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(57) ABSTRACT

A method of manufacturing a light-emitting device includes
providing a base body including a base section; fixing a
plurality of semiconductor laser elements on an upper sur-
face of the base section; and fixing an optical member to the
base body, the optical member including a plurality of lens
sections, and a non-lens section disposed at a periphery of
the plurality of lens sections 1n a top view. In the step of
fixing the optical member: the optical member 1s arranged
above the base body; (1) an inclination and a height of the
optical member are adjusted after interposing an adhesive
between the base body and the non-lens section, or (11) an
adhesive 1s interposed between the base body and the
non-lens section aiter adjusting the inclination and the
height of the optical member; and subsequently, the adhesive
1s cured to {ix the optical member to the base body.

32 Claims, 22 Drawing Sheets
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MANUFACTURING METHOD OF
LIGHT-EMITTING DEVICE

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application is a reissue of U.S. Pat. No.

10,439,358, which issued on Oct. 8, 2019 from U.S. appli-
cation Ser. No. 15/496,5846, filed on Apr. 25, 2017, which
claims priornity to Japanese Patent Application No. 2016-
092102, filed on Apr. 28, 2016, and Japanese Patent Appli-
cation No. 2017-021459, filed on Feb. &8, 2017, the disclo-
sures of which are hereby incorporated by reference 1n their
entireties.

BACKGROUND

The present disclosure relates to a manufacturing method
of a light-emitting device.

A light source device including an excitation light source
such as a laser light-emitting element and a lens array of
collimator lenses that collects light from the excitation light
source has been proposed (see Japanese Patent Publication

No. 2013-73079). In Japanese Patent Publication No. 2013-

73079, a lens array holder including the lens array 1is
screwed to a light source holding body to which the exci-

tation light source 1s fixed. In addition, the lens array has a
plurality of lens sections.

However, optical members such as lens arrays involve
dimensional variance to some extent due to dimensional
tolerance. Therefore, according to the light source device
described above, a divergence angle of light emitted from
cach lens section may vary significantly within a single light
source device. In addition, when mass-producing the light
source device, a divergence angle of light of the light source
device as a whole may vary significantly among the mass-
produced light source devices.

SUMMARY

An object of the present disclosure 1s to be solved by, for
example, certain embodiments described below.

According to one embodiment, a method of manufactur-
ing a light-emitting device includes: providing a base body
including a base section; fixing a plurality of semiconductor
laser elements on an upper surface of the base section; and
fixing an optical member to the base body, the optical
member including a plurality of lens sections and a non-lens
section disposed at a periphery of the plurality of lens
sections 1 a top view, wherein, 1 the step of fixing the
optical member: the optical member 1s arranged above the
base body; an inclination and a height of the optical member
are adjusted alter interposing an adhesive between the base
body and the non-lens section or an adhesive 1s 1interposed
between the base body and the non-lens section after adjust-
ing the inclination and the height of the optical member; and
subsequently, the adhesive 1s cured to fix the optical member
to the base body.
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2

According to another embodiment, a method of manu-
facturing a light-emitting device includes: providing a light
source unit including a base body having a base section and
a wall section surrounding a {irst region of an upper surface
of the base section, a plurality of semiconductor laser
clements fixed on the upper surface of the base section 1inside
the wall section, and a lid body that includes one or more
light-transmissive sections for transmitting light emaitted
from at least one of the semiconductor laser elements and
that 1s fixed on an upper surface of the wall section; and
fixing an optical member to the light source umt, the optical
member including a plurality of lens sections, and a non-lens
section disposed at a periphery of the plurality of lens
sections 1n a top view, wherein, 1 the step of fixing the
optical member: the optical member 1s arranged above the
base body; an inclination and a height of the optical member
are adjusted after interposing an adhesive between the upper
surtace of the wall section and the non-lens section or an
adhesive 1s mterposed between the upper surtace of the wall
section and the non-lens section after adjusting the inclina-
tion and the height of the optical member; and subsequently,
the adhesive 1s cured to fix the optical member to the light
source unit.

According to the manufacturing method described above,
a variance 1 a divergence angle of light emitted from each
lens section 1n a single light-emitting device can be reduced.
In addition, when mass-producing the light-emitting device,
a variance 1n a divergence angle of light among the mass-
produced light-emitting devices can be reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A 1s a schematic plan view of a light-emitting
device according to a first embodiment.

FIG. 1B 1s a sectional view taken along A-A 1n FIG. 1A.
FIG. 1C 1s a sectional view taken along B-B 1n FIG. 1A.
FIG. 1D 1s a sectional view taken along C-C 1n FIG. 1A.
FIG. 2A 1s a schematic plan view illustrating an example
ol a step of providing a base body.
FIG. 2B 1s a sectional view taken along D-D 1n FIG. 2A.
FIG. 2C 1s a sectional view taken along I-I 1n FIG. 2A.
FIG. 3A 1s a schematic plan view illustrating an example
of a step of fixing a semiconductor laser element.
FIG. 3B 1s a sectional view taken along E-E 1n FIG. 3A.
FIG. 3C 1s a sectional view taken along J-J 1n FIG. 3A.
FIG. 4A 1s a schematic plan view illustrating an example

of a step of fixing a lid body to a base body.
FIG. 4B 1s a sectional view taken along F-F in FIG. 4A.

FIG. 4C 1s a sectional view taken along K-K 1n FIG. 4A.

FIG. 5A 1s a schematic plan view illustrating an example
of a step of fixing an optical member to a base body.

FIG. 5B 1s a schematic sectional view illustrating an
example of a step of {ixing an optical member to a base body.

FIG. 5C 1s a schematic sectional view illustrating an
example of a step of {ixing an optical member to a base body.

FIG. 6A 1s a perspective view 1llustrating an optical
member and a suction tool.

FIG. 6B 1s a diagram showing a suction tool as seen from
a side of a suction surface side.

FIG. 7 1s a schematic sectional view 1llustrating another
example of a step of fixing an optical member to a base body.

FIG. 8 1s a schematic sectional view illustrating an
example ol an optical member.

FIG. 9A 1s a schematic plan view 1llustrating an optical
member according to a second embodiment.

FIG. 9B 1s a sectional view taken along G-G 1n FIG. 9A.
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FIG. 10A 1s a schematic plan view 1illustrating an optical
member according to a third embodiment.

FIG. 10B 1s a sectional view taken along H-H 1n FIG.
10A.

FIG. 11 1s a schematic plan view 1llustrating an optical
member according to a fourth embodiment.

FIG. 12 1s a table showing positions of a Z stage when
light emitted from lens number 1 and other lens numbers are
collimated 1n a practical example.

FIG. 13 1s a table showing amounts of adjustment of an
inclination of an optical member necessary 1n order to
collimate light emitted from lens number 1 and other lens
numbers 1n a practical example.

FIG. 14 1s a table showing deviation angles of an optical
axis of light emitted from lens number 1 and other lens

numbers 1n a practical example.
FIG. 15 1s a diagram plotting data i FIG. 14.

DETAILED DESCRIPTION

Manufacturing Method of Light-Emitting Device 1 Accord-
ing to First Embodiment

A manufacturing method of a light-emitting device 1
according to a first embodiment includes: providing a base
body 10 including a base section 12 (refer to FIGS. 2A to
2C); fixing a plurality of semiconductor laser elements 30 on
an upper surface of the base section 12 (refer to FIGS. 3A
to 3C); and fixing an optical member 20 to the base body 10,
the optical member 20 including a plurality of lens sections
22 and a non-lens section 24 disposed in a periphery of the
plurality of lens sections 22 1n a top view (refer to FIGS. SA,
5B, and 5C). In addition, in the step of fixing the optical
member 20, the optical member 20 1s arranged above the
base body 10, an adhesive 100 1s interposed between the
base body 10 and the non-lens section 24 after adjusting an
inclination and a height of the optical member 20 and,
subsequently, the adhesive 100 1s cured to fix the optical
member 20 to the base body 10. The light-emitting device 1
obtained 1n this manner 1s shown i FIGS. 1A to 1D.
According to the present embodiment, because the inclina-
tion and the height of the optical member 20 are adjusted, a
variance 1n a divergence angle of light emitted from each
lens section 22 in a single light-emitting device can be
reduced. In addition, when mass-producing the light-emit-
ting device 1, a variance 1 a divergence angle of light
among the mass-produced light-emitting devices 1s less
likely to occur. Hereinatter, these points will be described 1n
detail.

Generally, an optical member 1s used 1 which a light
incident-side (1.e., a lower surface side) 1s flat. When fab-
ricating such an optical member, a thickness of the optical
member 1s adjusted by for example polishing the optical
member from the lower surface side. In this case, the optical
member may become thicker from one end towards another
end due to dimensional tolerance and, consequently, a
divergence angle of light may differ between a thick portion
and a thin portion. However, 1n the present embodiment, the
inclination and the height of the optical member 20 are
adjusted so that the divergence angle of light emitted from
the lens section 22 1s kept within a predetermined range.
Theretfore, even when there are dimensional variances of the
optical member 20 within a permissible range of dimen-
sional tolerance, a variance of the divergence angle of light
emitted from each lens section 22 within a single light-
emitting device 1 can be reduced. In addition, because the
inclination and the height of the optical member 20 are
adjusted for each light-emitting device 1, a variance i1n a
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4

divergence angle of light of an entire light-emitting device
among mass-produced light-emitting devices can be sup-
pressed. Hereinafter, a manufacturing method of the light-

emitting device 1 will be described 1n detail.
Providing Base Body 10

First, as shown 1 FIGS. 2A to 2C, the base body 10
including the base section 12 is provided. In the present
embodiment, as the base body 10, a base body including a
wall section 14 surrounding one region of an upper surface
of the base section 12 1s used. The wall section 14 1is
provided with a hole penetrating an inner side and an outer
side of the wall section 14. A lead as wiring 90 for supplying,
a current to the semiconductor laser elements 30 1s inserted
into the hole. An insulating section 1s interposed between the
wiring 90 and the wall section 14 inside the hole to insulate
the wiring 90 and the wall section 14 from each other. For
example, a metal material such as 1ron, an 1ron alloy, copper,
and a copper alloy, a ceramic material such as Al,O,, AIN,
S1C, and S1N, or a material combining these materials can be
used as the base body 10. In this case, copper or a copper
alloy 1s preferably used as the base section 12 due to high
heat dissipation and 1ron or an 1ron alloy 1s preferably used
for the wall section 14 due to weldability to a lid body 80 to
be described later.

Fixing Semiconductor Laser Elements 30

Subsequently, as shown 1 FIGS. 3A to 3C, the plurality
ol semiconductor laser elements 30 are fixed on the upper
surface of the base section 12. In the present embodiment, by
interposing a mounting body 40 between the base section 12
and the semiconductor laser element 30, the semiconductor
laser elements 30 are indirectly fixed on the upper surface of
the base section 12. The plurality of semiconductor laser
clements 30 are edge-emitting lasers that each emait a laser
beam 1n a lateral direction (1.e., a direction parallel to the
upper surface of the base section 12). In the present embodi-
ment, because the use of the mounting body 40 enables an
emitting surface of the semiconductor laser element 30 to be
separated from the upper surface of the base section 12, a
laser beam can be prevented from striking the upper surface
of the base section 12. Instead of interposing the mounting
body, the semiconductor laser elements may be directly
fixed on the upper surface of the base section.

A laser beam emitted from each semiconductor laser
clement 30 1s reflected by each light-reflecting member 50
and 1s then incident to a light incident surface LA of each
lens section 22. While the laser beam emitted from a single
semiconductor laser element 30 may be configured to be
incident to a single lens section 22 as 1n the present embodi-
ment, for example, laser beams emitted from two or more
semiconductor laser elements may be collected to be 1nci-
dent to a single lens section.

In the present embodiment, when an X direction in FIG.
3A1s assumed to be arow direction and a Y direction in FIG.
3A 1s assumed to be a column direction, the plurality of
semiconductor laser elements 30 are arranged 1n a 4-row,
S-column matrix pattern. While a 4-row, 5-column matrix
pattern 1s adopted 1n the present embodiment, when arrang-
ing the plurality of semiconductor laser elements 30 1n a
matrix pattern, the numbers of rows and columns may be
arbitrarily set (to m-number of rowsxn-number of columns
(where m=2 and nz2)).

As described above, i the present embodiment, the
plurality of semiconductor laser elements 30 are disposed in
a matrix pattern. In the present embodiment, adjacent semi-
conductor laser elements 30 disposed in the row direction
can be connected 1n series using a wire 60 and a relay
member 70. Because the use of the relay member 70 enables
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a length of a single wire 60 to be shortened, an 1ncrease 1n
clectrical resistivity can be discouraged. As the wire 60,
gold, silver, copper, aluminum, or the like can be used. As
the relay member 70, a metal material such as iron, an 1ron
alloy, and copper or an isulating material such as Al,O;,
AIN, S1C, and SiN having electric wiring formed on an
upper surface thereof can be used.

The light-reflecting member 50 can be further fixed on the
upper surface of the base section 12 as in the present
embodiment (refer to FIGS. 3A to 3C). In this case, the
light-reflecting member 50 1s a member that retlects light
emitted from a single semiconductor laser eclement 30
among the plurality of semiconductor laser elements 30
toward a single lens section 22 among the plurality of lens
sections 22. Arranging the light-reflecting member 50
increases an optical path length (a distance of light emitted
from the semiconductor laser element 30 traveling from the
emitting surface of the semiconductor laser element 30 until
reaching a light-exiting surface LB of the lens section 22:
hereinafter, the same description will apply) as compared to
a case where the semiconductor laser element 30 1s fixed
vertically to upper surface of the base section and the optical
member 20 1s directly irradiated with light from the semi-
conductor laser element 30. When the optical path length
increases, even when the semiconductor laser element 30
deviates from a predetermined position due to mounting
accuracy, a direction of an optical axis of light emitted from
cach lens section 22 can be more readily kept within a
predetermined range. Therefore, 1n the present embodiment,
while keeping a divergence angle of light of the optical
member 20 as a whole (in other words, a divergence angle
of light as the light-emitting device 1) within a predeter-
mined range by adjusting an inclination and a height of the
optical member 20, the optical path length 1s increased by
arranging the light-reflecting member 50 to reduce a devia-
tion of an optical axis of light emitted from each lens section
22 to some extent.

When simply arranging a plurality of lens sections in a
single row 1n a top view and causing light to be incident to
the plurality of lens sections, a single light-retlecting mem-
ber extending 1n the row direction can be arranged below the
plurality of lens sections arranged 1n a single row. However,
in the present embodiment, the plurality of light-reflecting
members 50 are arranged so that each of the light-reflecting
members 50 correspond to the plurality of lens section 22
arranged 1n a single row. Accordingly, even when a deviation
occurs 1n a position of a single light-retflecting member 50
among the plurality of light-reflecting members 50 arranged
in a single row, a positional deviation does not occur on
other light-reflecting members 50 1n the same row does not
occur. Therefore, the optical axis of light emitted from the
plurality of lens sections 22 arranged 1n a single row 1s less
likely to deviate as a whole.

The plurality of light-reflecting members S0 may be fixed
to the base body 10 after fixing the plurality of semicon-
ductor laser elements 30 to the base body 10 as 1n the present
embodiment. Otherwise, the plurality of light-reflecting
members 50 may be, for example, fixed to the base body 10
betore fixing the plurality of semiconductor laser elements
30 to the base body 10. Alternatively, for example, 1n the
step of fixing the plurality of semiconductor laser elements,
the semiconductor laser elements 30 and the light-reflecting,
members 50 may be alternately fixed one after another.

The light-reflecting member 50 has a reflecting surface
that reflects light emitted from the semiconductor laser
clement 30. As the light-reflecting member 50, for example,
glass, sapphire, metal, or ceramics on which a light-reflect-
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ing film 1s formed, or metal having a reflecting surface
subjected to mirror finishing can be used. As the light-
reflecting film, for example, a dielectric multilayer film or a
metallic film can be used.

While the light-reflecting members 50 are provided as
described above 1n the present embodiment, light emaitted
from the semiconductor laser elements may be directed
upward without providing the light-reflecting members.
Fixing Lid Body 80

Subsequently, as shown in FIGS. 4A to 4C, the lid body
80 15 fixed to the base body 10. The lid body 80 includes a
light-transmissive section 84 that transmits light emaitted
from the semiconductor laser elements 30. Use of the hid
body 80 enables a space in which the semiconductor laser
clements 30 are arranged to be placed 1n a sealed state.
Therefore, 1n particular, when using a nitride semiconductor
as the semiconductor laser elements 30, organic matter as
dust 1s not likely to attracted on the light-exiting surfaces of
the semiconductor laser elements 30. The present step 1s
omitted when the light-emitting device 1 does not have the
l1id body 80.

As the lid body 80, a lid body 1s used that includes a frame
section 82 provided with a plurality of through-holes 82a
and a plurality of light-transmissive sections 84 that block
the respective through-holes 82a. A laser beam emitted from
a single semiconductor laser element 30 passes through a
single through-hole 82a. A peripheral section of the frame
section 82 1s fixed on an upper surface of the wall section 14.
In the present embodiment, as shown 1n FIG. 4B and or other
figures, the frame section 82 includes a recess 82b that i1s
recessed toward the base section 12. Accordingly, because
stress generated on the Iid body 80 (i.e., stress generated due
to a difference 1n thermal expansion coetlicients between the
lid body 80 and the base body 10) 1s more readily absorbed
by a portion extending 1n a vertical direction of the 1id body
80 (1.e., a portion corresponding to an inner wall of the
recess 82b), damage to the lid body 80 and, particularly,
damage to the light-transmissive sections 84 can be reduced.

Unlike 1n the present embodiment, a lid body can employ
a structure including a frame section 1n which a plurality of
through-holes are formed, and a single light-transmissive
section that blocks the plurality of through-holes. Alterna-
tively, a lid body can be employ a structure including a frame
section provided with a single relatively-large through-hole
so as to allow transmission of a plurality of laser beams
emitted from a plurality of semiconductor laser elements and
a single light-transmissive section that blocks the through-

hole.
The I1d body 80 may be fixed to the base body 10 by seam

welding as 1n the present embodiment or fixed to the base
body 10 using a resin-based adhesive. Seam welding enables
the space 1n which the semiconductor laser elements 30 are
arranged (1.e., a space formed by the base body 10 and the
lid body 80) to be hermetically sealed to discourage dust
accumulation.

The present embodiment includes providing the base
body 10, fixing the plurality of semiconductor laser elements
30 on the upper surface of the base section 12, and fixing the
lid body 80 on the upper surface of the wall section 14, 1n
this sequence. Instead, a component similar to that produced
through the respective steps may be provided. In other
words, before fixing the optical member 20 to be described
later, a light source unit may be provided that includes: the
base body 10 having the base section 12 and the wall section
14 surrounding one region of an upper surface of the base
section 12; a plurality of semiconductor laser elements 30
fixed on the upper surface of the base section 12 inside the
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wall section 14; and the lid body 80 that includes the
light-transmissive section 84 for transmitting light emaitted
from the semiconductor laser elements 30 and that 1s fixed
on an upper surtace of the wall section 14.

Fixing Optical Member 20

Subsequently, as shown 1n FIGS. 5A to 5C, the optical
member 20 1s fixed to the base body 10. The optical member
20 includes the plurality of lens sections 22 and the non-lens
section 24 disposed in a periphery of the plurality of lens
sections 22 1n a top view. In the present embodiment, the
optical member 20 1s fixed to the base body 10 via the Iid
body 80 by fixing the optical member 20 to the lid body 80
fixed to the base body 10. Specifically, the optical member
20 1s arranged above the base body 10, the adhesive 100 1s
interposed between the base body 10 and the non-lens
section 24 as shown 1n FIG. 5C after adjusting an inclination
and a height of the optical member 20 as shown 1n FIGS. SA
and 5B and, subsequently, the adhesive 100 1s cured to fix
the optical member 20 to the base body 10 via the lid body
80. By adjusting the inclination and the height of the optical
member 20 1n a state where the adhesive 100 1s not inter-
posed, an adverse ellect to optical characteristics when the
adhesive 100 overruns mward during adjustment can be
reduced.

As described above, the 1id body 80 can be fixed to the
base body 10 by seam welding, joining with a resin-based
adhesive, or the like. However, 1n any case, even though the
optical member 1s simply fixed to the base body via the lid
body, a divergence angle of light emitted from each lens
section of a single light-emitting device may not be kept
within a predetermined range. There 1s a possibility that, in
cach of mass-produced light-emitting devices, a divergence
angle of light as a light-emitting device cannot be kept
within a predetermined range. For example, when fixing the
lid body to the base body by seam welding, because the lid
body 1s welded to the base body while pressing the 1id body
with a roller, there 1s a possibility that a thickness of a
portion in contact with the roller 1n the upper surface of the
lid body, thereby possibly reducing the thickness and pos-
sibly losing flatness of the upper surface of the hid body
When fixing the lid body to the base body using a resin-
based adhesive, not only there 1s a possibility of dust
accumulation due to the generation of organic matter from
the adhesive, but there 1s also a possibility that the 1id body
may end up being fixed in an inclined state due to uneven
thickness of the adhesive or an overrun of the adhesive.
However, by adjusting the inclination and the height of the
optical member 20 for each light-emitting device 1 as 1n the
present embodiment, even when the upper surface of the lid
body 80 is not flat or when the lid body 80 1s fixed 1n an
inclined state, a divergence angle of light emitted from each
lens section of a single light-emitting device can be kept
within a predetermined range. In addition, 1n each of mass-
produced light-emitting devices 1, a divergence angle of
light as the light-emitting device 1 can be kept within a
predetermined range.

Generally, other members than the optical member 20
such as the light-reflecting members 50 also have dimen-
sional variances. When mounting the light-reflecting mem-
bers 50 or other member, an actual mounting position may
vary due to mounting accuracy. In other words, 1t 1s dithcult
to make a direction of an optical axis of light emitted from
cach lens section completely consistent among light-emait-
ting devices manufactured by mass production. In consid-
eration thereot, in the present embodiment, a planar position
of the optical member 20 1s adjusted as well as adjusting the
inclination and the height of the optical member 20 as shown
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in FIG. 5B. Accordingly, when collectively viewing the light
emitted from the respective lens sections, not only the
divergence angle of light as a light-emitting device but the
direction of the optical axis as the light-emitting device can
also be kept within a predetermined range. Therefore,
according to the present embodiment, 1 addition to a
variance in the divergence angle of light within a single
light-emitting device and a variance in the divergence angle
of light among mass-produced light-emitting devices, a
variance 1n the direction of the optical axis among mass-
produced light-emitting devices can be reduced. In this case,
an adjustment of the planar position of the optical member
20 refers to adjusting a position in a vertical direction, a
horizontal direction, and a rotational direction 1n FIG. 5B of
the optical member 20 on a plane that 1s parallel to the upper
surface of the base section 12. Hereinatter, the inclination,
the height, and the planar position of the optical member 20
may sometimes be simply referred to as the “inclination and
the like”.

Hereinaftter, the adjustment of the inclination and the like
ol the optical member 20 according to the present embodi-
ment will be described 1n detail.

First, while holding the optical member 20 with a suction
tool to be described later, the optical member 20 1s arranged
above the base body 10 so that a laser beam emitted from
cach semiconductor laser element 30 1s transmitted through
cach lens section 22.

Subsequently, as shown in FIG. SA, the inclination and
the height of the optical member 20 are adjusted (1.e., first
adjustment). Specifically, the inclination and the height of
the optical member 20 are adjusted so that four lens sections
22 positioned in four corners 1n a top view are at appropriate
heights. More specifically, first, for each of the four lens
sections 22 positioned 1n the four comers 1n a top view, a
height at which light transmitted through the lens section
becomes parallel light 1s measured. In other words, while
having the semiconductor laser elements 30 actually per-
form laser emission, a height at which the light emitted from
the lens section becomes parallel light 1s measured for each
of the four lens sections 22. And then, the inclination and the
height of the optical member 20 are adjusted so that each of
the four lens sections 22 are arranged at or 1n a vicinity of
the measured height. A main factor of a difference in the
divergence angle of light of each lens section 22 in a single
optical member 20 1s that, conceivably, a thickness of the
optical member 20 gradually increases from one end toward
the other end due to a dimensional tolerance of the optical
member 20. Therefore, by setting each of the four lens
sections 22 positioned 1n the four corners 1n a top view at an
appropriate height, appropriate position can be achieved at
not only for the four lens sections 22 positioned 1n the four
corners, but also the other lens sections 22 positioned
between the four lens sections 22. Alternatively, for
example, the adjustment of the inclination and the height of
the optical member may be performed so that either all of the
lens sections are arranged at appropriate heights or a plu-
rality of lens sections at positions other than the four corners
among all lens sections are arranged at appropriate heights.
While the first adjustment i1s performed in the present
embodiment so that parallel light or a laser beam 1n a state
approximating parallel light 1s emitted from the lens section
22, the first adjustment can also be performed so that a laser
beam with an arbitrary divergence angle that 1s not parallel
light 1s emitted instead.

In the present embodiment, the first adjustment 1s per-
formed using a divergence angle in the Y direction shown 1n
FIG. SB. Generally, a laser beam emitted from the semi-
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conductor laser elements 30 has an elliptical FFP (far field
pattern). In the present embodiment, as shown 1n FIG. 5B,
an FFP on a light incident surface LA of the lens section 22
has an elliptical shape that 1s wider i the Y direction than
in the X direction and, accordingly, the divergence angle of
light in the Y direction 1s larger than the divergence angle of
light in the X direction. Therefore, an eflect of adjusting the
divergence angle of light 1s more readily obtained by per-
forming the first adjustment using the divergence angle 1n
the Y direction shown in FIG. 53B. By adjusting the Y
direction with the large divergence angle of light, the first
adjustment can be readily performed. Alternatively, as
another embodiment, an adjustment can be performed using
the divergence angle of light 1n the X direction 1n addition
to the divergence angle of light in the Y direction or an
adjustment can be performed using only the divergence
angle of light 1n the X direction.

Subsequently, the planar position of the optical member
20 1s adjusted (i1.e., second adjustment). In the second
adjustment, first, for each of the lens sections 22, an angle
formed between an optical axis of light emitted from the lens
section 22 and a reference axis (hereinaiter, referred to as a
“deviation angle™) 1s measured. Subsequently, based on a
result of the measurement, an average value of deviation
angles of laser beams emitted from each of the lens sections
22 1s obtained and the planar position of the optical member
20 1s adjusted so that the average value comes close to 0. In
other words, the planar position of the optical member 20 1s
adjusted so that the optical axis of light emitted from each
ol the lens sections 22 comes close to the reference axis as
a whole. As the reference axis, while a straight line perpen-
dicular to a lower surface of the base body 10 can typically
be assumed, a straight line extending in an arbitrary direc-
tion can also be assumed.

While the first adjustment and the second adjustment are
performed once in the present embodiment, the first adjust-
ment and the second adjustment may be repetitively per-
formed 1n order to realize more rigorous adjustment. In
addition, 1nstead of performing the second adjustment after
the first adjustment, the first adjustment may be performed
after the second adjustment.

In the present embodiment, the inclination, the height, and
the planar position of the optical member 20 are adjusted as
described above and information on the inclination, the
height, and the planar position after adjustment 1s stored in
a memory or the like. Subsequently, the optical member 20
1s temporarily separated from the base body 10 and, subse-
quently, the adhesive 100 1s applied to the upper surface of
the lid body 80. Subsequently, based on the stored informa-
tion, while restoring the optical member 20 to a predeter-
mined inclination, height, and planar position, the lower
surface of the optical member 20 1s brought into contact with
the adhesive 100 applied to the upper surface of the Iid body
80. In this manner, by temporarily separating the optical
member 20 from the base body 10 and subsequently apply-
ing the adhesive 100 to the upper surface of the lid body 80,
the adhesive 100 can be readily arranged on the upper
surface of the lid body 80. Alternatively, 1nstead of tempo-
rarily separating the optical member 20 from the base body
10, while maintaining a state where the inclination, the
height, and the planar position of the optical member 20 1s
adjusted, the adhesive 100 can be injected between the base
body 10 and the non-lens section 24 from outside of the
optical member 20 1n a top view.

The adjustment of the inclination, the height, and the
planar position of the optical member 20 can be performed
using a suction tool 110 such as that shown 1 FIGS. 6 A and
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6B. FIG. 6A 1s a diagram showing a state where the suction
tool 110 hold the optical member 20, and FIG. 6B 1s a
diagram showing the suction tool 110 from a suction surface
(1.e., a surface side for holding the optical member 20). The
suction tool 110 1s provided with a depressed section 112
conforming to a shape of an outer periphery of the optical
member 20 so as to enable the optical member 20 to be
always held at a constant position when the optical member
20 1s suctioned. In addition, a part of the depressed section
112 is provided with a through-hole 112a for suctioning.
While the optical member 1s to be held by a single suction
tool 1in the present embodiment, for example, two rod-like
suction tools can be provided and the optical member 20 can
be held by the two suction tools.

The optical member 20 (the lens sections 22 and the
non-lens section 24) can be formed using a transmissive
material such as glass or synthetic quartz. As shown 1n FIG.
5A or other figure, each lens section 22 has a light incident
surface LA and a light-exiting surface LB, and each laser
beam incident to the light incident surface LA of each lens
section 22 1s emitted from the light-exiting surface LB of
cach lens section 22.

As the optical member 20, an optical member in which the
plurality of lens sections 22 are two-dimensionally arranged
in a top view can be used and, typically, an optical member
in which the plurality of lens sections 22 are arranged 1n a
matrix pattern in a top view 1s used. As shown 1n FIG. 5B
and the like, mn the present embodiment, in the column
direction, a single lens section 22 and the lens section 22
adjacent thereto are connected by a connecting section.
When the plurality of lens sections 22 are two-dimensionally
arranged, the divergence angle of light emitted from each
lens section 22 1s more likely to vary and the divergence
angle of light 1s more likely to vary among mass-produced
light-emitting devices than 1n a case where the plurality of
lens sections 22 are arranged 1n a single column. However,
according to the present embodiment, because the inclina-
tion and the height of the optical member 20 are adjusted,
even when the plurality of lens sections 22 are two-dimen-
sionally arranged, a divergence angle of light emitted from
cach lens section 22 of a single light-emitting device can be
kept within a predetermined range. In addition, when mass-
producing the hight-emitting devices, a divergence angle of
light as the light-emitting device 1 can be kept within a
predetermined range in each of the mass-produced light-
emitting devices.

A photocurable adhesive such as an ultraviolet-curable
resin 1s preferably used as the adhesive 100. Unlike an
ordinary adhesive, which 1s cured over time, a photocurable
adhesive enables a timing of curing to be arbitrarily deter-
mined by a timing of light irradiation. In addition, a pho-
tocurable adhesive 1s cured in a shorter period of time.
Theretfore, by using a photocurable adhesive as the adhesive
100, the optical member 20 can be accurately fixed at a
predetermined inclination or other condition.

In the present embodiment, as shown in FIG. 1A, the
adhesive 100 1s interposed between the 1id body 80 and the
optical member 20 1n a region excluding a part of an outer
peripheral portion of the optical member 20 1n a top view. In
FIG. 1A, a hatched region indicates the region in which the
adhesive 100 1s interposed. Because partially providing the
adhesive 100 i1n this manner creates a gap between the
adhesives 100, the gap can be utilized to spatially connect
the outside of the light-emitting device 1 and the recess 82b
to each other. When the adhesive contains organic matter, a
laser beam may attract dust of the organic matter on the
incident surface LA of the lens section. However, by spa-
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tially connecting the outside of the light-emitting device 1
and the recess 82b to each other as described above, even
when the adhesive 100 contains organic matter, organic gas
1s less likely to accumulate 1nside the recess 82b. Therelore,
deposition (or dust accumulation) of organic matter on the
lens sections 22 and the light-transmissive section 84 can be
reduced. In addition, an occurrence of dew condensation can
also be reduced.

In the step of fixing the optical member 20 to the base
body 10, as shown 1n FIG. 7, the inclination and the height
of the optical member 20 may be adjusted in a state where
the adhesive 100 1s present between the lid body 80 and the
optical member 20 and then the adhesive 100 may be cured
thereafter. Accordingly, compared to a case where the adhe-
sive 1s applied without separating the optical member from
the base body after adjusting the inclination and the height
of the optical member, the adhesive 100 can be more readily
arranged on the upper surface of the base body 10 or the
upper surface of the lid body 80.

An optical member with an inclined surface configured
such that the lower surface of the non-lens section 24
approaches the upper surface toward an outer side as shown
in FIG. 8 can be used as the optical member 20 and the
adhesive 100 can be 1interposed between the lid body 80 and
the inclined surface. Accordingly, when fixing the optical
member 20 to the base body 10, the adhesive 100 can be
restrained from entering the inside of the wall section 14 (in
the present embodiment, the recess 82b of the lid body 80).
During the adjustment of the height of the optical member,
when the optical member 1s brought closer to the base body
in a state where the adhesive 1s present between the optical
member and the lid body, the adhesive 1s pressed and 1s
likely to enter the inside of the wall section. However, even
when the inclination and the like of the optical member are
adjusted after the adhesive 1s interposed in this manner,
because the adhesive 100 1s more readily pushed outward by
using the optical member 20 having the inclined surface,
situations where the adhesive 100 enters the inside of the
wall section 14 can be reduced.

The optical member 20 may be indirectly fixed to the base
body 10 via a member such as the lid body 80 as in the
present embodiment or may be directly fixed to the base
body 10 without involving a member such as the lid body 80.
In addition, the adhesive 100 may be interposed between the
base body 10 and the optical member 20 via a member such
as the lid body 80 as 1n the present embodiment or may be
interposed between the base body 10 and the optical member
20 without involving a member such as the lid body 80.
Manufacturing Method of Light-Emitting Device 2 Accord-
ing to Second Embodiment

A manufacturing method of a light-emitting device 2 1s
similar to the manufacturing method of the light-emitting
device 1 with the exception of matters described below.

As shown 1n FIGS. 9A and 9B, as the optical member 20,
the present embodiment uses an optical member 20 1n which
a plurality of injection holes 24a for injecting the adhesive
100 are provided 1n the non-lens section 24. By injecting the
adhesive 100 from the 1njection holes 24a, the adhesive 100
can be readily mterposed between the base body 10 and the
non-lens section 24. In addition, adhesion strength can be
improved by bringing the adhesive 100 into contact with an
iner surface of the mjection hole 24a as well as the lower
surface of the optical member 20.

In the present embodiment, the optical member 20 1s
temporarily fixed to the base body 10 in a hatched region
shown 1 FIG. 9A after adjusting the inclination and the
height of the optical member 20 and before interposing the
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adhesive 100 between the base body 10 and the optical
member 20. The temporary fixing can be performed using,
for example, a photocurable adhesive. Because performing
the temporary fixing eliminates the need to hold the optical
member 20 with the suction tool 110 when nterposing the
adhesive, the adhesive 100 can be more readily injected
from the injection holes 24a. The temporary fixing 1s not an
essential step and, by using the suction tool 110 that does not
block the injection holes 24a, the adhesive 100 may be
interposed between the base body 10 and the optical member
20 1n a state where the optical member 20 1s held by the
suction tool 110 without temporarily fixing the optical
member 20.

Manufacturing Method of Light-Emitting Device 3 Accord-
ing to Third Embodiment

A manufacturing method of a light-emitting device 3 1s
similar to the manufacturing method of the light-emitting
device 1 with the exception of matters described below.

As shown in FIGS. 10A and 10B, the light-emitting
device 3 uses an optical member 20 1n which a through-hole
F 1s provided in the non-lens section 24 as the optical
member 20. In this case, the adhesive 100 1s interposed
between the base body 10 and a region of the non-lens
section 24 that 1s further away from the plurality of lens
sections 22 than the through-hole F 1n a top view. In FIG.
10A, a hatched region indicates the region in which the
adhesive 100 1s mterposed. The adhesive 100 1s interposed
between the base body 10 and the optical member 20 1n a
region spanning an entire outer peripheral portion of the
optical member 20 in a top view. Even when the adhesive
100 includes organic matter, using the optical member 20
provided with the through-hole F enables organic gas gen-
erated by the adhesive 100 to be released to the outside from
the through-hole F. Therefore, 1n a space formed between the
optical member 20 and the 1id body 80, deposition (or dust
accumulation) of organic matter can also be reduced, 1n
addition to enabling dew condensation to be reduced. Fur-
thermore, by interposing the adhesive 100 between the base
body 10 and the optical member 20 in a region spanning an
entire outer peripheral portion of the optical member 20 1n
a top view, adhesion strength between the optical member 20
and the base body 10 can be improved. Even 1n the present
embodiment, an optical member provided with the 1njection
holes 24a described 1n the second embodiment can be used.
Manufacturing Method of Light-Emitting Device 4 Accord-
ing to Fourth Embodiment

A manufacturing method of a light-emitting device 4 1s
similar to the manufacturing method of the light-emitting
device 1 with the exception of matters described below.

In the present embodiment, as shown i FIG. 11, 1n the
step of fixing the optical member 20, the optical member 20
1s fixed to the base body 10 via the lid body 80 so that a part
of the outer peripheral portion of the optical member 20 1s
positioned inside the recess 82b 1n a top view. In other
words, the optical member 20 used 1n the present embodi-
ment 1s shaped such that four corners thereof are cut off in
a top view and openings G are formed 1n the four cut-oif
shape portions. In FIG. 11, a hatched region indicates the
region 1n which the adhesive 100 1s mterposed. Using this
optical member 20 enables a portion where the optical
member 20 and the base body 10 or the lid body 80 are not
bonded by the adhesive 1 a top view to be more reliably
formed 1n comparison to the first embodiment 1n which the
adhesive 100 1s partially arranged on the upper surface of the
wall section 14. Even 1n the present embodiment, an optical
member provided with the injection holes 24a described in
the second embodiment can be used.
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Example

In the present example, a light-emitting device was manu-
factured by a manufacturing method corresponding to the
fourth embodiment. Hereinatfter, the manufacturing method
of a light-emitting device according to the present example
will be described with reference to FIGS. 2A to 5C and 11.

First, the base body 10 including the base section 12 made
of copper and the wall section 14 that 1s made of an 1ron
alloy and that surrounds one region of an upper surface of
the base section 12 was provided (refer to FIGS. 2A to 2C).

Subsequently, the semiconductor laser element 30, which
1s made of a nitride semiconductor and which has an
emission wavelength of 455 nm, was arranged on the upper
surface of the base section 12 on the inside of the wall
section 14. Subsequently, the light-reflecting member 50,
which includes glass and a light-reflecting film made of a
dielectric multilayer film formed on the glass, was arranged
on the upper surface of the base section 12. This was
repetitively performed 20 times, and twenty semiconductor
laser elements 30 and twenty light-reflecting members 50
were respectively arranged 1n four rows and five columns
(refer to FIGS. 3A to 3C).

Subsequently, the 1id body 80 including the frame section
82 made of an 1ron alloy and provided with twenty through-
holes 82a and twenty light-transmissive sections 84 block-
ing the respective through-holes 82a was fixed on the upper
surface of the wall section 14 by seam welding (refer to
FIGS. 4A to 4C). The lid body 80 includes the recess 82b
that 1s recessed toward the base section 12 on the inside of
the wall section 14 1n a state of being fixed to the wall
section 14.

Subsequently, the optical member 20 was arranged above
the base body 10 and the inclination, the height, and the
planar position of the optical member 20 were adjusted
using an autocollimator and various stages. During the
adjustment, after covering portions other than at the lens
section being measured with a light-shielding plate so that
light was emitted only from the lens section being measured,
the height of the lens section at which parallel light 1s
obtained and a deviation angle of the optical axis of light
emitted from the lens section were measured.

While a description will be given below with reference to
FIGS. 5A to 5C, the optical member 20 shown 1n FIG. 11
was used as the optical member 20. The following descrip-
tion assumes that, 1n FIG. 11, the lens section 22 1n the first
row, lirst column 1s denoted by lens number 1, the lens
section 22 to the right thereot 1n the first row, second column
1s denoted by lens number 2, the lens section 22 to the right
thereol 1n the first row, third column 1s denoted by lens
number 3, the lens section 22 to the right thereof 1n the first
row, fourth column i1s denoted by lens number 4, the lens
section 22 to the right thereof in the first row, fifth column
1s denoted by lens number 5, and so on (1n other words, lens
numbers 1 to 5 are assigned from a left end toward a right
end of a topmost row). In a similar manner, lens numbers 6
to 10 are assigned from the first column toward the fifth
column 1n the second row (i.e., second row from top), lens
numbers 11 to 15 are assigned from the first column toward
the fifth column in the third row (1.e., third row from top),
and lens numbers 16 to 20 are assigned from the first column
toward the fifth column in the fourth row (1.e., fourth row
from top). The following description assumes that a stage
position in the X direction (1.e., a horizontal direction 1n FIG.
11) 1s an X stage position, a stage position 1n the Y direction
(a vertical direction 1n FIG. 11) 1s a Y stage position, and a
stage position 1 the Z direction (1.e., a direction perpen-
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dicular to a paper plane or, 1n other words, a height direction
in FIG. 11) 1s a Z stage position.

First, in each of the lens sections 22 positioned at the four
corners of the optical member 20, the Z stage position when
light emaitted from the lens section 22 becomes parallel light
or close to parallel in the Y direction was measured. Mea-
suring the 7 stage position enables a relative height of the
lens section 22 when the light emitted from the lens section
22 becomes parallel light to be recognized. As a result of the
measurement, the 7 stage position when each lens section
emits parallel light was 174 um for lens number 1, 185 um
for lens number 5, 165 um for lens number 16, and 162 um
for lens number 20.

Subsequently, based on a difference between the Z stage
position of lens number 1 and the Z stage position of lens
number 5 and a difference between the X stage position upon
measurement of a height at which parallel light 1s obtained
with respect to lens number 1 and the X stage position upon
measurement of a height at which parallel light 1s obtained
with respect to lens number 5, an inclination to be adjusted
in the X direction that 1s required to obtain parallel light for
both lens number 1 and lens number 5 was calculated as an
angle A to be —0.045 degrees. In a similar manner, based on
a difference between the Z stage position of lens number 16
and the Z stage position of lens number 20 and a diflerence
between the X stage position upon measurement of a height
at which parallel light 1s obtained with respect to lens
number 16 and the X stage position upon measurement of a
height at which parallel light 1s obtained with respect to lens
number 20, an inclination to be adjusted 1n the X direction
that 1s required to obtain parallel light for both lens number
16 and lens number 20 was calculated as an angle B to be
0.012 degrees. In a similar manner, based on a diflerence
between the Z stage position of lens number 1 and the Z
stage position of lens number 16, and a difference between
the Y stage position upon measurement of a height at which
parallel light 1s obtained with respect to lens number 1 and
the Y stage position upon measurement of a height at which
parallel light 1s obtained with respect to lens number 16, an
inclination to be adjusted in the Y direction that 1s required
to obtain parallel light for both lens number 1 and lens
number 16 was calculated as an angle C to be -0.029
degrees. In a similar manner, based on a difference between
the Z stage position of lens number 5 and the Z stage
position of lens number 20 and a diflerence between the Y
stage position upon measurement of a height at which
parallel light 1s obtained with respect to lens number 5 and
the Y stage position upon measurement of a height at which
parallel light 1s obtained with respect to lens number 20, an
inclination to be adjusted in the Y direction that 1s required
to obtain parallel light for both lens number 5 and lens
number 20 was calculated as an angle D to be -0.073
degrees. In addition, based on an average value (-0.039
degrees) of the two values (the angle A and the angle B)
obtained with respect to the X direction and an average value
(—0.066 degrees) of the two values (the angle C and the
angle D) obtained with respect to the Y direction, the
inclination of the optical member 20 was adjusted so that
cach of the lens sections 22 at the four corners assumed an
appropriate height. In this case, a negative value means that
an adjustment 1s required so that a left side in FIG. 11 1n the
X direction approaches the upper surface of the base section
12 or that an adjustment 1s required so that a lower side 1n
FIG. 11 in the Y direction approaches the upper surface of
the base section 12. On the other hand, a positive value
means that an adjustment 1s required so that a right side in
FIG. 11 in the X direction approaches the upper surface of
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the base section 12 or that an adjustment 1s required so that
an upper side in FIG. 11 1n the Y direction approaches the
upper surface of the base section 12.

In order to confirm the effect of the adjustment, the Z
stage position at which parallel light 1s obtained was mea-
sured after the adjustment for each of lens numbers 1, 5, 16,
and 20. As a result, the Z stage position was 225 um for lens
number 1, 228 um for lens number 5, 227 um {for lens
number 16, and 222 um for lens number 20. In addition, a
calculation of the angles A to D after the adjustment 1n a
similar manner to that described above resulted in -0.012
degrees for the angle A, 0.020 degrees for the angle B, 0.006
degrees for the angle C, and -0.019 degrees for the angle D.
Furthermore, an average value of the two values (the angle
A and the angle B) obtained with respect to the X direction
was —0.002 degrees and an average value of the two values
(the angle C and the angle D) obtained with respect to the Y
direction was —0.004 degrees.

These results are shown 1 FIGS. 12 and 13. As 1s
apparent from FIGS. 12 and 13, light coming closer to
parallel light was obtained at all of the lens sections 22
positioned 1n the four comers 1n a top view by adjusting the
height and the inclination of the optical member 20. FI1G. 12
shows that there are significant diflerences between the 7
stage position where parallel light 1s obtained for each of the
lens numbers 1, 5, 16, and 20 before the adjustment and the
/. stage position where parallel light 1s obtained for each of
the lens numbers 1, 5, 16, and 20 after the adjustment. This
1s because the reference axis for adjusting the inclination of
the optical member 20 1s not positioned at the center of the
optical member 20 but 1s positioned on the stage for adjust-
ing the inclination of the optical member 20 and the stage 1s
at a position separated from the optical member 20. In other
words, although the Z stage position where parallel light 1s
obtained for each of the lens numbers 1, 5, 16, and 20 has
changed before and after the adjustment, the actual height of
cach lens section at which parallel light 1s obtained for each
of the lens numbers 1, 5, 16, and 20 1s approximately the
same before and after the adjustment.

Subsequently, for all 20 lens sections 22, a deviation angle
of an optical axis of a laser beam emitted from the lens
section 22 from a reference axis was measured (in this case,
a straight line perpendicular to the lower surface of the base
section 12 was adopted as the reference axis). And then, the
planar position of the optical member 20 was adjusted so
that an average value of the results of the measurement
approached the reference axis.

FIG. 14 shows deviation angles of the optical axes of laser

beams emitted from lens sections 22 before and after the
adjustment of the planar position, and FIG. 15 shows the
data 1n FIG. 14 plotted to XY coordinates. In FIG. 14, 0x
denotes a deviation angle in the X direction 1n FIG. 11, Oy
denotes a deviation angle 1n the Y direction in FIG. 11, and
D denotes a deviation angle obtained as a compound angle
of Ox and Oy. As 1s apparent from FIGS. 14 and 15, an
amount of deviation of an optical axis when the light-
emitting device 1s considered a single light source could be
reduced by adjusting the planar position of the optical
member 20.

While embodiments and an example have been described
above, 1t 1s to be understood that the present invention 1s not
limited to the embodiments and the example 1 any way
whatsoever.

What 1s claimed 1s:

1. A method of manufacturing a light-emitting device, the
method comprising:

providing a base body including a base section and a wall

section extending upward from the base section;
providing an optical member comprising a plurality of
lens sections arranged 1n a matrix pattern, and a non-
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lens section disposed at a periphery of the plurality of
lens sections 1n a top view;

fixing a plurality of semiconductor laser elements on an
upper surface of the base section; and

fixing an optical member above an upper surface of the
wall section, such that the optical member i1s located
above the base body, wherein the step of fixing the
optical member comprises:

interposing an adhesive between the upper surface of
the wall section and a lower surface of the non-lens

section of the optical member either before or after
adjusting an 1nclination, a height, and a planar posi-
tion of the optical member, and

subsequently, curing the adhesive such that a height of

the adhesive compensates for dimensional variances
of the optical member;
wherein, 1n the step of fixing the optical member, the
planar position of the optical member 1s adjusted by
performing steps comprising:
for each of the plurality of lens sections, determining a
deviation angle formed between an optical axis of
light emitting from the lens section and a reference
axis,

determining an average value of the determined devia-

tion angles, and

adjusting the planar position of the optical member

such that the average value of the determined devia-
tion angles 1s close to 0.
2. The method according to claim 1, wherein:
the wall section surrounds a first region of the upper
surface of the base section,
in the step of fixing the plurality of semiconductor laser
clements, the plurality of semiconductor laser elements
are fixed on the upper surface of the base section inside
the wall section,
the method further comprises, between the step of fixing
the semiconductor laser elements and the step of fixing
the optical member, fixing a lid body on an upper
surface of the wall section, the id body including one
or more light-transmissive sections, the one or more
light-transmissive sections being configured to transmait
light emitted from at least one of the semiconductor
laser elements.

3. The method according to claim 1, wherein the plurality
of lens sections of the optical member are two-dimension-
ally arranged in the top view.

4. The method according to claim 3, wherein the adhesive
1s a photocurable adhesive.

5. The method according to claim 4, wherein, 1n the step
of fixing the optical member, the adhesive 1s interposed
between the base body and the non-lens section after adjust-
ing the inclination, the height, and the planar position of the
optical member.

6. The method according to claim 5, wherein:

the non-lens section of the optical member includes a

plurality of injection holes for imjecting the adhesive,
and

in the step of fixing the optical member, the adhesive 1s

interposed between the base body and the non-lens
section by injecting the adhesive through the mnjection
holes.

7. The method according to claim 4, wherein:

the non-lens section of the optical member includes a

through-hole,

the adhesive 1s an adhesive containing organic matter, and

in the step of fixing the optical member, the adhesive 1s

interposed between the base body and a region of the
non-lens section that 1s farther away from the plurality
of lens sections than the through-hole 1n the top view.
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8. The method according to claim 7, wherein, in the step
of fixing the optical member, the adhesive 1s interposed
between the base body and the non-lens section 1n a region
spanning an entire outer peripheral portion of the optical
member 1n the top view.
9. The method according to claim 4, wherein:
the adhesive 1s an adhesive containing organic matter, and
in the step of fixing the optical member, the adhesive 1s
interposed between the base body and the non-lens
section 1n a region excluding a part of an outer periph-
eral portion of the optical member in the top view.
10. The method according to claim 9, wherein:
the l1d body includes a recess that 1s recessed toward the
base section inside the wall section, and
in the step of fixing the optical member, the optical
member 1s fixed to the base body via the lid body such
that a part of an outer peripheral portion of the optical
member 1s positioned nside the recess in the top view.
11. The method according to claim 10, further comprising
fixing a plurality of light-reflecting members on the upper
surface of the base section.
12. The method according to claim 11, wherein each of
the light-reflecting members 1s configured to reflect light
emitted from a respective one of the semiconductor laser
clements toward a respective one of the plurality of lens
sections.
13. The method according to claam 12, wherein, in the
step of fixing the lid body, the lid body 1s fixed on the base
body by welding.
14. The method according to claim 4, further comprising
fixing a plurality of light-reflecting members on the upper
surface of the base section, each of the light-reflecting
members being configured to retlect light emitted from a
respective one of the semiconductor laser elements toward a
respective one of the plurality of lens sections.
15. A method of manufacturing a light-emitting device,
the method comprising:
providing a light source unit including:
a base body having a base section and a wall section
surrounding a first region of an upper surface of the
base section and extending upward from the upper
surface of the base section,
a plurality of semiconductor laser elements fixed on the
upper surface of the base section 1nside the wall sec-
tion, and
a Iid body that includes one or more light-transmissive
sections, the one or more light-transmissive sections
being configured to transmit light emitted from at least
one of the semiconductor laser elements, the lid body
being fixed on an upper surface of the wall section;
providing an optical member comprising a plurality of
lens sections arranged 1n a matrix pattern, and a non-
lens section disposed at a periphery of the plurality of
lens sections in a top view; and
fixing an optical member above the upper surface of the
wall section, such that the optical member 1s located
above the base body, wherein the step of {ixing the
optical member comprises:

interposing an adhesive between the upper surface of the
wall section and a lower surface of the non-lens section

of the optical member either before or after adjusting an
inclination, a height, and a planar position of the optical
member, and

subsequently, curing the adhesive such that a height of the
adhesive compensates for dimensional variances of the
optical member;
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wherein, 1n the step of fixing the optical member, the
planar position of the optical member 1s adjusted by
performing steps comprising:

for each of the plurality of lens sections, determining a
deviation angle formed between an optical axis of light
emitting from the lens section and a reference axis,

determining an average value of the determined deviation
angles, and

adjusting the planar position of the optical member such
that the average value of the determined deviation
angles 1s close to 0.

16. The method according to claim 15, wherein the

adhesive 1s a photocurable adhesive.

17. The method according to claim 16, wherein the
plurality of lens sections of the optical member are two-
dimensionally arranged 1n the top view.

18. The method according to claim 17, further comprising
fixing a plurality of light-reflecting members on the upper
surface of the base, each of the light-reflecting members
being configured to reflect light emitted from a respective
one of the semiconductor laser elements toward a respective
one of the plurality of lens sections.

19. The method according to claim 1, wherein:

the plurality of lens sections of the optical member are
arranged 1n a matrix pattern, and

in the step of fixing the optical member, the height of the
optical member 1s adjusted based on a height of only
corner lens sections among the plurality of lens section.

20. The method according to claim 19, wherein, in the
step of fixing the optical member, the height of the optical
member 1s adjusted by:

for each of the corer lens sections, determining a height
at which light transmitted through the corner lens
section becomes parallel, and

adjusting the height of each of the comer lens sections
such that each of the comer lens sections 1s located at
the determined height.

21. The method according to claim 15, wherein:

the plurality of lens sections of the optical member are
arranged 1n a matrix pattern, and

in the step of fixing the optical member, the height of the
optical member 1s adjusted based on a height of only
corner lens sections among the plurality of lens section.

22. The method according to claim 21, wherein, in the
step of fixing the optical member, the height of the optical
member 1s adjusted by:

for each of the comer lens sections, determining a height
at which light transmitted through the corner lens
section becomes parallel, and

adjusting the height of each of the comer lens sections
such that each of the comer lens sections 1s located at
the determined height.

23. A light-emitting device comprising:

a base body including a base section, and a wall section
surrounding a first vegion of an upper surface of the
base section and extending upward from the upper
surface of the base section,

a plurality of semiconductor laser elements fixed on the
upper surface of the base section inside the wall
section,

a lid body fixed on an upper surface of the wall section,
the lid body including one or morve light-transmissive
sections configured to transmit light emitted from at
least one of the semiconductor laser elements;

an optical member fixed on an upper surface of the lid
body, the optical member comprising a plurality of lens
sections, and a non-lens section disposed at an outer
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peripheral portion of the optical member that extends
around the plurality of lens sections in a top view;,
an adhesive disposed between the upper surface of the lid
body and the non-lens section of the optical member
along a first part of the outer peripheral portion of the >
optical member, such that an open gap is located
between the upper surface of the lid body and a lower
surface of the non-lens section along a second part of
the outer peripheral portion of the optical member,
wherein, in a sectional view perpendicular to a lower 19
surface of the optical member, the lower surface of the
optical member is inclined such that a thickness at a
first end part of the optical member is greater than a
thickness at a second end part of the optical member,
and 15
whevrein, in the sectional view perpendicular to the lower
surface of the optical member, a thickness of a portion
of the adhesive located below the first end part of the
optical member is less than a thickness of a portion of
the adhesive located below the second end part of the 2V
optical member.
24. The light-emitting device according to claim 23,
wherein.
the adhesive is interposed between the lid body and the
non-lens section along a plurality of first parts of the 23
outer peripheral portion of the optical member that are
spaced from each other, such that a plurality of open
gaps ave located between the upper surface of the lid
body and the lower surface of the non-lens section
along a plurality of second parts of the outer peripheral 3
portion of the optical member.
25. The light-emitting device according to claim 23,
wherein:
the adhesive is interposed between the upper surface of
the lid body and the lower surface of the non-lens 33
section along the first part of the outer peripheral
portion of the optical member.
26. The light-emitting device according to claim 25,
wherein.
the adhesive is interposed between the upper surface of Y
the lid body and a lower surface of the non-lens section
along a plurality of first parts of the outer peripheral

20

portion of the optical member that arve spaced from
each other, such that a plurality of open gaps are
located between the upper surface of the lid body and
the lower surface of the non-lens section along a
plurality of second parts of the outer pevipheral portion
of the optical member.
27. The light-emitting device according to claim 24,
wherein.:
the plurality of first parts include at least two first parts
that ave opposite each other on two opposing sides of
the outer peripheral portion of the optical member.
28. The light-emitting device according to claim 25,
wherein.
the adhesive is in divect contact with the lower surface of
the non-lens section and the upper surface of the lid
body located above the wall section.
29. The light-emitting device according to claim 27,
wherein.:
the adhesive is in divect contact with the lower surface of
the non-lens section and the upper surface of the lid
body located above the wall section.
30. The light-emitting device according to claim 28,
wherein:
a lower surface of the optical member is a planar surface.
31. The light-emitting device according to claim 23,
wherein.
the lid body includes a recess that is recessed toward the
base section inside the wall section.
32. The light-emitting device according to claim 23,
wherein.:
the base body further includes a plurality of wivings, each
of which is located in a vespective one of a plurality of
holes that extend through the wall section from an inner
side of the wall section to an outer side of the wall
section;
the lid body includes a frame section defining one or more
through-holes, with the one or more light-transmissive
sections being disposed on the frame section and
covering the one ov more through-holes; and
in the top view, the plurality of wirings do not overlap with
the one ov move through holes.
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