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(57) ABSTRACT 

A semiconductor laser element including: a three-dimen 
sional photonic crystal structure Which has a light con?ning 
effect and includes alternating ?rst and second refractive 
index changing layers, Where refractive index of light peri 
odically changes in a ?rst direction in each ?rst refractive 
index changing layer and periodically changes in a second 
direction in each second refractive index changing layer; and 
an active unit Which is disposed in a portion having a 
predetermined refractive index inside the three-dimensional 
photonic crystal structure, and generates a laser beam in 

13, 2001. response to reception of electric poWer. 
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SEMICONDUCTOR LASER ELEMENT HAVING 
EXCELLENT LIGHT CONFINEMENT EFFECT 

AND METHOD FOR PRODUCING THE 
SEMICONDUCTOR LASER ELEMENT 

BACKGROUND OF THE INVENTION 

[0001] (1) Field of the Invention 

[0002] The present invention relates to a semiconductor 
laser element and a method for producing the semiconductor 
laser element. More particularly, the present invention 
relates to a semiconductor laser element suitable for a light 
source of an optical communication and a light source of an 
optical disc, and relates to a method for producing the 
semiconductor laser element. 

[0003] (2) Description of Related Art 

[0004] Typically, conventional semiconductor laser ele 
ment is composed of a p-type electrode, an n-type electrode, 
a p-type light Waveguide, an n-type light Waveguide, and an 
active layer. 

[0005] The p-type electrode, n-type electrode, p-type light 
Waveguide, n-type light Waveguide are disposed in the 
vicinity of the active layer, and are made of different 
materials from the active layer. With such a construction, 
light generated in the active layer is con?ned in the semi 
conductor laser element, a reduced emission is generated in 
the active layer, and laser light is generated. There is also 
knoWn a semiconductor laser element that ampli?es light 
With a certain Wavelength, using Fabry-Perot resonator in 
Which a cleavage plane is used as a resonator. 

[0006] It is desired hoWever that the conventional semi 
conductor laser elements have a loW-threshold-current char 
acteristic to be under improved control When they are used 
as light sources for light communications or optical discs. 

SUMMARY OF THE INVENTION 

[0007] It is therefore an object of the present invention to 
provide a semiconductor laser element having an eXcellent 
light con?nement effect and a loW-threshold-current char 
acteristic, and a method for producing the semiconductor 
laser element. 

[0008] Recently, an arti?cially created dielectric constant 
three-dimensional periodic structure has received attention. 
This structure controls the movement of electromagnetic 
Waves so as to move like electrons in crystals. This arti? 
cially created structure is called three-dimensional photonic 
crystal. The electromagnetic band that is caused by this 
structure and is equivalent to a band of light is called a 
photonic band. 

[0009] The reason Why the photonic band structure is 
receiving attention is that the structure may create a laser 
light Whose output or Wavelength does not change much 
With the change of temperature since it has a very loW 
threshold value (theoretically it has no threshold value) and 
can perfectly control photons in space, Which has been 
impossible for conventional techniques. Also, the photonic 
band structure is superior in electricity-light energy 
eXchange efficiency since it controls emitted light in all 
directions in space. In other Words, the photonic band 
structure may provide a loW-poWer-consumption laser. It is 
thought that especially, a three-dimensional photonic band 
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structure having the dielectric constant three-dimensional 
periodic structure provides the above effect at the maXimum. 

[0010] FIG. 14 shoWs an eXample of the three-dimen 
sional photonic crystal structure (disclosed in the Japanese 
Laid-Open Patent Application No. 10-335758). 

[0011] The three-dimensional photonic crystal structure 
shoWn in FIG. 14 is made by periodically stacking layers of 
tWo or more kinds of materials Which each periodically have 
pits and projections. For eXample, Si and SiO2 are used as 
the materials for the layers 1401 and 1402, and are referred 
to as A1401 and B1402, respectively. With such a three 
dimensional structure, the propagation of light having a 
certain Wavelength is cut and con?ned in the crystal struc 
ture due to the difference betWeen the refractive indexes of 
light of the materials A1401 and B1402. HoWever, it is 
substantially impossible to achieve a semiconductor laser 
element by forming an active layer inside the above three 
dimensional photonic crystal structure. Also, even if the 
active layer is formed inside the structure, it is dif?cult to 
form a Waveguide for obtaining light. 

[0012] In consideration of the above problems, the inven 
tors of the present invention conceived a semiconductor 
laser element that uses the eXcellent light con?nement effect 
of the three-dimensional photonic crystal structure by form 
ing inside the three-dimensional photonic crystal structure 
an active unit that generates laser beams after receiving 
poWer, the three-dimensional photonic crystal structure 
being made of a stack of a plurality of refractive indeX 
changing layers in Which a refractive index of light periodi 
cally changes in a certain direction. 

[0013] The above object is ful?lled by a semiconductor 
laser element comprising: a three-dimensional photonic 
crystal structure Which has a light con?ning effect and 
includes alternating ?rst and second refractive indeX chang 
ing layers, Wherein refractive indeX of light periodically 
changes in a ?rst direction in each ?rst refractive indeX 
changing layer and periodically changes in a second direc 
tion in each second refractive indeX changing layer; and an 
active unit Which is disposed in a portion having a prede 
termined refractive indeX inside the three-dimensional pho 
tonic crystal structure, and generates a laser beam in 
response to reception of electric poWer. 

[0014] With the above construction, it is possible to 
achieve a semiconductor laser element that has an eXcellent 
effect of con?ning the light generated in the active layer and 
a loW-threshold-current characteristic since it uses the light 
con?nement effect of the three-dimensional photonic crystal 
structure. Also, the three-dimensional photonic crystal struc 
ture of the present invention uses, instead of the conven 
tional honeycomb-layer stack structure, ?rst refractive indeX 
changing layers and second refractive indeX changing layers 
Which are alternately stacked, Where the refractive indeX of 
light periodically changes in a ?rst direction in the ?rst 
refractive indeX changing layers, and changes in a second 
direction in the second refractive indeX changing layers. 
This enables the active layer to be formed during the layer 
stacking process, achieving a semiconductor laser element 
using the three-dimensional photonic crystal structure. 

[0015] In the above semiconductor laser element, the 
active unit may be disposed substantially at a center of the 
three-dimensional photonic crystal structure. 
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[0016] With the above construction, the active unit is 
disposed at the center of the three-dimensional photonic 
crystal structure. This enhances the light con?nernent effect 
and decreases the threshold of the electric current. 

[0017] The above semiconductor laser element may fur 
ther comprise a light Waveguide Which extends horizontally 
from an end of the active unit to at least a vicinity of an end 
of the three-dimensional photonic crystal structure. 

[0018] In the above semiconductor laser elernent, each 
?rst refractive indeX changing layer may be composed of a 
plurality of optically refractive stripes arranged parallel to 
each other With a predetermined pitch so that refractive 
indeX of light periodically changes in the ?rst direction, each 
second refractive indeX changing layer is composed of a 
plurality of optically refractive stripes arranged parallel to 
each other With substantially the same pitch as the prede 
terrnined pitch so that refractive indeX of light periodically 
changes in the second direction, phase of period of the 
plurality of optically refractive stripes constituting one 
refractive indeX changing layer is different from a phase of 
period of the plurality of optically refractive stripes consti 
tuting adjacent refractive indeX changing layer, and a laser 
ernitting stripe that includes the active unit is disposed in 
place of one optically refractive stripe. 

[0019] In the above semiconductor laser element, the 
active unit may be disposed substantially at a center of the 
laser ernitting stripe in the direction of length, and tWo 
portions ranging from both-ends of the active unit to both 
ends of the laser ernitting stripe are a p-type light Waveguide 
and an n-type light Waveguide, respectively, the p-type and 
n-type light Waveguides each doubling as a carrier conduc 
tion path. 

[0020] The above semiconductor laser element may fur 
ther comprise: a p-type carrier conduction path formed to 
overlap the p-type light Waveguide; an n-type carrier con 
duction path formed to overlap the n-type light Waveguide; 
a p-type contact layer formed to overlap the p-type light 
Waveguide; a p-type electrode formed to overlap the p-type 
light Waveguide; an n-type contact layer formed to overlap 
the n-type light Waveguide; and an n-type electrode formed 
to overlap the n-type light Waveguide. 

[0021] The above semiconductor laser element may fur 
ther comprise a high-re?ection layer covering a side of the 
laser ernitting stripe at an end in the direction of length. 

[0022] In the above semiconductor laser element, the 
high-re?ection layer may be composed of a plurality of 
dielectric layers. 

[0023] In the above semiconductor laser element, the 
high-re?ection layer may include at least a SiO2 layer and an 
amorphous Si layer, in the order from an end of the laser 
ernitting stripe. 

[0024] In the above semiconductor laser elernent, each 
optically refractive stripe may be made of a material selected 
from the group consisting of InP, GaAs,AlGaInP, MgZnSSe, 
and AlGaN. 

[0025] In the above semiconductor laser elernent, each 
?rst refractive indeX changing layer may be composed of (a) 
a plurality of optically refractive stripes arranged parallel to 
each other With a predetermined pitch and (b) a plurality of 
dielectric stripes displacing space betWeen the plurality of 
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optically refractive stripes so that refractive indeX of light 
periodically changes in the ?rst direction, each second 
refractive indeX changing layer is composed of (c) a plural 
ity of optically refractive stripes arranged parallel to each 
other With substantially the same pitch as the predetermined 
pitch and (d) a plurality of dielectric stripes displacing space 
betWeen the plurality of optically refractive stripes in (c) so 
that refractive indeX of light periodically changes in the 
second direction, phase of period of the plurality of optically 
refractive stripes constituting one refractive indeX changing 
layer is different from phase of period of the plurality of 
optically refractive stripes constituting adjacent refractive 
indeX changing layer, and one optically refractive stripe has 
been replaced With a laser ernitting stripe that includes the 
active unit. 

[0026] With the above construction, the semiconductor 
laser element is prevented from being oXidiZed by air. This 
improves the reliability of the element. 

[0027] The above object is also ful?lled by a method of 
producing the above semiconductor laser elernent, charac 
teriZed by an assernbling step for systernatically arranging 
and assembling a plurality of optically refractive stripes and 
a laser ernitting stripe including an active unit that generates 
a laser beam in response to reception of electric poWer. 

[0028] With the above construction, it is possible to form 
the active unit during the process for stacking each compo 
nent constituting the three-dimensional photonic crystal 
structure, achieving a semiconductor laser elernent using the 
three-dimensional photonic crystal structure. This achieves a 
semiconductor laser element that has an excellent effect of 
con?ning the light generated in the active layer and a 
loW-threshold-current characteristic since it uses the light 
con?nernent effect of the three-dimensional photonic crystal 
structure. 

[0029] In the above semiconductor laser elernent produc 
tion method, the assembling step may include: a ?rst large 
step for forming a refractive indeX changing layer by arrang 
ing optically refractive stripes in parallel to each other so 
that refractive indeX of light periodically changes in a 
predetermined direction; a second large step for forming a 
laser emitting layer in Which refractive indeX of light peri 
odically changes in a predetermined direction, by arranging 
the laser ernitting stripe and optically refractive stripes in 
parallel to each other; and a third large step for stacking the 
refractive indeX changing layer and the laser emitting layer. 

[0030] With the above construction, it is possible to form 
the active unit during the process for stacking each compo 
nent constituting the three-dimensional photonic crystal 
structure, and also possible to achieve a semiconductor laser 
elernent using the three-dimensional photonic crystal struc 
ture Without difficulty since it uses, instead of the conven 
tional honeycornb-layer stack structure, ?rst refractive indeX 
changing layers and second refractive indeX changing layers 
Which are alternately stacked, Where the refractive indeX of 
light periodically changes in a ?rst direction in the ?rst 
refractive indeX changing layers, and changes in a second 
direction in the second refractive indeX changing layers. 

[0031] In the above semiconductor laser elernent produc 
tion method, in the ?rst large step, the refractive indeX 
changing layer may be formed by arranging optically refrac 
tive stripes in parallel to each other With a predetermined 
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pitch so that refractive index of light periodically changes, 
the optically refractive stripes having a different refractive 
index of light from air layers betWeen the optically refractive 
stripes, and in the second large step, the laser emitting layer 
is formed by arranging optically refractive stripes in parallel 
to each other With the same pitch as the refractive index 
changing layer, disposing the laser emitting stripe at a center 
of the optically refractive stripes instead of an optically 
refractive stripe. 

[0032] In the above semiconductor laser element produc 
tion method, the second large step may include: a ?rst step 
for forming an etching stop layer on a surface of a substrate; 
a second step for forming on a surface of the etching stop 
layer an active unit area Whose shape is similar to that of the 
active unit; a third step for forming on the surface of the 
etching stop layer a p-type light Waveguide area and an 
n-type light Waveguide area in the vicinity of the active unit 
area, shapes of the p-type light Waveguide area and the 
n-type light Waveguide area being similar to those of a 
p-type light Waveguide and an n-type light Waveguide, 
respectively; a fourth step for forming on the surface of the 
etching stop layer an optically refractive material layer to 
enclose the active unit area, the p-type light Waveguide area, 
and the n-type light Waveguide area; and a ?fth step for 
forming the laser emitting layer by shaping the optically 
refractive material layer into a plurality of stripes With the 
same period as each refractive index changing layer, using 
a patterning method, Wherein the third large step includes a 
removing step for removing the etching stop layer and the 
substrate after the refractive index changing layer and the 
laser emitting layer are stacked. 

[0033] In the above semiconductor laser element produc 
tion method, the second step may include: a ?rst small step 
for forming on the surface of the etching stop layer a layer 
of a material of the active unit; and a second small step for 
forming the active unit area by partially removing the layer 
using a patterning method. 

[0034] In the above semiconductor laser element produc 
tion method, the second step may include: a ?rst small step 
for forming on the surface of the etching stop layer a layer 
of an insulating material; a second small step for forming a 
pit in the insulating material layer; a third small step for 
forming the active unit area in the pit by an organometallic 
vapor deposition method; and a fourth small step for remov 
ing the insulating material layer after the active unit area is 
formed. 

[0035] In the above semiconductor laser element produc 
tion method, the active unit may be a quantum Well type, and 
the second step may include: a ?rst small step for forming 
an etching stop layer on a surface of a substrate; a second 
small step for forming on a surface of the etching stop layer 
a stripe of a material of the active unit having a siZe enough 
to include the active unit, a p-type light Waveguide, and an 
n-type light Waveguide; a third small step for introducing 
impurities into the active unit material stripe except for a 
center portion thereof so that tWo impurities-introduced 
portions around the center portion become a p-type light 
Waveguide area and an n-type light Waveguide area, and so 
that the center portion becomes an active unit area; a fourth 
small step for forming on the surface of the etching stop 
layer an optically refractive material layer to enclose the 
active unit area, the p-type light Waveguide area, and the 
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n-type light Waveguide area; and a ?fth step for forming the 
laser emitting layer by shaping the optically refractive 
material layer into a plurality of stripes With the same period 
as the refractive index changing layer, using a patterning 
method, Wherein the third large step includes a removing 
step for removing the etching stop layer after the refractive 
index changing layer and the laser emitting layer are 
stacked. 

[0036] In the above semiconductor laser element produc 
tion method, the second step may include: a ?rst small step 
for forming on the surface of the etching stop layer a layer 
of a material of the active unit, and a second small step for 
forming the active unit material stripe by partially removing 
the layer using a patterning method. 

[0037] In the above semiconductor laser element produc 
tion method, the second step may include: a ?rst small step 
for forming on the surface of the etching stop layer a layer 
of an insulating material; a second small step for forming a 
channel in the insulating material layer; a third small step for 
forming the active unit area in the channel by an organo 
metallic vapor deposition method; and a fourth small step 
for removing the insulating material layer after the active 
unit area is formed. 

[0038] The above semiconductor laser element production 
method may further comprise a conduction path forming 
step for forming the p-type carrier conduction path and the 
n-type carrier conduction path to overlap the p-type light 
Waveguide and the n-type light Waveguide, respectively, 
after a three-dimensional photonic crystal structure is 
formed by stacking the refractive index changing layer and 
the laser emitting layer. 

[0039] In the above semiconductor laser element produc 
tion method, the assembling step may include: a ?rst large 
step for forming a refractive index changing layer by arrang 
ing (a) a plurality of optically refractive stripes in parallel to 
each other and (b) a plurality of dielectric stripes displacing 
space betWeen the plurality of optically refractive stripes so 
that refractive index of light periodically changes in a 
predetermined direction; a second large step for forming a 
laser emitting layer in Which refractive index of light peri 
odically changes in a predetermined direction, by arranging 
the laser emitting stripe and optically refractive stripes in 
parallel to each other and arranging a plurality of dielectric 
stripes to displace space betWeen the laser emitting stripe 
and the optically refractive stripes so that refractive index of 
light periodically changes in a predetermined direction; and 
a third large step for stacking the refractive index changing 
layer and the laser emitting layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0040] These and other objects, advantages and features of 
the invention Will become apparent from the folloWing 
description thereof taken in conjunction With the accompa 
nying draWings Which illustrate a speci?c embodiment of 
the invention. In the draWings: 

[0041] FIG. 1A is a perspective vieW of a semiconductor 
laser element in Embodiment 1 of the present invention; 

[0042] FIG. 1B is a sectional vieW taken substantially 
along line A-A‘ of FIG. 1A; 

[0043] FIGS. 2A to 2C are top plan vieWs of the three 
dimensional photonic crystal structure shoWing its construc 
tion and positional relationships betWeen the InP stripes; 
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[0044] FIG. 3 is a top perspective vieW of the semicon 
ductor laser element, showing the construction of the light 
con?ning unit; 
[0045] FIGS. 4A to 4F shoW a procedure in a method for 
producing the three-dimensional photonic crystal structure, 
proceeding in the order presented; 

[0046] FIGS. 5A to SI shoW a procedure of producing the 
laser emitting layer that includes the light con?ning unit, 
proceeding in the order presented; 

[0047] FIGS. 6A to 6C shoW a procedure of completing 
the three-dimensional photonic crystal structure by bonding 
the structures produced in the processes shoWn in FIGS. 4A 
to SI, proceeding in the order presented; 

[0048] FIGS. 7A to 7D shoW a ?nal stage in completing 
the semiconductor laser element, proceeding in the order 
presented; 
[0049] FIGS. 8A to 8I shoW a procedure of producing the 
laser emitting layer including the light con?ning unit in 
Embodiment 2, proceeding in the order presented; 

[0050] FIGS. 9A to 9I shoW a procedure of producing the 
laser emitting layer including the light con?ning unit in 
Embodiment 3, proceeding in the order presented; 

[0051] FIGS. 10A to 10I shoW a procedure of producing 
the laser emitting layer including the light con?ning unit in 
Embodiment 4, proceeding in the order presented; 

[0052] FIG. 11 is a perspective vieW of a variation of the 
semiconductor laser element in an embodiment of the 
present invention; 

[0053] FIGS. 12A and 12B shoW a method of producing 
the semiconductor laser element shoWn in FIG. 11; 

[0054] FIG. 13 is a sectional vieW shoWing the construc 
tion of a variation of the semiconductor laser element in an 
embodiment of the present invention; and 

[0055] FIG. 14 is a perspective vieW shoWing the con 
struction of a conventional three-dimensional photonic crys 
tal structure. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0056] The folloWing are description of the present inven 
tion through speci?c embodiments thereof by Way of refer 
ring to the draWings. 

[0057] <Embodiment 1> 

[0058] The semiconductor laser element in Embodiment 1 
of the present invention Will be described With reference to 
the draWings. 

[0059] FIG. 1A is a perspective vieW of a semiconductor 
laser element 1 in the present embodiment. FIGS. 1B is a 
sectional vieW taken substantially along line A-A‘ of FIG. 
1A. 

[0060] The semiconductor laser element 1 uses the light 
con?nement effect of the three-dimensional photonic crystal 
structure, and, as shoWn in FIGS. 1A and 1B, includes, from 
bottom to top, a high-resistence InP substrate 101, an undope 
InGaAs etching stop layer 102, a three-dimensional photo 
nic crystal structure 103, an InGaAs contact layer 104 Which 
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is 0.2 mm in thickness and is composed of a p-type portion, 
an n-type portion, and an insulating portion, a p-type elec 
trode 105, and an n-type electrode 106. 

[0061] The three-dimensional photonic crystal structure 
103 is composed of an upper structure 103C, a loWer 
structure 103D, and a laser emitting layer 103E Which is 
sandWiched by the upper structure 103C and the loWer 
structure 103D. The upper structure 103C and the loWer 
structure 103D are each a stack of refractive indeX changing 
layers 103B Which are each composed of a plurality of InP 
stripes 103A arranged parallel to each other With a certain 
pitch so that the refractive indeX of light periodically 
changes in a certain direction. 

[0062] The laser emitting layer 103E is formed by replac 
ing an InP stripe in the center of a refractive indeX changing 
layer 103B With a light con?ning unit 303 that includes an 
active layer. 

[0063] NoW, positions of the refractive indeX changing 
layers 103B and the laser emitting layer 103E Will be 
described. 

[0064] FIGS. 2A to 2C are top plan vieWs of the three 
dimensional photonic crystal structure 103. 

[0065] As shoWn in FIG. 2A, a plurality of InP stripes 202 
are stacked on a substrate 201, Which is a stack of the 
high-resistence InP substrate 101 and the undope InGaAs 
etching stop layer 102, and then a plurality of InP stripes 203 
are stacked on the plurality of InP stripes 202 so that they are 
perpendicular to each other. As shoWn in FIG. 2B, a 
plurality of InP stripes 204 stacked on the stripes 203 are 
parallel to the plurality of InP stripes 202, but the phase of 
period is different from each other by 180° (reversed). As 
shoWn in FIG. 2C, a plurality of InP stripes 205 are stacked 
on the stripes 204 to be perpendicular to each other. The 
plurality of InP stripes 205 are parallel to the plurality of InP 
stripes 203, but the phase of period is different from each 
other. InP stripes are further stacked on the stripes 205 in a 
similar manner as described above, repeating the relation 
ships betWeen the ?rst layer (InP stripes 202) to the fourth 
layer (InP stripes 205). 
[0066] The above construction forms a face centered cubic 
structure in Which air layers and InP layers having different 
refractive indexes of light are systematically and three 
dimensionally arranged, achieving a three-dimensional pho 
tonic crystal structure (S. Noda et al., Jpn. J. Appl. Phys., 35, 
L909 (1996)). It should be noted here that the Wavelength of 
light to be con?ned is determined by the period in the 
arrangement of the air layers (or the InP layers). 

[0067] The period (pitch) in arranging the stripes (InP 
stripes or the air layers) for the three-dimensional photonic 
crystal structure is obtained using the folloWing formula. 

[0068] Formula 1 

Period (pitch): wavelengthxOA 

Stripe Width: wavelengthxOJ 

Layer thickness: wavelengthxOJZ 

[0069] FIG. 3 is a top perspective vieW of the three 
dimensional photonic crystal structure. 

[0070] As shoWn in FIG. 3, the light con?ning unit 303 in 
the laser emitting layer 103E is composed of: an active layer 
304 located at the center part of the light con?ning unit 303 
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in the direction of the length; a p-type light Waveguide 305 
that is adjacent to one side of the active layer 304; and an 
n-type light Waveguide 306 that is adjacent to the other side 
of the active layer 304. 

[0071] When poWer is supplied from the p-type light 
Waveguide 305 and the n-type light Waveguide 306 to the 
active layer 304, light is generated in the active layer 304. 
The light (in the present embodiment, an infrared ray With 
light Wavelength range of 1.3 pm) is ampli?ed by the 
three-dimensional photonic crystal surrounding the active 
layer covering every direction, Where the three-dimensional 
photonic crystal functions as What is called a resonator. As 
a result of the ampli?cation, substantially all rays of the light 
localiZe in the active layer 304. This achieves the semicon 
ductor laser having a loW-threshold-current characteristic. 

[0072] MeanWhile, the p-type light Waveguide 305 and the 
n-type light Waveguide 306 are made of a different material 
from InP Which is the material of the surrounding layers. 
Since the refractive indeX of the material is greatly different 
from that of InP, the light may eXist in the p-type light 
Waveguide 305 and the n-type light Waveguide 306. As 
understood from this, each of the p-type light Waveguide 305 
and the n-type light Waveguide 306 functions as a carrier 
conduction path and a light Waveguide. 

[0073] The three-dimensional photonic crystal structure 
103 is composed of three areas. The ?rst area is a high 
resistence area 107 that includes the active layer 304, Where 
the high-resistence area 107 is an insulating area, excluding 
the active layer. The second area is a p-type conduction area 
(hole conduction area) 108 including the p-type light 
Waveguide 305. The third area is an n-type conduction area 
109 including the n-type light Waveguide 306 (electron 
conduction area) (see FIG. 1B). 

[0074] The p-type electrode supplies holes to the p-type 
conduction area 108 via a p-type InGaAs contact layer 110. 
The n-type electrode 106 supplies electrons to the n-type 
conduction area 109 via an n-type InGaAs contact layer 111. 
With this construction, When compared to the case Where 
electric current directly ?oWs into the p-type light 
Waveguide 305 and the n-type light Waveguide 306, the 
Wider the area of contact betWeen InP stripes is, the Wider 
the area in Which electric current ?oWs is. This reduces 
resistence. 

[0075] NoW, a method for producing the above semicon 
ductor laser element Will be described With reference to the 
draWings. 

[0076] The semiconductor laser element is produced by 
?rst forming the three-dimensional photonic crystal struc 
ture that includes the light con?ning unit at the center part 
thereof, then forming the InGaAs contact layer 104, p-type 
electrode 105, and n-type electrode 106 on the three-dimen 
sional photonic crystal structure. 

[0077] FIGS. 4A to 4F shoW a procedure in a method for 
producing the three-dimensional photonic crystal structure. 

[0078] As shoWn in FIG. 4A, an undope InGaAs etching 
stop layer 402 having a certain thickness (e.g., 0.15 pm) is 
formed on a high-resistence InP substrate 401 Which has a 
(001) crystal face orientation, by the organometallic vapor 
deposition method. An undope InGaAs layer 403 having a 
certain thickness (e.g., 0.16 pm) is then formed on-the 
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undope InGaAs etching stop layer 402 also by the organo 
metallic vapor deposition method. 

[0079] As shoWn in FIG. 4B, the undope InGaAs layer 
403 is shaped, by the etching method, into an InP stripe layer 
404 Which is composed of a plurality of InP stripes arranged 
in parallel With a certain period, extending in the direction 
of a (110) crystal face orientation, each stripe having a 
certain Width (e.g., 0.13 pm). It should be noted here that a 
period is a distance betWeen centers of tWo adjacent stripes. 
In this eXample, the period is 0.52 pm. The InP stripe layer 
404 completed in this Way is equivalent to the refractive 
indeX changing layer 103B. The Wavelength range of the 
light con?ned in the three-dimensional photonic crystal 
structure is determined according to the period and siZe of 
the InP stripes. The above speci?c values for the period or 
the like correspond to the case Where a laser light oscillation 
Wavelength range of 1.3 pm is used. 

[0080] TWo structures Which each include the layers 401, 
402, and 404 as shoWn in FIG. 4B are prepared. The tWo 
structures A and B are put together so that the InP stripes of 
the InP stripe layers 404 of the tWo structures face each other 
and are perpendicular to each other (90° C.). The tWo 
structures A and B are then heated While the InP stripe layers 
404 (404A and 404B) of the tWo structures are in contact so 
that the layers 404A and 404B are bonded in the level of 
atoms. This results in tWo refractive indeX changing layers 
being bonded together, as shoWn in FIG. 4C. Note that the 
heating process is performed in the presence oXygen. This 
applies to the other bonding processes that Will be described 
later. 

[0081] An InP substrate of either of the structures A and B 
(in this eXample, the structure B) is then removed by the 
etching method. The undope InGaAs etching stop layer 402 
of the same structure is then removed by the etching method. 
FIG. 4D shoWs the result. 

[0082] TWo structures Which are each obtained through the 
processes shoWn in FIGS. 4A to 4D are prepared as struc 
tures C and D. The tWo structures C and D are put together 
so that the InP stripes of the InP stripe layers 404 (404C and 
404D) at the top of the structures face each other and are 
perpendicular to each other (90° C.) Here, the InP stripes of 
the InP stripe layer 404D and an InP stripe layer 405C 
(Which are arranged With one InP stripe layer in betWeen) are 
parallel to each other, but the phase of period is different 
from each other by 180°. The tWo structures C and D are 
then heated While the InP stripe layer 404D and the InP stripe 
layer 405C are in contact, so that the InP stripe layers 404D 
and 405C are bonded in the level of atoms. This results in 
three refractive indeX changing layers being bonded 
together, as shoWn in FIG. 4E. 

[0083] An InP substrate and an undope InGaAs etching 
stop layer of either of the structures C and D are then 
removed by the etching method. FIG. 4F shoWs the result. 

[0084] With the above process, the upper structure and the 
loWer structure used for the three-dimensional photonic 
crystal structure are completed. 

[0085] NoW, a method for producing the laser emitting 
layer Which includes the light con?ning unit 303 composed 
of the active layer, the p-type light Waveguide, and the 
n-type light Waveguide Will be described With reference to 
the draWings. 


















