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(57) ABSTRACT 
A wavelength variable laser Smaller in size than the conven 
tional one can be achieved by arranging again chip, an etalon 
filter and a fifth reflective mirror on an AlN submount and 
longitudinally integrating the gain chip in which a 45' mirror 
and a lens are integrated and the etalon filter. A laser cavity 
has a structure in which light passes through an active layer 
from a first reflective mirror realized by an end surface of the 
gain chip, is reflected by the 45 mirror at an angle of 90° and 
then passes through the lens. The light having passed through 
the lens is converted into parallel light, passes through the 
etalon filter and reaches the fifth reflective mirror and is then 
reflected. The reflected light returns through the same optical 
path and reaches the first reflective mirror realized by the end 
Surface of the gain chip. 

8 Claims, 9 Drawing Sheets 
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SEMCONDUCTOR LASER APPARATUS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

The present application claims priority from Japanese 
Patent Application No. JP 2008-114074 filed on Apr. 24, 
2008, the content of which is hereby incorporated by refer 
ence into this application. 

TECHNICAL FIELD OF THE INVENTION 

The present invention relates to a semiconductor laser 
apparatus, and more particularly to a technique effectively 
applied to a wavelength variable laser for use in communica 
tions and optical measurement. 

BACKGROUND OF THE INVENTION 

The transmission capacity of the optical communication 
has been rapidly increasing every year, and the wavelength 
division multiplex (WDM) has been put into practical use as 
a low-cost, high-speed and large-capacity transmission tech 
nology to meet such a requirement. The WDM is a technology 
for transmitting different signals at respective wavelengths by 
simultaneously using a number of monochromatic lights 
(several ten to hundred wavelengths) whose frequencies dif 
fer by only 50 GHz or 100 GHz, and since the transmission 
capacity per one fiber can be increased several tens of times or 
more, the fiber installation cost can be significantly reduced. 

Conventionally, a wide variety of semiconductor lasers 
having different wavelengths and a modularized device (here 
inafter, abbreviated as module) for driving them have been 
required for the light source of the WDM. When manufactur 
ing lasers, crystal has to be made for each wavelength and also 
a module has to be manufactured for each wavelength, which 
poses a cost problem. For its solution, a wavelength variable 
module capable of freely varying a wavelength has been 
developed. Since this wavelength variable module can vary 
the light wavelength in a range of about 40 nm, what is needed 
is to manufacture light-emitting elements of several wave 
lengths and a module, and it is possible to provide a module at 
low cost, so that it has become a main light source of the 
WDM. 

In the field of the optical measurement, in particular, in the 
field of the biological optical measurement, with the further 
diversification of the substances to be observed, a wavelength 
variable light source with a wide range of about 0.7 to 1.6 um 
has been required. As specific applied fields, nonlinear optical 
imaging, optical tomography for visualizing the cancer and 
the immune system and the optoacoustic technique can be 
enumerated. 

Various types of wavelength variable lasers have been 
examined up to now. In the communications use, an example 
ofa wavelength variable laser of an external cavity type using 
a liquid crystal filter can be cited. FIG. 12 shows the configu 
ration thereof (see JOURNAL OF LIGHTWAVE TECH 
NOLOGY, VOL. 24, NO. 8, Aug. 2006, P3202-3209 (Non 
patent Document 1)). The wavelength variable laser shown in 
FIG. 12 is constituted of a liquid crystal filter 101, a glass 
etalon 102, a lens 103 and again chip 104. The gain chip 104 
has a structure in which again multilayer 106 for generating 
an optical gain, a phase control multilayer 107, a rear Surface 
electrode 108, again current electrode 109, a phase control 
current electrode 110 are formed on an InP (indium phos 
phide) substrate 105. The light emitted from the gain chip 104 
is converted into parallel light by the lens 103 and is incident 
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2 
on the glass etalon 102 and the liquid crystal filter 101. The 
light is reflected by the liquid crystal filter 101 and is incident 
on the gain chip 104 through the same optical path, thereby 
constituting the laser cavity. Since the liquid crystal filter 101 
and the glass etalon 102 have the wavelength selectivity and 
the reflection wavelength of the liquid crystal filter 101 can be 
controlled by Voltage application, the wavelength variable 
laser is obtained. This wavelength variable laser can emit all 
the wavelength range of the so-called C band used in the 
optical communication. 

Also, as the wavelength variable laser for use in the optical 
measurement, titanium sapphire laser, an optical parametric 
oscillator and others have been used. 

SUMMARY OF THE INVENTION 

In the communications use, the size reduction of the com 
munication module has been strongly demanded, and the size 
reduction of the wavelength variable laser has been strongly 
desired. In the example shown in FIG. 12, the size reduction 
to shorten the cavity length to 10 mm or less is difficult 
considering the size of the lens 103 and the distance between 
the lens 103 and the gain chip 104. Also, in the wavelength 
variable laser using semiconductor, the wavelength is deter 
mined by the gain band of the gain chip 104, and it is difficult 
to realize the wavelength variability of more than 100 nm. 

In the optical measurement use, the development to the 
three-dimensional imaging has been achieved in the linear 
optical imaging, the optical tomography, the optoacoustic 
technique and the optical topography. At this time, in order to 
obtain a three-dimensional image in a short period of time, a 
number of light sources are necessary. The titanium sapphire 
laser, the optical parametric oscillator and others used at 
present have a module-level size, and it is impossible to use a 
number of light sources at the same time. 
An object of the present invention is to provide a technique 

capable of reducing the size of the wavelength variable laser. 
Also, another object of the present invention is to provide a 

technique capable of realizing an ultrawideband wavelength 
variable laser by multiplexing lights emitted from a plurality 
of gain chips. 
The above and other objects and novel characteristics of the 

present invention will be apparent from the description of this 
specification and the accompanying drawings. 
The typical ones of the inventions disclosed in this appli 

cation will be briefly described as follows. 
A semiconductor laser apparatus according to the present 

invention comprises: a first semiconductor Substrate; an opti 
cal waveguide layer including an active layer formed on a part 
of a first surface of the first semiconductor substrate; a first 
reflective mirror provided at one end of the optical waveguide 
layer; a second reflective mirror which is a 45° mirror pro 
vided at the other end of the optical waveguide layer on an 
opposite side of the one end and inclined by 45° with respect 
to an extending direction of the optical waveguide layer; a 
first convex lens provided on a second surface of the first 
semiconductor Substrate on a back side of the first Surface so 
as to be on an optical axis of the second reflective mirror, an 
etalon provided above the second Surface and including a first 
substrate having a third reflective mirror and a second sub 
strate having a fourth reflective mirror on the first substrate; 
and a fifth reflective mirror provided above the fourth reflec 
tive mirror of the etalon, wherein the fifth reflective mirror is 
provided orthogonally to an optical axis of light emitted from 
the first convex lens, and a laser cavity is constituted between 
the first reflective mirror and the fifth reflective mirror. 
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The effects obtained by typical one of the inventions dis 
closed in this application will be briefly described below. 

Since the laser cavity can be configured to have a vertically 
bent shape, the cavity length can be shortened, and the semi 
conductor laser module can be reduced in size. Further, by 
combining a plurality of gain chips, the ultrawideband wave 
length variable laser can be realized. 

BRIEF DESCRIPTIONS OF THE DRAWINGS 

FIG. 1 is a basic configuration diagram of a wavelength 
variable laser according to one embodiment of the present 
invention; 

FIG. 2 is an explanatory diagram showing an operation 
principle of a wavelength variable laser according to one 
embodiment of the present invention; 

FIG. 3 is an explanatory diagram showing an operation 
principle of a wavelength variable laser according to one 
embodiment of the present invention; 

FIG. 4 is a cross sectional view of a principal part showing 
a configuration example of a wavelength variable laser 
according to one embodiment of the present invention; 

FIG. 5 is a cross sectional view of a principal part showing 
a configuration example of a wavelength variable laser 
according to one embodiment of the present invention; 

FIG. 6 is a cross sectional view of a principal part showing 
a configuration example of a wavelength variable laser 
according to one embodiment of the present invention; 

FIG. 7 is a cross sectional view of a principal part showing 
a configuration example of a wavelength variable laser 
according to one embodiment of the present invention; 

FIG. 8 is a partially cutaway view for describing the struc 
ture of a gain chip provided in a wavelength variable laser 
according to one embodiment of the present invention; 

FIG. 9 is a cross sectional view of a principal part for 
describing the structure of a gain chip provided in a wave 
length variable laser according to one embodiment of the 
present invention; 

FIG. 10 is a plan view of a principal part for describing the 
structure of a gain chip provided in a wavelength variable 
laser according to one embodiment of the present invention; 

FIG. 11 is a cross sectional view of a principal part for 
describing the structure of a gain chip provided in a wave 
length variable laser according to one embodiment of the 
present invention; and 

FIG. 12 is an explanatory diagram showing the configura 
tion of a wavelength variable laser of an external cavity type 
using a liquid crystal filter. 

DESCRIPTIONS OF THE PREFERRED 
EMBODIMENTS 

In the embodiments described below, the invention will be 
described in a plurality of sections or embodiments when 
required as a matter of convenience. However, these sections 
or embodiments are not irrelevant to each other unless other 
wise stated, and the one relates to the entire or a part of the 
other as a modification example, details, or a Supplementary 
explanation thereof. 

Also, in the embodiments described below, when referring 
to the number of elements (including number of pieces, val 
ues, amount, range, and the like), the number of the elements 
is not limited to a specific number unless otherwise stated or 
except the case where the number is apparently limited to a 
specific number in principle. The number larger or Smaller 
than the specified number is also applicable. 
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4 
Further, in the embodiments described below, it goes with 

out saying that the components (including element steps) are 
not always indispensable unless otherwise stated or except 
the case where the components are apparently indispensable 
in principle. In addition, when “formed from A' and “formed 
of A are mentioned for the components and the like in the 
embodiments, it is needless to say that other components are 
not excluded except the case where it is particularly specified 
that A is the only element thereof. 

Similarly, in the embodiments described below, when the 
shape of the components, positional relation thereof and the 
like are mentioned, the Substantially approximate and similar 
shapes and the like are included therein unless otherwise 
stated or except the case where it can be conceived that they 
are apparently excluded in principle. The same goes for the 
numerical value and the range described above. 

Still further, when the materials and the like are mentioned, 
the specified material is a main material unless otherwise 
stated or except the case where it is not so in principle or in 
situation, and the secondary elements, additives, additional 
components and the like are not excluded. 

Also, components having the same function are denoted by 
the same reference symbols throughout the drawings for 
describing the embodiments, and the repetitive description 
thereof is omitted. 

Hereinafter, embodiments of the present invention will be 
described in detail with reference to the accompanying draw 
1ngS. 

In the embodiments of the present invention, a structure in 
which an optical path of the laser is vertically bent is realized 
in order to reduce the size of the wavelength variable laser. 
FIG. 1 is a basic configuration diagram for realizing the 
small-sized wavelength variable laser. As shown in FIG. 1, in 
this basic configuration, again chip (first semiconductor Sub 
strate) 2, an etalon filter 3 and a reflective mirror (fifth reflec 
tive mirror) 4 are arranged on an AlN submount 1. A laser 
cavity 5 forms a structure in which the light passes through an 
active layer 7 from a reflective mirror (first reflective mirror) 
6 realized by an end surface of the gain chip 2, is reflected by 
a 45 mirror (second reflective mirror) 8 at an angle of 90°, 
and then passes through a lens (first convex lens) 9. The light 
having passed through the lens 9 is converted into parallel 
light, reaches the reflective mirror 4 through the etalon lens 3 
and then reflected. The reflected light returns through the 
same optical path and reaches the reflective mirror 6 realized 
by the end surface of the gain chip 2. Note that a antireflective 
coating 10 is applied to the surface of the lens 9. In the present 
embodiment, the laser cavity 5 is configured to have a verti 
cally bent structure, so that the laser length can be shortened 
up to 1 mm. 

Next, the principle of realizing the single mode oscillation 
by the laser of the present embodiment will be described with 
reference to FIG. 2 and FIG. 3. 

FIG. 2 shows the wavelength characteristics of the trans 
mission of the etalon filter 3. In the etalon filter 3 which is 
provided with a reflective mirror (third reflective mirror) 11 
and a reflective mirror (fourth reflective mirror) 12 each hav 
ing a thickness of T, a refractive index of n, and a reflectivity 
of R and is formed by bonding a silicon substrate (first sub 
strate) 13 and a silicon substrate (second substrate) 14 via 
spacers 15 and 16, assuming that N is an integer, light passes 
resonantly at v-nxT/(2xN). Also, the full width at half 
maximum (FWHM) thereof is FWHM=(1-R)/tR'x/ 
(2nT). For example, when R=0.95, n=1, T=15um and 
2–1.55um, FWHM=1.3 nm, and high wavelength selectiv 
ity can be provided. 
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Also, Free Spectral Range (FSR)=80 nm. At this time, 
when combined with the reflective mirror 4 having the reflec 
tance spectrum as shown in FIG. 3, the single mode oscilla 
tion at the wavelengthwy can be expected. The wavelengthy 
mentioned here can be controlled by changing the value ofn, 
or T. As the configuration for realizing the wavelength vari 
able laser, the case of using liquid crystaletalon for achieving 
the principle of changing the value of n, and the case of using 
the MEMS (Micro Electro Mechanical Systems) technology 
for achieving the principle of changing the value of T will be 
shown below. 

FIG. 4 shows a configuration example of laser using the 
liquid crystal etalon filter. In this configuration, liquid crystal 
21, alignment layers 22 and 23 and transparent electrodes 24 
and 25 are added to the basic configuration shown in FIG. 1. 
In the liquid crystal etalon filter, the refractive index of the 
liquid crystal is changed by applying Voltage, and the laser 
oscillation wavelength can be changed by changing the value 
of Wv. 

FIG. 5 shows a configuration example of laser using the 
MEMS etalon filter. In this configuration, compared with the 
basic configuration shown in FIG. 1, the silicon substrate 14 
is separated from the silicon substrate 26, and actuators 27 
and 28 are arranged instead of the spacers 15 and 16, so that 
the reflective film 12 can be moved by the actuators 27 and 28. 
Note that a anti reflective film 29 and the reflective film 4 are 
formed on a lower Surface and an upper Surface of the silicon 
substrate 26, respectively, and a anti reflective film 30 is 
formed on an upper Surface of the silicon Substrate 14, 
whereby a reflective mirror 31 is formed. By this structure, 
the thickness T of the etalon filter 3 can be changed, and the 
oscillation wavelength becomes variable. 

Here, it is possible to take the light by connecting an optical 
fiber to the reflective mirror 6 side on the end surface of the 
gain chip 2, and it is also possible to take the light by con 
necting an optical fiber to the reflective mirror 31 side. 

Next, the method of arranging the etalon filter according to 
the present embodiment will be described with reference to 
FIG. 6. The configuration of FIG. 6 is the same as that of FIG. 
1 except that incident light 41 and reflection light 73 are 
shown. The incident light 41 of the etalon filter is reflected by 
the reflective mirror 11 to be the reflection light 42. If the 
reflection light 42 returns to the active layer 7 with being 
overlapped with the former incident light 41, the wavelength 
selectivity as shown in FIG. 2 and FIG. 3 disappears. There 
fore, the reflective mirror 11 has to be angled with respect to 
the direction orthogonal to the incident light 41. 

Next, the angle will be considered. The distance in a direc 
tion orthogonal to an optical axis between the optical axis and 
a position where the intensity of the incident light 41 becomes 
1/e of the intensity on the optical axis, that is, a radius of light 
is defined as r, the distance between the lens 9 and the reflec 
tive mirror 11 is defined as L., and the angle between the 
direction orthogonal to the reflective mirror 11 and the optical 
axis of the incident light is defined as 01. Since what is needed 
is to prevent the incident light 41 and the reflection light 42 
from being overlapped at the position of the lens 9, the rela 
tion “Lxtan(2x01)>2xr' must be satisfied. 

Next, the means for realizing the ultrawideband wave 
length variable laser will be described with reference to FIG. 
7. FIG. 7 is a cross sectional view of a principal part of the 
configuration thereof. As shown in FIG. 7, the ultrawideband 
wavelength variable laser has a structure in which gain chips 
52 and 53 are mounted on a submount 51. The gain chips 52 
and 53 have respectively different gain wavelength bands. An 
etalon filter 54 having the same structure as that of the etalon 
filter 3 described above with reference to FIG. 4 and reflective 
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6 
mirrors 55 and 56 are arranged on the gain chips 52 and 53, 
and the laser cavities are formed between the chip end surface 
of the gain chip 52 and the reflective mirror 55 and between 
the chip end surface of the gain chip 53 and the reflective 
mirror 56, respectively, thereby emitting laser lights 57 and 
58. Above the reflective mirrors 55 and 56, an optical multi 
plexer 64 obtained by forming a anti reflective film 60, a 
wavelength selection film (first wavelength selection filter) 
61, a high-reflective film (mirror) 62 and a low-reflective film 
63 on the surfaces of a glass substrate 59 is provided, and the 
laser lights 57 and 58 are multiplexed in this optical multi 
plexer (optical multiplexer/demultiplexer) 64 and outputted 
from an optical fiber 65. As shown in FIG. 2 and FIG. 3, the 
etalon filter has repetitive characteristics with respect to the 
wavelength, and therefore, it can be fabricated with common 
specifications even for the lasers emitting different wave 
length bands. More specifically, by multiplexing the lights 
emitted from the respective lasers in the optical multiplexer 
64, the lights can be outputted from the same optical fiber 65. 
As a result, the ultrawideband wavelength variable laser that 
cannot be achieved by one gain chip can be realized. 

First Embodiment 

The first embodiment will be described with reference to 
FIG. 4 and FIG. 8 to FIG. 11. The first embodiment provides 
the wavelength variable laser of the 1.55 um band using a 
liquid crystal etalon filter. As described above with reference 
to FIG. 4, the wavelength variable laser according to the first 
embodiment has a structure in which the gain chip 2, the 
etalon filter 3 and the reflective mirror 4 are arranged on the 
AIN Submount 1. 

FIG.8 to FIG. 11 show the structure of the gain chip 2. FIG. 
8 is a perspective cross sectional view of the gain chip 2 
according to the first embodiment, FIG. 9 is a cross sectional 
view of the gain chip 2 taken by a plane parallel to the 
traveling direction of the light, FIG. 10 is a bottom view of the 
gain chip 2 and FIG. 11 is a cross sectional view of the gain 
chip 2 taken by a plane orthogonal to the traveling direction of 
the light, respectively. As shown in FIG. 8 and FIG. 11, an 
optical waveguide (optical waveguide layer) portion of the 
gain chip 2 is processed into a stripe shape to have the buried 
hetero (BH) structure. In this example, high-resistive semi 
insulating InP71 doped with iron is buried around the stripe 
shaped optical waveguide portion in the buried hetero struc 
ture. 

The gain chip 2 can be fabricated in the following manner. 
The fabrication process thereof will be described here. In 
order to form the structure of the laser portion, the active layer 
7 including an n-type InGaAsP optical confinement layer, an 
InGaAlAs strained multiple quantum well layer and a p-type 
InGaAsP optical confinement layer, a p-type InP clad layer 73 
and a p-type InGaAs contact layer are formed on a main 
surface (first surface) of an n-type InP substrate 72 (see FIG. 
1, FIG. 5 and FIG. 6). On the InP wafer having such a multi 
layer structure, a silicon dioxide film is coated as a protective 
mask. The p-type InP clad layer 73, the active layer 7 and a 
part of the n-type InP substrate 72 are etched with using this 
silicon dioxide mask, thereby forming the optical waveguide. 
For the etching, for example, any of the methods including 
dry etching Such as the reactive ion etching (RIE) using the 
chlorine-based gas, wet etching using bromine-based solu 
tion and the combination use thereof can be employed. 

Next, the sample to which the above-described process has 
been performed is carried into a crystal growth chamber, and 
the semi-insulating InPlayer 71 doped with Fe is buried and 
grown at about 600° C. by using the MOVPE method. By the 
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etching process and the processes for regrowing the buried 
layer, the buried hetero structure is formed. In this buried 
hetero structure, both sides in the traveling direction of the 
light of the optical waveguide are buried with the material 
capable of confining the light. The material used for this 
confinementis, for example, a high-resistive material, and the 
high-resistive semi-insulating InP71 doped with Fe is used in 
the first embodiment. FIG. 11 is a cross sectional view of the 
gain chip 2 taken by the plane orthogonal to the traveling 
direction of the light of the element. 

Note that, in the process of forming the buried structure, the 
end of the optical waveguide on the light emitting side is also 
buried with semi-insulating InP 71 at the same time with 
burying the both sides of the optical waveguide in the light 
traveling direction. The end of the optical waveguide is buried 
with InP71, so that the part of the 45° inclined (45° mirror 8) 
to be processed by etching is made of the InP material only. 
By this means, the process of completely smoothing the mir 
ror formed by etching can be facilitated. 

Thereafter, after the silicon dioxide film used as a selective 
growth mask for the buried growth is removed, a silicon 
nitride film for an etching mask is formed, and the semi 
insulating InPlayer 71 doped with Fe is etched so as to have 
the inclination angle of 45°. In this inclination etching, 
chemically assisted ion beam etching (CAIBE) using chlo 
rine and argon gas is used, and the etching Surface of 45' can 
be realized by performing the etching while inclining the 
wafer surface by 45°. Note that, in the first embodiment, the 
etching method using CAIBE has been described, but the 
reactive ion beam etching (RIBE) using chlorine-based gas 
and the wet etching are also available. 

Next, after removing the silicon nitride film, a p-side elec 
trode 74 is deposited on the p-type InGaAs contact layer. 
Further, after a rear surface (second surface) of the n-type InP 
substrate 72 is polished to have the thickness of about 100 um, 
a silicon nitride mask is formed on the rear surface of the 
n-type InP substrate 72. Subsequently, an outer circumfer 
ence of a part to be the lens is etched into a ring shape to the 
depth of about 16 um by the reactive ion etching using mixed 
gas of methane and hydrogen. At this time, the ring-shaped 
pattern has a circular shape as shown in FIG. 10. Subse 
quently, the silicon nitride mask formed on the columnar 
portion Surrounded by the portion carved into the ring shape 
is removed, and the wet etching is performed using the mixed 
Solution of hydrobromic acid, hydrogen peroxide and water. 
By this means, the columnar portion is etched from its Surface 
and the corner thereof is removed, so that the convex lens 9 
can be formed on the rear surface of the n-type InP substrate 
72. 

Next, the silicon nitride mask is completely removed, and 
a low-reflective coating film 76 (anti reflective coating 10) 
made of silicon oxynitride is formed on the surface of the lens 
9. Then, an n-side electrode 77 is formed on the rear surface 
of the n-type InP substrate 72. Also, a low-reflective film 78 
used in a semiconductor optical element is formed on a part to 
be a back end surface of the element, thereby completing the 
gain chip 2. 
The liquid crystal etalon can be fabricated in the following 

manner. First, the silicon substrates 13 and 14 are wet-etched 
to form a surface inclined by only 3. Next, an SiO film is 
formed by sputtering on the silicon substrates 13 and 14, and 
a TaO film is further formed by sputtering on the SiO film, 
thereby forming the anti reflective films 4 and 79 (see FIG. 1, 
FIG.5 and FIG. 6). Next, the reflective mirrors 11 and 12 are 
formed on the other surfaces of the silicon substrates 13 and 
14. Then, the transparent electrodes 24 and 25 made of ITO 
(indium tin oxide) are formed by sputtering. Subsequently, 
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8 
the alignment layers 22 and 23 are formed by the coating 
method. Next, the spacers 15 and 16 for shielding the liquid 
crystal are formed on the alignment layers 22 and 23. Next, 
the silicon substrates 13 and 14 are bonded so that the align 
ment layers 22 and 23 are faced to each other, and the liquid 
crystal is injected, thereby completing the liquid crystal eta 
lon filter. 

For example, the fabrication method of the wavelength 
variable laser is as follows. First, the gain chip 2 is fixed on a 
gain current electrode 80 of the submount 1. Next, after the 
lens 9 and the anti reflective film 79 are approximately faced 
to each other, the position of the liquid crystal etalon filter is 
finely adjusted so as to cause the laser oscillation, and the 
liquid crystaletalon filter is mounted on ground electrodes 81 
and 82 of the gain chip 2. 

In the wavelength variable laser according to the first 
embodiment, the single mode oscillation can be caused in a 
wide wavelength range from 1.53 um to 1.57 um by the 
control of the voltage applied to the liquid crystaletalon filter 
and the current injection to the gain multilayer. 

Also, a silicon Substrate is used as a Substrate of the liquid 
crystal etalon filter in the first embodiment, but a glass sub 
strate may be used instead of the silicon substrate. 

Further, an InP substrate is used as a substrate of the gain 
chip 2 in the first embodiment, but a substrate made of GaAs, 
GaN, ZnSe or others may be used instead of the InP substrate. 

Further, the oscillation wavelength of the wavelength vari 
able laser is limited to the 1.55 um band in the first embodi 
ment, but 1.3 um band is also available. Also, when a glass 
Substrate is used as a Substrate of the liquid crystal etalon 
filter, the oscillation in the visible light range of the wave 
length from 0.4 um to 0.9 um is possible. 

Second Embodiment 

The second embodiment will be described with reference 
to FIG. 5 and FIG. 8 to FIG. 11. The Second embodiment 
provides the wavelength variable laser of the 1.55 um band 
using a MEMS etalon. The gain chip 2, the MEMS etalon 
filter and the reflective mirror 4 are arranged on the AIN 
submount 1. 
The fabrication method of the gain chip 2 of the second 

embodiment is the same as that of the first embodiment. 
In the MEMS etalon filter according to the second embodi 

ment, the reflective mirrors 11 and 12 are formed on a silicon 
substrate by the known method. In this case, the reflective 
mirror 12 is configured to be moved by applied Voltage. 

In the wavelength variable laser according to the second 
embodiment, the single mode oscillation can be caused in a 
wide wavelength range from 1.53 um to 1.57 um by the 
control of the voltage applied to the MEMS etalon filter and 
the current injection to the gain multilayer. 

Further, the oscillation wavelength of the wavelength vari 
able laser is limited to the 1.55umband in the second embodi 
ment, but 1.3 um band is also available. 

Third Embodiment 

The third embodiment will be described with reference to 
FIG. 7 and FIG.8 to FIG. 11. The third embodiment provides 
the wavelength variable laser with the wavelength range from 
1.53 um to 1.62 um using a liquid crystal etalon filter. 
The gain chips 52 and 53, the etalon filter 54 and the 

reflective mirrors 55 and 56 are arranged on the AlN sub 
mount 51. Further, the optical multiplexer 64 formed of the 
glass substrate 59 and the optical fiber 65 are arranged. 
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The fabrication method of the gain chips 52 and 53 of the 
third embodiment is the same as that of the first embodiment. 
However, the composition of the InGaAsP active layer is 
changed so that the gain chip 52 has again in the wavelength 
of 1.53 um to 1.57 um and the gain chip 53 has again in the 
wavelength of 1.57 um to 1.62 um. The fabrication method of 
the liquid crystal etalon filter (etalon filter 54) is the same as 
that of the first embodiment. However, the reflective mirror 55 
has a reflectivity of 90% or more in the wavelength range 
from 1.53 um to 1.57 um, and the reflective mirror 56 has a 
reflectivity of 90% or more in the wavelength range from 1.57 
um to 1.62 Lum. 

In the optical multiplexer 64, the transparent glass Sub 
strate 59 is used as a support substrate, and the anti reflective 
film 60 having a reflectivity of 0.1% or less and the wave 
length selection film 61 are adjacently deposited on one Sur 
face of the glass substrate 59. Also, on the other surface of the 
glass substrate parallel to the surface on which the anti reflec 
tive film 60 and the wavelength selection film 61 are formed, 
the high-reflective film 62 and the anti reflective film 63 
having a reflectivity of 0.1% or less are adjacently deposited. 
The wavelength selection film 61 reflects the laser light 57 
emitted from the gain chip 52 and transmits the laser light 58 
emitted from the gain chip 53, thereby multiplexing the two 
lights. 

In the wavelength variable laser according to the third 
embodiment, the single mode oscillation can be caused in a 
wide wavelength range from 1.53 um to 1.57 um by the 
control of the voltage applied to the etalon filter 54 and the 
current injection to the gain multilayer on the gain chip 52. 
Also, the single mode oscillation can be caused in a wide 
wavelength range from 1.57 um to 1.62 um by the current 
injection to the gain multilayer on the gain chip 53. As a 
result, the light in the range from 1.53 um to 1.62 um can be 
outputted from the optical fiber 65. 
The oscillation wavelength of the wavelength variable 

laser is limited to the 1.55 um band in the third embodiment, 
but 1.3 um band is also available. Also, the oscillation in the 
visible light range of the wavelength from 0.4 um to 0.9 um is 
possible. 
A glass Substrate may be used as a Substrate of the liquid 

crystal etalon filter (etalon filter 54). Also, the etalon filter 54 
may be replaced with a MEMS etalon filter. 

Also, an InP Substrate is used as a Substrate of the gain 
chips 52 and 53 in the third embodiment, but a substrate made 
of GaAs, GaN., ZnSe or others may be used instead of the InP 
substrate. 

Further, an example where two gain chips are arranged has 
been described in the third embodiment, but three or more 
gain chips may be arranged. 

In the foregoing, the invention made by the inventors of the 
present invention has been concretely described based on the 
embodiments. However, it is needless to say that the present 
invention is not limited to the foregoing embodiments and 
various modifications and alterations can be made within the 
Scope of the present invention. 
The semiconductor laser apparatus according to the 

present invention can be applied to, for example, a wave 
length variable laser. 
What is claimed is: 
1. A semiconductor laser apparatus comprising: 
a first semiconductor Substrate; 
an optical waveguide layer including an active layer 

formed on a part of a first surface of the first semicon 
ductor substrate; 

a first reflective mirror provided at one end of the optical 
waveguide layer; 
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10 
a second reflective mirror which is a 45° mirror provided at 

the other end of the optical waveguide layer on an oppo 
site side of the one end and inclined by 45° with respect 
to an extending direction of the optical waveguide layer; 

a first convex lens provided on a second surface of the first 
semiconductor substrate on a back side of the first Sur 
face so as to be on an optical axis of the second reflective 
mirror, 

an etalon provided above the second Surface and including 
a first Substrate and a second Substrate having spacers 
disposed therebetween, the first substrate being of trap 
eZoidal shape and having a first angled Surface with a 
third reflective mirror disposed thereon, the second sub 
strate being of trapezoidal shape, located above the first 
Substrate, and having a second angled Surface with a 
fourth reflective mirror disposed thereon, the first and 
second angled Surfaces having opposing inclinations 
with respect to the first surface of the first semiconductor 
substrate, the spacers being disposed between the first 
angled surface of the first substrate and the second 
angled Surface of the second Substrate; and 

a fifth reflective mirror provided above the fourth reflective 
mirror of the etalon, 

wherein the fifth reflective mirror is provided orthogonally 
to an optical axis of light emitted from the first convex 
lens, and a laser cavity is constituted between the first 
reflective mirror and the fifth reflective mirror. 

2. The semiconductor laser apparatus according to claim 1, 
wherein, when an angle between an optical axis of the light 
emitted from the first convex lens and incident on the third 
reflective mirror and a direction orthogonal to the third reflec 
tive mirror is defined as 01, a radius of the light which is a 
distance in a direction orthogonal to the optical axis of the 
light between the optical axis and a position where an inten 
sity of the light emitted from the first convex lens becomes 
1/e of an intensity on the optical axis of the light is defined as 
r, and a distance between the first convex lens and the first 
reflective mirror is defined as L., a relation of Lxtan(2x01) 
>2xr is satisfied. 

3. The semiconductor laser apparatus according to claim 1, 
wherein liquid crystal is confined between the third and 

fourth reflective mirrors, and 
an electrode for applying Voltage to the liquid crystal is 

provided on the third and fourth reflective mirrors. 
4. The semiconductor laser apparatus according to claim 1, 

wherein the third reflective mirror or the fourth reflective 
mirror has means capable of moving the third reflective mir 
ror or the fourth reflective mirror in a direction of the optical 
axis of the light emitted from the first convex lens. 

5. The semiconductor laser apparatus according to claim 1, 
wherein an optical fiber is provided adjacently to the first 
reflective mirror. 

6. The semiconductor laser apparatus according to claim 1, 
wherein an optical fiber is provided adjacently to the fifth 
reflective mirror. 

7. A semiconductor laser apparatus comprising: 
a second semiconductor Substrate; 
a first optical waveguide layer including a first active layer 

formed on a part of a third surface of the second semi 
conductor Substrate; 

a sixth reflective mirror provided at one end of the optical 
waveguide layer; 

a seventh reflective mirror which is a 45° mirror provided at 
the other end of the optical waveguide layer on an oppo 
site side of the one end and inclined by 45° with respect 
to an extending direction of the optical waveguide layer; 
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a second convex lens provided on a fourth surface of the 
second semiconductor Substrate on a back side of the 
third Surface so as to be on an optical axis of the seventh 
reflective mirror; 

an first etalon provided above the fourth surface and 
including a third Substrate and a fourth Substrate having 
spacers disposed therebetween, the third substrate being 
of trapezoidal shape and having a first angled Surface 
with an eighth reflective mirror disposed thereon, the 
fourth Substrate being of trapezoidal shape, located 
above the third Substrate, and having a second angled 
surface with a ninth reflective mirror disposed thereon, 
the first and second angled Surfaces having opposing 
inclinations with respect to the first surface of the second 
semiconductor Substrate, the spacers being disposed 
between the first angled surface of the third substrate and 
the second angled surface of the fourth substrate; 

a tenth reflective mirror provided above the ninth reflective 
mirror of the first etalon so as to be orthogonal to an 
optical axis of light emitted from the second convex lens; 

a third semiconductor Substrate; 
a second optical waveguide layer including a second active 

layer formed on a part of a fifth surface of the third 
semiconductor Substrate; 

an eleventh reflective mirror provided at one end of the 
second optical waveguide layer, 

a twelfth reflective mirror which is a 45° mirror provided at 
the other end of the second optical waveguidelayer on an 
opposite side of the one end and inclined by 45° with 
respect to an extending direction of the second optical 
waveguide layer; 

a third convex lens provided on a sixth surface of the third 
semiconductor substrate on a back side of the fifth sur 
face so as to be on an optical axis of the twelfth reflective 
mirror; 

a second etalon provided above the sixth surface and 
including a fifth substrate having a thirteenth reflective 
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mirror and a sixth substrate having a fourteenth reflec 
tive mirror on the fifth substrate; and 

a fifteenth reflective mirror provided above the fourteenth 
reflective mirror of the second etalonso as to be orthogo 
nal to an optical axis of light emitted from the third 
convex lens, 

wherein a first laser cavity is constituted between the sixth 
reflective mirror and the tenth reflective mirror, and 

a second laser cavity is constituted between the eleventh 
reflective mirror and the fifteenth reflective mirror. 

8. The semiconductor laser apparatus according to claim 7. 
further comprising: 

an optical multiplexer/demultiplexer constituted of a plu 
rality of mirrors arranged in parallel above the tenth and 
fifteenth reflective mirrors, 

wherein the optical multiplexer/demultiplexer includes at 
least a first wavelength selection filter and a mirror pro 
vided apart from the first wavelength selection filter by a 
predetermined distance so as to be faced in parallel to the 
first wavelength selection filter, 

the optical multiplexer/demultiplexer is fixed in a package 
for housing the second semiconductor Substrate, the 
third semiconductor substrate and the optical multi 
plexer/demultiplexer in a state of being inclined by an 
angle 0(0z2NL and N is an optional integer) with respect 
to the fourth surface of the second semiconductor sub 
strate and the fifth surface of the third semiconductor 
Substrate, 

a first emitted light from the tenth reflective mirror is inci 
dent on the optical multiplexer/demultiplexer, reflected 
by the mirror and then reflected by the first wavelength 
selection filter, and 

a second emitted light from the fifteenth reflective mirroris 
incident on the optical multiplexer/demultiplexer and 
multiplexed with the first emitted light by the first wave 
length selection filter. 
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