»e3eM MXF¥ d6T?J= METHOD FOR THE THERMAL TREATMENT OF A SUBSTRATE HAVI NG
MULTI PLE LAYERS The present invention relates to the thermal treatnent of a
5 substrate having multiple |ayers, according to which a w er
-that is covered fromabove and below is oxidized fromth mm ?mmmm Mly
thereof toward the center. Such a nmethod is known, for exarrpl ring the
production of an aperture for surface emtting sem conductor lasers having
a vertical 10 resonator, which is also designated as a Vertical Cavity

Surface Enitting Lm&% THE YRERMAS. @Eﬂpﬁm@m%#w SURREFRATEN i ch
the radi ati on that _
: AYE

direction perpendicular to the s d a p-n-junction

pl ane. Wth conventional |asers, S e radiation is 15
effected in a direction parallel to the sem conduct or surface and the p
n-junction plane. VCSEL's are used as the preferred |light sources for |arge
paral l el optical conmunication architectures. To enable a coupling of the
VCSEL's with optical fTbergresehbynvationerglates Gaubei thermatiiteaatmenpraff al e.
For the Gaussian radiation profile, and for a | aser 20 activation, a

speci ab circul ar epsstiale ehavinganstisiarisyes, bbeordigbto which at substiatdéayief i ned
precisely. 1 Lit Translation of PCTI EP02108310/Filed 26.07.02/ Chung Hi n,

Yiu et allSTEAG Afag?Séoverel e diithe aﬁé]"b%lo%@?sr bt B e¥eForhOthEesldd%
oxi dation of Al GaAs structures of the VCSEL's that progressed from e

side. For the OX'{I’@ré&%\g}ap@t%C@nggF in a process chanber were br ought to a

treatment tenperaturé and were Oxi di'zed with a mtrogen cont ai ning 5 water
Vapor. AfLer e Xl ok ol Ko krdeh o B M Blod RS ! o
an aperture for surface emitting semiconductor lasers having a vertical
10 resonator, which is also designated as a Vertical Cavity Surface
Emitting Laser (VCSEL). A VCSEL is a semiconductor laser with
which the radiation that is produced is propagated vertically, i.e. in a
direction perpendicular to the semiconductor surface and a p-n-junction
plane. With conventional lasers, the propagation of the radiation is
15 effected in a direction parallel to the semiconductor surface and the p-
n-junction plane. VCSEL's are used as the preferred light sources for
large parallel optical communication architectures. To enable a
coupling of the VCSEL'’s with optical fibers, they must emit a Gaussian
radiation profile. For the Gaussian radiation profile, and for a laser
20 activation, a special circular aperture is necessary in the VCSEL, and it

must be defined precisely.
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the process tenperature, and they were subsequently renpved fromthe
-process chanber. in order to increase the throughput, wth many VCSEL
processes, the substrates are already renoved fromthe 10 process chanber
at process tenperatures, with the cooling of the substrates then generally
being effected in anbient air. The oxidation fromthe side, as is known for
exanple fromUS Patent 6,014,400, is initiated by the nitrogen-contai ning
wat er vapor treatnent, and an oxidation front is fornmed that proceeds from

the 15 outside tovard bl St il aofHild Ik IGihaPbl M Blbalith F MiGaAes

at nospheres, and during re process ¢

a9 progr assi ogtureRcoh RV CSELR TRatBibalesssebiary Y 7B dfighe “to

a stop. This retardation and halting of the 20 oxi datron front can,
however, not be pexeatan, ytrtﬁ)ﬁ(cﬁ%ELéd inia IPresRsssbambasnwess derosghhda, aso
that it is not possible to forma good and predictable aperture. 2 Lit
Transl ati on of PdTe&PENtO@BEIAIUredarkb wEre0@idized gwithi an, nitrogerecontaining

al / STEAG AZ. 3267 For good optical properties of the VCSEL's, especially

for the formati onwaferavapesi d@ripaioxRiatibadira VOSEL ©in the pidcebs abafrber
exanpl e a Gaussian radiation profile, a precise aperture formation is,

however, necessaryere cBoRACRTAAINE Yis! indLFe 469 idrishatiyd! Rt thgﬁ art,

it is therefore an object of the pr invention to provi W th

SUbsirate i 5 posdi BUCEER t?ﬂrg%*%tﬂﬁ%f%"ﬂ%@‘%frte?éeg%% ety iéws?giqroarzed,

i.e. that a progr%ssron of the raI oxj dation c n e sto pe %t a 10
specified point. PERFLRBSC am?@r B Quler hinsreasshing HirQuaR e Withsmapy, | zed
by a nethod for the thermal treat rrent of a substrate especi all¥

VCSEL processes, the substrates are already removed from the

10 process chamber at process temperatures, with the cooling of the
substrates then generally being effected in ambient air.

The oxidation from the side, as is known for example from US

Patent 6,014,400, is initiated by the nitrogen-containing water vapor

treatment, and an oxidation front is formed that proceeds from the

15 outside toward the interior. During the cooling-off in inert gas

atmospheres, and during removal of the wafers from the process

chamber, or during the cooling-off of the substrates having VCSEL

structures in ambient air, a progression of the oxidation is gradually

retarded and is brought to a stop. This retardation and halting of the

20 oxidation front can, however, not be precisely controlled with the

above-mentioned method, so that it is not possible to form a good and

predictable aperture.

2
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sem gonductor wafer, that has nultiple |ayers, according to which a
substrate layer that is covered from above and bel ow is oxidized from 15
the side edges thereof toward the center in such a way that a defined
central portion is not oxidized, whereby the substrate is heated in a
process chanber to a prescribed treatnent tenperature, a hydrogen rich
wat er vapor is introduced into the process chanber for a specified period
of time, and after conclusion of the specified period of tinme, dry 20

COLTER, e SELSET LEEURIS A ool HBHLO0SELT oty e

chanmber. As a result of € substrate to't t men
tenperature, and fhe [.ntrqduction, of hydr Qqgen-ri.ch water yapor, it is 3
it Trans] ati on oPPeiPEH Gesiten spalal ASIGPTOBIHR ALC, 7% IoNPLrgple 2

al / STEAG AZ. 3267 possi ble to achieve a controlled, laterally Brogressing
oxi dati on of a subaipsiae nagiation: peafile.sa JIeeise RRBIE JosvatiandSHEPWRVEBy t he
subsequent introduction of dry oxygen or an oxygen-rich water vapor into

t he process chanbmegcessary.s possible to stop the | ateral progression 5 of
the oxidation in a defined manner in order to achieve a defined, non

oxi di zed central portiPproceedihgficmenthenabove sdeyeribed! stapirsf theyger) itiig the
form of atnospheric O and/or nolecular 02 and/or 03), but also a m xture of

oxygen and an in Chhi YR, jti W eby
the inert gas i s%%ggﬁ%%ﬁs%gabgft eesf act ltmvaétmlyapqgg@s?qudgoﬁorggc Ogvn\?ggl |y

react wwth the | f u Fug: e oxygqe :
i ncl udes oxygen- i\&ﬁ@‘i i hagggaélipgfﬁr%ggﬁqﬂ%t %Qaﬁéﬁ&ng %{%‘{ar&(f guh@:ﬂ%qo a
preferred enbodi nent .of the invention etween the intrqoduction of .th
Pyt ogenr i ch it BPSIER B eha e oRd senyel b o PR ¢ he
oxygen-rich water, vag]or, a further gas is introduced into the process
chanber in order k® Ha¢RA fregressionyaf dedateralnovidation \aasobeostoppedtaea
process chanber. This prevents an expl osive gas of hydrogen and oxygen from
form ng in the premaxified point.
Pursuant to the present invention, this object is realized by a
method for the thermal treatment of a substrate, especially a
semiconductor wafer, that has multiple layers, according to which a
substrate layer that is covered from above and below is oxidized from
15 the side edges thereof toward the center in such a way that a defined
central portion is not oxidized, whereby the substrate is heated in a
process chamber to a prescribed treatment temperature, a hydrogen-
rich water vapor is introduced into the process chamber for a specified
period of time, and after conclusion of the specified period of time, dry
20 oxygen, or an oxygen-rich water vapor, is introduced into the process

chamber. As a result of the heating of the substrate to the treatment

temperature, and the introduction of a hydrogen-rich water vapor, it is

3
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chanber, which due to the increased tenperature of the process 20 chanber
-and of the substrate could |lead to the danger of an explosion. In this
connection, the further gas contains neither hydrogen nor 4 Lit Transl ation
of PCTI EP02/ 08310/ Fil ed 26.07. 021 Chung, Hin, Yiu et all STEAQ AZ. 3267
oxygen. The further gas is preferably an inert gas in order to avoid
undesired reactions with the substrate during this rinsing step. For a good
and controllable, laterally progressing oxidation of the layer that is to

be oxi di zed, the e_LS . DLE e :

t enperature of be§ gm%i%ég@o&b@ﬁgé7%?SE%H‘?@'U%&\%%P@%:ISBQSH@f’gfd I%orﬂ)r%ff A red
enbodi nent of the invention, the substrate s prqvided with a sergcqopductor
warer having an AN Bfer et Senpeveed it ahove pot! bl o BY dher he
formation of VCSEL's. In this connection, the layer that is to be oxidized
i s preferably an aWsgayePhinreametian mfrdy| exysen(ban axyaeedichnwates ¥aporowi ng
as an alum numlayer). Wth the alum num | ayer, during the introduction of
the dry oxygen orinthéheprapessréhambart dris \paseible taptap the laterbb pragressian
suppresses the lateral progression of the oxidation front. Advantageously

at | east one of tgfetheldxi¢dtidnyincd defyed manpiern 8rdbh toaehiRsvald defimed) thon-
truncated cone, whereby the layer that is to be oxidized is disposed in the

o o o AR G pFHh, Do Uiy Flad! Aty b S (1
e, P S S, B R Fiolar OSB82
1t Transl ati on oFVHGE ERORYGRS B0FT DIPrbgad AUoh KRG SXATRIG VIliogen o
al | STEAG Az 3267 oxygen, whereby the inert gas is distinguished by the fact that it does
10 not chemically react with the layers of the substrate. Furthermore, dry
oxygen also includes oxygen-containing compounds that contain no
water.
Pursuant to a preferred embodiment of the invention, between
the introduction of the hydrogen-rich water vapor and the introduction
15 of the dry oxygen or the oxygen-rich water vapor, a further gas is
introduced into the process chamber in order to displace the hydrogen-
rich water vapor out of the process chamber. This prevents an
explosive gas of hydrogen and oxygen from forming in the process
chamber, which due to the increased temperature of the process

20 chamber and of the substrate could lead to the danger of an explosion.

In this connection, the further gas contains neither hydrogen nor

4
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connection, the aperture is preferably round in order to achieve a good
-activation of the laser and a Gaussian irradiation profile. The tenperature
of the substrate during the introduction of the hydrogen-rich water vapor
and of the dry oxygen or the oxygen-rich 5 water vapor is preferably held
at the treatnent tenperature in order to enable a defined progression of
the oxidation front and a controlled halting of the oxidation front. For an
accel eration of the nmethod, the substrate is preferably renoved fromthe
process chanber di |y t t; i o Si-b iIyRCL, e

oxi dation front \?\‘é)é@%gltggélfghpﬁpgagdﬁﬁ%ﬁrg%n%ﬁrllll()a%‘t tfﬁeb'?jnet? rtgdﬁlc&t@on of
the dry oxygen or the.oxygen-rich. water vapqr., A cqonirolled cooling-off of
the substrate in lf’?%ﬁ'f?ﬁ(fgggt'%%@ § subs 5%'81"(5’('893@8”5}'7‘% S{:ﬁ@cessary. The
i ntroduction of the hydrogen-rich water vapor can be effected prior to,
during and/or after tHheohaad9ef apd @wr@@b&rlateéal%prwewnsrweav%@f
treatnent tenperature, whereby during thermal treatnents in rapid heating
units (RTP uni t s)thetlagen that islte bemxidized Hbgesubstratel isapreigeblys heatedf toca ed
prior to the heating in order to provide conditions for the laterally
progressi ng oxi dareatmeritdémpemtaef oftestwaen BOOCC wridy7@F Cpossi bl e. 20 The
invention will be explained in greater detail subsequently with the aid of

a preferred embodi nentpgisyafetd Q}S@&idtﬂ’é}g"bﬁe?eﬁ@ci BrbiREmEAL bNPedhdhtith, | N
the drawing: 6 Lit Translation of PCTlI EP021083101Fi | ed 26.07. 02/ Chung, Hin,

Yi | | STEAG j . N j | ( GaAs
1LY, 2 2L STEAS A R rliBRR A SCTRI BB AT Aol

VCSEL); Fig. 2 h ti - ti | {Jlpstrati h 5
(VOSEL) P8, 2 SRR, SRS b SR o e VSR 2

In this connection, the layer that is to be oxidized is preferably an

10 aluminum-containing layer (abbreviated in the following as an
aluminum layer). With the aluminum layer, during the introduction of
the dry oxygen or the oxygen-rich water vapor, sapphire is formed that
suppresses the lateral progression of the oxidation front.

Advantageously at least one of the plurality of layers forms a

15 preferably round truncated cone, whereby the layer that is to be
oxidized is disposed in the region of the truncated cone. This allows a
well-defined, round, non-oxidized central portion of the layer that is to
be oxidized to be achieved.

Pursuant to the preferred embodiment of the invention, the non-

20 oxidized central portion of the layer that is to be oxidized forms an

aperture for a Vertical Cavity Surface Emitting Laser (VCSEL). In this

5
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Fig. .3 shows a schematic bl ock diagram of a substrate treatnent apparatus
-for carrying out the inventive nethod. Fig. 1 shows a schematic
cross-sectional view through the 10 arrangenent of an Al GaAs structure for
-a Vertical Cavity Surface Emtting Laser 1, the light exiting aperture of
whi ch is produced pursuant to the nmethod of the present invention. The

| aser has a GaAs substrate on which is applied a first plurality of n-doped
Al GaAs | ayers. The first plurality of layers is 15 applied to the GaAs

substrate in a regi a | ayer |

peri pheral di rrens%ﬁbcﬁgndg&séﬁﬁu@w%{&%ﬁyg?é'?@m Etdy%gé%%@g%gwd&

t he dopings of the |layers  vary, as indjicated in Fig. 1. In a further
section 6, a secoﬁ%t'vﬂx'ﬁpé?f;{l??ﬂ/@lerlaggéar apgsgwra@aag%pﬁdl@he first
plurality of layers. In the second section or region 6, the plurality of

| ayers are applied or phedeswesature ofidie suhsijatenduringéie frdradurtiontof the
Transl ati on of PCT/ EPO2/ 083101 Fi | ed 26. 07.021Chung, Hin, Yiu et

al / STEAG AZ. 3267 hydrogensritht wateravagzbrcame obrthe drgsaxygeneor the axggerstichict ur e
that projects beyond the substrate. Adjacent to the region or section 4

havi ngsthe first ghtdraldgay i9bréfayip hkld at tHeare MWt agaiperatufe M eMetead.
This is foll owed by an al um num layer 8 on which is then provided a

I it f p-d I . : QY , h
P uncat e cone. ar a8 dtinel BloBrectial o tle Wyidoort RBR 2 sEHfIUTC
illustrated by _t 10...11. T | um | ay. h i.di zed
outer port;on 13 NaRgrph GETAdadL Bt of SscanAPRR LB ol Maomithdd ben®
non- oxi di zed cent r@kl?%#)ortj on Jf4 that is illustrated as |ight-col ored and

g .
serves as an aper 8YR¥ratg ist peeterably remgved fomqathespepcess: coambsh, ditgelilyi or a

good coupling of the laser to optical fibers, it is inportant that the
non- oxi di zed cent aigr {herstepre)1which is possible since the oxidation front was halted

10 in a controlled manner by the introduction of the dry oxygen or the
oxygen-rich water vapor. A controlled cooling-off of the substrate in the
process chamber is therefore no longer necessary.

The introduction of the hydrogen-rich water vapor can be
effected prior to, during and/or after the heating of the substrate to the

15 prescribed treatment temperature, whereby during thermal treatments
in rapid heating units (RTP units), the introduction is, however,
advantageously effected prior to the heating in order to provide
conditions for the laterally progressing oxidation that are defined as
precisely as possible.

20 The invention will be explained in greater detail subsequently
with the aid of a preferred embodiment of the invention with reference

to the drawing. In the drawing:

6
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forma round aperture that is defined as precisely as possible. 15 Such a
preci sely defined round aperture can be produced by the inventive nethod,
which is described subsequently. To formthe oxidized outer portion 13, an
Al GaAs structure having the aforenentioned build-up, in which the al um num
| ayer 8 is present in a continuous non-oxidized state, is |oaded into a
process 20 chanber of a thermal treatnent unit. The thermal treatnment unit
is, for exanple, a rapid heating unit, such as is known from DE-A-199 05

524, which originates grom.4hi e aplk&: ; d i,ch_ o thi nt is
a Lit Translation of degl Eﬂozfégg’%m Bi I@ébg%@gt}o@/ %{HQ L r?tn Y?‘tljéé'%\g

al | STEAG AZ. 3267 made .t he subj ect tt of the present inventiqn in
order to avoid re?f’é’f‘icpf‘GHQto‘Tf%”}tcg‘Hﬁe@t%S;@%?altﬁ%\”&l é&ﬂ%cgtgﬁﬁﬂﬂg gser
subsequently heated to a treatnent tenperature of between 300 and 700C,
which is 5 advant@§edBk):f or a good and defined oxidation of the al uni num

| ayer 8. After the heating of the structure, a hydrogen-rich water vapor is
i ntroduced into the prhige@sshdwsizesclhEmatie chess-serdional illustrhtiomtbrangdnari ch

wat er vapor can be produced, for exanple, by conducting hydrogen through
wat er yapor. Al tesuraer @l the phevidiynlrafoe rwaer riapor Whbe lcontaies Hydxégere ogan
al so be produced by the burner, which will be described subsequently with
reference to Figugaseq:-and 3. As a result of the introduction of the

hydr ogen-ri ch water “vapor, the follow ng chenical reactions occur wthin

t he process chanber: 2Al 3H20 = Al + 15 AL As, + 2H20 = Al O( OH)
+ AsH3 AlO(OH) + Al As 1o 3 hots 3 5anéinglig plbok iadtaiipty S!bi\ﬁr?ﬁz—ﬁ%at-me&gm
Al (OH)3 + AlAs = Al 203 +.f6FB 2AI As + 6H20 = Al 203 + As203 + 6H2 20 As203 +
6H2 = 2AsH3 + 3H2APRATatYs for carnbe QU Ahe iventivemelheda | ateral I'y proceedi ng

oxi dation of the alum num|ayer, which progresses fromthe side edges of
the layers 8 toward theigi nkishowsrtee schesadic ossssactional viaw drelgh dhei s

10 arrangement of an AlGaAs structure for a Vertical Cavity Surface
Emitting Laser 1, the light exiting aperture of which is produced
pursuant to the method of the present invention.

The laser has a GaAs substrate on which is applied a first
plurality of n-doped AlGaAs layers. The first plurality of layers is

15 applied to the GaAs substrate in a region 4, and the layers have
essentially the same peripheral dimensions as does the GaAs
substrate 3. Beyond the region 4, the dopings of the layers vary, as
indicated in Fig. 1.

in a further section 6, a second plurality of layers is applied to
20 the first plurality of layers. In the second section or region 6, the

plurality of layers are applied or processed in such a way that they form

7
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known, and after achieving a certain progress of the oxidation, i.e. after
9 Lit Translation of PCT/EPO2I 08310/ Filed 26.07.02/ Chung, Hn, Yiu et

al / STEAG AZ. 3267 termnation of a certain period of tine, the
i-ntroduction of the hydrogen rich water vapor is halted. The process
chanber is subsequently rinsed with a gas, preferably an inert gas, in
order to displace the hydrogen out of the process chanber. Nitrogen and/ or
nobl e gases 5 such as argon are preferably used as inert gases. After the

process chanber i rogﬁ'&‘? n‘&akéﬂ Eﬁﬁe P s i ¢ ayla%V%‘Frﬂcﬂfreqrﬂ%fggtb‘J%ﬁgh

wat er vapor is in uce pr ocess éhanber a resu

i ntroduction of the dry, ox of t he oxygen-rich water vapor, the

fol | owi ng chen c YR STalE s 10 4AI A+ 5CR = 2A1203 + 4ASO or 2AIAs
+ 32 = A1203 + As203 |In this way, an advancing of the oxidation front
passi vation of the oxi fdjacgpkto 'tlge a@wpev@dseqtmnsﬂ h%&db@rﬂfﬂn@'%@“tyrﬁ
oxidation front, and the formation of the non-oxidi zed aperture 14, can be
precisely 15 contIauetseﬂrsitnGaAaMQWola'yerSnaae dubvided. eddps i dolowed b.yhan
aperture for the laser. Instead of the rinsing step with an inert gas
descri ped above, alumisul Byep@ nbivhicH ¢ théve providiedga oplutdiity wfos-edped
chanber, to introduce another gas, or for exanple pure water vapor, into

the process 20 chamdess i nan/e@é degrodfdedl o ise dippet %ﬁﬁﬁ&@tof(tﬁettﬂﬁwdélt'éﬁ %Bﬁé rich
wat er vapor to introduce ‘the dry oxygen or oxygen-rich water vapor. The

Transiation of PCHERBTBR: poepRiorih dfe AT o e Padhy i lustiardd 11

al | STEAG AZ. 3267 ecessary order to prevent the formation of an
expl osi ve gas ni xBY, H‘@ arrows 10, q1.

The aluminum layer 8 has an oxidized outer portion 13, which is
10 illustrated as dark-colored, as well as a non-oxidized central portion 14
that is illustrated as light-colored and serves as an aperture for the
laser. For a good laser activation, and for a good coupling of the laser
to optical fibers, it is important that the non-oxidized central portion 14
form a round aperture that is defined as precisely as possible.
15 Such a precisely defined round aperture can be produced by the
inventive method, which is described subsequently.

To form the oxidized outer portion 13, an AlGaAs structure
having the aforementioned build-up, in which the aluminum layer 8 is
present in a continuous non-oxidized state, is loaded into a process

20 chamber of a thermal treatment unit. The thermal treatment unit is, for
example, a rapid heating unit, such as is known from DE-A-199 05 524,

which originates from this same applicant, and which to this extent is

8
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in the process chanber. The hydrogen-rich water vapor and/or the
oxygen-rich water vapor can be produced with a burner 20, which is
schematically 5 illustrated in the cross-section of Figure 2. Figure 3
.schematically shows, in a block diagram an entire unit 22 that is suitable
for carrying out the above-described nethod, and which contains the burner
20 of Figure 2 as well as a thermal treatnent unit 24. The burner 20 and
the unit 22 have, for exanple, a conposition 10 such as is described in the

not pre-publishe d i i 1 rigl.pates
with the sane apgrlnlggéﬁréaggﬁﬁgé nﬁﬁgé "t §ﬁtié)rh\rg$%rgdaiﬁé§%£gér%@§£ t?oé\%ﬂe
Production of Process, Gases" dated 23 April 2001, and which to this extent
i s made the subj @PeHEPRer of the present invention in order to avoid
repetition. 15 In summary, the burner 20 has a housing 23 with a conbustion
chanber 25. The conbusTh@tervparateie ofthaAIGaAsi situsture7s shhsequently heated
comuni cation with first and second gas inlet |ines 28, 30. By neans of the
inlet lines 28, 3@ aotrepdment taggecatare cfnbetegrac t300elapdb@0DHE r edhictedsi nt o
t he conmbustion chanmber 25 in a controlled manner. In 20 the region of the

inlet 87, a heatiadvdritagedis fdrad gbud randndsfindteokidbfon lof s alfmindih idyer
provided in order to heat the gases introduced via the inlet |ines 28, 30

and to effect a cgnb i : ulyt ¢ L i of
nCT! EP01063104F Tod Be §P 857@%%”%%&%"% o hiftpdan'rich AERINHAr 98

expl osi ve m xture of hydrogen and oxygen. ,The conbustiqn i.S _nonitor by an
appropriate fl arre'ngrgﬁg§?d 3%?0 Iﬁ‘lel rPéoi\’/%Ses cc&%“ﬁé fi g’? a\ﬁaﬁlﬁat'\?gpgp'tr esﬁﬂ?s by
the stoichionetric conbustion of substi tuentE of the I’eSLfH tin

oxygen/ hydr ogen gB¥IrRERNGICE. Watep ¥aper ¢ $RN sBBsPredisRds ifer ﬁ%@e@m by n
greater than a stoichionmetric proportion, there results an oxy%ﬁn-rich or
hydr ogen-ri ch wateendugtiog hidxegerethreugh wateranan: Adietativelyttbe hiydragesy nal

treatment unit 24 of Figure 3 for a thernmal
10 rich water vapor mixture can also be produced by the burner, which will

be described subsequently with reference to Figures 2 and 3.
As a result of the introduction of the hydrogen-rich water vapor,
the following chemical reactions occur within the process chamber:

2AlAs + 3H20 = Al;03 + 2AsH3
15 AlAs + 2H,0 = AIO(OH) + AsHs
AIO(OH) + AlAs + Hy0 = Al;03 + 2AsH3;
AlAs + 3H;0 = Al(OH); + AsHa
Al(OH)3 + AlAs = Al,O3; + AsH3
2AlAs + 6H20 = Al,03 + As;03 + 6H;
20 As;03 + 6Hz = 2AsH;3 + 3H,0

In this connection, there occurs a laterally proceeding oxidation
of the aluminum layer, which progresses from the side edges of the
layers 8 toward the inside. The lateral velocity of the oxidation is
known, and after achieving a certain progress of the oxidation, i.e. after

9
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treatment "of the VCSEL 1. By increasing the oxygen or hydrogen content, one
can 10 alternate between an oxygen-rich and a hydrogen-rich water vapor

m xture, whereby during the switching one nust take care that no expl osive
-m xture results outside of the burner. This can be achieved, for exanple,
in that, for exanple after the production of an oxygen-rich water vapor

m xture, for a certain period of tinme stoichionetric 15 proportions of
oxygen and hydrogen are introduced into the burner in order to ensure a

conpl et e CO”bUSti%gnMI&no SBlaf bt SPERS NGB S nbligaRdle

Only subsequent thereto iIs ad tro rogen intro uced

in order to now pr.gdu dro rich ter va ] ure
Al ternatively, thE&B 8F V@é‘?r 'g%a&? rse, gl '@cﬁgs r‘?ﬁ%‘é FH&SWIVW
with an inert gas  that can al so be sinultaneously used for r| nsi ng the

thermal treatnent"G$gd with agas; preferably an fierbgascin medey daisrlare dhe
26.07.02/ Chung, Hin, Yiu et al/STEAG AZ. 3267 As can be recognized in
Figure 3, the enthydrogento®2of the process shainiberr Niteogeare andiortnakde rgases
process of the present invention, has a control unit 40 that via

appropgi at e val vesudas anjorobre pleferabpplisedds rri gasesgases into the burner
20 or a connecting |line between the 5 burner 20 and the thermal treatnent

unit 24. By introduci nAft@?WtEén RiceBy dERfsper Qm%e@oﬂﬂﬁCMenqhért r%sbe&rgyeen
t he burner 20 and the thernal treat ment unit 24 it 1s possib o}

precisely set the,qy &e’br%x@’éﬂ ﬁ&?[}fﬁe \F‘sg}otr H%F‘oo‘??é&gefhié'ﬁ?@ Blocess

hydr ogen-rich mater apor ure i On "Was previous escri bed
with the aid of preferred 10 enmbodi thout beging limted to t
Concretel y 111 ust PERBReERIpHERLL OTibe Infsirion PEH ALy axmﬂroqﬂﬁﬁ an
oxygen-rich or hydrogen-rich water vapor m xture, it is not necessary to
use a burner purse¥ygen-tciFmateravaporfherfellowingchenicalreastion aceurso be

produced by
10 4AlAs + 50; = 2Al,03 + 4AsO or

2AlAs + 30; = Al,O3 + As;03

In this way, an advancing of the oxidation front by passivation of
the oxide layer is achieved. Thus, the advancing of the oxidation front,
and the formation of the non-oxidized aperture 14, can be precisely

15 controlied in order to form a defined edge region of the aperture for the
laser.

Instead of the rinsing step with an inert gas described above, it
is also possible, for the rinsing of the process chamber, to introduce
another gas, or for example pure water vapor, into the process

20 chamber in order after the displacement of the hydrogen-rich water
vapor to introduce the dry oxygen or oxygen-rich water vapor. The

displacement of the hydrogen prior to the introduction of oxygen is

10
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evaparating water and introduci ng oxygen or hydrogen into the vapor. 15
Furthernore, the inventive nethod for treating a substrate having nultiple
layers can also be carried out at any desired process chanber pressure. For
exanpl e, the nethod can be carried out in RTP units at normal pressure

(at nospheric pressure), overpressure or underpressure. At a suitable

under pressure and chanber design, a 20 possi ble expl osion pressure of a
possi bl e expl osi ve gas expl osion can be reduced to such an extent that no

damage occurs to e r i i.hl e

swi t chi ng bet Weeng.'%geasgs %@éﬁtr?\]ér;rldcéﬁ @HB&} @?Eﬁ fd]tﬁ\aatrt{gb;o[f%e)gﬁoﬁﬁﬁag iixture
PCT/ EPO2/ 083101Fi Jn\e}g 26. 07. O%I_I| Chgglg Hin, Yiu et all STEAd AZ. 3267
oxygen-rich wat er VAFROFDTS YA BPGer sa) is possible without the chanber
being rinsed by an inert gas or pure water vapor for avoiding an expl osive
gas mixture. 14 Lit Tr &Rl Aydregenfichcratesoyapdsandiar thed oxgdertrioh/ watsarg,
Hin, Yiu et al/STEAGQ AZ. 3267 Patent Clains 1. Method for the thernal
treatnment of a subaporacan bsppmidaiced witbeai bomenc2@r whadreris sdtematically
multiple layers, according to 5 which a substrate |layer that is covered

from above and bejlgutratedoi the eflods-esttiore ofiFiguredaes Fig\ereedf sdrutRatibalpe
center in such a way that a defined central portion is not oxidized,

uher by the ol | oMb TRBRCR SRAtofT rPERbIRE 22 )hdthatlghier saffing

chanber to a prescribed treatnent t enper at ur e; ntroduci ng a

nydrogen- 11 ch v gy YRR PAR A DR RBEE, P UGD e RE LR 2B O,
O andfor mol ecul af; 0% 37 Wei 92 th3nMalteatnant untge" and an nert
The burher 20 and the unit 22 have, for example, a composition

10 such as is described in the not pre-published German Patent
Application No. 101 19 741 that originates with the same applicant and
has the title “Method and Apparatus for the Production of Process
Gases” dated 23 April 2001, and which to this extent is made the
subject matter of the present invention in order to avoid repetition.

15 in summary, the burner 20 has a housing 23 with a combustion
chamber 25. The combustion chamber 25 has an inlet 27 that is in
communication with first and second gas inlet lines 28, 30. By means
of the inlet lines 28, 30, oxygen or hydrogen can respectively be
introduced into the combustion chamber 25 in a controlled manner. In

20 the region of the inlet 27, a heating ring 32 that surrounds the inlet lines

28, 30 is provided in order to heat the gases introduced via the inlet

lines 28, 30 and to effect a combustion of the thereby resulting

11
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15 gas that does not chemcally react wwth the |ayers of the substrate, or
an oxygen-contai ni ng conpound that contains no water, or oxygen-rich water
vapor into the process chanber after concl usion of t he speci fied period of
time, whereby step b) can be effected prior to, during and/or after the
heating 20 of the substrate to the prescribed treatnent tenperature. 2.

Met hod according to claim 1, characterized in that between the steps b) and
c) a further gas is introduced into the process 15 Lit Transl ation of

PCT/ EPO2/ 083101Fi 0 i Yily € STE'f\& anber
in order to displ gg@o% ﬁng@éggﬁpﬁydgg%r{ eérﬁava(%)(ﬁgéut Aﬁgﬁ%ﬁ% %%s'g
chanber. 3. Method acco b to cl ai char acte ihat e further
gas contains nei tﬁ@ﬁtﬂgﬁffj mrowg@eﬂpmg SENSRE ﬁo lér&Q) & AIMPYSHONi m 2
or 3) characterized in that the further gas is an inert gas. 5. Method
according to one ¥Wetereanardesdin By dheistaic '@W&F%‘cf’@?‘bt@ﬂpﬂ af substitugats ot
substrate is heated to a treatnent tenperature of between 300C and 700C. 10

6. Met hod accor di tig tesuliing @fygehéhydregsnigasg) mixtarers |f aneaofdbe substidients ishat
the substrate is provided with a sem conductor wafer having a

I'1'l-V-senm conduct preseht UetgreaterethafCh adtbichiométricapdpdHicit there eeslitAbAS
structure. 7. Method according to cIa|m6 characterlzed in that the | ayer

15 that is to be g )'/q%]nzﬁé'h' Br a.ﬁ?é@'l% hiHER | Jhpg Midtlre aleEiRdpe

according to one of e preced ract at at | east

Co ol aim's, " char aftge eé%%rsﬁﬁa&‘ﬂreﬁﬁa%éwunc@%%? %irfﬁws“?i%]*’% GG, "
Transl ati on of PCI/ EP02/ 0%3{% /\Eétel_ 126 07.02/ Chung, Hin, Yiu et
al | STEAG Az. 3267 treatment :

By increasing the oxygen or hydrogen content, one can
10 alternate between an oxygen-rich and a hydrogen-rich water vapor
mixture, whereby during the switching one must take care that no
explosive mixture results outside of the burner. This can be achieved,
for example, in that, for example after the production of an oxygen-rich
water vapor mixture, for a certain period of time stoichiometric
15 proportions of oxygen and hydrogen are introduced into the burner in
order to ensure a complete combustion and to displace the excess
oxygen out of the burner. Only subsequent thereto is additional
hydrogen introduced into the burner in order to now produce a
hydrogen-rich water vapor mixture.
20 Alternatively, the burner can, of course, also be rinsed in the
meantime with an inert gas that can also be simultaneously used for

rinsing the thermal treatment unit 24.

12
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10. Method according to claim8 or 9, characterized in that the |ayer that
is to be oxidized is disposed in the region of the truncated cone. 11.

Met hod according to one of the preceding clainms, 5 characterized in that

t he not-oxidized central portion of the one layer fornms an aperture for a
surface-emtting sem conductor |aser having a vertical resonator, which is
al so designated as Vertical Cavity Surface Emtting Laser (VCSEL). 12.

Met hod according to claim1l, characterized in that the 10 aperture is

round. 13 Method accosding getrgeg%m?a 1 FRASECSL B Bhitd B RANRREL b Zed

in that the substrate IS reat errpera ur| n e steps

o haract b zeq i wouhl e iR i dPalifes i’ﬁ%qr}%apéfetﬁﬁmrﬁge% @3@@2%?%@

directly after the step ce 15. Met hod according to_one of the preceding

cl ai ms, ~char act erSUBER!j unit AQ: thek s, appeRriate AaNGs 2 epnirals dhessupply of
underpressure 20 17 Lit Translation of PCT/EP02/083101Fil ed

26. 07. 02/ Chung, Harjousi gases antostheaGunmera2@or a connecting line between the

. AL. AUf . AAF . AAf . AUS. AAf . AUy. AAy. AA A f. AAy. A . AUy. Af Af . AAF . AAf . Af 1H k5~WbK.

now? |5 burner 20 and the thermal treatment unit 24. By introducing oxygen or
~ytoje [V]ca]ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] c<a]ca]ca]ca]ca]calcal]ca]ca]ca]c

a] ca] ca] ca] caj ca] WHrBQ%ﬁ%tU]aCcé’nMcﬁmg]lﬁ\éaéétweeﬁ|tﬁe Burner 20 and the thermal
Mbj >RZ, t } xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] calca]ca]c

ca] oa) ca] cal oa] oo EAEL) AT el ol eh e A B aft *FW% o REBEE) ca

ca] ca] ca] ca] cal cal

e RiRR TR Mk @re%xyafeaﬁcéaq%ﬂ%qwew@ﬁ AREERXINE] ca) ca] cal c
aj ca] ca] ca] ca] ca] ca] ca_l_ca] ca] ca] ca] ca] ca] ca] ca! #a###+$BI$SSSEW WARI &OREEE&ED
P 3w (( he invention was previously described with the aid of preferred

10 embodiments without being limited to the concretely illustrated
embodiments. For example, for the production of an oxygen-rich or
hydrogen-rich water vapor mixture, it is not necessary to use a burner
pursuant to Figure 2. Rather, the mixture could also be produced by
evaporating water and introducing oxygen or hydrogen into the vapor.

15 Furthermore, the inventive method for treating a substrate having
mulitiple layers can also be carried out at any desired process chamber
pressure. For example, the method can be carried out in RTP units at
normal pressure (atmospheric pressure), overpressure or
underpressure. At a suitable underpressure and chamber design, a

20 possible explosion pressure of a possible explosive gas explosion can
be reduced to such an extent that no damage occurs to the chamber or ‘

substrate. In this way, a possible switching between hydrogen-rich and

13
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)P))))=*}xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca]ca]ca]ca]ca]c
aJ ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca]ca]cal =****+a+++ E,,,"-n---#"...3/y/
/10]0i 000, 1r 11102} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]c
aj ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 02{222=34] 444052555626
667L77778S888- 949v999B: : : } xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]caJcal::#;k

;o DR<<=C===>L>>>?X?7??/ @ @OoANAAA#BKBBB} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca]

‘éa] ca] ca] ca] ca] cappdpticRWeRd IRl 6Alica e £Hs HRESBIC Rt AL Thbhfdral ca!

C@CCCDUDDDE _EEEFG-nEQFE HHHLIt] 11 AJJJK} xsni d _Z] ca] cal cal cal,cal ca] ca]c
a] ca] ca] ca] ca] ca]cﬁﬁ'rgamﬁ?%%ycff’cme{g]g@&] 85] éﬁ? c‘ﬁ(ft,eé] ¥ %a}%a%’%?i}j@é @H] caJc
a] ca! K\KKKL" LLLVHMVMVM _

N>NNNOT Co O0c PPPQYEXRIREIMRIIRSVBIPYHEX] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca]ca]ca U] c”a] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]cal R2SCSS
TATTTeUU3VWW VWWVWV: WWNWAGXX) Y?Yt YYQZZZZZZM } xsni d_| gb] X] ] ca] ] ca] ca] ca] ca] ca] c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca] ca]ca]ca]ca]ca]ca]c
alca 1Hi K-S 10%l| & ()-S310%!t| & ()- @10%}| & ()-, 10%4| & ()- 10%4| & () -9y
10%t| & ()-"L10%4| & ()--k5~i K-fs$10%t| & ()-fF"10%| & ()-S

10%4| & ()-f10%t| & ()-L$10%4| & ()-f10%t| & ()-, 10%4| & () - Whbki K-fs3

10%| & () -F1t $10%| & ()-f,/10%4| & ()-f-10%4 & ()-f*10%| & ()-f(10%| & ()-&
$10%4| & ()-+,-.ni KFs3 10%} & ()-S 10%4| & ()-,f10%t| & ()- 104| 104| 104|, ;
10%4| & () -, 9MLO%H| & ()-$510%4| & ()-0w? | i K-KS10%| & ()-Syl0%| & () -

S 10%| & ()-S310%| & () - @10%t| & ()-S10%4| & ()-S10%4H & () - |

6| Bi K- KS(10%t| & () - &L$10%}| & () - Ss$10%4| & () -fF"10% & () -,

10%t| & ()-S10%| & ()-L$10% & ()-B X

i K-KL9 10%4| & ()-f510%4| & ()-fs310%H & ()-F1 $10%4 & ()-f/10%| & () -
S-10%| & ()-S*10%4| & ()- MKLY 10%} & ()-S10%& () -S10%% () - @

10968 () -, f10%:& ()-104| 104| 104] s, ;

10%1] & ()-9%) >Ri K- K, 10%& () - 109%&' () - S10%& () - Sy10%X' () - @ 10%& () - @BL0%G5
& ()-@109%& ()-Z,ti K-Kf-10%& ()-S*10%& () - S(10%& () - &L$10%% () - S $10%65
& ()-SF"10%% ()-S 10%& ()-tM KA7f 10GL0Gs, ;

109638 ()-L9 109%& ()-S510%& () - Ss310%& () - F1s$10%6& () -

S/ 10%&' () - 6sK} _A7f 10GS310%| & () - @10%4| & ()-S10%t| & ()-S10%4| & ()-S

10%| & ()-Sf10%| & ()- 10CGd4i K- 7@"10%4| & () - S,

10%4| & ()-S10%t| & ()-L$10%}| & ()-S10%t| & ()-Syl0%t| & ()-S 10%4 & ()-4{Fi K-7
FIMB10%t| & ()-f/10%| & ()-f,109%| & ()-f*10%4| & ()-f(10%| & () -

&L$10%1| & ()-S $10%| & () - RT2i KFIMB10%t| & () - @

10968 () - @10%3&' () - 104| 104| 104]| s,

10%4| & ()-L9 10%t| & ()-fs310%| & () -2r 2xi K- KS10%&' () - @ 109%6:&" () - @D10%& ()

14
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10968 () -; 10968 () - @O0%GE () - 1096G& () - HNi K- K@ 1096G& () - y&MB1096GE () - L$1096G&
"()-@" Y1098 ()- @ 109%3& () - @LOYEE () -: $10%C& () - $@i K-K

10968 ()-99s1096G& ()-S 310%G& ()-31 $10%3& () -,/ 10%& () - S, S10%& () - @ 109G
& ()-ghij. q iK;109%G& ()-S#10% h& ()-f10% h& ()-, 10% h& ()-f -10%

h& ()-ff10% h& ()-10GLOGLOG ! G !!"d""i K- Kf &10% h& ()-f10% hé& ()-9$10%

h& ()-f10% h& ()-f10% h& ()-f 10% h& ()-f310% h& () - "" #a###+$BSi K- Kf / 10%
h& ()-f-10% h& ()-f*10% h& ()-f(10% h& ()- & $10% h&' ()-f $10% h& () - @" 10%
h& () - B$$$$SBUCIDIEY UKF / 10% h& () -1 tftQihs; 10% h& () -, 9" 10%

h& ()-f510% h& ()-f310% h& ()-F1 $10%

EO% 980&) 8Q8&i K- K, S1096| & () - S9109%| & () -, #10%4] & () -, 109%4| & () - SLO%H| & () - @
109%4| & () -, y10%4| & ()-88&@" ' ' 3(i K- KSs$109%4| & () - Y" 10%#| & () - S,

10%}| & () - S109%| & () - MbL0%] & 109%4| & () - S10%4| & () - 3(wW( ( (

)P)))i K- Kf 310%4| & () - \’\ﬁ $10L/’eﬂ“2§g ¢) foggth %t'ﬁ%ma)' étefé%(‘;rk %f g fohsate) - s(1
00| & () - &9$10%| & () - %y:* X KRR Kf310%4L& ()-'10%| & ()-S

10%4| & () - sylocy(4|esqgcaa_l seatiaauiustar wafer, that has mu!tlple layers, according to
1094 & ()- 0 109 & ()-*+a+++ E, , 1 K-K $10%| & ()-, 109 & ()-S10%| & ()- S 10
%l & (- @10%!| & whic¥ B0%dbstrdte- ﬁ%{@%ﬂh&t (i -covered de#n"abdfvéQa‘ﬂtD%IdN(iis- S("1
00| & () - &L$10%| & () - Ss$10%4| & () - SF" 10%4| & ()-S 10%4| & () -

S109%4| & () -". .. 3/ ¥fiblzBHKrdt®. the side edges thereof toward the center in such aw

1094] & () - 9510%4| & ()~ S5100aL & () ~ SITOVAL & () Y1t $1004] & ()~ - 18va[ )

A SO o AT I e 0 )

109%4| & () - 810%1|& hgcf 0% | & 0%#| & () - SL0%| & () - Ss10%| & () - SF10%| &
' () - 2=32334] 44{\ =R EﬁePﬁfd@/ “&V' $9@010%1| & ()-! ds$10%448&' () -
 ds$10% | & () - lns$10°/e4 4- & (% SY"10%4| & () - 44052555555xnhC, . 10f f 10%
h& ()- 104| 104| aDb4|skgeating the substrate chamber to a prescribed freatment
10%4| & () -s9s10%4| & () f610%| & ()-f410%4| & ()-5626667L7dEnbC,, 10f  10%
h& ()-10310% h& () - S10%em8pgratdre0% h&' () -f10% h& ()-f 10%
h& ()-L77778S88dENDC,, 10f3"10% h& ()-S 10% h& () - @0% h& ()-10% h& ()-f10%
h& () -fy10% hé& () bp8- IR Hg T, hydrBgeAtfehh &udtpr \ya;idi%iﬂrt&' (the Shidt¥ss
h& ()-y(-10% h& ()-&MB10% h& ()-f $10% h& ()-9B:: . #; dYNC,, 10 10 h
10 0 10 h; 10% & () - L oadibbeida ek erda be a6 hel () F1sS10% ha: ()4
k;:;:D<<dEYNC,, 10 53100/(4| & ()- @10%] & () 510%41 & ()- ,10%4| & ()-f
10%4| & () -fyl109%4| ———
109%4] & () - S10%4| &55() L &‘F@gd%y%&ﬁf’eﬁ‘%)p‘*refd‘y/ﬁ?&('(‘)thf" fouRf B1TICQL 5550
??2dEYNC,, 10 f, 10%}| &
109 & ()-f (10%| & é@esm@%az P2angfardda) &mixture of gyNgen pnd #5) iR§hmaran
dE:/ 104| 104|s@
10%4| &5() - 910%t| & () - 9830thet sdggs et obemieally - repob 1wtk | the )layersooh|the() - AA
NAAA#BKBBXY: /

substrate, or an oxygen-containing compound that contains no

water, or oxygen-rich water vapor into the process chamber
after conclusion of the specified period of time,
whereby step b) can be effected prior to, during and/or after the heating
20 of the substrate to the prescribed treatment temperature.
2. Method according to claim 1, characterized in that

between the steps b) and c) a further gas is introduced into the process

15
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104 f F10% hé&' () - S#10% h&' ()-f10% h& ()-f10% h& ()-y 10% h& ()-f10% hé& () -
104| BB C@CCDIE: / 104|ff, 10% h& ()-y10% h& () - Mb10% h& () - S10% h& () -f 10%
h& ()-ys10% h& () - DUDDDE_EEdE: / 104|fy-10% h& ()-y*10% h& () - y(10%

h& ()-&9$10% h& ()-f$10% h& ()-fY"10% h& () - EEFGFnFgFFFFAE; / 10 h 10 hS; 10%
h& ()->910% h& ()-y5ML0% h& ()-y310% h& ()-11 $10% h& ()-y,/z10% h& () -
FFGOGGGHeHXY: / 10 hS3109%G& () -, $10%G& () - @OY%GE ()- @LOY%GE ()-S

109G& ()-y109%G& ()- 10 heHHHLIt111dE / 10 hSS

10938 () - @AOYEE () R [ e QWA % 0 g%gn 4R % J dE: /
10 hSS- 10%6& () - sérl%@é;%‘/ﬁ‘?@(e{é@/ﬁ' ?’%ﬁ%g@ @Sﬂ,ﬁ&& B‘J-r@ﬁl‘@ﬁg () -
KKLALLLLLLAE: / 10G 10G , . b
10%G8 () - LOL0%GR' PHOCESS GHRIOH - ss3109a8 () - F1° $10%G8' () - S/ 10UGE () - LMHVVVVM
MVVKYNC8G 10 10 10; 10%&' () - 910%3&' () - wuocy&'é!),-f 1098 g)-fJ‘lO%&' - 10GM
N>NNNOTQIEYNC8G 10 SL18% heMethes aseprkng yto @lama, 4 echaragtesized sin( tHagthes
h& ()-fML0% h& ()- TOQoOOOPCPPA?YNCBG 10@ $10% h& ()-! L$109%h& ()-Y! 0
L$109%h&' () - YL$10B04ritiet pasicontaingneithéngarogerznoy oRBQQORIEYNCSG 10F110%
h& ()-f/10% h& ()- @ Y10% h& ()-,*10% h& ()- @10% h& ()-y&L$10%
h&' () - RHRRRRRRR2Sxnmh C84 10f MEMod &ctordidd td cldimh2 or 3, characterized in that

the further gas is an inert gas.

5. Method according to one of the preceding claims,

characterized in that the substrate is heated to a treatment temperature

of between 300°C and 700°C.

10 6. Method according to one of the preceding claims,
characterized in that the substrate is provided with a semiconductor
wafer having a llI-V-semiconductor structure, especially an AlGaAs
structure or InAlAs structure.

7. Method according to claim 6, characterized in that the layer

15 that is to be oxidized is an aluminum-containing layer.

8. Method according to one of the preceding claims,
characterized in that at least one of the plurality of layers forms a
truncated cone.

9. Method according to claim 8, characterized in that the

20 truncated cone is round.

16
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-10 h; 10% h& ()-9910% h&' ()-y510% h& ()- @ 310% h& ()-2SCSSS TATTaBnbhC8G
'10f £ 10% h& () - @10% h& ()-S 10% h& ()- S#10% h& ()- @ S#10% h. h& ()-@ nml0%
~h& () - TTeUUWBWV} [ <mbC8G 1f *10% h& ()-!V L$MB10%hvh&' ()- @ QL$MB10% h

h& ()-@3"10% h& ()-! $10%h& ()- @ ML0% h& ()-yVVWW7WBVWOW WIYNC8G 1 10 h
10 h 10 h; 10% h& ()-9910% h& ()-3110% h& ()- @10% h& ()-f, s10%

h& () -: WWAAGXXXaBYNC8G 1L10%1&' () - @10%&' ()-! #10%m& ()-' @O%r& ()-
10%r& () - f10%& ()-X) Y?2Yt YYYQZ_=YNC8G 1! n 3"Mb10%m& ()- @ 3" Mb10%& ()- @

Lo0mE ) 10U )0 ST G o PR 77 1 SRRz i

(10%Y&' () - (10%& ()-ZM.ZZZaBYNCBG. ,. - : .

o100t () - F11008EVE) 13018 B icizachislispgsad inbsaregion) ofdhe soaneater!
Normal " "Headi ng 13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c"

"Headi ng 53] c" "I9@88i ng 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A
"Default Paragraph Font- iD'< -2"8>Cl JOOTMX\ " bdf hj I nprtvxz| |

t #=*02: BKRM ?@\BCDEFGHI1- | Blethad '=B$EMdiR] ) to "o 1a¥3h@8 Preceding claims,
<>?ABDEFeH KLMITOPR2STyV: WKQZZM JKLMNOPQRSTUVWKYZ[ \ ] ~_" abcdef ghi j kl mopqr st u
vwxyz{y } ~6Ti mes Nawurdensa irttiaauheanotNsidiledRaehtran oyttt 6Deva sRBt layer

" #$9&' () *+,-./0123456789: ;
<=>? @\BCDEFGH J K MNP RIS 4br b surffedsrh@ig Eémru%fd%"l%éﬁzﬁé\}iﬁg a
vertical resonator, which is also designated as Vertical Cavity Surface
Emitting Laser (VCSEL).
12. Method according to claim 11, characterized in that the
10 aperture is round.
13. Method according to one of the preceding claims,
characterized in that the substrate is held to the treatment temperature
during the steps b) and c).
14. Method according to one of the preceding claims,
15 characterized in that the substrate is removed from the process
chamber directly after the step c).
16. Method according to one of the preceding claims,
characterized in that the process chamber is operated at

underpressure.
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