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where 0sx+ys 1, 0sxs 1 and 0sy<1, having a wider
energy gap than that of the active layer and being formed at
a low temperature so as not to damage said active layer.
Formation of such a window layer improves significantly the
performance of the nitride laser device according to the
invention
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NITRIDE SEMCONDUCTOR LASER DEVICE
AND A METHOD FOR IMPROVING TS
PERFORMANCE
CROSS REFERENCE TO RELATED
APPLICATIONS

0001. This application is a divisional application of U.S.
patent application Ser. No. 10/519,501 filed on Dec. 27,
2004, currently pending, which was the National Stage of
International Application No. PCT/PL2003/000061, filed on
Jun. 26, 2003. The disclosures of U.S. patent application Ser.
No. 10/519,501 and International Application No. PCT/
PL2003/000061 are hereby incorporated by reference.
BACKGROUND OF THE INVENTION

0002) 1. Field of the Invention
0003. The invention relates to a nitride semiconductor
laser device and to a method for improving its performance
leading to an extension of its lifetime. In particular the
method according to the invention relates to providing a
window layer on the radiation emitting end face of the
resonator. Such a layer increases durability of the nitride
semiconductor laser device according to the invention.
0004 2. Description of the Related Art
0005 Lifetime of semiconductor laser devices depends
primarily on quality of the optically active layers, and
especially on quality of resonator mirrors of Such layers. In
the so-far used semiconductor laser diodes manufactured on

the basis of semiconductors of the GaAS group, extension of
the lifetime of a laser diode is achieved by forming special
layers on resonator mirrors. These layers are used as anti
reflection layers or they form a window structure. Such a
structure has been disclosed in Japanese patent application
number 10-251577 published under a publication number
2OOO-082863.

0006 The energy gap in a semiconductor window layers
has to be wider than that in the active layer of semiconductor
laser structures in order to increase durability of thus pro
tected laser structures.

0007. In nitride semiconductor lasers, resonator mirrors
are obtained as a result of Reactive Ion Etching (RIE) or
cleavage, and—due to energy gap narrowing—they absorb
emitted radiation, which results in heat generation leading to
impairment of the lifetime of over 100 mW laser diodes.
Therefore, it was suggested that a window structure in
nitride semiconductor lasers should be obtained by covering
resonator end faces with the AlGalnN semiconductor layer
(Japanese unexamined patent publication no. 249830/1995)
or with a different layer, such as the AlN layer (Japanese
unexamined patent publication no. 26442/2002).
0008 According to the prior art technology, it is neces
sary to apply temperatures higher than 1000° C. to form the
window layer made of monocrystalline gallium-containing
nitride using growth methods from the gaseous phase, for
example by the most commonly used Metallo-Organic
Chemical Vapor Deposition (MOCVD) method. However,
Such high temperatures cause damage to the active layer
formed of an indium-containing nitride semiconductor as
used in nitride semiconductor lasers so far. On the other

hand, when a nitride layer is formed by the currently known
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methods at temperature not causing damage to the active
layer, the layer thus formed is amorphous. If the amorphous
layer is used for forming a window structure, it brings about
scattering of emitted light, due to which a laser beam
becomes non-homogenous. Moreover, as a result of tinge
caused by amorphousness, light absorption and end face
heating occur, which consequently leads to accelerated
degradation thereof.
0009 Secondly, known nitride-based opto-electronic
devices are manufactured on Sapphire or silicon-carbide
substrates, differing from the thereafter deposited nitride
layers (heteroepitaxy). There are significant differences in
chemical, physical, crystallographic and electrical properties
of Such substrates and semiconductor nitride layers depos
ited thereon by hetero-epitaxy, resulting in rather high
dislocation density of the epitaxial semiconductor layers. In
order to reduce Surface dislocation density and thus to
increase stability of the semiconductor laser structures, a
buffer layer is first deposited on sapphire or SiC substrates.
However, the reduction of surface dislocation density

achieved is not higher than to about 10/cm.

0010. The surface dislocation density could be decreased
thus far by using the Epitaxial Lateral Overgrowth (ELOG)
method. In this method, a GaN layer is first grown on the
sapphire substrate, and then SiO is deposited in the form of
strips or grids. Next, such a substrate may be used for lateral

GaN growing, reducing the defects density to about 10/
cm.

0011 Even further improvement of the substrate for
epitaxial formation of nitride semiconductor laser device
was attained by a method of manufacturing a bulk monoc
rystalline layer of gallium-containing nitride disclosed in
WO O2/10.1120.
BRIEF SUMMARY OF THE INVENTION

0012. The object of this invention is to develop a nitride
semiconductor laser with a resonator radiation-emitting end
face covered with a nitride window layer without impairing
laser performance parameters.
0013 Another object of this invention is to develop a
nitride semiconductor laser structure on a new substrate

having low surface dislocation density, preferably lower
than about 10/cm.

0014) A further object of the present invention is to
provide a method for improving performance of nitride
semiconductor laser device involving manufacturing a
nitride laser with a satisfactory nitride window layer.
0015 These objectives were achieved by development of
the nitride semiconductor laser device and a method for

improving performance of such laser according to the inven
tion, based on employing nitrides of Group XIII elements
(numbering of the Groups is given according to the IUPAC
convention of 1989 throughout this application), preferably
gallium-containing nitrides of general formula AlGa.

yInN, where 0s x+ys 1, 0sxs 1 and 0sy<1, especially

nitrides of general formula AlGaN (OSXS 1).
0016 A nitride semiconductor laser device according to
the present invention has the distinguishing features as
defined in the independent claim 1, while the preferred
features of the device are defined in the respective dependent
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claims 2 to 11. A method according to the present invention
is defined in claims 12 to 16.

0017. A nitride semiconductor laser device provided with
a window layer on a light-emitting end face of the resonator
which comprises an active layer of nitride semiconductor
between the n-type nitride semiconductor layers and the
p-type nitride semiconductor layers, according to the present
invention is characterized in that:

0018 at least the radiation-emitting end face of said
resonator is covered by said window layer comprising

monocrystalline nitride of general formula AlGa, In,N.

where 0sx-ys 1,0sxs 1 and 0sy<1, especially nitride of
general formula AlGaN (0sXS 1) having a wider energy
gap than that of the active layer and being formed at a low
temperature so as not to damage said active layer. In this
invention, a term “window layer denotes a layer having a
wider energy gap than that of the active layer or the quantum
well layer, which is formed directly on the radiation-emit
ting end face of resonator for avoiding the problems caused
by the narrower energy gap of the end face of the resonator.
0019. A thickness of the end face window layer is pref

erably bigger than 50 A, and is more preferably equal to

integer multiplicity of the emitted radiation wave length
(nw).
0020. According to the invention the end face window
layer of monocrystalline AlGaN (0sxs 1) is preferably
formed in the Supercritical ammonia-containing solution.
0021 Preferably, at least the p-type contact layer of the
resonator is covered by a mask when the end face window
layer of monocrystalline AlGaN (OSXS1) is being
formed in the Supercritical ammonia-containing Solution.
0022. The resonator end face window layer contains at
least one of the elements of Group I, preferably Li or Na.
0023 Preferably, the resonator active layer has a struc
ture of a (multi)quantum-well layer comprising at least one
InGaN well layer or InAlGaN well layer.
0024. According to the present invention the nitride semi
conductor laser device structure is preferably formed on the
substrate selected from the group consisting of GaN sub
strate, preferably monocrystalline GaN substrate, sapphire
substrate, spinel substrate, ZnO substrate, SiC substrate,
ELOG-type substrate and a substrate provided with a nitride
semiconductor having a concavo-convex face. In this inven
tion, the term “ELOG-type substrate' denotes a substrate
provided with a nitride layer or layers made by means of so
called ELOG (Epitaxial lateral overgrowth) method.
0.025 Preferably, the nitride semiconductor laser device
structure is formed on C-plane, A-plane or M-plane of
monocrystalline GaN substrate.
0026. The nitride semiconductor laser device structure is
formed on C-plane of monocrystalline GaN substrate and
the resonator end face window layer is grown on M-plane or
A-plane.

0027. The nitride semiconductor laser device structure
may also be formed on A-plane of monocrystalline GaN
substrate, and the window layer is formed on C-plane or
M-plane of the resonator radiation-emitting end face.
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0028. Alternatively, the nitride semiconductor laser
device structure is formed on M-plane of monocrystalline
GaN substrate, and the window layer is formed on C-plane
or A-plane of the resonator radiation-emitting end face.
0029. The present invention relates also to a method for
improving the performance of a nitride semiconductor laser
device having a resonator including an active layer com
prising nitride semiconductor between n-type nitride semi
conductor layer and p-type nitride semiconductor layer, in
which in a first process a laser device structure is etched or
cleaved and a pair of the opposed resonator end faces are
formed, characterized in that

0030) in a second process the resonator radiation-emit
ting end face is covered by a window layer of monocrys

talline nitride of general formula AlGa, In,N, where

Osx+ys 1,0sxs 1 and 0sy<1, especially nitride of general
formula AlGaN (0sXs 1), having a wider energy gap
than that of the active layer, at low temperature so as not to
damage said active layer.
0031. According to the invention, during the second
process the resonator end face window layer is preferably
formed in Supercritical ammonia-containing Solution.
0032. In the method for improving the performance of a
nitride semiconductor laser device according to the present
invention, during the second process the resonator end face
window layer is formed after at least upper surface of
resonator p-type contact layer is covered by a mask having
higher or same chemical resistance than that of end face
window layer material in Supercritical ammonia-containing
Solution.

0033 Preferably, the mask is selected from the group
consisting of SiO, SiN. AlN and Ag.
0034. In the method for improving the performance of a
nitride semiconductor laser device according to the present
invention the resonator end face window layer is formed by
depositing monocrystalline nitride layer of the above
described composition in the Supercritical ammonia-con
taining solution at a temperature of 800° C. or less, prefer
ably 600° C. or less.
0035. The present invention advances a significant
progress in nitride-based opto-electronics.
BRIEF DESCRIPTION OF THE DRAWINGS

0036) The invention is illustrated on the enclosed draw
ing where FIG. 1 shows a cross-section of the nitride
semiconductor laser according to the invention.
0037 FIGS. 2A-2C illustrates the successive stages of
the method according to the invention.
0038 FIG. 3 shows a view of the nitride semiconductor
laser structure according to the invention with all layers
other than the nitride ones being removed.
0039 FIGS. 4-6 illustrate a cross-section of structures of

the nitride semiconductor laser with selected surfaces cov

ered with mask layers.
0040 FIG. 7 presents variation of temperature as a func
tion of time for Example 1.
0041 FIG. 8 presents variation of temperature in the
function of time for Example 7, and
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0.042 FIGS. 9A-11 show successive phases of forming
the three exemplary types of substrates for forming nitride
semiconductor laser device according to the invention hav
ing the monocrystalline nitride layer formed as a result of the
lateral overgrowth.
DETAILED DESCRIPTION OF THE
INVENTION

0043) In the present invention the following definitions
apply.
0044) Resonator active layer means a layer of the reso
nator, where the radiation is produced due to recombination
of electricity carriers.
0045 End face of the resonator means a boundary surface
of the resonator, essentially perpendicular to the direction of
the emitted light beam. The light is at least partially reflected
from such a surface, because the index of refraction of

monocrystalline nitrides, of which the resonator is formed,
is higher than the index of refraction of the medium, in
which the laser is placed (usually this is air or polymer). End
faces of the resonator, with or without window layers, may
be covered with reflection layers. Usually one of such
reflection layers reflects much more light than the other one.
In this case the radiation produced by the laser is emitted
essentially in one direction, set by the reflection layer with
lower reflectivity. Thus, we refer to the resonator end face
corresponding to low reflectivity layer as to light or radia
tion-emitting end face, while the other end face is called
light-reflecting end face.
0046 Window layer means a layer having a wider energy
gap than that of the active layer or the (multi)guantum well
layer, which is formed directly on the light emitting end face
of resonator for avoiding the problems caused by the nar
rower energy gap of the end face of the resonator. The
thickness of the window layer is preferably equal to integer
multiplicity of emitted radiation wavelength (now). A window
layer may be additionally covered by a protective layer.
0047 Gallium-containing nitride means a nitride of gal
lium and optionally other element(s) of group XIII. It
includes, but is not restricted to, the binary compound GaN.
ternary compounds such as AlGaN. InGaN and also AlIn
GaN, where the ratio of the other elements of group XIII to
Ga can vary in a wide range.
0.048 C-, A- or M-plane refers to C-, A- or M-plane
surfaces of hexagonal Group XIII element nitride crystals.
0049 Supercritical ammonia-containing solvent means a
fluid in a Supercritical state, consisting essentially of ammo
nia and one or more Group I element ions, used to dissolve
a gallium-containing feedstock.
0050. The term supercritical solution is used when refer
ring to the supercritical solvent when it contains Group XIII
element(s), in particular gallium in a soluble form origi
nating from the dissolution of feedstock containing Group
XIII element(s), in particular gallium.
0051 Group XIII element(s)-complex compounds, in
particular gallium-complex compounds are complex com
pounds, in which a Group XIII element(s), in particular
gallium atom is a coordination center Surrounded by ligands,

such as NH molecules or its derivatives, like NH, NH,

etc.
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0052 Autoclave means a closed container which has a
reaction chamber where the ammonobasic process of for
mation of window layer is carried out in a method according
to the invention.

0053. In accordance with the invention, the monocrys
talline nitride window layer made of nitride of the general

formula AlGai-In,N where 0s x+ys 1, 0sxs 1 and

0<y<1, is formed in the environment of a supercritical
ammonia-containing solution. Use of this technology allows
to avoid the above problems known in prior art since the
window layer formation temperature is low enough not to
cause damage to the active layer of nitride semiconductor
laser device.

0054. In the case of an active layer made of the indium
containing nitride semiconductor, the formation temperature
of that active layer is typically around 900°C. The indium
containing nitride decomposes at temperature ca. 950° C.
Deposition of monocrystalline nitride layers by MOCVD or
other gaseous phase epitaxial methods takes place at tem
peratures higher than 1000° C. Under such temperature
regime indium-containing nitride active layer is damaged.
Temperature of forming a monocrystalline layer of nitride of

the general formula AlGal-InN where 0sx+ys 1,

Osxs 1 and 0sy<1, in the environment of a supercritical
ammonia-containing solution is lower than 800° C. and is
typically lower than 600° C., preferably it is lower than 550°
C. in the case of GaN. Such a low temperature allows to
avoid thermal deterioration of the indium-containing active
layer. Simultaneously, crystalline quality of the window
layer formed in environment of Supercritical ammonia
containing solution is very good, as evaluated by the tech
niques known in the art.
0055. In nitride semiconductor laser devices, a resonator
with the active layer made of the indium-containing nitride
semiconductor, called an optical wave-guide, is composed
of the active layer and an optical guide layer.
0056. The active layer should have a single quantum well
or a quantum multi-well structure, containing at least one of
the well layers: InGaN or InAlGaN.
0057 The monocrystalline nitride window layer of the

general formula AlGa-In,N where 0sx+ys 1,0sxs 1

and 0sy<1, deposited on the radiation-emitting end face of
the resonator, according to the invention has a composition
tailored to the function to be performed by that layer.
0058 For example, in a nitride semiconductor lasers at
the resonator end faces the energy gap gets narrower and—
consequently—radiation absorption increases at Such end
faces. Composition of the monocrystalline layer of nitride of

the general formula AlGal-InN where 0sx+ys 1,

0SXS 1 and 0sy<1, is thus determined in Such a way as to
widen the energy gap, so that radiation absorption near the
end face would be suppressed considerably.
0059 Also, in the case of nitride semiconductor lasers
with the resonator active layer made of indium-free nitride
semiconductor, it is preferred to cover the resonator end
faces with a monocrystalline layer of nitride of the general

formula AlGal-In,N where 0s x+ys 1, 0sxs 1 and

0sy<1, in low-temperature conditions, in the environment
of a Supercritical ammonia-containing solution, adjusting
the width of the energy gap of this layer material so that it
would be wider than the width of the energy gap of the
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nitride semiconductor of the resonator active layer. Selection
of the preferred formula of the semiconductor nitride win
dow layer is thus based on the desired width of the energy
gap. The width of the energy gap in nitride semiconductors
grows in the sequence: InGaN-GaN-GaAlNCAIN. In
nitride semiconductor laser device according to the inven
tion, the thickness of a monocrystalline layer of nitride of the

general formula AlGali-In,N where 0sx+ys 1,0sxs 1

and 0sy<1, should be over 50 angstroms and its thickness
should be equal to nu, wherein w is a wave length of the
radiation emitted by active layer of laser device and n is an
integer number.
0060 According to the invention the resonator end face
covered with a monocrystalline window layer of nitride of

the general formula AlGal-InN where 0sx+ys 1,

Osxs 1 and 0sy<1, can be covered with additional protec
tive layers, for example, the ones increasing mechanical
strength or chemical resistance.
0061. To form a monocrystalline window layer of gal
lium-containing nitride of the general formula AlGa.

yInN where 0s x+ys 1,0sxs 1 and 0sy<1, on the reso

nator end face in an adequately low temperature, according
to the invention, the environment of a Supercritical ammo
nia-containing solution is applied in compliance with the
method disclosed in detail in WO 02/10.1120, full content of

which is incorporated here as reference. The method corre
sponds to forming a monocrystalline layer of nitride of the

general formula AlGal-InN where 0s x+ys 1,0sxs 1

and 0sy<1, on a seed. In accordance with the present
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0064. Therefore, it is recommended that, prior to cover
ing the resonator end face with a monocrystalline window

layer of nitride of the general formula AlGa-InN where

Osx+ys 1, 0sxs 1 and 0sy<1, in the environment of a
Supercritical ammonia-containing Solution, other Surfaces
should be covered with an adequate mask layer.
0065 Particular good results are obtained when a GaN
wafer having surfaces susceptible to the lateral overgrowth
of crystalline GaN (ELOG structures) is used as the primary
substrate 1 (FIG. 1) instead of sapphire.
0066 Successive phases of forming the three exemplary
types of substrates (for epitaxial formation of nitride semi
conductor laser device according to the invention) having
the monocrystalline nitride layer formed as a result of the
lateral overgrowth are presented in FIG. 9-11.
0067. As presented in FIG. 9, the surfaces 206 suscep
tible to the lateral overgrowth may be formed through a
partial covering of the nitride-based substrate 203 with a
mask layer 204. Over the mask layer 204, a monocrystalline
nitride layer 207 is formed as a result of the lateral over
growth. Hence, it is advisable that the mask layer 204 should
not dissolve or dissolve slightly in the Supercritical ammo
nia-containing solution. It may be for example made of
metallic silver—Ag. The mask layer may be also used for
protecting other—all or some—Surfaces of the primary
substrate.

0068. As shown in FIG. 10, the monocrystalline nitride
layer 207, formed as a result of the lateral overgrowth may

invention, at least a Surface of resonator end face of the laser

be also formed on the nitride-based substrate 203 of a

device of the present invention corresponds to a seed in the
process disclosed in WO 02/101 120.
0062. Due to application of the crystallization method in
the environment of a Supercritical ammonia-containing Solu
tion it is possible to form a monocrystalline nitride window
layer on the resonator end face at temperature lower than
800° C., preferably lower than 600° C., and most preferably
lower than 550° C. This method is carried out in high
pressure autoclaves typically made of nickel alloys. Hence,
as a result of passing of alloy components into the Super
critical ammonia-containing solution, the formed monocrys
talline nitride layer contains also such elements as: Ni, Cr,

surface shaped in the form of stripes 205. In this case it was
formed on the side walls 206 of stripes 205. It is also
possible to carry out a lateral overgrowth of this layer on

Co, Ti, Fe, Al, Si or Mn.

0063) Nitride semiconductor laser devices can be manu
factured on the nitride-based substrates. They can be also
manufactured on multi-component Substrates, for example
on Such Substrates, wherein—followed by adequate process
ing—a monocrystalline nitride layer was formed on sap
phire, spinel, ZnO, SiC or Si wafers at least on one of its
sides. In each of those cases a monocrystalline nitride layer
may be formed as a result of lateral overgrowth. Due to
application of the crystallization method in the environment
of a Supercritical ammonia-containing solution it is recom
mended to use a nitride semiconductor Substrate. In the case

of nitride semiconductor laser devices, formed on a substrate

of a different type (of a composition other than that of the
resonator end face covering layer), the Substrate material
may react with the Supercritical ammonia-containing Solu
tion during the process. Substrate components will be then
introduced into the environment of a Supercritical ammonia
containing Solution, leading to pollution of the obtained
monocrystalline nitride window layer.

selected side walls 206.

0069. As presented in FIG. 11, the monocrystalline
nitride layer 207 may be formed only on the part of the
nitride-based substrate 203. Consequently, the surface dis
location density of the layer 207 is significantly lower than
that of the nitride-based substrate 203. In this case, the

nitride-based substrate 203 was partially covered with the
mask layer 204, and the monocrystalline nitride layer 205
was grown out of the mask layer openings 204 up-ward and
laterally. In result, Stripes made of a nitride semiconductor
having a cross-section similar to T-bars were formed. After
the mask layer 204 is removed only those T-bars remain, and
a further monocrystalline nitride layer 207 is formed on
them as a result of the lateral overgrowth.
0070. In order to form on the primary substrate a layer
made of a monocrystalline nitride of the general formula

AlGal-InN, where 0s x+ys 1, whereas 0sxs 1 and

Osy<1, which could be used for epitaxial formation of
nitride semiconductor laser device according to the inven
tion, it is recommended that it should be formed at relatively
low temperature. This is possible if the crystallization
method carried out in the environment of a Supercritical
ammonia-containing solution as disclosed in WO 02/101 120
is used. In the case of formation a preferred substrate for
nitride semiconductor laser device according to the present
invention—crystallization of desired group XIII nitride
takes place on the Surfaces susceptible to the lateral over
growth of nitrides arranged on the primary Substrate. Under
Such conditions it is possible to form—as a result of the
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lateral overgrowth the monocrystalline nitride layer at
temperature lower than 600° C. and preferably lower than
550° C. on the properly shaped primary substrate, as
described above. Implementation of the crystallization
method in the environment of a Supercritical ammonia
containing Solution in a typical high-pressure autoclave
causes that the monocrystalline nitride layer as formed due
to the lateral overgrowth contains also Such elements as: Ni,
Cr, Co, Ti, Fe, Al, Si and Mn. It is recommended that the

thickness of a monocrystalline nitride layer formed as a
result of the lateral overgrowth should be higher than 1 lum.
0071. The window layers deposited in accordance with
the present invention have both high quality and desired
thickness. Such layers may have surface dislocation density

of less than 10/cm and FWHM of X-ray rocking curve

from (0002) plane of 50 arcsec or less.
0072 Due to the production process, the mono-crystal
line gallium-containing nitride window layer may contain
alkali elements, usually in an amount of more than about 0.1
ppm. Generally it is desired to keep the alkali-elements
content lower than 10 ppm.
0073. The mono-crystalline gallium-containing nitride
window layer may additionally comprise traces of Ti, Fe,
Co, Cr, and Ni introduced in the production process in effect
of corrosion of the autoclave under the process condition.
Such trace impurities do not adversely affect the properties
of the obtained window layer.
0074 Generally, halogens are not intentional components
of a mono-crystalline gallium-containing nitride window
layer of the present invention. However, it is also possible
that halogens are present therein. It is usually desired to keep
the halogen content of gallium-containing nitride in the
range of about 0.1 ppm or less.
0075. The window layer on radiation-emitting end face of
resonator of the nitride semiconductor laser device accord

ing to the invention is obtained by a method involving
dissolution of a Group XIII elements feedstock in a super
critical Solvent and crystallization of a gallium-containing
nitride on a surface of the end face, with over-saturation of

the Supercritical Solution with respect to gallium-containing
nitride being reached by means of temperature and/or pres
sure variations. In a preferred embodiment it is obtained by
a method involving dissolution of a gallium feedstock in a
Supercritical solvent and crystallization of a gallium nitride
on a surface of the end face, at temperature higher and/or
pressure lower than in the dissolution process.
0.076 Typically, the supercritical solvent contains ammo

nia and/or its derivatives, and includes ions of elements of

Group I-at least lithium or sodium ions, the feedstock
consists essentially of gallium-containing nitride and/or its
precursors, selected from a group including azides, imides,
amido-imides, amides, hydrides, gallium-containing metal
compounds and alloys, as well as metallic Group XIII
elements, especially metallic gallium.
0077. In the process in which a nitride mono-crystalline
window layer of the present invention is formed, crystalli
Zation of gallium-containing nitride takes place in an auto
clave, at temperatures ranging from 100° C. to 800° C. and
at pressures from 10 MPa to 1000 MPa and a molar ratio of
ions of elements of Group I is usually not higher than 1:2.
in the terms of the moles of the metalion based on the moles
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of the solvent (molar ratio). In a preferred embodiment the
concentration is not higher than 1:5, more preferably not
higher than 1:20 (moles of the metal ion based on the moles
of the solvent).
0078. As a source of alkali-metal ions alkali metals or
alkali metal compounds, excluding those containing halo
gens, are used. The growth of a mono-crystalline gallium
containing nitride window layer is controlled by means of
adjusting temperature and pressure of dissolution step and
temperature and pressure of crystallization step. Crystalli
zation step requires a temperature range of 400° C. to 600°
C.

0079 According to the present invention a mono-crys
talline gallium-containing nitride window layer is crystal
lized in an autoclave with two separated Zones—dissolution
Zone and crystallization Zone, with a temperature difference
between the two Zones during crystallization not bigger than
150° C., preferably not bigger than 100° C. The control of
over-saturation of Supercritical Solution with respect to
gallium-containing nitride in the crystallization Zone of the
autoclave with two separated Zones and a predetermined
temperature difference between the two zones is achieved by
controlling chemical (mass) transport between the two Zones
by means of use of a baffle or baffles separating the two
Zones and/or by means of using a feedstock material con
taining gallium in a form of gallium-containing nitride
crystals having a total surface area bigger than a total surface
area of the resonator end face on which the window layer is
formed.

0080 Preferably, the dissolution step and the crystalliza
tion step are conducted—at least partially—simultaneously
in the same autoclave. For Such an embodiment pressure is
practically uniform within the reaction vessel, while tem
perature difference between the dissolution Zone and crys
tallization Zone should be at least 1° C., and preferably from
5° C. to 150° C. Furthermore, the temperature difference
between the dissolution Zone and crystallization Zone should
be controlled so as to ensure a chemical transport in the
Supercritical solution, which takes place through convection
in an autoclave.

0081. In the present invention many materials containing
Group XIII element(s), in particular gallium, which are
soluble in the supercritical solvent under the conditions of
the present invention, can be used as a feedstock. Typically,
a gallium-containing feedstock will be a Substance or mix
ture of Substances, which contains at least gallium, and
optionally alkali metals, other Group XIII element(s), nitro
gen, and/or hydrogen, such as metallic elements of Group
XIII, in particular Ga, alloys and inter-metallic compounds,
hydrides, amides, imides, amido-imides, azides. Suitable
gallium-containing feedstock can be selected from the group
consisting of gallium nitride GaN. azides such as Ga(N).
imides such as Ga(NH), amido-imides Such as
Ga(NH)NH2, amides such as Ga(NH), hydrides such as
GaH gallium-containing alloys, metallic gallium and mix
tures thereof. Preferred feedstock is metallic gallium, gal
lium nitride and mixtures thereof. Most preferably, the
feedstock is metallic gallium or gallium nitride. If other
elements of Group XIII are to be incorporated into the
gallium-containing nitride crystal, corresponding com
pounds or mixed compounds including Ga and the other
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Group XIII element can be used. If the substrate is to contain
dopants or other additives, precursors thereof can be added

prepared nitride mono-crystalline window layer. It is pos

to the feedstock.

about 0.1 ppm, even more than 10 ppm. However, in these
amounts the alkali metals do not detrimentally effect the
properties of the mono-crystals. It has been found that even
at alkali metal content of 500 ppm, the operational param
eters of a nitride mono-crystalline window layer formed
according to the invention are still satisfactory.
0088. The dissolved feedstock crystallizes in the crystal
lization step under the low solubility conditions on the
radiation emitting end face of nitride semiconductor laser
device placed in the autoclave.
0089 Preferably, gallium-containing nitride window
layer consists essentially of GaN. GaAlN or AlN.
0090. A careful combination of the above discussed pro
cess features leads to obtaining good quality of gallium
containing nitride window layer. Depending on the duration
of the process and the size of an autoclave used desired

0082 The form of the feedstock is not particularly crucial
and it can be in the form of one or more pieces or in the form
of a powder. If the feedstock is in the form of powder, care
should be taken that individual powder particles are not
transported from the dissolution Zone to the crystallization
Zone, where they can cause uncontrolled crystallization. It is
preferable that the feedstock is in form of one or more pieces
and that the surface area of the feedstock is larger than that
of the crystallization seed.
0083. The nitrogen-containing solvent employed in the
present invention must be able to form a supercritical fluid,
in which gallium can be dissolved in the presence of alkali
metal ions. Preferably the solvent is ammonia, a derivative
thereof or mixtures thereof. A suitable example of ammonia
derivative is hydrazine. Most preferably the solvent is
ammonia. To reduce corrosion of the reactor and to avoid

side-reactions, halogens e.g. in the form of halides are
preferably not intentionally added into the reactor. Although
traces of halogens may be introduced into the system in the
form of unavoidable impurities of the starting materials, care
should be taken to keep the amount of halogens as low as
possible. Due to the use of a nitrogen-containing solvent
Such as ammonia it is not necessary to include nitride
compounds into the feedstock.

0084. It has turned out that also other gallium compounds
and even metallic gallium may become sources of gallium
ammonia complexes. For example, gallium complexes
could be introduced into a solvent having the above com
position starting with the simplest Substrate, i.e. metallic
gallium. By means of appropriate change in conditions (e.g.
increase in temperature) formation of a gallium-nitride over
saturated Solution is obtained and crystallization on seed
OCCU.S.

0085. The solubility of feedstock, namely gallium and
corresponding elements of Group XIII and/or their com
pounds, can be significantly improved by the presence of at
least one type of alkali metal-containing component as a
solubilization aid (“mineralizer”). Lithium or a mixture of
lithium and sodium are preferred as alkali metals. The
mineralizer can be added to the supercritical solvent in
elemental form or in the form of alkali metal compound.
Generally the choice of the mineralizer depends on the
Solvent employed in the process.
0.086 If the mineralizer is in the form of a compound, it
is preferably an alkali metal hydride such as MH, an alkali
metal nitride Such as MN, an alkali metal amide Such as
MNH, an alkali metal imide such as MNH or an alkali
metal azide such as MN (wherein M is an alkali metal). The
concentration of the mineralizer is not particularly restricted
and is selected so as to ensure adequate levels of Solubility
of feedstock (the starting material), crystallization seed and
gallium-containing nitride (the resulting product). It is usu
ally not higher than 1:2, in the terms of the moles of the
metal ion based on the moles of the solvent (molar ratio). In
a preferred embodiment the concentration is not higher than
1:5, more preferably not higher than 1:20 (moles of the
metal ion based on the moles of the solvent).
0087. The presence of the alkali metal in the process can
lead to the presence of alkali-metal elements in the thus

sible that the amount of alkali metal elements is more than

thickness of the window layer, bigger than 50 A, may be
reached.

0091 Due to the good crystalline quality, the obtained
window layer of gallium-containing nitride of the present
invention improves significant durability and lifetime of
nitride semiconductor laser devices, in particular for nitride
lasers and laser diodes.

0092. Further herein a detailed description of the embodi

ments of the present invention is provided.
0093. The cross-section of the nitride semiconductor
laser device according to the present invention is shown on
the enclosed FIG. 1. On the substrate in form of a sapphire
wafer or gallium-containing nitride Substrate 1 the n-type
nitride semiconductor layers 2 and the p-type nitride semi
conductor layers 4 were deposited. Between them there is
the active layer 3 in the form of an indium-containing nitride
semiconductor quantum multi-well layer. The n-type nitride
semiconductor layers 2 are composed of the n-type contact
layer 21, the crack-preventing layer 22, the (emitter) n-type
clad layer 23 and the n-type optical guide layer 24. The
p-type nitride semiconductor layers 4 are composed of the
electron confining layer 41, the p-type optical guide layer
42, the (emitter) p-type clad layer 43 and the p-type contact
layer 44.
0094. In the above structure, the nitride laser resonator is
composed of the aforementioned active layer 3, the n-type
optical guide layer 24 and p-type optical guide layer 42 and
the electron confining layer 41. The resonator radiation
emitting end face is covered with a monocrystalline layer 5

of nitride of the general formula AlGal-In..N. If an

analogous layer is also laid on the resonator end face on the
side that reflects radiation it is possible to reduce damage
caused thereto by absorption of radiation.
0095 The successive phases of the nitride semiconductor
laser manufacturing process are illustrated on the diagram
matic drawing FIG. 2. Accordingly, the buffer layer 11
grown at low temperatures is deposited on the Substrate in
form of sapphire wafer 1 and on the buffer layer there are
deposited one after another: the n-type nitride semiconduc
tor layer 2, the active layer 3 and the p-type nitride semi
conductor layer 4.
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0096. The obtained nitride semiconductor structure is
Subject to etching, as a result of which resonator end faces
are uncovered (FIG. 2-B). The uncovered resonator end
faces are covered with a monocrystalline layer of nitride of

the general formula AlGa-InN in the environment of a

Supercritical ammonia-containing Solution. For that purpose
the laser structured Substrate is placed in a high-pressure
autoclave together with the feedstock necessary for produc
ing the monocrystalline layer of nitride of the general

formula AlGa-InN and with the mineralizer. The auto

clave is closed and filled with ammonia. The solution is

brought to a Supercritical condition through adequate tem
perature and pressure adjustment.
0097. In this case crystallization of a monocrystalline

layer of nitride of the general formula AlGa, In,N takes

place on the laser device structure (FIG. 2-B) formed by
deposition on the Substrate 1 in Succession of the n-type
nitride semiconductor layer 2, the active layer 3 and the
p-type nitride semiconductor layer 4. This structure is an
equivalent of the crystallization seed, as referred to in the
quoted WO 02/10.1120. Instead of this structure, it is also
possible to use structures that are deprived of all layers
except for the nitride ones, such as sapphire substrate (FIG.
3). Moreover, it is possible to use the resonator laser
structures wherein only the radiation-reflecting end face is
covered with the mask layer 6 (FIG. 4) or resonator struc
tures whose all Surfaces except for the radiation-emitting
end face are covered with the mask layer 6 (FIG. 5), or
finally structures wherein only the uncovered sapphire layer
1 surfaces are covered with the mask layer 6 (FIG. 6). The
aforementioned mask layer 6 may be formed of the material
which does not become etched in the Supercritical ammonia
containing Solution or—if it does—it is not an undesirable
dopant in a formed monocrystalline window layer of nitride

of the general formula AlGa-In, N. For example, metal

lic silver can be used as that sort of material.

0.098 As a result of a high-pressure reaction in the
autoclave, a monocrystalline layer of nitride of the general

formula AlGa-In N is formed on uncovered surfaces of

the nitride semiconductor laser device structure (FIG. 2-C).
0099. The above method of forming a monocrystalline
nitride layer in the environment of a Supercritical ammonia
containing solution is based on taking an advantage of
negative temperature coefficient of Solubility of compounds

of the aforementioned general formula AlGa, In,N in the
Supercritical Solvent containing ammonia and alkali metal

1O.S.

0100. The negative temperature coefficient of solubility
means that a specific nitride exhibits lower solubility at high
temperature and higher solubility at low temperature. Thus,
if high- and low-temperature Zones are obtained in the
autoclave, dissolution of a nitride takes place in the low
temperature Zone and crystallization thereof takes place in
the high-temperature Zone. As a result of convection gen
erated between the low-temperature Zone and the high
temperature Zone, adequate Supersaturation of the Solution is
maintained in the reaction chamber in the high-temperature
Zone, due to which a selective growth of nitrides on seeds
takes place.
0101 The laser structure is thus placed in the higher
temperature Zone (in the crystallization Zone), and the feed
stock in the lower-temperature Zone of the autoclave (in the

Feb. 28, 2008

dissolution Zone). Dissolution of the feedstock takes place in
the dissolution Zone. In the entire system, as a result of a
temperature difference a convection mass flow is generated,
due to which the dissolved feedstock is transported to the
higher-temperature Zone. Due to a lower solubility at high
temperatures, a Supercritical solution becomes Supersatu
rated in the crystallization Zone and it results in that the
dissolved feedstock becomes crystallized on the laser struc
ture placed in that Zone. Crystallization approached in this
way results in forming a monocrystalline window layer of

nitride of the general formula AlGai-In N which is a
crucial element of this invention. Moreover, a characteristic

feature of this method, as compared to the methods by which
nitride layers are formed of the gaseous phase at tempera
tures of over 900° C., is the fact that it allows growth of
monocrystalline nitride layers at temperatures Substantially
lower than 800° C., preferably lower than 600° C., and most
preferably lower than 550° C. Due to this, in the laser
structure placed in the higher-temperature Zone a thermal
deterioration of the indium-containing nitride semiconduc
tor active layer does not take place.
0102 GaN or its precursor may be used as feedstock in
a preferred embodiment of the invention. GaN may be used
in the form of wafers obtained by methods of growth from
the gaseous phase, such as: HVPE (Halide Vapor Phase
Epitaxy) or MOCVD (Metallo-Organic Chemical Vapor
Deposition), or else by the method of crystallization on
seeds in the environment of a Supercritical ammonia-con
taining solution. Compounds selected from gallium azide,
gallium amide, metallic gallium or their mixtures can be
used as a precursor of gallium nitride.
0103) In the method of crystallization in the environment
of a Supercritical ammonia-containing solution, it is possible
to use alkali metals, such as: Li, Na or compounds of alkali
metals, such as: hydrides, amides, imides, amide-imides or
azides as a mineralizer.

0104. According to the invention it is recommended that
the thickness of the monocrystalline window layer 5 of

nitride of the general formula AlGa-In N is greater than

50 angstroms. If thickness thereof is less than 50 angstroms,
the effect of smoothing of the etched surface will be lesser.
On the other hand the top limit of thickness depends on a
production capacity of a manufacturer.
0105 Moreover, according to the present invention, the
monocrystalline window layer 5 of nitride of the general

formula AlGa, In,N is formed preferably on the surface

of stripes and end faces and on the Surface of the n-type
contact layer 21, but it is recommended that overgrowth of
the window layer 5 on the surface of the n-type contact layer
21 be kept at the level of less than 2 um so that it would not
fill in the stripe active layer.
0106 To improve the smoothing effect of the window
layer 5, it is recommended according to this invention that
the content of Al in a monocrystalline layer of nitride of the

general formula AlGa-In,N be lower. Nevertheless, to

improve operation of the window structure, a small content
of Al is desirable. Therefore Al content should not be zero,

and the window layer 5 should be preferably composed of a
nitride of the formula AlGaN
0107. By forming the window layer 5 on the etched
lateral Stripe surfaces and resonator end faces, it is possible
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to bring them to high Smoothness. In other words, just after
being etched the stripe and end faces are relatively irregular
and deposition of the window layer 5 thereon fills-in irregu

0118 (6) p-type electron confining layer in form of 300
angstroms thick p-type Alo, Gao N layer, doped with Mg

larities and makes surfaces smooth. Moreover, the window

0119 (7) 0.2 Lum thick undoped GaN p-type optical guide
layer
0120 (8) p-type clad layer in the form of the superlattice
of the total thickness being 0.6 um, formed by alternate
deposition of 25 angstroms thick undoped InGaos-N
layers and 25 angstroms thick undoped GaN layers
0121 (10) 150 angstroms thick p-type contact layer of

layer 5 can be a homogenous one, but it can be also
composed of several layers varied in composition, especially
in Al content.

0108. After the window layer 5 is formed, the structure is
Subject to further typical processing to form ridges which are
next covered with the ZrO protective layer 70. On the top
part of the ridges a p-type electrode 80 is formed so that it
could be in contact with the p-type contact layer 43 with an
ohmic contact being assured. Next, the n-type electrodes 90
arranged parallel to the p-type electrodes are formed on the
Surface of the n-type contact layer 21. In further sequence,
the p-type pad electrode 110 and n-type pad electrode 120
are formed. Moreover, the SiO/TiO insulating coating is
formed to cover the entire element except for the p-type
electrode and the n-type electrode, and due to an alternate
arrangement of the SiO, and TiO, layers it serves as the
radiation-reflecting layer 100 when the laser diode is
excited. Finally, individual laser diodes are cut out from the
wafer. In this way a finished nitride semiconductor laser
device (FIG. 1) is obtained.
0109 The radiation-emitting end faces of nitride semi
conductor laser devices of types other than described above
can be covered with the monocrystalline nitride window
layer in the same way.
0110. The present invention is further illustrated in the
following examples, serving only serve as an illustration.
The invention is not however limited to the following
examples only.
EXAMPLE 1.

0111 First, the sapphire wafer 1 of 2 inch diameter and
a surface essentially perpendicular to c-axis is placed in the
MOCVD reactor. Temperature is set at 510° C. Hydrogen is
used as carrier gas and gaseous Substrates of the reaction are:
ammonia and TMG (thrimethylgallium). The GaN buffer
layer 11 of 200 angstrom thick is formed on the sapphire
wafer, in the conditions of low-temperature growth.
0112. On the buffer layer, the following layers are depos
ited one after the other:

0113 (1) 4 um thick n-type GaN contact layer, doped
with Si at the level of 3x10"/cm.

0114 (2) 1.5 um thick undoped InooGaolo N crack
preventing layer.
0115 (3) n-type clad layer, in the form of the superlattice
of the total thickness being 1.2 Lum, formed by alternate
deposition of 25 angstroms thick undoped Ino, Gao N
layers and n-type GaN layers doped with Si at the level of
1x10/cm.

0116 (4) 0.2 Lum thick undoped n-type GaN optical guide
layer of.
0117 (5) the active layer of the total thickness being 380
angstroms in the form of a quantum well of the structure
of alternately arranged barrier and well layers, wherein
100 angstroms thick IncosGaoosN layer forms the barrier
leyer, and 40 angstroms thick undoped Ino, Gao N leyer
forms the well layer.

at the level of 1x10'/cm.

p-type GaN doped with Mg at the level of 1x10'/cm.

0.122. After the above layers have been deposited, the
formed nitride semiconductor structured substrate is subject
to annealing in the MOCVD device under the nitrogen
atmosphere, at temperature of 700° C., which additionally
reduces resistance of the p-type nitride semiconductor layer.
0123. After annealing, the substrate is taken out from the
reactor and a mask layer in the form of SiO, Strips is
deposited on the Surface of the top p-type contact layer.
Next, by using the RIE method (reactive ion etching), the
parallel laser structures are formed in the form of stripes,
uncovering thereby resonator end faces and the Surface of
the n-type contact layer. The SiO, mask layer formed on the
Surface of the top p-type contact layer is removed using the
wet etching method.

0124) Next, the laser structured substrate is introduced

into the approx. 36 cm high-pressure autoclave together
with the feedstock in the form of GaN (about 0.5 g) wafers
obtained by the HVPE method and a mineralizer in the form
of metallic lithium (about 0.018 g) of 3N purity.
0.125 Having been filled with ammonia (about 14.5 g)
the high-pressure autoclave is tightly closed and heated in a
two-Zone furnace, with the maximal temperature inside the
autoclave not exceeding 550° C. The autoclave reaction
chamber is divided into two Zones: the crystallization Zone
and the dissolution Zone. In the crystallization Zone (at
temperature of about 550° C.) there is a laser structured
Substrate, whereas in the dissolution Zone (at temperature of
about 450° C.) there is feedstock in the form of GaN wafers.
The sealed autoclave is kept in constant temperature condi
tions for three days (FIG. 7).
0.126 Under the conditions, in the environment of a
Supercritical ammonia-containing solution, a desired about 1
um thick monocrystalline gallium nitride (GaN) layer 5 is
grown on the lateral stripe walls and the uncovered Surfaces
of the n-type contact layer and p-type contact layer.
0127. After a GaN monocrystalline layer 5 is formed on
the resonator end face, the monocrystalline GaN formed on
the Surface of the top p-type contact layer is removed by
etching. Next, the uncovered surface of the p-type contact
layer is covered with the mask layer in the form of 1.5 um
wide SiO, strips of and etching of the p-type clad layer is
continued until ridges are formed on the stripe part. Etching
is continued until thickness of the p-type clad layer is 0.1 um
on both sides of ridges.
0128 In this way a ridge part of 1.5um width is formed.
0129. Next, by use of the ion sputtering method, a 0.5um
thick ZrO coating is formed so that it would cover stripe
surfaces from the top surface of the SiO, mask layer.
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0130. In effect of this thermal processing, the protective
layer 70 in the form of the ZrO coating is deposited on the
top stripe surface, on lateral walls of ridges and on the
surface of the p-type clad layer located on both sides of
ridges. This coating allows to stabilize a lateral mode at the
moment of laser actuation.

0131) Next the p-type electrode 80 in the form of Ni/Au
is formed on the p-type contact layer so that an ohmic
contact would appear, and the n-type electrode 90 in the
form of Ti/Al-on the n-type contact layer. Then, the
semiconductor wafer with laser structures thus prepared is
subject to thermal processing at temperature of 600° C.
Next, adequate pad electrodes in the form of Ni(1000

A)-Ti(1000 A)-Au(8000 A) are laid on the p-type 80 and
n-type 90 electrodes. After the radiation-reflecting surface
100 in the form of SiO, and TiO, layers has been formed, the

finished nitride semiconductor lasers are cut out from the
wafer.

0132 Nitride semiconductor lasers manufactured in this
way are equipped with a heat sink. Due to an increase of a
COD (Catastrophic Optical Damage) threshold, as a result
of covering the resonator end face with the monocrystalline
nitride layer 5 it is observed that after the laser is excited in
a continues operation mode—with the threshold current

density of 2.0 kA/cm, the power output of 100 mW and the

405 nm light wavelength the average lifetime of the laser
is Substantially extended as compared to the average lifetime
of analogous lasers without such a monocrystalline layer.
EXAMPLE 2

0133. In this Example 2, only the resonator radiation
emitting end face is covered with a GaN monocrystalline
layer, whereas other stages of laser production are carried
out as in Example 1. The laser element made in this way is
also equipped with a heat sink. Similar as in Example 1, the
average lifetime of the laser with the threshold current

density of 2.0 kA/cm, the power output of 100 mW and the

405 nm light wavelength is extended.
EXAMPLE 3

0134. In this Example 3, after the buffer layer is formed
on a sapphire wafer, a 100 um thick GaN layer is deposited
by the HVPE method. Next, as in Example 1, the n-type
nitride semiconductor layer, the active layer and the p-type
nitride semiconductor layer are formed. Next, Sapphire is
removed and consequently a homogenous GaN Substrate is
obtained. In the Successive stages, as in Example 1, reso
nator end faces are uncovered and Subsequently covered
with a 0.5um thick GaN monocrystalline layer crystallized
in the environment of a Supercritical ammonia-containing
solution. In the case of the nitride semiconductor laser thus

obtained, its parameters may be expected to get improved as
in Example 1.
EXAMPLE 4

0135 The same procedures as in Example 1 are followed,
except that the sapphire wafer is covered with a metallic
silver coating. In other respects, production of the laser
diode is analogous to that in Example 1.
EXAMPLE 5

0136. The same procedures as in Example 1 are followed,
except that a different mineralizer is used to obtain the
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monocrystalline gallium nitride (GaN) window layer 5,
formed by re-crystallization form Supercritical ammonia
containing Solution. Instead of metallic lithium, lithium
azide (LiN) in the amount of 0.13 g is introduced into the
autoclave. The gallium nitride window layer 5 formed in this
process has the thickness of about 1 Jum.
EXAMPLE 6

0.137 The same procedures as in Example 1 are followed,
except that a mixture of metallic lithium and metallic
Sodium is used as a mineralizer when forming the monoc
rystalline gallium nitride (GaN) window layer 5 by re
crystallization form Supercritical ammonia-containing solu
tion. Thus, 0.016 g of metallic lithium and 0.006 g of
metallic sodium are introduced into the autoclave, giving the
molar ratio of Li:Na=9:1. The gallium nitride window layer
5 formed in this process has the thickness of about 1 lum.
EXAMPLE 7

0.138. The same procedures as in Example 1 are followed,
except that a different feedstock material is used when
forming the monocrystalline gallium nitride (GaN) window
layer 5 by re-crystallization form supercritical ammonia
containing Solution. Namely, the laser structured Substrate is

introduced into the approx. 36 cm high-pressure autoclave

together with the feedstock in the form of metallic gallium
(about 0.6 g) and a mineralizer in the form of metallic
lithium (about 0.018 g) of 3N purity.
0.139 Having been filled with ammonia (about 14.5 g)
the high-pressure autoclave is tightly closed and heated in a
two-Zone furnace. The autoclave reaction chamber is

divided into two Zones: the crystallization Zone and the
dissolution Zone. The dissolution Zone, containing the gal
lium feedstock, is heated to 450° C. (at 2°C./min), while the
crystallization Zone, containing the laser structured Sub
strate, is not heated and the temperature in this Zone is not
significantly higher than room temperature. This tempera
ture is maintained inside the autoclave for the next two days
(FIG. 8), during which the metallic gallium feedstock reacts
completely to polycrystalline-GaN. The temperature of the
crystallization Zone is then increased to 550° C. (at 2
C./min). The autoclave is kept in such thermal conditions for
three days (FIG. 8).
0140. The gallium nitride window layer 5 grown in this
process on the lateral stripe walls and the uncovered Surfaces
of the n-type contact layer and p-type contact layer has the
thickness of about 0.8 um.
EXAMPLE 8

0.141. The same procedures as in Example 1 are followed,
except that a monocrystalline AlGaN window layer 5 is
formed by re-crystallization form Supercritical ammonia
containing solution.
0142. In this Example 8, the laser structured substrate is

introduced into the approx. 36 cm high-pressure autoclave

together with the feedstock in the form of GaN wafers
obtained by the HVPE method (about 0.25 g) as well as four
polycrystalline-AlN pellets (0.83 g) and a mineralizer in the
form of metallic lithium (about 0.018 g) of 3N purity.
0.143 Having been filled with ammonia (about 14.5 g)
the high-pressure autoclave is tightly closed and heated in a
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two-Zone furnace, with the maximal temperature inside the
autoclave not exceeding 550° C. The autoclave reaction
chamber is divided into two Zones: the crystallization Zone
and the dissolution Zone. In the crystallization Zone (at
temperature of about 550° C.) there is a laser structured
Substrate, whereas in the dissolution Zone (at temperature of
about 450° C.) there is feedstock. The sealed autoclave is
kept in constant temperature conditions for three days (FIG.
7).
0144. As the result of this process, a monocrystalline
window layer 5 having the composition of AlGao,N is
formed on the lateral stripe walls and the uncovered surfaces
of the n-type contact layer and p-type contact layer. The
window layer 5 has the thickness of about 0.9 um.
EXAMPLE 9

0145 The same procedures as in Example 1 are followed,
except that instead of a Sapphire wafer 1 a gallium-contain
ing nitride Substrate prepared as described below is used and
it results in a better performance of epitaxial nitride semi
conductor layers deposited as described in Example 1.
0146 In the first stage, on the sapphire wafer 201 having
a Surface oriented perpendicularly to c-axis, at temperature
of 500° C., with use of hydrogen as carrier gas and gaseous
reagents: ammonia and TMG (thrimethylgallium), the buffer
layer 202 is deposited, whereon at a usual growth tempera
ture a n-type semiconductor nitride layer 203 is deposited by
MOCVD (FIG. 10-A). Thickness of the buffer layer 202
ranges from 50 to 500 angstroms. There are however no
limitations as to the thickness of the Subsequent nitride
semiconductor layer 203, other than those arising for the
method of depositing thereof.
0147 Next, the aforementioned nitride semiconductor
layer 203 is subject to etching so as to develop a surface
having a structure of parallel stripes 205 (FIG. 10-B). Due
to the fact that in the environment of a Supercritical ammo
nia-containing Solution the Sapphire wafer 201 reacts with
the solution, adversely affecting the quality of a monocrys
talline nitride layer formed in that environment, the uncov
ered sapphire surfaces 201 should be covered with the
protective mask layer 204 made of the material that does not
dissolve in a Supercritical ammonia-containing solution,
or if it does—it does not provide undesirable dopants in
the obtained monocrystalline ammonia layer. Metallic silver
is an example of that sort of material.
0148. In the next stage, on the primary substrate prepared
in this way, a monocrystalline nitride layer 207 is formed as
a result of the lateral overgrowth by the crystallization
method in the environment of a Supercritical ammonia
containing solution. For that purpose the primary Substrate
is put into the high-pressure autoclave, of the same type as
used in a process of forming a window layer 5 in Example
1. Apart from the substrate, the feedstock and a mineralizer
are put into the autoclave, to be used for formation of the
monocrystalline nitride layer. After ammonia is introduced
into the autoclave, the autoclave is tight closed and the
Solution is brought to a Supercritical state by way of an
adequate temperature control.
0149 The nitride wafer formed in effect of the lateral
overgrowth of crystalline nitrides is then used as the sub
strate 1 instead of a Sapphire wafer.
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EXAMPLE 10

0150. The same procedures as in Example 1 are followed,
except that a SiC wafer having surfaces susceptible to the
lateral overgrowth of crystalline GaN (ELOG structures) is
used as the primary substrate instead of sapphire. The ELOG
structures are formed as described in Example 9. The results
are comparable to those in Example 1.
0151. As explained above, and in accordance with the
aforementioned embodiments of the invention, a particularly
important advantage of nitride semiconductor laser devices,
according to the invention, is an improvement of perfor
mance parameters of said laser devices. According to the
invention, at least the radiation-emitting end face of the two
opposite resonator end faces, is covered with a monocrys
talline window layer of nitride of the general formula

AlGal-InN deposited at a temperature so low that it

does not cause damage to the indium-containing nitride
semiconductor active layer. Due to this it is possible to
extend the energy gap in the area of the radiation-emitting
end face. This allows to reduce radiation absorption at the
end face and increase the COD threshold. Owing to this
invention it is possible to manufacture over 100 mW nitride
semiconductor lasers characterized by higher reliability and
durability.
REFERENCE NUMERALS

0152)
0.153
0154)
0.155
0156

1. sapphire wafer
2. n-type nitride semiconductor layer
3. active layer:
4. p-type nitride semiconductor layer;
5. a monocrystalline layer of nitride of the formula

AlGai-InN
O157) 6. mask layer;
0158 11... buffer layer;
0159. 21. n-type contact layer;
0.160 22. crack-preventing layer;
0161) 23. n-type clad layer;
0162 24. n-type optical guide layer;
0.163 41. electron confining layer;
0.164 42. p-type optical guide layer;
0.165 43. p-type clad layer;
0166 44. p-type contact layer;
0167 70. protective layer;
0168 80. p-type electrode:
0169 90. n-type electrode:
0170) 100. radiation-reflecting layer;
0171 110. p-type pad electrode:
0172 120. n-type pad electrode.
0173 201. primary substrate (GaN wafer, or sapphire,
spinel, ZnO, SiC or Si wafer);
0174) 202. nitride buffer layer;
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0175 203. nitride semiconductor layer (n-type);
0176) 204. mask layer;
0177. 205. crystalline nitride bars having surfaces sus
ceptible to the lateral overgrowth;
0178. 206. Surfaces susceptible to the lateral overgrowth
marked by double line;
0179 207. monocrystalline nitride layer formed by the
lateral overgrowth;
What is claimed is:

1. A method for improving the performance of a nitride
semiconductor laser device having a resonator including an
active layer comprising a nitride semiconductor between an
n-type nitride semiconductor layer and a p-type nitride
semiconductor layer, comprising the steps of
etching or cleaving a laser device structure and forming a
pair of opposite resonator end faces, and
covering the radiation-emitting end face of the resonator
by a window layer of monocrystalline nitride of general

formula AlGa, In,N, where 0s x+ys 1, 0sxs 1

and 0sy<1, having a wider energy gap than that of the
active layer, at low temperature so as not to damage the
active layer.
2. The method for improving the performance of a nitride
semiconductor laser device according to claim 1, wherein
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said step of covering the end face of the resonator is in a
Supercritical ammonia-containing solution.
3. The method for improving the performance of a nitride
semiconductor laser device according to claim 2, wherein
said step of covering the end face of the resonator is done
after covering at least an upper Surface of a resonator p-type
contact layer by a mask having at least an equal chemical
resistance as that of the material of the window layer in the
Supercritical ammonia-containing solution.
4. The method for improving the performance of a nitride
semiconductor laser device according to claim 3, wherein
the mask is selected from the group consisting of SiO,
SiN. AlN and Ag.
5. The method for improving the performance of a nitride
semiconductor laser device according to claim 1, wherein
said step of covering the end face is done by depositing the
monocrystalline nitride layer in a Supercritical ammonia
containing solution at a temperature of 800° C. or less.
6. The method for improving the performance of a nitride
semiconductor laser device according to claim 5, wherein
said step of covering the end face includes depositing the
monocrystalline nitride at 600° C. or less.
7. The method for improving the performance of a nitride
semiconductor laser device according to claim 5, wherein
the monocrystalline nitride has a general formula of AlGa.
xN (0sxs 1).

