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(57) ABSTRACT 

There is provided a nitride semiconductor light emitting 
device having a light emitting portion coated With a coating 
?lm, the light emitting portion being formed of a nitride 
semiconductor, the coating ?lm in contact With the light emit 
ting portion being formed of an oxynitride. There is also 
provided a method of fabricating a nitride semiconductor 
laser device having a cavity With a facet coated With a coating 
?lm, including the steps of: providing cleavage to form the 
facet of the cavity; and coating the facet of the cavity With a 
coating ?lm formed of an oxynitride. 
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FIG.7 PRIOR ART 
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NITRIDE SEMICONDUCTOR LIGHT 
EMITTING DEVICE AND METHOD OF 

FRABICATING NITRIDE SEMICONDUCTOR 
LASER DEVICE 

[0001] This nonprovisional application is based on Japa 
nese PatentApplication No. 2005-363590 ?led With the Japan 
Patent O?ice on Dec. 16, 2005, the entire contents of Which 
are hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] The present invention relates to nitride semiconduc 
tor light emitting devices and methods of fabricating nitride 
semiconductor laser devices. 
[0004] 2. Description of the Background Art 
[0005] It is generally knoWn that a semiconductor laser 
device having a cavity With a facet degraded is impaired in 
reliability. It is considered that a cavity has a facet degraded 
When a nonradiative recombination level exists and accord 
ingly the facet excessively generates heat. A major cause of 
such level is that the cavity has a facet oxidiZed. 
[0006] Accordingly Japanese Patent Laying-Open No. 
09-162496 (Patent Document 1) discloses a method coating a 
facet of a cavity With a coating ?lm formed of a nitride not 
excluding oxygen to prevent the cavity from having the facet 
oxidiZed. Furthermore, Japanese Patent Laying-Open No. 
2002-237648 (Patent Document 2) discloses a method coat 
ing a facet of a cavity of a nitride semiconductor laser device 
With a coating ?lm of dielectric material of the same nitride as 
the facet to reduce a nonradiative recombination level. 
[0007] Thus coating a facet of a cavity With a coating ?lm of 
nitride has conventionally been knoWn. Among nitrides, alu 
minum nitride (AlN) is particularly chemically and thermally 
stable and is an insulator of good quality, and is also high 
thermal conductivity and signi?cantly effectively dissipates 
heat. As such, it exhibits an excellent feature as a coating ?lm 
coating a facet of a cavity of a semiconductor laser (see 
Japanese Patent Laying-Open No. 03-209895 (Patent Docu 
ment 3) for example). A coating ?lm Which does not contain 
oxygen, hoWever, is generally high in stress and considered to 
lead to degradation such as dark line for example. 

SUMMARY OF THE INVENTION 

[0008] The present inventors have studied to develop a 
technique to form a coating ?lm of AlN aforementioned on a 
facet of a cavity to implement a nitride semiconductor laser 
device that can be driven for high output Without impairing 
reliability as the cavity has the facet degraded. 
[0009] Initially, ECR sputtering is performed With alumi 
num (Al) and gaseous nitrogen to deposit a coating ?lm of 
AlN of 50 nm thick at 100° C. on a light emitting facet of a 
cavity of a nitride semiconductor laser device. Furthermore, 
the nitride semiconductor laser device is provided at a light 
re?ecting facet of the cavity With a highly re?ective ?lm 
formed of a pair of silicon oxide ?lm and titanium oxide ?lm 
to obtain a high re?ectance of at least 95%. 
[0010] The nitride semiconductor laser device thus fabri 
cated Was examined for catastrophic optical damage (COD) 
level before and after it Was aged (for 300 hours at 70° C. at 
100 mW, CW driven). A COD level indicates a maximum 
optical output value of a device that is obtained When it 
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receives a gradually increasing current and ?nally has a facet 
destroyed thereby and thus stops lasing. Note that in the 
present speci?cation a COD level is evaluated by a maximum 
optical output value of a device that is obtained When the 
device’s optical output-current characteristic is measured 
With the device CW driven. Herein a COD level Was evaluated 
by an average value of the COD levels of ?ve such nitride 
semiconductor laser devices. 
[0011] As a result, before they Were aged they thermally 
saturated at an optical output of 400 mW, and after they Were 
aged their cavities thus have their facets destroyed With COD, 
and their COD level Was approximately 230 mW, as shoWn in 
FIG. 11. 
[0012] The aged devices provided a decreased COD level 
probably because a nitride semiconductor forming the light 
emitting facet of the cavity and AlN forming the coating ?lm 
had their mutual contact impaired and thus at their interface 
there Was generated an intense heat, Which degraded the facet 
of the cavity. The impaired contact Was caused probably by 
the internal stress that the coating ?lm has, a difference 
betWeen the facet of the cavity and the coating ?lm in thermal 
expansion coef?cient, and the heat generated When the device 
lases. 
[0013] Furthermore, if a coating ?lm formed of AlN is 
provided at a light extraction plane serving as a light emitting 
portion of a nitride semiconductor light emitting diode 
device, and the light extraction plane, formed of nitride semi 
conductor, and the coating ?lm formed of AlN have their 
mutual contact impaired, a nonradiative center or the like 
formed at their interface can absorb light, resulting in ine?i 
ciency in extracting light. 
[0014] Accordingly the present invention contemplates a 
nitride semiconductor light emitting device that can provide 
an improved COD level While it is aged, and a method of 
fabricating a nitride semiconductor laser device. 
[0015] The present invention is a nitride semiconductor 
light emitting device having a light emitting portion coated 
With a coating ?lm, Wherein the light emitting portion is 
formed of a nitride semiconductor, and the coating ?lm in 
contact With the light emitting portion is formed of an oxyni 
tride. 
[0016] Herein the present nitride semiconductor light emit 
ting device may be a nitride semiconductor laser device and 
the light emitting portion may be a facet of a cavity. 
[0017] Furthermore in the present nitride semiconductor 
light emitting device the oxynitride can be aluminum oxyni 
tride or silicon oxynitride. 
[0018] Furthermore in the present nitride semiconductor 
light emitting device the oxynitride preferably contains oxy 
gen in an amount of at least 2 atomic % and at most 35 atomic 
%. 
[0019] Furthermore in the present nitride semiconductor 
light emitting device the oxynitride more preferably contains 
oxygen in an amount of at least 2 atomic % and at most 15 
atomic %. 
[0020] Furthermore in the present nitride semiconductor 
light emitting device a ?lm formed of an oxide or a nitride can 
be deposited on the coating ?lm. 
[0021] Furthermore in the present nitride semiconductor 
light emitting device the ?lm formed of the nitride can be a 
?lm formed of a nitride of at least one of silicon and alumi 
num. Herein if the ?lm formed of the nitride is a ?lm formed 
of the nitride of silicon the ?lm preferably has a thickness of 
at least 5 nm. 
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[0022] Furthermore in the present nitride semiconductor 
light emitting device the ?lm formed of the oxide canbe a ?lm 
formed of at least one selected from the group consisting of 
aluminum oxide, silicon oxide, titanium oxide, hafnium 
oxide, Zirconium oxide, niobium oxide, tantalum oxide, and 
yttrium oxide. 
[0023] Furthermore in the present nitride semiconductor 
light emitting device on the coating ?lm a ?lm formed of an 
oxynitride can be deposited. Herein the ?lm formed of the 
oxynitride can be a ?lm formed of an oxynitride of silicon or 
aluminum. 
[0024] Furthermore in the present nitride semiconductor 
light emitting device on the coating ?lm a ?lm formed of 
magnesium ?uoride can be deposited. 
[0025] Furthermore the present invention is a method of 
fabricating a nitride semiconductor laser device With a cavity 
having a facet coated With a coating ?lm, comprising the steps 
of: providing cleavage to form the facet of the cavity; and 
coating the facet of the cavity With a coating ?lm formed of an 
oxynitride. 
[0026] Furthermore in the present method of fabricating the 
nitride semiconductor laser device the oxynitride can be pro 
vided by employing aluminum oxide as a target. 
[0027] Furthermore in the present method of fabricating the 
nitride semiconductor laser device the oxynitride can be pro 
vided by employing aluminum oxynitride as a target. 
[0028] The present invention can thus provide a nitride 
semiconductor light emitting device that can provide an 
improved COD level While it is aged, and a method of fabri 
cating a nitride semiconductor laser device. 
[0029] The foregoing and other objects, features, aspects 
and advantages of the present invention Will become more 
apparent from the folloWing detailed description of the 
present invention When taken in conjunction With the accom 
panying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] FIG. 1 is a schematic cross section of one preferred 
example of the present nitride semiconductor laser device in 
a ?rst embodiment. 
[0031] FIG. 2 is a schematic side vieW of the present nitride 
semiconductor laser device of the ?rst embodiment shoWn in 
FIG. 1, as seen along the length of its cavity. 
[0032] FIG. 3 schematically shoWs a con?guration of an 
ECR sputtering deposition apparatus. 
[0033] FIG. 4 represents a result of an analysis in compo 
sition, as seen depthWise, by AES of an aluminum oxynitride 
?lm separately prepared under a condition identical to that 
adopted in the ?rst embodiment of the present invention. 
[0034] FIG. 5 shoWs a result of examining a COD level of 
the present nitride semiconductor laser device in the ?rst 
embodiment before and after it is aged. 
[0035] FIG. 6 is a graph representing an optical output 
current characteristics of the present nitride semiconductor 
laser device in the ?rst embodiment after it is aged. 
[0036] FIG. 7 is a graph representing an optical output 
current characteristics of a conventional nitride semiconduc 
tor laser device after it is aged. 
[0037] FIG. 8 shoWs a result of examining a COD level 
dependency of a content of oxygen of a coating ?lm formed of 
aluminum oxynitride in the present nitride semiconductor 
laser device of the ?rst embodiment. 
[0038] FIG. 9 represents a result of an analysis in compo 
sition, as seen depthWise, by AES of a coating ?lm deposited 
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on a light emitting facet of a cavity of the present nitride 
semiconductor laser device in a second embodiment. 

[0039] FIG. 10 represents a result of an analysis in compo 
sition, as seen depthWise, by AES of a coating ?lm deposited 
on a light emitting facet of a cavity of the present nitride 
semiconductor laser device in a third embodiment. 
[0040] FIG. 11 compares a COD level of a conventional 
nitride semiconductor laser device that is obtained before it is 
aged and a COD level thereof that is obtained after it is aged. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0041] Hereinafter embodiments of the present invention 
Will be described. Note that in the ?gures, identical reference 
characters denote identical or corresponding components. 
[0042] The present invention is a nitride semiconductor 
light emitting device having a light emitting portion coated 
With a coating ?lm. The light emitting portion is formed of 
nitride semiconductor and the coating ?lm contacting the 
light emitting portion is formed of an oxynitride. Thus in the 
present invention the light emitting portion can be coated With 
a coating ?lm formed of an oxynitride to alloW the light 
emitting portion formed of the nitride semiconductor and the 
coating ?lm formed of the oxynitride to contact each other 
more closely to alloW the nitride semiconductor light emitting 
device to achieve an improved COD level While it is aged. 
[0043] Herein the present nitride semiconductor light emit 
ting device for example includes a nitride semiconductor 
laser device, a nitride semiconductor light emitting diode 
device, and the like. Furthermore, if the present nitride semi 
conductor light emitting device is a nitride semiconductor 
laser device, its light emitting portion corresponds to a facet 
of a cavity. If the present nitride semiconductor light emitting 
device is the nitride semiconductor light emitting diode 
device, then its light emitting portion corresponds to a light 
extraction plane. Note that in the present invention the nitride 
semiconductor laser device indicates a semiconductor laser 
device at least having an active layer and a clad layer formed 
of material containing AlxInyGaZN (a compound of at least 
one group-III element selected from the group consisting of 
aluminum, indium and gallium, and nitrogen, a group-V ele 
ment) as a main component, Wherein Oéxél, Oéyél, 
022; l, and x+y+Z#0. Furthermore in the present invention a 
facet of a cavity means a mirror plane formed at least by 
cleaving a stack including an active layer and a clad layer 
stacked on the substrate. 

[0044] Furthermore, the oxynitride employed in the pre 
vent invention can be implemented for example by aluminum 
oxynitride or silicon oxynitride. Herein the oxynitride pref 
erably contains oxygen as a constituent in an amount of at 
least 2 atomic % and at most 35 atomic %. If the oxynitride 
contains oxygen in an amount of less than 2 atomic %, it 
provides a tendency that the light emitting portion formed of 
the nitride semiconductor and the coating ?lm formed of the 
oxynitride contact each other less closely and heat is gener 
ated and thus impairs the light emitting portion. If the oxyni 
tride contains oxygen in an amount of more than 3 5 atomic %, 
the oxygen contained in the coating ?lm oxidiZes the light 
emitting portion formed of the nitride semiconductor and a 
nonradiative recombination level is caused, and a tendency to 
provide a reduced COD level is provided. More preferably the 
oxynitride contains oxygen as a constituent in an amount of at 
least 2 atomic % and at most 15 atomic %. 
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[0045] Furthermore the coating ?lm formed of the oxyni 
tride employed in the present invention preferably has a thick 
ness ofat least 1 nm. lfthe coating ?lm has a thickness ofless 
than 1 nm it is hardly controllable in thickness and may fails 
to completely coat the light emitting portion. In contrast, if the 
coating ?lm is excessively large in thickness, there is a pos 
sibility that stress becomes an issue to be considered. HoW 
ever, the present invention’s effect Would not be impaired 
because the coating ?lm is excessively large in thickness. 
[0046] Furthermore, the coating ?lm formed of the oxyni 
tride employed in the prevent invention may underlie a ?lm 
formed of an oxide (e.g., at least one type of oxide selected 
from the group consisting of aluminum oxide, silicon oxide, 
titanium oxide, hafnium oxide, Zirconium oxide, niobium 
oxide, tantalum oxide, and yttrium oxide), a nitride (e.g., at 
least one nitride of aluminum nitride and silicon nitride) and 
the like to control re?ectance. Furthermore in the present 
invention on the coating ?lm formed of the oxynitride there 
may be deposited a ?lm formed of magnesium ?uoride (MgF) 
or a similar ?uoride or a ?lm formed of silicon oxynitride, 
aluminum oxynitride or the like as a ?lm formed of an oxyni 
tride different in composition in oxygen from the oxynitride 
forming the underlying coating ?lm. 
[0047] For example, as shoWn Table 1, a variety of types 
layers may be combined together to control re?ectance. Note 
that While Table 1 shoWs that a ?rst layer adjacent to a surface 
of the nitride semiconductor to serve as a coating ?lm is 
formed of aluminum oxynitride, it may alternatively be 
formed of silicon oxynitride. 

TABLE 1 
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[0049] Herein if the coating ?lm is formed of aluminum 
oxynitride then the coating ?lm can be formed for example by 
providing a target of aluminum oxide in a ?lm deposition 
chamber, introducing only gaseous nitrogen into the ?lm 
deposition chamber, and performing reactive sputtering. 
Thus employing the target of aluminum oxide can eliminate 
the necessity of intentionally introducing gaseous oxygen 
into the ?lm deposition chamber in depositing the oxynitride. 
[0050] Furthermore, if a reactive sputtering apparatus is 
employed, the target formed of aluminum oxide can be dis 
pensed With: instead, a target formed of aluminum can be 
placed in the ?lm deposition chamber and gaseous oxygen 
can subsequently be introduced thereinto, and a microWave 
can be applied to generate a plasma of oxygen to oxidiZe a 
surface of the target of aluminum to prepare on the surface a 
target formed of aluminum oxide. 
[0051] For example, the aluminum oxynitride can be pro 
duced from a target of aluminum through such steps as fol 
loWs: 

[0052] Step 1: A target of aluminum is placed in the ?lm 
deposition chamber of the reactive sputtering apparatus and 
gaseous oxygen is introduced into the chamber. A microWave 
is applied to expose the target of aluminum to a plasma of 
oxygen to oxidiZe the target of aluminum from a surface by 
approximately several nm to prepare a target formed of alu 
minum oxide; and 
[0053] Step 2: Subsequently, gaseous nitrogen and gaseous 
argon are introduced in the ?lm deposition chamber and a 
microWave is applied to cause a plasma thereof and in that 

1st layer adiacent to nitride semiconductor 2nd layer overlying 1st layer 3rd layer overlying 2nd layer 

material thickness material thickness material thickness 

aluminum oxynitride 20 nm aluminum oxide (A1203) 140 nm i i 

(oxygen content: 2%) 
aluminum oxynitride 10 nm aluminum oxynitride 5 nm aluminum oxide (A1203) 140 nm 
(oxygen content: 5%) (oxygen content: 10%) 
aluminum oxynitride 50 nm silicon oxide (SiO2) 120 nm i i 

(oxygen content: 11%) 
aluminum oxynitride 6 nm titanium oxide (TiO2) 50 nm i i 

(oxygen content: 15%) 
aluminum oxynitride 10 nm tantalum oxide (Ta2O5) 100 nm i i 

(oxygen content: 5%) 
aluminum oxynitride 10 nm yttrium oxide (Y2O5) 230 nm i i 

(oxygen content: 5%) 
aluminum oxynitride 80 nm Zirconium oxide (Z102) 100 nm i i 

(oxygen content: 5%) 
aluminum oxynitride 20 nm silicon nitride (Si3N4) 20 nm silicon oxide (SiO2) 140 nm 
(oxygen content: 2%) 
aluminum oxynitride 20 nm silicon nitride (Si3N4) 20 nm aluminum oxide (A1203) 120 nm 
(oxygen content: 4%) 
aluminum oxynitride 25 nm silicon nitride (Si3N4) 150 nm i i 

(oxygen content: 3%) 
aluminum oxynitride 20 nm silicon nitride (Si3N4) 150 nm aluminum oxide (A1203) 120 nm 
(oxygen content: 4%) 
aluminum oxynitride 20 nm silicon oxynitride 150 nm i i 

(oxygen content: 7%) (oxygen content: 5%) 
aluminum oxynitride 20 nm silicon nitride (Si3N4) 20 nm silicon oxynitride 150 nm 
(oxygen content: 7%) (oxygen content: 5%) 

[0048] Furthermore, if the present nitride semiconductor 
light emitting device is a nitride semiconductor laser device, 
then the present nitride semiconductor laser device can be 
fabricated by a method including the steps of: forming a facet 
of a cavity by cleavage; and coating the facet of the cavity 
With a coating ?lm formed of an oxynitride. 

condition the target of aluminum oxide is sputtered to form 
the aluminum oxynitride. 
[0054] BetWeen steps 1 and 2 there may be introduced the 
step of exposing a surface of the nitride semiconductor to a 
plasma 0 argon, a plasma of nitrogen, or a lasma of a 
gaseous mixture of argon and nitrogen to cleant e surface of 
the nitride semiconductor. 
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[0055] Furthermore, if the coating ?lm is formed of alumi 
num oxynitride, aluminum is prone to oxidation, and if gas 
eous oxygen is introduced into the ?lm deposition chamber, 
there is a tendency that it is di?icult to exert control to provide 
an oxynitride controlled in composition to have a small con 
tent of oxygen, and to reproduce such oxynitride. However, 
this can be addressed by using as a target of an aluminum 
oxide represented by AlxOy and less oxidiZed, and avoiding 
introducing gaseous oxygen into the ?lm deposition chamber 
and instead introducing gaseous nitrogen alone thereinto so 
that an aluminum oxynitride having a small content of oxygen 
can be relatively readily deposited, Wherein 0<x< 1, 0<y<0.6, 
and x+y:1. Furthermore, replacing the target of the alumi 
num oxide represented by AlxOy and less oxidiZed With a 
target of an aluminum oxynitride having a small content of 
oxygen can be similarly effective, Wherein 0<x<l, 0<y<0.6, 
and x+y:1. 
[0056] Furthermore, modifying a degree of vacuum in the 
?lm deposition chamber and/ or modifying temperature and/ 
or the like condition(s) therein for ?lm deposition can also 
provide an oxynitride variable in content of oxygen and hence 
composition. Note that When the ?lm deposition chamber has 
loWer degrees of vacuum it tends to help the oxynitride to 
introduce oxygen, and that higher temperatures for ?lm depo 
sition tend to prevent the oxynitride from introducing oxygen 
thereinto. 
[0057] Furthermore, if the ?lm deposition chamber has an 
internal Wall oxidiZed or is provided at the internal Wall With 
aluminum oxide, and thereafter gaseous argon and gaseous 
nitrogen are introduced into the ?lm deposition chamber, and 
a target of Al is employed and sputtering is thus performed to 
deposit a ?lm, then the internal Wall has oxygen departed by 
a plasma, and a coating ?lm formed of aluminum oxynitride 
can thus be formed. 
[0058] Furthermore While in the above a nitride semicon 
ductor laser device having a ridged stripe has been exempli 
?ed, the gist of the present invention relates to a ?lm coating 
a light extraction plane alloWing light generated in nitride 
semiconductor to be extracted from the nitride semiconductor 
externally. As such, the present invention is not limited to the 
nitride semiconductor laser device having the ridged stripe. It 
is also effectively applicable for example to a ?lm coating a 
light extraction plane of a surface emitting laser, a ?lm coat 
ing a light extraction plane of a nitride semiconductor light 
emitting diode (i.e., a surface of nitride semiconductor, or a 
side surface cleaved or divided in dividing into chip s), and the 
like. 

First Embodiment 

[0059] FIG. 1 is a schematic cross section of one preferred 
example of a nitride semiconductor laser device of the present 
embodiment. More speci?cally, the present embodiment pro 
vides a nitride semiconductor laser device 100 including an n 
type GaN substrate 101, an n type AlGaInN buffer layer 102 
deposited thereon, an n type AlGaInN clad layer 103 depos 
ited thereon, an n type AlGaInN guide layer 104 deposited 
thereon, an AlGaInN multi quantum Well active layer 105 
deposited thereon, a p type AlGaInN guide layer 106 depos 
ited thereon, a p type AlGaInN clad layer 107 deposited 
thereon, and a p type AlGaInN contact layer 108 deposited 
thereon. It should be noted that each layer has a composition 
ratio adjusted as appropriate and thus irrelevant to the essence 
of the present invention. Furthermore in the present embodi 
ment the nitride semiconductor laser device lases at a Wave 
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length Which can be adjusted, as appropriate, Within a range 
for example of 370 nm to 470 nm depending on the compo 
sition ratio of AlGaInN multi quantum Well active layer 105. 
The present embodiment is adjusted to alloW lasing at a 
Wavelength of 405 nm. 
[0060] Note that While the present embodiment employs a 
substrate formed of GaN, the present invention may be imple 
mented With a substrate formed for example of AlGaN or 
AlN. 
[0061] Furthermore in the present embodiment nitride 
semiconductor laser device 100 has p type AlGaInN clad 
layer 107 and p type AlGaInN contact layer 108 partially 
removed to have ridged stripe portion 111 extending in the 
direction of the length of a cavity. Herein ridged stripe portion 
111 has a Width for example of approximately 1.2 um to 2.4 
pm, typically approximately 1.5 pm. Note that While the 
present speci?cation describes that ridged stripe portion 111 
has a Width of approximately 1.2 pm to 2.4 pm by Way of 
example the present invention is also suitably applicable to a 
broad-area nitride semiconductor laser device used for 
example in applications for illumination. (The “broad area” 
means that ridged stripe portion 111 has a Width of approxi 
mately 2 pm to 100 pm.) 
[0062] Furthermore, p type AlGaInN contact layer 108 has 
a surface provided With a p electrode 110 and under p elec 
trode 110 an insulation ?lm 109 is provided except for a 
portion provided With ridged stripe portion 111. Furthermore 
on n type GaN substrate 101 at a surface opposite that having 
the aforementioned layers stacked thereon an n electrode 112 
is deposited. 
[0063] FIG. 2 is a schematic side vieW of the nitride semi 
conductor laser device of the present embodiment shoWn in 
FIG. 1, as seen in the direction of the length of the cavity. 
Herein in the present embodiment nitride semiconductor 
laser device 100 has the cavity With a light emitting facet 113, 
Which serves as a light emitting portion of laser device 100, 
coated With a coating ?lm 114 formed of aluminum oxyni 
tride and having a thickness of 50 nm, and a light re?ecting 
facet 115 provided With a 6 nm thick aluminum oxynitride 
?lm 116, a 80 nm thick aluminum oxide ?lm 117, a 71 nm 
thick silicon oxide ?lm and a 46 nm thick titanium oxide ?lm 
paired and deposited by four pairs in layers, With the silicon 
oxide ?lm ?rst deposited, and thereafter a 142 nm thick, 
frontmost silicon oxide ?lm deposited to provide a highly 
re?ective ?lm 118. 
[0064] Note that coating ?lm 114, and aluminum oxyni 
tride ?lm 116, aluminum oxide ?lm 117 and highly re?ective 
?lm 118 are deposited on facets 113 and 115, respectively, of 
a cavity of a sample prepared that are exposed as a cleavage 
plane provided by cleaving a Wafer having deposited on the n 
type GaN substrate the n type AlGaInN buffer layer and other 
aforementioned semiconductor layers in order in layers, and 
provided With a ridged stripe portion, folloWed by an insula 
tion ?lm and p and n electrodes. 

[0065] It should be noted that preferably before coating 
?lm 114 is deposited, in the ?lm deposition apparatus the 
cavity has facet 113 heated for example at least 100° C. and at 
most 5000 C. to remove oxide ?lm, impurity and the like from 
facet 113 to clean it, although the present invention may 
dispense With doing so. Furthermore the cavity may have 
facet 113 exposed to a plasma for example of argon or nitro 
gen and thus cleaned, although the present invention may 
dispense With doing so. Furthermore the cavity may also have 
facet 113 heated and simultaneously exposed to a plasma. 
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Furthermore When the facet is exposed to the plasma, for 
example it may be exposed to a plasma of argon, followed by 
that of nitrogen, or vice versa. Other than argon and nitrogen, 
for example a rare gas for example of helium, neon, xenon, 
krypton or the like can also be used. Furthermore, While 
preferably the cavity is provided at facet 113 With coating ?lm 
114 deposited With the facet heated at least 100° C. and at 
most 500° C., the present invention may dispense With thus 
heating the facet in depositing coating ?lm 114. 
[0066] While coating ?lm 114 can for example be sputtered 
through electron cyclotron resonance (ECR) as described 
hereinafter, the ?lm can also be formed by a variety of other 
sputtering techniques, chemical vapor deposition (CVD), 
electron beam deposition (EB) or the like. 
[0067] FIG. 3 schematically shoWs an ECR sputtering 
deposition apparatus in structure. More speci?cally, the ECR 
sputtering deposition apparatus includes a ?lm deposition 
chamber 200, a magnetic coil 203, and a microWave intro 
duction WindoW 202. Film deposition chamber 200 has a gas 
inlet 201 and a gas outlet 209 and is internally provided With 
a target 204 of Al connected to an RF poWer supply 208, and 
a heater 205. Furthermore ?lm deposition chamber 200 is also 
internally provided With a sample stage 207 and thereon a 
sample 206 as described above is set. Magnetic coil 203 is 
provided to generate a magnetic ?eld required to generate a 
plasma and RF poWer supply 208 is used to sputter target 204 
of Al. Through microWave introduction WindoW 202 a micro 
Wave 210 is introduced into ?lm deposition chamber 200. 

[0068] Then gaseous nitrogen is introduced through gas 
inlet 201 into ?lm deposition chamber 200 at a ?oW rate of 5.5 
sccm and gaseous oxygen is introduced thereinto at a ?oW 
rate of 1.0 sccm, and furthermore, gaseous argon is intro 
duced thereinto at a ?oW rate of 20.0 sccm to ef?ciently 
generate a plasma to deposit a ?lm faster. Note that the gas 
eous nitrogen and oxygen introduced into ?lm deposition 
chamber 200 can be varied in ratio to alloW coating ?lm 114 
to contain oxygen in a varied amount. Furthermore, in order 
to sputter target 204 made of Al, an RF poWer of 500 W is 
applied to target 204 of Al and a microWave poWer of 500 W 
required to generate a plasma is applied. As a result, at a ?lm 
deposition rate of 1.7 A/sec, coating ?lm 114 formed of an 
aluminum oxynitride providing an index of refraction of 2.0 
for light having a Wavelength of 633 nm can be deposited. 
Coating ?lm 114 is formed of aluminum, nitrogen and oxy 
gen, and their respective contents (atomic %) can be mea 
sured for example by Auger electron spectroscopy (AES). 
Furthermore, the content of the oxygen forming coating ?lm 
114 can also be measured by transmission electron micros 
copy-energy dispersive x-ray spectroscopy (TEM-EDX). 
[0069] FIG. 4 shoWs a result ofa depthWise AES composi 
tion analysis of an aluminum oxynitride separately provided 
under a condition identical to that described above. The con 
tents of aluminum, oxygen and nitrogen, respectively, Were 
obtained as based on an AES signal in intensity, With the 
sensitivity of a peak of each element considered. Herein, the 
aluminum, the oxide and the nitrogen together assume 100 
atomic % and an element other than the aluminum, oxygen 
and nitrogen and contained in a small amount, such as argon, 
is excluded therefrom. 

[0070] As shoWn in FIG. 4, the aluminum oxynitride con 
tains aluminum in an amount of 34.8 atomic %, oxygen in an 
amount of 3.8 atomic %, and nitrogen in an amount of 61.4 
atomic % and has a substantially uniform composition as seen 
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depthWise. It should be noted that, although not shoWn in FIG. 
4, a negligible amount of argon Was detected. 

[0071] Furthermore, the light re?ecting facet 115 of the 
cavity may also have aluminum oxynitride ?lm 116, alumi 
num oxide ?lm 117, and highly re?ective ?lm 118 deposited 
for example by ECR sputtering, similarly as done When coat 
ing ?lm 114 is deposited. Preferably before these ?lms are 
also deposited the facet is heated and thus cleaned and/or 
exposed to a plasma and thus cleaned. It should be noted, 
hoWever, that having a light emitting facet degraded Would be 
considered as a more serious concern, since the light emitting 
facet has large optical density, and it is often the case that 
having a light re?ecting facet degraded Would not be a con 
cern, since the light re?ecting facet has smaller optical den 
sity than the light emitting facet. Accordingly the present 
invention only requires that the cavity have the light emitting 
facet coated With a coating ?lm formed of oxynitride, and the 
cavity may have the light re?ecting facet Without aluminum 
oxynitride ?lm or the like covering it. Furthermore While in 
the present embodiment the cavity has the light re?ecting 
facet 115 provided With aluminum oxynitride 116 having a 
thickness of 6 nm, it can Without a problem in particular be 
replaced With aluminum oxynitride 116 having as large a 
thickness for example as 50 nm. 

[0072] Furthermore the cavity having a facet coated With 
the aforementioned ?lm may subsequently be heated. This 
can be expected to remove moisture contained in the afore 
mentioned ?lm and improve the ?lm in quality. 
[0073] Thus the aforementioned sample is provided at the 
cavity on the light emitting facet 113 With coating ?lm 114, 
and on the light re?ecting facet 1 15 With aluminum oxynitride 
?lm 116, then aluminum oxide ?lm 117 and then highly 
re?ected ?lm 118, and thereafter divided into chips to obtain 
the nitride semiconductor laser device of the present embodi 
ment. 

[0074] The nitride semiconductor laser device of the 
present embodiment Was examined for COD level before and 
after it Was aged (for 300 hours at 700 C. at 100 mW, CW 
driven). A result thereof is shoWn in FIG. 5. As shoWn in FIG. 
5, before it Was aged it had a COD level of approximately 400 
mW and after it Was aged it had a COD level of approximately 
350 mW. It has been found to provide a hardly degraded COD 
level. 
[0075] Furthermore FIG. 6 shoWs a graph of an optical 
output-current characteristic of the nitride semiconductor 
laser device of the present embodiment after it is aged. As 
shoWn in FIG. 6, after the nitride semiconductor laser device 
of the present embodiment Was aged for 300 hours it still 
thermally saturated and the cavity Was not observed to have 
light emitting facet 113 destroyed. The nitride semiconductor 
laser device of the present embodiment before it Was aged of 
course also thermally saturated at an optical output of 400 
mW, and the cavity Was not observed to have light emitting 
facet 113 destroyed. 
[0076] In contrast FIG. 7 shoWs a graph of an optical out 
put-current characteristic of a conventional nitride semicon 
ductor laser device With a cavity having a light emitting facet 
provided With a coating ?lm of AlN, as observed after it is 
aged for 300 hours at 700 C. at 100 mW, CW driven. As shoWn 
in FIG. 7, When the conventional nitride semiconductor laser 
device provided an optical output of approximately 250 mW, 
the cavity had the facet destroyed by COD. The above result 
thus reveals that the nitride semiconductor laser device of the 
present embodiment With a cavity having a light emitting 
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facet provided With a coating ?lm of aluminum oxynitride is 
compared With the conventional nitride semiconductor laser 
device With a cavity having a light emitting facet provided 
With a coating ?lm of AlN, as observed after they are aged, the 
former provides an improved COD level. 
[0077] A nitride semiconductor laser device With a cavity 
having a light emitting facet provided a coating ?lm formed 
of oxynitride is not observed to provide a reduced COD level 
after it is aged probably because the facet of the cavity and the 
coating ?lm can contact each other more closely. Nitride 
semiconductor contacts a coating ?lm formed of oxynitride 
more closely than a coating ?lm formed of AlN or a similar 
nitride probably because a strong bonding energy of alumi 
num, gallium or a similar group III element and oxygen acts. 
More speci?cally the oxynitride contains oxygen, Which is 
considered to have a strong bond With aluminum, gallium or 
a similar group III element contained in the nitride semicon 
ductor and thus contribute to enhanced contact. It can be said 
that the oxygen serves as a kind of adhesive. In other Words 
this Would be considered a technique that alloWs the nitride 
semiconductor and the coating ?lm formed of the oxynitride 
to contact more closely. 

[0078] The COD level dependency of a content of oxygen 
in the coating ?lm of the aluminum oxynitride in the nitride 
semiconductor laser device of the present embodiment, Was 
examined. A result thereof is shoWn in FIG. 8. More speci? 
cally, the nitride semiconductor laser device of the present 
embodiment having the coating ?lm of the aluminum oxyni 
tride With oxygen contained therein in an mount variable from 
0 atomic % to 50 atomic % Was aged for 300 hours (at 70° C. 
at 100 mW, CW driven) and its COD level Was measured. 
Basically, oxygen and nitrogen both bond to aluminum. As 
such, While the coating ?lm contains oxygen in a variable 
amount, the coating ?lm contains aluminum in a substantially 
invariable amount (in atomic %), and nitrogen Will accord 
ingly be contained in an amount (in atomic %) decreased by 
that (in atomic %) of oxygen contained that is increased. 
[0079] Furthermore in FIG. 8 a circle indicates a position of 
a peak of an optical output in a optical output-current char 
acteristic provided When the nitride semiconductor laser 
device does not have COD and thermally saturates, and its 
COD level Will be higher than the indicated value, and a cross 
indicates that the nitride semiconductor laser device has 
COD, and the indicated value Will be its COD level. 
[0080] As shoWn in FIG. 8, it can be seen that if the laser 
device has a coating ?lm formed of aluminum oxynitride 
containing oxygen in an amount of at least 2 atomic % and at 
most 35 atomic %, the laser device thermally saturates at an 
optical output of 300 mW or larger and it can be seen that the 
laser device exhibits an excellent characteristic. Accordingly 
the cavity preferably has the light emitting facet coated With 
a coating ?lm containing oxygen in an amount of at least 2 
atomic % and at most 35 atomic %. This provides a tendency 
that the laser device provides an improved COD level While it 
is aged. This is probably because the cavity’s facet formed of 
the nitride semiconductor and the coating ?lm formed of the 
aluminum oxynitride contact each other more closely and the 
cavity thus does not have the facet so oxidiZed as to cause a 
nonradiative recombination level and accordingly affect the 
device’s COD level. Furthermore, When the coating ?lm of 
the aluminum oxynitride contained oxygen in an amount of 
less than 2 atomic %, the cavity had the facet degraded, 
possibly because the facet of the nitride semiconductor and 
the coating ?lm of the aluminum oxynitride contacted each 
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other less closely, and this caused heat and thus degraded the 
facet. Furthermore, When the coating ?lm contained oxygen 
in an amount of more than 35 atomic %, the laser device 
provided a decreased COD level, possibly because the oxy 
gen contained in the coating ?lm oxidiZed the cavity’s facet of 
the nitride semiconductor and thus caused a nonradiative 
recombination level. 

Second Embodiment 

[0081] The present embodiment provides a nitride semi 
conductor laser device similar in con?guration to that of the 
?rst embodiment except that the former has a cavity With a 
light emitting facet coated With a coating ?lm modi?ed in 
con?guration and a light re?ecting facet provided With a ?lm 
modi?ed in con?guration. 
[0082] More speci?cally in the present embodiment the 
nitride semiconductor laser device has a cavity With a light 
emitting facet provided With a coating ?lm formed of alumi 
num oxynitride and having a thickness of 6 nm. Furthermore 
the cavity has a light re?ecting facet provided With a 12 nm 
thick aluminum oxynitride ?lm deposited under the same 
conditions as the coating ?lm coating the light emitting facet 
of the cavity and on the aluminum oxynitride ?lm a 81 nm 
thick silicon oxide ?lm and a 54 nm thick titanium oxide ?lm 
serving as one pair are deposited by four pairs in layers, With 
the silicon oxide ?lm ?rst deposited, and thereafter on a 
frontmost surface a 162 nm thick silicon oxide ?lm is depos 
ited to provide a highly re?ective ?lm. 
[0083] FIG. 9 represents a result of an analysis in compo 
sition, as seen depthWise, by AES of the coating ?lm depos 
ited on the light emitting facet of the cavity of the nitride 
semiconductor laser device of the present embodiment. As 
shoWn in FIG. 9, the coating ?lm contained aluminum, oxy 
gen and nitrogen in amounts of 33.6 atomic %, 35.2 atomic %, 
and 31.2 atomic %, respectively, and had a substantially uni 
form composition as seen depthWise. 
[0084] The nitride semiconductor laser device of the 
present embodiment Was also aged for 300 hours (at 70° C. at 
100 mW, CW driven) and its COD level Was thereafter exam 
ined, similarly as has been described in the ?rst embodiment. 
The nitride semiconductor laser device of the present embodi 
ment after it Was aged thermally saturated at an optical output 
of 330 mW, and has been con?rmed to provide an improved 
COD level in comparison With that of the conventional nitride 
semiconductor laser device having a cavity With a light emit 
ting facet provided With a coating ?lm of AlN, as also 
observed after it Was aged for 300 hours. 

Third Embodiment 

[0085] The present embodiment provides a nitride semi 
conductor laser device similar in con?guration to that of the 
?rst embodiment except that the former has a cavity With a 
light emitting facet coated With a coating ?lm modi?ed in 
con?guration and a light re?ecting facet provided With a ?lm 
modi?ed in con?guration. 
[0086] More speci?cally in the present embodiment the 
nitride semiconductor laser device has a cavity With a light 
emitting facet provided With a coating ?lm formed of alumi 
num oxynitride and having a thickness of 100 nm. Further 
more the cavity has a light re?ecting facet provided With a 20 
nm thick aluminum oxynitride ?lm deposited under the same 
conditions as the coating ?lm coating the light emitting facet 
of the cavity and on the aluminum oxynitride ?lm a 81 nm 
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thick silicon oxide ?lm and a 54 nm thick titanium oxide ?lm 
serving as one pair are deposited by four pairs in layers, With 
the silicon oxide ?lm ?rst deposited, and thereafter on a 
frontmost surface a 162 nm thick silicon oxide ?lm is depos 
ited to provide a highly re?ective ?lm. 
[0087] FIG. 10 represents a result of an analysis in compo 
sition, as seen depthWise, by AES of the coating ?lm depos 
ited on the light emitting facet of the cavity of the nitride 
semiconductor laser device of the present embodiment. As 
shoWn in FIG. 10, the coating ?lm contained aluminum, 
oxygen and nitrogen in amounts of 34 atomic %, 12 atomic %, 
and 54 atomic %, respectively, and had a substantially uni 
form composition as seen depthWise. 
[0088] The nitride semiconductor laser device of the 
present embodiment Was also aged for 300 hours (at 70° C. at 
100 mW, CW driven) and its COD level Was thereafter exam 
ined, similarly as has been described in the ?rst embodiment. 
The nitride semiconductor laser device of the present embodi 
ment after it Was aged thermally saturated at an optical output 
of 333 mW, and has been con?rmed to provide an improved 
COD level in comparison With that of the conventional nitride 
semiconductor laser device having a cavity With a light emit 
ting facet provided With a coating ?lm of AlN, as also 
observed after it Was aged for 300 hours. 

Fourth Embodiment 

[0089] The present embodiment provides a nitride semi 
conductor laser device similar in con?guration to that of the 
?rst embodiment except that the former has a cavity With a 
light emitting facet coated With a coating ?lm modi?ed in 
con?guration and a light re?ecting facet provided With a ?lm 
modi?ed in con?guration. 
[0090] More speci?cally in the present embodiment the 
nitride semiconductor laser device has a cavity With a light 
emitting facet provided With a coating ?lm formed of alumi 
num oxynitride and having a thickness of 12 nm (With oxygen 
contained in an amount of 35 atomic %) and thereon a 60 nm 
thick aluminum oxide ?lm. Furthermore the cavity has a light 
re?ecting facet provided With a 6 nm thick aluminum oxyni 
tride ?lm deposited under the same conditions as the coating 
?lm coating the light emitting facet of the cavity and on the 
aluminum oxynitride ?lm, a 80 nm thick aluminum oxide ?lm 
is deposited, and furthermore, a 81 nm thick silicon oxide ?lm 
and a 54 nm thick titanium oxide ?lm serving as one pair are 
deposited by four pairs in layers, With the silicon oxide ?lm 
?rst deposited, and thereafter on a frontmost surface a 162 nm 
thick silicon oxide ?lm is deposited to provide a highly re?ec 
tive ?lm. 
[0091] The nitride semiconductor laser device of the 
present embodiment Was also aged for 300 hours (at 70° C. at 
100 mW, CW driven) and its COD level Was thereafter exam 
ined, similarly as has been described in the ?rst embodiment. 
The nitride semiconductor laser device of the present embodi 
ment after it Was aged thermally saturated at an optical output 
of 336 mW, and has been con?rmed to provide an improved 
COD level in comparison With that of the conventional nitride 
semiconductor laser device having a cavity With a light emit 
ting facet provided With a coating ?lm of AlN, as also 
observed after it Was aged for 300 hours. 

Fifth Embodiment 

[0092] The present embodiment provides a nitride semi 
conductor laser device similar in con?guration to that of the 
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?rst embodiment except that the former is adjusted to lase at 
a Wavelength of 460 nm and that it has a cavity With a light 
emitting facet coated With a coating ?lm modi?ed in con?gu 
ration and a light re?ecting facet provided With a ?lm modi 
?ed in con?guration. Note that the Wavelength is adjusted by 
changing in composition ratio the AlGalnN of an AlGalnN 
multi quantum Well active layer. 
[0093] More speci?cally in the present embodiment the 
nitride semiconductor laser device has a cavity With a light 
emitting facet provided With a coating ?lm formed of alumi 
num oxynitride and having a thickness of 50 nm thick to 
provide a re?ectance adjusted to be approximately 10%. Fur 
thermore the cavity has a light re?ecting facet provided With 
a 6 nm thick aluminum oxynitride ?lm deposited under the 
same conditions as the ?lm coating the light emitting facet of 
the cavity and on the aluminum oxynitride ?lm a 80 nm thick 
aluminum oxide ?lm is deposited, and furthermore a 81 nm 
thick silicon oxide ?lm and a 54 nm thick titanium oxide ?lm 
serving as one pair are deposited by four pairs in layers, With 
the silicon oxide ?lm ?rst deposited, and thereafter on a 
frontmost surface a 162 nm thick silicon oxide ?lm is depos 
ited to provide a highly re?ective ?lm. 
[0094] The nitride semiconductor laser device of the 
present embodiment Was also aged for 300 hours (at 70° C. at 
100 mW, CW driven) and its COD level Was thereafter exam 
ined, similarly as has been described in the ?rst embodiment. 
The nitride semiconductor laser device of the present embodi 
ment after it Was aged thermally saturated at an optical output 
of 343 mW, and has been con?rmed to provide an improved 
COD level in comparison With that of the conventional nitride 
semiconductor laser device having a cavity With a light emit 
ting facet provided With a coating ?lm of AlN, as also 
observed after it Was aged for 300 hours. 
[0095] The nitride semiconductor laser device of the 
present invention that lases at a Wavelength of 460 nm can be 
employed as an excitation source for an illumination device. 

Sixth Embodiment 

[0096] The present embodiment provides a nitride semi 
conductor laser device similar in con?guration to that of the 
?rst embodiment except that the former has a cavity With a 
light emitting facet coated With a coating ?lm modi?ed in 
con?guration and a light re?ecting facet provided With a ?lm 
modi?ed in con?guration. 
[0097] More speci?cally in the present embodiment the 
nitride semiconductor laser device has a cavity With a light 
emitting facet provided With a coating ?lm formed of silicon 
oxynitride and having a thickness of 12 nm. Furthermore the 
cavity has a light re?ecting facet provided With a 20 nm thick 
silicon oxynitride ?lm deposited under the same conditions as 
the coating ?lm coating the light emitting facet of the cavity 
and on the silicon oxynitride ?lm a 81 nm thick silicon oxide 
?lm and a 54 nm thick titanium oxide ?lm serving as one pair 
are deposited by four pairs in layers, With the silicon oxide 
?lm ?rst deposited, and thereafter on a frontmost surface a 
162 nm thick silicon oxide ?lm is deposited to provide a 
highly re?ective ?lm. 
[0098] The coating ?lm provided on the light emitting facet 
of the cavity of the nitride semiconductor laser device of the 
present embodiment Was measured in composition by AES 
depthWise. It contained aluminum, oxygen and nitrogen in 
amounts of 34 atomic %, 3 atomic % and 63 atomic %, 
respectively, and had a substantially uniform composition as 
seen depthWise. 
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[0099] The nitride semiconductor laser device of the 
present embodiment Was also aged for 300 hours (at 70° C. at 
100 mW, CW driven) and its COD level Was thereafter exam 
ined, similarly as has been described in the ?rst embodiment. 
The nitride semiconductor laser device of the present embodi 
ment after it Was aged thermally saturated at an optical output 
of 302 mW, and has been con?rmed to provide an improved 
COD level in comparison With that of the conventional nitride 
semiconductor laser device having a cavity With a light emit 
ting facet provided With a coating ?lm of AlN, as also 
observed after it Was aged for 300 hours. 
[0100] The present embodiment Was also examined for 
COD level dependency of content of oxygen in the coating 
?lm, similarly as described in the ?rst embodiment. More 
speci?cally, the nitride semiconductor laser device of the 
present embodiment having the coating ?lm of the silicon 
oxynitride With oxygen contained therein in an mount vari 
able from 0 atomic % to 50 atomic % Was aged for 300 hours 
(at 70° C. at 100 mW, CW driven) and its COD level Was 
thereafter measured. Basically, oxygen and nitrogen both 
bond to silicon. As such, While the coating ?lm contains 
oxygen in a variable amount, the coating ?lm contains silicon 
in a substantially invariable amount (in atomic %), and nitro 
gen Will accordingly be contained in an amount (in atomic %) 
decreased by that (in atomic %) of oxygen contained that is 
increased. 
[0101] The COD level dependency of an amount of oxygen 
contained in the coating ?lm of the silicon oxynitride shoWed 
substantially the same tendency as that for the aluminum 
oxynitride as shoWn in FIG. 8. More speci?cally the laser 
device having a cavity With a light emitting facet provided 
With a coating ?lm containing oxygen in an amount of at least 
2 atomic % and at most 35 atomic % provided a tendency to 
provide an improved COD level While it Was aged. 

Seventh Embodiment 

[0102] The present embodiment provides a nitride semi 
conductor laser device similar in con?guration to that of the 
?rst embodiment except that the former has a cavity With a 
light emitting facet coated With a coating ?lm modi?ed in 
con?guration and a light re?ecting facet provided With a ?lm 
modi?ed in con?guration. 
[0103] More speci?cally in the present embodiment the 
nitride semiconductor laser device has a cavity With a light 
emitting facet provided With a coating ?lm formed of alumi 
num oxynitride and having a thickness of 25 nm and thereon 
a 150 nm thick silicon nitride ?lm. Furthermore the cavity has 
a light re?ecting facet provided With a 25 nm thick aluminum 
oxynitride ?lm deposited under the same conditions as the 
coating ?lm coating the light emitting facet of the cavity, and 
on the aluminum oxynitride ?lm, a 50 nm thick silicon nitride 
?lm is deposited, and thereon, a 81 nm thick silicon oxide ?lm 
and a 54 nm thick titanium oxide ?lm serving as one pair are 
deposited by four pairs in layers, With the silicon oxide ?lm 
?rst deposited, and thereafter on a frontmost surface a 162 nm 
thick silicon oxide ?lm is deposited to provide a highly re?ec 
tive ?lm. 
[0104] The coating ?lm of aluminum oxynitride provided 
on the light emitting facet of the cavity of the nitride semi 
conductor laser device of the present embodiment Was mea 
sured in composition by AES depthWise. It contained alumi 
num, oxygen and nitrogen in amounts of 34 atomic %, 3 
atomic % and 63 atomic %, respectively, and had a substan 
tially uniform composition as seen depthWise. 
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[0105] The nitride semiconductor laser device of the 
present embodiment Was also aged for 300 hours (at 70° C. at 
100 mW, CW driven) and its COD level Was thereafter exam 
ined, similarly as has been described in the ?rst embodiment. 
The nitride semiconductor laser device of the present embodi 
ment after it Was aged thermally saturated at an optical output 
of 350 mW, and has been con?rmed to provide an improved 
COD level in comparison With that of the conventional nitride 
semiconductor laser device having a cavity With a light emit 
ting facet provided With a coating ?lm of AlN, as also 
observed after it Was aged for 300 hours. 
[0106] Note that if ?lm of silicon nitride is deposited to 
have a thickness of 5 nm or smaller it is hardly formed 
uniformly. As such, preferably it is deposited to have a thick 
ness of at least 5 nm. 

[0107] Furthermore, if the nitride semiconductor laser 
device of the present embodiment is aged for a long period of 
time, it may have the coating ?lm of aluminum oxynitride 
oxidiZed by moisture or the like present in the ambient in 
Which the laser device is placed, and thus varied in index of 
refraction. Accordingly, When protecting the coating ?lm 
against moisture is considered, the ?lm of silicon nitride is 
preferably deposited to have a thickness of at least 40 nm. 
Furthermore When ?lm deposition time and the like are con 
sidered the ?lm of silicon nitride is preferably deposited to 
have a thickness of at most 300 nm n. 

[0108] Furthermore While in the present embodiment a 
coating ?lm formed of aluminum oxynitride underlies a ?lm 
formed of silicon nitride, the present invention may be imple 
mented With the silicon nitride ?lm replaced With a silicon 
oxynitride ?lm. If the coating ?lm formed of aluminum 
oxynitride underlies the silicon oxynitride ?lm, and protect 
ing the coating ?lm against moisture is considered, the silicon 
oxynitride ?lm is preferably provided to contain oxygen in an 
amount of at most 40 atomic %. Furthermore the silicon 
oxynitride ?lm is preferably deposited to have a thickness of 
at least 5 nm, more preferably at least 40 nm for a ground 
similar to that for the silicon nitride ?lm described above. 
Furthermore the silicon oxynitride ?lm is preferably depos 
ited to have a thickness of at most 300 nm for a ground similar 
to that for the silicon nitride ?lm described above. 
[0109] Furthermore a nitride semiconductor laser device is 
fabricated (as a ?rst nitride semiconductor laser device) to 
have a cavity With a light emitting facet provided With a 
coating ?lm formed of aluminum oxynitride and having a 
thickness of 25 nm, a 150 nm thick silicon nitride ?lm over 
lying the coating ?lm, and a 30 nm thick aluminum oxide ?lm 
overlying the silicon nitride ?lm. 
[0110] Furthermore a nitride semiconductor laser device is 
fabricated (as a second nitride semiconductor laser device) to 
have a cavity With a light emitting facet provided With a 
coating ?lm formed of aluminum oxynitride and having a 
thickness of 25 nm, a 150 nm thick silicon nitride ?lm over 
lying the coating ?lm, and a 150 nm thick aluminum oxide 
?lm overlying the silicon nitride ?lm. 
[0111] Furthermore a nitride semiconductor laser device is 
fabricated (as a third nitride semiconductor laser device) to 
have a cavity With a light emitting facet provided With a 
coating ?lm formed of aluminum oxynitride and having a 
thickness of 25 nm, a 150 nm thick silicon nitride ?lm over 
lying the coating ?lm, and a 30 nm thick silicon oxide ?lm 
overlying the silicon nitride ?lm. 
[0112] Furthermore a nitride semiconductor laser device is 
fabricated (as a fourth nitride semiconductor laser device) to 
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have a cavity With a light emitting facet provided With a 
coating ?lm formed of aluminum oxynitride and having a 
thickness of 25 nm, a 150 nm thick silicon nitride ?lm over 
lying the coating ?lm, and a 150 nm thick silicon oxide ?lm 
overlying the silicon nitride ?lm. 
[0113] The ?rst to fourth nitride semiconductor laser 
devices thus fabricated also provided a result similar to that 
described above. 
[0114] Note that the ?rst to fourth nitride semiconductor 
laser devices each had the cavity With a light re?ecting facet 
provided With ?lms identical in con?guration to those pro 
vided to the light re?ecting facet of the cavity of the nitride 
semiconductor laser device of the seventh embodiment. 
[0115] It should be noted that the aluminum oxynitride 
discussed in the present invention includes AlN With alumi 
num oxide mixed thereWith and thus present therein, AlN 
With aluminum oxynitride present therein in the form of a 
crystal, and AlN With aluminum oxide and aluminum oxyni 
tride present therein, and the present invention may adopt any 
form thereof. 
[0116] Furthermore the above embodiments have been 
described With a coating ?lm formed of aluminum oxynitride 
containing oxygen in an amount substantially uniform as seen 
depthWise, the coating ?lm may be structured in multiple 
layers that contain oxygen in an amount graded and thus 
varying as seen depthWise or contain oxygen in different 
amounts, respectively. 
[0117] Furthermore the above embodiments have mainly 
been described With a coating ?lm formed of ?lm of a silicon 
oxynitride or an aluminum oxynitride, the coating ?lm may 
be a ?lm of an aluminum-silicon oxynitride Which is obtained 
by sputtering a target formed of a silicon-aluminum mixture 
and thus contains aluminum and silicon. 
[0118] In doing so, controlling the silicon and the alumi 
num in the target or the silicon-aluminum mixture in compo 
sition can control the coating ?lm in composition. Further 
more While in the above description a silicon-aluminum 
mixture is used as a target, sputtering to deposit ?lm or the 
like can dispense With the silicon-aluminum mixture as the 
target; a target formed of silicon and that formed of aluminum 
may be arranged for example in a honeycomb, alternately, or 
the like, and simultaneously sputtered to provide a ?lm 
formed of an aluminum and silicon-containing, aluminum 
silicon oxynitride to serve as the coating ?lm. 
[0119] The present invention is applicable for example to a 
nitride semiconductor laser device lasing at a Wavelength of 
the ultraviolet range to the green range, a nitride semiconduc 
tor laser device of a broad area type having a stripe of approxi 
mately several tens um in Width, a nitride semiconductor light 
emitting diode device lasing at a Wavelength of the ultraviolet 
range to the red range, or the like. 
[0120] Furthermore the coating ?lm of the present inven 
tion Would also be effectively applied on a facet of a nitride 
semiconductor laser device that is provided With a WindoW 
structure (a structure averaging a composition in a vicinity of 
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a facet of an active layer, such as used for example in a GaAs 
semiconductor laser device, to provide an increased bandgap 
therearound to provide an improved COD level). 
[0121] Although the present invention has been described 
and illustrated in detail, it is clearly understood that the same 
is by Way of illustration and example only and is not to be 
taken by Way of limitation, the spirit and scope of the present 
invention being limited only by the terms of the appended 
claims. 

1.-15. (canceled) 
16. A nitride semiconductor light emitting device having a 

light emitting portion coated With a coating ?lm, Wherein said 
light emitting portion is formed of a nitride semiconductor, 
and said coating ?lm is formed of an aluminum oxynitride 
?lm, and said coating ?lm is in contact With said light emit 
ting portion, and said aluminum oxynitride ?lm contains 
oxygen in an amount of at least 2 atomic % and at most 35 
atomic %. 

17. The nitride semiconductor light emitting device 
according to claim 16, Wherein the nitride semiconductor 
light emitting device is a nitride semiconductor laser device 
and said light emitting portion is a facet of a cavity. 

18. The nitride semiconductor light emitting device 
according to claim 16, Wherein said aluminum oxynitride ?lm 
contains oxygen in an amount of at least 2 atomic % an at most 
15 atomic %. 

19. The nitride semiconductor light emitting device 
according to claim 16, Wherein a ?lm formed of an oxide or a 
nitride is deposited on said coating ?lm. 

20. The nitride semiconductor light emitting device 
according to claim 19, Wherein said ?lm formed of said 
nitride is a ?lm formed of a nitride of at least one of silicon and 
aluminum. 

21. The nitride semiconductor light emitting device 
according to claim 20, Wherein said ?lm formed of said 
nitride is a ?lm formed of silicon nitride and having a thick 
ness of at least 5 nm. 

22. The nitride semiconductor light emitting device 
according to claim 19, Wherein said ?lm formed of said oxide 
is a ?lm formed of at least one selected from the group 
consisting of aluminum oxide, silicon oxide, titanium oxide, 
hafnium oxide, Zirconium oxide, niobium oxide, tantalum 
oxide, and yttrium oxide. 

23. The nitride semiconductor light emitting device 
according to claim 16, Wherein on said coating ?lm a ?lm 
formed of an oxynitride is deposited. 

24. The nitride semiconductor light emitting device 
according to claim 23, Wherein said ?lm formed of said 
oxynitride is a ?lm formed of an oxynitride of silicon or 
aluminum. 

25. The nitride semiconductor light emitting device 
according to claim 16, Wherein on said coating ?lm a ?lm 
formed of magnesium ?uoride is deposited. 

* * * * * 


