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(57) ABSTRACT

There 1s provided a nitride semiconductor light emitting
device having a light emitting portion coated with a coating
film, the light emitting portion being formed of a nitride
semiconductor, the coating film 1n contact with the light emit-
ting portion being formed of an oxynitride. There 1s also
provided a method of fabricating a mitride semiconductor
laser device having a cavity with a facet coated with a coating
f1lm, including the steps of: providing cleavage to form the
facet of the cavity; and coating the facet of the cavity with a
coating film formed of an oxynitride.
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NITRIDE SEMICONDUCTOR LIGHT
EMITTING DEVICE AND METHOD OF
FRABICATING NITRIDE SEMICONDUCTOR
LASER DEVICE

[0001] This nonprovisional application i1s based on Japa-

nese Patent Application No. 2005-363590 filed with the Japan
Patent Office 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 1s generally known that a semiconductor laser
device having a cavity with a facet degraded 1s impaired 1n
reliability. It 1s 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 film 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 film of dielectric material of the same nitride as
the facet to reduce a nonradiative recombination level.
[0007] Thuscoating afacetofa cavity with a coating film of
nitride has conventionally been known. Among nitrides, alu-
minum nitride (AIN) 1s particularly chemically and thermally
stable and 1s an insulator of good quality, and 1s also high
thermal conductivity and significantly eflectively dissipates
heat. As such, 1t exhibits an excellent feature as a coating film
coating a facet of a cavity of a semiconductor laser (see
Japanese Patent Laying-Open No. 03-2098935 (Patent Docu-
ment 3) for example). A coating {ilm which does not contain
oxygen, however, 1s generally high in stress and considered to
lead to degradation such as dark line for example.

SUMMARY OF THE INVENTION

[0008] The present mventors have studied to develop a
technique to form a coating film of AIN 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] Imtially, ECR sputtering is performed with alumi-
num (Al) and gaseous nitrogen to deposit a coating film of
AIN 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 1s provided at a light
reflecting facet of the cavity with a highly reflective film
formed of a pair of silicon oxide film and titanium oxide film
to obtain a high reflectance of at least 95%.

[0010] The mitride 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 1s obtained when 1t
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receives a gradually increasing current and finally has a facet
destroyed thereby and thus stops lasing. Note that in the
present specification a COD level 1s evaluated by a maximum
optical output value of a device that 1s obtained when the
device’s optical output-current characteristic 1s measured
with the device CW driven. Herein a COD level was evaluated
by an average value of the COD levels of five 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 1n
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 AIN forming the coating film
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 film has, a difference
between the facet of the cavity and the coating film 1n thermal
expansion coelficient, and the heat generated when the device
lases.

[0013] Furthermore, 1t a coating film formed of AIN 1s
provided at a light extraction plane serving as a light emitting
portion ol a nitride semiconductor light emitting diode
device, and the light extraction plane, formed of nitride semi-
conductor, and the coating film formed of AIN have their
mutual contact impaired, a nonradiative center or the like
formed at their interface can absorb light, resulting 1n 1nedfi-
ciency 1n extracting light.

[0014] Accordingly the present invention contemplates a
nitride semiconductor light emitting device that can provide
an 1mproved COD level while 1t 1s aged, and a method of
fabricating a nitride semiconductor laser device.

[0015] The present mvention 1s a nitride semiconductor
light emitting device having a light emitting portion coated
with a coating film, wherein the light emitting portion 1s
formed of a nitride semiconductor, and the coating film 1n
contact with the light emitting portion 1s formed of an oxyni-
tride.

[0016] Herein the present mitride semiconductor light emat-
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 mitride 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 1n 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 1n an amount of at least 2 atomic % and at most 15
atomic %.

[0020] Furthermore in the present nitride semiconductor
light emitting device a film formed of an oxide or a nitride can
be deposited on the coating film.

[0021] Furthermore in the present mitride semiconductor
light emitting device the film formed of the nitride can be a
film formed of a nitride of at least one of silicon and alumi-
num. Herein 11 the film formed of the nitride 1s a film formed
of the nitride of silicon the film preferably has a thickness of
at least 5 nm.
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[0022] Furthermore in the present mitride semiconductor
light emitting device the film formed of the oxide canbe a film
tormed of at least one selected from the group consisting of
aluminum oxide, silicon oxide, titanium oxide, hatnium
oxide, zirconium oxide, niobium oxide, tantalum oxide, and
yttrium oxide.

[0023] Furthermore in the present mitride semiconductor
light emitting device on the coating film a film formed of an
oxynitride can be deposited. Herein the film formed of the
oxynitride can be a film formed of an oxynitride of silicon or
aluminum.

[0024] Furthermore 1n the present nitride semiconductor
light emitting device on the coating film a film formed of
magnesium fluoride can be deposited.

[0025] Furthermore the present invention 1s a method of
fabricating a mitride semiconductor laser device with a cavity
having a facet coated with a coating film, comprising the steps
of: providing cleavage to form the facet of the cavity; and
coating the facet of the cavity with a coating film formed of an
oxynitride.

[0026] Furthermore inthe present method of fabricating the
nitride semiconductor laser device the oxynitride can be pro-
vided by employing aluminum oxide as a target.

[0027] Furthermore inthe present method of fabricating the
nitride semiconductor laser device the oxynitride can be pro-
vided by employing aluminum oxymitride as a target.

[0028] The present mvention can thus provide a nitride
semiconductor light emitting device that can provide an
improved COD level while 1t 1s 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 mvention 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 1s a schematic cross section of one preferred
example of the present nitride semiconductor laser device 1n
a first embodiment.

[0031] FIG. 21s aschematic side view of the present nitride
semiconductor laser device of the first embodiment shown 1n
FIG. 1, as seen along the length of 1ts cavity.

[0032] FIG. 3 schematically shows a configuration 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
film separately prepared under a condition i1dentical to that
adopted 1n the first 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 first
embodiment before and after 1t 1s aged.

[0035] FIG. 6 1s a graph representing an optical output-
current characteristics of the present nitride semiconductor
laser device 1n the first embodiment after 1t 1s aged.

[0036] FIG. 7 1s a graph representing an optical output-
current characteristics of a conventional nitride semiconduc-
tor laser device after it 1s aged.

[0037] FIG. 8 shows a result of examining a COD level
dependency of a content of oxygen of a coating film formed of
aluminum oxynitride 1n the present nitride semiconductor
laser device of the first embodiment.

[0038] FIG. 9 represents a result of an analysis 1n compo-
sition, as seen depthwise, by AES of a coating film deposited
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on a light emitting facet of a cavity of the present nitride
semiconductor laser device 1n a second embodiment.

[0039] FIG. 10 represents a result of an analysis 1n compo-
sition, as seen depthwise, by AES of a coating film deposited
on a light emitting facet of a cavity of the present nitride
semiconductor laser device 1n a third embodiment.

[0040] FIG. 11 compares a COD level of a conventional

nitride semiconductor laser device that 1s obtained betore 1t 1s
aged and a COD level thereof that 1s obtained after 1t 1s aged.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0041] Hereinatter embodiments of the present invention
will be described. Note that in the figures, 1dentical reference
characters denote 1dentical or corresponding components.

[0042] The present mvention 1s a nitride semiconductor
light emitting device having a light emitting portion coated
with a coating {ilm. The light emitting portion 1s formed of
nitride semiconductor and the coating film contacting the
light emitting portion 1s formed of an oxymitride. Thus 1n the
present invention the light emitting portion can be coated with
a coating film formed of an oxynitride to allow the light
emitting portion formed of the nitride semiconductor and the
coating film 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 1t 1s aged.

[0043] Herein the present mitride semiconductor light emat-
ting device for example includes a nitride semiconductor
laser device, a nitride semiconductor light emitting diode
device, and the like. Furthermore, 11 the present nitride semi-
conductor light emitting device 1s a nitride semiconductor
laser device, 1ts light emitting portion corresponds to a facet
of a cavity. I the present nitride semiconductor light emitting
device 1s the nitride semiconductor light emitting diode
device, then 1ts 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 Al In Ga N (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 0=x=1, 0=y=],
0=z=1, and x+y+z=0. Furthermore 1n 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 oxymitride. Herein the oxynitride pret-
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 %, 1t
provides a tendency that the light emitting portion formed of
the nitride semiconductor and the coating film formed of the
oxynitride contact each other less closely and heat 1s gener-
ated and thus impairs the light emitting portion. If the oxyni-
tride contains oxygen in an amount ol more than 35 atomic %o,
the oxygen contained 1n the coating film oxidizes the light
emitting portion formed of the nitride semiconductor and a
nonradiative recombination level 1s caused, and a tendency to
provide areduced COD level is provided. More preferably the
oxynitride contains oxygen as a constituent 1n an amount of at
least 2 atomic % and at most 15 atomic %.




US 2009/0218593 Al

[0045] Furthermore the coating film formed of the oxyni-
tride employed 1n the present invention preferably has a thick-
ness of at least 1 nm. If the coating film has a thickness of less
than 1 nm 1t 1s hardly controllable in thickness and may fails
to completely coat the light emitting portion. In contrast, if the
coating film 1s excessively large 1n thickness, there 1s a pos-
s1ibility that stress becomes an 1ssue to be considered. How-
ever, the present invention’s effect would not be 1impaired
because the coating film 1s excessively large 1n thickness.
[0046] Furthermore, the coating film formed of the oxyni-
tride employed 1n the prevent invention may underlie a film
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, zircontum 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 reflectance. Furthermore 1n the present
invention on the coating film formed of the oxymitride there
may be deposited a film formed of magnesium tluoride (MgF)
or a stmilar fluoride or a film formed of silicon oxynitride,
aluminum oxynitride or the like as a film formed of an oxyni-
tride different 1n composition in oxygen from the oxynitride
forming the underlying coating film.

[0047] For example, as shown Table 1, a variety of types
layers may be combined together to control reflectance. Note
that while Table 1 shows that a first layer adjacent to a surface
of the nmitride semiconductor to serve as a coating film 1s
formed of aluminum oxynitride, 1t may alternatively be
formed of silicon oxynitride.

TABL.

L1

1

1st layer adjacent to nitride semiconductor

2nd laver overlying 1st layer
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[0049] Herein if the coating film 1s formed of aluminum
oxynitride then the coating film can be formed for example by
providing a target of aluminum oxide 1n a film deposition
chamber, introducing only gaseous nitrogen into the film
deposition chamber, and performing reactive sputtering.
Thus employing the target of aluminum oxide can eliminate
the necessity of intentionally introducing gaseous oxygen
into the film deposition chamber 1n depositing the oxynitride.

[0050] Furthermore, 1f a reactive sputtering apparatus 1s
employed, the target formed of aluminum oxide can be dis-
pensed with: instead, a target formed of aluminum can be
placed 1n the film deposition chamber and gaseous oxygen
can subsequently be introduced thereinto, and a microwave
can be applied to generate a plasma ol 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 i1s placed 1n the film
deposition chamber of the reactive sputtering apparatus and
gaseous oxygen 1s introduced into the chamber. A microwave
1s 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 1n the film deposition chamber and a
microwave 1s applied to cause a plasma thereof and 1n that

3rd laver overlying 2nd laver

material thickness maternal thickness material thickness
aluminum oxynitride 20 nm aluminum oxide (Al,O3) 140 nm — —
(oxygen content: 2%)

aluminum oxynitride 10 nm aluminum oxynitride 5 nm aluminum oxide (Al,O3) 140 nm
(oxygen content: 5%) (oxygen content: 10%)

aluminum oxynitride 50 nm silicon oxide (S10,) 120 nm — —
(oxygen content: 11%)

aluminum oxynitride 6 nm  titanium oxide (T10-) 50 nm — —
(oxygen content: 15%)

aluminum oxynitride 10 nm  tantalum oxide (Ta,Os) 100 nm — —
(oxygen content: 5%)

aluminum oxynitride 10 nm  yttrium oxide (Y-505) 230 nm — —
(oxygen content: 5%)

aluminum oxynitride 80 nm zirconium oxide (Z1O-) 100 nm — —
(oxygen content: 5%)

aluminum oxynitride 20nm  silicon nitride (S13Ny4) 20 nm silicon oxide (S105) 140 nm
(oxygen content: 2%0)

aluminum oxynitride 20nm  silicon nitride (S13N,) 20 nm aluminum oxide (Al,O;) 120 nm
(oxygen content: 4%)

aluminum oxynitride 25nm  silicon nitride (S13N,4) 150 nm — -
(oxygen content: 3%)

aluminum oxynitride 20nm  silicon nitride (S13N,) 150 nm aluminum oxide (Al,O;) 120 nm
(oxygen content: 4%)

aluminum oxynitride 20 nm silicon oxynitride 150 nm — —
(oxygen content: 7%) (oxygen content: 5%o)

aluminum oxynitride 20 nm silicon nitride (S13N,) 20 nm silicon oxynitride 150 nm

(oxygen content: 7%)

[0048]

Furthermore, 11 the present nitride semiconductor

(oxygen content: 5%)

condition the target of aluminum oxide 1s sputtered to form

light emitting device 1s a mitride semiconductor laser device,
then the present mitride semiconductor laser device can be
tabricated 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 film formed of an oxynitride.

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 of argon, a plasma of nitrogen, or a plasma of a
gaseous mixture of argon and mitrogen to clean the surface of

the nitride semiconductor.
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[0055] Furthermore, if the coating film 1s formed of alumi-
num oxynitride, aluminum 1s prone to oxidation, and 11 gas-
cous oxygen 1s introduced mto the film deposition chamber,
there 1s a tendency that 1t 1s difficult to exert control to provide
an oxynitride controlled 1n 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 Al O, and less oxidized, and avoiding
introducing gaseous oxygen into the film deposition chamber
and 1nstead introducing gaseous nitrogen alone thereinto so
that an aluminum oxynitride having a small content of oxygen
can be relatively readily deposited, wherein O<x<1, O<y<0.6,
and x+y=1. Furthermore, replacing the target of the alumi-
num oxide represented by Al O, and less oxidized with a
target of an aluminum oxynitride having a small content of
oxygen can be similarly effective, wherein O<x<1, O<y<0.6,
and x+y=1.

[0056] Furthermore, modifying a degree of vacuum 1n the
film deposition chamber and/or modifying temperature and/
or the like condition(s) therein for film deposition can also
provide an oxynitride variable in content of oxygen and hence
composition. Note that when the film deposition chamber has
lower degrees of vacuum 1t tends to help the oxymtride to
introduce oxygen, and that higher temperatures for film depo-
sition tend to prevent the oxynitride from introducing oxygen
thereinto.

[0057] Furthermore, 11 the film deposition chamber has an
internal wall oxidized or 1s provided at the internal wall with
aluminum oxide, and therealter gaseous argon and gaseous
nitrogen are introduced into the film deposition chamber, and
a target of Al 1s employed and sputtering 1s thus performed to
deposit a film, then the internal wall has oxygen departed by
a plasma, and a coating film formed of aluminum oxynitride
can thus be formed.

[0058] Furthermore while 1n the above a nitride semicon-
ductor laser device having a ridged stripe has been exempli-
fied, the gist of the present invention relates to a film coating
a light extraction plane allowing light generated in nitride
semiconductor to be extracted from the nitride semiconductor
externally. As such, the present invention 1s not limited to the
nitride semiconductor laser device having the ridged stripe. It
1s also elfectively applicable for example to a film coating a
light extraction plane of a surface emitting laser, a film coat-
ing a light extraction plane of a nitride semiconductor light
emitting diode (1.e., a surface of nitride semiconductor, or a
side surface cleaved or divided 1n dividing 1into chips), and the

like.

First Embodiment

[0059] FIG. 1 1s a schematic cross section of one preferred
example of a nitride semiconductor laser device of the present
embodiment. More specifically, the present embodiment pro-
vides a nitride semiconductor laser device 100 including an n
type GaN substrate 101, an n type AlGalnN buiter layer 102
deposited thereon, an n type AlGalnN clad layer 103 depos-
ited thereon, an n type AlGalnN gude layer 104 deposited
thereon, an AlGalnN multi quantum well active layer 105
deposited thereon, a p type AlGalnN guide layer 106 depos-
ited thereon, a p type AlGalnN clad layer 107 deposited
thereon, and a p type AlGalnN contact layer 108 deposited
thereon. It should be noted that each layer has a composition
ratio adjusted as appropriate and thus 1rrelevant 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 AlGalnN multi quantum well active layer 105.
The present embodiment 1s 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
AIN.

[0061] Furthermore in the present embodiment nitride
semiconductor laser device 100 has p type AlGalnN clad
layer 107 and p type AlGalnN 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
um, typically approximately 1.5 um. Note that while the
present specification describes that ridged stripe portion 111
has a width of approximately 1.2 um to 2.4 um by way of
example the present invention is also suitably applicable to a
broad-area nitride semiconductor laser device used for
example 1n applications for 1llumination. (The “broad area™
means that ridged stripe portion 111 has a width of approxi-
mately 2 um to 100 um.)

[0062] Furthermore, p type AlGalnN contact layer 108 has
a surface provided with a p electrode 110 and under p elec-
trode 110 an insulation film 109 1s provided except for a
portion provided with ridged stripe portion 111. Furthermore
on n type GaNlN substrate 101 at a surface opposite that having
the aforementioned layers stacked thereon an n electrode 112
1s deposited.

[0063] FIG. 2 1s a schematic side view of the nitride semi-
conductor laser device of the present embodiment shown 1n
FIG. 1, as seen 1n 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 film 114 formed of aluminum oxyni-
tride and having a thickness of 50 nm, and a light reflecting
facet 115 provided with a 6 nm thick aluminum oxynitride
film 116, a 80 nm thick aluminum oxide film 117, a 71 nm
thick silicon oxide film and a 46 nm thick titanium oxide film
paired and deposited by four pairs 1n layers, with the silicon
oxide film first deposited, and thereafter a 142 nm thick,
frontmost silicon oxide film deposited to provide a highly
reflective film 118.

[0064] Note that coating film 114, and aluminum oxyni-
tride film 116, aluminum oxide film 117 and lughly reflective
f1lm 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 water having deposited on the n
type GaN substrate the n type AlGalnN butfer layer and other
alorementioned semiconductor layers 1n order 1n layers, and
provided with a ridged stripe portion, followed by an 1nsula-
tion {ilm and p and n electrodes.

[0065] It should be noted that preferably belfore coating
film 114 1s deposited, 1n the film deposition apparatus the
cavity has facet 113 heated for example at least 100° C. and at
most S00° C. to remove oxide film, impurity and the like from
facet 113 to clean 1it, 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 mvention 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 1s exposed to the plasma, for
example 1t 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 1s provided at facet 113 with coating film
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 1n depositing coating film 114.

[0066] While coating film 114 can for example be sputtered
through electron cyclotron resonance (ECR) as described
hereinafter, the film can also be formed by a variety of other
sputtering techniques, chemical vapor deposition (CVD),
clectron beam deposition (EB) or the like.

[0067] FIG. 3 schematically shows an ECR sputtering
deposition apparatus 1n structure. More specifically, the ECR
sputtering deposition apparatus includes a film deposition
chamber 200, a magnetic coil 203, and a microwave 1ntro-
duction window 202. Film deposition chamber 200 has a gas
inlet 201 and a gas outlet 209 and 1s internally provided with
a target 204 of Al connected to an RF power supply 208, and
a heater 205. Furthermore film deposition chamber 200 1s also
internally provided with a sample stage 207 and thereon a
sample 206 as described above 1s set. Magnetic coil 203 1s
provided to generate a magnetic field required to generate a
plasma and RF power supply 208 1s used to sputter target 204
of Al. Through microwave introduction window 202 a micro-
wave 210 1s introduced into film deposition chamber 200.

[0068] Then gaseous nitrogen 1s introduced through gas
inlet 201 1nto film deposition chamber 200 at a flow rate 01 3.5
sccm and gaseous oxygen 1s introduced thereinto at a flow
rate of 1.0 sccm, and furthermore, gaseous argon 1s 1ntro-
duced thereinto at a flow rate of 20.0 sccm to efficiently
generate a plasma to deposit a film faster. Note that the gas-
cous nitrogen and oxygen introduced into film deposition
chamber 200 can be varied 1n ratio to allow coating film 114
to contain oxygen in a varied amount. Furthermore, 1n order
to sputter target 204 made of Al, an RF power of 500 W 1s
applied to target 204 of Al and a microwave power of 500 W
required to generate a plasma 1s applied. As aresult, at a film
deposition rate of 1.7 A/sec, coating film 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 {ilm 114 1s 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 film
114 can also be measured by transmission electron micros-
copy-energy dispersive x-ray spectroscopy (ITEM-EDX).

[0069] FIG. 4 shows aresult of a depthwise AES composi-
tion analysis of an aluminum oxynitride separately provided
under a condition 1dentical to that described above. The con-
tents of aluminum, oxygen and nitrogen, respectively, were
obtained as based on an AES signal 1n 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 1n a small amount, such as argon,
1s excluded theretrom.

[0070] As shown in FIG. 4, the aluminum oxynitride con-
tains aluminum 1n an amount of 34.8 atomic %, oxygen 1n an
amount of 3.8 atomic %, and mitrogen 1n 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 1n FI1G.
4, a negligible amount of argon was detected.

[0071] Furthermore, the light reflecting facet 1135 of the
cavity may also have aluminum oxynitride film 116, alumi-
num oxide film 117, and highly reflective film 118 deposited
for example by ECR sputtering, similarly as done when coat-
ing film 114 1s deposited. Preferably before these films are
also deposited the facet 1s 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 1t 1s often the case that
having a light retlecting facet degraded would not be a con-
cern, since the light reflecting 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 film formed of oxynitride, and the
cavity may have the light reflecting facet without aluminum
oxynitride film or the like covering 1t. Furthermore while 1n
the present embodiment the cavity has the light reflecting
facet 115 provided with aluminum oxynitride 116 having a
thickness of 6 nm, 1t can without a problem 1n 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 film may subsequently be heated. This
can be expected to remove moisture contained in the afore-
mentioned film and improve the film 1n quality.

[0073] Thus the aforementioned sample 1s provided at the
cavity on the light emitting facet 113 with coating film 114,
and on the light reflecting facet 1135 with aluminum oxynitride
film 116, then aluminum oxide film 117 and then highly
reflected film 118, and thereaiter divided 1nto chips to obtain
the nitride semiconductor laser device of the present embodi-
ment.

[0074] The mnitride semiconductor laser device of the
present embodiment was examined for COD level before and
alter it was aged (for 300 hours at 70° C. at 100 mW, CW
driven). A result thereof 1s shown 1n FIG. 5. As shown in FIG.
5, before 1t was aged 1t had a COD level of approximately 400
mW and after 1t was aged 1t had a COD level of approximately

350 mW. Ithas 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 1t 1s aged. As
shown 1n 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 film of AIN, as observed after 1t 1s

aged for 300 hours at 70° C. at 100 mW, CW driven. As shown
in FI1G. 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 film of aluminum oxynitride 1s
compared with the conventional nitride semiconductor laser
device with a cavity having a light emitting facet provided
with a coating film of AIN, 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 film formed
ol oxynitride 1s not observed to provide a reduced COD level
after 1t 1s aged probably because the facet of the cavity and the
coating film can contact each other more closely. Nitride
semiconductor contacts a coating film formed of oxynitride
more closely than a coating film formed of AIN or a similar
nitride probably because a strong bonding energy of alumi-
num, gallium or a similar group III element and oxygen acts.
More specifically the oxynitride contains oxygen, which 1s
considered to have a strong bond with aluminum, gallium or
a stmilar group III element contained 1n 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 film formed of the oxynitride
to contact more closely.

[0078] The COD level dependency of a content of oxygen
in the coating film of the aluminum oxynitride in the nitride
semiconductor laser device of the present embodiment, was
examined. A result thereof 1s shown 1n FIG. 8. More specifi-
cally, the nitride semiconductor laser device of the present
embodiment having the coating film of the aluminum oxyni-
tride with oxygen contained therein 1n an mount variable from
0 atomic % to 50 atomic % was aged for 300 hours (at 70° C.
at 100 mW, CW driven) and 1ts COD level was measured.
Basically, oxygen and nitrogen both bond to aluminum. As
such, while the coating film contains oxygen in a variable
amount, the coating film contains aluminum in a substantially
invariable amount (in atomic %), and nitrogen will accord-
ingly be contained 1n an amount (in atomic %) decreased by
that (1n atomic %) of oxygen contained that 1s increased.

[0079] Furthermorein FIG. 8 a circle indicates a position of
a peak of an optical output 1n a optical output-current char-
acteristic provided when the nitride semiconductor laser
device does not have COD and thermally saturates, and 1ts
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 1ts COD level.

[0080] As shown 1n FIG. 8, 1t can be seen that 1f the laser
device has a coating film formed of aluminum oxynitride
containing oxygen 1n 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 1t can be seen that the
laser device exhibits an excellent characteristic. Accordingly
the cavity preferably has the light emitting facet coated with
a coating {ilm contaiming 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 1t
1s aged. This 1s probably because the cavity’s facet formed of
the mitride semiconductor and the coating film 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 film 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 film 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 film contained oxygen
in an amount of more than 35 atomic %, the laser device
provided a decreased COD level, possibly because the oxy-
gen contained 1n the coating film oxidized the cavity’s facet of
the nitride semiconductor and thus caused a nonradiative
recombination level.

Second Embodiment

[0081] The present embodiment provides a nmitride semi-
conductor laser device similar in configuration to that of the
first embodiment except that the former has a cavity with a
light emitting facet coated with a coating film modified 1n
configuration and a light reflecting facet provided with a film
modified 1n configuration.

[0082] More specifically in the present embodiment the
nitride semiconductor laser device has a cavity with a light
emitting facet provided with a coating film formed of alumi-
num oxvynitride and having a thickness of 6 nm. Furthermore
the cavity has a light reflecting facet provided with a 12 nm
thick aluminum oxynitride film deposited under the same
conditions as the coating film coating the light emitting facet
of the cavity and on the aluminum oxymtride film a 81 nm
thick silicon oxide film and a 54 nm thick titanium oxide film
serving as one pair are deposited by four pairs 1n layers, with
the silicon oxide film first deposited, and thereafter on a
frontmost surface a 162 nm thick silicon oxide film 1s depos-
ited to provide a highly reflective film.

[0083] FIG. 9 represents a result of an analysis 1n compo-
sition, as seen depthwise, by AES of the coating film depos-
ited on the light emitting facet of the cavity of the nitride
semiconductor laser device of the present embodiment. As
shown 1n FI1G. 9, the coating film contained aluminum, oxy-
gen and nitrogen 1n amounts o1 33.6 atomic %, 335.2 atomic %,
and 31.2 atomic %, respectively, and had a substantially uni-
form composition as seen depthwise.

[0084] The mnitride semiconductor laser device of the
present embodiment was also aged for 300 hours (at 70° C. at
100 mW, CW driven) and 1ts COD level was thereaiter exam-
ined, similarly as has been described in the first embodiment.
Themitride semiconductor laser device of the present embodi-
ment after it was aged thermally saturated at an optical output
of 330 mW, and has been confirmed to provide an improved
COD level 1n comparison with that of the conventional nitride
semiconductor laser device having a cavity with a light emit-
ting facet provided with a coating film of AIN, as also
observed after it was aged for 300 hours.

Third Embodiment

[0085] The present embodiment provides a mitride semi-
conductor laser device similar in configuration to that of the
first embodiment except that the former has a cavity with a
light emitting facet coated with a coating film modified 1n
configuration and a light reflecting facet provided with a film
modified 1n configuration.

[0086] More specifically in the present embodiment the
nitride semiconductor laser device has a cavity with a light
emitting facet provided with a coating film formed of alumi-
num oxynitride and having a thickness of 100 nm. Further-
more the cavity has a light retflecting facet provided with a 20
nm thick aluminum oxynitride film deposited under the same
conditions as the coating film coating the light emitting facet
of the cavity and on the aluminum oxymtride film a 81 nm
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thick silicon oxide film and a 54 nm thick titanium oxide film
serving as one pair are deposited by four pairs 1n layers, with
the silicon oxide film first deposited, and thereafter on a
frontmost surface a 162 nm thick silicon oxide film 1s depos-
ited to provide a highly retlective film.

[0087] FIG. 10 represents a result of an analysis in compo-
sition, as seen depthwise, by AES of the coating film depos-
ited on the light emitting facet of the cavity of the nitride
semiconductor laser device of the present embodiment. As
shown 1n FIG. 10, the coating film contained aluminum,
oxygen and mitrogen 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 1ts COD level was therealfter exam-
ined, similarly as has been described 1n the first embodiment.
Thenitride semiconductor laser device of the present embodi-
ment after it was aged thermally saturated at an optical output
of 333 mW, and has been confirmed to provide an improved
COD level 1n comparison with that of the conventional nitride
semiconductor laser device having a cavity with a light emit-
ting facet provided with a coating film of AIN, 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 configuration to that of the
first embodiment except that the former has a cavity with a
light emitting facet coated with a coating film modified 1n
configuration and a light reflecting facet provided with a film
modified i configuration.

[0090] More specifically i the present embodiment the
nitride semiconductor laser device has a cavity with a light
emitting facet provided with a coating film formed of alumi-
num oxvynitride and having a thickness of 12 nm (with oxygen
contained in an amount of 35 atomic %) and thereon a 60 nm
thick aluminum oxide film. Furthermore the cavity has a light
reflecting facet provided with a 6 nm thick aluminum oxyni-
tride film deposited under the same conditions as the coating,
film coating the light emitting facet of the cavity and on the
aluminum oxynitride film, a 80 nm thick aluminum oxide film
1s deposited, and furthermore, a 81 nm thick silicon oxide film
and a 54 nm thick titanium oxide film serving as one pair are
deposited by four pairs 1n layers, with the silicon oxide film
first deposited, and thereafter on a frontmost surfacea 162 nm
thick silicon oxide film 1s deposited to provide a highly reflec-
tive film.

[0091] The mitride semiconductor laser device of the
present embodiment was also aged for 300 hours (at 70° C. at
100 mW, CW driven) and 1ts COD level was therealfter exam-
ined, similarly as has been described 1n the first embodiment.
Thenitride semiconductor laser device of the present embodi-
ment after 1t was aged thermally saturated at an optical output
of 336 mW, and has been confirmed 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 film of AIN, as also
observed after it was aged for 300 hours.

Fitth Embodiment

[0092] The present embodiment provides a nitride semi-
conductor laser device similar in configuration to that of the
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first embodiment except that the former 1s adjusted to lase at
a wavelength of 460 nm and that 1t has a cavity with a light
emitting facet coated with a coating film modified 1n configu-
ration and a light reflecting facet provided with a film modi-
fied 1n configuration. Note that the wavelength 1s adjusted by
changing in composition ratio the AlGalnN of an AlGalnN
multi quantum well active layer.

[0093] More specifically in the present embodiment the
nitride semiconductor laser device has a cavity with a light
emitting facet provided with a coating film formed of alumi-
num oxynitride and having a thickness of 50 nm thick to
provide a reflectance adjusted to be approximately 10%. Fur-
thermore the cavity has a light reflecting facet provided with
a 6 nm thick aluminum oxynitride film deposited under the
same conditions as the film coating the light emitting facet of
the cavity and on the aluminum oxynitride film a 80 nm thick
aluminum oxide film 1s deposited, and furthermore a 81 nm
thick silicon oxide film and a 54 nm thick titanium oxide film
serving as one pair are deposited by four pairs 1n layers, with
the silicon oxide film first deposited, and thereafter on a
frontmost surface a 162 nm thick silicon oxide film 1s depos-
ited to provide a highly reflective film.

[0094] The mtride semiconductor laser device of the
present embodiment was also aged for 300 hours (at 70° C. at
100 mW, CW driven) and 1ts COD level was thereaiter exam-
ined, similarly as has been described in the first embodiment.
Themitride semiconductor laser device of the present embodi-
ment after 1t was aged thermally saturated at an optical output
of 343 mW, and has been confirmed to provide an improved
COD level 1n comparison with that of the conventional nitride
semiconductor laser device having a cavity with a light emit-
ting facet provided with a coating film of AIN, as also
observed after it was aged for 300 hours.

[0095] The mtride semiconductor laser device of the
present invention that lases at a wavelength of 460 nm can be
employed as an excitation source for an 1llumination device.

Sixth Embodiment

[0096] The present embodiment provides a mitride semi-
conductor laser device similar in configuration to that of the
first embodiment except that the former has a cavity with a
light emitting facet coated with a coating film modified 1n
configuration and a light reflecting facet provided with a film
modified 1n configuration.

[0097] More specifically in the present embodiment the
nitride semiconductor laser device has a cavity with a light
emitting facet provided with a coating film formed of silicon
oxynitride and having a thickness of 12 nm. Furthermore the
cavity has a light reflecting facet provided with a 20 nm thick
s1licon oxynitride film deposited under the same conditions as
the coating film coating the light emitting facet of the cavity
and on the silicon oxynitride film a 81 nm thick silicon oxide
f1lm and a 54 nm thick titanium oxide film serving as one pair
are deposited by four pairs 1n layers, with the silicon oxide
film first deposited, and thereaiter on a frontmost surface a
162 nm thick silicon oxide film 1s deposited to provide a
highly reflective film.

[0098] The coating film provided on the light emitting facet
of the cavity of the nitride semiconductor laser device of the
present embodiment was measured 1n composition by AES
depthwise. It contained aluminum, oxygen and nitrogen 1n
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 1ts COD level was thereaiter exam-
ined, similarly as has been described 1n the first embodiment.
Thenitride semiconductor laser device of the present embodi-
ment after it was aged thermally saturated at an optical output
of 302 mW, and has been confirmed to provide an improved
COD level 1n comparison with that of the conventional nitride
semiconductor laser device having a cavity with a light emit-
ting facet provided with a coating film of AIN, 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 1n the coating
f1lm, similarly as described 1n the first embodiment. More
specifically, the nitride semiconductor laser device of the
present embodiment having the coating film of the silicon
oxynitride with oxygen contained therein 1n an mount vari-
able from O atomic % to 50 atomic % was aged for 300 hours
(at 70° C. at 100 mW, CW driven) and i1ts COD level was
thereafter measured. Basically, oxygen and nitrogen both
bond to silicon. As such, while the coating film contains
oxygen 1n a variable amount, the coating film contains silicon
in a substantially invariable amount (in atomic %), and nitro-
gen will accordingly be contained 1n an amount (1n atomic %)
decreased by that (1n atomic %) of oxygen contained that 1s
increased.

[0101] The COD level dependency of an amount of oxygen
contained in the coating film of the silicon oxynitride showed
substantially the same tendency as that for the aluminum
oxynitride as shown 1n FIG. 8. More specifically the laser
device having a cavity with a light emitting facet provided
with a coating film containing oxygen 1n an amount of at least
2 atomic % and at most 35 atomic % provided a tendency to
provide an improved COD level while 1t was aged.

Seventh Embodiment

[0102] The present embodiment provides a nitride semi-
conductor laser device similar in configuration to that of the
first embodiment except that the former has a cavity with a
light emitting facet coated with a coating film modified 1n
configuration and a light reflecting facet provided with a film
modified in configuration.

[0103] More specifically in the present embodiment the
nitride semiconductor laser device has a cavity with a light
emitting facet provided with a coating film formed of alumi-
num oxvynitride and having a thickness of 25 nm and thereon
a 150 nm thick silicon nitride film. Furthermore the cavity has
a light retlecting facet provided with a 25 nm thick aluminum
oxynitride film deposited under the same conditions as the
coating film coating the light emitting facet of the cavity, and
on the aluminum oxynitride film, a 50 nm thick silicon nitride
f1lm 1s deposited, and thereon, a 81 nm thick silicon oxide film
and a 54 nm thick titanium oxide film serving as one pair are
deposited by four pairs 1n layers, with the silicon oxide film
first deposited, and thereafter on a frontmost surfacea 162 nm
thick silicon oxide film 1s deposited to provide a highly reflec-
tive film.

[0104] The coating film 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 1n composition by AES depthwise. It contained alumi-
num, oxygen and nitrogen in amounts ol 34 atomic %, 3
atomic % and 63 atomic %, respectively, and had a substan-
tially uniform composition as seen depthwise.
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[0105] The mnitride semiconductor laser device of the
present embodiment was also aged for 300 hours (at 70° C. at
100 mW, CW driven) and 1ts COD level was thereaiter exam-
ined, similarly as has been described in the first embodiment.
Themitride semiconductor laser device of the present embodi-
ment after it was aged thermally saturated at an optical output
of 350 mW, and has been confirmed to provide an improved
COD level 1n comparison with that of the conventional nitride
semiconductor laser device having a cavity with a light emit-
ting facet provided with a coating film of AIN, as also
observed after it was aged for 300 hours.

[0106] Note that 1f film of silicon nitride 1s deposited to
have a thickness of 5 nm or smaller i1t 1s hardly formed
umiformly. As such, preferably 1t 1s deposited to have a thick-
ness of at least 5 nm.

[0107] Furthermore, 1f the nitride semiconductor laser
device of the present embodiment 1s aged for a long period of
time, 1t may have the coating film of aluminum oxynitride
oxidized by moisture or the like present 1in the ambient 1n
which the laser device 1s placed, and thus varied in index of
refraction. Accordingly, when protecting the coating film
against moisture 1s considered, the film of silicon nitride 1s
preferably deposited to have a thickness of at least 40 nm.
Furthermore when film deposition time and the like are con-

sidered the film of silicon nitride 1s preferably deposited to
have a thickness of at most 300 nm n.

[0108] Furthermore while 1n the present embodiment a
coating f1lm formed of aluminum oxynitride underlies a film
formed of silicon nitride, the present invention may be imple-
mented with the silicon nitride film replaced with a silicon
oxynitride film. If the coating film formed of aluminum
oxynitride underlies the silicon oxynitride film, and protect-
ing the coating {ilm against moisture 1s considered, the silicon
oxynitride film 1s preferably provided to contain oxygen 1n an
amount of at most 40 atomic %. Furthermore the silicon
oxynitride film 1s 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 film described above.
Furthermore the silicon oxynitride film 1s preferably depos-
ited to have a thickness of at most 300 nm for a ground similar
to that for the silicon nitride film described above.

[0109] Furthermore a nitride semiconductor laser device 1s
tabricated (as a first nitride semiconductor laser device) to
have a cavity with a light emitting facet provided with a
coating film formed of aluminum oxynitride and having a
thickness of 25 nm, a 150 nm thick silicon nitride film over-
lying the coating film, and a 30 nm thick aluminum oxide film
overlying the silicon nitride film.

[0110] Furthermore a nitride semiconductor laser device 1s
tabricated (as a second nitride semiconductor laser device) to
have a cavity with a light emitting facet provided with a
coating film formed of aluminum oxynitride and having a
thickness of 25 nm, a 150 nm thick silicon nitride film over-
lying the coating film, and a 150 nm thick aluminum oxide
f1lm overlying the silicon mitride film.

[0111] Furthermore a nitride semiconductor laser device 1s
tabricated (as a third nitride semiconductor laser device) to
have a cavity with a light emitting facet provided with a
coating film formed of aluminum oxynitride and having a
thickness of 25 nm, a 150 nm thick silicon nitride film over-
lying the coating film, and a 30 nm thick silicon oxide film
overlying the silicon nitride film.

[0112] Furthermore a nitride semiconductor laser device 1s
tabricated (as a fourth nitride semiconductor laser device) to




US 2009/0218593 Al

have a cavity with a light emitting facet provided with a
coating film formed of aluminum oxynitride and having a
thickness of 25 nm, a 150 nm thick silicon nitride film over-
lying the coating film, and a 150 nm thick silicon oxide film
overlying the silicon nitride film.

[0113] The first to fourth mitride semiconductor laser
devices thus fabricated also provided a result similar to that
described above.

[0114] Note that the first to fourth nitride semiconductor
laser devices each had the cavity with a light reflecting facet
provided with films 1dentical 1n configuration to those pro-
vided to the light retlecting facet of the cavity of the nitride
semiconductor laser device of the seventh embodiment.
[0115] It should be noted that the aluminum oxynitride
discussed 1n the present mnvention imcludes AIN with alumi-
num oxide mixed therewith and thus present therein, AIN
with aluminum oxynitride present therein in the form of a
crystal, and AIN 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 film formed of aluminum oxynitride
containing oxygen in an amount substantially uniform as seen
depthwise, the coating film 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 film formed of {ilm of a silicon
oxynitride or an aluminum oxynitride, the coating film may
be a film of an aluminum-silicon oxynitride which 1s 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 1n the target or the silicon-aluminum mixture in compo-
sition can control the coating film in composition. Further-
more while 1n the above description a silicon-aluminum
mixture 1s used as a target, sputtering to deposit film 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 1n a honeycomb, alternately, or
the like, and simultaneously sputtered to provide a film
formed of an aluminum and silicon-containing, aluminum-
s1licon oxynitride to serve as the coating film.

[0119] The present invention 1s 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 1n 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 film of the present mven-
tion would also be effectively applied on a facet of a nitride
semiconductor laser device that 1s provided with a window
structure (a structure averaging a composition 1n a vicinity of
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a facet of an active layer, such as used for example 1n 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 1llustrated 1n detail, 1t 1s clearly understood that the same
1s by way of illustration and example only and 1s 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 film, wherein said
light emitting portion 1s formed of a nitride semiconductor,
and said coating film 1s formed of an aluminum oxynitride
film, and said coating film 1s 1n contact with said light emiat-
ting portion, and said aluminum oxynitride film contains
oxygen in an amount of at least 2 atomic % and at most 35
atomic %.

17. The nitnde semiconductor light emitting device
according to claim 16, wherein the nitride semiconductor
light emitting device 1s a nitride semiconductor laser device
and said light emitting portion 1s a facet of a cavity.

18. The nitnnde semiconductor light emitting device
according to claim 16, wherein said aluminum oxynitride film
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 film formed of an oxide or a
nitride 1s deposited on said coating film.

20. The nitrnde semiconductor light emitting device
according to claim 19, wherein said film formed of said
nitride 1s a film formed of a nitride of at least one of silicon and
aluminum.

21. The nitrnde semiconductor light emitting device
according to claim 20, wherein said film formed of said
nitride 1s a film 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 film formed of said oxide
1s a film formed of at least one selected from the group
consisting of aluminum oxide, silicon oxide, titanium oxide,
hatmium oxide, zirconium oxide, niobium oxide, tantalum
oxide, and yttrium oxide.

23. The nitrnde semiconductor light emitting device
according to claim 16, wherein on said coating film a film
formed of an oxynitride 1s deposited.

24. The nitrnde semiconductor light emitting device
according to claim 23, wherein said film formed of said
oxynitride 1s a film formed of an oxymtride of silicon or
aluminum.

25. The nitrnde semiconductor light emitting device
according to claim 16, wherein on said coating film a film
formed of magnesium fluoride 1s deposited.
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