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A method for manufacturing an optical member includes
providing a silicon substrate having a first main surface of a
{110} plane, forming a mask pattern having an opening
extending in a <100> direction on the first main surface of
the silicon substrate, and forming a sloped surface of a
{100} plane in the silicon substrate by wet etching the
silicon substrate from a first main surface side using the
mask pattern as a mask. A method for manufacturing a
semiconductor laser device includes fixing the optical mem-
ber formed by the method for manufacturing the optical
member and a semiconductor laser element to a mounting
board so that laser light emitted from the semiconductor
laser element is irradiated to a reflective film of the optical

member.
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METHOD FOR MANUFACTURING OPTICAL
MEMBER, METHOD FOR
MANUFACTURING SEMICONDUCTOR
LASER DEVICE, AND SEMICONDUCTOR
LASER DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to Japanese Patent
Application No. 2015-149210 filed on Jul. 29,2015. The
entire disclosure of Japanese Patent Application No. 2015-
149210 is hereby incorporated herein by reference.

BACKGROUND
[0002] 1. Technical Field
[0003] The present disclosure relates to a method for

manufacturing an optical member, a method for manufac-
turing a semiconductor laser device, and a semiconductor
laser device.

[0004] 2. Description of Related Art

[0005] In the field of optics, and especially for semicon-
ductor lasers, there has been a need in recent years for
smaller packages and higher output. Accordingly, a semi-
conductor laser device is proposed in which one or more
laser elements and optical members corresponding to the
laser elements, such as an optical member having a 45-de-
gree sloped surface, are disposed in a single package, and
laser light that is reflected perpendicularly on the sloped
surface is collimated and used. Also, a method for manu-
facturing an optical member having a 45-degree sloped
surface in which silicon is used and is subjected to wet
etching, in order to provide an optical member having a
45-degree sloped surface at a low cost (for example, JP2000-
77382A, JP2006-86492A, and JP2009-526390A).

[0006] However, it may not be easy to make a 45-degree
sloped surface both smooth and precise in its angle. Also, a
simple method for making such a mirror has not been
established yet, and there has been a need for a simple
method of highly precisely manufacturing an optical mem-
ber including a sloped surface having high smoothness.

SUMMARY

[0007] It is an object thereof to provide a simple method
for precisely manufacturing an optical member including a
sloped surface having high flatness, as well as a semicon-
ductor laser device including this high-precision optical
member. A method for manufacturing an optical member of
the present disclosure includes providing a silicon substrate
having a first main surface of a {110} plane, forming a mask
pattern having an opening extending in a <100> direction on
the first main surface of the silicon substrate, and forming a
sloped surface of a {100} plane in the silicon substrate by
wet-etching the silicon substrate from the first main surface
side using the mask pattern as a mask. Further, a method for
manufacturing a semiconductor laser device of the present
disclosure includes fixing the optical member described
above and a semiconductor laser element to a mounting
board so that laser light emitted from the semiconductor
laser element is irradiated to a reflective film of the optical
member.

[0008] Still fluffier, a semiconductor laser device of the
present disclosure includes a mounting board, a semicon-
ductor laser element disposed on the mounting board, and an
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optical member that is composed of silicon having a {110}
plane and a {100} plane, in which either the {110} plane or
the {100} plane is fixed on the mounting board and the other
one is covered by a reflective film, and which reflects laser
light emitted from the semiconductor laser element.

[0009] According to one embodiment of the present dis-
closure, an optical member including a sloped surface with
high flatness can be simply and precisely manufactured, and
a semiconductor laser device including this high-precision
optical member can be provided.

BRIEF DESCRIPTION OF DRAWINGS

[0010] FIGS. 1A and 1B are a schematic plan view and a
schematic cross-sectional view, respectively, illustrating an
embodiment of a mask pattern on a silicon substrate in the
present disclosure;

[0011] FIGS. 2Ato 2F are schematic cross-sectional views
illustrating an embodiment of the method for manufacturing
an optical member in the present disclosure;

[0012] FIGS. 3A and 3B are schematic cross-sectional
views illustrating an embodiment of the method for manu-
facturing an optical member in the present disclosure;
[0013] FIGS. 4A and 4B are a schematic plan view and a
schematic cross-sectional view taken along the a-a' line of
FIG. 4A, respectively, showing an embodiment of the semi-
conductor laser device of the present disclosure;

[0014] FIG. 5 is schematic cross-sectional view illustrat-
ing another embodiment of the semiconductor laser device
of the present disclosure;

[0015] FIG. 6 is schematic cross-sectional view of another
embodiment of the semiconductor laser device of the present
disclosure;

[0016] FIG. 7 is schematic cross-sectional view of another
embodiment of the semiconductor laser device of the present
disclosure; and

[0017] FIGS. 8A, 8B and 8C are a plan view, a vertical
side view, and a lateral side view, respectively, illustrating
surfaces of the silicon substrate obtained by the method for
manufacturing a semiconductor laser device in the present
disclosure.

DETAILED DESCRIPTION OF EMBODIMENTS

[0018] In the description below, embodiments of the pres-
ent invention will be described appropriately referring to
drawings. However, an illustration described below are
intended as illustrative to give a concrete form to technical
ideas of the present invention, and unless otherwise speci-
fied, the scope of the present invention is not limited to
descriptions below. Also, description in one embodiment
and in one example can be applied in other embodiments and
examples. The sizes or positional relationships of members
illustrated in each drawing may be exaggerated so as to
clarify the description.

Embodiment 1: Method for Manufacturing Optical
Member

[0019] The method for manufacturing the optical member
of the present embodiment includes
[0020] (a) providing a silicon substrate having a first
main surface of a {110} plane,
[0021] (b) forming a mask pattern having an opening
that extend in a <100> direction on the first main
surface of the silicon substrate, and
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[0022] (c) forming a sloped surface having the {100}
plane by wet etching the silicon substrate from the first
main surface side using the mask pattern as a mask.

[0023] The method described above, may further includes

[0024] (d) forming a reflective film on one side of the
silicon substrate, or

[0025] (e) dividing the silicon substrate.
[0026] a: Provision of Silicon Substrate

[0027] A silicon substrate having a first main surface of a
{110} plane is provided. The term “{110} plane” here refers
to {110} plane of the crystal lattice planes in a diamond
structure of silicon, which is a crystal structure that is stable
under normal temperature and normal pressure, and to
crystal planes equivalent to {110} plane. The term “crystal
planes equivalent to” means the family of equivalent crystal
planes or facets defined by the Miller index. The first main
surface of the silicon substrate may have an off angle of
about +2 degrees with respect to the {110} plane. The off
angle is preferably =1 degree, and more preferably +0.2
degree.

[0028] The size and the thickness of the silicon substrate
can be suitably adjusted in accordance with the application
of the optical member to be obtained and so forth. It is
preferable to obtain a plurality of optical members from a
single silicon substrate, and accordingly, the silicon sub-
strate may have a length and/or width of from a few
centimeters to a few dozen centimeters.

[0029] The thickness of the silicon substrate is preferably
uniform, but the silicon substrate may include portions of
different thickness locally. It is also preferable that the first
main surface of the silicon substrate and the second main
surface on the opposite side are respectively a surface of the
{110} plane. That is, the silicon substrate preferably has a
second main surface that is parallel to the first main surface.
The thickness of the silicon substrate can be in a range of
100 um to a few thousand microns, for example, and can be
in a range of 500 to 2000 pm, for instance.

[0030] b: Formation of Mask Pattern

[0031] A mask pattern is formed on the first main surface
of'the silicon substrate. This mask pattern includes openings,
for example, extending in a <100> direction as shown in
FIG. 1. The openings that extend in the <100> direction can
be openings that extend in a direction parallel to the first
main surface.

[0032] The term “the <100> direction” here refers to a
direction perpendicular to (100) plane, which is one of the
crystal lattice planes in a diamond structure of a silicon,
which is a crystal structure that is stable at normal tempera-
ture and pressure, and all directions that are perpendicular to
crystal planes equivalent to the (100) plane.

[0033] The openings in the mask pattern may be openings
each having a stripe shape extending in the <100> direction.
Also, the openings extending in the <100> direction may
link to openings extending in a direction perpendicular to the
<100> direction (namely, in a <110> direction) to form a
lattice pattern. For example, the openings extending in the
<100> direction may link to openings extending in the
<110> direction to form a lattice pattern. The openings
extending in the <100> direction has outer edges (both
sides) that are preferably parallel to the <100> direction.
Also, the openings extending in the <110> direction has
outer edges (both sides) that are preferably parallel to the
<110> direction.
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[0034] The length of the openings extending in the <100>
direction can be suitably selected according to the size of the
silicon substrate to be used. The width of the openings
extending in the <100> direction can be suitably selected
according to the height of the sloped surface to be obtained
in a subsequent step, etc. For example, the width can be in
a range of about 200 to 1000 um. In the case of to including
an opening extending in a direction other than the <100>
direction, a width of the opening may be the same as or
different from the width of the openings extending in the
<100> direction. The sloped surface formed by such open-
ing extending in a direction other than the <100> direction
is not related to function as an optical member. Thus, the
width of openings extending in a direction other than the
<100> direction is preferably less than the width of openings
extending in the <100> direction. This allows the surface
area of the silicon substrate to be used more efficiently. Also,
the width of the openings may be fairly large in the case of
being used for division grooves, and can be about 50 to 500
um, for example.

[0035] The depth of the openings corresponds to the
thickness of the mask pattern, and for example, is in a range
about 0.1 to 1 um.

[0036] The mask pattern can generally be formed using a
material that is known in this field such as a resist film, an
insulating film (an oxide film of silicon, hafnium, zirconium,
aluminum, titanium, lanthanum, or the like) and by a known
method such as photolithography and an etching step. It is
particularly preferable to appropriately select the material of
the mask pattern according to the type of etchant used in wet
etching (discussed below).

[0037] In the case where the openings that extend perpen-
dicular to the <100> direction, which are described above,
are not formed in the mask pattern on the first main surface
of the silicon substrate, a mask pattern and openings that
extend perpendicular to the <100> direction may be formed
on the second main surface of the silicon substrate.

[0038] c: Formation of Sloped Surface

[0039] The silicone substrate is wet-etched from the first
main surface side thereof using the mask pattern as a mask,
so that the sloped surface having a {100} plane is formed.
The sloped surface preferably extends in the <100> direction
and has an inclination angle of 45 degrees with respect to the
second main surface (that is, the {110} plane) of the silicon
substrate. In other words, the sloped surface preferably
forms an angle of 135 degrees with respect to the first main
surface of the silicon substrate is. The “(100) plane” referred
to above may have an off angle of about +2 degrees with
respect to the {100} plane, and thus may be a plane having
an inclination angle of about 45+2 degrees with respect to
the second main surface. The off angle is preferably =1
degree, and more preferably +0.2 degree.

[0040] The etching described above is preferably be a wet
etching, but may be any etching method that allows for
anisotropic etching.

[0041] The wet etching may be performed using the
above-described mask pattern as the mask under any con-
ditions, so long as the etchant allows for anisotropic etching.
Examples of the etchant include tetramethylammonium
hydroxide (TMAH), potassium hydroxide, sodium hydrox-
ide, ethylene diamine pyrocatechol (EDP), hydrazine, a
mixture in which isopropanol is added to these, or a mixture
of these. The concentration of the etchant can be suitably
selected considering the etching rate of the silicon substrate
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or the like. Among materials described above, TMAH is
preferably used for the etchant. This is because TMAH has
higher anisotropy in the etching of the {110} plane of silicon
substrate than other anisotropic etchants, and allows for
precisely forming a sloped surface that is inclined by
approximately 45 degrees from the main surface in the
{110} plane of the silicon substrate. TTMAH is preferably
used also because it is easy to handle.

[0042] The etching conditions may be such that, in the
case where the etchant is TMAH, for example, the etchant
temperature is set to be in a range of about 80 to 110° C., and
the material is immersed for about 2 to 10 hours. The
immersion time may be adjusted so as to achieve the desired
amount of etching.

[0043] In the case where openings that extend in a direc-
tion perpendicular to the <100> direction, which are
described above, are also formed in the mask pattern used in
the description above, a surface is formed (see 114 in FIGS.
8A to 8C) having an inclination angle of about 35 degrees,
which is the {111} plane, from a side extending in the <110>
direction. This angle may also have an off angle of about +2
degrees with respect to the {110} plane.

[0044] After forming the above-described sloped surfaces
of 45 and 35 degrees, the etching is continued, which can
form a groove with a cross sectional shape that is trapezoidal
defined by the sloped surfaces extending from opposing
sides in plan view, and when the etching proceeds further,
the groove becomes V-shaped. Since silicon substrates can-
not be cleaved in either the <100> direction or the <110>
direction, in the case of forming a trapezoidal or preferably
V-shaped groove, the etching is preferably continued until a
V-shaped groove is formed, which allows for performing the
division described below easily at the bottom of the V shape.
[0045] The sloped surfaces are preferably formed to a
depth in a range of about a few hundred microns to a
thousand and a few hundred microns, and especially in a
range of about 200 to 1000 um, from the first main surface
of the silicon substrate.

[0046] d, d": Formation of Reflective Film

[0047] A reflective film may be formed on one side of the
silicon substrate. The “one side” here can be appropriately
selected according to a form of using the obtained silicon
substrate. For example, a reflective film is preferably formed
on either the obtained sloped surfaces or the second main
surface. In the case where the reflective film is formed on the
obtained sloped surfaces, the film will be formed at the angle
at which the surface is inclined, which may lead to difficulty
in controlling the film thickness, so that the quality of the
film may be deteriorated. For this reason, it is particularly
preferable to form the film on the second main surface.
[0048] The reflective film can be made of a material
capable of reflecting at least 50% of light emitted from a
semiconductor laser element, for example. In other words,
the reflective film can have a reflectivity of at least 50% with
respect to light having the oscillation wavelength of the
semiconductor laser element. In the case of combining the
reflective film with a high-output semiconductor laser ele-
ment (for, example, a semiconductor laser element having an
optical output of at least 1 W), the film is preferably made
of a material capable of reflecting at least 80%, at least 90%
or at least 95% of light having the oscillation wavelength.
Example of the reflective film include a single-layer or
multilayer structure film of a metal such as gold, silver,
copper, iron, nickel, chromium, aluminum, titanium, tanta-
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lum, tungsten, cobalt, ruthenium, tin, zinc, or an alloy of
these (e.g., for an Al alloy, an alloy of Al and Cu, Ag, or a
platinum group metal such as Pt may be used). When the
reflective film is made of a metal, a single-layer film of a
metal such as aluminum, gold, silver, or chromium is
preferable.

[0049] The reflective film may be a dielectric multilayered
film or the like in which two or more kinds of dielectrics are
laminated. This dielectric multilayered film is preferably a
DBR (distributed Bragg reflector) film. Examples of the
dielectrics forming the DBR film include an oxide film or a
nitride film of at least one element selected from the group
consisting of silicon, titanium, zinc, niobium, tantalum and
aluminum. Among them, a layered structure of the oxide of
silicon, zinc, niobium, tantalum or aluminum. Further, a first
layer of the reflective film preferably has good adhesion to
the silicon, and for example, Si-containing layer such as
Si0O, is considered to be suitable to serve as the to first layer.
By adjusting the material and thickness of the various layers
of the dielectric multilayer film, the dielectric multilayered
film can have a desired reflectivity.

[0050] It is particularly preferable for the reflective film to
be formed by a dielectric multilayer film. Using the dielec-
tric multilayer film can increase the reflectivity with respect
to the oscillation wavelength of the laser, as compared to a
reflective film formed of a metal. More specifically, the
reflectivity can be close to 100%. With this arrangement, an
optical member with less light absorption, that is, less heat
generation can be realized. Accordingly, a semiconductor
laser device with high output can be obtained. The reflec-
tivity of the dielectric multilayered film changes in accor-
dance with the change in the thickness of each layer of the
dielectric multilayered film, so that it is preferable to form
the film perpendicular to a surface on which the film is to be
formed in a wafer state so that the film having a thickness
that is the same as the designed value can be obtained.
Therefore, it is more preferable that the dielectric multilayer
film is formed on the second main surface (the {110} plane)
of the silicon substrate.

[0051] The thickness of the reflective film may be in a
range of about a few tenth micrometer to about a few dozen
micrometer, for example, preferably in a range of about 0.1
to 10 micrometer, and more preferably 0.3 to 7 micrometer.

[0052] The reflective film can be formed by a method
known in this art such as a vacuum deposition method, ion
plating method, ion vapor deposition (IVD) method, sput-
tering method, ECR sputtering method, plasma deposition
method, chemical vapor deposition (CVD) method, ECR-
CVD method, ECR-plasma CVD method, electron beam
evaporation (EB) method, an atomic layer deposition (ALD)
method. In any method of forming the reflective film, the
formation of the film is performed perpendicularly to the
surface on which the film is to be formed.

[0053] As described above, forming the reflective film
after forming the above-described sloped surfaces allows for
forming the reflective film having good angle precision, high
smoothness, or the like, and good film quality. Accordingly,
the reflection efficiency and durability of the optical member
can be enhanced. Also, the optical member can be manu-
factured efficiently, easily, simply, and at high precision.
Furthermore, the manufacturing cost of the optical member
itself can be reduced.
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[0054] e: Division of Silicon Substrate

[0055] The silicon substrate may be divided appropriately.
This division may be performed before or after the forma-
tion of the above-described reflective film.

[0056] The division of the silicon substrate is preferably
performed in a direction along a 45-degree sloped surface,
for example, that is, in the <100> direction. As described
above, in the case of forming sloped surfaces on the silicon
substrate, a groove with trapezoidal or V-shaped cross
section is formed defined by one or two sloped surfaces, so
that the division is preferably carried out inside the trap-
ezoidal or V-shaped groove along the direction of the
groove. Consequently, in the case where the mask pattern
includes a plurality of openings, two sloped surfaces can be
formed on both sides of a single optical member.

[0057] Also, in the case where the {110} plane (first main
surface) of the silicon substrate is present between two
sloped surfaces, the substrate may be further divided in a
direction parallel to the direction extending in the <100>
direction, in the {110} plane of the silicon substrate. This
division can form a single optical member having just one
sloped surface.

[0058] Regardless of whether or not etching is performed
in the above-described direction extending in the <100>
direction, it is preferable to perform division also in a
direction perpendicular to the direction along the sloped
surfaces, that is, the <110> direction. For this division, a
groove defined by slopes formed by etching in a direction
extending in the <100> direction may be used, or an
auxiliary division groove or crack described below may be
used.

[0059] At the time of dividing the silicon substrate, it is
preferable to form an auxiliary division groove and/or crack
and perform division. This auxiliary groove and/or crack can
be formed, for example, by known methods such as blade
dicing or laser dicing. Among these, it is preferable to use
laser dicing that allows for internal processing of a material.
With this method, cracks can be formed over approximately
the entire surface, no matter how thick the material is, and
generation of debris during division can be reduced. In the
case of using laser dicing that allows internal processing, an
internal-processing laser is emitted by, for example, the laser
dicing device to form cracks directly under the V-shaped
grooves, and then, as shown in FIG. 2D, the silicon substrate
11 is divided with a breaking device from the lower ends of
the V-shaped grooves, which serve as the starting point of
the breaking.

[0060] The size of the silicon substrate after division can
be selected appropriately. For example, a side of the silicon
substrate in the <110> direction can be 2.0 mm, and a side
in the <100> direction can be 1.0 mm.

Embodiment 2: Semiconductor Laser Device

[0061] As shown in FIGS. 4A and 4B, for example, the
semiconductor laser device in this embodiment includes:

[0062] a mounting board 1;
[0063] a semiconductor laser element 4; and
[0064] an optical member 5 that is made of silicon

having the {110} plane and the {100} plane, in which
one of the {110} plane or the {100} plane is fixed on
the mounting board and the other one is covered by a
reflective film to reflect laser light emitted from the
semiconductor laser element 4.
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[0065] Optical Member 5

[0066] The optical member 5 is a member for reflecting
laser light emitted from the semiconductor laser element 4 to
an intended direction. The optical member 5 is preferably
made of silicon (Si). Silicon has better thermal conductivity
than a conventional optical member made of quartz (a
so-called prism), so that it is particularly advantageous for
use in high-output lasers in which the output of the semi-
conductor laser element is 1 W or higher.

[0067] The optical member preferably has surfaces of the
{110} plane and the {100} plane of silicon.

[0068] That is, a reflecting surface of the optical member
5 to reflect laser is preferably one of the {110} plane and the
{100} plane. In the present specification, the {110} plane
and the {100} plane allows inclination due to an off angle of
about £2 degrees. It is preferable that one of the {110} plane
and the {100} plane of silicon is fixed on the mounting
board, and the other is covered by a reflective film. For
example, the {110} plane can be fixed on the mounting
board, and the {100} plane can be covered by a reflective
film and used as the reflecting surface to reflect laser light.
The “{100} plane” referred to here indicates a plane that is
at a 45-degree angle with respect to the {110} plane.

[0069] This the {110} plane preferably corresponds to the
second main surface of the silicon substrate in the above-
mentioned method for manufacturing an optical member, for
example, while the {100} plane is preferably a sloped
surface formed by etching using a mask pattern having
openings that extend in the <100> direction.

[0070] Generally, the optical member 5 in which the {110}
plane or the {100} plane that serves as the reflecting surface
is covered with a reflective film as described above is used.

[0071] The optical member 5 is disposed opposing the
semiconductor laser element 4. The “disposed opposing™ in
this case means that laser light emitted from the semicon-
ductor laser element 4 is irradiated to the reflecting surface
of'the optical member 5 (that is, the surface covered with the
reflective film), and the optical member 5 is disposed at a
position where the reflecting surface can reflect this laser
light so as to face the semiconductor laser element 4. For
example, the reflecting surface of the optical member is
disposed so as to be inclined with respect to an end portion
of the semiconductor laser element on an optical member
side. This reflecting surface reflects laser light, which allows
the optical axis of the laser light emitted from the semicon-
ductor laser element 4 to be changed to another direction. In
the case where laser light from the semiconductor laser
element is emitted parallel to a main surface of the mounting
board, then light from the semiconductor laser element 4 can
be emitted perpendicularly to the mounting board 1 by
selecting the angle formed by the sloped surface and the
main surface of the mounting board to be 45 degrees =2
degrees, and preferably 45 degrees +1 degree, and more
preferably 45 degrees +0.2 degree.

[0072] There are no particular restrictions on the shape of
the optical member 5, as long as the optical member 5
includes the above-described reflecting surface, and any of
various shapes can be employed. For example, the shape of
the optical member 5 may be a polygonal column, a polygo-
nal truncated pyramid, or a combination of these shapes. The
optical member 5 may further have a sloped surface inclined
with respect to the {110} plane (see 114 in FIGS. 8A to 8C).
The inclination angle of the {110} plane of the sloped
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surface is less than the inclination angle of the {100} plane
with respect to the {110} plane, and for example, is about 35
degrees.

[0073] The reflecting surface of the optical member 5 is
disposed preferably within about 10 to 150 um from the
semiconductor laser element, and more preferably within
about 20 to 100 pm.

[0074] A single optical member 5 may be disposed on the
mounting board, or a plurality of optical member 5 may be
disposed on the mounting board. In the case of disposing the
plurality of optical member 5, they are preferably disposed
in a matrix, for example. Also, one optical member 5 may be
disposed for each semiconductor laser element, or one
optical member 5 may be disposed for a plurality of semi-
conductor laser elements.

[0075] The optical member 5 is generally disposed on the
mounting board 1 via a metal layer and/or an adhesive
member. The metal layer may be disposed in an area that is
smaller than an area of the surface of the optical member 5
that is fixed to the mounting board 1 and/or a planar area of
the optical member 5, or may be disposed in a planar area
equal to the planar area of these. Also, it may be disposed
extending out from the edges of the surface of the optical
member 5 that is fixed to the mounting board 1. This can
ensure a path of heat dissipation from the optical member 5.
[0076] The metal layer may be formed of a single layer of
metal such as gold, silver, or aluminum, or is a layered
structure including these metals. More specifically,
examples of the metal layer include a layered structure such
as Ti/Pt/Au, Ni/Au, Ni/Pd/Au or Ni/Pd/Au/Pd. In the case
where the outermost surface of the metal layer is gold, all or
a portion of the gold may diffuse into the adhesive member
(discussed below) such as a gold-based solder. In this case,
the diffused gold functions as an adhesive member. The
metal layer can be formed by any method known in this
field, such as vapor deposition method, sputtering method,
or plating method. Among these, forming by sputtering is
particularly preferable.

[0077] Examples of the adhesive member include an adhe-
sive member made of a metal material such as Au-based
solder material (e.g., AuSn-based solder, AuGe-based sol-
der, AuSi-based solder, AuNi-based solder, AuPdNi based
solder) or Ag-based solder material (e.g., AgSn based sol-
der). In the case of using the adhesive member, the optical
member and the mounting substrate are bonded so that
contact surfaces of the mounting substrate or the metal layer
and the optical member are bonded via the adhesive mem-
ber, after which these are kept under a predetermined
temperature and pressure. For example, thermocompression
bonding can be used for such bonding. From the viewpoint
of heat dissipation, the adhesive member is preferably
disposed over the entire surface between the mounting board
or metal layer and the optical member. Also, an adhesive
agent such as a UV-setting adhesive agent, a thermosetting
adhesive agent may be used.

[0078] Mounting Board 1

[0079] The mounting board 1 is used to mount the semi-
conductor laser element 4, the optical member 5, and other
components that constitute the semiconductor laser device.
The mounting board 1 is utilized also to allow heat generated
in the semiconductor laser element 4 to be efficiently
released to the outside. The mounting board 1 is typically
made of an electrically insulating ceramics such as AIN,
SiC, or aluminium oxide. In view of heat dissipation,
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another metal member (such as copper or aluminum),
another insulating ceramics made of another material, or the
like may be further disposed on the lower surface of the
insulating ceramics.

[0080] The thickness of the mounting board 1 can be
appropriately selected, and an example thereof is about 0.2
to 5 mm.

[0081] There are no particular restrictions on the size and
shape of the mounting board 1, which can be suitably
adjusted according to the size, shape, and so forth of the
semiconductor laser device to be obtained. Examples of the
planar shape include polygons such as rectangle, circle,
ellipse, or the like.

[0082] The mounting board 1 may have irregularities or
the like on the surface thereof, but the surface is preferably
flat. An example of the mounting board 1 is a plate-like,
rectangular mounting board 1 with a side of about 2 to 30
mm.

[0083] The mounting board 1 may include a wiring pattern
on a front surface thereof. Also, the mounting board 1 may
include terminals for connecting to an external power sup-
ply. The wiring pattern or the like may be embedded inside
the mounting board 1. With the arrangement of the terminals
on the front surface of the mounting board for connecting to
an external power source, the entire back surface of the
mounting board 1 can serve as a heat dissipation surface.

[0084]

[0085] A submount 3 may be arranged on the mounting
board 1. In this case, the semiconductor laser element 4 is
arranged on the submount 3. The submount 3 is made of a
material with good thermal conductivity to aid in the heat
dissipation of the semiconductor laser element 4, and is
preferably made of a material having thermal conductivity
higher than that of silicon. Examples of such material
include AIN, CuW, diamond, SiC and ceramics. Among
these, the submount is preferably made of monocrystalline
AIN or SiC.

[0086] The submount 3 may have an appropriate thick-
ness, and an example thereof is in a range of about 100 to
500 um, preferably about 120 to 400 um and more prefer-
ably about 150 to 300 pm. With a thickness of the submount
3 greater than a certain value, light from the semiconductor
laser element can be efficiently reflected by the reflecting
member and extracted. The submount 3 may have a thick-
ness such that the light emission point of the semiconductor
laser element to be located upper side than the lower end of
the reflective film. The height of the semiconductor laser
element is preferably selected so that a desired portion of the
light emitted from the semiconductor laser element (more
specifically, a portion of light having light intensity to be
reflected) is to be incident on the reflective film.

[0087] The submount 3 may have any appropriate planar
shape, and examples thereof include polygons such as
rectangle, circle, ellipse, and shapes similar to these. The
size of the submount 3 can be appropriately adjusted accord-
ing to the heat dissipation and the characteristics of the
semiconductor laser device to be obtained. For example, the
submount 3 has an area greater than an area of the surface
of the semiconductor laser element 4 in plan view. That is,
in plan view, the submount 3 has a length and width greater
than the length and width of the semiconductor laser element
4, respectively. With this arrangement, all or substantially all

Submount 3
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of the semiconductor laser element 4 can be disposed on the
submount 3, which allows for ensuring a heat dissipation
path.

[0088] One submount 3 or a plurality of submounts 3 may
be disposed on the mounting board 1. In the case of
disposing a plurality of submounts 3, they are preferably
disposed in a matrix, for example.

[0089] The submount 3 is usually disposed on the mount-
ing board 1 via the above-described metal layer and/or
adhesive member. The metal layer may be disposed in a
planar area that is less than the planar area of the submount
3, or may be disposed in a planar area equal to the planar
area of the submount 3. Also, it may be disposed extending
out from the edges of the submount 3.

[0090] Semiconductor Laser Element 4

[0091] Inthe semiconductor laser element 4, when voltage
is applied and current flows at or above a threshold value,
laser oscillation occurs at the active layer and a region
surrounding the active layer, and the generated laser light is
emitted through a waveguide region to the outside. This
semiconductor laser element 4 can be any known laser
element having a structure in which a plurality of semicon-
ductor layers are layered. For instance, examples of the
semiconductor laser element 4 include an element having a
structure in which an n-type semiconductor layer, an active
layer, and a p-type semiconductor layer are layered in that
order over a conductive substrate, and an insulating film,
electrodes, and the like are formed on a surface of the
semiconductor layer. Examples of the material of the semi-
conductor layer include a group III-V compound, and a
nitride semiconductor is particularly preferable.

[0092] The semiconductor laser element 4 is arranged on
the submount 3. With this arrangement, heat generated from
the semiconductor laser element 4 can be efficiently escaped
through the submount 3 or the like to the mounting board 1.
The semiconductor laser element 4 may be junction-up
mounted (i.e., face-up mounted), in which the substrate side
is the mounting surface, but is preferably junction-down
mounted (i.e., face-down mounted). With the junction-down
mounting, a portion of the semiconductor laser element 4 in
which the oscillation occurs can be close to the submount 3
and the mounting board 1 below. Such arrangement of the
portion of laser light oscillation, in which heat can easily be
generated, to be close to the submount 3 and the mounting
board 1 allows for more effective heat dissipation. In the
case of junction-down mounting, the semiconductor laser
element 4 is preferably disposed so that a portion of the
semiconductor laser element 4 protrudes to the optical
member 5 side beyond the end of the submount 3. The
protruding length can be about 10 to 20 pum, for example.
This can reduce reflection of the laser light by the submount,
and can also shorten the distance between the semiconductor
laser element 4 and the optical member 5 in a direction
parallel to the surface of the mounting board. That is, the
semiconductor laser element 4 can be arranged close to the
optical member 5 (discussed below). With this arrangement,
the semiconductor laser device can be smaller in size. Also,
generally, heat is generated at a semiconductor layer side of
the semiconductor laser element 4, so that heat dissipation
can be better improved by junction-down mounting, in
which the semiconductor layer side can serve as the mount-
ing board side, that is, the portion where heat is generated
can be located close to the submount 3 or the mounting
board 1.
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[0093] One semiconductor laser element 4 or a plurality of
semiconductor laser elements 4 may be disposed on one
submount 3. The plurality of semiconductor laser elements
4 may all have the same wavelength band, or may have
different wavelength bands. Also, the plurality of semicon-
ductor laser elements 4 may be disposed in a matrix.
[0094] Cap

[0095] A semiconductor laser device 10 further includes a
cap 8 attached to the mounting board 1 so as to cover the
semiconductor laser element 4 and the optical member 5,
and this cap is preferably sealed, and more preferably is
sealed airtight. In particular, in the case of using a semicon-
ductor laser element 4 in which a semiconductor material
with an oscillation wavelength of about 300 to 600 nm (such
as a nitride semiconductor) is used, organic material, mois-
ture, or the like can easily be collected. For this reason,
arrangement of the cap 8 can increase airtightness inside the
laser device and can increase waterproof performance and
dustproof performance. Also, in this case, members disposed
in the interior of the laser device that is sealed airtight by the
cap 8 are preferably members that do not contain any resin
or other organic matter.

[0096] Examples of the shape of the cap 8 include a
bottomed cylinder (a circular cylinder, polygonal cylinder,
etc.), a truncated cone (a circular truncated cone, a polygonal
truncated pyramid, etc.), a dome, and modifications of these
shapes. The cap 8 can be made of a material such as nickel,
cobalt, iron, a Ni-Fe alloy, Kovar, brass, or the like. The cap
8 arranged on the mounting board 1 preferably has an Is
opening in one surface thereof. It is preferable that a
light-transmissive member 7 arranged in the opening. Laser
light can be extracted from the light-transmissive member 7.
The cap 8 can be fixed to the mounting board 1 by a known
method such as resistance welding, soldering, or another
known method.

[0097] Lens

[0098] A lens serves to diffuse, converge, or turn the laser
light into parallel light. The lens may be disposed in the
emission direction of the laser light reflected by the optical
member mirror, or the lens may be disposed on a portion to
which laser light from the semiconductor laser element is
irradiated, which is between the semiconductor laser ele-
ment and the optical member.

[0099] The lens is made of a material that can transmit
laser light, and can be made of any material that is typically
used, such as glass, quartz, synthetic quartz, sapphire, trans-
parent ceramics, and plastics. To accommodate various
kinds of application, it is preferable for the light extracted
from the semiconductor laser device to be turned into
parallel light, and for this purpose, it is preferable to use a
collimating lens so that the laser light will be emitted from
the semiconductor laser device in the form of parallel light.
The lens may have any appropriate shape, but the shape of
the lens is preferably circular or elliptical. The size of the
lens can be determined appropriately according to the laser
light that is to be extracted from the semiconductor laser
device.

Embodiment 3: Method for Manufacturing
Semiconductor Laser Device

[0100] The method for manufacturing a semiconductor
laser device in this embodiment includes; fixing the above-
described optical member and semiconductor laser element
to a mounting board so that laser light emitted from the
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semiconductor laser element can be irradiated to the reflec-
tive film of the optical member.

[0101] The semiconductor laser element may first be fixed
to the mounting board, and then the optical member fixed to
the mounting board so that laser light emitted from the
semiconductor laser element to strikes the reflective film of
the optical member, or the optical member may first be fixed
to the mounting board, and then the semiconductor laser
element fixed to the mounting board so that laser light strikes
the reflective film of the optical member, or both may be
fixed to the mounting board at the same time.

[0102] Fixing the semiconductor laser element and the
optical member in these manners allows laser light emitted
from the semiconductor laser element to be reflected in a
direction that is different from the emission direction.

[0103] In the case where the optical member is fixed to the
mounting board, the surface of the optical member to face
the mounting board is preferably fixed to the mounting
board so as to be at a 45-degree angle with respect a surface
of the mounting board surface. Accordingly, the surface of
the optical member that to face the mounting board is
preferably either the {110} plane or the {100} plane of the
silicon substrate, and it is more preferable that the surface is
the {100} plane. With this arrangement, the {110} plane,
which has not undergone the above-described etching, can
serve as the reflecting surface. Such the {110} plane has no
surface roughness or flaws caused by etching, which is more
suitable to serve as the reflecting surface. In the case where
the {110} plane is fixed to the mounting board, the {100}
plane can be the reflecting surface that is inclined at a
45-degree angle with respect to the surface of the mounting
board, and in the case where the {100} plane is fixed to the
mounting board, the {110} plane can be the reflecting
surface that is inclined at a 45-degree angle with respect to
the surface of the mounting board.

[0104] In the case where the optical member is fixed to the
mounting board, the optical member is preferably fixed via
a metal layer and/or an adhesive member, as described
above.

[0105] In the case where the semiconductor laser element
is fixed to the mounting board, it is preferable that the
semiconductor laser element is fixed to the submount and
the submount is then fixed to the mounting board via the
metal layer and/or the adhesive member, or that the sub-
mount is fixed to the mounting board, and the semiconductor
laser element is fixed to this submount. In this case, in the
case where the semiconductor laser element is junction-
down mounted, as described above, the semiconductor laser
element is preferably disposed so that a portion of the
semiconductor laser element preferably protrudes from an
end of the submount toward the optical member. The semi-
conductor laser to element, the submount, and the mounting
board can be fixed via the above-mentioned metal layer
and/or adhesive member.

[0106] The optical member is fixed to the mounting board,
thereafter, the semiconductor laser element is fixed to the
mounting board, which allows for image-recognizing the
position of the optical member using a camera or the like,
and determining a position on which the semiconductor laser
element is mounted based on the position of the optical
member as a reference. Consequently, the semiconductor
laser element and the optical member can be mounted at the
accurate location by a simple method.
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[0107] After fixing the semiconductor laser element and
the optical member to the mounting board, these members
are electrically connected by die bonding, wire bonding, or
the like.

[0108] In the case of mounting a lens, positioning and
bonding of the lens may be appropriately performed. After
determining the portion on which the lens is to be mounted,
the lens is fixed at an appropriate portion using an epoxy
resin, acrylic resin, or other such UV-curing adhesive, a
thermosetting adhesive, or the like.

[0109] In the case where the semiconductor laser device is
sealed with a cap, the cap may optionally be bonded to the
mounting board by resistance welding, soldering, or the like.
This sealing can be performed in dry air, a nitrogen atmo-
sphere, or the like at a dew point of =10 ° C. or lower. It is
preferable to perform a pretreatment involving ashing, heat
treatment, or another such method to remove any moisture
or organic material adhered to the members.

[0110] Examples of the method for manufacturing an
optical member, the method for manufacturing a semicon-
ductor laser device, and the semiconductor laser device of
the present invention is described below in detail through
reference to the drawings.

EXAMPLE 1

Method for Manufacturing Optical Member

[0111] a: Provision of Silicon Substrate

[0112] First, a silicon substrate 11 is provided as shown in
FIGS. 1A and 1B. This silicon substrate 11 has the {110}
plane as its first main surface 1la and its second main
surface 11c¢. The thickness of the silicon substrate 11 is 500
um, for example.

[0113] b: Formation of Mask Pattern

[0114] An SiO, film was formed using a CVD device over
substantially the entire surface of the first main surface 11a
of the silicon substrate 11. Then, using photolithography
method, a mask-formation pattern having openings running
along the <100> direction and the <110> direction is
formed, and the SiO, film is wet-etched using buffered
hydrofiuoric acid. In this manner, a mask pattern 12 having
openings 12a and 124 running along the <100> direction
and the <110> direction was formed. That is, the mask
pattern 12 is made of SiO,. In the mask pattern 12, the
opening 12 had the width Q of 600 um, and the width Z of
300 pm. Also the length X of the mask pattern along the side
in the <100> direction was 500 um, and the length Y of the
side in the <110> direction was 700 pm.

[0115]

[0116] Next, as shown in FIG. 2A, using the mask pattern
12 as a mask, the first main surface 11a (the {110} plane) of
the silicon substrate 11 was wet-etched for 240 minutes with
TMAH at a temperature of approximately 90° C. With this,
along the <100> direction, 45-degree sloped surfaces with a
depth of approximately 400 um was exposed from the first
main surface 1la. The surfaces facing these 45-degree
sloped surfaces were also 45-degree sloped surfaces, which
formed grooves that were substantially V-shaped in cross
section. These 45-degree sloped surfaces 115 were the {100}
plane. At the same time, along the <110> direction, 35-de-
gree sloped surfaces with a depth of approximately 300 um
were exposed from the first main surface 11a. The surfaces
facing these 35-degree sloped surfaces were also 35-degree

c: Formation of Sloped Surfaces
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sloped surfaces, which formed grooves that were substan-
tially V-shaped in cross section.

[0117] After this, the mask pattern 12 was removed with
buffered hydrofluoric acid as shown in FIG. 2B.

[0118] d: Formation of Reflective Film

[0119] As shown in FIG. 2C, an aluminum film of 200 nm
was formed on thus-obtained the {100} plane of the silicon
substrate 11, which was the sloped surfaces 115, using a
sputtering device, so that reflective films 13 were formed.
These reflective films 13 each had a reflectivity of approxi-
mately 92%. In the present example, since surfaces on which
the reflective films were to be formed were inclined at 45
degrees, it was difficult to control thickness of the reflective
films to be formed. Accordingly, a metal film whose thick-
ness can be easily controlled even in the case of being
formed on a sloped surface was formed as the reflective film.
[0120] e: Division of Silicon Substrate

[0121] Next, as shown in FIG. 2D, the silicon substrate 11
was divided along the center of the etched V-shaped grooves
(i.e., the portion at the apex of the V shape) extending in the
<100> direction and the <110> direction of the silicon
substrate 11. With this division, an optical member can be
obtained from a silicon substrate 11 having a substantially
rectangular planar shape. As shown in FIGS. 8A to 8C, this
optical member can have two different types of sloped
surfaces, that is, two 45-degree sloped surfaces (i.e., the
{100} planes 115), and two 35-degree sloped surfaces (i.e.,
surfaces 11d), and the two 45-degree sloped surfaces can
serve as the reflecting surfaces. The {100} planes 115 and
the 35-degree sloped surfaces 114 are connected by, for
example, surfaces each having a plurality of planar orien-
tations with inclination angles that are gradually different.
They may also be connected by curved surfaces that are
rounded.

[0122] As shown in FIG. 2FE, optionally, auxiliary grooves
14 may be formed in the { 110} plane of the silicon
substrate, which is the second main surface 11c¢, along the
<100> direction of the silicon substrate 11 at a portion
between V grooves, and the silicon substrate 11 may be
divided from the auxiliary grooves 14 in the <100> direction
as shown in FIG. 2F. In this manner, an optical member SA
in which just one sloped surface of 45-degree serves as a
reflecting surface.

EXAMPLE 2

Method for Manufacturing Optical Member

[0123] Similarly to Example 1, 45-degree sloped surfaces
(surfaces 115 in FIGS. 8A to 8C) and 35-degree sloped
surfaces (surfaces 114 in FIGS. 8A to 8C) that define
substantially V-shaped cross sections are formed in the
silicon substrate 11.

[0124] d': Formation of Reflective Film

[0125] As shown in FIG. 3A, a layered structure having
seven pairs of SiO, film/ZrO, film (75 nm/50 nm) (for a total
film thickness of 875 nm) is formed using an ECR device on
the obtained {110} plane of the silicon substrate 11, which
is the second main surface 11c, to form a reflective film 23.
The reflectivity of this reflective film 23 is approximately
99%.

[0126] After this, similarly to Example 1, the silicon
substrate is divided as shown in FIG. 3B to form an optical
member 15 in which two 45-degree sloped surfaces serve as
reflecting surfaces.
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EXAMPLE 3

Semiconductor Laser Device

[0127] As shown in FIGS. 4A and 4B, a semiconductor
laser device 10 in this Example mainly includes a mounting
board 1, a submount 3 arranged on the mounting board 1, a
semiconductor laser element 4 arranged on the submount 3,
and an optical member 5A. The semiconductor laser element
4 and the optical member 5A are sealed airtight by the cap
8

[0128] The mounting board 1 includes a rectangular insu-
lating ceramic plate 1a made of AIN and a metal member 15
made of copper that is disposed on a lower surface of the
ceramic plate 1a.

[0129] On a top surface of the mounting board 1, metal
layers 2A and 2B are disposed at portions on which the
semiconductor laser element 4 and the optical member 5A
are mounted, respectively, so as to be apart from each other.

[0130] The metal layer 2A has such a structure that
titanium (having thickness of 0.06 um) and platinum (having
thickness of 0.2 pm) layered in that order from the mounting
board 1 side, over which is disposed an Au-Sn-based eutec-
tic solder (having thickness of 3 pum). The metal layer 2B has
such a structure that titanium (having thickness of 0.06 pm),
platinum (having thickness of 0.2 um), gold (having thick-
ness of 1 um), and palladium (having thickness of 0.3 um)
laminated in that order from the mounting board 1 side, over
which is disposed an Au-Sn-based eutectic solder (having
thickness of 3 um).

[0131] The optical member 5A is made of silicon, and has
the {110} plane, which is the second main surface 11c¢ fixed
to the mounting board 1, and the {100} plane, which is the
sloped surface 115 that is inclined 45 degrees with respect to
the second main surface 11c. TA reflective film 13 made of
aluminum is formed on the sloped surface 1156. The height
from a bottom surface to a top surface of the optical member
5A is 500 pm. The height of the sloped surface 115 is 200
pm.

[0132] The second main surface 11¢ of the optical member
5A is fixed to the mounting board 1 via the metal layer 2B.
A distance between the optical member SA and the sub-
mount 3 (described below) is, for example, 35 pm on the
front surface of the mounting board 1.

[0133] The submount 3 is made of AIN, and on the rear
surface of the submount, titanium (having thickness of 0.06
um) and platinum (having thickness of 0.2 pm) are layered.
The submount 3 has a rectangular-parallelepiped shape of
450%x1900x200 (thickness) um. At the time of mounting the
submount 3 on the mounting board 1, titanium (having
thickness of 0.06 um) and platinum (having thickness of 0.2
um), Au-Sn-based eutectic solder (having thickness of 3
um), and then platinum (0.2 pm) and titanium (0.06 um) are
layered in that order from a mounting board 1 side, and
heating is performed.

[0134] The semiconductor laser element 4 is disposed on
the submount 3 via an Au-Sn-based eutectic solder, for
example. The semiconductor laser element 4 is a substan-
tially rectangular element (150x1200 pm) formed of a
nitride semiconductor and having an oscillation wavelength
of 445 nm.

[0135] An end surface of the semiconductor laser element
4 on the optical member 5A side is disposed so as to protrude
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from an end surface of the submount 3 toward the optical
member SA. The distance between these end surfaces is 15
um, for example.

[0136] The light emission surface of the semiconductor
laser element 4 faces the reflecting surface of the optical
member 5A, and is disposed about 100 um away from the
optical member 5A.

[0137] The cap 8 is fixed on the mounting board 1 so that
the semiconductor laser element 4 and the optical member
5A is sealed airtight. The cap 8 has an opening in its top
surface, and a light-transmissive member 7 made of glass is
provided to the opening.

[0138] In this semiconductor laser device 10, a reflecting
surface with good smoothness whose angular precision is
easily achieved can be utilized, and a reflective film of good
film quality is disposed on this reflecting surface, which
allows for obtaining a semiconductor laser device with good
reflection efficiency and durability at a low cost.

[0139] Also, in this structure, most portion of the semi-
conductor laser element 4 can be arranged on the submount
3, so that good heat dissipation by the submount 3 can be
ensured. Furthermore, in this structure, the semiconductor
laser element 4 and the optical member 5A can be arranged
close to each other, a laser beam diameter of laser light can
be maintained to be small, so that light of high luminance
can be obtained.

EXAMPLE 4

Semiconductor Laser Device

[0140] As shown in FIG. 5, a semiconductor laser device
20 in this Example is configured substantially the same as
the semiconductor laser device 10, except that the semicon-
ductor laser device 20 includes an optical member 5 and two
semiconductor laser elements 4 interposing the optical mem-
ber 5. A cap 28 includes a light-transmissive member 27 in
an opening 8a of a metal member, and laser light can be
extracted from the light-transmissive member 27.

[0141] For the optical member 5 in Example 4, the optical
member illustrated in FIG. 2D in the manufacture of the
above-mentioned optical member can be used. The optical
member 5 has a shape such that a tetragonal truncated
pyramid is arranged on a rectangular parallelepiped shape,
and has substantially tetragonal top and bottom surfaces of
mutually different sizes. Further, between the top surface
and the bottom surface, the optical member 5 has two sloped
surfaces 115 inclined at 45 degrees to the top surface and
two non-sloped surfaces adjacent to the top surface. The
optical member 5 has a height of 500 pm from the bottom
surface to the top surface. The height of the sloped surface
114 is 200 pm.

[0142] The two semiconductor laser elements 4 are dis-
posed facing the two reflecting surfaces of the optical
member 5.

EXAMPLE 5

Semiconductor Laser Device

[0143] As shown in FIG. 6, a semiconductor laser device
30 in this Example has substantially the same configuration
as the semiconductor laser device 10, except that the orien-
tation of the optical member 15 disposed on the mounting
board 1 is different. A cap 38 includes a light-transmissive
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member 37 provided to an opening in a metal member, and
laser light can be extracted through the light-transmissive
member 37.

[0144] For the optical member 15 in Example 5, the
optical member illustrated in FIG. 3B in the method for
manufacturing the above-described optical member can be
used. The reflecting surface of the optical member 15 is the
{110} plane of the silicon substrate, which is the second
main surface 11¢, and a reflective film 23 made of a layered
film of an SiO, film (having thickness of 75 nm) and a ZrO,
film (having thickness of 50 nm) is arranged on reflecting
surface. The {100} plane of the optical member 15, which
is the sloped surface 115, is fixed to the mounting board 1
via a metal layer 2B so that the reflecting surface has an
angle of 45 degrees with respect to the mounting board 1
surface.

[0145] The optical member 15 has a height of 1000 um
from the lowermost end to the uppermost end thereof.

EXAMPLE 6

Semiconductor Laser Device

[0146] As shown in FIG. 7, a semiconductor laser device
10B in this Example is configured substantially the same as
the semiconductor laser device 10, except that a lens 6 is
disposed between an optical member 5A and a semiconduc-
tor laser element 4. The lens 6 has a function of a collimating
lens for converting the light emitted from the semiconductor
laser element 4 into coherent light.
[0147] According to the manufacturing method of the
present disclosure, an optical member having an inclined
reflecting surface that is inexpensive and has high-quality
can be easily provided for a wide range of surface-mount
laser packages of various sizes and shapes such as a high
power semiconductor laser package and low-cost compact
laser package, which demand has been increased in recent
years. Further, the semiconductor laser device of the present
disclosure can be widely used in devices such as optical
disks, optical communication systems, projectors, display,
printers or meters.
What is claimed is:
1. A method for manufacturing an optical member, com-
prising:
providing a silicon substrate having a first main surface of
a {110} plane;

forming a mask pattern having an opening extending in a
<100> direction on the first main surface of the silicon
substrate; and

forming a sloped surface of a {100} plane in the silicon

substrate by wet-etching the silicon substrate from a
first main surface side using the mask pattern as a mask.

2. The method for manufacturing an optical member
according to claim 1, further comprising forming a reflective
film on the sloped surface, after the forming of the sloped
surface.

3. The method for manufacturing an optical member
according to claim 1, further comprising forming a reflective
film on a second main surface of the silicon substrate, which
is parallel to the first main surface, after the forming of the
sloped surface.

4. The method for manufacturing an optical member
according to claim 1, further comprising dividing the silicon
substrate from a lower end of the sloped surface in the
<100> direction, after the forming of the sloped surface.



US 2017/0033528 Al

5. The method for manufacturing an optical member
according to claim 4, wherein the forming of the mask
pattern includes forming the mask pattern having an opening
extending in a <110> direction in addition to the opening
extending in the <100> direction.

6. The method for manufacturing an optical member
according to claim 5, further comprising dividing the silicon
substrate in the <110> direction, after the forming of the
sloped surface.

7. A method for manufacturing a semiconductor laser
device, comprising:

manufacturing an optical member by the method accord-

ing to claim 2; and

fixing the optical member and a semiconductor laser

element on a mounting board so that laser light emitted
from the semiconductor laser element is irradiated to
the reflective film of the optical member.

8. The method for manufacturing a semiconductor laser
device according to claim 7, wherein the fixing of the optical
member includes fixing the optical member on the mounting
board so that an angle defined by a main surface of the
mounting board and a surface of the optical member on
which the reflective film is formed is 45 degrees.

9. The method for manufacturing a semiconductor laser
device according to claim 7, wherein the fixing of the
semiconductor laser element includes fixing the semicon-
ductor element on the mounting board via a submount.

10. The method for manufacturing a semiconductor laser
device according to claim 9, wherein the fixing of the
semiconductor laser element includes arranging the semi-
conductor laser element so that a portion of the semicon-
ductor laser element protrudes from an end of the submount
toward the optical member.
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11. The method for manufacturing a semiconductor laser
device according to claim 7, further comprising

arranging a cap on the mounting board so as to hermeti-

cally seal the semiconductor laser element and the
optical member.

12. The method for manufacturing a semiconductor laser
device according to claim 9, wherein the semiconductor
laser element is junction-down mounted on the submount.

13. A semiconductor laser device comprising:

a mounting board;

a semiconductor laser element disposed on the mounting

board; and

an optical member made of silicon having a {110} plane

and a {100} plane, with one of the {110} plane and the
{100} plane being fixed on the mounting board, and the
other one of the {110} plane and the {100} plane being
covered by a reflective film to reflect laser light emitted
from the semiconductor laser element.

14. The semiconductor laser device according to claim 13,
further comprising a submount arranged on the mounting
board, wherein the semiconductor laser element is fixed on
the mounting board via the submount.

15. The semiconductor laser device according to claim 13,
wherein the submount is made of a material having a higher
thermal conductivity than silicon.

16. The semiconductor laser device according to claim 14,
wherein the submount is made of monocrystalline AIN or
SiC.

17. The semiconductor laser device according to claim 13,
wherein The reflective film is a dielectric multilayer film.
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