[DESCRIPTION]

[Title of Invention]

RESIN SHEET LAMINATE AND PROCESS FCR PRODUCING SEMICONDUCTOR
LIGHT-EMITTING ELEMENT USING SAME

[Technical Field]

[0001]

The present invention relates to a resin sheet laminate
including a base material and a phosphor-containing resin sheet
provided on the base material. More particuliarly, the present
invention relates to a resin sheet laminate in which a base
material has lengthwise and widthwise directions, and
subdivigions of a fluorescent material-containing resin sheet
layer for converting the emisgion wavelength of a semiconductor
light-emitting element are repeatedly arranged in the
lengthwise direction of the base material in a line.
[Background Art]

[ooc2]

The market of a light emitting diode (LED) is rapidly
expanding for a backlight of a liguid crystal display (LCD) and
for general lighting in addition to lighting in automotive
applications such as headlight because of its low power
consumption, long life and design with a significant
improvement in luminance efficiency as the background.
[ooo3]

An emission color of an LED iz limited since an emigsion



spectrum of the LED depends con a semiconductor material for
forming the semiconductor light-emitting element. Therefore,
in order to obtain LCD backlight or white light for general
lighting by using an LED, it is necessary that a phosphor
suitable for an LED chip is arranged on the semiconductor
light-emitting element to convert the emission wavelength.
Specifically, a method of arranging a yellow phosphor on a
gemiconductor light-emitting element that emits blue light, a
methed of arranging a red phosphor and a green phosphor on a
gemiconductor light-emitting element that emits blue light, and
a method of arranging a red phosphor, a green phosphor and a
blue phosphor on a semiconductor light-emitting element that
emits ultraviolet light are proposed. Among these methods, the
method of arranging a yellow phosphor on a blue LED, and the
method of arranging a red phosphor and a green phosphor on a
blue LED are currently most widely employed from the viewpoint
of luminance efficiency and cost of the semiconductor
light-emitting element.

[0004]

A method of dispersing a phosphor in a liquid resin for
encapsulating a semiconductor light-emitting element is
proposed as a specific method of arranging a phosphor on the
semiconductor lighi-emitting element (e.g., refer to Patent
Literatures 1 and 2). However, when the phosphor is

nonuniformly dispersed in the liquid resin, color deviation



arises among semiconductor light-emitting elements. Further,
since a constant guantity is hardly maintained when supplying
a liquid resin on a semiconductor light-emitting element
individually and thickness variation of the liguid resin is
easily produced during curing the resin, it is difficult to
maintain the amount of the phosphor arranged on the
semiconductor light-emitting element constant.
[C005]

Thus, a method of using a sheet-1like resin layer in which
a fluorescent material ig uniformly distributed in advance is
proposed (e.g., Patent Literatures 3 and 4). Constant
phosphors can be arranged on each semiconductor light-emitting
element and the quality of the LED can be improved by cutting
the resulting sheet into small pieces and bonding them to a
gsemiconducteor light-emitting element.
[Citation List]
[Patent Literatures]
[000E]

[PTL 1] JP 5-152609 A

[PTL 21 JP 7-99345 A

[PTL. 3] JP 4146406 B1

[PTL 41 JP 2000-156528 A
[Summary of Invention]
[Technical Problem]

[0007]



It 1s necessary to supply LEDs having small color
deviation of emigsion color stably for widely adapting the LEDs
to general lighting uses in place of incandescent bulbs or
fluorescent lamps. As described above, the method in which a
fluorescent material is uniformly dispersed in a resin in
advance and the resin is formed into a sheet having a uniform
thickness is excellent as a method of suppressing color
deviation. However, this method has a problem that a step of
cutting a sheet and a step of bonding the sheet to a semiconductor
light-emitting element by use of an adhesive that are described
below are added to the production process of a light-emitting
element uging the LED to make the production process complicated,
resulting in low throughput and an increase in production cost.
[oco8]

When the phosphor-containing resin is formed into a sheet
in advance, the sheet has to be arranged on individual
semiconductor light-emitting elements. For example, when the
phosphor-containing resin sheet has been cut into a size
suitable to be arranged on individual semiconductor
light-emitting elements in advance, it is difficult to handie
the phosphor-containing sheet cut into pieces of about 1 mm.
Further, the work of bonding the individual pieces to the
semiconductor light-emitting element one by one by using an
adhesive requires accuracy, and it is difficult to satisfy both

of the production speed and accuracy simultaneously.



[0009]

As another method, there is a method in which the
phosphor-containing resin sheet in the form of a continucus
sheet is bonded to the LED without cutting the sheet into
individual pieces. In this case, there are two cases, that is,
a case where an individual semiconductor light-emitting element
is bonded to a sheet-1like phosphor-containing resin layer and
a case where the LED in the form of a wafer before divided into
individual pieces is collectively bonded to the
phosphor-containing resin layer. However, in either metheod,
a method of cutting the phosphor-containing resin sheet after
bonding it to the semiconductor light-emitting element is
limited. Particularly, in the latter case, it is difficult to
cut the phosphor-containing resin sheet concurrently with
cutting of a wafer of the LED. Further, when the phosphor resin
sheet is cut after bonding to the semiconductor light-emitting
element, the shape of the cut piece ig limited to a shape
following the shape of the semiconductor light-emitting element
or a shape larger than that of the semiconductor light-emitting
element. Accordingly, when it is desired to cover a part of
the semiconductor light-emitting element with the
phosphor-containing resin layer and expose a different part of
the semiconductor light-emitting element, for example, for the
case of forming a lead cut of an electrode on the semiconductor

light-emitting element, it is difficult to eliminate only the



part of the phosphor-containing resin layer corresponding to
the different part.
[0010]

The present inventors made earnest investigations
concerning the uniformity of color or luminance of a
semiconductor light-emitting element having a
phosphor-containing resin sheet bonded thereon, the ease of
production of the element, the degree of freedom in design
thereof, and go on, and consequently the present inventors found
that in order to improve all these characteristics, a machining
shape and arrangement of the phosphor-~containing resin sheet
on a base material-are very important.

[Solution to Problem]
[0011]

That is, the present invention pertains to a resin sheet
laminate having a resin sheet containing a phogphor and a resin
on or over a long base material, wherein subdivisions of the
resin sheet are repeatedly arranged in a lengthwise direction
of the long base material.

[advantageous Effects of Invention]
[0012]

In accerdance with the present invention, an LED having
uniform luminance and color can be produced by an easy process.
[Brief Description of Drawings]

[0013]



Fig. 1 shows plan views showing an example of a resin sheet
laminate of the present invention.
[Fig. 2]

Fig. 2 shows plan views showing another example of a resin
sheet laminate of the present invention.
[Fig. 3]

Fig. 3 shows plan views showing another example of a resin
sheet laminate of the present invention.

[Fig. 4]
Fig. 4 shows sectional views showing an example of a resin
-sheet laminate of the pregent invention.
[Fig. 5]

Fig. 5 shows process side views showing an example of a
method for adhering a phosphor-containing resin sheet in the
present invention to a semiconductor light-emitting element.
[Fig. 6]

Fig. 6 shows process side views showing an example of a
method for adhering a phosphor-containing resin sheet in the
present invention to a semiconductor light-emitting element.
[Fig. 7]

Fig. 7 is a side view showing an example of a method for
adhering a phosphor-containing resin sheet in the present
invention to a semiconductor light-emitting element.

[Fig. 8A]



Fig. BA shows process side views showing an example of
a method for adhering a phosphor-containing resin sheet in the
present invention to a semiconductor light-emitting element.
[Fig. 8E]

Fig. 8B shows process side views showing an example of
a method for adhering a phosphor-containing resgin sheet in the
present invention to a semiconductor light-emitting element.
[Fig. 9]

Fig. 9 shows side views showing an example of a method
for adhering a phosphor-containing resin sheet in the present
invention to a semiconductor light-emitting element.

[Fig. 10]

Fig. 10 is a side view showing an example of a method for
adhering a phosphor-containing resin sheet in the present
invention to a semiconductor light-emitting element.

{Fig. 11]

Fig. 11 is a side view showing an example of a method for
adhering a phosphor-containing resin sheet in the present
invention to a semiconductor light-emitting element.

[Fig. 12]

Fig. 12 shows side views showing an example of a method
for adhering a phosphor-containing regin sheet in the present
invention teo a semiconductor light-emitting element.

[Fig. 13]

Fig. 13 is a side view showing an example of a method for



adhering a phogphor-containing resin sheet in the present
invention to a semiconductor light-emitting element.
[Fig. 14]

Fig. 14 is a side view showing an example of a method for
adhering a phosphor;containing resin sheet in the present
invention to a seﬁiconductor lighf»emitting element.

[Fig. 15]

Fig. 15 showg process side views showing an example of
a methoed for adhering a phosphor-containing resin sheet in the
present invention to a semiconductor light-emitting element.
[Degeription of Embodiments]

[0014]

The present invention pertains to a resin sheet laminate
having a resin sheet containing a phosphor and a resin on or
over a long base material, wherein subdivisions of the resin
sheet are repeatedly arranged in the lengthwise direction of
the long base material. Hereinafter, the resin sheet
containing a phogphor and a resin ig referred to as a
“phosphor-containing resin sheet.”

0015]

The subdivigions of the phosphor-containing resin sheet
can be arranged in a desired shape, dimension and number
depending on the objective. On the other hand, the base
material for supporting the subdivisions of the

phosphor-ceontaining resin sheet is meonolithic throughout a



plurality of subdivisions of the phosphor-containing resin
sheet, and the subdivisions of the phosphor-containing resin
sheet are not fragmented individually.

[0016]

In the resin sheet laminate of the present invention,
since subdivisions of the resin sheet in which the phosphor is
uniformly dispersed are formed in a desired thickness and in
a desired shape in advance, a phosphor-containing resin layer
having a uniform thickness and uniform composition can be formed
on each LED by using the resin sheet laminate. Further, while
the subdivisions of the phosphor-containing resin sheet are
divided into a desired shape in advance, these gsubdivisions are
repeatedly arranged in the lengthwise direction of the base
material. Therefore, the resin sheet can be easily handled and
can be bonded to the semiconductor light-emitting element by
asimple step. Accordingly, LEDs which are uniform in luminance
and color can be produced by an easy process by using the resin
sheet laminate of the present invention.

[0017]

Thus, the base material in the resin sheet laminate of
the pregent invention ig continuocus and has lengthwise and
widthwise directiong. Here, in the present specification, the
phrase “the base material is continuous” refers to a state in
which the base material is not fully separated. That is, this

state includes nct only the case where no cut is made in the

10



base material, but alsoc the case where the base matexial has
a cut not penetrating the base material in a direction of
thickness and the case where the base material has a cut
partially penetrating the base material but retains a
monelithic and continuous shape as a whole.

[0018]

The constitution of the resin sheet laminate of the
present invention will be described with reference to Figs. 1
to 4. These are merely examples, and the resin sheet laminate
of the presgsent invention is not limited to these examples.
[001%]

Fig. 1(a) is an exanmple of a constitution of a resin sheet
laminate of the present invention. A large number of
subdivisions of a phosphor-containing resin sheet 2 formed into
a predetermined shape are laminated in a lengthwise direction
in a line on a continuous base material 1 which has lengthwise
and widthwise directions.

[0020]

Fig. 1(b} is another examplé of a constitution of a resin
sheet laminate of the present invention. A large number of
subdivigions of a phosphor-containing resin sheet 2 formed into
a predetermined shape are laminated in a lengthwise direction
in two lines on a continuous base material 1 which has lengthwise
and widthwise directions. As described above, tThe number of

lines of the phosphor-containing resin sheet 2 does not need

1%



to be one, and the phosphor-containing resin sheet 2 may be
formed in a plurality of lines as required.
[cc21]

Fig. 1{(c) is ancther example of a constitution of & resin
sheet laminate of the present invention. A large number of
subdivigions of a phosphor-containing resin sheet 2 formed into
a predetermined shape are laminated in a lengthwise direction
in one line on a continuocus base material 1 which has lengthwise
and widthwise directions, and holes (conveyance holes 3) used
in conveying the resgin sheet laminate are holed sc as to gueue
up in & lengthwise direction in an area of the base material
1 where the phosphor-containing resin sheet 2 is absent. In
a step of bonding the phosphor-containing resin sheet to an
emission surface of the semiconductor light-emitting element
by using the resin sheet laminate of the present invention, when
alignment is performed while carrying the resin sheet laminate
in a lengthwise direction, precise alignment can be performed
by using such conveyance holes 3 and carrying the resin sheet
laminate by a gear type carrying apparatus.

[0022]

Fig. 1(d) is another example of a constitution of a resin
sheet laminate of the present invention. A large number of
subdivisions of a phosphor-containing resin sheet 2 formed into
a predetermined shape are laminated in a lengthwise direction

in three lines on a continuous base material 1 which has
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l@ngthwiseexuiwidthwisedirections,auuiconveyanceholesiaare
holed so as to be in line in a lengthwise direction in an area
of the base material 1 where the phosphor-containing resin sheet
2 is absent. As described above, a plurality of lines of the
subdivisions of the phosphor-containing resin sheet can be
formed alsoc when the conveyance holes 3 are formed in the base
material 1.

[C023]

Further, subdivisions of the phosphor-containing resin
sheet 2 arrayed on the base material 1 do not have to be
rectangular, and the subdivisions may be hexagonal as shown in
Fig. 2{(a} or polygonal otherwise, or may be circular as shown
inPig. 2(b). Further, as shown in Fig. 2(c), different shapes
such as a rectangle, an ellipse and a hexagon may be regularly
or irregularly arrayed. In principle, the subdivision of the
phosphor-containing resin sheet ig formed into a shape
conforming to the shape of the emission surface of the
semiconductor light-emitting element. When the
phosphoer-containing resin sheet is adhered to a semiconductor
light-emitting element having an electrode on an emissgion
surface side, the subdivision of the phosphor-containing resin
sheet may be partially cut away as shown in Fig. 3{a), or may
be hcled as shown in Fig. 3(b) in order to bond the
phosphor-containing resin sheet so as to aveld an electrode

joint portion.
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[0024]

Fig. 4(a) is a sectional view showing an example of a
constitution of a resin sheet laminate of the present invention.
The subdivisions of the phosphor-containing resin sheet 2 are
directly arrayed on the base material 1 in contact with the base
material 1. Fig. 4(b) is a sectional view showing another
example of a constitution of a resin sheet laminate of the
present invention, in which a release layer 4 ig presgent between
the base material 1 and the phosphor-containing resin sheet 2.
The release layer 4 is formed for making an adhesive power
between the base material I and the phogphor-containing resin
sheet 2 optimum for the process, and a publicly known release
layer canbeused. Fig. 4(c) is a sectional view showing another
example of a constitution of a resin sheet laminate of the
present invention. The resin sheet laminate has an adhesion
layer 5 on the surface of the phosphor-containing resin sheet
2 opposite to the base material. The adhesion layer 5 is formed
for improving an adhesive power between the phosphor-containing
resin sheet 2 and the semiconductor light-emitting element and
has an adhesion component or a pressure sensitive adhesion
component, the so-called adhesive component, in its component.
When the phosphor-containing resin sheet 2 itgelf has an
adhesive property or has thermal adhesiveness, the adhesion
layer 5 i1s unnecessary.

[0025]

14



The phrase that “the phospher-containing resin sheet has
an adhesive property” referred to herein means that the
phosphor-containing resin sheet ltself has a capability of
adhering to a semiconductor light-emitting element. Specific
examples thereof include (1) a phosphor-containing resin sheet
whose resin component has a pressure sensitive adhesion
component, the so-called adhesive componént, and which adheres
to a semiconductor light-emitting element by adhesion and (2)
a phosphor~containing resin sheet whose resin compeonent has a
component to be cured at normal temperature or by heating, and
which adheres to a semiconductor light-emitting element by a
curing reaction.

[0026]

Further, the phrase “the phosphor-containing resin
component has thermal adhesiveness” referred to herein refers
to a phosphor-containing resin sheet whose resin component has
a thermoplastic component whosge elastic modulus is
significantly decreased by an increase in temperature, and
which 1s brought into intimate contact with a semiconductor
light-emitting element by heating and bonding of the resin sheet,
and adheres to the semiconductor light-emitiing element through
an increase in the elastic modulus and fixation of the resin
by cooling of the resin sheet to room temperature. Further,
the phosphor-containing resin sheet may be a

phosphor-containing resin sheet whoge regin component combines
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curability and thermal adhesiveness, and which is brought into
intimate contact with a semiconductor light-emitting element
through a decrease in elastic modulus by heating, and fixed onto
the semiconductor light-emitting element through curing of the
resin by further heating.

[0027]

While the adhesion layer 5 may contain a phosphor, it is
preferred that the adhesion layer 5 does not contain a phosphor
or contains a phosphor in a lower concentration than in the
phosphor-containing resin sheet 2 since an adhesive power is
usually reduced in the case where the adhesgion layer 5 contains
particies at high concentration. Itisalsopossible toprovide
both of the release layer 4 shown in Fig. 4 (b} and the adhesion
layer 5 shown in Fig. 4 (c¢).

{0028]

Fig. 4{d} is a sectional view gshowing another example of
a constitution of a resin sheet laminate of the present
invention. A phosphor-containing resin sheet 2 is arrayed on
a base material 1, and the base material 1 has a concave portion
at approximately the same position as that of a boundary between
subdivisions of the phosphor-containing regin sheet 2. At this
time, a part of the concave portion of the base material may
be a break penetrating the base material as long as the base
material is monolithic. Such a constitution of the regin sheet

laminate is preferred since when only one subdivision of the
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phosphor-containing regin sheet 2 is peeled off, an adjacent
subdivision is not peeled off. The reason for this is as
follows: if the base material does not have such a concave
portion in peeling the subdivision of the phosphor-containing
resin sheet 2 divided into the subdivisions from the base
material one by one, there is a fear that an adjacent subdivision
ig simultanecusly peeled off when the subdivision ig very small;
however, when the concave portion with a depth not penetrating
the base material is provided, stress is dispersed and a large
peeling force is not exerted on the adjacent subdivision. Such
a concave portion of the base material 1 is also applicable to
the case of a constitution including a release layer 4 as shown
in Fig. 4(k), the case of a constitution including an adhesion
laver on the phosphor-containing resin sheet 2 as shown in Fig.
4{c), or the case of a constitution including a release layer
4 and an adhesion layer 5 as shown in Fig. 4{(b) and Fig. 4 (c).
[0029]

(Base Material)

As the long base material 1, publicly known metal, £ilm,
glassg, ceramic, paper or the like can be used. Specific
examples of the base material include plates or foils of metals
such as aiuminum (including an aluminum alloy), zinc, copper
and iron; resin films such as cellulose acetate, polyethylene
terephthalate (PET), polyethylene, polyester, polyamide,

pelyimide, polyphenylenesulfide, polysulfone,
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polyethersulfone, polystyrene, polypropylene, polycarbonate,
polyvinyl acetal and aramid; and paper having plastics
(polyethylene, polypropylene, polystyrene, etc.) laminated
thereon oxr paper coated with such plastics, paper or films of
plastics having the above-mentioned metals 1amin§ted or
deposited thereon. Among them, as the base material, flexible
film-like materialg are preferred from the viewpoint of
adhesion in bonding the phosphor-containing resgin sheet 2 to
the semiconductor light-emitting element, and £ilms having high
strength are preferred in order to avoid a fear of breaking in
handliing a film-like base material. A resin £ilm is preferred
from the viewpoints of the above-mentioned reguired
characteristics and economic efficiency, and among resin films,
a PET film is particularly preferred. When punching of
conveyance holes or the like is performed, a
polyphenylenesulfide £film is more suitable from the viewpoint
of the ability of the film to be punched by machining. When
an elevated temperature of 200°C or more is required for curing
a resin, a polyimide £ilm is more preferred from the viewpoint
of heat resistance. Further, when the base material is a metal
plate, the plate surface may be subjected to chromium- or
nickel-plating or ceramic treatment.
[0030]

The thickness of the base material is not particularly

limited, but the lower limit of the thickness is preferably 25

18



pm or more, and mere preferably 50 um or more. Alsgo, the upper
limit of the thickness is preferably 5000 um or less, and more
preferably 3000 pm or less.

[0031]

A component of the phosphor-containing resin sheet 2 is
not particularly limited as long as it contains primarily a
resin and a phosphor, and various components can be used. Other
components may be contained in the component as reguired.
[0032]

(Phosphor)

The phosphor absorbg light emitted from the semiconductor
light-emitting element, converts the wavelength of the light,
and emits light having a different wavelength from that of the
light of the semiccnductor light-emitting element. Thereby,
a part of light emitted from the semiconductor light-emitting
element is mixed with a part of light emitted from the phosphor
to give a light emitting device of multiple colors including
a white color. Specifically, by optically combining a blue
semiconductor light-emitting element with a phosphor which
emits light of yvellowish emission colors by light from the
gemiconductor light emitting device, it is possible to emit
white light by using a single semiconductor light-emitting
element.

[0033]

The phesphors described above include various phosphors
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such asg a phosphor emitting green light,_a phosphor emitting
blue light, a phosphor emitting yellow light, and a phosphor
emitting red light. Specific examples of the phosphor used in
the present invention include publicly known phosphors such as
inorganic phosphors, corganic phosphors, fluorescent pigments
and fluorescent dyes. Examples of the organic phosphors
include an allylsulfoamide-melamineformalidehyde
cocondensation dye and a perylene phosphor, and a perylene
phosphor is preferably used since it can be used for a long term.
Examples of the fluorescent material particularly preferably
used in the present invention include inorganic phosphors.
Hereinafter, the inorganic phosphor used in the present
invention will be described.

[0034]

Examples of a phosphor emitting green light include
8ral,0.:Eu, Y.8i0s:Ce, Tb, MgAl,;019:Ce, Tb, Sr;Al:;0zs:Eu, and
{at least cne of Mg, Ca, Sr and Ba)Ga.S;:Eu.

[0035]

Examples of a phosphor emitting blue light include
Sty (PO,)2C1l:EBu, (SrCaBa)s{P04):Cl:Eu, {(BaCa)s(P0,):Cl:EBu, (at
least one of Mg, Ca, Sr and Ba);Bs0,Cl:Eu, Mn, (at least one of
Mg, Ca, Sr and Ba) (PO.)¢Cl;:Eu, and Mn.

[o036]
Examples of a phosphor emitting green-yellow light

include an yttrium-aluminum oxide phosphor activated with at
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least cerium, an yitrium-~gadolinium-aluminum oxide phosphor
activated with at least cerium, an yttrium-zluminum-garnet
oxide phosgphor activated with at least cerium, and an
yvttrium-gallium-aluminum oxide phosphor activated with at
least cerium (the so-called YAG-based phosphorsg).
Specifically, Ln;Ms0;::R (Ln is at least one selected from among
Y, 3d and La, M includes at least one of Al and Ca, and R ig
a lanthanoid-based phosphor) and (¥:1.xGax) i (Al1.,Gay)s0:12:R (R is
at least one selected from among Ce, Th, Pr, Sm, Eu, Dy and Ho,
and 0 <« Rx < 0.5, 0 <« ¥y < 0.5} can be used.
[o037]

Examplesg of a phosphor emitting red light include ¥,0,5:Eu;
Lay0,8:Bu, Y.05:Eu, and Gd;0,;S:Eu.
[0038]

Further, examples of a phosphor emitting light compatible
with a blue LED which ig currently mainstream include YAG-based
phosphors such as Y;(Al,Ga)s0:2:Ce, (Y,Gd);A1:0:2:Ce,
LuzAls015:Ce and Y:A1:0.;:Ce; TAG-based phosphors such as
Th3Al;0,5:Ce; gilicate-based phosphors such as a (Ba, 8r);510,:Eu
phosphor, a (Ca;8¢:813;0;;:Ce phosphor and a {Sr,Ba,Mg).Si0,:Eu
phosphor; nitride-based phosphors such as (Ca,Sr),S8isNg:Eu,
(Ca,8r)AlgiN;:Eu and CaSiAlN;:Bu, oxynitride-based phosphors
such as Cax (8i,A1)1,(0,N}s:Eu; and a (Ba,S8r,Ca)Si,0;N,:Eu
phosphor, a CagMgSis0:Cl,:Eu phosphor, SrAl,Cs:Eu, and

SrAl,,0,5:Eu.
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[0039]

Among these phogphors, YAG-based phosphors, TAG-based
phosphors and silicate-based phosphors are preferably used from
the viewpoints of luminance efficiency and luminance.

[0040]

Publicly known phosphors other than the above-mentioned
phosphors can be used according to uses or a desired emission
color.

[0041]

The particle size of the phosphor is not particularly
limited, but particles witha D50 of 0.05 umor more are preferred,
and particles with a D50 of 3 pum or more are more preferred.
Further, particles with a D50 of 30 pum or less are preferred,
and particles with a D50 of 20 um or less are more preferred.
Herein, D50 refers to a particlile diameter at which the
cumulative percentage of particles passing from the small
particle-size gide in the volume-based particle size
distribution obtained by a 1éser diffraction/scattering
particle size distribution measurement method reaches 50%.
When D50 is within the above-mentioned range, dispersibility
of the phosphor in the sheet is good, and stable emission is
achieved.

[0042]

(Resin)

The resin used in the present invention is a resin for
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containing a phosphor therein, and eventually forms a sheet.
Accordingly, any resin may be employed as long as it allows the
phosphor tc be uniformly dispersed therein and can form a sheet.
Specific examples of the resin include a silicone resin, an
epoxy resin, a polyallylate resin, a PET-modified polyallylate
resin, a polycarbonate resin, a cyclic olefin, a polyethylene
terephthalate resin, a polymethyl methacrylate resin, a
polypropylene resin, modifiedacrylic, apolystyrene resin, and
an acrylonitrile-styrene copolymer resin. In the present
invention, a silicone resin or an epoxy resin is preferably used
from the viewpoint of transparency. Furthermore, a silicone
resin is particularly preferably used from the viewpoint of heat
resistance.

[0043]

As the gilicone resin used in the present invention, a
curable gilicone rubber ig preferred. Any liquid form of
one-component liguid form and two-component liquid form
(three-component ligquid form) may be employed. Types of the
curakle silicone rubber include a type that causes a
condensation reaction by moisture in the air or a catalyst,
which includes a dealcoholization type, a deoximation type, an
acetic acid elimination type, and a hydroxylamine eliminaticn
type. Examples of a type that causes ahydrosilylationreaction
by a catalyst include an addition reaction type. Any of these

types of curable silicone rubbers may be used., Particularly,
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the addition reaction type silicone rubber is more preferred
in that a by-product associated with a curing reaction is not
produced, shrinkage by curing is small, and curing can be easily
accelerated by heating.
[0044]

The addition reaction type gilicone rubber is formed by
a hydrosilylation reaction of a compound containing an alkenyl
group coupled with a silicon atom with a compound containing
a hydrogen atom coupled with a silicon atom, for example.
Examples of the materials described above include compounds
formed by a hydrosilylation reaction of compounds containing
an alkenyl group coupled with a silicon atom, such as
vinyltrimethoxygilane, vinyltriethoxysilane,
allyltrimethoxysilane, propenylitrimethoxysilane,
norbornenyltrimethoxysilane and (octenyl)trimethoxysilane
with compounds containing a hydrogen atom coupledwitha silicon
atom, such as methylhydrogenpolysiloxane,
dimethylpolysiloxane-~CO-methylhydrogenpolysiloxane,
ethylhydrogenpolysiloxane and
methylhydrogenpolysiloxane-CO-methylphenylpelysiloxane.
Further, as other materilals, for example, publicly known
materials described in JP 2010-15%411 A can be utilized.
[0045]

Further, as commercialized productsg, it is also possikble

£o use general-use silicone encapsulation materials for LEDs.
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Specific examples of such encapsulation materials include
OE-6630 A/B and OE-6336 A/B manufactured by Dow Corning Toray
Co., Ltd. and SCR-1012 A/B and SCR-1016 A/B manufactured by
Shin-Etsu Chemical Co., Ltd.

[0046]

Further, when the resin hag thermal adhesiveness, the
production process is simplified since it is not necessary to
additionally provide an adhesion layer described later on the
phogphor-containing resin sheet. A resin which is an addition
reaction type silicone rubber and has thermal adhesiveness is
the most preferred from the viewpoints of optical
characteristics and durability.

[0047]

(Other Components}

It iz also possible to add a dispersant or a leveling agent
for stabilizing a coating f£ilm as an additive, or an adhesion
aid such as a silane coupling agent as a modifier of a sheet
surface. Also, inorganic particles such as silicone fine
particles can be added as an anti-settling agent for a phosphor.
{0048]

The silicone fine particles for anti-settling of the
phosphor preferably has an average particle size (D50) of €¢.01
pm or more and less than 5 um. When the average particle size

(D5C) ig 0.01 pm or more, the silicone fine particles can be

eagily produced and easily dispersed in the phosgphor-containing
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resin sheet. When the average particle size (D50) is less than
5 um, the transmittance of the phosphor-containing resin sheet
ig not adversely affected.

[0049]

(Phosphor Content)

The content of the phosgphor is preferably 53% by weight
or more, and more preferably 60% by weight or more of the total
weight of the phosphor-containing resin sheet. By adjusting
the content of the phosphor in the phosphor-containing resin
sheet to the above-mentionsed range, light resistance of the
phosphor-containing resin sheet can be enhanced. In addition,
the upper limit of the phosphor content is not particularly
limited, but the content ig preferably 95% by weight or less,
more preferably 90% by weight or less, further preferably 85%
by weight or less, and particulaxrly preferably 80% by weight
or less of the total weight of the phosphor-containing resin
sheet from the viewpoint of ease of preoducing a sheet excellent
in workability.

[0050]

(Thickness of Phosphor-Containing Resin Sheet)

The thickness of the phosphor-containing resin sheet is
preferably 200 um or less, and more preferably 100 um or less
from the wviewpoint of improving heat resistance of the
phosphor-containing resin sheet.

[0051]
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The thickness of the sheet in the present invention refers
to a thickness (average thickness) measured according to JIS
K 7130 (1999) “Plastics - Film and sheeting - Determination of
thickness by mechanical scanning (A).”

[0052]

The environment of the LED is an environment in which a
large amount of heat 1s generated in a small space, and
particularly in the case of a high power LED, heat generation
is remarkable. The temperature of the phosphor is raised by
such heat generation and hence the luminance of the LED is
reduced. Accordingly, it is important how efficiently the
generated heat is dissipated. Inthe present invention, a sheet
having excellent heat resistance can be attained by setting the
thickness of the sheet to the above-mentioned range. Further,
when the sheet shows variations in the thickness, there are
differences in the amcunt of the phosphor among the
semiconductor light-emitting elements, and conseguently there
are variations in emission spectrum. Accordingly, variations
in the thickness of the sheet are preferably within a range of
5%, more preferably within a range of #3%, and further
preferably within a range of *1.5%. The wvariation in the

thickness referred to herein is determined by measguring the
thickness according to JIS K 7130 (1959%) “Plastics - Film and
sheeting - Determination of thickness by mechanical scanning

{A},” and calculating the variation from the following
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eguation.
f0053]

More specifically, using measurement conditions of
“Determination of thickness by mechanical scanning (A),” the
thickness is measured with a commercially available micrometer
such as a contact type thickness measurement apparatus, and a
difference between the maximum value or the minimum value of
the regulting thickness and the average thickness is calculated.
The ratio expressed in pexrcentage of the calculated value
divided by the average thickness is a thickness variationB (%) .
Thickness variation B (%) = (maximum thickness deviation* -
average thickness)/average thickness x 100
* As the maximum thickness deviation, of the two differxences
in the thickness between the maximum value and the average value
and between the minimum value and the average value, the larger
difference is selected.

[0054]

(Other Constitutionsg)

The material of the release layer 4 is not particularly
limited, and a material commonly used can be used. While a
general-purpcese release agent incliudes wax, liquid paraffin,
silicone-based release agents, and fluorine-based release
agents, as a release agent for a resin, in general,
silicone-based release agents or £luorine-based release agents

are often used. These release agents can be suitably used also
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in the present invention. Particulariy, silicone-based
release agents are suitable because of high meld releasability.
The material selection or the application amount to the base
material of the release layer 4 is determined depending on
required peeling‘strength. That ig, by properly selecting the
type and quantity of the release agent, the phosphor-containing
resin sheet is not peeled from the base material in machining
the sheet into a desired shape, and the phosphor-containing
resin sheet can be peeled gquickly from the base material when
bonding the phosphor-containing resin sheet to the
semiconductor light-emitting element. Since the peeling
strength varies depending on the composition of the
phosphor-containing resin sheet even when the same release
agent is usged in the same amount, it is desirable to adjust the
peeling strength for every phosphor-containing resin sheet to
ke used in order to obtain a reguired releasing property.
[0055]

The material of the adhesion layer 5 is not particularly
limited, and examples thereof include common rubber-based,
acrylic, urethane-based, and silicone-based adhesive agents.
Any material may be used, but a silicone-based adhesive agent
is useful as an adhesive agent suitable for heat resistance,
an insulating property and transparency.

[0056]

The thickness of the adhesion layer 5 is preferably 2 um
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or more and 200 pym or less. When the thickness of the adhesion
layer 5 is 2 um or more, high adhesive strength can be achieved
regardliess éf the type of the adhesive agent. When the
thickness of the adhesgion layer is 200 um or less, the
phogphor-containing regin sheet 2 can be machined without
causing a failure in tackiness of the adhesion layer 5 in
machining the phosphor-containing resin sheet 2 into a desired
shape, and an optical loss is not produced after the
phosphor-containing resin sheet 2 is bonded to the
gemiconductor light-emitting element. Further, when it is
necegsary to embed a structure of the surface of the
semiconductor light-emitting element or a protruding object
such as a mounting electrode, the adhesion layer 5 having a
thickness of 200 um or less can achieve an adequate ability to
embed these structures since thesgse structures usually have a
size of 10C um or less.

[0057]

B protective film may be provided on the
phosphor-containing resin sheet 2. The material of the
protective f£ilm is not particularly limited, and examplies
thereocf include polyethylene terephthalate (PET),
polyethylene, polypropylene, polyvinyl chloride, and
cellophane. Further, the protective £ilm may be subjected to
releasing treatment by a publicly known release agent such as

a silicone-based release agent or a fluorine-based release
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agent. The protective film can be provided on the adhesion
layer 5 when the adhesion layer 5 is present on the
phosphor-containing resin sheet 2 as shown in Fig. 4(c).
[0058]

(Method for Producing Resin Sheet Laminate)

A method for producing a resin sheet laminate of the
present invention will be described. These are examples, and
the method for producing a resin sheet laminate of the present
invention is not limited to thege examples.

[0059]

The phosphor-containing resin sheet 2 is laminated on the
base material 1 by a method described later. Then, a
photoresist is laminated thereon and patterned toc form a
corrosion-resistant pattern, and the phosphor-containing
resin sheet 2 is etched with a chemical solution which dissolves
the phosphor-containing resin sheet 2 by using the
corrosion-resistant pattern as a mask to divide the
phosphor-containing regin sheet 2 into a desired shape. 2
commercially available product can be utilized as the
photoresist.

[0060)

Further, in ancther method for producing a resin sheet
laminate of the present invention, a screen printing plate
provided with a pattern formed thereon is overlaid on a base

material 1, and a paste formed by dispersing a phosphor in a
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regin solution is filled into the screen printing plate with
a squeegee, printed and dried to form a phosphor-containing
regin sheet 2 divided into a predetermined shape. In this
method, since a method capable of printing in the form of a
pattern such as screen printing is used in order to foxm a
phogphor-containing resgin layer 2 on the base material, a
deslrably patterned phosphor-containing resin sheet 2 can be
directly obtained. As the screen printing plate, it is
necessary to select a printing plate which is resistant to a
golvent contained in the phogphor-containing resin sheet 2. A
stainless steel gauze provided with a pattern c¢f a resin with
high chemical resistance is preferred.

foce1]

In still another method for producing a resin sheet
laminate of the present invention, the phosphor-containing
resin sheet 2 is formed on the base material 1 by a method
described later. Thereafter, the phosphor-containing resin
sheet 2 ig divided and machined into a desired shape by any
machining method of punching by a die, machining by a laser beam
and cutting by a blade. When the phosphor-containing resin
sheet 2 is divided into subdivigions, it is important that at
least a part of the base material is not penetrated so that the
bage material ig in a monolithic state, and cutting by a blade
is desirable ag a method of not penetrating the base material.

Examples of a cutting method by a blade include a method of
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pushing a simple blade in the phosphor-containing resin sheet
to cut the sheet, and a method of cutting the
phosphor-containing resin sheet with a rotary blade. As an
apparatus for cutting the sheet by the rotary blade, an
apparatus called a dicer, which is used for cutting (dicing)
a semiconductor substrate intc individual chips, can be
guitably utilized. When the dicer is used, the width of a
dividing line can be precisely controlled by the thickness of
the rotary blade ox gsetiing of conditions, and therefore higher
machining accuracy can be attained than cutting through pushing
by a simple blade.

f0062]

In any method of using a blade, it is possible to avoid
cutting the base material while dividing the
phosphor-containing resin sheet 2 if highly precise position
contrcl of the blade is performed; however, it is actually very
difficult to make a cut in a completely constant depth.
Therefore, in order to prevent the phosphor-containing resin
sheet 2 from being not properly divided when the cutting depth
ig glightly deviated, the cutting depth is preferably set at
a depth with which the base material is partially cut. When
the resin sheet laminate of the pregsent invention is produced
by this method, a concave portion not penetrating the base
material is carved at almost the same pogition of the base

material as a pogition of cutting of the phosphor-containing
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resin sheet 2 virtually inmost cases. Inthis case, the concave
porticon is often formed in the form of a continucus groove or
an intermittent groove, but the concave portion may be a break
partially penetrating the base material as long as the base
material is not split.

[0063]

The resin sheet laminate of the present invention can be
sultably produced by any of the above-mentioned methods;
however, a particularly suitable method is a method in which
the phosphor-containing resin sheet 2 is formed and then
machined into subdivisions. In this method, it is easy to
cbtain a uniform phosphor-containing resin sheet 2 since there
iz no pessibility of sheet damage due to the contact of the
phosphor-containing resin sheet 2 with a resist, a chemical
gsolution or a printing plate material.

[0064]

The method for producing a resin sheet laminate of the
present invention will be described in more detail. The
following description is just an example, and the method for
producing a resin sheet laminate is not limited to the example.
First, a solution in which a phosphor is dispersed in a resin
(hereinafter, referred to as a “sheet sclution”) is prepared
as an application solution for forming a phosphor-containing
resin sheet. The sheet solution can be prepared by mixing a

phesphor with a resin in an appropriate golvent. In the case
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of uging an addition reaction type silicone resin, since a
curing reaction may occur at room temperature if a compound
containing an alkenyl group coupled with a silicon atom is mixed
with a compound containing a hydrogen atom coupled with a
silicon atom, a retardant for a hydrosilylation reaction such
as an acetylene compound can also be further mixed in the sheet
solution to extend the pot life. It is also possible te mix
a digpersant or a leveling agent for stabilizing a coating £ilm
as an additive, or an adhesion aid such as a silane coupling
agent as a modifier of a sheet surface in the sheet solution.
Also, incrganic particles such as silicone fine paxticles can
be mixed in the sheet solution as an anti-settling agent for
a phosphor.

[0065]

The solvent is not particularly limited as long as it can
adjust the viscosity of a £luid resin. Examples of the solvent
include toluene, methyl ethyl ketone, methyl isobutyl ketone,
hexane, acetone, and the like.

[0066]

Thege components are blended so as to have a predetermined
composition, and then the resulting mixture is uniformly
mixed/dispersed with a mixer/kneader such as a homogenizer, a
rotation-revolution mixer, a 23roll mill, & ball mill, a
planetary ball mill or a beads mill to obtain a sheet solution.

After mixing/dispersing or in the process of mixing/dispersing,
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defoaming is also preferably performed in a vacuum or under a
reduced pressure.
[0067]

Next, the sheet solution ig applied onto a base material
and dried. The sheet solution can be applied by using a reverse
roll coater, a blade coater, a slit die coater, a direct gravure
coater, an offset gravure coater, a reverse roll coater, a blade
coater, a kiss coater, screen printing, a natural roll coater,
an air knife coater, a roll blade coater, a baribar roll blade
coater, a two stream coater, a rod coater, a wire bar coater,
a coating applicator, a dip coater, a curtain coater, a spin
coater, a knife coater or the like. In order to achieve
uniformity of the thickness of the sheet, the sheet solution
is preferably applied with a slit die coater. Further, the
phosphor-containing resin sheet of the present invention can
also be produced by using a printing method such as screen
printing, gravure printing, or planographic printing.
Particularly, screen printing is preferably used.

[0068]

A sheet can be dried by using a common heating apparatus
such as a hot air drier or an infrared drier. A common heating
apparatus such as a hot air drier or an infrared drier is used
for thermally curing the sheet. In this case, thermal curing
is usually performed under the conditions of a temperature of

40 to 250°C and a heating time of 1 minute to 5 hours, and
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preferably under the conditions of a temperature of 100°C to
200°C and a heating time of 2 minuteg to 3 hours.
[0069]

As described above, the phosphor-containing resin sheet
2 fofmed.on the base material can be divided into subdivisions
of a predetermined shape by the method described above.
[0070]

Further, when it is desired to obtain a divided shape of
the phosphor-containing resin sheet 2 other than a simple
rectangle as shown in Figs. 2 and 3, a photomask or screen plate
with a desired pattern has only to be prepared. In the case
of machining a uniform phosphor-containing regin sheet 2 into
a subdivision shape later, the phosphor resin layer needs to
be machined by laser beam machining or the like before or after
dividing the phosphor resin layer inte individual subdivisions.
[0071]

{(Ronding of Phosphor-Containing Resin Sheet 2 to
Semiconductor Light-Emitting Element)

Next, a method for producing a semiconductor
light-emitting element with a phosphor-containing resin sheet
by use of the resin sheet laminate of the present invention will
be described. Since the regsin sheet laminate of the present
invention hag a resin sheet containing a phosphor and a resin
on a Long base material and subdivisions of the resin sheet are

repeatedly arranged in a lengthwise direction of the long base
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material, the regin sheet laminate can be suitably used for =z
method for producing a semiconductor light-emitting element
with a phosphor-containing resin sheet including at least:

(A) an alignment step of opposing one subdivision of the
pheosphor-containing resin sheet on the long base material to
anemission surface of one semiconductor light-emitting element,
and

(B) an adhering step of adhering the one subdivision of
the phosphor-containing resin sheet to the emission surface of
the one semiconductor light-emitting element by pressing with
a pregsure tool, wherein

adhesion of the phosphor-containing resin sheet to the
gemiconductor light-emitting element is seguentially
performed by performing the steps (A) and (B) repeatedly.
[0072]

Herein, “performing the steps (A) and (B) repeatedly”
refers to repeatedly perform the operation of performing the
steps (A) and (B) on a pair of an n-th subdivision of the
phosphor-containing resin sheet on a long base material and an
emiggion surface of an n-th semiconductor light-emitting
element, and then performing the steps (&) and (B} on a pair
of a (n + 1)th subdivision and an emission surface of a (n +
1)th semiconductor light-emitting element. Herein, n is an
integexr of 1 or more.

[0073]
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Fig. 5 shows a first example of a method for producing
a semiconductor light-emitting element with a
phosphor-containing resin sheet 2 using the resin sheet
laminate of the present invention. Subdiviszions of the
rhosphor-containing resin sheet 2 are arrayed on the long base
material 1 and semiconductor light-emitting elements 9 are
arranged at locations on a moving stage 8 oppoesed to these
gubdivigions. The firgt example pertains to a method for
producing a semiconductor light-emitting element with a
phosphor-containing resin sheet in which the semiconductor
light-emitting elements are repeatedly arranged in one
direction on a stage on which the adhering step is performed.
[0C74]

As shown in Fig. 5(a}, a first subdivision of the
phosphor-containing resin sheet 2 and an emission surface of
a first semiconductor Iight-emitting element 9 are aligned with
each other so ag to be opposed to each other. It ig suitable
to install an optical alignment system in aligning both of the
first subdivision of the phosphor-containing resin sheet and
the emission surface of the first gsemiconductor light-emitting
element.

[0075]

Next, as shown in Fig. 5(b), the phosphor-containing

resin sheet 2 is adhered to the semiconductor light-emitting

element 2 by pressing from a base material 1 side by use of a
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pressure tool 7.
[0076]

Then, as shown in Fig. 5{c¢}, the pressure tool 7 is pulled
up to stop pressing. At this time, by properly adjusting an
adhesive power between the base material 1 and the
phosphor-containing resin sheet 2 and an adhesive power between
the phesphor-containing resin sheet 2 and the semiconductor
light-emitting element 9 in advance, the base material 1 is
peeled off from the phosphor-containing resin sheet 2 in
concurrence with pulling up of the pressure tool 7, and only
the phosphor-containing resin sheet 2 is left adhered to the
semiconductor light-emitting element 9.

[0077]

Examples of a method of properly adjusting an adhesive
power between the base material 1 and the resin sheet include
a method of selecting the material of the base material 1, and
a method of providing the release layver 4 between the base
material 1 and the phosphor-containing resin sheet 2 as shown
in Fig. 4({b).
f0078]

Then, ag shown in Fig. 5{d), the resin sheet laminate and
the sgtage holding the semiconductor light-emitting elements
arrayed thereon are moved, and a second subdivision (indicated
by the reference sgsign 2' in the drawing) of the

phosphor-containing resin sheet and a second semiconductor
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light-emitting element 9 (indicated by the reference sign 9’
in the drawing) are opposed to each other and aligned with each
other.
[007¢9]

When the operations shown in Fig. 5{b) to Fig. 5(d) are
thus performed repeatedly, a semiconductor light-emitting
element 10 with a phosphor-containing resin sheet 2 can be
sequentially produced at a high throughput.

[0080]

In the first example, the semiconductor light-emitting
elements are repeatedly arranged in one direction in advance.
A method for producing a semiconductor light-emitting element
with a phosphor-containing resin sheet using the regin sheet
laminate of the present invention is not necesgarily limited
to this embodiment, and it is possible to employ an embodiment
in which semiconductor light-emitting elements are sent to the
stage separately, for example; however, the embodiment of the
first example can be mentioned as a more preferred embodiment.
[0081]

Fig. 6 shows a second example of a method for producing
a semiconductor light-emitting element with a
phosphor-containing resin sheet 2 using the resin sgheet
laminate according to the present invention. The second
example pertains to a method for producing a semiconductor

light-emitting element with a phosphor-containing resin sheet
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in which an array pitch in the lencthwise direction of the
phosphor-containing resin sheet and an array pitch in one
direction of the semiconductor light-emitting element are the
same.

[0082]

Here, the phrase “an array pltch of subdivisions of the
phosphor-containing resin sheet and an array pitch of the
gsemiconductor light-emitting element are the same” refers to
a state in which pitches are identical to sach other tc such
an extent that the phosphor-containing resin sheet does not have
to be newly aligned to the semiconductor light-emitting element
when the sheet is adhered to the semiconductor light-emitting
element.

[0083]

In the first example, since an array pitch of the
subdivisionsg of the phospher-containing resin sheet 2 in the
resin sheet laminate is different from an array pitch of the
semiconductor light-emitting element 9, it is necessary to
align each of subdivisions of the phosphor-containing resin
sheet 2 with each of gemiconductor light-emitting elements 9
one by one. Each of subdivisions of the phosphor-containing
resin sheet 2 may be aligned with each of semiconductor
light-emitting elements 9 one by one also in the second example,
but alignment for every subdivision can be omitted since a

plurality of subdivisions of the phosphor-containing resin
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sheet 2 can be previocusly aligned with a plurality of
semiconductor light-emitting elements 9.
focs4]

Accordingly, apreferred embodiment in the second example
pertains to a method for producing a semiconductor
light-emitting element with a phosphor-containing resin sheet,
wherein

the step (A) is (C) an alignment step of opposging a
plurality of subdivisions of the phosphor-containing resin
sheet to a plurality of emission surfaces of the semiconductor
light-emitting elements at a time,

the step (B) is (D) an adhering step of adhering
sequentially the subdivisions of the phosphor-containing resin
sheet to the emission surfaces of the semiconductor
light-emitting elements by pressing with a pressure tool, and

adhesion of the phosphor-containing resin sheet to the
semiconductor light-emitting element is sequentially
performed by performing the steps (C) and (D)} repeatedly.
[0085]

As shown in Fig. 6({a), the subdivisions of the
phosphor-containing resin sheet 2 are arrayed on the base
material 1 and the semiconductor light-emitting elements 9 are
arranged at locations on the stage 8 opposed to these
subdivisions, and therefore the phosphor-containing resin

sheet 2 on the base material 1 and the semiconductor
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light-emitting element 9 on the stage 8 are arrayed at the same
pitch and a plurality of subdivisions of the
phosphor-centaining resin sheet 2 and a plurality of
semiconductor light-emitting elements 9 are simultaneously
aligned with each other and opposed to each other.

[ooss]

As shown in Fig. 6(b}, the first subdivision of the
phosphor-containing resin sheet 2 is adhered to the first
semiconductor light-emitting element 9 by pressing from a base
material 1 side by use of a pressure tool 7.

[cos87]

Then, as shown in Fig. 6{c), the pressure tool 7 is pulled
up to stop pressing. At this time, by properly adjusting an
adhesive power between the base material 1 and the
phosphor-containing resin sheet 2 and an adhesive power between
the phosphor-containing resin sheet 2 and the semiconductor
light-emitting element 9 in advance, the base material 1 is
peeled off from the phosphor-containing resin sheet 2 in
concurrence with pulling up of the pressure tocl 7, and only
the phosphor-containing resin sheet 2 is left adhered to the
semiconductor light-emitting element 9.

[oogs]

Subsequently, as shown in Fig. 6(d), the pressure tool

7 moves to a position above a second subdivision of the

phosphor-containing resin sheet 2 and a gecond semiconductor
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light-emitting element 9.
[0088]

Thereafter, the operations shown in Fig. 6{b) to Fig. 6 (4d)
are performed repeatedly, whereby a semiconductor
light-emitting element 10 with a phosphor-containing resin
sheet can be seguentially produced at a high throughput.
[0090]

A range in which an array pitch of subdivisions of the
phosphor-containing resin sheet and an array pitch of the
semiconductor light-emitting elements are the same does not
have to extend throughout the long base material. If there are
several to more than a dozen portions where the respective
pitches are the same, the above-mentioned second example can
be performed for the portions, and a takt time can be shortened.
The step (D) may be newly performed at a location where the pitch
starte to deviate.

[00s1]

Further, an example of a method of moving the pressure
tool is shown in Fig. 6{d), but a positicnal relationship
between the pressure tool and a set of a resin sheet laminate
and a stage aligned with each other has only to be a relationship
of relative digplacement. Accordingly, the pressure tool may
remain stationary while the set of a resin sheet laminate and
a stage aligned with each other is moved, or both of them may

be moved.
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[0C92]

Further, when the array pitch of subdivisions of the
phosphor-containing resin sheet and the array pitch of the
semiconductor light-emitting elements are the same, aplurality
of subdivisionsg of the phosphor-containing resin sheet and a
plurality of semiconductor light-emitting elements can be
gimultaneously adhered to each other by pressing the resin sheet
and the elements. That is, in the step (E), when two or more
subdivigions of a plurality of opposed subdivisions of the
phosphor-containing resin sheet are simultaneously pressed,
the two or more gsubdivisions of the phosphor-containing resin
sheet can be adhered to two or more emission surfaces of the
semiconductor light-emitting elements.

[0093]

A variation of the gecond example is a method in which,
by pressing simultaneously two or more subdivisions of a
plurality of opposed subdivisions of the phosphor-containing
resin sheet in the step (D), the two or more subdivisions of
the phosphor-containing resin sheet are adhered to two or more
emission surfaces of the semiconductor light-emitting elements.
Fig. 7 shows an example in which three subdivisions of the
phosphor-containing resin sheet 2 are simultaneously adhered
to three gemiconductor light-emitting elements S by pressing
by use of a pressure tool 13 of batch process. In FPig. 7, the

number of the subdivisions of the phosphor-containing resin
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sheet and the number of the gemiconductor light-emitting
elements simultaneously pressed/adhered are respectively 3;
however, the number of the subdivisions and the elements are
not limited.

[10094]

Fig. 8 (Pig. 8A to Fig. 8B) shows a third example of a
method for producing a semiconductor light-emitting element
witzla.phosphorwcontaining-resin.sheet 2 using the resin sheet
laminate of the present invention, which is an example of a case
in which an adhesive power between the base material 1 and the
phosphor-containing resin sheet 2 ig relatively high and a
peeling tool is regquired in addition to the pressure tool 7.
[o0g5]

InFig. 8{a), the subdivisions of the phosphor-containing
resgsin sheet 2 are arrayed on the base material 1 and the
semiconductor light-emitting elements 9 are arranged at
locations on the moving stage 8 opposed to the subdivisions of
the phosphor-containing resin sheet 2. A pressure tocl 7 and
a peeling roller 11 are placed on a base material 1 side of the
resin sheet laminate.

[00596]

As shown in Fig. 8 (b), the phosphor-containing resin
sheet 2 is adhered to the semiconductor light-emitting element
9 by pressing from the base material 1 side by use of the pressure

tool 7. The peeling roller 11 descends to the same height as
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that of the pressure tool 7 to be brought into contact with the
base material 1 in concurrence with the adhesion or after
adhesion.

[C097]

As shown in Fig. 8(c), even when the pressure tool 7 is
raised to release pressing, the base material 1 does not peel
off by itself from the phosphor-containing resin sheet 2 when
an adhegive power between the base material 1 and the
phosphor-containing resin sheet 2 ig relatively high.

[0088]

Ag shown in Fig. 8{d), the base material 1, the
phosphor-containing resin sheet 2 and the semiconductor
light-emitting element 9 are sent rightward in the drawing in
a gtate of being adhered to one ancother.

[0099]

As shown in Fig. 8{e) and Fig. 8(£f), a second subdivision
of the phogphor-containing resin sheet 2 is adhered to a gecond
semiconductor light-emitting element 9 by the pressure tool 7,
and the resin sheet laminate and the semiconductor
light-emitting element are further sent rightward in the
drawing.

[0100]

In Fig. 8{g), the base material 1 is pulled up starting

from an end of the semiconductor light-emitting eiement 9 upon

arrival of the first phosphor-containing resin sheet 2 and the
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first semiconductor light-emitting element 9 at the peeling
roller 11, and the base material 1 is peeled off from the
subdivision of the phosphor-containing resin sheet 2.

[0101]

As a tool for peeling off the base méterial 1 from the
phosphor-containing resin sheet 2, a vacuum adsorpticn-peeling
tool 12 which pulls up the base material 1 by adsorption as shown
in Fig. 8(g’) may be employed cother than the peeling roller 11
as shown in Figs. 8{(a) to 8(g).

{o102]

Further, in Fig. 8, the second subdivision of the
phosphor-containing resin sheet 2 is aligned with the second
semiconductor light-emitting element 9 so that the carrying
gpeed of the semiconductor light-emitting element can be varied
between before and after the adhesion. The reason for this is
as follows: since an array pitch of the subdivisgions of the
phosphor-ceontaining resin sheet 2 on the base material 1 is
different from an array pitch of the semiconéﬁctor
light-emitting elements 9, the second subdivision of the
phosphor-containing resin sheet 2 cannot be aligned with the
second gsemiconductor light-emitting element 9 if both of the
carrying speeds of the base material 1 and the semiconductor
light-emitting element 9 are constant between before and after
the first subdivision of the phosphor-containing resin sheet

2 ig adhered to the first semiconductor light-emitting element
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9. When the array pitch of subdivisions of the
phosphor-containing resin sheet 2 and the array pitch of the
gemiconductor light-emitting elements 9 are the same, such
adiustment 1is unnecessary.

[0103]

There may be cases where air bubbles enter an adhering
surface depending on flexibiliity of the phosphor-containing
resin sheet or the base material when the phosphor-containing
resin sheet is adhered to the emigsion surface of the
semiconductor light-emitting element. Once air bubbles enter,
it is difficult to eliminate them, and therefore emission from
the semiconductor light-emitting element is scattered and
optical characteristics are significantly impaired.
Accordingly, it is important to avoid entering of air bubbles
upon adhesion. As a method therefor, there is an effective
method in which a part of the surface of the subdivision is
pressed first without pressing simultaneously and evenly the
whole surface and then other regionsg are pressed in adhering
the phosphor-containing resin sheet to the semiconductor
light-emitting element.

[0104]

Pig. 9 shows drawings schematically showing an example
of a structure of a pressure tool for preventing entering of
air bubbles. The pressure tool has a movable portion 14 such

as a hinge and an elastic body structure 15 such as a spring
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in the inside. When pressing is started, a side of the tool
which has the elastic body structure 15 starts pressing the
resin sheet laminate first, and the elastic body structure 15
contracts and the movable portion 14 is simultaneously folded
by pressing the pressure tool down to press the resin sheet
laminate from the end of the elastic body structure 15 toward
the opposite end, and hence air is pushed out from right to left
in the drawing to prevent entering of air bubbles.

[0105]

Fig. 10 shows a second example of a pressure tool for
preventing entering of air bubbles. A subdivision of the
phosphor-containing resin sheet 2 is pressed from the base
material 1 side by a pressure rollexr 16 and adhered to an emission
surface of the semiconductor light-emitting element 9. The
pressure roller 16 presses the subdivision of the
phosphor-containing resin sheet 2 from the right side toward
the left side in the drawing, and thereby, air at an adhering
interface is squeezed out in succession to enable prevention
of entering of air bubbles.

[c106]

Structures of pressure toolg for preventing entering of
air bubbles ag shown in Fig. 2 and Fig. 10 are appiicable to
any of production methods described in reference to Figs. 5 to
8. Further, both of Fig. 9 and Fig. 10 show examples of the

case in which the pressure tool presses the pheosphor-containing
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resin sheet 2 from the base material side; however, the
structure is also applicable to a case in which the pressure
tool performs pressing from a side of the semiconductor
light-emitting element, as described below. That is, the
pressure tool preferably presses a part of the subdivision to
be pressed first and presses a different region thereafter.
[0107]

211 of the production methods shown in Figs. 5 to 10 are
methods in which the resin sheet laminate of the present
invention is arranged with the phosphor-containing resin sheet
2 directed downward, the semiconductor light-emitting elements
9 are arrayed on the stage below the resin sheet laminate with
the emission surface of the element 9 directed upward, and
acdhesion ig performed by pressing from the base material 1 side
of the resin sheet laminate with the pressure tool 7; however,
the order of arrangement of the resin sheet laminate, the
semiconductor light-emitting element and the pressure tool in
the vertical direction is not necegsarily limited to this order,
and the regin gsheet laminate may be located in a lower portion
and the semiconductor light-emitting element may be located in
an upper portion, or the pressure tocl may perform pressing from
the semiconductor light-emitting element side in the adhering
step.

[0108]

An example is shown in Fig. 1l1. 7This example pertains
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to a method including:

(E) a step of arranging the resin sheet laminate on the
stage with the subdivision of the resin sheet directed upward,

{(F} a step of opposing the emission surface of the
semiconductor light-emitting element to the subdivision of the
resin sheet by directing the emission surface downward, and

(G) a step of adhering the subdivision of the
phosphor-containing resin sheet to the emission surface of the
semiconductor light-emitting element by performing pressing
from the gsemiconductor light-emitting element side.

[0109]

The resin sheet laminate is arranged on the stage 8 with
the bage material 1 placed on the stage and the subdivision of
the phosphor-containing resin sheet 2 placed thereon. The
semiconductor light-emitting element 9 is arranged above the
subdivision of the phosphor-containing resin sheet 2, and the
semiconductor light-emitting element 9 is pressed from above
by a pressure tool 7 holding the semiconductor light-emitting
element by adsorption and adhered to the subdivision of the
phosphor-containing resin sheet 2.
f0110]

In all the cases shown in Figs. 5 to 10, when the
subdivision of the phosphor-containing resin sheet 2 has an
adhegive property or tackiness or when a resin layer having an

adhesive property or tackiness is laminated on the subdivision
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of the phosphor-containing regin sheet 2, the
phosphor-containing resin sheet 2 and the semiconductor
light-emitting element 9 are adhered to each other by pressing
with a pressure tool. Wﬁenthephosphor—containingresinsheet
2 has thermal adhesiveness or when a  resin having thermal
adhesiveness is laminated on the phosphor-containing resin
sheet 2, the gsubdivision of the phosphor-containing resin sheet
2 and the semiconductor light-emitting element 9 are adhered
to each other by applying heat during pressing with a pressure
tocl.
[0111]

As a method of applying heat during pressing, a method
of providing the pressure tool 7 with a heating function, a
method of providing the stage 8 holding the semiconductor
light-emitting elements 9 arrayed thereon with a heating
function to heat the semiconductor light-emitting element 9,
a method of using radiation heat such as infrared rays, and a
method of raising the ambient temperature of a location to be
pressed are applicable.
[0112] |

In the production methods in Fig. 5 and Figs. 7 to 11,
when the resin sheet laminate of the present invention and the
semiconductor light-emitting element relatively move, the
subdivisions of the phosphor-containing resin sheet 2 are

sequentially adhered to the semiconductor light-emitting
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elements 9. With respect to directions to relatively move the
regsin sheet and the light-emitting element, for example, as
shown in Fig. 12(a), a lengthwise direction of the resin sheet
laminate composed of the base material 1 and the subdivisions
of the phosphor-containing resin sheet 2 and a dirxection of the
stage holding the semiconductor light-emitting elements
arrayed thereon are commonly made parallel to each other, but
thege two directions do not necessarily have to be parallel,
and they may be orthogonal as shown in Fig. 12(b}. That is,
“one direction” when the semiconductor light-emitting elements
are repeatedly arranged in one direction on a stage on which
the adhering step is performed does not have to be identical
to the lengthwise direction of the phosphor-containing resin
sheet.

[0113]

Further, Fig. 13 shows an example of a case in which the
semiconductor light-emitting elements 9 are arrayed
two-dimensionally on a stage 19 whichmoves inX and Y directions.
The phogphor-containing resin sheet 2 is sequentially adhered
to one line of array of the semiconductor light-emitting
elements arranged two-dimensionally while alternately moving
the resin sheet laminate and the X-Y moving stage 19 in an X
direction, and after completion of adhesion of the
phosphor-containing resin sheet 2 to the one line of the

semiconductor light-emitting elements, the X-Y moving stage is
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moved in a Y direction by one line of the semiconductor
light-emitting elements, and the phosphor-containing resin
sheet 2 is sequentially adhered to a second line of array of
the semiconductor light-emitting elements, and thereby, the
phosphor-containing resin sheet 2 can be sequentially adhered
to the semiconductor light-emitting elements arranged
two~dimensionally.

[0114]

The phosphor-containing resin sheet 2 on the resin sheet
laminate may also be arranged two-dimensionally, and the resin
sheet laminate and the semiconductor light-emitting elements
may be respectively arranged two-dimensionally as shown in Fig.
14, and relatively moved two-dimensionally to seqguentially
adhere the phosphor-containing regin gheet 2 to the
semiconductor light-emitting elements 9. That is, when
subdivisions of the resin sheet are repeatedly arranged in the
lengthwise direction of the long base material, the
subdivisions are inevitably also repeatedly arranged in a
direction other than the lengthwise direction.

[0115]

Similarly, when the semiconductor light-emitting
elements are repeatedly arranged in one direction on a stage
on which the adhering step is performed, the semiconductor
light-emitting elements are inevitably alsc repeatedly

arranged in a direction other than the one direction. Further,
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for example, when it is possible to align the
phosphor-containing resin sheet with the semiconductor
light-emitting elements in a plurality of lines in the Y
direction in Fig. 14, two or more lines of the resin sheet
laminate and the semiconductor light-emitting elements may be
gimultanecusly adhered to each other.
[0116]

In the production methods in Fig. 5 and Figs. 7 to 11,
2ll the phosphor~containing resin sheets 2 of the resin sheet
laminate of the present invention are bonded in a planar form
to an upper emission surface of the semiconductor
light-emitting element; however, all of these prcduction
methods can be applied to a method in which the
rhosphor-containing resin sheet 2 1s bonded alsc to the side
surface of the semiconductor light-emitting element. Fig. 15
shows an example thereof.
(01173

Ag shown in Fig. 15(a), the resin sheet laminate of the
present invention is arranged with the phosphor-containing
resin sheet 2 directed downward above the semiconductor
light-emitting element 9 arranged on the stage 8, and a pressure
tool 7 having a concave portion is arranged on the base material
side. The phosphor-containing resinsheet 2 is designed tohave
a size larger than that of an upper emission surface of the

semiconductor light-emitting element 9.
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[0118]

As shown in Fig. 15(k) , the resin sheet laminate is pressed
against the semiconductor light-emitting element $ from the
base material side by the pressure tool 7 having a concave
portion. At this time, the semiconductor light-emitting
element 9 ig surrounded by the concave portion of the pressure
tool 7, and the resin sheet laminate 1s pressed against a top
surface and a part of a side surface of the semlconductor
light-emitting element 9.

[0118]

2Ag shown in Fig. 15(c¢c), a semiconductor light-emitting
element 9 having an entire top surface and a part of a side
surface covered with the phosphor-containing resin sheet 2 is
produced by moving the pressure tool 7 upward and separating
it from the resin sheet laminate. When the semiconductor
light-emitting element 9 has a radiation direction of emission
alego at its side surface, the side surface of the semiconductor
light-emitting element 9 should be covered with the
phosphor-containing resin sheet 2 as described above. In
accordance with the present invention, it is possible to easily
cover the side surface.

[Reference Signs List]
0120}
1 Base material

2, 2' Phogphor-containing resin sheet
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9,

10

Conveyance hole
Release laver
Adhesion layer
Groove on base material
Pressure tool
Moving stage
9" Semiconductor light-emitting element

Semiconductor light-emitting element with

phosphor-containing resin sheet

11

12

13

14

15

16

19

Peeling roller
Adsorption-peeling tool
Pressure tool of batch process
Movable portion

Elastic body structure
Pressure roller

Stage
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[CLATIMS]
[Claim 1]

. A resin sheet laminate having a resin sheet containing
a.phosphor and a resin on or over a long base material, wherein
subdivisions of the resin sheet are repeatedly arranged in a
lengthwise direction of the long base material.

[Claim 2]

The resin sheet laminate according to claim 1, ‘wherein
the thickness of the resin sheet 1s 200 um or less.
[Claim 3]

The resin sheet laminate according toclaim il or 2, wherein
a plurality of lines of the resin sheets are arranged in a
widthwise direction of the long base material.
[Claim 4]

The regin sheet laminate according to any one of claims
1 to 3, wherein conveyance holes are formed in the long base
material.
[Claim 5}

The resin sheet laminate according to any one of claims
1 to 4, wherein the resin sheet laminate has a release layer
between the long base material and the resin sheet.
[Claim &}

The resin sheet laminate according to any one of claims
1to 5, whereinan adhegion layer or an adhesive layer is provided

on a surface of the resin sheet opposite to the long base
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material.
[Claim 7]

The resin sheet laminate according to any one of claims
1 to 6, wherein the resin sheet hags thermal adhesiveness.
[Claim 8]

The resin sheet laminate according to any one of claims
1 to 7, wherein a groove is provided at a position sub'stantially
conforming to the subdivision of the resin sheet in the long
base material.

[Claim 9]

The resin sheet laminate according to any cone of claims
1 to 8, wherein the resin sheet is bonded to an emission surface
of an LED.

[Claim 10}

A method for producing a semiconductor light-emitting
element with a phosphor-containing resin sheet using the resin
sheet laminate according to any one of claims 1 to 9, comprising
at least:

(A) an alignment step of opposing one subdivision of the
phosphor-containing resin sheet on the long base material to
anemission surface of one semiconductor light-emitting element,
and

(B) an adhering step of adhering the one subdivision of
the phosphor-containing resin sheet to the emission surface of

the one semiconductor light-emitting element by pressing with
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a pressure tool, wherein

adhesion of the phosphor-containing resin sheet to the
gemiconductor light-emitting element is seguentially
performed by performing the steps (&) and (B) repeatedly.
[Claim 11]

The method for producing a semiconductor light-emitting
element with a phosphor-containing resin sheet according to
claim 10, wherein the semiconductor light-emitting elements are
repeatedly arranged in one direction on a stage on which the
adhering step ig performed.

[Claim 12]

The method for producing a semiconductor light-emitting
element with a phosphor-containing resin sheet according to
claim 11, wherein an array pitch in a lengthwise direction of
the phosphor-containing resin sheet and an array pitch in one
direction of the semiconductor light-emitting element are the
game.

[Claim 13]

The method for producing a semiconductor light-emitting
element with a phosphor-containing resin sheet according to
¢laim 12, wherein

the step (A) is (C) an alignment step of opposing a
plurality of subdivigiong of the phosphor-containing regin
sheet to a plurality of emission surfaces of the semiconductor

light-emitting elements at a time,

62



the step (B) is (D) an adhering step of adhering
sequentially the gsubdivisions of the phosphor-containing resin
sheet to the emission surfaces of the semiconductor
light-emitting elements by pressing with a pressure tocl, and

adhesion of the phosphor-containing resin sheet to the
semiconductor light-emitting element is sequentially
performed by performing the steps (C) and (D) repeatedly.
iClaim 141}

The method for producing a semiconductor light-emitting
element with a phosphor-containing resin sheet according to
claim 13, wherein by pressing simultaneously two or more
subdivisions of the plurality of opposed gsubdivigions of the
phosphor~containing resin sheet in the step (D), the two or more
subdivisions of the phosphor-containing resin sheet are adhered
to two or more emission surfaces of the gemiconductor
light-emitting elements.

[Claim 15]

The method for producing a semiconductor light-emitting
element with a phosphor-containing resin sheet according to any
one of claims 10 to 14, wherein the pregsure tool presses the
phosphor-containing resin sheet from the base material side in
the adhering step.

[Claim 16]
The method for producing a semiconductor light-emitting

element with a phosphor-containing resin sheet according to any
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cne of claims 10 to 14, wherein the pressure tool performs
pressing from the semiconductor light-emitting element side in
the adhering step.

[Claim 17]

The method for producing a semiconductor light-emitting
element with a phosphor-containing resin sheet according to any
one of claims 10 to 16, wherein the base material ig peeled off
by using a peeling tool different from the pressure tool after
the subdivision of the phosphor-containing resin sheet is
adhered to the emission surface of the semiconductor
light-emitting element.

[Claim 18]

The method for producing a semiconductor light-emitting
element with a phosphor-containing resin sheet according to any
one of claims 10 to 17, wherein the pressure tool presses a part
of the subdivision to be pressed first and presses a different
region thereafter in the adhering step.

[Claim 19]

The method for producing a semiconductor light-emitting
element with a phosphor-containing resgsin sheet according to
¢laim 17, wherein the pressure tool is a pressure roller.
[Claim 20]

The method for producing a semiconductor light-emitting
element with a phosphor-containing resin sheet according to any

one of claims 2 to 18, wherein heating is performed together
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with pressing in the adhering step.
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