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OPTICAL SEMICONDUCTOR DEVICE

BACKGROUND OF THE INVENTION

[0001]

[0002] This invention generally relates to an optical semi-
conductor device.

[0003] 2. Description of the Related Art

[0004] Generally, a wavelength-tunable semiconductor
laser has a gain for a laser emission and can select a
wavelength of the laser. There are some methods of selecting
a wavelength. For example, the methods include a method of
changing a resonant wavelength of loss or gain by changing
a refractive index or angle of a diffractive grating or an
etalon provided in a laser cavity. And the methods include a
method of changing a resonant wavelength of the laser
cavity by changing an optical length in the laser cavity
(refractive index or a physical length of the laser cavity).

[0005] The method of changing the refractive index has an
advantage in reliability or manufacturing cost, because a
mechanical operating portion is not necessary being differ-
ent from the method of changing the angle or length. The
refractive index changing method includes changing a tem-
perature of an optical waveguide, changing a carrier density
in the optical waveguide by providing a current, and so on.
A semiconductor laser having a Sampled Grating Distrib-
uted Reflector (SG-DR) is supposed as a wavelength tunable
laser that changes a temperature of an optical waveguide,
where the SG-DR has a wavelength selection function.

[0006] In this semiconductor laser, if a reflection spectrum
of a plurality of SG-DR regions (reflection region) is con-
trolled preferably, a predetermined wavelength can be
selected with a vernier effect. That is, this semiconductor
laser emits a laser light at a wavelength where reflection
peaks of two SG-DR regions are overlapped with each other.
It is therefore possible to control the lasing wavelength by
controlling each of the reflection peaks of the SG-DR
regions.

[0007] Generally, a heater is provided on a surface of the
SG-DR region. The temperature of the optical waveguide of
the SG-DR region is changed when the heater generates
heat. As a result, the refractive index of the SG-DR region
changes. It is therefore possible to control the reflection peak
wavelength of the SG-DR region by controlling the heating
value of the heater. The heater needs an electrical power
when generating heat. And so, Japanese Patent Application
Publication No. 9-92934 discloses a method of controlling a
refractive index of a reflection region by providing an
electrical power to a heater.

[0008] Here, a wavelength controllable range of the reflec-
tion peak is proportional to an amount of refractive index
change of the optical waveguide, that is, an amount of
temperature change of the optical waveguide. It is necessary
to enlarge the electrical power to be provided to the heater
in order to enlarge the wavelength controllable range. How-
ever, it is preferable that the semiconductor laser is con-
trolled with low electrical power, due to an optical system’s
requirement. It is therefore difficult for the heater to generate

1. Field of the Invention
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sufficient heat which enlarges the wavelength controllable
range of the semiconductor laser.

SUMMARY OF THE INVENTION

[0009] The present invention provides an optical semicon-
ductor device in which heat generated by a heater is pro-
vided to an optical waveguide effectively.

[0010] According to an aspect of the present invention,
preferably, there is provided an optical semiconductor
device including a semiconductor substrate, a semiconduc-
tor region and a heater. The semiconductor region has a
stripe shape demarcated with a top face and a side face
thereof. The stripe shape has a width smaller than a width of
the semiconductor substrate. An optical waveguide layer is
located in the semiconductor region. A distance from a lower
end of the side face of the semiconductor region to the
optical waveguide layer is more than half of the width of the
semiconductor region. The heater is provided above the
optical waveguide layer.

[0011] With the above-mentioned configuration, thermal
resistance in the semiconductor region is large because the
width of the semiconductor region is smaller than that of the
semiconductor substrate. In this case, the heater can heat the
optical waveguide layer effectively. The distance between
the optical waveguide layer and the semiconductor substrate
is sufficiently large because the distance from the lower end
of the semiconductor region to the optical waveguide layer
is more than half of the width of the semiconductor region.
It is therefore possible to limit the diffusion of the heat
having conducted through the optical waveguide layer. And
the temperature gradient in the optical waveguide layer is
sufficiently large. Accordingly, it is possible to control the
temperature of the optical waveguide layer effectively with
the heat generated by the heater.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Preferred embodiments of the present invention
will be described in detail with reference to the following
drawings, wherein:

[0013] FIG. 1 illustrates a cross sectional view of a dis-
tributed reflector in accordance with a first embodiment of
the present invention;

[0014] FIG. 2 illustrates a conduction direction of heat
from a heater;
[0015] FIG. 3 illustrates a cross sectional view of a dis-

tributed reflector in accordance with a second embodiment
of the present invention;

[0016] FIG. 4 illustrates a cross sectional view of a dis-
tributed reflector in accordance with a third embodiment of
the present invention;

[0017] FIG. 5 illustrates a perspective view of a laser chip
in accordance with a fourth embodiment of the present
invention;

[0018] FIG. 6A illustrates a top view of a laser chip in
accordance with a fourth embodiment of the present inven-
tion;

[0019] FIG. 6B illustrates a cross sectional view taken
along a line A-A of FIG. 6A in accordance with a fourth
embodiment of the present invention;

[0020] FIG. 7 illustrates an overall structure of a laser
module in accordance with a fifth embodiment;

[0021] FIG. 8 illustrates an overall structure of a laser
module in accordance with a sixth embodiment;
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[0022] FIG. 9 illustrates a cross sectional view of a dis-
tributed reflector in accordance with a comparative example;
[0023] FIG. 10 illustrates a temperature profile of a dis-
tributed reflector;

[0024] FIG. 11 illustrates a temperature gradient of dis-
tributed reflector in accordance with a first example;
[0025] FIG. 12 illustrates a temperature gradient of dis-
tributed reflector in accordance with a second example; and
[0026] FIG. 13 illustrates a temperature gradient of dis-
tributed reflector in accordance with a third example.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0027] A description will now be given, with reference to
the accompanying drawings, of embodiments of the present
invention.

First Embodiment

[0028] In a first embodiment, a description will be given
of a distributed reflector as an example of an optical semi-
conductor device in accordance with the present invention.
FIG. 1 illustrates a cross sectional view of a distributed
reflector 100 in accordance with the first embodiment. As
shown in FIG. 1, the distributed reflector 100 has a structure
in which a mesa semiconductor region 102 is provided on a
center area of a semiconductor substrate 101, where the
mesa semiconductor region 102 has a stripe mesa shape and
a width smaller than that of the semiconductor substrate 101.
That is, the mesa semiconductor region 102 is projecting
from the center area of the semiconductor substrate 101.
[0029] An insulating layer 103 is formed on a top face and
a side face of the mesa semiconductor region 102 and on an
exposed top face of the semiconductor substrate 101. The
insulating layer 103 acts as a passivation film. The semi-
conductor substrate 101 is, for example, composed of InP.
The insulating layer 103 is, for example, composed of an
insulator such as Si0,, SiN, and the insulator has a thermal
conductivity lower than that of the mesa semiconductor
region 102. A heater 104 is provided on the insulating layer
103 above the mesa semiconductor region 102.

[0030] The mesa semiconductor region 102 has a structure
in which an optical waveguide layer 106 is formed at a
center area of a cladding region 105. The cladding region
105 is, for example, composed of InP. The cladding region
105 confines a light traveling in the optical waveguide layer
106. The optical waveguide layer 106 is, for example,
composed of a material having an absorption edge wave-
length at shorter wavelengths side compared to a lasing
wavelength. The optical waveguide layer 106 is, for
example, composed of InGaAsP crystal. The heater 104 is
composed of such as NiCr and changes the temperature of
the optical waveguide layer 106 according to an electrical
power provided thereto. And a refractive index of the optical
waveguide layer 106 changes.

[0031] A description will be given of a thermal conduction
from the heater 104. FIG. 2 illustrates a conduction direction
of the heat from the heater 104. The heat generated by the
heater 104 is mainly conducted to the mesa semiconductor
region 102 and the semiconductor substrate 101, because a
thermal conductivity of air is lower than that of the mesa
semiconductor region 102.

[0032] As shown in FIG. 2, the mesa semiconductor
region 102 and the semiconductor substrate 101 are divided
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into a region A, a region B, a region C and a region D
according to the thermal conduction. The region A is an
upper region of the mesa semiconductor region 102. The
region B is a lower region of the mesa semiconductor region
102 except for the region A. The region C is an upper region
of the semiconductor substrate 101. The region D is a lower
region of the semiconductor substrate 101 except for the
region C.

[0033] The heat generated by the heater 104 is conducted
downward from the upper end of the region A in a path
having a width of the mesa semiconductor region 102.
Generally, a relationship between a heat flux P flowing
between two points and a temperature differential dT
between the two points is shown as dT=PxRth. Here, Rth is
a thermal resistance. Rth is proportional to a length of a path
where heat flows and is inversely proportional to a cross
sectional area of the path. The temperature differential dT is
proportional to the thermal resistance Rth when heat flux
from a heater (or electrical power provided to the heater) is
substantially constant. A temperature differential per unit
length, a temperature gradient, is enlarged as the cross
sectional area of the path is reduced.

[0034] Here, the thermal resistance or the temperature
gradient of the region A is large, because the width of the
mesa semiconductor region 102 is lower than that of the
semiconductor substrate 101. The heat conducted to the
lower end of the region A is conducted downward in the
region B. The region B is a lower region of the mesa
semiconductor region 102 and is closer to the semiconductor
substrate 101. And in the region B, the heat is conducted
radially toward the semiconductor substrate 101 because of
influence of the semiconductor substrate 101. Accordingly,
the temperature gradient gets lower in the region B as closer
to the semiconductor substrate 101.

[0035] The heat conducted to the lower end of the region
B is conducted downward in the region C. In the region C,
the heat is conducted downward so as to spread in the width
direction of the semiconductor substrate 101. The tempera-
ture gradient is therefore reduced drastically in the region C.
The heat conducted to the lower end of the region C is
conducted downward in the region D. In the region D, the
temperature gradient is converged to a given small value,
because the heat is sufficiently spread in the width direction
of the semiconductor substrate 101.

[0036] As mentioned above, the heat generated by the
heater 104 is provided to the optical waveguide layer 106
effectively, because the width of the mesa semiconductor
region 102 is lower than that of the semiconductor substrate
101. In the embodiment, a distance D2 between the optical
waveguide layer 106 and the lower end of the mesa semi-
conductor region 102 is more than half of a width W of the
mesa semiconductor region 102. The width W is a width of
a part of the mesa semiconductor region 102 where the
optical waveguide layer 106 is provided. The width of the
semiconductor substrate 101 is, for example, 300 um. The
width W is, for example, 10 pm. A distance D1 from the
upper end of the mesa semiconductor region 102 to the
optical waveguide layer 106 is, for example, 3 um. The
distance D2 is, for example, 7 um. Here, the distance D2 in
other mesa semiconductor region not intended for thermal
efficiency is generally smaller than 2 um, and the other mesa
semiconductor region is different from that of the present
invention.
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[0037] In the embodiment, the lower end of the semicon-
ductor region corresponds to the bottom of the semiconduc-
tor region 102 having a stripe shape. Therefore, the lower
end of the semiconductor region is positioned at an interface
between the semiconductor substrate 101 and the semicon-
ductor region 102. If the bottom of the semiconductor region
102 is positioned at a position higher than the interface, the
bottom of the semiconductor region 102 is positioned at a
position higher than the interface. And if the bottom of the
semiconductor region 102 is positioned at a position lower
than the interface, the bottom of the semiconductor region
102 is positioned at a position lower than the interface. In
this case, the mesa semiconductor region includes a part of
the semiconductor substrate 101.

[0038] In this case, the distance between the optical
waveguide layer 106 and the semiconductor substrate 101 is
sufficiently large. It is therefore possible to limit the diffu-
sion of the heat having conducted through the optical
waveguide layer 106. And the temperature gradient in the
optical waveguide layer 106 is sufficiently large. It is there-
fore possible to control the temperature of the optical
waveguide layer 106 effectively with the heat generated by
the heater 104.

Second Embodiment

[0039] Next, a description will be given of a distributed
reflector 1004 in accordance with a second embodiment of
the present invention. FIG. 3 illustrates a cross sectional
view of the distributed reflector 100a. The distributed reflec-
tor 100a has a surrounding semiconductor region 107, being
different from the distributed reflector 100 shown in FIG. 1.
As shown in FIG. 3, the surrounding semiconductor region
107 is arranged at a given interval from the side face of the
mesa semiconductor region 102. That is, the distributed
reflector 100a has a structure in which a groove is formed
between the mesa semiconductor region 102 and the sur-
rounding semiconductor region 107. The surrounding semi-
conductor region 107 is, for example, composed of InP. The
insulating layer 103 is formed on the top face and the side
face of the mesa semiconductor region 102 and on the top
face and the side face of the surrounding semiconductor
region 107.

[0040] In the embodiment, the heat generated by the
heater 104 is mainly conducted to the mesa semiconductor
region 102 and the semiconductor substrate 101, because
there is a space between the mesa semiconductor region 102
and the surrounding semiconductor region 107. It is there-
fore possible to control the temperature of the optical
waveguide layer 106 effectively with the heat of the heater
104.

Third Embodiment

[0041] Next, a description will be given of a distributed
reflector 1005 in accordance with a third embodiment of the
present invention. FIG. 4 illustrates a cross sectional view of
the distributed reflector 1005. In the distributed reflector
1004, an insulating resin 108 fills the groove between the
mesa semiconductor region 102 and the surrounding semi-
conductor region 107, being different from the distributed
reflector 100a shown in FIG. 3. The insulating resin 108 has
a thermal conductivity lower than that of the mesa semi-
conductor region 102. The insulating resin 108 is, for
example, composed of polyimide.
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[0042] In the embodiment, the heat generated by the
heater 104 is mainly conducted to the mesa semiconductor
region 102 and the semiconductor substrate 101, because the
insulating resin 108 is arranged between the mesa semicon-
ductor region 102 and the surrounding semiconductor region
107 and the thermal conductivity of the insulating resin 108
is lower than that of the mesa semiconductor region 102. It
is therefore possible to control the temperature of the optical
waveguide layer 106 effectively with the heat generated by
the heater 104.

[0043] In the first embodiment through the third embodi-
ment, the mesa semiconductor region 102 corresponds to the
semiconductor region. A part of the cladding region 105
upper than the optical waveguide layer 106 corresponds to
the upper cladding layer. A part of the cladding region 105
lower than the optical waveguide layer 106 corresponds to
the lower cladding layer. The insulating resin 108 corre-
sponds to the insulator.

Fourth Embodiment

[0044] Next, a description will be given of a laser chip 200
in accordance with a fourth embodiment of the present
invention. FIG. 5 illustrates a perspective view of the laser
chip 200. FIG. 6A illustrates a top view of the laser chip 200.
FIG. 6B I+llustrates a cross sectional view taken along a line
A-A of FIG. 6 A. A description will be given of the laser chip
200 with reference to FIG. 5, FIG. 6A and FIG. 6B.
[0045] As shownin FIG. 5, FIG. 6 A and FIG. 6B, the laser
chip 200 has a structure in which a Sampled Grating
Distributed Reflector (SG-DR) chip structure o, a Sampled
Grating Distributed Feedback (SG-DFB) chip structure f§
and a Power Control (PC) chip structure y are coupled in
order.

[0046] The SG-DR chip structure a has a structure in
which an optical waveguide layer 3, a cladding layer 5 and
an insulating layer 6 are laminated on a semiconductor
substrate 1 in order and a thin film resistor 9, a power
electrode 10 and a ground electrode 11 are laminated on the
insulating layer 6. The SG-DFB chip structure f§ has a
structure in which an optical waveguide layer 4, the cladding
layer 5, a contact layer 7 and an electrode 8 are laminated on
the semiconductor substrate 1 in order. The PC chip struc-
ture y has a structure in which an optical waveguide layer 12,
the cladding layer 5, a contact layer 13 and an electrode 14
are laminated on the semiconductor substrate 1 in order. The
semiconductor substrate 1 and the cladding layer 5 of the
SG-DR chip structure a, the SG-DFB chip structure § and
the PC chip structure y are a single layer formed as a unit
respectively. The optical waveguide layers 3, 4 and 12 are
formed on a same plane and are optically coupled.

[0047] A low reflecting coating 15 is formed on end facet
of the semiconductor substrate 1, the optical waveguide
layer 3 and the cladding layer 5 at the SG-DR chip structure
a side. On the other hand, a low reflecting coating 16 is
formed on end facet of the semiconductor substrate 1, the
optical waveguide layer 12 and the cladding layer 5 at the
PC chip structure y side. Diffractive gratings 2 are formed at
a given interval in the optical waveguide layers 3 and 4. The
sampled grating is thus formed. The insulating layer 6 is
further formed between the electrode 8 and the electrode 14.
[0048] The semiconductor substrate 1 is, for example,
composed of InP. The optical waveguide layer 3 is, for
example, composed of InGaAsP crystal having an absorp-
tion edge wavelength at shorter wavelengths side compared
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to the lasing wavelength. PL. wavelength of the optical
waveguide layer 3 is approximately 1.3 um.

[0049] The optical waveguide layer 4 is, for example, an
active layer composed of InGaAsP crystal for amplifying a
light of a desirable wavelength of a laser emission. The PL.
wavelength of the optical waveguide layer 4 is approxi-
mately 1.57 pm. The optical waveguide layer 12 is, for
example, composed of InGaAsP crystal for changing the
output of the emitted light by absorbing or amplifying a
light. The PL wavelength of the optical waveguide layer 12
is approximately 1.57 pm.

[0050] SG-DR segments are formed in the optical
waveguide layer 3. Three SG-DR segments are formed in
the optical waveguide layer 3 in the embodiment. Here, the
SG-DR segment is a region in which one region having the
diffractive grating 2 and one space region not having the
diffractive grating 2 are combined in the optical waveguide
layer 3.

[0051] The cladding layer 5 is composed of InP and
confines a laser light traveling in the optical waveguide
layers 3, 4 and 12. The contact layers 7 and 13 are composed
of InGaAsP crystal. The insulating layer 6 is a passivation
film composed of an insulator such as SiN, SiO,. The low
reflecting coatings 15 and 16 are, for example, composed of
a dielectric film including MgF, and TiON. The reflectivity
of the low reflecting coatings 15 and 16 are, for example,
less than 0.3%.

[0052] The thin film resistor 9 is composed of such as
NiCr. The thin film resistor 9 is formed on the insulating
layer 6 and extends across above the three SG-DR segments.
The power electrode 10 and the ground electrode 11 are
coupled to the thin film resistor 9. The power electrode 10,
the ground electrode 11, the electrode 8 and the electrode 14
are composed of a conductive material such as Au. As shown
in FIG. 5, a mesa groove 21 is formed from both sides of the
thin film resistor 9 to both sides of the optical waveguide
layer 3. The mesa groove 21 is formed to be parallel to the
optical waveguide layer 3.

[0053] In the embodiment, a mesa semiconductor region
20 is demarcated with the mesa groove 21. As shown in FIG.
5, the mesa groove 21 is formed from both sides of the thin
film resistor 9 to the semiconductor substrate 1 passing
through both sides of the optical waveguide layer 3. The
mesa groove 21 is formed to be parallel to the optical
waveguide layer 3. In the embodiment, a mesa semiconduc-
tor region 20 corresponds to the optical semiconductor
region 102 of the first embodiment. The mesa semiconductor
region 20 is demarcated with the mesa groove 21 and has the
optical waveguide layer 3. The mesa semiconductor region
20 having the optical waveguide layer 3 corresponds to the
mesa semiconductor region 102 of the first embodiment
through the third embodiment. The distance from the lower
end of the optical waveguide layer 3 to the lower end of the
mesa semiconductor region 20 is more than half of the width
of the mesa semiconductor region 20.

[0054] Next, a description will be given of an operation of
the laser chip 200. At first, a current is provided to the
electrode 8. And a light is generated in the optical waveguide
layer 4. The light propagates in the optical waveguide layers
3 and 4, and is reflected and amplified repeatedly. Then it
causes lasing oscillation. A part of the laser light is amplified
or absorbed in the optical waveguide layer 12 and is emitted
through the low reflecting coating 16. It is possible to control
the gain or the absorptance of the optical waveguide layer 12
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with the current provided to the electrode 14. The output of
the emitted light is kept constant when a predetermined
current is provided to the electrode 14.

[0055] When an electrical power is provided to the thin
film resistor 9, the temperature of each SG-DR segment is
controlled according to the electrical power. Therefore the
refractive index of the SG-DR segment changes. And a
reflection peak wavelength of the optical waveguide layer 3
changes. It is possible to control the lasing wavelength of the
laser chip 200 by controlling the electrical power to be
provided to the thin film resistor 9.

[0056] It is possible to limit the diffusion of the heat
having conducted through the optical waveguide layer 3,
because the distance from the lower end of the optical
waveguide layer 3 to the lower end of the mesa semicon-
ductor region 20 is more than half of the width of the mesa
semiconductor region 20. The temperature gradient in the
optical waveguide layer 3 is therefore enlarged sufficiently.
And it is possible to control the temperature of the optical
waveguide layer 3 effectively with the heat of the thin film
resistor 9.

[0057] In the embodiment, the SG-DFB chip structure f§
corresponds to the gain region. The mesa semiconductor
region 20 corresponds to the semiconductor region.

Fifth Embodiment

[0058] Next, a description will be given of a laser module
300 in accordance with a fifth embodiment of the present
invention. FIG. 7 illustrates an overall structure of the laser
module 300. As shown in FIG. 7, the laser module 300 has
a structure in which a mount carrier is provided on a
temperature control device 301, and a laser chip 302 and a
thermistor are provided on the mount carrier. The laser chip
302 is the same as the laser chip 200 in accordance with the
fourth embodiment.

[0059] The temperature control device 301 controls the
temperature of the laser chip 302. The temperature control
device 301 can control the reflection peak wavelength of the
optical waveguide layer 4. Therefore, the laser module 300
can control the lasing wavelength with temperature control
of the optical waveguide layer 3 by the thin film resistor 9
and with temperature control of the optical waveguide layer
4 by the temperature control device 301.

Sixth Embodiment

[0060] Next, a description will be given of a laser module
300q in accordance with a sixth embodiment of the present
invention. FIG. 8 illustrates an overall structure of the laser
module 300q. The laser module 300a differs from the laser
module 300 shown in FIG. 7 in a position where the laser
chip 302 is arranged on the temperature control device 301.
As shown in FIG. 8, the PC chip structure y and the SG-DFB
chip structure f§ are arranged on the temperature control
device 301. The SG-DR chip structure « is not arranged on
the temperature control device 301.

[0061] In this case, the temperature control device 301
controls the temperature of the SG-DFB chip structure f.
And the temperature control device 301 can control the
reflection peak wavelength of the optical waveguide layer 4.
Accordingly, the laser module 300q in accordance with the
embodiment can control the lasing wavelength with the
temperature control of the optical waveguide layer 3 by the
thin film resistor 9 and with the temperature control of the
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optical waveguide layer 4 by the temperature control device
301. Therefore, the SG-DR chip structure @ may not be
arranged on the temperature control device 301.

EXAMPLES

[0062] The distributed reflectors in accordance with the
embodiments mentioned above were modelized. And ther-
mal analysis is performed with a mathematical calculation.

First Example

[0063] In a first example, the distributed reflector 100 in
accordance with the first embodiment was manufactured.
The semiconductor substrate 101 and the cladding region
105 were composed of InP. The optical waveguide layer 106
was composed of InGaAsP crystal. The width W of the mesa
semiconductor region 102 was 10 um. The distance D1 from
the upper end of the mesa semiconductor region 102 to the
lower end of the optical waveguide layer 106 was 3 um. The
distance D2 from the lower end of the optical waveguide
layer 106 to the semiconductor substrate 101 was 17 pm.
The height of the mesa semiconductor region 102 (D1+D2)
was 20 um. And the whole height of the semiconductor
substrate 101 and the mesa semiconductor region 102 was
100 pm. The width of the semiconductor substrate 101 was
300 um. The height of the semiconductor substrate 101 was
80 pm.

Second Example

[0064] In a second example, the distributed reflector 100
was manufactured similarly to the first example. In the
distributed reflector 100 in accordance with the second
example, the width W of the mesa semiconductor region 102
was 20 um. Other structure was the same as the first
example.

Third Example

[0065] In athird example, the distributed reflector 100 was
manufactured similarly to the first example. In the distrib-
uted reflector 100 in accordance with the third example, the
width W of the mesa semiconductor region 102 was 40 um,
the height of the mesa semiconductor region 102 was 30 pm
(D1=3 pm, D2=27 um), and the height of the semiconductor
substrate 101 was 70 um. Other structure was the same as the
first example.

Comparative Example

[0066] In a comparative example, a distributed reflector
400 shown in FIG. 9 was manufactured. FIG. 9 illustrates a
cross sectional view of the distributed reflector 400. As
shown in FIG. 9, the distributed reflector 400 has a structure
in which a semiconductor region 401 having the width as
same as that of the semiconductor substrate 101 was pro-
vided on the semiconductor substrate 101. That is, the
distributed reflector 400 has a structure in which the width
of the mesa semiconductor region 102 of the distributed
reflector 100 is enlarged to that of the semiconductor sub-
strate 101. In the distributed reflector 400, the distance D1
was 3 um, the distance D2 was 17 pum, the height of the
distributed reflector 400 except for the heater 104 was 100
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um, and the width of the semiconductor substrate 101 and
the semiconductor region 401 was 300 pum.

(Analysis)

[0067] An electrical power was provided to the heater 104,
and each of the distributed reflectors was heated, and the
temperature profile of each distributed reflector was mea-
sured. FIG. 10 illustrates the temperature profile of the
distributed reflector in accordance with the first example and
the comparative example. The horizontal axis of FIG. 10
indicates a distance z from the bottom of the heater 104 of
each distributed reflector. The distance z is =100 pum at the
bottom of each distributed reflector (the bottom of the
substrate). The vertical axis of FIG. 10 indicates the tem-
perature differential dT from the temperature of the bottom
of each distributed reflector. The temperature differential dT
is 0 at the bottom of each distributed reflector. A solid line
in FIG. 10 indicates the temperature differential dT of the
distributed reflector in accordance with the first example,
and a dotted line in FIG. 10 indicates the temperature
differential dT of the distributed reflector in accordance with
the comparative example.

[0068] As shown in FIG. 10, the temperature was
increased as closer to the upper face in each distributed
reflector. The temperature of the distributed reflector 100 in
accordance with the first example was increased little by
little as closer to the top face thereof and was increased
drastically above the position where the distance z is —20
um, compared to the distributed reflector in accordance with
the comparative example. This is because the width of the
mesa semiconductor region 102 is smaller than that of the
semiconductor substrate 101 and the thermal resistance of
the mesa semiconductor region 102 is large. It is thought that
the heat intends to diffuse in the horizontal direction in the
distributed reflector in accordance with the comparative
example because the mesa structure is not provided. On the
other hand, it is thought that the heat from the heater 104 is
not diffused in a horizontal direction and is conducted in a
narrow path because of the mesa structure in the distributed
reflector in accordance with the first example. It is therefore
possible to heat the optical waveguide layer 106 effectively
in the distributed reflector 100 in accordance with the first
example.

[0069] Next, the temperature differential dT of each dis-
tributed reflector was differentiated with the distance z and
the temperature gradient d1/dz was calculated. FIG. 11
illustrates the temperature gradient d1/dz in each distributed
reflector. The horizontal axis of FIG. 11 indicates the dis-
tance z. The vertical axis of FIG. 11 indicates the tempera-
ture gradient dT/dz. A dotted line in FIG. 11 indicates the
temperature gradient dT/dz of the distributed reflector in
accordance with the comparative example. A solid line in
FIG. 11 indicates the temperature gradient dT/dz of the
distributed reflector in accordance with the first example.
[0070] As shown in FIG. 11, the temperature gradient
dT/dz was increased from the bottom to the upper face in
each distributed reflector. The temperature gradient dT/dz of
the distributed reflector 100 in accordance with the com-
parative example was decreased drastically as the distance
from the bottom of the heater 104 was increased. The
gradient dT/dz at the optical waveguide layer 106 (Z=-3
um) was 70% of that at the bottom of the heater 104.
[0071] Incontrast, in the distributed reflector 100 in accor-
dance with the first example, the temperature gradient d1/dz
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kept a maximum value in a range from the bottom of the
heater 104 to a given distance from the bottom of the heater
104. The temperature gradient d1/dz kept the maximum
value in the optical waveguide layer 106 (z=-3 pm). It is
confirmed that the optical waveguide layer 106 is heated
effectively in the distributed reflector 100 in accordance with
the first example. The temperature gradient d1/dz began to
decrease from a position where the distance z is —=15 pm,
which is a position where the distance from lower end of the
mesa semiconductor region is 5 pm. It is therefore necessary
that the distance D2 is more than 5 pm in order to obtain the
effect of the present invention.

[0072] FIG. 12 illustrates the temperature gradient dT/dz
in the distributed reflector 100 in accordance with the second
example. The horizontal axis in FIG. 12 indicates the
distance z from the bottom of the heater 104 of the distrib-
uted reflector 100 in accordance with the second example.
The vertical axis of FIG. 12 indicates the temperature
gradient dT/dz. As shown in FIG. 12, the temperature
gradient dT/dz began to decrease from a position where the
distance z is —10 um, which is a position where the distance
from the lower end of the mesa semiconductor region is 10
um. It is therefore necessary that the distance D2 is more
than 10 um in order to obtain the effect of the present
invention.

[0073] FIG. 13 illustrates the temperature gradient dT/dz
in the distributed reflector 100 in accordance with the third
example. The horizontal axis in FIG. 13 indicates the
distance z from the bottom of the heater 104 of the distrib-
uted reflector 100 in accordance with the third example. The
vertical axis of FIG. 13 indicates the temperature gradient
dT/dz. As shown in FIG. 13, the temperature gradient dT/dz
began to decrease from a position where the distance z is
-10 pm, which is a position where the distance from the
lower end of the mesa semiconductor region is 20 pm. It is
therefore necessary that the distance D2 is more than 20 pm
in order to obtain the effect of the present invention.
[0074] Here, the temperature gradient dT/dz in the mesa
semiconductor region 102 is inversely proportional to the
width W of the mesa semiconductor region 102. And the
effect of the present invention is reduced as the width W gets
higher. It is therefore necessary that the distance D2 is
enlarged as the width W is enlarged. It is necessary that the
distance D2 is more than 5 pm when the width W is 10 pm,
the distance D2 is more than 10 um when the width W is 20
um, and the distance D2 is more than 20 um when the width
W is 40 um in the distributed reflector 100 in accordance
with the examples. It is therefore necessary that the distance
D2 is more than half of the width W in order to obtain the
effect of the invention. In addition, the optical semiconduc-
tor device in accordance with the present invention may not
be limited to the distributed reflector or the laser chip having
the SG-DR chip structure and the SG-DFB chip structure.
The optical semiconductor device or the laser chip in
accordance with the present invention may be other optical
semiconductor device having a heater controlling a tempera-
ture of an optical waveguide.

[0075] While the above description constitutes the pre-
ferred embodiments of the present invention, it will be
appreciated that the invention is susceptible of modification,
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variation and change without departing from the proper
scope and fair meaning of the accompanying claims.
[0076] The present invention is based on Japanese Patent
Application No. 2006-095317 filed on Mar. 30, 2006 and
Japanese Patent Application No. 2007-075651 filed on Mar.
22, 2007, the entire disclosure of which is hereby incorpo-
rated by reference.

What is claimed is:

1. An optical semiconductor device comprising:

a semiconductor substrate;

a semiconductor region that has a stripe shape demarcated
with a top face and a side face thereof,

the stripe shape having a width smaller than a width of the
semiconductor substrate,

an optical waveguide layer being located in the semicon-
ductor region,

a distance from a lower end of the side face of the
semiconductor region to the optical waveguide layer
being more than half of the width of the semiconductor
region; and

a heater provided above the optical waveguide layer.

2. The optical semiconductor device as claimed in claim
1, wherein the width of the semiconductor region is a width
at a region of the semiconductor region where the optical
waveguide layer is positioned.

3. The optical semiconductor device as claimed in claim
1, wherein:

the semiconductor region has an upper cladding layer and
a lower cladding layer,

the optical waveguide layer being between the upper
cladding layer and the lower cladding layer; and

the upper cladding layer, the lower cladding layer and the
semiconductor substrate are composed of InP.

4. The optical semiconductor device as claimed in claim

1, wherein an air region is adjacent to a side face of the
semiconductor region.

5. The optical semiconductor device as claimed in claim
1, wherein the side face of the semiconductor region is
covered with an insulator having a thermal conductivity
lower than that of the semiconductor region.

6. The optical semiconductor device as claimed in claim
5, wherein the insulator is composed of polyimide.

7. The optical semiconductor device as claimed in claim
1, further comprising a gain region providing a gain to a light
propagating in the optical waveguide layer.

8. The optical semiconductor device as claimed in claim
7, wherein the gain region has a width larger than that of the
semiconductor region.

9. The optical semiconductor device as claimed in claim
7, further comprising a temperature control device where the
gain region and the semiconductor region are mounted.

10. The optical semiconductor device as claimed in claim
9, further comprising a temperature control device mounting
partly the substrate of the gain region side.

11. The optical semiconductor device as claimed in claim
1, wherein the lower end of the side face of the semicon-
ductor region is positioned at a position lower than a surface
of the semiconductor substrate.



