light, among all, the light around
the wavelength of 450 mm) even in a case where the
reflector portion 34 is exposed to a high temperature for
a long time.
[0195] The light reflecting component is in the form of
a particle. The shape thereof is not limited and examples
of the shape thereof include a sphere shape, a plate
shape, and a needle shape. The average value of the
maximum length (in the case of a sphere shape, the av-
erage particle size) of the light reflecting component is,
for example, 1 nm or more and 1000 nm or less. The
average value of the maximum length is measured using
a laser diffraction scattering particle size analyzer.
[0196] The mixing ratio of the light reflecting compo-
nent with respect to 100 parts by mass of the resin is, for
example, 30 parts by mass or more, or preferably 50
parts by mass or more, and is, for example, 200 parts by
mass or less, or preferably 100 parts by mass or less.
[0197] The above-described light reflecting compo-
nent is uniformly dispersed and mixed in the resin.
[0198] Also, the above-described filler can be further
added to the reflecting resin composition. That is, the
filler can be used in combination with the light reflecting
component (to be specific, a white pigment).
[0199] An example of the filler includes a known filler
excluding the above-described white pigment. To be spe-
cific, examples of the filler include organic microparticles
such as silicone  particles and inorganic microparticles
such as silica, talc, alumina, aluminum nitride, and silicon
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nitride.
[0200] The addition ratio of the filler is adjusted so that
the total amount of the filler and the light reflecting com-
ponent with respect to 100 parts by mass of the resin is,
for example, 400 parts by mass or more, preferably 500
parts by mass or more, or more preferably 600 parts by
mass or more, and is, for example, 2500 parts by mass
or less, preferably 2000 parts by mass or less, or more
preferably 1600 parts by mass or less.
[0201] In the laminating method, the reflecting resin
composition is prepared in an A-stage state by blending
the above-described resin and light reflecting compo-
nent, and the filler, which is added as required, to be
uniformly mixed.
[0202] Subsequently, in the laminating method, the re-
flecting resin composition in an A-stage state is applied
to the surface of a release sheet that is not shown by an
application method such as a casting, a spin coating, or
a roll coating and thereafter, the applied product is heated
to be brought into a B-stage state or C-stage state. An
example of the release sheet includes the same one as
the above-described release sheet 13.
[0203] Alternatively, for example, the deflecting resin
composition in an A-stage state is applied to the surface
of a release sheet that is not shown using a screen print-
ing or the like by the above-described application method
and thereafter, the applied product is heated to form the
reflector sheet 42 in a B-stage state or C-stage state.
[0204] Thereafter, the reflector sheet 42 is transferred
onto the releasing sheet 49. Subsequently, the release
sheet that is not shown is peeled off.
[0205]   On the other hand, in the application method,
the above-described reflecting resin composition in an
A-stage state is applied to the upper surface of the re-
leasing sheet 49 using a screen printing or the like and
thereafter, the applied product is heated to form the re-
flector sheet 42 in a B-stage state.
[0206] The thickness of the reflector sheet 42 is, for
example, 0.3 mm or more, or preferably 0.5 mm or more,
and is, for example, 5 mm or less, or preferably 3 mm or
less.
[0207] Subsequently, as shown by the arrows in FIG.
7 (a), and in FIG. 7 (b), the reflector sheet 42 is pressed
by the pressing device 35.
[0208] To be specific, the die 37 is pushed down with
respect to the support board 36. To be more specific, the
die 37 is pushed downwardly so that the extruded por-
tions 39 pass through the reflector sheet 42 in the thick-
ness direction. Along with this, the circumference end
portion of the flat plate portion 38 in the die 37 is brought
into contact with the upper surface of the spacer 40.
[0209] In this way, as shown in FIG. 7 (b), in the reflec-
tor sheet 42, through holes 41, which pass through the
reflector sheet 42 in the thickness direction and are in
shapes corresponding to the extruded portions 39, are
formed.
[0210] In the pushing down of the die 37, when the
reflecting resin composition contains a thermosetting

resin in a B-stage state, a heater (not shown) is built in
the die 37 in advance and the reflector sheet 42 can be
also heated by the heater. In this way, the reflecting resin
composition is completely cured (is brought into a C-
stage state).
[0211] The heating temperature is, for example, 80°C
or more, or preferably 100°C or more, and is, for example,
200°C or less, or preferably 180°C or less.
[0212] In this way, the reflector portion 34 is formed on
the releasing sheet 49.
[0213] Thereafter, as shown in FIG. 7 (c), a pressing
state of the pressing device 35 is released. To be specific,
the die 37 is pulled up.
[0214] Subsequently, the die 37 including the flat plate
portion 38 and the extruded portions 39 is replaced with
the die 37 including the flat plate portion 38 only.
[0215] Along with this, the phosphor sheet 5 is dis-
posed on the reflector portion 34.
[0216] To be specific, the phosphor sheet 5 is disposed
on the upper surface of the reflector portion 34 so as to
cover the through holes 41.
[0217] When the phosphor resin composition contains
a curable resin, the phosphor sheet 5 in a B-stage state
is disposed on the reflector portion 34. The phosphor
sheet 5 in a B-stage state can retain its flat plate shape
to some extent, so that it is disposed on the upper surface
of the reflector portion 34 so as to cover the through holes
41 without falling into the inside of the through holes 41.
[0218] The phosphor sheet 5 is formed to be more flex-
ible than the reflector portion 34 (to be specific, the re-
flector portion 34 in a C-stage state when the reflecting
resin composition of the reflector sheet 42 contains a
curable resin). To be specific, the reflector portion 34 is
formed to have non-deformable hardness by the next
pressing (ref: FIG. 7 (d)), while the phosphor sheet 5 is
formed to have deformable flexibility by the next pressing.
[0219]   Next, as shown in FIG. 7 (d), the phosphor
sheet 5 is pressed by the pressing device 35. To be spe-
cific, the die 37 made of the flat plate portion 38 is pushed
down toward the support board 36. Along with this, the
circumference end portion of the flat plate portion 38 is
brought into contact with the upper surface of the spacer
40. The lower surface of the flat plate portion 38 is in
contact with the upper surface of the reflector portion 34.
[0220] In this way, the relatively flexible phosphor
sheet 5 is pressed from the upper side by the flat plate
portion 38 to fill the through holes 41. On the other hand,
the relatively hard reflector portion 34 is not deformed
and houses the embedding portions 33 in the through
holes 41 therein.
[0221] When the curable resin is a thermosetting resin,
the phosphor sheet 5 can be heated by a heater that is
built in the flat plate portion 38.
[0222] In this way, the embedding portions 33 are
formed in the through holes 41 in the reflector portion 34.
[0223] In this way, the embedding-reflector sheet 24
including the embedding portions 33 and the reflector
portion 34 is obtained between the support board 36 and
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the die 37.
[0224] Thereafter, as shown in FIG. 7 (e), the die 37
is pulled up and subsequently, the embedding-reflector
sheet 24 is peeled from the releasing sheet 49.
[0225] Next, using the embedding-reflector sheet 24
shown in FIG. 7 (e), a method for producing the phosphor
sheet-covered LED 10 and the LED device 15, which has
different steps from those in the above-described em-
bodiment, is described in detail with reference to FIG. 5.
[0226] [Sheet Disposing Step]
[0227] As shown by the upper side view in FIG. 5 (b),
the embedding-reflector sheet 24 is disposed above the
support sheet 1 so that each of the embedding portions
33 is formed into a tapered shape in which its width is
gradually reduced toward the lower side.
[0228] That is, each of a plurality of the embedding
portions 33 is disposed in opposed relation to each of a
plurality of the LEDs 4. To be specific, each of the em-
bedding portions 33 is disposed to be opposed to the
center of each of the LEDs 4 and each of the LEDs 4 is
also disposed at spaced intervals to the inner side of the
reflector portion 34 in plane view.
[0229] Subsequently, as shown in FIG. 5 (c), the em-
bedding-reflector sheet 24 is pressed. In this way, each
of the LEDs 4 is embedded in each of the embedding
portions 33 so that the upper surface and the side sur-
faces of the LED 4 are covered with the embedding por-
tion 33.
[0230] [Encapsulating Step]
[0231] As shown in FIG. 5 (d), in the encapsulating
step, when the phosphor resin composition contains a
curable resin, the phosphor sheet 5 is cured. In this way,
the embedding portions 33 are completely cured. In this
way, each of the LEDs 4 is encapsulated by each of the
embedding portions 33.
[0232] [Cutting Step]
[0233] As shown by the dashed lines in FIG. 5 (d), in
the cutting step, the reflector portion 34 is  cut along the
thickness direction. As shown by the dash-dot lines in
FIG. 6, for example, the phosphor sheet 5 is cut so that
the reflector portion 34 is formed into a generally rectan-
gular shape in plane view that surrounds each of the em-
bedding portions 33.
[0234] By the cutting step, the phosphor sheet-covered
LEDs 10, each of which includes one LED 4, the embed-
ding portion 33 that embeds the LED 4, and the reflector
portion 34 that is provided around the embedding portion
33, are obtained in a state of being in close contact with
the support sheet 1. That is, each of the phosphor sheet-
covered LEDs 10 includes the reflector portion 34. That
is, the phosphor sheet-covered LED 10 is a reflector por-
tion-including phosphor sheet-covered LED 10.
[0235] [LED Peeling Step]
[0236] In the LED peeling step, as shown in FIG. 5 (e),
each of the phosphor sheet-covered LEDs 10 each in-
cluding the reflector portion 34 is peeled from the support
sheet 1.
[0237] [Mounting Step]

[0238] In the mounting step, after the phosphor sheet-
covered LED 10 including the reflector portion 34 is se-
lected in accordance with emission wavelength and lu-
minous efficiency, as shown in FIG. 5 (f), the selected
phosphor sheet-covered LED 10 is mounted on the board
9. In this way, the LED device 15 is obtained.
[0239] In this way, the LED device 15 including the
board 9 and the phosphor sheet-covered LED 10 that is
mounted on the board 9 and includes the reflector portion
34 is obtained.
[0240]   According to the fourth embodiment, the em-
bedding-reflector sheet 24 includes the embedding por-
tion 33 that embeds the LED 4 and the reflector portion
34 that contains a light reflecting component and is
formed so as to surround the embedding portion 33, so
that light emitted from the LED 4 can be reflected by the
reflector portion 34. Thus, the luminous efficiency of the
LED device 15 can be improved.
[0241] <Modified Example>
[0242] In the fourth embodiment, the embedding por-
tion 33 is formed from a phosphor resin composition that
contains a phosphor. Alternatively, for example, the em-
bedding portion 33 can be also formed from an encap-
sulating resin composition that does not contain a phos-
phor.
[0243] Also, the release sheet 13 (ref: the phantom
lines in FIG. 5 (b)) is provided between the flat plate por-
tion 38 and the phosphor sheet 5 that are shown in FIG.
7 (c) to form the embedding-reflector sheet 24 in which
the release sheet 13 is laminated on the upper surface
thereof. Thereafter, as shown by the phantom lines in
FIG. 5 (c), the embedding-reflector sheet 24 can be also,
for example, subjected to flat plate pressing with respect
to a plurality of the LEDs 4 and the support sheet 1.
[0244] <Fifth Embodiment>
[0245] FIG. 8 shows process drawings for illustrating
a method for producing an embedding-reflector sheet
used in a fifth embodiment of a method for producing an
encapsulating layer-covered semiconductor element of
the present invention.
[0246] In the fifth embodiment, the same reference nu-
merals are provided for members and steps correspond-
ing to each of those in the fourth embodiment, and their
detailed description is  omitted.
[0247] In the method for producing the embedding-re-
flector sheet 24 in the fourth embodiment, as shown in
FIGS. 7 (c) and 7 (d), the embedding portions 33 are
formed of the phosphor sheet 5. Alternatively, for exam-
ple, as shown in FIG. 8 (c), the embedding portions 33
can be also formed by potting a varnish of a phosphor
resin composition into the through holes 41 without using
the phosphor sheet 5.
[0248] To be specific, first, the phosphor resin compo-
sition is prepared as a varnish. To be specific, when the
phosphor resin composition contains a curable resin, a
varnish in an A-stage state is prepared. In this way, the
phosphor resin composition in an A-stage state fills the
through holes 41.
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[0249] Thereafter, when the phosphor resin composi-
tion contains a curable resin, the phosphor resin compo-
sition in an A-stage state is brought into a B-stage state.
[0250] In the fifth embodiment, the same function and
effect as that of the fourth embodiment can be achieved.
[0251] <Sixth Embodiment>
[0252] FIG. 9 shows process drawings for illustrating
a sixth embodiment of a method for producing an encap-
sulating layer-covered semiconductor element of the
present invention.
[0253] In the sixth embodiment, the same reference
numerals are provided for members and steps corre-
sponding to each of those in the fourth and fifth embod-
iments, and their detailed description  is omitted.
[0254] In the fourth embodiment, as shown in FIGS. 5
(b) and 6, the lower end portion of the embedding portion
33 is formed to be larger than the LED 4 in plane view.
Alternatively, for example, as shown in FIG. 9 (b), the
lower end portion of the embedding portion 33 can be
formed to be the same size as that of the LED 4.
[0255] [LED Disposing Step]
[0256] Each of the embedding portions 33 is, for ex-
ample, formed into a generally quadrangular pyramid
trapezoidal shape in which its width is gradually reduced
toward the lower side.
[0257] In order to form the embedding portions 33
shown in FIG. 9 (b), each of the extruded portions 39
referred in FIGS. 7 and 8 is formed into a generally quad-
rangular pyramid trapezoidal shape in which its width is
gradually reduced from the lower surface of the flat plate
portion 38 toward the lower side.
[0258] Also, as shown by the dash-dot lines in FIG. 9
(b), the embedding-reflector sheet 24 is disposed on the
pressure-sensitive adhesive layer 3 including the LEDs
4 so that, when projected in the thickness direction, the
lower end portion of each of the embedding portions 33
is overlapped with each of the LEDs 4, to be specific, the
circumference end edge of the lower end portion of each
of the embedding portions 33 is formed at the same po-
sition as the circumference end edge of each of the LEDs
4 in plane view.
[0259] In the sixth embodiment, the same function and
effect as those of the fourth and fifth embodiments can
be achieved.
[0260] <Seventh Embodiment>
[0261] FIG. 10 shows process drawings for illustrating
a seventh embodiment of a method for producing an en-
capsulating layer-covered semiconductor element of the
present invention. FIG. 11 shows process drawings for
illustrating a method for producing the embedding-reflec-
tor sheet shown in FIG. 10(b).
[0262] In the seventh embodiment, the same reference
numerals are provided for members and steps corre-
sponding to each of those in the fourth embodiment, and
their detailed description is omitted.
[0263] In the fourth embodiment, as shown in FIG. 5
(b), each of the embedding portions 33 in the embedding-
reflector sheet 24 is formed into a generally conical trap-

ezoidal shape in which its width is gradually reduced to-
ward the lower side. Alternatively, for example, as shown
in FIG. 10 (b), each of the embedding portions 33 can be
also formed into a generally column shape extending in
the up-down direction (the thickness direction).
[0264] In order to form the embedding portions 33, a
punching device 55 shown in FIGS. 11 (a) and 11 (b) is
used.
[0265] The punching device 55 is provided with a sup-
port board 56 and a die 57 that is disposed in opposed
relation to the upper side of the support board 56.
[0266] The support board 56 is, for example, formed
of a metal such as stainless steel into a generally rectan-
gular flat plate shape. Through holes 53 that pass through
the support board 56 in the thickness direction are
formed.
[0267] Each of the through holes 53 is formed into a
generally circular shape in plane view.
[0268] The die 57 integrally includes a flat plate portion
58 and extruded portions 59 that are formed to be ex-
truded downwardly from the flat plate portion 58.
[0269] The flat plate portion 58 is formed into the same
shape as that of the flat plate portion 38 shown in FIG. 7
(a).
[0270] In the die 57, a plurality of the extruded portions
59 are disposed at spaced intervals to each other in the
plane direction so as to correspond to the embedding
portions 33 (ref: FIG. 11 (d)). That is, each of the extruded
portions 59 is formed into the same shape and the same
size as those of each of the through holes 53 in plane
view, to be specific, into a generally column shape. Each
of the extruded portions 59 is formed into the same shape
as that of each of the embedding portions 33 (ref: FIG.
11 (d)). That is, each of the extruded portions 59 is formed
into a generally rectangular shape in front sectional view
and side sectional view.
[0271] In this way, the punching device 55 is configured
to allow the extruded portions 59 to be capable of being
inserted into the through holes 53 by the pushing down
of the die 57.
[0272] The hole diameter of each of the through holes
53 and the diameter of each of the extruded portions 59
are, for example, 5 mm or more, or preferably 7 mm or
more, and are, for example, 300 mm or less, or preferably
200 mm or less.
[0273] The spacer 40 is provided on the upper surface
of the circumference end portion of the support board 56.
The spacer 40 is, in plane view, disposed in a generally
frame shape in plane  view at the circumference end por-
tion of the support board 56 so as to surround the through
holes 53.
[0274] In order to form the embedding-reflector sheet
24 by the punching device 55 shown in FIGS. 11 (a) and
11 (b), first, as shown in FIG. 11 (a), the reflector sheet
42 is disposed on the support board 56. To be specific,
the reflector sheet 42 is disposed on the upper surface
of the support board 56 so as to cover a plurality of the
through holes 53.
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[0275] Next, as shown in FIG. 11 (b), the reflector sheet
42 is stamped out using the punching device 55.
[0276] To be specific, the extruded portions 59 stamp
out the reflector sheet 42 by pushing down the die 57.
[0277] In this way, the through holes 41 in shapes cor-
responding to the extruded portions 59 are formed in the
reflector sheet 42.
[0278] In this way, the reflector portion 34 is formed on
the support board 56.
[0279] Next, as shown in FIG. 11 (c), the die 57 is pulled
up.
[0280] Thereafter, the formed reflector portion 34 is
disposed in the pressing device 35 that is provided with
the support board 36 and the die 37 made of the flat plate
portion 38, and includes the releasing sheet 49.
[0281]   Next, the phosphor sheet 5 is disposed on the
reflector portion 34.
[0282] Next, as shown by the arrows in FIG. 11 (c),
and in FIG. 11 (d), the phosphor sheet 5 is pressed by
the pressing device 35. In this way, the embedding por-
tions 33 are formed in the inside of the through holes 41
in the reflector portion 34.
[0283] In this way, the embedding-reflector sheet 24
including the embedding portions 33 and the reflector
portion 34 is obtained between the support board 36 and
the die 37.
[0284] Thereafter, the die 37 is pulled up and subse-
quently, as shown in FIG. 11 (c), the embedding-reflector
sheet 24 is peeled from the releasing sheet 49.
[0285] In the seventh embodiment, the same function
and effect as that of the fourth embodiment can be
achieved.
[0286] <Eighth Embodiment>
[0287] FIG. 12 shows process drawings for illustrating
a method for producing an embedding-reflector sheet
used in an eighth embodiment of a method for producing
an encapsulating layer-covered semiconductor element
of the present invention.
[0288] In the eighth embodiment, the same reference
numerals are provided for members and steps corre-
sponding to each of those in the seventh embodiment,
and their detailed description is omitted.
[0289]   In the method for producing the embedding-
reflector sheet 24 in the seventh embodiment, as shown
in FIGS. 11 (c) and 11 (d), the embedding portions 33
are formed of the phosphor sheet 5. Alternatively, for
example, as shown in FIG. 12 (c), the embedding portions
33 can be also formed by potting a varnish of a phosphor
resin composition into the through holes 41 without using
the phosphor sheet 5.
[0290] To be specific, the reflector portion 34 shown in
FIG. 12 (b) is taken out from the punching device 55 to
be subsequently, as shown in FIG. 12 (c), disposed on
the upper surface of the releasing sheet 49. Then, the
varnish of the phosphor resin composition is potted into
the through holes 41.
[0291] In the eighth embodiment, the same function
and effect as that of the seventh embodiment can be

achieved.
[0292] <Ninth Embodiment>
[0293] FIG. 13 shows process drawings for illustrating
a ninth embodiment of a method for producing an encap-
sulating layer-covered semiconductor element of the
present invention.
[0294] In the ninth embodiment, the same reference
numerals are provided for members and steps corre-
sponding to each of those in the seventh embodiment,
and their detailed description is omitted.
[0295] In the seventh embodiment, as shown in FIG.
10 (c), the embedding portions 33 that embed the LEDs
4 are illustrated as cover portions. Alternatively, for ex-
ample, as shown in FIG. 13 (c), cover portions 43 that
cover the upper surfaces of the LEDs 4 can be also illus-
trated.
[0296] As shown in FIG. 13 (b), the cover portions 43
are provided in a cover-reflector sheet 44 so as to be
surrounded by the reflector portion 34. In the cover-re-
flector sheet 44, each of the cover portions 43 is formed
into the same shape as that of each of the embedding
portions 33 shown in FIG. 10 (b) and furthermore, is
formed into the same size as that of each of the LEDs 4.
[0297] As shown in FIG. 13 (b), for example, each of
the cover portions 43 is disposed on the upper surface
of each of the LEDs 4 so that each of the cover portions
43 is overlapped with each of the LEDs 4 when projected
in the thickness direction, to be specific, the circumfer-
ence end edge of each of the cover portions 43 is formed
at the same position as the circumference end edge of
each of the LEDs 4 in plane view.
[0298] [Covering Step]
[0299] In the ninth embodiment, the covering step
shown in FIG. 13 (c) is performed instead of the embed-
ding step in the sheet disposing step shown in FIG. 10
(c). The conditions of the covering step are the same as
those of the embedding step.
[0300] In the covering step shown in FIG. 13 (c), each
of the cover portions 43 covers the upper surface of each
of the LEDs 4. The LED 4 is pressed into the cover portion
43 by pressing of the LED 4, so that the cover portion 43
slightly expands outwardly in the plane direction. The de-
gree of expansion thereof is subtle, so that in FIG. 13 (c),
the lengths in the right-left direction of the cover portion
43 and the LED 4 after the pressing are shown to be the
same.
[0301] [Curing Step]
[0302] In the ninth embodiment, the curing step shown
in FIG. 13 (d) is performed instead of the  encapsulating
step shown in FIG. 10 (d).
[0303] In the curing step, the cover portions 43 are
cured. The conditions of the curing step are the same as
those of the above-described encapsulating step.
[0304] In the ninth embodiment, the same function and
effect as that of the seventh embodiment can be
achieved.
[0305] <Tenth Embodiment>
[0306] FIG. 14 shows process drawings for illustrating
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a tenth embodiment of a method for producing an encap-
sulating layer-covered semiconductor element of the
present invention.
[0307] In the tenth embodiment, the same reference
numerals are provided for members and steps corre-
sponding to each of those in the first embodiment, and
their detailed description is omitted.
[0308] In the first embodiment, as shown in FIG. 1 (c),
in the sheet disposing step, the embedding step in which
the side surfaces and the upper surfaces of the LEDs 4
are covered with the phosphor sheet 5 is performed. Al-
ternatively, for example, as shown in FIG. 14 (c), the cov-
ering step in which the side surfaces only of the LEDs 4
are covered with the phosphor sheet 5 can be performed
instead of the embedding step. Also, the curing step can
be performed instead of the encapsulating step.
[0309] [Sheet Disposing Step]
[0310] As shown in FIG. 14 (b), the thickness of the
prepared phosphor sheet 5 is set to be thinner  than that
of each of the LEDs 4, that is, set to be, for example, 95
% or less, or preferably 90 % or less, and to be, for ex-
ample, 10 % or more with respect to the thickness of
each of the LEDs 4. To be specific, the thickness of the
phosphor sheet 5 is set to be, for example, 1000 mm or
less, or preferably 800 mm or less, and to be, for example,
30 mm or more, or preferably 50 mm or more.
[0311] As shown in FIG. 14 (c), in the covering step, a
laminate (ref: the upper side view in FIG. 14 (b)) made
of the release sheet 13 and the phosphor sheet 5 lami-
nated on the lower surface of the release sheet 13 is
pressed into the support sheet 1 including the LEDs 4 so
that the lower surface of the release sheet 13 is in contact
with the upper surfaces of the LEDs 4 by the pressing.
[0312] The upper surface of the phosphor sheet 5,
which is pressed into gaps between a plurality of the
LEDs 4, is formed to be flush with the upper surfaces of
the LEDs 4. The lower surface of the phosphor sheet 5
is also formed to be flush with the lower surfaces of the
LEDs 4. That is, the thickness of the phosphor sheet 5,
which is pressed into gaps between a plurality of the
LEDs 4, is the same as that of each of the LEDs 4.
[0313] The side surfaces of the LED 4 are covered with
the phosphor sheet 5, while both a bump that forms a
portion of the lower surface of the LED 4 and the upper
surface of the LED 4 are exposed from the phosphor
sheet 5.
[0314] [Curing Step]
[0315] In the curing step, the phosphor sheet 5 is cured.
The conditions of the curing step are the same as those
of the above-described encapsulating step.
[0316] [Cutting Step]
[0317] As shown by the dashed lines in FIG. 14 (d),
the phosphor sheet 5 is cut, while the position of the LEDs
4 is checked from the upper side. To be specific, in the
phosphor sheet 5, the position of the LEDs 4 is checked,
while the LEDs 4 are visually confirmed from the upper
side with, for example, a camera. As referred in the
dashed lines in FIG. 6, the phosphor sheet 5 is cut so

that the cuts 8 that define a region surrounding each of
the LEDs 4 are formed in plane view.
[0318] The phosphor sheet 5 can be also cut, while the
LEDs 4 are visually confirmed, in addition, with the ref-
erence marks 18 (ref: FIG. 2) as a reference.
[0319] [LED Peeling Step]
[0320] In FIG. 14 (e), in the LED peeling step, each of
the phosphor sheet-covered LEDs 10 is peeled from the
upper surface of the pressure-sensitive adhesive layer
3. That is, each of the phosphor sheet-covered LEDs 10
is peeled from the support board 2 and the pressure-
sensitive adhesive layer 3 so that interfacial peeling oc-
curs between the phosphor sheet 5 and the LEDs 4, and
the pressure-sensitive adhesive layer 3.
[0321] In the tenth embodiment, the same function and
effect as that of the first embodiment can be achieved.
[0322] In addition, in the covering step, the side sur-
faces of the LEDs 4 are covered with the phosphor sheet
5 so that at least the upper surfaces of the LEDs 4 are
exposed from the phosphor sheet 5. Thus, in the cutting
step after the sheet disposing step, the LEDs 4 having
the upper surfaces exposed are visually confirmed and
the phosphor sheet 5 can be accurately cut correspond-
ing to the LEDs 4. Therefore, the phosphor sheet-cov-
ered LED 10 to be obtained has excellent size stability.
As a result, the LED device 15 including the phosphor
sheet-covered LED 10 has excellent luminous stability.
[0323] <Eleventh Embodiment>
[0324] FIG. 15 shows a perspective view of a dispenser
used in an eleventh embodiment of a method for produc-
ing an encapsulating layer-covered semiconductor ele-
ment of the present invention.
[0325] In the eleventh embodiment, the same refer-
ence numerals are provided for members and steps cor-
responding to each of those in the first embodiment, and
their detailed description is omitted.
[0326] In the first embodiment, as shown in FIG. 1 (b),
in the sheet disposing step that is one example of the
layer disposing step of the present invention, the phos-
phor sheet 5 that is formed in advance is illustrated as a
phosphor layer that is one example of the encapsulating
layer of the present invention. Alternatively, as referred
in FIG. 15, for example, a phosphor resin composition is
prepared as a varnish and the varnish is directly applied
onto the support sheet 1 so as to cover a plurality of the
LEDs 4, so that a phosphor layer 25 as an encapsulating
layer can be also formed. That is, the phosphor layer 25
can be formed from the varnish of the phosphor resin
composition.
[0327] In order to form the phosphor layer 25, first, the
varnish is applied onto the support sheet 1 so as to cover
the LEDs 4.
[0328] In order to apply the varnish, for example, an
application device such as a dispenser, an applicator, or
a slit die coater is used. Preferably, a dispenser 26 shown
in FIG. 15 is used.
[0329] As shown in FIG. 15, the dispenser 26 integrally
includes an introduction portion 27 and an application
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portion 28.
[0330] The introduction portion 27 is formed into a gen-
erally cylindrical shape extending in the up-down direc-
tion and the lower end portion thereof is connected to the
application portion 28.
[0331] The application portion 28 is formed into a flat
plate shape extending in the right-left and the up-down
directions. The application portion 28 is formed into a
generally rectangular shape in side view that is long in
the up-down direction. The introduction portion 27 is con-
nected to the upper end portion of the application portion
28. The lower end portion of the application portion 28 is
formed into a tapered shape in sectional side view in
which the front end portion and the rear end portion are
cut off. The lower end surface of the application portion
28 is configured to be capable of being pressed with re-
spect to the upper surface of the pressure-sensitive ad-
hesive layer 3 and the upper surfaces of the LEDs 4.
Furthermore, at the inside of the application portion 28,
a broad flow path (not shown) in which a varnish intro-
duced from the introduction portion 27 gradually expands
in the right-left direction as it goes toward the lower sec-
tion (downwardly) is provided.
[0332] The dispenser 26 is configured to be movable
relatively in the front-rear direction with respect to the
support sheet 1 extending in the plane direction.
[0333] In order to apply the varnish to the support sheet
1 using the dispenser 26, the application portion 28 is
disposed in opposed relation (pressed) to the upper sur-
faces of a plurality of the LEDs 4 and the varnish is sup-
plied to the introduction portion 27. Along with this, the
dispenser 26 is moved relatively toward the rear side with
respect to a plurality of the LEDs 4. In this way, the varnish
is introduced from the introduction portion 27 into the
application portion 28 and subsequently, is broadly sup-
plied from the lower end portion of the application portion
28 to the support sheet 1 and the LEDs 4. By the relative
movement of the dispenser 26  toward the rear side with
respect to a plurality of the LEDs 4, the varnish is applied
onto the upper surface of the support sheet 1 in a belt
shape extending in the front-rear direction so as to cover
a plurality of the LEDs 4.
[0334] When the phosphor resin composition contains
a curable resin, the varnish is prepared in an A-stage
state. When the varnish is, for example, supplied from
the application portion 28 to the support sheet 1, it does
not flow out of its position outwardly in the plane direction.
That is, the varnish has viscous properties of keeping its
position. To be specific, the viscosity of the varnish under
conditions of 25°C and 1 pressure is, for example, 1,000
mPa·s or more, or preferably 4,000 mPa·s or more, and
is, for example, 1,000,000 mPa·s or less, or preferably
100,000 mPa·s or less. The viscosity is measured by
adjusting a temperature of the varnish to 25°C and using
an E-type cone at a number of revolutions of 99 s-1.
[0335] When the viscosity of the varnish is not less
than the above-described lower limit, the varnish can be
effectively prevented from flowing outwardly in the plane

direction. Thus, it is not required to separately provide a
dam member or the like in the support sheet 1 (to be
specific, around a plurality of the LEDs 4), so that a sim-
plified process can be achieved. Then, the varnish can
be easily and surely applied to the support sheet 1 with
a desired thickness and a desired shape with the dis-
penser 26.
[0336] On the other hand, when the viscosity of the
varnish is not more than the above-described upper limit,
the application properties (the handling ability) can be
improved.
[0337] Thereafter, when the phosphor resin composi-
tion contains a curable resin, the applied varnish is
brought into a B-stage state (a semi-cured state).
[0338] In this way, the phosphor layer 25 in a B-stage
state is formed on the support sheet 1 (on the upper sur-
face of the pressure-sensitive adhesive layer 3) so as to
cover a plurality of the  LEDs 4.
[0339] In the eleventh embodiment, the same function
and effect as that of the first embodiment can be
achieved.
[0340] <Modified Example>
[0341] In the first to eleventh embodiments, a plurality
of the LEDs 4 are covered with the phosphor sheet 5.
Alternatively, for example, a single piece of the LED 4
can be covered with the phosphor sheet 5.
[0342] In such a case, to be specific, in the cutting step
shown in FIG. 1 (d) that is illustrated in the first embodi-
ment, the phosphor sheet 5 around the LED 4 is trimmed
(subjected to trimming) so as to have a desired size.
[0343] In the first to tenth embodiments, the LED 4, the
phosphor sheet 5, the phosphor sheet-covered LED 10,
and the LED device 15 are described as one example of
the semiconductor element, the encapsulating layer, the
encapsulating layer-covered semiconductor element,
and the semiconductor device of the present invention,
respectively. Alternatively, for example, though not
shown, the semiconductor element, the encapsulating
layer, the encapsulating layer-covered semiconductor el-
ement, and the semiconductor device of the present in-
vention can also include an electronic element, an en-
capsulating sheet, an encapsulating layer-covered elec-
tronic element, and an electronic device, respectively.
[0344] The electronic element is a semiconductor ele-
ment that converts electrical energy to energy other than
light, to be specific, to signal energy or the like. Examples
thereof include a transistor and a diode. The size of the
electronic element is appropriately selected in  accord-
ance with its use and purpose.
[0345] The encapsulating sheet is formed from an en-
capsulating resin composition that contains a curable
resin as an essential component and a filler as an optional
component. An example of the filler further includes a
black pigment such as carbon black. The mixing ratio of
the filler with respect to 100 parts by mass of the curable
resin is, for example, 5 parts by mass or more, or pref-
erably 10 parts by mass or more, and is, for example, 99
parts by mass or less, or preferably 95 parts by mass or
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less.
[0346] The encapsulating sheet is, as illustrated in FIG.
1 (d) in the first embodiment or the like, cut so as to cor-
respond to each of the electronic elements as a protective
layer covering the electronic elements (to be specific, at
least the side surfaces of the electronic elements).
[0347] The properties other than light transmission
properties (to be specific, compressive elastic modulus
and the like) of the encapsulating sheet are the same as
those of the phosphor sheet 5 in the first to tenth embod-
iments.

Claims

1. A method for producing an encapsulating layer-cov-
ered semiconductor element (10) comprising:

a preparing step of preparing a support sheet
(1) including a hard support board (2);
a semiconductor element disposing step of dis-
posing a semiconductor element (4) at one side
in a thickness direction of the support sheet;
a layer disposing step of, after the semiconduc-
tor element disposing step, disposing an encap-
sulating layer (5) formed from an encapsulating
resin composition containing a curable resin at
the one side in the thickness direction of the sup-
port sheet so as to cover the semiconductor el-
ement (4);
an encapsulating step of curing the encapsulat-
ing layer (5) to encapsulate the semiconductor
element (4) by the encapsulating layer that is
flexible;
a cutting step of, after the encapsulating step,
cutting the encapsulating layer (5) that is flexible
corresponding to the semiconductor element (4)
to produce an encapsulating layer-covered
semiconductor element (10) including the sem-
iconductor element and the encapsulating layer
covering the semiconductor element; and
a semiconductor element peeling step of, after
the cutting step, peeling the encapsulating layer-
covered semiconductor element (10) from the
support sheet (1).

2. The method for producing an encapsulating layer-
covered semiconductor element (10) according to
claim 1, wherein
the encapsulating layer is formed of an encapsulat-
ing sheet (5).

3. The method for producing an encapsulating layer-
covered semiconductor element (10) according to
claim 1 or 2, wherein
in the layer disposing step, the semiconductor ele-
ment (4) is covered with the encapsulating layer (5)
that is in a B-stage state and

in the encapsulating step, the encapsulating layer
(5) is cured to be brought into a C-stage state and
the semiconductor element (4) is encapsulated by
the encapsulating layer in a C-stage state.

4. The method for producing an encapsulating layer-
covered semiconductor element (10) according to
claim 1, 2 or 3, wherein
the support sheet (1) further includes a pressure-
sensitive adhesive layer (3) that is laminated at one
surface in the thickness direction of the support
board (2).

5. The method for producing an encapsulating layer-
covered semiconductor element (10) according to
claim 4, wherein
in the semiconductor clement peeling step, the en-
capsulating layer-covered semiconductor element
(10) is peeled from the support board (2) and the
pressure-sensitive adhesive layer (3).

6. The method for producing an encapsulating layer-
covered semiconductor element (10) according to
claim 4, wherein
after the cutting step and before the semiconductor
element peeling step, a support board peeling step
in which the support board (2) is peeled from the
pressure-sensitive adhesive layer (3) is further in-
cluded and
in the semiconductor element peeling step, the en-
capsulating layer-covered semiconductor element
(10) is peeled from the pressure-sensitive adhesive
layer (3).

7. The method for producing an encapsulating layer-
covered semiconductor element (10) according to
any of claims 1 to 4, wherein
the semiconductor element peeling step includes the
steps of:

transferring the encapsulating layer-covered
semiconductor element (10) to a stretchable
support sheet (12) that is capable of stretching
in a direction perpendicular to the thickness di-
rection and
peeling the encapsulating layer-covered semi-
conductor element (10) from the stretchable
support sheet (12), while stretching the stretch-
able support sheet in the direction perpendicular
to the thickness direction.

8. The method for producing an encapsulating layer-
covered semiconductor element according to any of
the preceding claims, wherein
in the preparing step, the support sheet (1) is pre-
pared so that a reference mark (18), which serves
as a reference of cutting in the cutting step, is pro-
vided in advance.
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9. The method for producing an encapsulating layer-
covered semiconductor element (10) according to
any of the preceding claims, wherein
the semiconductor element is an LED (4) and
the encapsulating layer is a phosphor layer (5).

10. The method for producing an encapsulating layer-
covered semiconductor element (10) according to
any of the preceding claims, wherein
the encapsulating layer (5) includes
a cover portion (33, 43) that covers the semiconduc-
tor element (4) and
a reflector portion (34) that contains a light reflecting
component and is formed so as to surround the cover
portion (33, 34).

11. An encapsulating layer-covered semiconductor ele-
ment (10) obtainable by a method for producing an
encapsulating layer-covered semiconductor ele-
ment according to any of claims 1 to 10.

12. A semiconductor device (15) comprising:

a board (9) and
an encapsulating layer-covered semiconductor
element (10) mounted on the board,
wherein
the encapsulating layer-covered semiconductor
element is obtainable by a method for producing
an encapsulating layer-covered semiconductor
element according to any of claims 1 to 10.
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