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(57) ABSTRACT

A method for producing a light-emitting device includes:
bonding a plurality of light-emitting elements to a plate-
shaped light transmission member all at once with the
plurality of light-emitting elements being arranged in a
two-dimensional array extending in a first direction and a
second direction; capturing an image of the plurality of
light-emitting elements bonded to the light transmission
member, and forming an alignment mark on the light trans-
mission member based on positions in the image of the
plurality of light-emitting elements; and after the forming of
the alignment mark, forming a contact member in contact
with a corresponding one of the plurality of light-emitting
elements with the contact member being positioned with
respect to the plurality of light-emitting elements by using
the alignment mark.

101

13

\&,

.

»




Aug. 5,2021 Sheet 1 of 8 US 2021/0242364 A1

Patent Application Publication

30c

- ~——30

30a

FiG. 1B

()4

TR BN

3

%\\&%\.@\M\H@N\@\‘H@
2.9 @ @ @) @)
222022

00000
\ \h\\\&@#\%&\%\k\%@bﬁ\\\\\“

m
0o
%

\\\\“\:«‘*

N

NN

A

10b ——0_




Patent Application Publication

FiG.2

Aug. 5,2021 Sheet 2 of 8

( START )

Y

US 2021/0242364 Al

BOND LIGHT-EMITTING ELEMENTS TO
LIGHT TRANSMISSION MEMBER

~ S1

FORM ANTI-REFLECTIVE FILM ON
LIGHT TRANSMISSION MEMBER

~ S2

Y

FORM ALIGNMENT MARK ON LIGHT
TRANSMISSION MEMBER

~ S3

A

y

ELEM

FORM BUMPS ON LIGHT-EMITTING |

ENTS

N~ S4-1

\4

FORM LIGHT GUIDE MEMBERS
AROUND LIGHT-EMITTING ELEMENTS

T~ S4-2

\4

CUT LIGHT TRANSMISSION
MEMBER

END



Patent Application Publication  Aug. 5,2021 Sheet 3 of 8 US 2021/0242364 A1

FIG.54

10b 201

FIG.3D




Patent Application Publication  Aug. 5,2021 Sheet 4 of 8 US 2021/0242364 A1

FIG.3E

FIG.3G 2

ANl
e e e e B ] Tt
] | ] | D
§ 30"



Aug. 5,2021 Sheet S of 8 US 2021/0242364 A1

Patent Application Publication

FIG.4

201b

201

10

“O00oooooog s
DDDDDDDDDDD
DDDDDDDDDDDDD
DDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDD
O0o0000000000000000000000
O0o0000000000000000000000
O00000000000000000000000
O0o0000000000000000000000
O0o0000000000000000000000
O0o0000000000000000000000
O0o0000000000000000000000
DDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDD

DDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDD

DDDDDDDDDDDDD
DDDDDDDDDD e
.. 000000000

Py



Patent Application Publication  Aug. 5,2021 Sheet 6 of 8 US 2021/0242364 A1

FiG.5

10 30'




U
S 2021/0242364 Al

IM

Au
g5
,2021 Sheet 7 of 8

FIG.6

Patent
Apoli
pplication Publi
ication

[ .
-
-
~————
—
p -
) e imln
\l T i i I |
) - rl-_ "l 1 l- N )
s - nbif i v
] [ i &b
¥ H - -Il- ! il -
—III. -4 _III . 1 1 -
s ] “- l- £ ! —lll- "l
1 H — il i -
/ bd oo 1.
- HEE - = e .
= b it il
r- H AL i
Il L. P cit
Ll i I Ci N
“cl.“ - . i statat = u
[ R el s - [ R ] o i .n
T i - il T 4 ld '

e Ciroir e LI C |
ey -t [ e s

alalatals i LAl v /

iy _1.... [ i i Lot L HHRH iC

R [t -4 L . I

‘ r||."|n“l ric.n.“. ;e L L.t "unﬁ.ﬁl..

o ik = AN ! [ i - —Ilu v !

000 : = e 3 e duld

e e frirmir alats v
RN L. r..._ll r..__:..—!.

j ; il L i 3 wdhadd 1 1N

| 18] - " - ALoid H ] JLoaLy ™,

r..-.... 3 ! ....cu.. ulld i S —
r'l— r‘- ] oo rl:h H “ "I.I —lll- .r " -ﬂ l_ c |
[l e [ S} R o Hu . sl “ ¢ |

] r “I (B i [ " ] H N - 17 .
| P - 3! 1 " L. '™ [ 1 i 1 _
....._Lr IERNES N nnrun.".n...
rirtir o3 - ubd e L
g e oot s ot i =
Lot be SRS — e TR
e .::.:-r S i3 et i
il r..__.-.. - lod + - r._. __....__u_!.
i 15 : .J - AL H =
- ] ot bt H o N M | i P LR HEE]
I I whd \ -2 i o | _........ s -t
LaL LILAL Hu £ = .....un. = -.
- e Tl ! Slulate o -
et | [ T [ £ L al . : :
o B i I - rl— b I e
: - 0 S 6 . L. [ - - i
v [ W] ulld \ vt mir e
Lt il 7 L. e LAt d i ]
- i lad L Hu r . : oo
3 Tl . elalale e
- Coom r - I
: HL wls w; i = Lot i Lith
: : ao H ‘ P [ - _—
bod i s L i . 5
3 N b = . ot :
—II. £ il f 1 - ¥ ] - ) 1
3 i [ \ £ = \\ |
: oo _” £ e ] S H
. C; -..nu ‘ u = = bod e s\ [
I e b g L p |
Slal S ) i [
e [ i | |
iy bt i |
. ] 1] 1 (s ot £ |
- —ll- [ ] - : -
i T S i |
[ R Ramins [ - ]
- -lll- "l F - — -
* i o oed
- b
V.
’
""t“‘ ‘\“
&)




Patent Application Publication

FIG.7

10

Aug. 5,2021 Sheet 8 of 8

Pl a[u]u[u]:
/ ooooac
/" 000000C¢
/~ 000oooacd

/ oooooooacd
/- 00000o00ooc
- 0Oo000000o0ad
nO0000000o0ad
O00000000o0ad
O00000000o0ad
O00000000o0ad

I S wownt 1 vt W v Y oot Y ot 1 v Y vt Y oot Y oot o Y ot W

Mx1

[n]n[]u N
100000 ™.
1000000 ™.
10000000 ™.
hoooooooo ™.
H 000000000 ™.

10000000000 ™
100000000000
100000000000
100000000000
100000000000

o W oot I vt N v Y ot 8 vt I v Y v Y ot Y oot o Y o |

US 2021/0242364 Al

30'

Mx2

I [N NS S NS ARy NUN D RSN A ) W ) W ML B

O00000000o0ad
O00000000o0ad
O00000000o0ad
O00o0000o00oad
.. 0000000000C
. 000000000d
. 00000000c
. 0000000c

.. 0000oac

. 000ooc
. O000arc

N J NS N Q) NN D S R ) W NS NN SN ) S ) B )

H 00000000000
H 00000000000
HO0O000000000
00000000000
\00000o0o0ao -
H Oooooooooo -
hi00oooooa -~

Hooo0oooo -

Y oooooo -
00000 -

ooog._~




US 2021/0242364 Al

METHOD OF PRODUCING
LIGHT-EMITTING DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to Japanese Patent
Application No. 2020-015208, filed on Jan. 31, 2020, the
disclosure of which is hereby incorporated by reference in
its entirety.

BACKGROUND

[0002] The present disclosure relates to methods of pro-
ducing a light-emitting device.

[0003] There is a known small-size light-emitting element
chip including a phosphor plate at a light emission face

thereof (see, for example, Japanese Patent Publication No.
2013-012545).

SUMMARY

[0004] The present disclosure provides a method of effi-
ciently producing a small-size light-emitting device.

[0005] A method of producing a light-emitting device
according to an embodiment of the present disclosure,
includes: bonding a plurality of light-emitting elements to a
plate-shaped light transmission member all at once with the
plurality of light-emitting elements being arranged in a
two-dimensional array extending in a first direction and a
second direction; capturing an image of the plurality of
light-emitting elements bonded to the light transmission
member, and forming an alignment mark on the light trans-
mission member based on positions in the image of the
plurality of light-emitting elements; and after the forming of
the alignment mark, forming a contact member in contact
with a corresponding one of the plurality of light-emitting
elements with the contact member being positioned with
respect to the plurality of light-emitting elements by using
the alignment mark.

[0006] A method of producing a light-emitting device
according to another embodiment of the present disclosure,
includes: bonding a plurality of light-emitting elements
arranged in a two-dimensional array, all at once, to a
plate-shaped light transmission member having an align-
ment mark identifying a position of a first coordinate point;
capturing an image of the plurality of light-emitting ele-
ments bonded to the light transmission member, determining
a position of a second coordinate point of the light trans-
mission member based on positions in the image of the
plurality of light-emitting elements, and calculating infor-
mation about positional offset between the second coordi-
nate point determined and the first coordinate point identi-
fied by the alignment mark of the light transmission
member; and after the calculating of the information about
the positional offset, forming a contact member in contact
with a corresponding one of the plurality of light-emitting
elements with the contact member being positioned with
respect to the plurality of light-emitting elements by using
the alignment mark of the light transmission member and the
information about the positional offset.

[0007] According to the present disclosure, a small-size
light-emitting device can be efficiently produced.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1A is a schematic cross-sectional view of a
light-emitting device according to an embodiment of the
present disclosure.

[0009] FIG. 1B is a schematic top view of the light-
emitting device shown in FIG. 1A.

[0010] FIG. 2 is a flowchart showing a method of produc-
ing the light-emitting device shown in FIG. 1A.

[0011] FIG. 3A is a cross-sectional view of a step in an
embodiment of the method of producing the light-emitting
device.

[0012] FIG. 3B is a cross-sectional view of a step in the
embodiment of the method of producing the light-emitting
device.

[0013] FIG. 3C is a cross-sectional view of a step in the
embodiment of the method of producing the light-emitting
device.

[0014] FIG. 3D is a cross-sectional view of a step in the
embodiment of the method of producing the light-emitting
device.

[0015] FIG. 3E is a cross-sectional view of a step in the
embodiment of the method of producing the light-emitting
device.

[0016] FIG. 3F is a cross-sectional view of a step in the
embodiment of the method of producing the light-emitting
device.

[0017] FIG. 3G is a cross-sectional view of a step in the
embodiment of the method of producing the light-emitting
device.

[0018] FIG. 4 is a schematic top view of light-emitting
elements disposed on a support member.

[0019] FIG. 5 is a schematic top view of a light transmis-
sion member to which light-emitting elements are bonded.
[0020] FIG. 6 is a schematic diagram for illustrating how
to determine a reference position in an image captured by a
cutting device.

[0021] FIG. 7 is a schematic top view of a light transmis-
sion member on which alignment marks are formed.

DETAILED DESCRIPTION

[0022] Embodiments of a method of producing a semi-
conductor device according to the present disclosure will
now be described in detail with reference to the accompa-
nying drawings. The following embodiments are illustrative,
and the method of producing a semiconductor device
according to the present disclosure is not limited thereto. For
example, numerical values, shapes, materials, steps, and the
order of the steps, etc., indicated in the following embodi-
ments are merely illustrative, and various modifications can
be made thereto unless a technical contradiction occurs. The
embodiments below are merely illustrative and can be used
in various combinations unless a technical contradiction
occurs.

[0023] The dimensions, shapes, etc., of elements shown in
the drawings may be exaggerated for clarity. The dimen-
sions, shapes, and space between the elements, etc., of an
actual light-emitting device and light-emitting element dis-
posed on a light transmission member are not necessarily
drawn to scale, e.g., the dimensions of some parts relative to
the other parts may be exaggerated. Some of the parts may
not be shown, in order to avoid unnecessarily obfuscating
the drawings.
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[0024] In the description that follows, parts having the
same or similar functions may be denoted by the same or
similar reference signs and may not be described redun-
dantly. Terms indicating specific directions and positions
(e.g., “upper,” “lower,” “right,” “left,” and other terms
including such terms) may be hereinafter used. Note how-
ever that these terms are only used for clarity of description
to refer to relative directions and positions in the drawings
to which reference is made. When applied to drawings,
actual products, actual manufacturing apparatuses, etc.,
other than those of the present disclosure, the parts may not
have the same arrangement as that shown in the drawings to
which reference is made, if the parts have the same direc-
tions and positions relative to each other that are indicated
by the terms such as “upper” and “lower” in the drawings to
which reference is made. As used herein, the term “parallel”
with respect to two straight lines, sides, planes, etc., is
intended to encompass some deviations from absolute par-
allelism (0°) that are in the range of about +5° unless
otherwise identified. As used herein, the term “perpendicu-
lar” or “orthogonal” with respect to two straight lines, sides,
planes, etc., is intended to encompass some deviations from
absolute perpendicularity or orthogonality) (90°) that are in
the range of about +5° unless otherwise identified.

[0025] [Structure of Light-Emitting Device 101]

[0026] FIG. 1A is a schematic cross-sectional view of a
light-emitting device 101 produced by the method of pro-
ducing a light-emitting device according to the present
disclosure. FIG. 1B is a schematic top view of the light-
emitting device 101. The light-emitting device 101 includes
a light-emitting element 10, bumps 20, a light transmission
member 30, and a light guide member 40. The light-emitting
device 101 can further include an anti-reflective film 50 on
a surface of the light transmission member 30 which is a
main light emission face of the light-emitting device 101.
Each component will now be described in detail.

[0027] (Light-Emitting Element 10)

[0028] The light-emitting element 10 is, for example, a
semiconductor light-emitting element such as a light-emit-
ting diode. The light-emitting element 10 has a first main
face 10a which is a main emission face, and a second main
face 1056 which is located on the opposite side from the first
main face 10a, and on which an electrode is formed. When
a voltage is applied to the light-emitting element 10, light is
emitted mainly from the first main face 10a. The light-
emitting element 10 includes a supporting substrate 11, a
semiconductor multilayer structure 12, a first electrode 13,
and a second electrode 14.

[0029] The supporting substrate 11 is, for example, for
supporting the semiconductor multilayer structure 12, and
allowing epitaxial growth. Specifically, the supporting sub-
strate 11 is formed of sapphire, gallium nitride, or the like.

[0030] The semiconductor multilayer structure 12 is in
contact with and supported by the supporting substrate 11.
The semiconductor multilayer structure 12 includes a plu-
rality of semiconductor layers. Each semiconductor layer is
an epitaxial layer of various semiconductor materials such as
group III-V compound semiconductors and group II-VI
compound semiconductors. Specifically, each semiconduc-
tor layer is formed of a nitride-based semiconductor material
which is In Al Ga, , N (0=X, 0<Y, and X+Y=1) or the like,
e.g., a semiconductor material such as InN, AIN, GaN,
InGaN, AlGaN, or InGaAl1N.
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[0031] The semiconductor multilayer structure 12
includes a first conductivity type first semiconductor layer
(e.g., an n-type semiconductor layer), a second conductivity
type second semiconductor layer (e.g., a p-type semicon-
ductor layer), and an active layer sandwiched by the first and
second semiconductor layers. Each semiconductor layer of
the semiconductor multilayer structure 12 can have a thick-
ness, impurity concentration, and the like similar to those of
semiconductor layers used in the semiconductor multilayer
structure of a known light-emitting element.

[0032] The first electrode 13 and the second electrode 14
are located on the second main face 105, and are electrically
coupled to the first semiconductor layer and the second
semiconductor layer, respectively.

[0033] The first electrode 13 and the second electrode 14
can, for example, be formed of a monolayer film or multi-
layer film of a metal(s) such as Au, Pt, Pd, Rh, Ni, W, Mo,
Cr, Ti, Al, or Cu, or an alloy(s) thereof. Specifically, these
electrodes can be formed of a multilayer film of Ti/Rh/Au,
Ti/Pt/Au, W/Pt/Au, Rh/Pt/Au, Ni/Pt/Au, Al-Cu alloy/Ti/Pt/
Au, Ti/Al-Si-Cu alloy/Ti/Pt/Au, or Ti/Rh, the metals or
alloys in the multilayer film being formed in the stated order
with the leftmost metal or alloy closest to the semiconductor
multilayer structure 12. These films have a thickness similar
to that of an electrode used in a known light-emitting
element.

[0034] As shown in FIG. 1B, in this embodiment, the first
electrode 13 surrounds the second electrode(s) 14 at the
second main face 105. The shapes, locations, sizes, number
and the like of the first electrode 13 and the second electrode
14 are not limited to those illustrated in FIG. 1B or the like.
The first electrode 13 and the second electrode 14 can have
other shapes.

[0035] (Bumps 20)

[0036] The bumps 20 are a contact member that is in
contact with the light-emitting element 10. At least one
bump 20 is disposed on each of the first electrode 13 and the
second electrode 14. The bumps 20 electrically couple the
first electrode 13 and the second electrode 14 of the light-
emitting element 10 with a conductive area such as inter-
connects of a mounting substrate on which the light-emitting
device 101 is mounted, and also serve as a path that allows
heat generated in the light-emitting element 10 to escape to
the mounting substrate. The bumps 20 are suitably used in
flip-chip bonding between the light-emitting device 101 and
the mounting substrate.

[0037] The bumps 20 can have a shape similar to that of
a known bump used in a semiconductor device. In this
embodiment, the bumps 20 are a stud bump that has a base
portion, and a small protrusion located on the base portion
and having a bottom face smaller than the base portion. The
bumps 20 can, for example, be formed of gold, silver,
copper, tin, platinum, zinc, nickel, aluminum, or an alloy
thereof.

[0038] The light-emitting device 101 can be bonded to the
mounting substrate by a technique such as pressure welding,
hot pressure welding, ultrasonic welding, or reflow solder-
ing. The bumps 20 have a material and shape that are
suitable for these bonding techniques.

[0039] (Light Transmission Member 30)

[0040] The light transmission member 30 is in contact
with the first main face 10a of the light-emitting element 10,
and allows light emitted by the light-emitting element 10 to
pass therethrough, so that the light is emitted to the outside.
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The light transmission member 30 has a first face 30q, a
second face 305 located on the opposite side from the first
face 30a, and a lateral face 30c¢ located between the first face
30a and the second face 305. The first face 30a serves as a
main light emission face of the light-emitting device 101
from which light emitted from the light-emitting element 10
exits. The second face 305 is bonded to the first main face
10a of the light-emitting element 10.

[0041] The light transmission member 30 has an area
larger than that of the light-emitting element 10 as viewed
from above. Specifically, the first face 30a and the second
face 306 are larger than the first main face 10a of the
light-emitting element 10. Therefore, the second face 305
has a region that is not in contact with the first main face 10a
of the light-emitting element 10, i.e., is not covered by the
light-emitting element 10. The light transmission member
30 has a thickness (i.e., a height from the first face 30q to the
second face 305) of, for example, 50 um to 300 um.
[0042] The light transmission member 30 can, for
example, be provided by processing a light-transmission
material such as a resin, glass, or ceramic into a plate shape,
and optionally adding a wavelength conversion substance to
the plate-shaped light-transmission material, or by process-
ing a sintered compact of a wavelength conversion sub-
stance into a plate shape. Examples of the wavelength
conversion substance include oxide wavelength conversion
substances, sulfide wavelength conversion substances, and
nitride wavelength conversion substances. Specifically, in
the case in which a gallium nitride light-emitting element
which emits blue light is used as the light-emitting element
10, wavelength conversion substances such as YAG and
LAG, which absorb blue light to emit yellow-green light,
SiAION (B-SiAlON) and SGS wavelength conversion sub-
stances, which emit green light, SCASN wavelength con-
version substances, CASN wavelength conversion sub-
stances, potassium fluorosilicate wavelength conversion
substances activated by manganese (KSF wavelength con-
version substances; K,SiF,;:Mn), and sulfide wavelength
conversion substances, which emit red light, can be used
alone or in combination. The light transmission member 30
can contain, in addition to the wavelength conversion sub-
stance, various fillers such as light-diffusion materials, for
example.

[0043] The light transmission member 30 is directly
bonded to the light-emitting element 10. As used herein, the
term “directly bond” with respect to two elements means
that the two elements are bonded by the interaction of atoms
at an interface therebetween, without using a bonding mate-
rial such as an adhesive. In this embodiment, the first main
face 10a of the light-emitting element 10 is directly bonded
to the second face 306 of the light transmission member 30.
[0044] Because the light transmission member 30 and the
light-emitting element 10 are directly bonded together, heat
can be efficiently transferred through the interface between
the light-emitting element 10 and the light transmission
member 30. Therefore, heat generated in the light-emitting
element 10 can be efficiently transferred to the light trans-
mission member 30, from which the heat can be dissipated.
In particular, in the case in which the light transmission
member 30 contains a wavelength conversion substance,
heat generated by the wavelength conversion substance can
be transferred to the mounting substrate through the light-
emitting element 10. As a result, degradation due to heat
generated by the light-emitting element 10 or the wave-
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length conversion substance of the light transmission mem-
ber 30 can be reduced, resulting in an improvement in the
reliability of the light-emitting device 101. In addition, the
light transmission member 30 and the light-emitting element
10 are directly bonded together without through another
member such as an adhesive, and therefore, the light extrac-
tion efficiency of the light-emitting device 101 can be
improved.

[0045] (Light Guide Member 40)

[0046] The light guide member 40 is a contact member
that is in contact with the light-emitting element 10. The
light guide member 40 covers at least a portion of each of all
lateral faces 10c¢ of the light-emitting element 10. The light
guide member 40 also covers a portion of the second face
305 of the light transmission member 30 that is not covered
by the light-emitting element 10. The light guide member 40
reflects light emitted from the lateral faces 10c¢ of the
light-emitting element 10 at an outer face of the light guide
member 40, and guides the reflected light to the light
transmission member 30.

[0047] The light guide member 40 is preferably formed of
a resin material in terms of easy handling and processing.
The resin material can contain a resin or hybrid resin
including one or more of silicone resins, modified-silicone
resins, epoxy resins, modified-epoxy resins, acrylic resins,
and fluoropolymers. As described below, the light guide
member 40 can be formed by utilizing the viscosity of the
resin material and/or wettability of the light-emitting ele-
ment 10 by the resin material to form the light guide member
40.

[0048] (Anti-reflective Film 50)

[0049] The light-emitting device 101 can further include
an anti-reflective film 50 disposed on the first face 30a of the
light transmission member 30. The anti-reflective film 50
substantially suppresses light emitted by the light-emitting
element 10 from being reflected at the first face 30a of the
light transmission member 30 and then traveling back to the
light-emitting element 10. As a result, the emission effi-
ciency of light from the light-emitting element 10 can be
improved. The anti-reflective film 50 can be a monolayer or
multilayer film including a light-transmission film of SiO,,
Zr0,, or the like.

[0050] [Method of producing Light-Emitting Device 101]

[0051] An embodiment of a method of producing the
light-emitting device 101 will be described. FIG. 2 is a
flowchart showing an example embodiment of the method of
producing the light-emitting device 101. FIGS. 3A-3G are
cross-sectional views of steps in the method of producing
the light-emitting device 101. The method of producing the
light-emitting device 101 includes a step (S1) of bonding
light-emitting elements to a light transmission member, a
step (S3) of forming an alignment mark on the light trans-
mission member, at least one step (S4) in a step of forming
a contact member on the light-emitting elements, and a step
(S5) of cutting the light transmission member. The method
of production can further include a step (S2) of forming an
anti-reflective film on the light transmission member after
the step of bonding the light-emitting elements to the light
transmission member, before the step (S3) of forming an
alignment mark, or before the at least one step (S4) in a step
of forming a contact member on the light-emitting elements.
Each step will now be described in detail.
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[0052] (1) Step (S1) of Bonding Light-Emitting Elements
to Light Transmission Member

[0053] A plurality of light-emitting elements arranged in a
two-dimensional array extending in a first direction and a
second direction are bonded all at once to a plate-shaped
light transmission member. This step further includes a step
(S1-1) of disposing the plurality of light-emitting elements
10 on a support member 201 as shown in FIG. 3A, and a step
(S2-2) of bringing the plurality of light-emitting elements 10
disposed on the support member 201 into contact with a light
transmission member 30' as shown in FIG. 3B.

[0054] (a) Step (S1-1) of Disposing Plurality of Light-
Emitting Elements 10 on Support member 201

[0055] The plurality of light-emitting elements 10 and the
support member 201 are provided. The plurality of light-
emitting elements 10 are obtained by dicing a wafer having
a plurality of light-emitting element structure bodies on a
supporting substrate into individual light-emitting elements
using a cutting tool such as a dicing saw or laser saw. At this
time, the surface roughness of a face that is to be the first
main face 10a of each light-emitting element 10 is prefer-
ably reduced in a state in which the plurality of light-
emitting elements 10 are present on the substrate. Specifi-
cally, the face that is to be the first main face 10a of the
light-emitting element 10 is preferably planarized by
mechanical polishing, chemical-mechanical polishing, or
the like until the arithmetic average roughness Ra thereof is
1.0 nm or less, more preferably 0.3 nm or less.

[0056] The support member 201 can be a plate-shaped
member having a flat main face. Specifically, the support
member 201 can be a conductive silicon wafer. The support
member 201 has an adhesive layer having adhesiveness at a
main face 2015 thereof on which the light-emitting elements
are to be fixed, in order to fix the light-emitting elements to
the support member 201.

[0057] The plurality of light-emitting elements 10 are
arranged so that the second main face of each light-emitting
element 10 faces and in contact with the main face 2015 of
the support member 201. For example, as shown in FIG. 4,
on the main face 2016 of the support member 201, the
plurality of light-emitting elements 10 are arranged two-
dimensionally, i.e., in an X-direction which is a first direction
and a y-direction which is a second direction, at a pitch of
px and py, respectively. Here, the pitch of px, py is, for
example, defined as the distance between the centers of two
light-emitting elements 10 adjacent to each other in the
x-direction and y-direction. The pitches of px and py can be
the same or different. The light-emitting elements 10 can be
disposed using, for example, a chip mounter, which is used
in the production of a semiconductor device. A region R
where the plurality of light-emitting elements 10 are dis-
posed can be adapted to the size and shape (described below)
of the light transmission member 30'. As a result, the
plurality of light-emitting elements 10 are arranged on the
support member 201 in a two-dimensional array extending
in the x-direction and y-direction.

[0058] (b) Step (S2-2) of Bringing Plurality of Light-
Emitting Elements 10 Disposed on Support member 201
into Contact with Light Transmission Member 30’

[0059] As shown in FIG. 3B, the plate-shaped light trans-
mission member 30' is provided. The light transmission
member 30' is preferably larger than the region R where the
two-dimensional array of light-emitting elements 10 is
located. The light transmission member 30' has a second
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face 30'5 that preferably has a high smoothness being
substantially the same as the first main face 10a of the
light-emitting element 10. The second face 30'6 is preferably
planarized in advance by mechanical polishing, chemical-
mechanical polishing, or the like until the arithmetic average
roughness Ra thereof is 1.0 nm or less, more preferably 0.3
nm or less.

[0060] In this embodiment, the light transmission member
30" does not have a positioning mark such as an alignment
mark. In addition, a pattern corresponding to each light-
emitting element 10 is not provided on a first face 30'a or the
second face 30'b.

[0061] The plurality of light-emitting elements 10 dis-
posed on the support member 201 are brought into contact
with the light transmission member 30', and are thereby
bonded to the light transmission member 30'. The light-
emitting elements 10 are preferably bonded to the light
transmission member 30' by direct bonding technique. Spe-
cifically, the light-emitting elements 10 are preferably
bonded to the light transmission member 30' by any of
surface-activated bonding, hydroxy group bonding, and
atomic diffusion bonding. These direct bonding techniques
can be used to bond the light-emitting elements 10 and the
light transmission member 30 together at a temperature
close to room temperature. Therefore, an adverse influence
of heat that would affect the light-emitting elements 10 and
the phosphor contained in the light transmission member 30
can be reduced.

[0062] The second face 30's of the light transmission
member 30' and the first main face 10a of the light-emitting
element 10 are subjected to a pretreatment suitable to the
type of the direct bonding technique. For example, in the
case of surface-activated bonding, the light transmission
member 30' and the support member 201 supporting the
plurality of light-emitting elements 10 are put into a vacuum
device, in which the second face 3040 b of the light
transmission member 30" and the first main faces 10a of the
light-emitting elements 10 are irradiated with an ion beam,
plasma, or the like so that these surfaces are activated.
[0063] In the case of hydroxy group bonding, the light
transmission member 30' and the support member 201
supporting the plurality of light-emitting elements 10 are
subjected to wafer washing and surface hydrophilization
using a chemical agent such as an acid, and pure water so
that a hydroxy group is added to the second face 3040 4 of
the light transmission member 30' and the first main faces
10a of the light-emitting elements 10, whereby these sur-
faces are hydrophilized.

[0064] In the case of atomic diffusion bonding, a thin
metal film having about one-atomic layer thickness is
formed on the second face 3040 b of the light transmission
member 30" and the first main faces 10a of the light-emitting
elements 10 in a vacuum or inert atmosphere.

[0065] Thereafter, the pre-treated first main faces 10a of
the light-emitting elements 10 are brought into contact with
the second face 3040 b of the light transmission member 30",
and the contact is maintained for a predetermined period of
time at room temperature. Optionally, the contact is main-
tained at a temperature that is higher than room temperature
and is not higher than about 200° C., for several minutes to
about one hour, for example. As a result, interatomic bond
such as interatomic covalent bond is formed at a surface area
of the first main face 10a of the light-emitting element 10
and a surface area of the second face 3040 b of the light
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transmission member 30", so that, as shown in FIG. 3B, the
plurality of light-emitting elements 10 are bonded all at once
to the light transmission member 30'. Thereafter, the support
member 201 is removed from the light-emitting elements
10.

[0066] As a result, as shown in FIGS. 3C and 5, the
plurality of light-emitting elements 10 arranged in a two-
dimensional array extending in the x-direction and y-direc-
tion are bonded to the light transmission member 30' with
the second main face 106 and the lateral face 10¢ exposed.
In such a bonding step, it is not necessary to perform
positioning of the plurality of light-emitting elements 10
with respect to the light transmission member 30' (or align
the plurality of light-emitting elements 10 with the light
transmission member 30' directly) when the plurality of
light-emitting elements 10 are bonded to the light transmis-
sion member 30'. Therefore, even in a production process in
which there are many constraints on the environment in
which direct bonding is performed, such as in the chamber
of a vacuum device, the plurality of light-emitting elements
10 can be quickly bonded to the light transmission member
30" without performing positioning of the plurality of light-
emitting elements 10 with respect to the light transmission
member 30'.

[0067] In addition, in the case in which direct bonding is
used, it is not necessary to apply a bonding member to the
individual light-emitting elements 10, or the like. Therefore,
even in the case in which there are a large number of
light-emitting elements 10 to be bonded, the time taken to
bond the light-emitting elements 10 is not substantially
changed, compared to the case where there are a small
number of light-emitting elements 10. Therefore, a plurality
of light-emitting elements 10 can be efficiently bonded to the
light transmission member 30'.

[0068] (2) Step (S2) of Forming Anti-reflective Film on
Light Transmission Member

[0069] In the case in which the light-emitting device 101
includes the anti-reflective film 50, an anti-reflective film 50’
can be formed on the light transmission member 30" after the
step (S1) of bonding the light-emitting elements 10 to the
light transmission member 30', before the step (S3) of
forming an alignment mark. Alternatively, anti-reflective
film 50" can be formed on the light transmission member 30'
before the at least one step (S4) of forming a member on the
light-emitting elements 10. As shown in FIG. 3D, the
anti-reflective film 50' is formed on the first face 30'a of the
light transmission member 30'. At this time, the first face
30'a of the light transmission member 30' can be polished,
so that the thickness of the light transmission member 30" is
adjusted. Thereafter, the anti-reflective film 50' is formed on
the first face 30'a using a known thin-film formation tech-
nique.

[0070] (3) Step (S3) of Forming Alignment Mark

[0071] As described above, the plurality of light-emitting
elements 10 are arranged on the light transmission member
30' in a two-dimensional array extending in the x-direction
and y-direction. However, the light transmission member 30'
is not provided with an alignment mark, and therefore, the
position of each light-emitting element 10 on the light
transmission member 30' cannot be identified from the light
transmission member 30'. Therefore, in the steps performed
thereafter, in the case in which one or more components are
added to the light-emitting elements 10 or in the case in
which the light-emitting elements 10 are processed, the
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position of the light-emitting elements 10 need to be indi-
vidually found and identified by, for example, image recog-
nition. However, for example, in the case in which one or
more components are formed on the light-emitting elements
10 on the light transmission member 30', the finding and
identification of the position by image recognition needs to
be performed as many times as the number of light-emitting
elements 10, resulting in time consuming.

[0072] In the method of producing a light-emitting device
according to this embodiment, after the plurality of light-
emitting elements 10 are bonded to the light transmission
member 30, a pattern under which the plurality of light-
emitting elements 10 are arranged, i.e., information about a
coordinate system in which the plurality of light-emitting
elements 10 are disposed, is formed as an alignment mark(s)
on the light transmission member 30'. Specifically, an image
of the plurality of light-emitting elements 10 bonded to the
light transmission member 30' is captured, and an alignment
mark is formed on the light transmission member 30' based
on the positions in the image of the plurality of light-
emitting elements 10. In this step, a device is used that can
recognize the image of the plurality of light-emitting ele-
ments 10 disposed on the light transmission member 30', and
can form a mark on the light transmission member 30' based
on the result of the recognition. A semiconductor substrate
cutting device such as a dicing saw or laser saw can be
preferably used. A semiconductor production device having
such an image recognition function can be controlled based
on the result of image recognition. For example, in the
abovementioned semiconductor substrate cutting device,
coordinate points on a stage on which an object to be
processed is held are brought into correspondence with the
coordinate points identified in the image so that a semicon-
ductor substrate can be cut at positions identified in the
image.

[0073] Initially, as shown in FIG. 6, an image IM of the
light-emitting elements 10 arranged in a two-dimensional
array on the light transmission member 30' is captured by an
imaging device such as, for example, a camera provided to
a dicing saw. An image processing circuit of the dicing saw
analyzes the captured image IM to detect an outer shape of
each light-emitting element 10. For example, some of the
light-emitting elements 10 that are aligned in a direction
parallel to a first side of the four sides defining the outer
shape of the light-emitting element 10 are selected. For
example, C1-C11 are selected in FIG. 6. The number of
light-emitting elements 10 selected is not particularly lim-
ited as long as that number is two or more. As the number
of light-emitting elements 10 selected increases, the accu-
racy of a correlation between the position of an alignment
mark formed and the coordinate points of the light-emitting
element 10 arranged in a two-dimensional array can be
improved. It is preferable that the distance between two of
the selected light-emitting elements 10 that are located
furthest away from each other is large because a tolerance
may be reduced. The image processing circuit of the dicing
saw can analyze the captured image two-dimensionally, e.g.,
can detect the x- and y-coordinate points of the position of
each pixel in the image.

[0074] For example, the image processing circuit deter-
mines the coordinate points C1 (x, y)-C11 (x, y) of the
centers of the light-emitting elements C1-C11 from image
data, and determines a first axis Ax that is an approximate
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straight line, by the method of least squares or the like, using
the 11 determined coordinate points of the light-emitting
elements C1-C11.

[0075] Likewise, the image processing circuit of the dic-
ing saw selects some of the light-emitting elements 10 that
are arranged in a direction parallel to a second side adjacent
to the first side of the four sides defining the outer shape of
the light-emitting element 10. For example, C21-C31 are
selected in FIG. 6. In addition, for example, the coordinate
points C21 (x, y)-C31 (x, y) of the centers of the light-
emitting elements C21-C31 are determined from image data,
and a second axis Ay that is a straight line is determined by
the method of least squares or the like using the 11 deter-
mined coordinate points of the light-emitting elements C21-
C31. In this example, the light-emitting element C6 is the
same as the light-emitting element C26. The plurality of
light-emitting elements used to determine the first axis Ax
and the second axis Ay may or may not share the same
element.

[0076] The first axis Ax and the second axis Ay can be set
at any position as long as the axes extend across the region
R. In the case in which the first axis Ax and the second axis
Ay are set so that the first axis Ax and the second axis Ay
intersect at or near the center of the region R, positioning
tolerances are most uniform in the region R in production of
a plurality of light-emitting elements 10. Therefore, in terms
of management of tolerance in production, the light-emitting
elements C1-C11 and the light-emitting elements C21-C31
are preferably selected in the image IM so that the first axis
Ax and the second axis Ay passing through the center of the
region R can be set.

[0077] The image processing circuit of the dicing saw then
determines reference positions mx1 and mx2 on the first axis
Ax, and reference positions myl and my2 on the second axis
Ay. The reference positions mx1 and mx2 and the reference
positions myl and my2 can be set at appropriately deter-
mined positions on the first axis Ax or the second axis Ay in
an outer peripheral region R' that is outside the region R in
which the plurality of light-emitting elements 10 are
arranged, and is inside the light transmission member 30'.
The reference position mx1 and the reference position mx2
are preferably opposite each other with the region R in
between. Likewise, the reference position myl and the
reference position my2 are preferably opposite each other
with the region R in between. It is preferable that two or
more reference positions is provided on each of the first axis
Ax and the second axis Ay.

[0078] Any of the reference positions mx1 and mx2 and
the reference positions myl and my2 can be used as an
origin or reference point. In that case, the coordinate points
of the selected reference position and any light-emitting
element Cr of the plurality of light-emitting elements 10
located in the region R are stored. Alternatively, the selected
light-emitting element Cr is determined in advance, and then
a reference position is set at a position satisfying a prede-
termined positional relationship (the first axis Ax and the
second axis Ay) with respect to the light-emitting element
Cr. For example, in the example of FIG. 6, axes passing
through the center of the region R are determined as the first
axis Ax and the second axis Ay, and the reference position
mx1 is set at a predetermined distance of d0 from the
light-emitting element Cr of the plurality of light-emitting
elements 10 that is located at the furthest end on the first
axis.
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[0079] As shown in FIG. 7, alignment marks Mx1, Mx2,
Myl1, and My2 are formed in the outer peripheral region R'
of the light transmission member 30', corresponding to the
reference positions mx1 and mx2 and the reference positions
my1 and my2 in the set image, using a cutting function of
a device used. For example, grooves are formed as the
alignment marks Mx1, Mx2, My1, and My2 on the light
transmission member 30' using a rotating blade, laser, or the
like. Preferably, the grooves do not penetrate through the
light transmission member 30'. The shape of the alignment
marks Mx1, Mx2, Myl, and My2 can be appropriately
determined. For example, as shown in FIG. 7, a cross-
shaped groove whose center serves as a reference position
can be formed as the alignment marks Mx1, Mx2, My1, and
My?2 on the surface of the light transmission member 30'.
For example, in the case in which the alignment mark is
formed using a dicing saw, the alignment mark is, for
example, preferably a combination of two straight lines,
more preferably a combination of two straight lines extend-
ing in the x-direction and y-direction in which the plurality
of light-emitting elements are arranged. As a result, the
alignment mark can be easily formed using a dicing saw.
Specifically, examples of the shape of the alignment mark as
viewed from above the light transmission member 30'
include a cross shape, L shape, and T shape. The width and
depth of the groove can be such that the resultant alignment
mark can be recognized by an image recognition circuit of
a semiconductor production device. For example, the width
is about 10 um to 100 um, and the depth is about 10 pum to

100 pm.

[0080] As a result, two axes of coordinates defining a
two-dimensional array of the plurality of light-emitting
elements 10 disposed on the light transmission member 30'
are provided to the light transmission member 30'. In other
words, by detecting the positions of the alignment marks
Mx1, Mx2, Myl, and My2, the positions of the plurality of
light-emitting elements 10 can be identified.

[0081] The two-dimensional arrangement of the plurality
of light-emitting elements 10 is determined in the step
(S1-1) of disposing the plurality of light-emitting elements
10 on the support member 201. In other words, the relation-
ship between the two axes of the arrangement is known. For
example, the x-axis and the y-axis are orthogonal to each
other. Therefore, if any one of the alignment marks Mx1,
Mx2 and the alignment marks My1, My2 can not be formed,
the first axis Ax or the second axis Ay, for which a reference
position corresponding to an alignment mark not formed is
set, can not be determined.

[0082] (4) Step (S4) of Forming Contact Member in
Contact with Light-Emitting Element

[0083] After the formation of the alignment marks Mx1,
Mx2, Myl, and My2, the step is performed by utilizing the
alignment marks Mx1, Mx2, My1, and My2 formed. In this
embodiment, a step (S4-1) of forming bumps and a step
(S4-2) of forming a light guide member are performed as a
step of forming a contact member that is in contact with a
light-emitting element. By performing at least one step of
these steps, a contact member that is in contact with a
light-emitting element is formed. Examples of the contact
member include a bump and a light guide member.
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[0084] (a) Step (S4-1) of Forming Bumps

[0085] Asshown in FIG. 3E, bumps 20 are formed on each
light-emitting element 10. The bumps 20 can be formed
using a bonding device, such as a commercially available
bump bonder or wire bonder.

[0086] The light transmission member 30' to which the
light-emitting elements 10 are bonded is placed on a stage of
the bonding device, and an image of the light transmission
member 30' is captured. An image processing circuit of the
bonding device detects the alignment marks Mx1, Mx2,
Myl, and My2 in the image. As a result, two directions in
the two dimensions of the light-emitting elements 10
arranged on the light transmission member 30' are identified.
For example, the bonding device turns the stage so that two
directions (the x-axis and the y-axis) as a reference for
control coincide with a straight line passing through the
alignment marks Mx1 and Mx2 and a straight line passing
through the alignment marks My1 and My2. As a result, for
example, two axes serving as a reference for a drive direc-
tion of a capillary for discharging a molten metal which is
to form a wire coincide with the two axes of the array of the
light-emitting elements 10. In the case in which one of the
alignment marks Mx1, Mx2, My1, and My2 also serves as
an origin or reference point as described above, the positions
of the light-emitting elements 10 disposed on the light
transmission member 30" are identified.

[0087] In the case in which none of the alignment marks
Mx1, Mx2, Myl1, and My2 serves as an origin or reference
point, the position of one of the plurality of light-emitting
elements 10 is identified by image recognition. As a result,
by using the identified position of that light-emitting element
10 as a reference, the positions of all the light-emitting
elements 10 on the light transmission member 30' are
identified. This allows the bonding device to form the bumps
20 on the first electrode 13 and the second electrode 14
located on the second main face 106 of each light-emitting
element 10 without performing image recognition to identify
the position of each light-emitting element 10.

[0088] Specifically, the bonding device melts an end of a
metal wire coming out from a capillary of a stud bump
bonder to form a ball, solidifies and fixes the formed ball to
the first electrode 13 and the second electrode 14 located on
the second main face 105 of the light-emitting element 10 by
ultrasonic thermocompression bonding or the like, and cuts
and separates the solidified and fixed ball from the metal
wire. As a result, the bumps 20 are formed on the first
electrode 13 and the second electrode 14 of the light-
emitting element 10. The cutting and separation of the ball
is preferably carried out by raising the capillary while
holding the metal wire after the ball is solidified and fixed to
the first electrode 13 or the second electrode 14, and then
horizontally moving the capillary to cut the deformed ball at
an edge of the capillary by rubbing so that an upper end of
the metal wire is relatively flat.

[0089] The shape of the bump 20 formed can be suitably
adjusted by the amount of the metal wire melted, the shape
of'the end of the capillary, the magnitude of pressure, and the
like. The height of the bump 20 can be suitably adjusted by
the height by which the capillary is raised, the timing of the
horizontal movement of the capillary, and the like. An upper
end of the bump 20 can be subjected to planarization such
as etching, blasting, polishing, or the like. Alternatively, a
voltage can be applied to the bump 20 formed so that a spark
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occurs, whereby an upper end of the bump 20 can be melted
and recrystallized to be softened or smoothed.

[0090] Such a technique is used to form the bump 20 that
has a projecting end portion on the light-emitting element
10. In addition, if an upper end of the bump 20 is softened,
the upper end is easily deformed during flip-chip bonding so
that the upper end can easily adhere to wiring on a mounting
substrate, and therefore, high-strength bonding can be
achieved even at room temperature.

[0091] An interval between each bump 20 can be suitably
set, depending on the size of the light-emitting element 10,
the number of bumps 20 formed, and the like. For example,
the larger contact area between the bump 20 and the light-
emitting element 10 is more preferable in terms of heat
dissipation properties, and therefore, the shorter distance
between each bump 20 formed on the same electrode is more
preferable. In addition, when the light-emitting device is
mounted on a mounting substrate, a light reflective resin can
be provided between each bump 20 in order to reduce light
absorption by the mounting substrate. In that case, taking
into account the flowability of the resin material, the dis-
tance between each bump 20 is preferably great enough not
to reduce the flowability of the resin material. Given these
points, the distance between each bump 20 is, for example,
about 10 um to 45 pum. In this embodiment, as described
above, the bumps 20 are formed on the light-emitting
element 10, and therefore, positioning of the bumps 20 can
be performed with respect to the light-emitting element 10
with high precision. Therefore, the distance between each
bump 20 can be reduced with the bumps 20 separated from
each other to a suitable extent.

[0092] When bumps 20 are formed on the next light-
emitting element 10, the bonding device identifies the posi-
tion of an adjacent light-emitting element 10 using the
pitches of px and py used in the step (S1-1) of disposing the
light-emitting elements 10 on the support member 201,
without the necessity of identifying the next light-emitting
element 10 by image recognition. Therefore, compared to
the case where the positions of the light-emitting elements
10 are identified by performing image recognition for each
light-emitting element 10, the time taken to form the bumps
20 on all the light-emitting elements 10 can be reduced.

[0093] (b) Step (S4-2) of Forming Light Guide Members
40’
[0094] After the step of forming the bumps 20, and before

the step of cutting the light transmission member 30' into
pieces, the lateral faces 10c¢ of each of the plurality of
light-emitting elements 10 are covered by a light guide
member 40' as shown in FIG. 3F. The light guide members
40' can be formed by disposing and curing an uncured light
guide member 40' on the light transmission member 30'
around the light-emitting elements 10. For the uncured light
guide member 40', a liquid discharge device such as a
dispenser or potting device that can discharge a liquid to a
predetermined position can be used.

[0095] The light transmission member 30' to which the
light-emitting elements 10 are bonded is placed on a stage of
the liquid discharge device, and an image of the light
transmission member 30' is captured. An image processing
circuit of the liquid discharge device detects the alignment
marks Mx1, Mx2, My1, and My2 in the image, and for
example, the liquid discharge device turns the stage so that
two directions (the x-axis and the y-axis) as a reference for
control in the liquid discharge device coincide with a straight
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line passing through the alignment marks Mx1 and Mx2 and
a straight line passing through the alignment marks My1 and
My2. As described above, the positions of all the light-
emitting elements 10 on the light transmission member 30'
are identified by using one of the alignment marks Mx1,
Mx2, My1, and My2 as an origin or reference point, or by
identifying the position of one of the plurality of light-
emitting elements 10 by image recognition.

[0096] The uncured light guide member 40' discharged
from a nozzle is disposed around each light-emitting ele-
ment 10. The discharge device determines a position where
the uncured light guide member 40' is to be discharged, by
utilizing information about the above identified positions of
the light-emitting elements 10. Thereafter, the uncured light
guide member 40' is cured by giving energy such as heat or
UV light thereto. As a result, the light guide members 40'
covering the lateral faces 10c¢ of the light-emitting elements
10 are disposed.

[0097] By utilizing the alignment marks Mx1, Mx2, Myl1,
and My2 of the light transmission member 30', the light
guide members 40' can be formed without performing image
recognition for each light-emitting element 10 to identify the
positions of the light-emitting elements 10. Therefore, the
time taken to form the light guide member 40" for all the
light-emitting elements 10 can be reduced.

[0098] (5) Step (S5) of Cutting Light Transmission Mem-
ber
[0099] Subsequently, the step (S5) of cutting the light

transmission member is performed by utilizing the align-
ment marks Mx1, Mx2, My1, and My2. As shown in FIG.
3G, the light transmission member 30' supporting the light-
emitting elements 10 to which the bumps 20 and the light
guide members 40" are provided is cut, for example, for each
light-emitting element 10, as shown in dash-dot lines. At this
time, at the same time, the light guide member 40' is also cut.
The cutting is carried out using a cutting device, such as a
dicing saw or laser saw.

[0100] As in the formation of the bumps 20 and the
formation of the light guide members 40', the light trans-
mission member 30' to which the light-emitting elements 10
are bonded is placed on a stage of the cutting device, and an
image of the light transmission member 30' is captured. An
image processing circuit of the cutting device detects the
alignment marks Mx1, Mx2, My1, and My2 in the image,
and for example, the cutting device turns the stage so that
two directions (the x-axis and the y-axis) used as a reference
for control in the cutting device coincide with a straight line
passing through the alignment marks Mx1 and Mx2 and a
straight line passing through the alignment marks My1 and
My2. As described above, the positions of all the light-
emitting elements 10 on the light transmission member 30'
are identified by using one of the alignment marks Mx1,
Mx2, My1, and My2 as an origin or reference point, or by
identifying one of the plurality of light-emitting elements 10
by image recognition. Therefore, with the image processing
circuit of the cutting device, the light transmission member
30' can be cut by utilizing information about the positions of
the light-emitting elements 10 on the light transmission
member 30'. By the cutting, the light-emitting device 101
shown in FIG. 1A is obtained.

[0101] By utilizing the alignment marks Mx1, Mx2, Myl1,
and My2 of the light transmission member 30', the light
guide members 40' and the light transmission member 30'
can be cut without performing image recognition for each
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light-emitting element 10 to identify the positions of the
light-emitting elements 10. Therefore, the time taken to
separate the individual light-emitting elements 10 from each
other can be significantly reduced.

[0102] In this embodiment, the light transmission member
30" is cut such that each piece includes a single light-emitting
element 10. Alternatively, the light transmission member 30'
can be cut such that at least one piece includes a plurality of
light-emitting elements 10.

[0103] Thus, in the method of producing a light-emitting
device according to this embodiment, the steps of forming
the bumps 20 and the light guide member 40 of each
light-emitting element 10 and the step of cutting the light
transmission member 30" are performed using the alignment
marks formed on the light transmission member 30'. There-
fore, compared to the case in which the position of each
light-emitting element 10 is identified by image recognition,
the time taken to perform these steps can be reduced. In
other words, in the 0 method of producing a light-emitting
device according to this embodiment, the light-emitting
device can be efficiently produced, particularly in terms of
the time taken to produce the light-emitting device.

[0104] [Other Embodiments]

[0105] In the above embodiments, an alignment mark is
utilized in each of the step of forming the bumps 20, the step
of forming the light guide members 40, and the step of
cutting the light transmission member 30'. Alternatively, by
utilizing an alignment mark in at least one of these steps, the
time taken to produce a light-emitting device can be
reduced.

[0106] In the above embodiments, the alignment marks
Mx1, Mx2, Myl, and My2 are formed by grooves separated
from each other. Alternatively, the alignment mark can be a
mark that can be recognized by an image recognition circuit
of a semiconductor production device, such as another
structure that can be optically recognized. Specifically, the
alignment mark can be one that causes a difference in
refractive index or a difference in reflectance. For example,
a metal thin film can be formed in the outer peripheral region
R' of the second face 3040 5 of the light transmission
member 30', and the alignment mark can be formed by
removing a portion of the metal thin film. Alternatively,
conversely, the alignment mark itself can be formed of a
metal thin film. A portion of an alignment mark can be
connected to a portion of another alignment mark. For
example, in the case in which alignment marks are formed
by a groove, a single groove can be continuous between two
alignment marks. Even in that case, if the two alignment
marks linked by the groove can be identified by two different
coordinate points, the two alignment marks are distinctive.
[0107] In the above embodiments, before the light-emit-
ting elements 10 are bonded to the light transmission mem-
ber 30", an alignment mark is not formed on the light
transmission member 30'. However, before the light-emit-
ting elements 10 are bonded to the light transmission mem-
ber 30', an alignment mark can be formed on the light
transmission member 30'. For example, an alignment mark
that identifies the position of a first coordinate point can be
provided on the light transmission member 30' in advance.
[0108] In that case, in the step (S3) of forming an align-
ment mark in the above method of producing a light-
emitting device, an image of the plurality of light-emitting
elements 10 bonded to the light transmission member 30" is
captured, and an x-axis and a y-axis (i.e., the position of a
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second coordinate point of the two-dimensional array of the
light-emitting elements 10 bonded to the light transmission
member 30') are determined based on the positions in the
image of the plurality of light-emitting elements 10. Then,
information about a positional offset between the position of
the second coordinate point determined and the first coor-
dinate point identified by the alignment mark on the light
transmission member 30' is calculated.
[0109] The step of forming the bumps 20, the step of
forming the light guide members 40, and the step of cutting
the light transmission member 30' can each be carried out
using the alignment mark of the light transmission member
30' and the information about the positional offset between
the first and second coordinate points.
[0110] The method of producing a light-emitting device
according to the present disclosure can be suitably used in
the production of a light-emitting device used in various
applications, and more particularly, can be suitably used in
the production of a chip-scale light-emitting device.
[0111] While exemplary embodiments of the present dis-
closure have been described, it is understood that the words
that have been used are words of description and illustration,
rather than words of limitation. The present disclosure may
be modified in numerous ways and may assume many
embodiments other than those specifically described above.
Accordingly, the appended claims are intended to cover all
modifications, enhancements, and other embodiments of the
present disclosure that fall within the spirit and scope of the
invention.
What is claimed is:
1. A method for producing a light-emitting device, com-
prising:
bonding a plurality of light-emitting elements to a plate-
shaped light transmission member all at once with the
plurality of light-emitting elements being arranged in a
two-dimensional array extending in a first direction and
a second direction;
capturing an image of the plurality of light-emitting
elements bonded to the light transmission member, and
forming an alignment mark on the light transmission
member based on positions in the image of the plurality
of light-emitting elements; and
after the forming of the alignment mark, forming a contact
member in contact with a corresponding one of the
plurality of light-emitting elements with the contact
member being positioned with respect to the plurality
of light-emitting elements by using the alignment mark.
2. The method according to claim 1, wherein
the forming of the contact member includes at least one
of:
forming a bump as the contact member on a face of
each of'the plurality of light-emitting elements oppo-
site to a face of each of the light-emitting elements
to which the light transmission member is bonded;
and
forming a light guide member as the contact member
on the light transmission member so as to cover a
lateral face of each of the plurality of light-emitting
element.
3. The method according to claim 2, further comprising
after the forming the contact member, cutting the light
transmission member into a plurality of pieces by using
the alignment mark such that at least one of the
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light-emitting elements is included in each of the
plurality of pieces, to obtain a plurality of light-emit-
ting devices.
4. The method according to claim 1, wherein
the bonding of the plurality of light-emitting elements to
the light transmission member further includes:
disposing the plurality of light-emitting elements in the
two-dimensional array on a support member; and
bringing the plurality of light-emitting elements dis-
posed on the support member into contact with the
light transmission member.
5. The method according to claim 1, wherein
the light transmission member contains a wavelength
conversion substance.
6. The method according to claim 1, wherein
the forming of the alignment mark includes forming the
alignment mark on outside of a bonding region of the
light transmission member in which the plurality of
light-emitting elements are bonded.
7. The method according to claim 1, wherein
the forming of the alignment mark includes forming a
groove as the alignment mark on a face of the light
transmission member to which the light-emitting ele-
ments are bonded.
8. The method according to claim 7, wherein
the forming of the alignment mark includes forming the
groove using a dicing saw.
9. The method according to claim 1, wherein
the forming of the alignment mark includes:
determining, in the image, a first approximation straight
line passing through two or more of the plurality of
light-emitting elements aligned in the first direction,
and a second approximation straight line passing
through two or more of the plurality of light-emitting
elements aligned in the second direction;
determining, in the image, a first axis parallel to the first
approximation straight line, a second axis parallel to
the second approximation straight line, and reference
positions located on the first axis and the second
axis; and
forming the alignment mark on the light transmission
member based on the reference positions in the
image.
10. The method according to claim 1, wherein
the bonding of the plurality of light-emitting elements to
the light transmission member includes bonding the
plurality of the light emitting elements to the light
transmission member having no alignment mark.
11. A method for producing a light-emitting device,
comprising:
bonding a plurality of light-emitting elements arranged in
a two-dimensional array, all at once, to a plate-shaped
light transmission member having an alignment mark
identifying a position of a first coordinate point;
capturing an image of the plurality of light-emitting
elements bonded to the light transmission member,
determining a position of a second coordinate point of
the light transmission member based on positions in the
image of the plurality of light-emitting elements, and
calculating information about positional offset between
the second coordinate point determined and the first
coordinate point identified by the alignment mark of the
light transmission member; and
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after the calculating of the information about the posi-
tional offset, forming a contact member in contact with
a corresponding one of the plurality of light-emitting
elements with the contact member being positioned
with respect to the plurality of light-emitting elements
by using the alignment mark of the light transmission
member and the information about the positional offset.

#* #* #* #* #*



