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57 ABSTRACT

Disclosed herein is a method for producing a multi-wave-
length semiconductor laser device. The method comprises
the steps of: forming a nitride epitaxial layer on a substrate
for growth of a nitride single crystal; separating the nitride
epitaxial layer from the substrate; attaching the separated
nitride epitaxial layer to a first conductivity-type substrate;
selectively removing the nitride semiconductor epitaxial
layer to expose a portion of the first conductivity-type
substrate and to form a first semiconductor laser structure;
and sequentially forming second and third semiconductor
laser structures on the exposed portion of the first conduc-
tivity-type substrate.
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METHOD OF PRODUCING MULTI-WAVELENGTH
SEMICONDUCTOR LASER DEVICE

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] The present invention relates to a multi-wavelength
semiconductor laser device, and more particularly to a
multi-wavelength semiconductor laser device capable of
simultaneously or selectively oscillating laser light of three
different wavelengths (e.g., 405 nm, 650 nm and 780 nm),
and a method for producing the multi-wavelength semicon-
ductor laser device.

[0003] 2. Description of the Related Art

[0004] In general, a semiconductor laser device is one that
produces light amplified by stimulated emission of radiation.
The light produced by the semiconductor laser device has a
narrow frequency width (one of short-wavelength charac-
teristics), superior directivity and high output. Due to these
advantages, the semiconductor laser device is used as a light
source for an optical pick-up apparatus of an optical disc
system, such as a CD (compact disc) or DVD (digital video
disc) player, as well as, is widely applied to a wide range of
fields of optical communications multiplex communica-
tions, space communications and the like.

[0005] Inrecent years, a multi-wavelength semiconductor
laser device capable of oscillating two or more different
wavelengths has been required in the field of optical discs
using laser as a light source for writing and reading infor-
mation. For example, a two-wavelength semiconductor laser
device is currently developed as a light source for both CD
players having a relatively low data density and DVD
players having a relatively high data density.

[0006] FIGS. 1a to 1g are cross-sectional views illustrat-
ing the overall procedure of a conventional method for
producing a two-wavelength semiconductor laser device.

[0007] Referring to FIG. 1a, a first semiconductor laser
epitaxial layer oscillating light at a wavelength of 780 nm is
formed on an n-type GaAs substrate 11. Specifically, the first
semiconductor laser epitaxial layer is formed by sequentially
growing an n-type AlGaAs clad layer 124, an AlGaAs active
layer 132 and a p-type AlGaAs clad layer 14a on the GaAs
substrate 11.

[0008] Thereafter, the first semiconductor laser epitaxial
layer, including the layers 124, 13a and 144, is selectively
removed by photolithography and etching to expose a por-
tion of a top surface of the GaAs substrate 11, as shown in
FIG. 1b.

[0009] Next, as shown in FIG. 1¢, a second semiconduc-
tor laser epitaxial layer oscillating light at a wavelength of
650 nm is formed on the exposed portion of the GaAs
substrate 11 and the unremoved portion of the first semi-
conductor laser epitaxial layer. Specifically, the second
semiconductor laser epitaxial layer is formed by sequentially
growing an n-type AlGalnP clad layer 12b, a GalnP/Al-
GalnP active layer 136 and a p-type AlGalnP clad layer 14b.

[0010] Thereafter, the second semiconductor laser epi-
taxial layer, including the layers 12b, 13b and 14b, formed
on the first semiconductor laser epitaxial layer is removed by
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photolithography and etching, and at the same time, the first
epitaxial layer is separated from the second epitaxial layer,
as shown in FIG. 1d.

[0011] Next, as shown in FIG. 1e, the p-type AlGaAs clad
layer 14a and the p-type AlGalnP clad layer 14b are selec-
tively etched by a common process to form ridge-shaped
layers 14a' and 14b', which contribute to an improvement in
current injection efficiency. Then, as shown in FIG. 1f]
n-type GaAs current-limiting layers 16a and 16b and p-type
GaAs contact layers 172 and 17b are formed.

[0012] Finally, as shown in FIG. 1g, p-side electrodes 19a
and 195 formed of Ti, Pt, Au or an alloy thereof are formed
on the p-type GaAs contact layers 17a and 17b, respectively,
and then an n-side electrode 18 formed of Au/Ge, Au, Ni or
an alloy thereof is formed on a bottom surface of the GaAs
substrate 11 to produce the two-wavelength semiconductor
laser device 10.

[0013] In this manner, the semiconductor laser device 10
oscillating light of two different wavelengths is produced on
a single substrate, enabling integration into one chip.
Accordingly, the conventional method is advantageous com-
pared to a method wherein respective semiconductor laser
devices are separately produced, and are then attached to one
substrate by die bonding, in terms of the following advan-
tages: 1) the separate production and bonding processes are
omitted, thus shortening the overall production procedure,
and ii) poor alignment caused during die bonding of chip can
be solved.

[0014] As explained earlier in FIGS. 1a to 1g, the con-
ventional method is limited to the two-wavelength (650 nm
and 780 nm) semiconductor laser device, and thus cannot be
applied to a three-wavelength (further including light of a
short wavelength) semiconductor laser device. A three-
wavelength semiconductor laser device commonly required
in the art is one which can oscillate light both at wavelengths
of 650 nm and 780 nm, and at a shorter wavelength of 405
nm. In this connection, there is a problem that since a
GaN-based epitaxial layer is required to produce a semicon-
ductor laser structure oscillating light at a wavelength of 405
nm, the three semiconductor laser structures of the three-
wavelength semiconductor laser device cannot be formed on
the same substrate.

[0015] More specifically, since the lattice constant of an
AlGaAs epitaxial layer for the semiconductor laser structure
oscillating light at a wavelength of 650 nm is similar to that
(about 5.6 A) of an AlGalnP epitaxial layer for the semi-
conductor laser structure oscillating light at a wavelength of
750 nm, they can be grown on the same substrate, such as
a GaAs substrate. However, since there is a large difference
in the lattice constant between the AlGalnP epitaxial layer
and an GaN epitaxial layer (about 3.2 A) for the semicon-
ductor laser structure oscillating light at 405 nm, many
crystal defects occur while the epitaxial layers are grown on
a GaAs substrate, which makes practical application diffi-
cult. In other words, since substrates inherent in the growth
of a nitride semiconductor, such as GaN, sapphire and SiC
substrates, are required in order to grow the GaN epitaxial
layer thereon, a multi-wavelength semiconductor laser
device oscillating light, for example, at wavelengths of 650
nm, 780 nm and 405 nm, cannot be substantially produced
by the conventional method for producing a two-wavelength
semiconductor laser device.
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SUMMARY OF THE INVENTION

[0016] Therefore, the present invention has been made in
view of the above problems, and it is an object of the present
invention to provide a method for producing a multi-wave-
length semiconductor laser device oscillating light of three
different wavelengths by growing GaN epitaxial layers on a
separate substrate, followed by separation and attachment.

[0017] Tt is another object of the present invention to
provide a multi-wavelength semiconductor laser device hav-
ing a novel structure which is produced by the method.

[0018] In order to accomplish the above objects of the
present invention, there is provided a method for producing
a multi-wavelength semiconductor laser device, comprising
the steps of: preparing a substrate for growth of a nitride
single crystal thereon; sequentially growing a first conduc-
tivity-type first clad layer, a first active layer and a second
conductivity-type first clad layer on the substrate, to form a
nitride epitaxial layer; separating the nitride epitaxial layer
from the substrate; attaching the separated nitride epitaxial
layer to a first conductivity-type substrate; selectively
removing the nitride epitaxial layer such that a portion of the
substrate is exposed, to form a first semiconductor laser
structure; sequentially growing a first conductivity-type sec-
ond clad layer, a second active layer and a second conduc-
tivity-type second clad layer on the exposed portion of the
first conductivity-type substrate, to form a second semicon-
ductor laser structure separated from the first semiconductor
laser structure; sequentially growing a first conductivity-
type third clad layer, a third active layer and a second
conductivity-type third clad layer on the remaining portion
of the top surface of the first conductivity-type substrate, to
form a third nitride epitaxial layer separated from the first
and second semiconductor laser structures; and forming a
first electrode connected to a bottom surface of the first
conductivity-type substrate and forming second electrodes
connected to the respective second conductivity-type clad
layers of the first, second and third semiconductor laser
structures.

[0019] Inapreferred embodiment of the present invention,
the method of the present invention further comprises the
steps of: selectively etching the respective second conduc-
tivity-type clad layers of the first, second and third semi-
conductor laser structures, after the formation of the third
semiconductor laser structure and before the formation of
the first electrode and the second electrodes, to form ridge-
shaped layers, and forming an insulating layer on top
surfaces of the second conductivity-type clad layers except
for top ends of the ridge-shaped layers. In this case, the
second electrodes can be connected to the respective second
conductivity-type clad layers through the top ends of the
ridge-shaped layers.

[0020] The insulating layer may be formed in such a
manner that it is extended to side faces of the first, second
and third semiconductor laser structures. The insulating
layer may be formed of SiO, or Si;N,.

[0021] Further, the separation of the nitride epitaxial layer
from the substrate can be performed by irradiating the
bottom surface of the substrate with laser light to lift-off the
nitride epitaxial layer. In this case, the method of the present
invention may further comprise the step of lapping the
bottom surface of the substrate, before the laser irradiation,
to decrease the thickness of the substrate.
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[0022] Further, the attachment of the nitride epitaxial layer
to the first conductivity-type substrate can be performed by
applying pressure to the separated nitride epitaxial layer on
a top surface of the first conductivity-type substrate at high
temperature.

[0023] In another embodiment of the present invention,
the step of forming the second semiconductor laser structure
comprises the sub-steps of: sequentially growing the first
conductivity-type second clad layer, the second active layer
and the second conductivity-type second clad layer on the
top surface of the first conductivity-type substrate on which
the first semiconductor laser structure is formed, to form an
epitaxial layer for the second semiconductor laser structure;
and selectively removing the epitaxial layer for the second
semiconductor laser structure, to form the second semicon-
ductor laser structure separated from the first semiconductor
laser structure on a portion of the first conductivity-type
substrate.

[0024] Similarly to this, the step of forming the third
semiconductor laser structure comprises the sub-steps of:
sequentially growing the first conductivity-type third clad
layer, the third active layer and the second conductivity-type
third clad layer on the top surface of the first conductivity-
type substrate on which the first and second semiconductor
laser structures are formed, to form an epitaxial layer for the
third semiconductor laser structure; and selectively remov-
ing the epitaxial layer for the third semiconductor laser
structure, to form the third semiconductor laser structure
separated from the first and second semiconductor laser
structures on a portion of the top surface of the first
conductivity-type substrate.

[0025] 1t is preferable that the first, second and third
semiconductor laser structures are formed in this order from
one side of the first conductivity-type substrate. The sub-
strate for growth of a nitride single crystal may be a
sapphire, SiC, or GaN substrate, and the nitride epitaxial
layer may be formed of a GaN-based semiconductor mate-
rial.

[0026] Further, the first conductivity-type substrate may
be a first conductivity-type GaAs substrate, the epitaxial
layer for the second semiconductor laser structure may be
formed of an AlGaAs-based semiconductor material, and the
epitaxial layer for the third semiconductor laser structure
may be formed of an AlGalnP-based semiconductor mate-
rial.

[0027] In accordance with another aspect of the present
invention, there is provided a three-wavelength semicon-
ductor laser device having a novel structure. The semicon-
ductor laser device comprises: a first conductivity-type
substrate having a top surface divided into first, second and
third regions; a first semiconductor laser structure including
a first conductivity-type GaN-based clad layer, a GaN-based
active layer and a second conductivity-type GaN-based clad
layer sequentially formed on the first region of the first
conductivity-type substrate; a second semiconductor laser
structure including a first conductivity-type AlGaAs-based
clad layer, an AlGaAs-based active layer and a second
conductivity-type AlGaAs-based clad layer sequentially
formed on the second region of the first conductivity-type
substrate; a third semiconductor laser structure including a
first conductivity-type AlGalnP-based clad layer, an
AlGalnP-based active layer and a second conductivity-type
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AlGalnP-based clad layer sequentially formed on the third
region of the first conductivity-type substrate; and a first
electrode connected to a bottom surface of the first conduc-
tivity-type substrate and second electrodes connected to the
respective second conductivity-type clad layers of the first,
second and third semiconductor laser structures.

[0028] Preferably, the respective second conductivity-type
clad layers of the first, second and third semiconductor laser
structures are formed into ridge-shaped layers, and the first,
second and third semiconductor laser structures further
include an insulating layer formed on top surfaces of the
second conductivity-type clad layers except for top ends of
the ridge-shaped layers. At this time, the second electrodes
are connected to the respective second conductivity-type
clad layers through the respective top ends of the ridge-
shaped layers.

[0029] In order to integrate the semiconductor laser struc-
tures composed of the respective epitaxial layers, which are
grown under different conditions, into one chip, the multi-
wavelength semiconductor laser device of the present inven-
tion is produced by forming the nitride epitaxial layer for the
first semiconductor laser structure oscillating light of a short
wavelength, separating the nitride epitaxial layer, attaching
the separated epitaxial layer to the first conductivity-type
substrate, and forming the second and third semiconductor
laser structures on the first conductivity-type substrate. Par-
ticularly, according to the method of the present invention,
since the nitride epitaxial layer grown at a relatively high
temperature are formed, separated from the substrate and
attached to the first conductivity-type substrate, unwanted
effects (diffusion of dopants, thermal shock, etc.) of the other
layers during the subsequent epitaxial growth step are
reduced. In addition, since etching is performed to form the
semiconductor laser structures on the same substrate, a
multi-wavelength semiconductor laser device in which the
respective laser structures are highly aligned, can be pro-
duced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] The above and other objects, features and other
advantages of the present invention will be more clearly
understood from the following detailed description taken in
conjunction with the accompanying drawings, in which:

[0031] FIGS. 1a to 1g are cross-sectional views illustrat-
ing the overall procedure of a conventional method for
producing a two-wavelength semiconductor laser device;
and

[0032] FIGS. 24a to 2k are cross-sectional views illustrat-
ing the overall procedure of a method for producing a
three-wavelength semiconductor laser device according to
the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0033] Detailed description will be made of the preferred
embodiment of the present invention with reference to the
accompanying drawings.

[0034] FIGS. 2a to 2k are cross-sectional views illustrat-
ing the overall procedure of a method for producing a
three-wavelength semiconductor laser device according to a
preferred embodiment of the present invention.
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[0035] As shown in FIG. 24, a nitride epitaxial layer 254
for a semiconductor laser structure oscillating light of a short
wavelength (e.g., 405 nm) is formed on a sapphire substrate
21. The nitride epitaxial layer 25a can be formed by sequen-
tially growing a first conductivity-type first clad layer 224,
a first active layer 23a and a second conductivity-type first
clad layer 24a. The first conductivity-type first clad layer
22a may be composed of an n-type Al ;Ga, (N layer and an
n-type GaN layer, and the second conductivity-type first clad
layer 24a may be composed of a p-type Al, ;Ga, N layer
and a p-type GaN layer. The active layer 23@ may have a
multi-quantum well structure formed of In,,Ga, N/
Ing 45Gag osN.

[0036] The nitride epitaxial layer 254 can be formed by
conventional growth processes, e.g., metal organic chemical
vapor deposition (MOCVD) and molecular beam epitaxial
(MBE) deposition. Instead of the sapphire substrate 21,
known substrates for growth of a nitride semiconductor, for
example, GaN and SiC substrates, can be used.

[0037] As shown in FIG. 2b, the nitride epitaxial layer
25a is separated from the sapphire substrate 21. This sepa-
ration can be performed by well-known processes, such as
lift-off, dry-etching, lapping and combinations thereof. For
example, the lift-off process using laser light can be per-
formed by irradiating the bottom surface of the substrate 21
with an Nd-YAG laser at 5 ¢V or higher to melt a crystal
layer present in the vicinity of the interface between the
nitride epitaxial layer 254 and the sapphire substrate 21,
thereby easily lifting-off the nitride epitaxial layer 25a. On
the other hand, the dry-etching or lapping process can be
used to chemically or mechanically separate the sapphire
substrate 21. In addition, these dry-etching or lapping pro-
cesses can be combined with the lift-off process using laser
light. As a preferred example, the thickness of the substrate
21 is decreased by the lapping process, and then the nitride
epitaxial layer 254 is separated from the substrate 21 by laser
irradiation.

[0038] Next, as shown in FIG. 2¢, the separated nitride
epitaxial layer 25a is attached to a first conductivity-type
substrate 31. The first conductivity-type substrate 31 may be
an n-type GaAs substrate suitable as a substrate for growth
of an epitaxial layer to be grown later. This attachment may
be performed using a conductive adhesive, and is preferably
performed by applying a predetermined pressure to the
separated nitride epitaxial layer 254 on the first conductiv-
ity-type substrate 31 at high temperature. For example, the
nitride epitaxial layer 25a is arranged on the first conduc-
tivity-type substrate 31, and then the resulting structure is
heated at 500° C. for about 20 minutes under a pressure of
at 5 kg/cm? to attach the nitride epitaxial layer 254 to the
n-type GaAs substrate 31.

[0039] Thereafter, as shown in FIG. 24, the nitride epi-
taxial layer (254 in FIG. 2¢) is selectively removed by
photolithography and dry etching to expose a portion of the
first conductivity-type substrate 31. As a result of etching,
the nitride epitaxial layer (25¢ in FIG. 2¢) can be formed
into a first semiconductor laser structure 20a. The top
surface of the first conductivity-type substrate 31 exposed by
etching is provided as a region where second and third
semiconductor laser structures are formed through subse-
quent steps.

[0040] Specifically, a first conductivity-type second clad
layer 22b, a second active layer 23b and a second conduc-
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tivity-type second clad layer 24b are sequentially grown on
a portion of the top surface of the first conductivity-type
substrate 31 such that the first and the second semiconductor
laser structures 20z and 20b are separated from each other.
In this manner, a second semiconductor laser structure 205
is formed on the first conductivity-type substrate (see, FIG.
2f). In addition, a first conductivity-type third clad layer 22c,
a third active layer 23¢ and a second conductivity-type third
clad layer 24c¢ are sequentially grown on a portion of the top
surface of the first conductivity-type substrate 31 such that
the first and the second semiconductor laser structures 20a
and 20b are separated from each other. In this manner, a third
semiconductor laser structure 20c is formed on the first
conductivity-type substrate (see, FIG. 2h)

[0041] The formation of the second and third semicon-
ductor laser structures will be explained below with refer-
ence to FIGS. 2e to 2h.

[0042] Next, an epitaxial layer 25b for the second semi-
conductor laser structure is formed on the first conductivity-
type substrate 31 on which the first semiconductor laser
structure 20a is formed, as shown in FIG. 2e. The epitaxial
layer 25b for the second semiconductor laser structure can
be formed by sequentially growing the first conductivity-
type second clad layer 22b, the second active layer 23b and
the second conductivity-type second clad layer 24b. In the
case where the epitaxial layer 25b is designed for a semi-
conductor laser structure oscillating light at a wavelength of
780 nm, the first and second conductivity-type second clad
layers 22b and 24b may be composed of n-type and p-type
Al, sGa, sAs layers, respectively. The active layer 23b may
have a multi-quantum well structure composed of
Aly 1Gag 08AS/Al 55Gag 65AS.

[0043] Thereafter, as shown in FIG. 2f, the AlGaAs-based
epitaxial layer 25b is selectively etched in such a manner
that the second semiconductor laser structure 20b is formed
on a portion of the top surface of the first conductivity-type
substrate 31. Portions of the AlGaAs-based epitaxial layer
25b formed on the top surface of the first semiconductor
laser structure 20a and between the first and second semi-
conductor laser structures 20a and 20b are removed by
etching, such that the first and second semiconductor laser
structures 20a and 20b are separated from each other. In
addition, the AlGaAs epitaxial layer 25b formed on the
exposed portion of the top surface of the first conductivity-
type substrate 31 is removed to partially re-expose the top
surface of the first conductivity-type substrate 31.

[0044] Next, an epitaxial layer 25¢ for the third semicon-
ductor laser is formed on the first conductivity-type substrate
31 on which the first and second laser structures 20a and
205, as shown in FIG. 2g. The epitaxial layer 25¢ for the
third semiconductor structure can be formed by sequentially
growing the first conductivity-type third clad layer 22¢, the
third active layer 23c¢ and the second conductivity-type third
clad layer 24c¢. In the case where the epitaxial layer 25¢ is
designed for a semiconductor laser structure oscillating light
at a wavelength of 650 nm, the first and second conductivity-
type second clad layers 22¢ and 24¢ may be composed of
n-type and p-type (Aly,Gag5)In, sP layers, respectively.
The active layer 23¢ may have a multi-quantum well struc-
ture composed of InGaP/(Al, sGag 5)o.sIng sP.

[0045] Thereafter, as shown in FIG. 24, the AlGalnP-
based epitaxial layer 25c is selectively etched in such a
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manner that the third semiconductor laser structure 20c is
formed on a portion of the top surface of the first conduc-
tivity-type substrate 31. Portions of the AlGalnP-based
epitaxial layer 25¢ formed on the top surfaces of the first and
the second semiconductor laser structures 20a and 205 and
between the respective semiconductor laser structures 20a,
206 and 20c are selectively removed by etching, such that
the first, second and third semiconductor laser structures
20a, 20b and 20c are separated from one another.

[0046] In addition, etching is preferably performed to
form the respective second conductivity-type clad layers
24a, 24b and 24c¢ of the first, the second and the third
semiconductor laser structures 20g, 205 and 20c into ridge-
shaped layers, as shown in FIG. 2i. The width between the
ridge-shaped layers may be about 2 m to about 7 m. This
ridge structure can increase the efficiency of current injected
through the second conductivity-type clad layers 24a, 24b
and 24c.

[0047] Next, as shown in FIG. 2j, an insulating layer 32
is formed on the top surfaces of the second conductivity-
type clad layers 24a, 24b and 24c¢ except for top ends of the
ridge-shaped layers. The insulating layer 32 acts as a cur-
rent-limiting layer. Preferably, the insulating layer 32 may
be formed in such a manner that it is extended to side faces
of the first, second and third semiconductor laser structures
20a, 20b and 20c and the overall faces of the substrate 31.
Thus, the insulating layer 32 can be used as a common
passivation layer, as well as a current-limiting layer. The
insulating layer 32 may be formed of SiO, or Si;N,.

[0048] Referring finally to FIG. 2k, a first electrode 38 is
formed on a bottom surface of the first conductivity-type
substrate 31, and second electrodes 394, 395 and 39c¢ are
formed in such a manner that they are connected to the
respective second conductivity-type clad layers 24a, 24b
and 24c of the first, second and third semiconductor laser
structures 20a, 205 and 20c. In this embodiment, the second
electrodes 394, 39b and 39¢ can be formed on top surfaces
of the respective semiconductor laser structures 20a, 20b
and 20c such that they are connected to the respective
second conductivity-type clad layers 24a, 24b and 24c
through the top surfaces of the ridge-shaped layers. The first
electrode 38 may be formed of Au/Ge, Au, Ni or an alloy
thereof, and the second electrodes 394, 39H and 39¢ may be
formed of at least one metal selected from the group
consisting of Ti, Pt, Ni and Au. In this manner, a three-
wavelength semiconductor laser device 30 in which the
three semiconductor laser structures 20a, 20b and 20c¢ oscil-
lating light of the respective inherent wavelengths are
arranged on the same substrate 31, can be produced.

[0049] As shown in FIG. 2k, according to the semicon-
ductor laser device 30 capable of oscillating three-wave-
length light, the first semiconductor laser structure 20z
formed of a GaN-based material, the second semiconductor
laser structure 20b formed of an AlGaAs-based material, and
the third semiconductor laser structure 20c¢ formed of an
AlGalnP-based material can be integrated into one chip. The
first semiconductor laser structure 20a formed of a GaN-
based material is grown on a separate substrate for growth
of a nitride semiconductor, separated from the substrate and
attached to the first conductivity-type substrate 31. For easy
growth of the second and third semiconductor laser struc-
tures 205 and 20c, the first semiconductor laser structure 20a
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is preferably arranged at one side of the first conductivity-
type substrate 31. Furthermore, the second and third semi-
conductor laser structures 20b and 20c are preferably
arranged in this order in order that they grow from the side
where the first semiconductor laser structure 20a is arranged.

[0050] In the case where ridge-shaped layers and a cur-
rent-limiting layer are employed, the insulating layer 32 of
the respective second conductivity-type clad layers 24a, 24b
and 24c is provided as a current-limiting layer. Since the
second conductivity-type first clad layers (formed of a
GaN-based material) are grown under different conditions, a
conventional current-limiting layer formed by reverse
attachment has a limitation in its simultaneous formation on
the three semiconductor laser structures. Accordingly, the
present invention suggests the use of the insulating layer 32
as a current-limiting layer to simultaneously form the cur-
rent-limiting layer on the three semiconductor laser struc-
tures. The insulating layer is extended to side faces of the
respective semiconductor laser structures 20a, 205 and 20c,
and thus acts as a passivation layer of the respective semi-
conductor laser structures.

[0051] Although the present invention has been described
herein with reference to the foregoing examples and the
accompanying drawings, the scope of the present invention
is defined by the claims that follow. Accordingly, those
skilled in the art will appreciate that various substitutions,
modifications and changes are possible, without departing
from the technical spirit of the present invention as disclosed
in the accompanying claims. It is to be understood that such
substitutions, modifications and changes are within the
scope of the present invention.

[0052] As apparent from the above description, according
to the method for producing a three-wavelength semicon-
ductor laser device including a GaN-based semiconductor
laser structure, such as a semiconductor laser oscillating
light at a wavelength of 405 nm, after the GaN-based
semiconductor laser structures is grown on a substrate for
growth of a nitride semiconductor, separated from the sub-
strate and attached to a first conductivity-type substrate (e.g.,
a GaAs substrate), semiconductor laser structures oscillating
light of two different wavelengths are formed on the first
conductivity-type substrate. Accordingly, the semiconductor
laser structures, which cannot be grown on a single sub-
strate, can be integrated into one chip.

[0053] In addition, since epitaxial layers for the respective
semiconductor laser structures are formed on the final sub-
strate, the three-wavelength semiconductor laser device can
be produced in a simpler manner, without causing poor
alignment during attachment of the semiconductor laser
structures.

What is claimed is:
1. A method for producing a multi-wavelength semicon-
ductor laser device, comprising the steps of:

preparing a substrate for growth of a nitride single crystal
thereon;

sequentially growing a first conductivity-type first clad
layer, a first active layer and a second conductivity-type
first clad layer on the substrate, to form a nitride
epitaxial layer;

separating the nitride epitaxial layer from the substrate;
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attaching the separated nitride epitaxial layer to a first
conductivity-type substrate;

selectively removing the nitride epitaxial layer such that
a portion of the substrate is exposed, to form a first
semiconductor laser structure;

sequentially growing a first conductivity-type second clad
layer, a second active layer and a second conductivity-
type second clad layer on the exposed portion of the
first conductivity-type substrate, to form a second semi-
conductor laser structure separated from the first semi-
conductor laser structure;

sequentially growing a first conductivity-type third clad
layer, a third active layer and a second conductivity-
type third clad layer on the remaining portion of the
first conductivity-type substrate, to form a third nitride
epitaxial layer separated from the first and second
semiconductor laser structures; and

forming a first electrode connected to a bottom surface of
the first conductivity-type substrate and forming sec-
ond electrodes connected to the respective second
conductivity-type clad layers of the first, second and
third semiconductor laser structures.

2. The method according to claim 1, further comprising
the steps of: selectively etching the respective second con-
ductivity-type clad layers of the first, second and third
semiconductor laser structures, after the formation of the
third semiconductor laser structure and before the formation
of the first electrode and the second electrodes, to form
ridge-shaped layers, and forming an insulating layer on top
surfaces of the second conductivity-type clad layers except
for top ends of the ridge-shaped layers wherein the second
electrodes are connected to the respective second conduc-
tivity-type clad layers through the top ends of the ridge-
shaped layers.

3. The method according to claim 2, wherein the insulat-
ing layer is formed in such a manner that it is extended to
side faces of the first, second and third semiconductor laser
structures.

4. The method according to claim 2, wherein the insulat-
ing layer is formed of SiO, or Si;N,,.

5. The method according to claim 1, wherein the separa-
tion of the nitride epitaxial layer from the substrate is
performed by irradiating the bottom surface of the substrate
with laser light to lift-off the nitride epitaxial layer.

6. The method according to claim 5, wherein the step of
separating the nitride epitaxial layer comprises the sub-step
of lapping the bottom surface of the substrate for growth of
a nitride single crystal, before the laser irradiation, to
decrease the thickness of the substrate.

7. The method according to claim 1, wherein the attach-
ment of the nitride epitaxial layer to the first conductivity-
type substrate is performed by pressuring the nitride epi-
taxial layer on a top surface of the first conductivity-type
substrate at high temperature.

8. The method according to claim 1, wherein the step of
forming the second semiconductor laser structure comprises
the sub-steps of:

sequentially growing the first conductivity-type second
clad layer, the second active layer and the second
conductivity-type second clad layer on the top surface
of the first conductivity-type substrate on which the
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first semiconductor laser structure is formed, to form an
epitaxial layer for the second semiconductor laser
structure; and

selectively removing the epitaxial layer for the second
semiconductor laser structure, to form the second semi-
conductor laser structure separated from the first semi-
conductor laser structure on a portion of the first
conductivity-type substrate.
9. The method according to claim 1, wherein the step of
forming the third semiconductor laser structure comprises
the sub-steps of:

sequentially growing the first conductivity-type third clad
layer, the third active layer and the second conductiv-
ity-type third clad layer on the top surface of the first
conductivity-type substrate on which the first and sec-
ond semiconductor laser structures are formed, to form
an epitaxial layer for the third semiconductor laser
structure; and

selectively removing the epitaxial layer for the third
semiconductor laser structure, to form the third semi-
conductor laser structure separated from the first and
second semiconductor laser structures on a portion of
the top surface of the first conductivity-type substrate.

10. The method according to claim 1, wherein the first,
second and third semiconductor laser structures are formed
in this order from one side of the first conductivity-type
substrate.

11. The method according to claim 1, wherein the sub-
strate for growth of a nitride single crystal is a sapphire, SiC,
or GaN substrate, and the nitride epitaxial layer is formed of
a GaN-based semiconductor material.

12. The method according to claim 1, wherein the first
conductivity-type substrate is a first conductivity-type GaAs
substrate, the epitaxial layer for the second semiconductor
laser structure is formed of an AlGaAs-based semiconductor
material, and the epitaxial layer for the third semiconductor
laser structure is formed of an AlGalnP-based semiconduc-
tor material.

13. A multi-wavelength semiconductor laser device com-
prising:

a first conductivity-type substrate having a top surface

divided into first, second and third regions;

a first semiconductor laser structure including a first
conductivity-type GaN-based clad layer, a GaN-based
active layer and a second conductivity-type GaN-based
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clad layer sequentially formed on the first region of the
first conductivity-type substrate;

a second semiconductor laser structure including a first
conductivity-type AlGaAs-based clad layer, an
AlGaAs-based active layer and a second conductivity-
type AlGaAs-based clad layer sequentially formed on
the second region of the first conductivity-type sub-
strate;

a third semiconductor laser structure including a first
conductivity-type AlGalnP-based clad layer, an
AlGalnP-based active layer and a second conductivity-
type AlGalnP-based clad layer sequentially formed on
the third region of the first conductivity-type substrate;
and

a first electrode connected to a bottom surface of the first
conductivity-type substrate and second electrodes con-
nected to the respective second conductivity-type clad
layers of the first, second and third semiconductor laser
structures.

14. The multi-wavelength semiconductor laser device
according to claim 13, wherein the respective second con-
ductivity-type clad layers of the first, second and third
semiconductor laser structures are formed into ridge-shaped
layers, and the first, second and third semiconductor laser
structures further include an insulating layer formed on top
surfaces of the second conductivity-type clad layers except
for top ends of the ridge-shaped layers wherein the second
electrodes are connected to the respective second conduc-
tivity-type clad layers through the top ends of the ridge-
shaped layers.

15. The multi-wavelength semiconductor laser device
according to claim 14, wherein the insulating layer is formed
in such a manner that it is extended to side faces of the first,
second and third semiconductor laser structures.

16. The multi-wavelength semiconductor laser device
according to claim 14, wherein the insulating layer is formed
of SiO, or SizN,.

17. The multi-wavelength semiconductor laser device
according to claim 13, wherein the first, second and third
semiconductor laser structures are formed in this order from
one side of the first conductivity-type substrate.

18. The multi-wavelength semiconductor laser device
according to claim 13, wherein the first conductivity-type
substrate is a first conductivity-type GaAs substrate.
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