0 5 MAY 2005 METHOD FOR THE THERVAL TREATMENT OF A SUBSTRATE HAVI NG

MULTI PLE LAYERS The present invention relates to the thermal treatnent of a
substrate having nultiple |ayers, according to which a suﬁgr@é‘e zqgﬁ/er t hat
is covered from above and below is oxidized fromthe side g t eof
toward the centre. Such a nethod is known, for exanple, during the
production of an aperture for surface emtting sem conductor |asers having
a vertical resonator, which is also designated as a Vertical Cavity Surface

Emtting LpeqHANESHR)THE AHERVAL FREATMENTOF & SUBSTRATEHAVING t he
radi ation That 1S produced 1S propagated vertically, 1.e. 1n a direction

perpendi cul ar to the sem condugfifrTipiE LAYEREd @ p-n-junction plane. Wth
conventional |asers, the propag%cn—gf-—ﬁe—radi ation is effected in a
direction parallel to the sem conductor surface and the p-n-junction plane.
VCSEL's are used as the preferred Iight sources for large parallel optical
communi cation architectures. To enable a coupli n? of the VCSEL's with
optical fibreslhgEgsenisinvantian selafassta Hie theamal tieatrpest pf @, substiate e
Gaussi an radiation profile, and for a | aser activation, a special circular
aper t ur e havingaoslipleylayers, raccoGiifg  toambicht a substrate thyer that isremiesedy. 1 0 5
MAY 2005 1In the past, this aperture was fornmed by an oxidation of A GaAs
from above and below is oxidized from the side edges thereof toward the

centre.

Such a method is known, for example, during the production of an
aperture for surface emitting semiconductor lasers having a vertical resonator,
which is also designated as a Vertical Cavity Surface Emitting Laser (VCSEL).
A VCSEL is a semiconductor laser in 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 conventionai lasers, the propagation of
the radiation is 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 optiéal fibres, they must emit a Gaussian radiation profile.
For the Gaussian radiation profile, and for a laser activation, a special circular

aperture is necessary in the VCSEL, and it must be defined precisely.



structures of the VCSEL's that progressed fromthe side. For the oxidation,
the VCSEL's in a process chanber were brought to a treat rrent t enperat ure
and were oxidized with a nitrogen-containing water vapour. geMA hﬁ]%
oxidation, the VCSEL's in the process chanber were cooled in an i1 nert gas
at nosphere to a tenperature |lower than the process tenperature, and they
wer e subsequently renoved fromthe process chanber. In order to increase

t he throughput, with nmany VCSEL processes, the substrates are al ready
renoved from tlhe the qeests thib aageturet wasofoesedt eypan adbxidation wft AlGaks cool i ng
of the substrates then generally being effected in anbient air. The

oxi dat i onstficRiMelsN6f THedVCIEL'S shitpryréssedettantie SidemPds thatdkidation, 014, 400,
is initiated by the nitrogen-containi ng water vapour treatnent, and an

oxi dat i O”thfar\?@SE'Lss Loé rcy;g?égg BQPQ/Q?e B &@a h§ a%éé%ﬂ&ﬂt@ﬂ%ﬁatgpé’. ng

interior. rnin at nospheres

renmoval o waf ers fro ocess chanber r dur| n | i ng-of f
of the sﬂﬁr\e{?@s SRdgeH Wb f@{fpa%re&Pe RS e ol WMo descton of
the oxidation is gradually retarded and is brought to a stop. This

r et ar dat | @fidaliRn, $he e RELS in theePincsss @&@mherd'ﬂerteh@oqlﬁd dﬁtqrbﬁ‘eftr%ﬁ! can,

however, not be precisely controlled with the above-nenti oned nethod, so
that it iatmosphpos$o @ teniperbturen loweydloah dmel ppocesiscieatparatyer and dhey 0 5 MAY
2005 For good optical properties of the VCSEL's, especially for the

were subsequently removed from the process chamber. In order to increase

the throughput, with many VCSEL processes, the substrates are already

removed from the 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 vapour treatment, and

an oxidation front is formed that proceeds from the 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 stopping of

the progression of the 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.



formation of a desired spatial radiation profile, such as for exanple a
Gaussian radiation profile, a precise aperture formation is, however,

necessary. 5 Proceeding fromthe above described state of t
therefore an object of the present invention to provide a n&eﬁa@h&néﬁhﬁ whi ch
a laterally progressing oxidation of a layer of a nmulti-layer substrate is
possi bl e such that a defined central portion is not oxidized, 1i.e. that a
progression of the lateral oxidation can be stopped at a 10 specifi ed

poi nt. Pursuant to the present invention, this object is realized b

met hod for the t her malFarrgQadveRiicaliprapetiies: phthe VCSiesi aspscialy for

semi conductor wafer, that has nultiple |ayers, accordl ng to whi ch a
substrate | ayer fivamaticn obaedesirelr spataboadiationl prefilenwsiich azifdr eedmipteom 15 t he
side edges thereof toward the center in such a way that a defined central

portion is not oxgglisseth radiatieRyprbfle, aUpRidisd apeRuRefdrthtioh i@, hWRSReSS
chanber to a prescribed treatnment tenperature, a hydrogen- ri ch wat er vapor

is introduced intQ F iy ocess chanber for a specified period of tinme, and
after concl usi on oF e’specified period of tinme, dry 20 oxygen, ‘or an

oxygens {1 ch vat ot VanKpobsahd FGVIRE 4908, ORI RRe BLARTAR M5 une
the int rOdUC‘tI on ﬁcfare?org grﬁ %%jeenct rolfctﬂewrﬁfagerntvlﬁeggtlon to .p?owde a method with
which a laterally progressing oxidation of a layer of a multi-layer
substrate is possible such that a defined central portion is not oxidized,
i.e. that a progression of the lateral oxidation can be stopped at a
10 specified point.
Pursuant to the present invention, this object is realized by a
method for the thermal treatment of a substrate, especially a
semiconductor wafer, th‘at 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



05 MAY 20 0 5 possible to achieve a controlled, laterally progressing
oxi dation of a substrate |ayer that is covered from above and bel ow. By the
subsequent introduction of dry oxygen or an oxygen-rich water vapour into
the process chanber, it is possible to stop the lateral progrdb§i MAYo2llbhe
oxidation in a defined manner in order to achieve a defined, non-oxidized
central portion. Dry oxygen includes not only pure oxygen (in the form of
atom c 0 and/or nolecular 02 and/or 03), but also a m xture of oxygen and

'S i ot i roREdO P iave S SBITORe 1ol Bheesind RRRP Y Y et n "the O
| ayers of the substrate. Further m)raibﬁ?ry oxygen al so incl udes

oxygen- coRYal tahls cuased M aRave ap gibsesiest; kirodustian §f ef er r ed
enbodi nent of the invention, between the introduction of the hydrogen-rich
wat er vapdiyr oxygent e annexygéieticho wadér vagoutr into divg geacess chambgygiéns ri ch

wat er vapour, a further gas is introduced into the process chanber in order

to di spl agsssitfle tbgtbwthenaterahprogressiorapbiie oxidiatidn int ddefined esemnahaiber . Thi's
prevents an expl osive or detonative gas of hydrogen and oxygen from form ng

In the preereto abARLE ™ dufihéd) rﬂ#ﬁoii@izbﬁ?eritr%fb@ﬂ&ﬁ‘g Drge’fﬁ?béh ih&u@és t he

process chanber and of the substrate coul d ead to t anger of an

o f' ngoﬁi\g}'%ghﬁe SYLCl M 1drfFof MbMIED JAd/0F HBIBENS RSNt olyy dr ogen
but also a mixture of oxygen and an inert gas such as, for example, nitrogen
or argon, whereby the inert gas is distinguished by the fact that it does 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 vapour and the introduction of the dry
oxygen or the oxygen-rich water vapour, a further gas is introduced into the
process chamber in order to displace the hydrogen-rich water vapour out of
the process chamber. This prevents an explosive or detonative gas of
hydrogen and oxygen from forming in the process chamber, which due to the
increased temperature of the process chamber and of the substrate could

lead to the danger of an explosion. In this connection, the further gas contains

neither hydrogen nor



oxygen. The further gas is preferably an inert gas in order to avoid
undesired reactions with the substrate during this rinsing stgﬁ). For, ? %ood
and controllable, laterally progressing oxidation of the |lay bt MAY (W3t o
be oxidi zed, the substrate is preferably heated to a 5 treatnent
tenperature of between 300*C and 700(err)C. Pursuant to a particularly
preferred enbodi nent of the invention, the substrate is provided with a
sem conduct or wafer having an Al GaAs structure, which is suitable, for
exanple, for the formation of VCSEL's. |In this connection, the |ayer that
is to be oxidi zedoxygem effbediithengasds girafarably: awmert gasginl ager t¢ aioickvi at ed
inthe followng as an alum numlayer). Wth the alum num | ayer, during the

introduction of ghgediced rexsyasis With thesosters durigh tHstriisinggeep- sapphire.
is, formed that suppresses the |lateral progression of the oxidation front.

Advant ageousl y at | easp?lgge%ggd 5h8 EéMEcﬁl'a'tbLe\é |?{8F5W?fgqulgiiﬁ§0@gd%n of

preferably round trunca one, whereby ayer e -oxidized
is disposed in the regio f the truncated cone. This allo

wel |- or i med, " oul8 157Bn R 1 By iRk MectERyato IS e Aefertpdion 1o
be oxidized to be achieved. Pursuant to the preferred enbodi nent of the

i nvent Pon, the notieatprendtemperuieel haivegnrdtloh and (4G ayer that is to be
oxidized forns an aperture for a Vertical Cavity Surface Emtting Laser
(VCSEL). In this 5  Pursuantto a particularly preferred embodiment of the invention,

the substrate is provided with a semiconductor wafer having an AlGaAs
structure, which is suitable, for example, for the formation of VCSEL's.
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 drv oxvgen or the oxvaen-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



0 5 MAY 2005 connection, the aperture is preferably round in order to

achi eve a good activation of the laser and a Gaussian irradiation profile.
The tenperature of the substrate during the introduction of the
hydrogen-rich water vapour and of the dry oxygen or the oxyge 'Wtﬂ! \Q@gﬁ
vapour is preferably held at the treatnent tenperature in ord to en e a
defi ned progression of the oxidation front and a controlled haI ting or
stopping of the oxidation front. For an accel eration of the nethod, the

substrate is referably renmoved fromthe rocess, chamber . directl after the
treat rrentc%'fneogﬁﬁ §Lﬁ)s”ig@ﬂ%9v\l§t Rrefeeably JOBB‘}Q’QnOBjrertWeaS Vd@narg‘& wat er
vapour, which is possible since the oxidation front was halted in a

cont r ol | eactivatiorof e laser andwer Gaussianirradiatior perfije.oxygen or the oxygen-rich
wat er vapour. A controlled cooling-off of the substrate in the process
chanmber is theTied oteenperatwagef theeceabstrate. dUniegi tite ddtrotductiorofoft tiee

hydr ogen-rich water vapour can be effected prior to, during and/or after

the heat i giréden-Agh swdet vapsuf antihsr mreeéf.cy& bRRMEN bF &R %Ygeﬁ-ﬁﬁﬁ%eﬂéw e,

wher eby duri ng thermal treatnents in rapi'd heating uni (RTP units), the

oot AR B RSN PTG S AR 10,00
are el gheh BRBRT of LR aaﬁmfroaranapavg@%toa@g%aa@w@ﬁgs e
' nvent! OnofV\%hteho{ug;ﬁcrme r:‘?oentt (l):otr haen %rcggz\fepqlon of the method, the substrate is
preferably removed from the process chamber directly after the treatment of
the substrate with the dry oxygen or the oxygen-rich water vapour, which is
possible since the oxidation front was halted in a controlled manner by the
introduction of the dry oxygen or the oxygen-rich water vapour. A controlled
cooling-off of the substrate in the process chamber is therefore no longer
necessary.
The introduction of the hydrogen-rich water vapour can be effected
prior to, during and/or after the heating of the substrate to the 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.
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:



In the drawing: 6 Fig. 1 shows a cross-sectional view of an Al GaAs

sem conduct or structure for a Vertical Cavity Surface Emtting Laser
(VCSEL); Fig. 2 shows a schematic cross-sectional iIIustratiO@ Sgggpgg 5
burner or the provision of a water vapor that contains hydrogéen @gen'
Fig. 3 shows a schematic bl ock diagram of a substrate treatnent apparatus
for carrying out the inventive nethod. Fig. | shows a schematic
cross-sectional view through the 10 arrangenment of an Al GaAs structure for
a Vertical Cavity Surface Emtting Laser 1, the light exiting aperture of

whi ch is produced pu any tg, t Pr t t i
| aser has a GaAs substFﬁ;t eﬁon whi chg:gsegjégc%eggeﬁalflﬁgw F \rg?f. t)q/) of n doped

Substrate in a 1 agmisp ekt Piine.fir a VbRl Carl .ifr%?et R Ead | pher a

di mensi ons as does the GaAs substrate 3. Beyond the region 4, the dopings
of the layers vafYCSEd): indicated in Fig. 1. In a further section 6, a
second plurality of layers is applied to 20 the first plurality of |ayers.
In the second sectionFig. 2 sbows & schamatic cross-sectional illustration through a

5 burner or the provision of a water vapor that contains hydrogen or
oxygen;
Fig. 3 shows a schematic block diagram of a substrate treatment
apparatus for carrying out the inventive method.
Fig. 1 shows a schematic cross-sectional view through the
10 arrangement of an AlGaAs structure for a Vertical Cavity Surface
Emitting Laser 1, the light exiting aperture of which is pro“duced
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 appiied to
20 the first plurality of layers. In the second section or region 8, the

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



plurality of layers are applied or processed in such a way that they form 7
0 5 MAY 2605 a round truncated cone or a nesa, i.e. a layer structure that
proj ects beyond the substrate. Adjacent to the region or section 4 having
the first plurality of layers first GaAsMQNlayers are provi ded. STMA\JS 2085
foll owed by an alum niumlayer 8 on which is then provided a plurality of

p- doped Al GaAs | ayers. Provided on the upper surface of the truncated cone
are electrical connections or termnals for the activation of the |aser, as
i Il ustratadobiyd tiudcatedowsnd 0r althesdhice.ad layenistrunctuag ¢haBpivjectameysndi zed
outer portion 13, which is illustrated as dark-coloured, as well as a

non- oxi di gt ifiatal portion 14 that is illustrated as |ight-coloured and
serves as an aperture for the laser. For a good |aser activation, and for a

good coupling R& ﬁt @?I”?é ré&fﬁpél’ saltidn B lrgjp’ih% Sirst! @Ep{li’i@!&? I%JE?E the

non- oxi di zed ce rma roun ned as

I Such d d
Biiéhiidyw?ﬁ%ésﬁﬁ*@ﬁveﬂé P Seciﬁf%ﬁ 5 iied Rhan SHBugRaRIeE "To 1orm
t he oxidi zed quter portion 13, an Al GaAs structure having the
af or ement PRNEHCIbIR Fhf—"UBTOVi'dﬁ%lRJHret"%OEPtﬂﬁHﬂduNG%ﬁaiaygﬁ Provideshenin a

conti nuous non-oxi di zed state, is |oaded into a process chanber of a thernal
t r eat ment thenipper Buefach ef tise truneatedmmambtelé@rieélmormmaﬁwhsacr termimalsl heati ng
. for the activation of the laser, as illustrated by the arrows 10, 11.
The aluminium layer 8 has an oxidized outer portion 13, which is
illustrated as dark-coloured, as well as a non-oxidized central portion 14 that
is illustrated as light-coloured and serves as an aperture for the laser. For a
good laser activation, and for a good coupling of the laser to optical fibres, it is
important that the non-oxidized central portion 14 form a round aperture that
is defined as precisely as possible.
Such a precisely defined round aberture 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 aluminium layer 8 is present in a
continuous non-oxidized state, is loaded into a process 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



such as is known from DE- A-199 05 524, which originates fromthis sane
applicant, and which to this extent is 8 0 5 MM 2005 nmade the subject
matter of the present invention in order to avoid repetithr gﬁg Hm
tenperature of the Al GaAs structure is subsequently heated g rea ment
tenperature of between 300 and 700'C, which is 5 advantageous for a good
and defined oxidation of the alum num | ayer 8. After the heating of the
structure, a hydrogen-rich water vapor is introduced into the process
chanber of the heating unit. The hydrogen-rich water vapor can be produced,
for exanple, by MeaAR| m.wjeqdnatj@homg@msw dveptiperin ardesrieaveidl y, the
hydrogen 10 rich water vapor m xture can al so be produced by the burner,
which WIIl be despetittomd subsequently with reference to Figures 2 and 3. As
a result of the introduction of the hydrogen-rich water, vapor, the

fol | ow ng chem cal reqid teRfpePsitrs omH&AmdA@sma@@s@ éﬂb%@%(ﬁéntly Ré4téa +

31 120 A1203 + 2AsH3 15 AlAs + 2H20 = AIQ(OH) + AsH3 + Al As + H20
= AL203 + 2ASH3 14l ASydathigR eriddritdre & Aetiedd (538 il AotSc™ MigR3ist AsH3
5 advantageous for a good and defined oxidation of the aluminum layer

8. After the heating of the structure, a hydrogen-rich water vapor is
introduced into the process chamber of the heating unit. The
hydrogen-rich water vapor can be produced, for example, by
conducting hydrogen through water vapor. Alternatively, the hydrogen-
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 vapeor,
the following chemical reactions occur within the process chamber:

2AlAs + 3H,0 = Al,O3 + 2AsH;
15 AlAs + 2H,0 = AIO(OH) + AsH3
AIO(OH) + AlAs + H,0 = Al,O3 + 2AsH;3
AlAs + 3H,0 = AI(OH)3 + AsH3
Al(OH)3 + AlAs = Al,O3 + AsH3
2AlAs + 6H20 = Al,O3 + Asy03 + 6H>
20 As;03 + 6H, = 2AsH3 + 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



2AI As + 61-120 = A1203 + AS203 + 6H2 20 AS203 + 6H2 = 2AsH3 + 3H20 In this
connection, there occurs a laterally proceedi ng oxidation of t\k/\\@rﬁaw ?ﬁlﬁm

| ayer, which progresses fromthe side edges of the layers 8 to e
inside. The lateral velocity of the oxidation is known, and after achieving
a certain progress of the oxidation, i.e. after 9 0 5 MM 2905 termnation
of a certain period of time, the introduction of the hydrogen rich water
vapor is halted. The process chanber is subsequently rinsed with a gas,
preferably an inert order to,djsplace the hydrogen out of the
process chamnber. Qﬂm'gﬁtﬁﬁhogﬁ‘ﬁ?ﬁ?mrﬂ%o@l %fpa{%% thg '@h%@%@naqfdaﬁmp@%’bf erably
used as inert gases. After the process chanber is rinsed with the inert gas,
dry oxygen or ofighewater ctapgatierhaligdor iToei praceds cad@nbrroist hebgaaquenty
chanmber. As a result of the introduction of the dry oxygen or of the

oxygen-rich wat eringagowith tdﬁgaépbfémfaim dreinethlgaseattdrder o6 displacd @hdAl As +
502 = 2A1 203 + 4AsO or 2AI As + 302 A1203 + AS203 In this way, an

advanci ng of thenpggifiahl 8k &f MY p bee1§§5<§1a\|‘%ér0nhﬁ’t?oqéd"%n@)@r%dl@@%rsebs
achi eved. Thus, the advancing of the oxidation and the formation of

the nan- oxi di ZEdsa&? E%rrﬁor}ére Blae'?e&%h})u?ecd Eﬂr}’ert gases.

After the process chamber is rinsed with the inert gés, dry
oxygen or oxygen-rich water vapor is introduced into the process
chamber. As a result of the introduction of the dry oxygen' or of the
oxygen-rich water vapor, the following chemical reaction occurs:

10 4AlAs + 50, = 2Al,05 + 4AsO or

2AlAs + 30, ’= AlLO3 + As;03

In this way, an advancing of the oxidation front hy 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 controlled 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 ailso 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



15 controlled in order to forma defined edge region of the aperture for the
l'aser. Instead of the rinsing step with an inert gas described above, it is
al so possible, for the rinsing of the process chanber, to intrdidcMAY alBfnher
gas, or for exanple pure water vapor, into the process 20 chanber in order
after the displacenment of the hydrogen-rich water vapor to introduce the
dry oxygen or oxygen-rich water vapor. The displacenent of the hydrogen
prior to the introduction of oxygenis 10 0 5 MR( 2005 necessary in order
to prevent the formation of an expl osiv as mxture in the process chanber.
The hydrogen-ri CH‘%F%@W\}B&SG%W rgyen e%?V@%VQ’W FERlEBIVe\BASINDAYR be
produced with a burner 20, which is schematically 5 illustrated in the
cross-section of iFthgipecessphgmber3 schematically shows, in a block di agram
an entire unit 22 that is suitable for carrying out the above-described

met hod, and whi ch cont®Eienshytregdmdrictewat8r ofapoFiand/er thersoxygeh-rizh watdrer mal
treatnent unit 24. The burner 20 and the unit 22 have, for exanple, a

conposi tion 10 S}é‘?'&r agarl APTEAURRA with tEhDURREr RUE-WKiBh Bheeh&mbtiEdlyPat ent
Application No, 101 19 741 that originates with the sane applicant and has

the tigl e "Mt hOqlll?sqgté&’qﬁrﬁnteuérofsg-rsetchgn Péfoﬁfé%tréof Oft'igﬁFeo%eﬁéhematically

shows, in a block diagram, an entire unit 22 that is suitable for carrying
out the above-described method, and which contains the burner 20 of
Figure 2 as well as a thermal treatment unit 24.

The burner 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 Apfil 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




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,
t he burner 20 has a housing 23 with a conmbustion chanber 25. ﬁh@ @Ewg@@%ion
chanmber 25 has an inlet 27 that is in communication with first and’s d
gas inlet lines 28, 30. By neans of the inlet lines 28, 30, oxygen or

hydr ogen can respectively be introduced into the conbustion chanber 25 in a
controlled manner. In 20 the region of the inlet 27, a heating ring 32 that
sur r oundsegppiesival artddtonative A8xtuBd of hypragendand ioxygenleThé @ohdaistibhds gases
introduced via the inlet Ilines 28, 30 and to effect a conbustion of the

thereby rgpitbtdtOb) an MppropPake figxel Ssisor 37 Dlairyaid ¥embuxtion ewaferhydr ogen
and oxygen. The conbustion is nonitored by an appropriate flame sensor 34.

During th ﬁcﬁﬂb (1N, r I@WH e t e i
conbust i ogao sE%és If|§'t t?g\rll\?@go?to e étéri'rgulétB Hr%sgégggﬁ/%b%lr"ggerﬁgggi tﬁﬁaxtur e. If
one of the sybsti tuenh_’s%di S é)Present. tl n ﬂr eat el t ha tﬁ stgi.chi omettr.i C
pr opor t | ofPSUtING: RYAEN(HALOYR 8% FuKure-JhoBP © ﬁ%?ﬂ@% UEREHS RETRF "V Apour
m xture that can be introduced into the thermal treatnment unit 24 of Figure
3 for a t9@aRN thana misichiometrie Ropertion, there Jesuls 1y PNEEBRIEGeR" or
hydrogen content, one can alternate between an oxygen-rich and a
hydr ogen- hydrhgeadrich wajsswapeux troixtire ihat eay bedinttadgcetldntonthe thetmabne nust
take care that no explosive m xture results outside of the burner. This can
be achi evgdatnient udwte@pbeFigure Blat a tigsrmed aaltraent of the VCSEL 1.
By increasing the oxygen or hydrogen content, one can alternate

between an oxygen-rich and a hydrogen-rich water vapour 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 vapour mixture, for a certain

period of time stoichiometric 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 vapour mixture.

Alternatively, the burner can, of course, alsc be rinsed in the meantime

with an inert gas that can also be simultaneously used for rinsing the thermal

treatment unit 24.
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after the production of an oxygen-rich water vapour m xture, for a certain
period of time stoichionetric proportions of oxygen and hydr oggn are
introduced into the burner in order to ensure a conplete conbu td dHAYaddlot o
di spl ace the excess oxygen out of the burner. Only subsequent thereto is
addi ti onal hydrogen introduced into the burner in order to now produce a
hydrogen-rich water vapour m xture. Alternatively, the burner can, of
course, also be rinsed in the neantine wth an inert gas that can al so be

si mul t aneously used fqr rinsing the,_ theruoal reat nent unit,24.. .12.1 5 MA (
2005 As can be recog(%isz‘@i‘ Eﬁ '%lcaﬁ?'geg,mtﬁgu'@néi e&ﬁ'ﬁfe ot %i\@wcﬁgs used
for the thermal treatnent process of the present invention, has a control
unit 40 that vi auéﬁ%f@pﬁhﬁatgérmaﬁ treatment JiReess of theePregppt nventionsdiasods gases
into the burner 20 or a connecting line between the 5 burner 20 and the

t her mal treat mentoninolt udig 40Bthat ntia chpropriatexvajees éi2 contiologbe supply of
connecting |line between the burner 20 and the thermal treatnent unit 24, it

i's possible to pyagbselgasestiniheneygesr 20 by dr egmiectipgnlittbedheémeane
oxygen-rich or hydrogen-rich water vapor m xture. The invention was

previqusly descr yL0a Wd fnd Pf‘eugite‘ri’rg%lg%%éﬁtr @t 240 By RAEHIERE DXYhEARYL bei ng

limted to the concretely i

hydrogen into a connecting line between the burner 20 and the thermal
treatment unit 24, it is possible to precisely set the oxygen or hydrogen
content of the oxygen-rich or hydrogen-rich water vapor mixture. -
The 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 hiirner
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
multiple 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
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enbodi nents. For exanple, for the production of an oxygen-rich or

hydr ogen-rich~ water vapor mxture, it is not necessary to use g gnﬁmﬁ
pursuant to Figure 2. Rather, the m xture could al so be produc% “
evaporating water and introduci ng oxygen or hydrogen into the vapor. 15
Furthernore, the inventive nethod for treating a substrate having nmultiple
| ayers can al so be carried out at any desired process chanber pressure. For
exanple, the nmethod can be carried out in RTP units at normal pressure

(at nospheric pressu . - r r rpr ure. . uitahbl e

under pressure an§&¥@§%ﬁﬁﬁwﬁggfg%%%égﬁgcsgggggﬂgp@é%ﬁk%wgﬁ%ﬁﬁgééﬂ?gﬁg¥ a
possi bl e explosi%g,gas,eéglosion_can be reduced to such an extent that no
damage occurs toPERE ERERBCPY AN INGThAasaPE PYTR WA V@Ror Horpavdifingean

swi tching between hydrogen-rich and 13 0 5 MAY 2005 oxygen-rich water
vapor (or vice vexp@pivesggmewitbilee wi t hout the chanber being rinsed by an
inert gas or pure water vapor for avoiding an explosive gas mxture. 14 0 5
MAY 2005 Patent Clainms 1 Method for the thermal treatnent of a substrate,
especially a sem conductor wafer, that has multiple substrate |ayers,
according to which a
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substrate |l ayer that is covered from above and below is oxidized fromthe
side edges thereof toward the centre in such a way that a defined central
portion is not oxidized, whereby the follow ng nmethod steggdw zai vi ded:
a) Heating the substrate in a process chanber to a prescri e nt
tenperature; b) Introducing a hydrogen-rich water vapour into the process
chanmber for a specified period ¢tatent€aifs | nt roduci ng dry oxygen, i.e.
pure oxygen (in the formof atomc 0O and/or nolecular 02 and/or 03), a

m xture of oxygen and an inert gas that does not chemcally react with the
| ayers of the substrate, or an oxygen-containing conmpound that contains no

wat er, or oxygen-ri t i r
¢ Mét?c}!t? ggf thﬁ%él%&ﬂ%t%@&%@&sﬁﬁﬁéfﬁpﬁél@ a

concl usi on of_the spec of tine, er eby st can be effected
br escri beattIeRBLERY \EinE ah gl npe Uik B st e BFers 4ERbiig d furtchea
i oduceR IS (9T el Soveres! oty Hhs arikhBRBLr b UL IOM, T Sf ace the
hydr ogen-ri ch water vapor out of the process chanber. 3. Method according
to cl ai m edgestheseeldowasd thencemse in siech awanibat gaisfivedicgintral peitiond® hydr ogen
i oxygerr:.Ot oxidized, whereby the following method steps are provided:
- a) Heating the substrate in a process chamber to a prescribed treatment
temperature;
b) Introducing a hydrogen-rich water vapour into the process chamber for
a specified period of time;
c) Introducing dry oxygen, i.e. pure oxygen (in the form of atomic O
and/or molecular O, and/or O3), a mixture of oxygen and an inert gas
that does not chemically react with the layers of the substrate, or an
oxygen-containing compound that contains no water, or oxygen-rich
water vapour into the process chamber after conclusion of the specified
period of time,
whetreby step b) can be effected prior to, during and/or after the heating of the -
substrate to the prescribed treatment temperature.

2. Method according to claim 1, characterizéd in that between the

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

15



5 4. Method according to claim2 or 3, characterized in that the further
gas is an inert gas. 5. Method according to one of the precedi ng clains,
characterized in that the substrate is heated to a treatnmeng gt ggepgihure of
bet ween 300' C and 700" C. 10 6. Method according to one of the preceding
clainms, characterized in that the substrate is provided with a

sem conductor wafer having a 111-V-seni conductor structure, especially an
Al GaAs structure or InAl As structure. 7. Method according to claim6,

2o num cont ai nehgribs) BF or @ e e il WAL Fanst Mt o

clains, characterized in that at |east one of the plurality of layers forns
a truncated con®roeesS\ERNeraccording to claim8, characterized in that the
20 truncated cone is round. 16 5 MR( 2005 10. Method according to claim8
or 9, characterized ig.thaMathed |aogerdingdp ¢lsin 2,behayacisirized insthait dhesed in
the region of the truncated cone. 11. Method according to one of the
precedi ng cl ai s further gas contains neither hydrogen nor oxygen.
5 4. Method according to claim 2 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 th"at the

20 truncated cone is round.
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5 characterized in that the not-oxidized central portion of the one |ayer
forms an aperture for a surface-emtting sem conductor |aser having a
vertical resonator, which is also designated as Vertical Cavity Surface
Emitting Laser (VCSEL). 12. Method according to claim 11,§ Ehﬁﬁ%dﬁ@ ized in
that the 10 aperture is round. 13. Method according to one of the preceding
clainms, characterized in that the substrate is held to the treatnent
tenperature during the steps b) and c). 14. Method according to one of the
preceding clains, 15~ characterized in that the substrate is renoved from

the process chamber direciathad tRicotdiey 36 i) 8 309, VRhRREMEEOItHE to one
of* the preceding clains, characterized in that the process chanber is

operated at  UNdglPLIS WA is t be Oxidized is disposed in the region of the truncated

cone.
11.  Method according to one of the preceding claims,
5 characterized in that the not-oxidized central portion of the one layer
forms an aperture for a surface-emitting semiconductor laser having 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 fo one of the preceding claims,
characterized in that the substrate is held o the treatment temperature
during the steps b) and c).
14. Method according to one of the preceding c_;__lairns,
15 characterized in that the substrate is removed from the process
chamber directly after the step c).
15.  Method according to one of the preceding claims,
characterized in that the process chamber is operated at
underpressure.

20
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