;eder[rX FI*"6T?J< METHOD FOR THE THERVAL TREATMENT OF A SUBSTRATE HAVI NG
MULTI PLE LAYERS The present invention relates to the thermal treatnent of a
5 substrate having nultiple layers, according to which a substrate |ayer
that is covered from above and bel ﬁmmmmmmwmgd fromthe side edges
thereof toward the center. Such a wn, for exanple, during the
production of an aperture for surface gggbti Nng sem conductor |asers having
- a vertical 10 resope ' S 00z Vet [
Surface Emtting Lose HES T 2 FcoRaaeRet—F Jall
. the radiation that is produced s propagated vertically, i.e. in a
direction perpendicular to the ﬂéﬁﬂiﬁ&ﬂ'&mm a p-n junction
pl ane. Wth conventional |asers, the propagation of the radiationis t 5
effected in a direction parallel to the sem conductor surface and the p
n-junction plane. VCSEL's are used as '"the preferred |light sources for
| arge parallel opticalfTheopmessht aiveptionr riates Cliou s thdinatngdtenentcolipl i ng of
the VCSEL's with optical fibers, they nust emt a Gaussian radiation

profilse. For the : hdlied e iah! jvation,
a special circul g@%ﬁ%?ﬁ%@@ﬁ%é%r y ?%otrﬁgg\}égxgl‘_l?h 5\13@???&@2?&%%

Hon, et art SRHGFRBR deleind e otdtiad fish) B e odte, 1,2

oxi dation of Al GgAs structures of the VCSEL's that progressed fromthe

si de. For the ox F?%ﬁ}”aﬁ&:&‘e\k’gﬁﬁ"s in a process chanber were brought to a
treatment tenperature and were oxidized with a nitrogen-containing 5 water

vapor. After the oxi deHFbm methrod/isdmown,ifar examples siisisg dhamseductioneofc ool ed
in an inert gas atnosphere to a tenperature |ower than the process

t enper at ure, andahhaperives forssurfaequamitting semicesduétoofasene haviog eseertibainber .

In order to increase the throughput, wth many VCSEL processes, the

substyat es are akgstmdyor! agpigRdist 6@ desighlted esess \RhtgdeCadty SOfResS
tenperatures, with the cooling of the substrates then generally being

effected in anbi epfinidgl Laddie(VESHR].I OR YO RE a5 b8RicoRRubor KASYN With!
exanple fromUS Patent 6,014,400, is initiated by the nitrogen-contali ning
wat er vapor trea t : 0X] i ni. | k QC s from
the 15 out si de. t SUEthep BEUA sk ¥ ppdcsd's SbpBBRB eI RERT S o

at nospheres, and during renoval . of the wafers fromthe process .chanber, or
Guring the cool | AGERHAM BRPERGCH\ARLe Ik SEMRDRHEIOUEERCR RId BRI b ant
air) a progression of the oxidation is gradually retarded and js. brought to
a stop. This ret #ang i WMt cenwentianay lagersniexprapagatien 5 theormdistion is
however, not be precisely controlled with the above-nentioned nethod, so
that 1% is not pefetieddntadirectionparaliel tarttle seaitandhisiar siptaceansl the pd t
Transl ati on of PCTI EP02/ 083~ QJFiled 26. Or. 02/ Chung, Wn, Yiu et

al / STEAG AZ. 8267 n-juRctiorgplatieo pYCSEL 'sparepgsad as thod praferr®Cight soureepdoi al | y
for the formation of a desired spatial radiation profile, such as for

ﬁxarml e a Gaussi igeaghiliieProplical | dotmmanieben SrchARedtlrese f TomehbbR s,
owever, !

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
st be defined precisely I RLRITRARRITn
*159159+*

1
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necessary. 5 Proceeding fromthe above described state of the art, it is
therefore an object of the present invention to provide a method with which
a laterally progressing oxidation of a layer of a nulti-layer substrate is
‘possi bl e such '"that a defined central portion is not oxidized, i.e. "that a
progression of the lateral oxidation can be stopped at a specified point.
Pursuant to the present invention, this object is realized by a nethod for
the thermal treatnent of a substrate, especiall sem conduct fer,
that has multiple |ayé'?£h,e Rago ARty P%F]O@%Chﬁ&@ﬂa‘?’%é)ﬁqwf%'@%ﬁs
. covered from above and bel ow is oxidized froml|5 the side edges thereof
toward the cent eStiugtuses 9f 2haayCBRAts thatepiogeepsedntrem thesideon Far the
oxi di zed) whereby the substrate is heated in a process chanber to a
prescri bed treat oxidativamblee AYQSE] sa iryad pogeessr ichhmbar ewenreapoougrs fontar oduced
into the process chanber for a specified period of tine, and after
concl usi on of thereanfeht terfpdaiuredarty widratoxidiz¥d ANt s ftfbgePlccHiaining

r

oxygen-rich water vapor) is introduced into the process chamber. As™a
resul ts of the hegidiatHort Nt Chfiafioh oteNICEERA! AL JrB0RR Aldihfer. 2
the introduction of a hydrogen-rich water vapor, it is [ ranstation of

PCT/ EPO2/ 08310/ Fi i 07,0 W tu at_ al/STEAG AZ, 3267

possi bl e to achi E“Q?Zgé:%?%%ﬁ Ino%l'gﬂéw %&Feﬁtﬁﬁs\éhﬁl}% é’s{?m{’gerg{?ir%lé?‘?’%fntw a
substrate | ayer @Pat is covered froma ?.'\'/e and be| ow. By the subsequent

i ntroduction of 41§ PEOSRSEnteBIPELMUER, ey wer SUPseaysstly; rermpveseioMocess
chanber, it is possible to stop the lateral progression 5 of the oxidation
in a defined manike processbemberadnicsder to inefaasedtheribroughipat, 2with oemyr al
portion. Dry oxygen includes not only pure oxygen (in theform of

at nrospheric 0 an¥G8Eloprecesses, Otheasdbstrates) areb wireatly oremaved dreenm ofheoxygen
and an inert gas such as, for exanple, nitrogen or oxygen, whereby the

inertigas is di sprogisesbiedmber Gherbésds tétaperaturds e withOthe lcopliedrisfainey react
with the layers of the substrate. Furthernore, dry oxygen al so incl udes

oxygen-cont ai ni ng,,6mpas ks Q%Z%raﬁf’ﬂéiﬁ%réﬁéﬁté?ﬁh‘%mbigm§i lant to a preferred

enbodi nent of the 1 nvention, ween the I ntroduction of the hydrogen-rich
wat er vapor and the i oduet. ’ 0 en=arich
wat er vapor, a furt he?ﬁ‘l éa%%lo?‘mr%cfﬁ%e%@?n%yﬁ ﬁﬁ*ﬁﬁﬁg@é@@ﬁ%ﬁéﬁ‘ pﬁ‘ or der
to di splace the rqg ri wat er vapor out .of the pgrocess chanber. This
prevents an expl E’é?%)ﬁ é@é“&%h%ﬂ"&@%‘ﬁg% "&M&?ﬁ%%ﬁmnﬁ M‘ﬁ‘?‘?rn"i‘w
process chanber, which due to the increased tenperature of the process 2U
chanber and of t Heanes% rande a8 oexidatiasadrond is Hermethdbat procgedexipedsthen. 1n
this connection) the further gas contains neither hydrogen nor a Lit
translif®et| on of POUISKRD2oO&E] OthEi lirtdri@s, 0 DWidyChhnggodting;ofiviin etert gas
al / STEAG AZ. 3267
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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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 substrate is preferably heated to a 5 treatnent
tenperature of between 300C and 700"C. Pursuant to a particularly preferred
enbodi nent of the invention, the substrate is provided with a sem conduct or
~ wafer having an Al Ga which,.is it for _exanmpl for the

formati on of VCSEL' sA’%Pﬁ ﬁﬁ %@th&%e&tﬁs Pﬁy’q ?@'lé’Elr ﬁanF%c'gB' E‘%f %])% di zed
-is preferably an_a 0 alunlnun}contarnrng | ayer (abbreviated in the

fol l owing as an fArmatienef agesied W@I'altrﬁé'aapnrﬁrﬁﬂm sHgte@s fauexampiga
i ntroduction of the dry oxygen or the oxygen-rich water vapor, sapphire is
formed that suppGmissiant tadidtoneprifileyragresss apediira fermatictaisi, deVIiavent :
Advant ageously at | east one of the plurality of layers forns a 15
preferably roundnetesdyamp.ed cone, whereby the layer that is to be oxidized
is disposed in the region of the truncated cone. This allows a

vel | - defined, round, P%bé@éﬁrg #Rfh A8 AFdveP AesEMbd stdtBCof WETart Nl S O
be oxi dized to be achieved. Pursuant to the preferred enbodi nent of the

i nventi on, the n%ra%rgyand@sa &P Q! Blestft EBRIGN 14 PFob@Y Sl ridhily Wiy 0, O°

oxi di zed forms an aper dre tace ting Laser
(VCSEL). In this I I atr on of PCT/. I?OZ/ 0 31Q/ Fil ed 2B. Olg I02/ Chung,
Hin, YiuetallS PegRERY cm" al'I?Q & Y P FrBYEFAR'Y round

in order to achieve a good actl vation of | aser and a Gaussi an

i rradiation prof FHestratds pessitleatughenata ﬂﬁﬁ”%@rﬁ@@?ﬂt%’w ISPt qiddized,

i ntroduction of the hydrogen-rich water vapor and of the dry oxygen or the
oxygen-rich 5 wai.er thatparprogressieheotitile latetall axidation carziestappednperat ur e
in order to enable a defined progression of the oxidation front and a
contrig | ed hal ti specified beintxi dation front. For an acceleration of the

met hod, the substrate is preferably renoved fromthe process chanber

directiy after the stppcdiant\Whithé présérﬂsmu@rhtﬁprﬁ'tﬁeeom@& Axi¢hizb@Iby Gont was
halted 10 in a controIIed manner the i ntroduction dry oxygen or

the oxygen-ri ch Waligky VRO Aol A0l - Qﬂcjgstﬁ] Ia%tp;aggﬁgrate in

t he process cha ere ore no | onger neces tion of

t he hydrogen-rich ter an, b effe or to r or after
t he hgatl gg oflt @'\!’\'@ ?‘% W@?ﬂ?s P‘@i‘?ﬁj‘? Ic?rf"r 83?%8“ Ipog?@é&h?ure,
wher eby during the treatrrents I i d heatln units _ (RTP, unj t he

i nt rodﬁcti on igs SHéM@rlaV%dUﬁhlsa‘&’ 5’0@‘ FEEYeeé rqeth?wﬂé)of‘ﬂézel‘?e}é‘?%"ng in

order to provi de conditions for the laterally progressing oxidation that
are de¥ined as 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 s_peci'fied
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 resuit of the heating of the substrate to the treatment

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

3

Lit Translation of PCT/EP02/08310/Fiied 26.07.02/Chung, Hin, Yiu et al/STEAG/AZ 3267



precisely as possible. 20 The invention will be explained in greater detail
subsequently with the aid of a preferred enbodi nent of the invention with
reference to the drawing. In the drawing: B Ltt Transl ation of

PCT/ EPO2/ 08310/ Fi |l ed 26, 07.02/ Chung, Hn, Yiu et al/STEAG AZ. 3267 Fig 1
shows a cross-sectional view of an Al GaAs sem conductor structure for a
Vertical Cavity Surface Emtting Laser (VCSEL) Fig. 2 shows a schematic

" cross-sectional ill ti hr ou or_the provis

wat er vapor that pES%IE%I?Ps '&I’% gIIO@%S/gI% @m%feéﬂaas d@kﬂbﬁﬁﬁc

- bl ock di agram of a substrate treat ment apparatu for carryr ng out the
i nventi ve net hodSubstiatelayepibal is cprvared cfremogbove candnadlowi ewBy hitgugh t he
arrangenent of an Al GaAs structure for a Vertical Cavity Surface Emtting
Laser 1, the |i glstbseduentgntegubirction eof adry vixygenics av osygerdriphiveateanvapaor t he
met hod of the present invention. The | aser has a GaAs substrate on which is

applied a 'first jmbyrélprésessf chamisared idipcadisld fy stop- thEh@tefrarr;ﬁbgrdssroai ity of
layers is | S applied to the GaAs substrate in a region 4, and 'the |ayers

have essentially of fife éﬂ&ﬁﬁ]d?‘?fn' PBefired HIa'ﬁﬁB?an&%eﬁ& desgvé ey AgRstrate

3. Beyond the region 4 dopi ngs of the layers vary, as i ndicated in

Fi 1, f f I d
g1 U DR i, AP0 Bl oh aBhEl o7,
I I f ol d h h f

o e b S k¥

al / STEAG AZ. 3267 a round truncated cone or a nesa, |l.e. a layer structure
that projects beyoNgre 9é oxygen aadan Rgragansuch Etshéo"r@gﬁ"ﬂﬂeoﬂlt@g@tnr oh 4
having the first plurality of layers first GaAsMQW | ayers are provided.

This is foll owedoliygem veherebyitneiindrigas i8S distinghisbéed iby thedactpthat iitddaesa
plurality of p-doped Al GaAs | ayers. Provided on the upper surface of the

trunceg ed cone angt h@eidallg déadttittHe lapersf & tht hibatrhiey aF idiRerddorehén aser,
as illustrated by the arrows 10, 11. The alum num | ayer 8 has an oxr di zed

outer portion 134 xg@ér?@léog incl§Uds! I:Iéfdér?‘&&ﬂ find 20 éﬁﬁhﬁ?%ﬁt %6n S a

non- oxi di zed centr portion 14 th s i1l ustrate t-co and
serves as an apem%ﬂép for the | aser. For a good | aser actrvatron and for a
good coupling of | aser to opti cal fibers) it is inportant that t he

non-oxi di zed central portion.14 forma,ro re that i ned as
precisely as possi bl eIaure.uant to a preferred em ub dlm%nI oII the rnventron ge een

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 rior

4
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1.5 Such a precisely defined round aperture can be produced by the

i.nventive nethod, which is desjcri bed subsequently. To formthe oxidized

outer portion 13, an Al GaAs structure having 'the aforenentioned buil d-up,

in which the alumnumlayer 8 is present in a continuous non-oxidized

state, is loaded into a process 2U chanber of a thermal treatnent unit. The

thermal treatment unit is, for exanple, a rapid heating unit, such as is

- known from DE-A-199 05 4, ich ori from his . sa licant, and
Which 10 this exPRMIeN s The futhef 3a8) s raferany e Mot 87545 Aoie: RoavoR

. 07.02/ Chung, Wn, Yiu et al/STEAG AZ. 3267 made the subject matter of the

present inventi oﬁﬂﬂﬂSIEﬁd:lf@laCth%Wﬁh@&e@hﬁtiﬁ$dhflﬂgﬁ’é$fléﬁﬁérﬁewe of the

Al GaAs structure is subsequently heated to a treatnent tenperature of

bet ween 300 and 700C, Fehiachodd ahdachrerdiiabies ustefally progoessimy dxidetion esf

oxi dation of the alum numlayer 8. After the heating of the structure, a

hydrogen-rich vwatiy |ayaptHatiis td BbragHgsdl thats@bhﬁﬁtepueqsreﬁasmréa%dtﬁat he
heating unit. The hydrogen-rich water vapor can be produced, for exanple,

by conducting hyﬂ%%‘?éhtttg@g %ﬁet%é@ﬁﬁooﬁgﬁﬂﬁ%" ely, the hydrogen 10

rich water vapor mxture so be produce y the urner) which wll be

descri bed subsequent| vmth efer a re ult of

t he introduction of tﬁ@ ah2 Cé*f?ffxa?fs eq(Péﬁ%’P%ﬁﬂ?f‘? (ﬂfﬁiwnrs{an Pni cal
reacti ons occur wthi n the process charrber 2Al As * 3H20 Al 203 + 2AsHs 15
Al As + 2Ha0 = Al thecpybstrateiisproyided wih asﬁm)ﬁ,o UFks Watal baing ap AJRBAR| As -+
3H20 AI(O—|)a+AsH~ Al ( 3 + Al As Al 203 + AsH3 2AlAs + 6H20 = Al 2Q38 *
Asa03 + 6H2 20 Astrociure, vetich is-suirabie. fer skamplen formthe foonatien pPbNCSHles.e
occurs a laterally proceeding oxidation of the alum num | ayer, which
progresses from ﬂmehisi cnnedtiers, tife tdyer Ithyleiss t@ beooridikerdhis prefeddbdly Bhe

| ateral velocity of '"the oxidation is known, and after achieving a certain

progrgss of the g rﬁlﬂwrpébntamﬁ}g aIES'@rr ﬁbbl‘évn&éénﬁhafthé)nfdﬂbw as_an
PC r/ Ep021083101F| I ed 26.07,021Chung, Hn, Yiu et allSTEA- 3267

term nation of aaﬁ.ﬁﬁi}lﬁhﬁla%F lt‘ﬁfth%._rﬂﬁmlﬁd}ﬁ thd bhaﬁgéltﬁa Iﬁtfroébﬂﬂ:ﬁlon of

hydr ogenri ch wat er vapor roces I's subsequently

rinsed with a ga referabl n i er

hydr ogen out of ?’P]%Bm%’&y@?& %ﬁﬁ%’é‘psé%”?ﬁ&%ae‘#]&%q a Pee%gaggﬁgdéﬁsuch as
argon are preferably used, as |nert ases t rocess chanber is

ri gsed Wi tﬁ t he ﬁHB%ﬁesﬁﬁyh%‘F‘kFrﬁW@ Wsépnoéﬁéﬁﬁxﬂhagﬁﬁm r vapor is

i ntroduced into the process chanber. As a result of the introduction of the
dry oxygen or of the OWyaaiagepusly aitleastvapeof thepluwliyoaf ﬂﬁ}’e&é@ﬁ“&%

reaction occurs: 10 4AlAs + 502 = 2Al1a03 + 4As0 or 2Al As + 30z Ala03 +
As20313 n thi's waypyeferabiyiwaund rigundated ecane; debérebyf thentayey Mslsv’m iben of
the oxide |ayer is achieved. Thus, the advancing of the oxidation front,
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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and the formation of the non-oxidized aperture 14) can be precisely 15
controlled in order to forma defined edge region of the aperture for the

| 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 introduce another
gas, or 'for exanple pure water vapor, into the process 2U chanber in order
after the displacenent of the hydrogen-rich water vapor to introduce the

- dry oxygen or oxygen-rjch water vapor. The displacenment of the hydrogen
prior Lo the i nt CHAOLEHI% th aBegers Pecterrhly fOFILRPEET thagiieve 2 goo

. PCTI EP02/ 08310/ Fl I ed 26.07.02/ Chung, Hn, Ylu et al/STEAG AZ. 3287
necessary in ord@lcti‘(ﬂiloﬂilr@f\tbﬂﬂa&eﬁ@ng(ﬂGﬂﬂSSjan bradiatiorkpiofitd. ve gas mixture in

t he process chanber. The hydrogen-rich water vapor and/or the oxygen-rich

wat er vapor can be pr dfiectechparatare ob theneubgtfate vduritly the istrbdusticrcef the 5

illustrated in the cross-section of Figure 2. Figure 3 schematically shows,

in a block di agr #droyeneibH WatetNdpotaddIaf the éﬁ%iot@géﬁ dratheCa¥ygéenigput the

above-descri bed nethod, and which contains th urnér 20 of Fi'gure 2 as

el | 2 a 't et Maly 4 LARLRTL iefarkd el 'S B iRl RHpLAR Wihiorda: have

for exanple, a conposi such’ as 1S descri € not pre-published
German Patent Application No. 101 19,741 that originates with the sa

appl i cant and ha?"agﬁeatql?q”@d" RASOFRSFIQrh §f Alb?)ef’rxéf{q.fx'gn &%’?t and EPFBBE‘BIfngﬁ of
Process Gases" dated 23 April 2001, and which to this extent is nmade the

subj ect matter ofhalting of theeoxidatinrefrenbn Frh asrarselergtian of dhe epethpdi the 1 s
In summary, the burner 20 has a housing 23 with a conbustion chanber 25.

The conbustion clsahbisate2 peafewably nembved framat thes pracess nehambert dacty t h
first and second gas inlet lines 28, 30. By nmeans of the inlet |lines 28,
30, oxygen or hydciftegée siep o)ecapitt is wrisgibie sinse rthe wxitdtion tfont Ineascoatbadst | on
chanber 25 in a controlled manner. In 20 the region of the inlet 27, a

heating ring 32 4Rg cSHI6IR ffarinBe HyMhet infticaaeticid of IRe | diy REEgefesy tHe or der
to heat the gases introduced via thé inlet Iines 28) 30 and’'to effect a

)
nb [ f th |44 ' 31
GFi1ad 2607 0o PERTCHdtakyancl Aartthed PREMEDIN oL s b e IS
f hyd d . Ih j ' i d b i fl
Sensor 34 Dur i ng SRS AR o SRS RO Jalis) eeRiard byt he st of chi omet 1 ¢

conmbusti on of substituints of the refsqtlti ng oxyrgl;e,n/ hydrogen gas m xture. |f
o

one of the substituentld€ dntepdiicigrnef jthe ghdipgenighn watar (YPB%fO‘Fﬁé‘[ &

proportion, there results an

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 ithat 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. [n the drawing:

6
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oxygen-rich or hydrogen-rich water vapor m xture that can be introduced
i.nto the thermal treatnment unit 24 of Figure 3 for a thermal treatnent of
the VCSEL 1. By increasing the oxygen or hydrogen content, one can 10

al ternate between an oxygen-rich and a hydrogen-rich water vapor m xture,
wher eby 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 yapor mxture, for
a certain period of tiFlr?ﬂa shloi%!'rﬂ"(ﬁmtari Eross-Seetionalt i WAY off oRiigehlGans

. hydrogen are introduced into 'the burner in order to ensure a conplete
conbustion and t sediiepidustorn steucinreefy @X\agticalolavityt Surface Emitting Qalser
subsequent thereto is additional , hydrogen introduced into the burner in
order to now proquOSEL)hydrogen-rich water vapor m xture. 2U Alternatively,
"the burner can, of course, also be rinsed in the neantime with en inert

gas that can al so be ; I f &L ok £ t ment
it 24. 12 Lt Transt i oo o oreoc ERBY GEShrEeRd! Y uhiE Rk

ni 1 257 whi ch 1 S8y he PieRn, &R URRE by el Bl tyRSRCbL

invention, has a control unit 40 that via appropriate valves 42 controls

t he supply of varoixéfggn'gases into the burner 20 or a connecting |ine between
the S burner 20 and the thermal treatnent unit 24. By introducing oxygen or
hydrogen into a connedtd-ryShawieasehamatc birckisiagiam vaﬁéﬁbs'tﬂf@ g #ﬁ%l

treatnment unit 24, it is possible to precisely set the oxygen or hydrogen
content of the oapparatus &t aarryinglowdbe inventiveaethod.apor m xture. The
i nvention was previously described with the aid of preferred 10 enbodi nents

Wi thout being limtedRi@ thehewscd edopleyndtic drdskaierdorAb QbWBRicughFeHe
exanpl e, for the production of an oxygen-rich or hydrogen-rich water vapor

mxtugg) it isn AEFRI i t her,
t he m'[(gture coul ?rral g be p?fogﬁc‘g%%@s %gﬂ%%ﬁ;&ﬁﬂéaa?ggﬂﬁﬁiﬁng

oxygen or hydrog 1 ' apor . her he |nvent | hod
for treating a s%g#tﬁ'ﬁoé'aﬁgﬁi%gaﬁul"gﬁgl%ﬂ[@ygf)gﬂg% ogl @gk@e%;aéj%ﬁ?%(ggaout at
carried out | n RAVSHANES e Refi ofihe sitadt (HERORBher i 0 prossure) .
carried out in heric pressure), ~
overpressure or underpressure. At a suitable underpressure and chanber
desi gn, a 20 possi bl e 1&®plassr dirspaeSahsesihstrate g iwhieh ds armiiedea gfirst

expl osion can be reduced to such an extent that no danmage occurs to the

chanber or subst mduralityl of rkdepetaAlGaApolayetsl e Bha ficsti plurddily vadelayers is
hydrogen-rich and 13 Lit Transl ati on of PCT/ EPO2/ 08310l Fil ed

26, 071921Chung, Hppliedto the GJASTEAGEtAate3R64 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 [ayers are applied or processed in such a way that they form

7
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oxygen-rich water vapor (or vice versa) is possible wthout the chanber
being rinsed by an inert gas or pure water vapor for avoiding an expl osive
gas mxture. 14 Lit Translation of PCTI EP02108310I FIl ed 26. 07 02/ Chung,
Hn, Yiu et al/STEAo/ AZ, 3267 Patent Cainms 1. Method for the thernal
treatment of a substrate, especially a sem conductor wafer) that has
multiple |ayers, according to 5 which a substrate | ayer that is covered
from above and bel owri@ oXi q(i éed fromthe side e%ges t hereof toward, the
center in such a ARHNHEHNCAIRACORE LR APSE. Sord [BYRT SYUAMIE Satproiasts

. whereby the follow ng nethod steps are provided: a) Heating the substrate
chamber to a predwyppedhe pebstraiet 10 tenperature; b) Introducing a

hydr ogen-ri ch water vapor into the process chanber for a specified period
of tinme; c) Introduci igljatentdsytbemegioneor pectionodylming the fiestf mloraligf ofit omi ¢
O and/ or nol ecul ar 02 and/or Gs), a m xture of oxygen and an inert 15 gas

that does not chesjdralfirkt CRAGMQIN Mayiehe draysrovidell. t TRiss W HSIoNeR) pPramn

oxygen- cont ai ni ng conmpound t hat contains no water, or oxygen-rich water
vapor tnto the pr e : i t I fked j od of
tinme, %/\/ner eby steag&'ﬁ?ﬁ'(ﬁﬂé\ﬁrgg gf(?rieé@gﬁszgér]ﬁh?ﬁt@,ev@tagi%?Igﬁﬁﬁoy ;}J??(g‘r%q he
heating 20 of th tra tQ th rescribed treatnent, tenperature. Z.

Met hod accor di nge"‘t@%?%éﬁ')ﬁéf%; @Wﬁ'l‘%ccfg'?i%ﬁ%d‘ppﬁrFH&%C%QJ\XE%ENPHE%& 'é?ﬁe b) and
c) a further gas is introduced into {he process 15 Lit Transl ation of

PC r/El' 02/ 0831 af%ﬁ'%ﬂf'?%.@ﬂ"@%'m ,thgu%f)t'\’%t"enefﬂéﬁ ||§PEA@MES§§W
chanber in order to displace 'the hydrogen-rich water vapor out of the
process chanber, by.themrrewes H.cdrding to claim 2, characterized in that the
further gas contains neither hydrogen nor oxygen. 5 4. Method according to

claim 2 or 3) char act diiezaldminurh haert8higad an toxilizegheutes partionnts, twigiels is 5.
Met hod according to one of the preceding clains, characterized in that the

subst@te is heatim.it_tﬁa@edaaérdaﬂ&-aaefed,Wtﬁﬁg@%&f-oﬁatmeu%n%@%&tmm 700" C,
10 8. Method according to one of the preceding clains, characterized in

that the substralfef & MGWAHACYblicBosRl SRACGLEL ORI dof the

[11-V-sem conductor str ure) es : structure or
stieture, T Nethed 650 a9k bR, sEOArS SRR SplR kT bl gy v
one of the. pl ur al!PapiGH Tleer &5 CrRriant et g axiGaa, coptiahgorio 14
according to cl aifg}n{? a r%ﬂﬁé %Cpteﬁ[l;ezt?'gt %snd(etf%ae% a;[shgrecisely 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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20 truncated cone is round. ~s Lit "translation of PC rlEP021083101F11ed
2C. 07. 021 Chung, Hin, Ylu of allS rEAQ AZ. 32g7 10. Method according to
claim8 or 9, characterized in that the layer that is to be oxidized is
di sposed in the region of the truncated cone. 11. Method according to one
of the preceding clains, S characterized in that the not-oxidized central
portion of the one layer forms an aperture for a surface- emttrng

" sem conductor | aser, hgav t or 0 at ed

2s Verti cal Cavi Popag e, daolel Fhae b U WG EREh I RGBSR g o
-claim11, characterrzed in that the 10 aperture is round. 13. Method
accordi ng to oneReIRB. precedi ng cl ai ms, characterized in that the
substrate is held to the treatnent tenperature during the steps b) and c)
14. Met hod according B‘bedampefatureeofpiheééeaﬁg stiugture is eumwwfvbeatedw t hat
the substrate is renoved from'the process chanber dr rectly after the step
c). 15. Method atsaa dremimient dempefature gir betnaieng 300aand, 700°Chawhicheis zed in
that the process chanber is operated at underpressure. 2U 17 |it

Translqation of PgyuhBgests&hd Gobs brébdéihcdi2oxhativh otk alliingi layer
al | STEAG AZ. 3287
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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
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termination of a certain period of time, the introduction of the hydrogen-

rich water vapor is halted. The process chamber is subsequently

rinsed with a gas, preferably an inert gas, in order io displace the

hydrogen out of the process chamber. Nitrogen and/or noble gases
5 such as argon are preferably used as inert gases.

After the process chamber is rinsed with the inert gas, 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;,0; + 4AsO or

2AlAs + 30; = Alz03 + As,04

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 cantrolled 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 chiamber, 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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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 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 compaosition

10 such as is described in the not pre-published German Patent
Application No. 101 19 741 that origlhates 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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#10%r& ()- @LO%T& ()- S10%r& ()- S10%r& ()-""#b###, $AEYNC
. @LO%TE ()-*10%TX&' () - F @O%r& ()- %10%v& ()- #S10%r& () -
1 10%7&' () -, $CIS$SSCUVEYGE: / 10m
10m83: MLO%TS: () - f 8S10%T: 410%r&' () - y2S10%& () -
S 0#109%1& () - Y. 10SHR! oesvemiussm”ﬁmen BOARONYERD- () ThS#m%me('?ﬂ is
., z10%& ()- 10%& ()-S10%m&' ()- 10%m& ()- 10nB&&&&?'' ' dE:/
10m¥10%r& ()- @dl 0%artto(ed by Gyrapprypriate flavmesénsorBmRUCihg the combustion,
10%m& ()-'"3(y((()dE/ 10m , mO%r& ()-*10%m& () -
' S10%m& () - ‘V#lomsftér) varp@o%mds(t)y tHel StioRidmetrit Combustioh GF ALB¥INGe AR
the resulting oxygen/hydrogen gas mixture. If one of the substituents is
5 present in greater than a stoichiometric proportion, there results an
oxygen-rich or hydrogen-rich water vapor mixture that can be
introduced into the thermal treatment unit 24 of Figure 3 for a thermal
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
mixture, whereby during the switching ene 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 fo 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.
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109%G8' () - 10%G& () - @O%& ()- ++,1,,--dEYNC 10m
%#109%3& () - S10%3& () - m#10%3& () - z109%3& () - 1098 () -
-109%& ()--).d...://dEYNC 10m , f 2- 109%& () -
LO#10%63&' () -, 3. -10%3& ()-,,-109%3& ()- ):10%CE& ()-4,' 109%& ()-//10
0! 0" 0e0gObC 10m 10%m& () - Q%M ()- 106G 10G . L
Toce. - 10968 () @ 10048 697 PRroseunsd IncuBies3ohreBRireokmit 28000igh s
#10%&' ()- 9S10%r& ()- SH10%T& f& S10%r&’ () - 10%m& () - 23E3b333847<hC
10m >% 10%me ()Useddgr tedermal tregtmentdrogesst aftbgsreesgnt ipventipnmbag)a
z210%r& () - &4h444<5>5555dE: / 10m 10n8&OMLO%r& () - 8s10%r& () - y5910%m&' () -
T 3S10%& () - 31S1@wniol unit 40 that via appropriate valves 42 controls the supply of
various gases into the burner 20 or a connecting line between the
5 burner 20 and the thermal treatment unit 24. By introducing oxygen or
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 lllustrated
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
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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being rinsed by an inert gas or pure water vapor for avoiding an

explosive gas mixture.
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1. Method for the thermal treatment of a substrate,
especially a semiconductor wafer, that has multiple layers, according to
5 which a substrate layer that is covered from above and below is
oxidized from the side edges thereof toward the center in such a way
that a defined central portion is not oxidized, whereby the following
method steps are provided:
a) Heating the substrate chamber to a prescribed treatment
10 temperature;
b) Introducing a hydrogen-rich water vapor 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
15 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 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
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Lit Translation of PCT/EP02/08310/Filed 26.07.02/Chung, Hin, Yiu et al/lSTEAG/AZ.3267



90#109@& ()- ' 109&E& () - ni4t109&& () - y#- 109Z& ()- ! @0%& () - yLLLMWNEMWLC
10nS1098B& ()- f1098B& ()- 10Z 10Z 10Z99: 109@& () -1 @B109%Z& () -, | 4@0%Z& () -
MVIVNNNNSNXNDC 10m g109& () - Y: 109& ()- 10B 10B

10B93: : 1098& () -1 f8109B& () - 1098& () - XNNNOOOPAEBC 10m @.O0% ()- SL109%& () -
@O% ()-1 " @O% ()-13@10%: ()-  @O% ()- P8P| PPP7Qr QUEDC 10m

) 10% ()-G ' z10% ()- %10%& ()- y#10% ()- 109& () - 3100/&' ()-

i TR T e TS

.10 10 10: 910%&' ()prg;‘eg’;TJ]'g%ae’; @ 10m ! ##10%mE&’ () - @ Q#1009 () - 3 10%r& ()-

3. Method according to claim 2, characterized in that the
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 8. Method according to one of the preceding claims,
characterized in that the substrate is provided with a semiconductor
wafer having a |ll-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.
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forms an aperture for a surface-emitting semiconductor laser having a
vertical resonator, which is also designhated 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 o the treatment temperature
during the steps b) and c).
14. Method according to one of the preceding claims,
L5 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.
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