METHOD- AND APPARATUS FOR THE THERMAL TREATMENT OF SUBSTRATES 5 The res nt
i nvEftion relates to a method and an apparatus for the the mmw mmﬁﬁ
of substrates, especially sem conductor vvafers in a proce

havi ng at | east one el ement in the pr t hat infl uencas*t he
tenperature distribution. 10 Such an @mlﬁ W@“knov\n, for exanple, from
DE- A-197 37 802 of the sane applicant. apparatus, a

| i ght - perneabl e process chanber is provi dé¥%or receiving sem conduct or
wafers that are to be thermally treated. Provided outside of the process
chanber are banks mmnANDWRATMQEORJWMM he
substrate that 15 is disposed in the proSUBSTRAMES . To achieve certain

process results, in particular to achieve a honpbgeneous tenperature
distribution within the substrate, there is provided in the process
chanber s conpensatfie présent inlveatios ustatesde a methodsandtan iapparatus for the

thermal treatment of substrates, especially semiconductor wafers, in a
process chamber having at least one element in the process chamber

that influences the temperature distribution.

10 " Such an apparatus is known, for eéxample, from DE-A-197 37 802 of
the same applicant. With this apparatus, a light-permeable process
chamber is provided for receiving semiconductor wafers that are to be
thermally treated. Provideq{ outside of the process chamber are banks

of heating lamps in order to vary the temperature of the substrate that

15 is disposed in the process chamber. To achieve certain process
results, in particular to achieve a homogeneous temperature
distribution within the substrate, there is provided in the process

chamber a compensation ring, which surrounds the substrate i.n a
plane parallel to it, as well as a light-transforming plate, which is also
20 designated as a hotliner, that is held spaced form the substrate and
extends parallel thereto. The objective of the compensation ring is to
prevent edge effects that occur during the thermal treatment of the

wafer. Thus, for example, there is prevented a more rapid heating-up

at the rim relative to the inner portion of the wafer during a heating-up

1

Literal Transt of PCT/EP00/10290 of 19 Oct 2000 - Andreas Tillmann - Steag ~ AZ.3143



pl ane paraIIeI toit, as well as a light-transformng plate, which is al so
20 Yesignated as a hotI i ner, that is held spaced formthe substrate and
extends parallel thereto. The obj ective of the conpensation ring is to
prevent edge effects that occur during the thermal treatnent of the wafer.
Thus, for exanple, there is prevented a nore rapid heating-up at the rim-
relative to the inner portion of the wafer during a heating-up t Literal
Transl of PCT/EPOQ 10290 of 19 Gct 2000 - Andreas Tillmann - Steag -

AZ. 3143 | phase, and a nore, rapid coqling,.off L ac oI| ff phase.
In this connectionPhdgejaNdAdRnre FPRIY BP ff‘ﬁ‘é”t% g pB?ﬁ% ﬂ'?i’ﬁ?a
plurality of individual as i s descr,i

prepubl i shed DE- A- 19¥LC @g Ml'ﬁ}?vﬂéltBnﬁgnﬁtﬂJCﬁ &H@%%BLB%'&'"Q S'hq‘ﬂe
function of the hotliner is to absorb the light radiation emtted from
bank of heating | anplgraliy of indivigupl segmgnis, asre describady for @xpaledindheg not
itself emts a thermal radiation in order to heat the wafer. This indirect
heating of the waf eprepeiblisbed OEA-$98 24t007% avhicl belangsfiadbe slamenappli¢ant. 10
froma direct light irradiation, as a result of which in particular

structurgs fornmed on the wafer are protected. The function of such a
hotliner can be ascertained, for exanple, fromDE-A-4 437 361, reference

L0l o145 R SulofP B BBndPs B, B IR e ROBR By A0,
the compensation i g%ank of heating lamps, as a result of which the hotliner is heated and
itself emits a thermal radiation in order to heat the wafer. This indirect

heating of the wafer serves to shield at least oné surface of the wafer

10 from a direct light irradiation, as a result of which in particular structures

formed on the wafer are prqtected. The function of such a hotliner can

!
be ascertained, for examplé, from DE-A-4 437 361, reference to which

is made to avoid repetition.

15 With all of these apparatus, the -elements that influence the

temperature distribution, such as, for example, the compensation ring
and/or the light-transforming pl;te, are provided such that during the
thermal treatment they are held rigid and parallel to a plane of the
wafer. Merely in DE-A-198 21 007 is a movement of the compensation

20 ring described that serves to permit access to lhe semiconductor wafer

during the removal and the insertion of the wafer.
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| and/ or. the light-transformng plate, are provided such that during the
thermal treatment they are held rigid and parallel to a plane of the
wafer. Merely in DE-A-198 21 007 is a novenent of the conpensation 20 ring
described that serves to permt access to the sem conductor wafer during
the renoval and the insertion of the wafer. 2 Literal Transl of -
PCTLEPOQ 10290 of 19 Oct 2000 - Andreas Tillmann - Sleag - AZ. 3143 |
Proceeding fromthe aforenenti oned apparatus it is an object of the

present invention t vj.de .a nmet hod and ap apparatus for .the I
treat ment of substrgfcg‘see\d"ﬂgl figm d ea‘hfof"?‘fBPBU%'&g‘FéW@FaalPﬁr'é IS i h8 Lﬁﬁ’ém?%hﬁs

achieved. 5 Pursuant to the present invention, the object is realized with
a method of the af Brreéﬁ@ﬁt'l‘tﬂﬁ'é'ép'l JBePravide A mathody apﬁeﬁf\h@?ﬁmatw edPrdhe,
a spatial arrangenent of the elenments that influence the tenperature
distribution is varthedmaéiteaatinent oft subsdiates mithe whieh @n traprayedplesererature
chanber. In so doing, the tenperature distribution wthin the process
chanmber during the homogeneity ésbokievedand hence the tenperature

di stribution upon or in the substrate, can be varied and can be adapted to
the givegs process conditions in a sinple and effective manner. In
particular, it is possible to hompgenize the tenperature distribution 15

upon or in the sub ShLAiNt to the present invention, the object is realized with a method

of the aforementioned type in thlat during the thermal treatment, a
spatial arrangement of the elements that influence the temperature
distribution is varied relative to the substrate and/or to the process
10 chamber. In so doing, the temperature distribution within the process
chamber during the therm‘al treatment, and hence the temperature
distribution upon or in the sLbstrate, can be varied and can be adapted

to the given process conditions in a simple and effective manner. In

particular, it is possible to homogenize the temperature distribution
15 upon or in the substrate.

Pursuant to one preferred embodiment of the invention, a relative

movement for varying the arrangement is controlled as a function of the

temperature curve of the thermal treatment, and thus a temperature

20 distribution that is adapted to the temperature curve is achieved. The
~ element is preferably moved relative to the substrate and/or to the

process chamber. A movement of the element has, in contrast to the
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Pursuant to one preferred enmbodi ment of the invention, a relative novenent
for' varyi ng the arrangenent is controlled as a functlon of the tenperature
curve of the thermal treatnment, and thus a tenperature 20 distribufion that
is adapted to the tenperature curve is achieved. The element is preferably
noved relative to the substrate and/or to the process chanber. A novenent
of the elenent has, in contrast to the 3 Literal Transl of PCT/EPOQ 10290
of 19 Cct 2000 - Andreas Tillmann - Sl eag - AZ. 3143 | 5 novenent of the
substrate, a | esser danger of danmgge to e substrate, and is, therefore
preferred. The novdR¥emeat pf tesupsiiats, ?l'??qeﬁ ang&ir\p(gppﬁ'baggn@/mesubstrate
di spl acenent novenent, whereby the displacenent novenent is _not limted to
a novenent with re tis t {hereiopmt Prefrired sdhe moyraent éﬁé?rﬁferﬁﬁb'et?eﬁ'ftg‘gv
Pursuant to a particularly preferred enbodi ment of the invention,

el ement is a conpen¥¥@ling @@ﬂ%lﬁiﬂSP@@?fé@ﬂhlm?V%{“@Bhp\é!h%ﬁhYorﬁh*?|¢igplacﬁmntat
| east partially surrounds the substrate in a plane parallel toit, 10 and

t hat serves to inflmevemeat genef limited to mamovement avith regpeict ta he'tghb,l but also
treatment of the wafer. In this connection, the elenent is preferably is

control led as a fung |Uggscpéte}é]qn§qé,§@gg{rent of at |east one other segnent.
Furthernore, a plurality of segments have the advantage that the

conpensati on el enent can be econom cally produced. For a sinplified
construction of the apparatus, and a sinplified control,

Pursuant to a particularly preferred embodiment of the invention, an
element is a compensation element, especially a compensation ring,
that at least partially surrounds the substrate in a plane parallel to it,

10 and that serves to influence edge effects that occur during the thermal
treatment of the wafer. In‘this connection, the element is preferably
comprised of a plurality of ngments, especially ring segments, at least
one of which is moved. By providing a plurality of segments, an
improved control of the temperature distribution within the process

15 chamber, and upon or in the substrate, is achieved. For an improved
control of the temperature distribution, the movement of each segment
is controlled as a function of tae arrangement of at_ least one other
segment. Furthermore, a plurality of segments have the advantage
that the compensation element can be economically produced.

20

For a simplified construction of the apparatus, and a simplified control,

at least two segments are moved simultaneously. In this connection,
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at least two segnents are noved sinultaneously. In this connection, 4
Literal Transl of PCT/EP0O0/ 10290 of 19 Oct 2000 - Andreas Tillmann - Steag
- AZ.3143 | conprised of a plurality of segments, especially ring segnents,
at | east one of which is noved. By providing a plurality of segments, an

i nproved control of the tenperature distribution within the process 15
chamber, and upon or in the substrate, is achieved. For an inproved

control of the tenperature distribution, the novenent of each segnent 20 |

the segnments are prgf di iLn.pairs dianetrigally across fraom
one angt her rel ativtge{esrbeagﬁhén%u%gfpﬁgfeéégyncgs??\%e PRI é’la;'/“%lf'gﬁ t@_ﬁros§fiﬂftﬁﬂt
airs are noved Si Y her gby, achi,eying s try relative to e
gubst rate. 5 Depen |1F1%a£uﬁogﬁé{ Hglaéugg ?fwe Oﬁuq%@tg.hgﬁggﬁ\,e pré’éheléll Qﬁpgéed
advant ageous to pivot the segnments abopt., an axi s that does not . exten

t hr oughgan axi s 8f SEAMEDt bais a{%@%\@dﬁﬂ"ﬁ]&%ne&ysw@ﬁ@y rhbeyingymmetrie
previously nmentioned DE-A-198 21 007. 10 In order to shield the substrate
froma direct |ightrelativedodhesubstiate.el enent is preferably a

l'ight-transform ng plate that absorbs Iight radiation of a heating device
and emts thermal radiation in order to

Depending upon the geometry of the chamber, it can also be
advantageous to pivot the segments about an axis that does not
extend through -an axis of symmetry of the substrate, as this is

described in the previously mentioned DE-A-198 21 007.

10
In order to shield the sutistrate from a direct light irradiation, an
element is preferably a Ii"ght-lransforming plate that absorbs light
radiation of a heating device and emits thermal radiation in order to

indirectly heat the substrate.

15

Pursuant to one embodiment of the invention, the spatial arrangemént
of at least two elements is variedf relative to the substrate and/or to the
process chamber, as a result of which a good control of the
temperature distribution within the process chamber and on or in the
20 substrate is achieved. Pursuant to a further embodiment of the
invention, at least one element and the substrate .are moved in order to

influence the temperature distribution on or in the substrate.

5
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indirectly heat the substrate. 15 Pursuant to one enbodi ment of the

i nvVention, the spatial arrangement of at |least two elenments is varied
relative to the substrate and/or to the process chanber, as a result of
which a good control of the tenperature distribution within the process
chanmber and on or in the 20 substrate is achieved. Pursuant to a further -
enbodi rent of the invention, at |east one elenent and the substrate are
noved in order to influence the tenperature distribution on or in the
substrate. 5 Literal Transl of PCT/EP00/ 10290 of 19 Cct 2000 - Andreas
Tillmann - Sleag - AZ 3143 | The object of the invention is also realized

W th an appar at us th fqrenmenti oped . .type accordjng,to which deyi ce
for varying a spat ﬁré]e ogﬁnirfgelf?\?n'f‘vﬁf‘ﬂ?%és aq%%éﬁﬁ"%%t“ﬁ'ihnwmg?%%hhe
tenperature distribution 5 relative to the substrate and/or to {he process
chanber during t he aloIeEneriionadkivnesfaccqrding B’(/Wz‘&f‘. a\geuice fersvaiypit arsratial ne
advant ages already nentioned in conjunction with the nmethod result. In
order to influence ascngementcafdhaalemgnt thattinluengestthedemperabire disdribotion
substrate, an elenent is preferably a conpensation elenent, especially a

conpensation ring, reivects ¢ | albstrate!raimioddotthe privdssatikambep dufing ane.
In this connection, the conpensation ring is preferably di sposed at an

angle to the plane gl the SUBSLAALE préiadal I 13b Mhe, THE9Mlantages

already mentioned in conjunction with the method result.

In order to influence edge effects during the thermal treatment of the
10 substrate, an element is preferably a compensation element, especially
a compensation ring, that ‘essentially surrounds the substrate in a
plane. In this connection, thia compensation ring is preferably disposed
at an angle to the plane of the substrate, as a result of which a shadow
effect is produced on the edges of the wafer that in particular prevents
15 a too rapid heating-up of the edge portion during very high heating-up

rates.

The object is furthermore realized with an apparatus of the
aforementioned type in that at least one element is disposed at an
20 angle relative to the plane of the substrate in order to achieve a

particular influencing of the temperature distribution. In this

connection, an element is preferably a compensation element,
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effect 'is_produced on the edges of the wafer that in particular prevents 15
a t'oo rapid heating-up of the edge portion during very high heating-up
rates. The object is furthernore realized with an apparatus of the-

af orenenti oned type in that at | east one elenent is disposed at an 20 angl e
relative to the plane of the substrate in order to achieve a particular -
i nfluencing of the tenperature distribution. In this connection, an
elenent is preferably a conpensation elenment, 6 Literal Transl of

PCT/ EPOO/ 10290 of 19 Cc 000 - Andreas Tillmanp - Steaq,-,AZ. 3143 | 1
especially a corrpen%sﬁqciﬁﬁ’r i %g,compaﬁnsé@g@ntqngl'l &‘%ﬁr‘?%ﬁ?ﬁ'&g"}( h&UTolpds  dhe
and that produces a shadow effect upon the e s of the wafer relativye to
a heating device, eﬁ’r@’sirﬁg% %}i@@'ﬁt% oducgsg ??gg(éowh@ﬁ??%t]pﬂ‘b tg? eteesghdhe
region, especially at,_very high heating-up rates. 5 An elenent is .
preferably a |ight -Walghstedatiendo pd abeating, davienandnthis| prevande qidrel (anid
described in greater detail with the aid of the drawi ngs. The draw ngs
show. 10 Fig. 1 an hgatingaupofthe edge regiomeispecially @t venphiglehealingiuptrates.
waf ers pursuant to a first enbodinent of the invention in a first position;
15 Fig. 2 the apparfat etfernénfispreferablyaa hgistonansioaningoate.

The invention will subsequently be described in greater detail with the |

aid of the drawings. The drawings show:

10 Fig. 1 an apparatus for the thermal treatment of semiconductor wafers
pursuant o a first ‘embodiment of the invention in a first
position; ‘

Fig. 2 the apparatus of Fig. 1 in a second position;
Fig. 3 an apparatus for the thermal treatment of semiconductor wafers

15 pursuant to a second embodiment in a first position;

Fig. 4 the apparatus of Fig. 3 in a second position;
Fig. 5 a schematic side view of ;n apparatus for the thermal treatment
of semiconductor wafers pursuant to a third embodiment of the

present invention;

20 Fig. 6 a schematic plan view of the apparalus of Fig. 5;

7
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Fig. 3'an apparatus for the thermal treatnent of sem conductor wafers-
pursuant fo a second enbodinment in a first position; Fig. 4 the apparatus
of Fig. 3 in a second position; Fig. 5 a schematic side view of an-
apparatus for the thermal treatnment of sem conductor wafers pursuant to a
third enbodi nent of the present invention; 20 Fig. 6 a schematic plan view
of the apparatus of Fig. 5; 7 Literal Transl of PCT/EPOQ 10290 of 19 Cct
2000 - Andreas Tillmann - Steag - AZ.3143 1 5 Fig. 7 a graph that shows
the position of an el epent of the inventive apparatus fhat inf]uepces, the
tenperature distridudi 6n@ &agh thﬁhéﬁ?‘dﬁ tb? Qpﬁl@&b@?;ﬁmﬁ naent/ the tnyentive
thermal treatnent; Fig. 8 a graph in which is plotted a further enbodi nent
for the tenperature curd@Padtys flpaktinlvenges ithe. tetpperajuren sligtrigubiemeast d ¢
cross-sectional side view of an apparatus 1 for the thernal treatnent of
sem conductor wafers 2. frnstiapphedemperatuigsugvepbihesthesnahtieatmenthat on
Its upper and |l ower sides is 10 preferably provided with walls 5 and 6
respectively that dfig. fradgaph dh which zsgpbtted Rr duitdbed erbbodindrd Jeal Ithé
is a bank of |anps or chanber 7, which can have reflector surfaces and in

whi ch i 35 provided a heattg?ﬁblér‘éﬁjrbrbdr{?@a%cﬁfﬂr@iioﬁ dIhiieal ity of lanps 8.

Pr ovi ded bel ow t he wal |

Fig. 1 shows a schematic cross-sectional side view of an apparatus 1
for the thermal treatment of semiconductor wafers 2. The apparatus 1
has a process chamber 3 that on its upper and lower sides is
10 preferably provided with walls 5 and 6 respectively that are produced of
quartz glass. Provided above the wall 5 is a bank of lamps or chamber
7, which can have reflector surfaces and in which is provided a heat

source in the form of a plurality of lamps 8. Provided below the wall 6
is again a bank of lamps or chamber 9 similar to the chamber 7, in

15 which is provided a heat source in the form of lamps 10.

The side walls of the process ci;amber can be provided with dielectric
coatings in order, for example, to achieve a certain mirror effect for at
least a portion of the electromagnetic spectrum that is present in the
20 chamber. In addition, one of the side walls includes a process
chamber door in order to make possible the introduction and removal

of the semiconductor wafer 2.

8
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S agaln a bank of lanps or chanmber 9 sinmilar to the chamber 7, in 15
Wmch is provided a heat source in the formof |anps 10. The side walls of
t he process chanmber can be provided with dielectric coatings in order, for
exanple, to achieve a certain mrror effect for at |east a portion of the
el ectromagnetic spectrumthat is present in the 20 chanber. In addition,
one of the. side walls includes a process chanber door in order to nake
possi bl e the introduction and renoval of the sem conductor wafer 2. 8
Literal Transl of PCT/EPO0/ 10290 of 19 Oct 2000 - Andreas Tillrnann - Steag
- AZ. 3143 | Provided within the process chanber is a first, |ower
light-transformng plate 12-- also known as a hotliner - that extends
paral l el to the | oReovidpdoritisie thagrbeessvehamber 5 aViirdgdower lightifrapsfosnitgy of
the light 5 transformng plate 12 are spacers 13 on which the sem conduct or
wafer 2 is pl aced, ptatettiat also kaotval as paictliher — tloatcextengs padaliel daanthé dower

| ower light-transformng plate 12. Provi ded above the sem conductor wafer 2

is a further |ightpréceds’ aRamber wallpd.at Prédidedadn i dh ajﬁperrss‘,:dé%f fthénNight-
illustrated in F|g 1, is held parallel to and spaced fromt

2t orbal havi ng. SeATng Rt EDBS; ekt i G%Wh'éﬁhﬂf& SRS

absorb the |ight emtted or radiated fromthe |la in order to
subsequent |y give #&feR2 issplagedmso thadiibis beld &arwéeéttpn@ncﬂ Pased kemdtha or
waf ers 2.

lower light-transforming plate 12.

Provided above the semiconductor wafer 2 is a further light-
10 transforming plate 16 that in a first position, illustrated in Fig. 1, is held
parallel to and spaced frogn the semiconductor wafer. The light-
transforming plates 12,16 are comprised of a material having a high
light-absorption coefficient, which serves to absorb the light emitted or

radiated from the Iamps'8,10, in order to subsequently give off a

15 thermal radiation for heating the semiconductor wafers 2.
As illustrated in Fig. 2, the position of the upper light-emitting plate 16
can be varied relative to the semiconductor wafer 2 and the process
chamber. The upper light-emitting plate 16 is disposed at an angle
20 relalive to the semiconductor waler 2 in Fig. 2 in order to vary the
temperature distribution within the chamber and hence upon or in the

substrate. This inclined position of the upper light-emitting plate 16 is

9
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As illustrated in Fig. 2, the position of the upper light-emtting plate 16
can be varied relative to t he sem conductor wafer 2 and the process
chamber. The upper light-enitting plate 16 is disposed at an angl e 20
relative to the sem conductor wafer 2 in Fig. 2 in order to vary the
tenperature distribution within the chanber and hence upon or in the
substrate. This inclined position of the upper light-emtting plate 16 is 9
Literal Transl of PCT/EP00/ 10290 of 19 Oct 2000 - Andreas Tillmnn - Steag

he doeroe of the Sulablsttd A%ihd hd B e&”@t‘%sﬁﬁéﬁﬁﬁ* 0¥ whisf A g adie

Mot butl en 35”6 &fWteh'ﬁgﬁ@%%?@ﬁﬁ%e'svérﬁﬁeﬁ"ﬁ 35 el S b Ehtegature
5 ; ]

oot age o Jsuch dinvediraanaraabueatmant Sadfriats Bmbeatiis HisbiSion,en

undertaken therewi th upon process gas streans. This is then always
advant ageous i f t heOlpithdbessuRsirate, whichds dneaswied1 by asuilgbledneaswenante,
and the dissociation products react with the wafer. By way of exanple is

the oxyrg tridation gédviee|suuinas batoreilaswated yromiétet20, where the H2O fl ows
parallel to the wafer. To achi eve very honbgeneous oxynitride |layers, up to
now it has been necessary to considerably reduce the gas flow at the

reaction tenperature (700 C 15 1150 C). However, the controlled reduction

of the process gas Alf)rther advantage of such an inclined plate . is that controlled

influence can be undertaken therewith upon process gas streams.
This is then always advantageous if the process gas is dissociated on
10 the hot wafer surface, and the dissociation products react with the
wafer. By way of example ‘is the oxynitridation of silicon, for example
with H,O, where the H,O fl"ows parallel to the wafer. To achieve very
homogeneous oxynitride layers, up to now it has been necessary to
considerably reduce the gas flow at the reaction temperature (700° C —
15 1150° C). However, the controlled reduction of the process gas flow is
technically more complicated than is the controlled tilting of the light-
emitting plate 16. With a plate’ihat'is tilted relative to the wafer, it is
possible at a constant process gas flow to achieve similarly good
homogeneity of the oxynitride layers as is the case with flow reduction.

20 A combination of flow reduction and tilting provides optimum

homogeneity.

10
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techni cally mgre conplicated than is the controlled tilting of the Iight If
. émtting plate 16. Wth a plate that is tilted relative to the \(\/afer, It
is possible at a constant process gas flow to achi eve simlarly good
honogeneity of the oxynitride layers as is the case with flow reduction. 20
A conbi nation of flow reduction and tilting provides opti mum honpgeneity.:
10 titeral Trans[ of PCT/EP00/10290 of 19 Cct 2000 - Andreas Tillmann -
Steag - AZ. 3143 | Although this is not iIIustrated |n Flgs | and 2, the

| ower |ight- transf na. p 1 0. sppse vvlth _
the process chanbegrﬂgbusgh tIrhiéeeis oé@lﬁ{ i\?@e‘i r vﬁ%pa? g 5°"Y‘Ffe "gnt
tenperature distri th| process ch nber or ex £,
with a ri g:c d ﬁrriange‘%r‘?s%rrf}”ﬁ/]ll a'ﬁpp cPl“ t219% ‘?nl'ﬁ‘g;’ﬁ?%teé“sﬁggs??rﬁ";ﬁﬂgggﬁgg
position of the |ower t-e %{ﬁ : i

achi eved between t HEREP rc'ﬁa'g’h t:ﬂg" B i‘?g‘?ﬂ lieveiq (fuHfep  variatip, of the
Instead of an inclined position of thellght emtting plate, it would also

be possible to si npEREaiHe rigytien nyithi \iben processe affaraber.  Thus, for

light-emtting plates and the substrate 2 in order, for exanple, to bring

the uppe¥ |i ght - em examplepivithea ¥iyjid lansmgenenthef the&mpmﬂ@h@ewttmfﬁlht@ahd
ol der to achieve a greater heating upon the upper side of the wafer

relative to the undgy ﬁhﬁlmedl%ohklo‘?f)ﬁk Ghé Yoles" igHt e MftifP HAR' S6! nf 'ir%lu%x

arrange both of the
position can be achieved between the wafer 2 and the upper light-

emitting plate 16. Instead of an inclined position of the light-emitting
plate, it would also be possible to simply reduce the spacing between
10 one of the light-emitting plates and the substrate 2 in order, for
example, to bring the up;‘)er light-emitling plate 16 closer to the
semiconductor wafer 2 in on“der to achieve a greater heating upon the

upper side of the wafer 2 relative to the underside.

15 it would furthermore be possible to rigidly arrange both of the light-
emitting plates 12,16 within the process chamber 3, and to hold the
wafer 2 movable relative to the p;’lates, for example via the spacers 13,
which can, for example, be embodied as telescopic rods, the height of
which can be adjusted independently of one another in order to

20 dispose the wafer 2 at an angle relative to the light-emitting plates

12,16.

11
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em tting plates 12,16 within the process chamber 3, and to hold the wafer 2
movabl e rel ative to the plates, for exanple via the spacers 13, which can,
for exanple, be enbodied as telescopic rods, the height of which'can be
adj ust ed i ndependently of one another in order to 20 di spose the wafer 2 at
an angle relative to the light-emtting plates 12,16. 11 Literal Transl of
PCT/ EPOO/ 10290 of 19 COct 2000 - Andreas Tillmann - Steag - AZ. 3143 t Figs.
3 and 4 illustrate a further enbodi ment of the thermal treatment apparatus
1 pursuant to the present invention. In Fig and 4, the same reference
numeral s are used J5igfi Branhd 'ﬂpﬁté@teeﬁﬁﬁﬂhﬁéﬁmh%“mﬁéf of fhe thermalttreatnesd e
or simlar conponents are in question. 5 The apparatus 1 has essenti al IK
the same constructiappPagturodspunseankipheitpigsantoinventon.i rlgt Figabddemeh thend
differs fromthe apparatus of Fig. 1 only in that instead of an upper

| i ght -transform ng garmegefi@enge ncwngalsate vsed iasgwitiy the firstambodimentithdhe
wafer 2 is provided. The 10 conpensation ring 20 surrounds the wafer 2 with
a slight spacing, asxtehhtitatphesanisor similaf centpondats argirt dpeedtiont i ng up and
the cooling down of the wafer 2 by preventing a nore rapid heating up in a
heati ng phase as well as a rapid cooling off in a cooling phase. As
illustrated in Fig. 3, the conpensation ring 20 is di sposed in essential |y

érgpgggg plane as ]'Fhe haeppsaera oﬁ'dhas Oerssgﬁ{laelfy ﬁie same cohs{ructC ion as oes Eihe

apparatus 1 of the first embodiment, and differs from the apparatus of
Fig. 1 only in that instead of an upper light-transforming plate 16, a
compensation ring 20 that surrounds the wafer 2 is provided. The

10 compensation ring 20 surrounds the wafer 2 with a slight spacing, and
thus prevents rim effects du;ing the heating up and the cooling down of
the wafer 2 by preventing a more rapid heating up in a heating phase
as well as a rapid cooling off in a cooling phase. As illustrated in Fig. 3,
the compensation ring 20 is disposed in essentially the same plane as

15 the semiconductor wafer 2; however, it can also be disposed
somewhat above or below the wafer.

P

As illustrated in Fig. 4, the compensation ring 20 is raised relative to
the semiconductor wafer 2. Such a raising takes place, for example,
20 during so-called flash processes, during which for the production of thin
layers very high heating-up rates of up to 400° C per second are

necessary, and after a maximum temperature has been achieved the

12
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sonewhat above or below the wafer. As illustrated in Fig. 4, the
conpensatlon ring 20 is raised relative to the sem conductor wafer 2. Such
a raising takes place, for exanple, 20 during so-called flash processes,
during which for the production of thin |layers very high heating-up rates
of up to 400 C per second are necessary, and after a maxi numtenperature .
has been achi'eved the 12 Literal Transl of PCT/EPOQ 10290 of 19 Cct 2000 -
Andreas Tillmann - Sleag - AZ. 3143 | tenperature is again instantaneously

| owered in order to avoid wundesired diffusion effects. Such processes are

described, for ex a'ttﬂ'eDFrsAa ain -instahfnddisineloWdreg iMebied toraltdia

thermal treatnent obj ect s’ having the sare application date and the

5 same applicant as,, ﬁ@@sgir%ﬁhsaoﬂveé?féc@& VSldh [ GIRESHEE BR NodEiied Ofor

this application to avol epetition he novenent of the corrpensatlon

ring can be control ?ﬁ?bacﬁ upetAon of Hled anBek gur,g] rp{hgc‘i‘ﬁérmm
esc

at nospher e changes inthe preV|ou y nen T oned appPlcatlon

is in particular po le to,e 5%% ert hase 1 | at i,onshi

t her ebet ween. By sh {)rﬂ%f‘tt fAEo i’ §ij Vll,lg ﬂbeZ%'BPl %‘?q Ctagiognﬁ?t&r aﬂﬁrtpﬁg
the raising and holding of the ring in this position, one produces upon

t he edges of the wasame appicadbasrtbegiresent iovention, with.geferense baing made to
incident at an angle fromthe outside, and thus prevents a too rapid

heating up of the ri4@ BBph¢atibn tlaJévcna répétition. SThe esb\rithestost theophperdition,
the ring 20 is again brought into

ring can be controlled as a function of the temperature and/or process
atmosphere changes described in the previously mentioned
application. It is in particular possible to establish a certain phase
10 relationship therebetween. By shifting the compensation ring 20 prior

to and/or during the raisingsand holding of the ring in this position, one

%

produces upon the edges of the wafers a shadow relative to light
radiation that is incident at an angle from the outside, and thus
prevents a too rapid heating up of the rim portion. During the
15 subsequent cooling-off phase, the ring 20 is again brought into the
position shown in Fig. 3 in order{té prevent a too rapid cooling-off of the

rim portion, as a result of which the homogeneity of the temperature

distribution over the surface of the wafer is considerably improved.

20 Although the compensation ring 20 was illustrated as being movable in

Figs. 3 and 4, this ring could also be rigidly disposed, and during the

thermal treatment the wafer 2 could be moved relative to the

13
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posi tion shown i-n Fig. 3 in order to prevent a too rapid cooling-off of the
rimportion, as a result of which the honbgeneity of the tenperature

di stribution over the surface of the wafer is considerably inproved. 20

Al t hough the conpensation ring 20 was illustrated as bei ng novable in

Figs. 3 and 4, this ring could also be rigidly disposed, and during.the
thermal treatnent the wafer 2 could be noved relative to the 13 Litera
Transl of PCT/ EPO0O/ 10290 of 19 Cct 2000 - Andreas Tillnmann - Steag -

AZ.3143 1 CO”pe”SaEh%ehEQH?goringﬁ]gio eﬁﬁ”@kﬁmﬂ% @?g%ﬁg@@b?e %%?efé: nA

novenent of the light-transtform pl at es woul e conc

order to achieve a | Fae=Yn] q/,\ﬁﬁ t ; r
conpensation ring We@w&fméqgﬁgirgﬂsf us'?si’ g!bgeémogjrl? %‘é@g%’%?%’ﬁ 'eplin an
apparatus 1 for th her . L reat 0 1 cqn ar fers 2., Ln Fids.
5 and 6 the sane rg{aqéerr@nggh'r‘?&ﬁesaﬁﬂ&?e%uo?%%%@ a#tt eﬂ'nﬁ?? iv\‘%sf?r &88& nt
to the extent that the sage or i@\ | ar conponents are in question. 10 The
apparatus 1 agai n RQYPENSAHRR LG4 anber 3 that is formed by upper and
| ower |ight-permeable wall elenents 5, 6. Again provided in reflector
chanber$% are upper and | ower banks of lights that are adjacent to the
upper and |ower walls 5,6 that delimt the process 15 chanber. In contrast
to the previous enpp@, meang 6 MOYRAR a fuRhéN8mbodiment of an apparatus 1 for the
thermal treatment of semiconductor wafers 2. In Figs. 5 and 6 the

same reference numerals are used as with the first émbodiment to the
extent that the same or similar components are in question.

10
The apparatus 1 again has‘a process chamber 3 that is formed by

upper and lower Iight-permez“able wall elements 5, 6. Again provided in

" reflector chambers are upper and lower banks of lights that are

adjacent to the upper and lower walls 5,6 that delimit the process

15 chamber. In contrast to the previous embodiments, however, in the
embodiment pursuant to Fig. 5 no Ii,ght-transforming plate is provided in

the process chamber. By means‘.of spacers 13, which extend from the

lower light-permeable wall 5, the wafer 2 is held centrally within the

process chamber 3, and in particular parallel to the lower and upper

20 walls 5,6. A compensation ring 25, ‘vwhich is comprised of four ring

segments 25a — d as illustrated in Fig. 6, is held within the process

chamber 3 in a suitable manner. As can be seen in Fig. 5, the

14
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enbodi ment pursuant to Fig. 5 no light-transformng plate is provided in
the process chanmber. By neans of spacers 13, which extend fromthe |ower

| i ght-pernmeable wall 5, the wafer 2 is held centrally within the "process
chanmber 3, and in particular parallel to the | ower and upper 20 walls 5, 6.
A conpensation ring 25, which is conprised of four ring segnments 25a - d-
as illustrated in Fig. 6, is held within the process chanber 3 in a

sui tabl e manner. As can be seen in Fig. 5 the 14 Literal Transl of

PCT/ EPOO/ 10290 of 19 Cct 2000 - Andreas Tillmann - Sleag - AZ 3143 | .
conpensation ring XZ®mpensaiisssdag 26 iardispres akaa@ngle féatlv%tﬁa\/ﬂv%waien%m
order to produce a shadow effect in the edge regions of the wafer,

especi al |y during retder g poduge a\/@ﬂ@ﬂpwrﬁ%eﬁbﬁbé'ﬁﬁ%ﬁqgﬂlf‘?g'ﬁgsdlfuﬂ@ pafer,
rigidly held in this position. However, as with the precedi ng enbodi nents,
it is also possibl especiatykduringraisingefdheivafer.i fhexpmpengation rngcauld be
vary its position during the thermal treatnent. In this connection, the

i ndividual ring segjigiptifeldhithis posionbe moved individually, all t oget her,
or also in 10 pairs. In particular, it is possible for exanple, to nove the
ring segnents 25a and 25c thatpre disposed dianetrically across fromone |
anot her ‘together in order to provide a certain symmetry relative to the
wafer 2. In the same manner,

di sposed di anetri calT'P‘Q’e&%o%%t"?‘ﬁbE‘%“g?@ggggﬁateénégairgQSQ?ﬁp is:[ 2‘?;0 %ro%sible to
make the compensation ring 25 movable in order to vary its position
during the thermal treatment. [n this connection, the individual ring
segments 25a — d can be moved individually, all together, or also in

10 pairs. In patrticular, it is possible for example, to move the ring
segments 25a and 25c that are disposed diametlrically across from one
another together in order to provide a certain symmetry relative to the
wafer 2. In the same manner, the ring segments 25b and 25d that are
disposed diametrically across from one another could be

15 simultaneously moved. Instead of a tilting of the compensation ring, as
is illustrated in Fig. 5, the compensation ring, or individual segments
thereof, could also be raised ‘or lowered, as illustrated by way of

example in Fig. 4. Of course, the number of segiments need not be

limited to four, and more or fewer segments could also be provided.

20
Fig. 7 shows the temperature curve of a thermal treatment of a

semiconductor wafer plotted against time, as well as a movement of a

15
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15 sinmul taneously noved. Instead of a tilting of the conpensation ring, as

is*illustrated in Fig. 5, the conpensation ring, or individual segnents
t hereof, could also be raised or lowered, as illustrated by way of * exanple
in Fig. 4. O course, the nunber of segnents need not be Ilimted to four,

and nore or fewer segnents could also be provided. 20 Fig. 7 shows the
tenperature curve of a thermal treatnent of a sem conductor wafer plotted
against tine, as well as a novenment of a 15 Literal Transl of

PCT/ EPOO/ 10290 of 19 Qct 2000 -. Andreas il nn. - _Sl eag - .3143 1 | |
conpensation ring, SEMPENSAUON MG, raét'gﬁs \-I;Hs{fg%.d L3 F'Qo%t %SPlréﬁe‘i§sa? fupgtionon
thereof. At the begjnnin f fhe thermal treatnent. the conpensation rjng
25 is disposed in egkeéﬁf’&a%t)’h? ainning fithe thenpgl trgaiment thacompgnsation
tenperature increases,éé;e conpensation ring is tilted relative to 5 the

pl ane of the wafer, "B disReser| P egsgnbially the sagie plane\as Hhe wafeg 2. v Asof

the tenperature in terms of tinme, and increases, for exanple, wth an -
i ncrease in the heathenéempeeaturenhinareases,ather eoinpensatiemsing isptilted relative to
maxi nrum and the tenperature i s subsequently inmediately again reduced.

During the tenperatthee pitawd ofidhet WafefONMRAEDY IthE filt Mgle id Corididted RRRKthe
The cooling-off of the wafer is stopped at a tenperature T, and the wafer

5 ket LS, LETBSREL o Bt o e, A in HOBBES B B
' with an increase in the heating rate. The temperature is increased up
to a maximum, and the temperature is subsequently immediately again
reduced. During the temperature decline, the compensation ring is
10 tilted back. The cooling-off of the wafer is stopped at a temperature T,
and the wafer is kept at tllis temperature. At this point in time, the
{

compensation ring is again paralle! to the wafer and thus prevents an

excessive cooling of the rim portions of the wafer.

15 As a consequence of the above movement of the compensation ring, a
shadow is produced upon the edges of the wafer during the heating
phase in order to prevent a rapiEi heating-up of the edge region. As a
result, the homogeneity of the temperature distribution is improved. A
further improvement of the homogeneity can be achieved by an

20 additional walfer rolation and/or by regulating the radiation intensity of

the heat lamps.

16

Literal Transl of PCT/EP00/10290 of 19 Oct 2000 - Andreas Tillmann - Steag - AZ.3143



excessive cooling of the rimportions of the wafer. 15 As a consequence of
t he above noverment of the conpensation ring, a shadow is produced upon the
edges of the wafer during the heating phase in order to prevent a rapid
heati ng-up of the edge region. As a result, the honobgeneity of the
tenperature distribution is inproved. A further inprovenent of the
honogeneity can be achi eved by an 20 additional wafer rotation and/or by
regulating the radiation intensity of the heat |anps. 16 Literal .Transl of

PCT/ EPOQ' 10290 of . 2000, <. And Ti I -.oteag - AZ 3143 | |, This
i npr oved hoerge(r)Iei tla"%ﬁ\pﬁgg%q thf)g?rjlqgra%%aers\tgc'éégg)ra@nrﬁ‘&lﬂ?f Hﬁcg?ﬁ%ﬁlqﬁﬁ‘g po-gafied
, With whigh hi gh heati ng- r. Wt t hese ,
br ocesees, the bank sgfvsféeﬁ&'gggfvﬁ 1e'w”h st e Tieelinpg e opleeabESt il
ity, which f tly | to i ities especi a in t
??Pnafia;?/ons. | fn tFnEi gg‘gnﬂ q%gﬁ',g' tﬁgl &ngggfg?@“ﬂ@amjhev pga;aé5¥dg§n?r8ﬁy
about 900C to 11500 C. The ranmp rates with which the wafers are heated up
are in the range ofopreiaty atiiylisgaracity, avhieh fraauentbadeads dp, inheeageneitiass

subsequently rapidly again cooled off. Fig. 8 schematically illustrates

such a f3 ash processspedidlly incthemirntregionishenthisceommsttioh| the wlafererdrechudted
such a flash process, there was achieved a reduction of the standard

deviation of the agipg8pidiyPIBPaHELUSC0 ARG 155€C. e VAP ratdLRAA Whith thd®
wafers are heated up are in the range of 150°C/s to 500°C/s. After the
heating-up, the wafer is subsequently rapidly again cooled off. Fig. 8
schematically illustrates such a flash process. With movement of the

10 compensation element during such a flash process, there was
achieved a reduction of the standard deviation of the average

£
temperature value over the \)vafer from 3% to 1%.

Such processes are used in particular for the activation of implanted
15 (doped) wafers, whereby these activation processes require a very
great temperature homogeneity, especially with doping at low depths of

4

penetration.

In addition to being improved by wafer rotation, the aforementioned
20 homogeneily can also be further improved by additional measures

such as controlling the lamps. Thus, in Figures 1-5 an upper bank of

lamps 8 and a lower bank of lamps 9 having, for example, rod-shaped

17
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Such. processes are used in particular for the activation of inplanted 15
(doped) wafers, whereby these activation processes require a very great

t enper at ure honogeneity, especially with doping at | ow depths of
penetration. In addition to being inproved by wafer rotation, the _
af orenmenti oned 20 honobgeneity can also be further inproved by additional
measures such as controlling the lanps. Thus, in Figures 1-5 an upper bank
of lanps 8 and a | ower bank of |anps 9 having, for exanple, rod-shaped 17

Literal Transl of PGR, Oﬂéj'mgs?%d@& ji%eqi)ﬁeszgpﬁe'Ia%%@%?epr}igwegg%ﬂg'peaxéﬁﬁg

- AZ.3143 lanps, are il'lustrated. The axes of the end
i sposed paral el AR TRl B ETpulele GBCIRRERERed ToRps, SuhEY 6"
can be used for, suckisBokadhaael r8as i B ARk e, R BEVinE, SR LbPen.
upon £he waf er near PTG SeGors TR SUEAAD Sane] cue for SARTPIouAERERY

it is maximumat the wafer edges that are disposed diametri cgl | y opposite
this axi%. Since thl@ampsali dni big.idt thestiltyaxi$ afhihel Gompensation anmis 25f ektends
bank of lanps is suitably weaker than that of the outer |anps, there

results a radiati onpaafi ic}?tl‘?é‘h?@d IgmpendpsthViRis erhhﬁelﬁé‘h'ﬁnﬂ!\%“%écty%\ﬁfcakhﬁy

tenperature distribution o e wafer. Wth another” enbodi nent, e pivo

axis for the tiltingaof,hBEnsation ring upon the wafer nearly vanishes in the vicinity of

its tilt axis, whereas it is maximum at the wafer edges that are disposed
diametrically opposite this axis. Since the radiation intensity of the
10 central lamps of the bank of lamps is suitably weaker than that of the
ouler lamps, there results a radiation profile that is conducive to the

!
homogeneity of the temperature distribution of the wafer.

With another embodiment, the pivot axis for the tilting of the
15 compensation element, rather than extending parallel to the lamp axis
of the bank of lamps, forms therewith an angle, preferably 90°. Since
the holding device for wafer al;d auxiliary element is rotatable, it is
possible to control the angle between tilt axis of the compensation

element and the lamp axis during the process as a function of the

20 progress of the process.

18
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15 conpensation el enment, rather than extending parallel to the lanmp axis of
the bank of lanps, forms therewith an angle, preferably 90. Since the

hol ding device for wafer and auxiliary elenment is rotatable, it is’
possible to control the angle between tilt axis of the conpensation

el ement and the lanp axis during the process as a function of the 20
progress of the process. 18 Literal Transl of PCTIEPOO 10290 of 19 Cct 2000
- Andreas Tillmann - Sleag - AZ. 3143 | In addition, the |anp axis of the

hal ogen | anps of thg u r_apd | ower osed par

as wel | as crossi ngﬁbﬂggiﬂat ﬂ]eerlag?p aéﬁyoﬁg‘ﬁp '898H3?'§‘p55°dgﬁl?‘g ‘?Ta"lr?cgll? a
| anp panel having r s and, a | oi nt S is SO
possi ble. The term %H‘F?.P ghian bﬁ#'ﬁﬁ%&@gﬁfauﬁg (%eq'l %ﬁﬁg"ssf nBUGé‘é‘OI%?ﬁﬁﬁl
the filanent Iengths of which are shorter than the dianmeter of the |anp
bul b. O course, bofRY F&ﬁﬁeﬁmﬂ% could also be equipped exclusively with
poi nt | anps or vmth a conbi nation of 10 point |anps and rod | anps.

Dependi ng upon the special requirenments, it is thus possible, by _
control ling each individual lanp, to produce a specific radiation field

that in gonmbinati onAvgérbirzionebfal kenis inedl having aaaqamﬁs ahd!49a f%né‘lt
any given tine, and of the nmechanical auxiliary elenents relative

Sarks oL ms, oA RS A S REANGS. T e
to rod lamps, includes lamps the filament lengths of which are shorter
than the diameter of the lamp bulb. Of course, both lamp panels could
also be equipped exclusively with point lamps or with a combination of

10 point lamps and rod lamps. Depending upon the special requirements,
it is thus possible, by cont‘rolling each individual lamp, to produce a
specific radiation field thal in combination with the relative spatial
arrangement of the wafer at any given time, and of the mechanical
auxiliary elements relative to the banks of lamps, optimizes the

15 homogeneity of the temperature of the wafer.

Although with the process curvc; of Fig. 7 the compensation ring was
tited as a unit, in addition to the tilting movement it is also possible to
displace the ring in any direction. In a similar manner, individual

20 segments of the compensalion ring could also be moved. Instead of a

movement of the compensation ring, it is also possible to move the

wafer itself relative to the compensation ring.

19
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tilted as a unit, in addition to the tilting novenent it is also possible
to' displace the ring in any direction. In a simlar nmanner, individual 20
segnent's of the conpensation ring could also be noved. Instead of "a "
novenent of the conpensation ring, it is also possible to nove the wafer
itself relative to the conpensation ring. 19 Literal Transl of -
PCT/ EPOQ' 10290 of 19 Oct 2000 - Andreas Tillmann - Steag - AZ. 3143 | If a
plurality of elenents that influence the tenperature distribution, such
as, for exanple, a conpensation ring and a hotliner, are provided in the
process chanber 3, as in the enbodinment of Fig. 4, it is also 5 possible to
move both elenents, i.e. the conpensation ring and the |ight-transformng
plate, in order to If & PRy chelemeptmthali ifluppoeitbe tapnpenaturendisyilydions
chanber. The features of individual ones of the enbodinents can be freely
conbi ned with the fauwhuassopexanpletaepmpensatipneingsand e ixdlinen @relpravided|
of PCT/ EPO0/ 10290 of 19 Cct 2000 - Andreas Tillmnn - Sleag - AZ. 3143 5 10
15 Patent Claims in the process chamber 3, as in the embodiment of Fig. 4, it is also

5 possible to move both elements, i.e. the compensation ring and the
light-transforming plate, in order to influence the thermal distribution
within the process chamber. The features of individual ones of the

embodiments can be freely combined with the features of the other
embodiments.

10
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1 Method for the thermal treatnment of substrates, especially sem conductor
wafers, in a process chanber having at | east one elenent in the process
chanmber that influences the tenperature distribution, characterized in
that during the thermal treatnent, a spatial arrangenent of the elenent is
varied relative to the substrate and/or to the process chanber. 2. Method
according to claim1l1, characterized in that a relative novenent for
varying the arrangenent is controlled as a function of the tenperature
curve of the thermal treatnment. 3. Method according to claim1l or 2,
characterized in that the el errent is to the substrate
and/or to the process chamber. hod according to claim 3,
characterized in tHat tH\ﬂeH’(RFbrfEht“‘ies t'ae't'\"?'t itigatment oof fyibstales, especially
di spl acenent novenment. 20 5. Method according to one of the preceding
claims, characterized i rfarpigendHcler avafats, ik aprooapeabamben havingeat least one
especi aI ly a 21 Literal Transl of PCT/EPO00/ 10290 of 19 Cct 2000 - Andreas
Tillmann - Sleag - AZ 3lgl@ment irb tHdpidcesd chamber that influences the temperature

5 distribution, characterized in that during the thermal treatment, a
spatial arrangement of the element is varied relative to the

substrate and/or to the process chamber.

2. Method according to claim 1, characterized in that a relative
10 | movement for varying the arrangement is controlled as a

function of the temper‘ature curve of the thermal treatment.

\

3. Method according to claim 1 or 2, characterized in that the
element is moved relative to the substrate and/or to the process
15 chamber.

.

4, Method according to claim 3, characterized in that the

movement is a tilting, pivoting and/or displacement movement.

20

&

Method according to one of the preceding claims, characterized

in that an element is a compensation element, especially a

21
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conpensation ring, that at least partially surrounds the substrate in a

pl ane parallel to it. 6. Method according to one of the preceding clains,
characterized in that the element is conprised of a plurality of “segnents,
especially ring segnents, and at |east one of the segnents is noved. 7.
Met hod according to claim®6, characterized in that the novenent of each
segnent is controlled as a function of the arrangenent of at |east one

ot her segnment. { 8. Method according to claim6 or 7, characterized in that

at least two segnments are noved,sinmul taneously. 9. Method according to one
of the clains 6 to 8, ch&PYRENSANAR NG, ﬁﬁésg%ﬁfﬁ'ﬁwﬁ\( sugpnds dhe sebstrate

pairs dianetrically across fromone another relative to the substrate, and
the segnment pairs are M@@'@?%Pf%ﬁ’é&ugi y. 10. Method according to one of
the preceding clains, characterized in that an element is a
light-transform ng plate. 22 Literal Transl of PCT/EPOQ 10290 of 19 Cct
2000 - Andreas Tillmann - Sleag - AZ. 3143 1 11. Method according to one of
the preceding claing, chMeibedraceendingdotanet of the premedinly elirmsgeamactarizeat
| east two elenents is varied relative to the substrate and/or to the

process §hanber. in that the element is comprised of a plurality of segments,

especially ring segments, and at least one of the segments is

moved.,
7. Method according to claim 6, characterized in that the
10 movement of each segment is controlled as a function of the

arrangement of at least one other segment.
£

i

8. Method according to claim 6 or 7, characterized in that at least

two segments are moved simultaneously.

15
9. Method according to one of the claims 6 to 8, characterized in
that the segments are d(fsposed in pairs diametrically across
from one another relative to the substrate, and the segment
pairs are moved simultaneously.
20

A

10.  Method according to one of the preceding claims, characterized

in that an element is a light-transforming plate.

22

Literal Trans! of PCT/EP00/10290 of 19 Oct 2000 - Andreas Tillmann — Steag - AZ.3143



5 12, Method according to one of the preceding clains, characterized in
that at | east one elenent and the substrate are noved. 13. Apparatus for
the thermal treatnent of substrates, especially 10 sem conductor wafers
(2), in a process chanber (3) having at |east one elenent (1,16;20;25) in
the process chanber that influences the tenperature distribution, s
characterized by a 15 device for varying a spatial arrangenent of the

el enent relative to the substrate (2) and/or to the process chanber (3)
during the thermal treatnent. 14. Apparatus according to claim 13,
characterized in that the arrangenent is controllable as a function of the
tenperature curve of  the roal treatnent. 20 23 Literal Transl, of ,
PCT/ EP00/ 10290 of 18"t N%ﬁgggcgﬁaflggggﬂqq the 9’%?35@ clayps xghpfapteriged
Appar atus according to claim 13 or 14, characterized in that the el enent
(12, 16; 20, 25) is novabl et b1k ithe spatiak ssanggrvephekat least twop glasnents isvaried
process chanber (3). 5 16. Apparatus according to claim15, characterized
in that the nmovenent is telative tonthe subsitate gndiay tortheipsptessaeambenvenent .
10

5
12.  Method according to one of the preceding claims, characterized

in that at least one element and the substrate are moved.

13.  Apparatus for the thermal treatment of substrates, especially
10 semiconductor wafers (2), in a process chamber (3) having at
least one element (1,16;20;25) in the process chamber that
influences the temperature distribution, characterized by a
device for varying a spatial arrangement of the element relative
to the substrate (2) and/or to the process chamber (3) during the
15 thermal treatment.
14.  Apparatus according to (claim 13, characterized in that the
arrangement is controllable as a function of the temperature

curve of the thermal treatment.

20
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15 20 17. Apparatus according to one of the clains 13 to 16, characterized
in"that an elenent (20;25) is a conpensation element, especially a
conpensation ring, that essentially surrounds the substrate in a’plane
that is parallel to it. 18. Apparatus according to claim 17, characterized
in that the .conpensation ring (20;25) is disposed at an angle relative to
the. plane of the substrate. 19. Apparatus according to one of the clains
13 to 18, characterized in that the el ement (25) is conprised of a

lurality of segrren ( aII n msnt d .at | east

8f t hese segrrents égﬁf"e&ui '?%Itg‘f;; Wg1§6’? %@ﬁfg?ﬁ%@‘d 1t8
Cct 2000 - Andreas T| |1 ) 3143 . us accordi.ng to
claim19, characteri zedn%%"i'%t ﬁhgs Zﬂﬁgn@n'ﬁ"%ﬁgg"aé@gg\%ﬂ@ %e( substigte; @)
controllable as a function ihe arrang?rrent of at |east one other
segnent. 5 21. Appar at usa'a‘y%rt‘a %pr?%ﬁé’@ml?qfe( 3¢ aims 13 to 20,
characterized in that an elenent (12, 16) is a light-transformng plate. 10

22. Apparatus according to one of the clains 13 to 21, characterized in
that the spatial arrangenent of at |least two elenents is

5 16.  Apparatus according to claim 15, characterized in that the

movement is a tilting, pivoting and/or displacement movement.

17.  Apparatus according to one of the claims 13 to 16, characterized
in that an element (20,25) is a compensation element, especially
10 a compensation ring, that essentially surrounds the substrate in

a plane that is parallel to it.
[ 4
i
18.  Apparatus according to claim 17, characterized in that the
compensation ring (20;25) is disposed at an angle relative to the

15 plane of the substrate.

19.  Apparatus according to one of the claims 13 to 18, characterized
in that the element (25) is comprised of a plurality of segments
(25a-d), especially ring segments, and at least one of these

20 segments is movable.
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variab'le relative to the substrate (2) and/or to the process chanber -(3).
$ 15 20 23. Apparatus according to one of the preceding clains 13 to 22,
characterized in that at |east one el ement and the substrate are "novable.
24. Apparatus for the thermal treatment of substrates (2), especially

sem conductor -wafers, in a process chanber (3) having at |east one el enent
(12, 16; 20;25) in the process chanber that influences the tenperature
distribution, characterized in that at |east one elenent is disposed at an
angle relative to | ang of .the substrate. 25 Literal Transl , of

PCL/ EPOO/ 10200 of 249 cot ABEREUS %ﬁﬂéﬁ@gﬁtwﬂam 3§5| Apctenzed s thay they
Apparatus according to claim?24, characterized in that "an elenment is a
conpensati on el enent (20'?1?35*',“6&;93&5'&‘I%ﬁgé“e'@o@ﬁé‘ QBigmtiliagle #h & function
essentially surrounds the substrate. 5 26. aratus according to claim 24
or 25, characterized in ?fH§P adF?’EQeéﬂ%WtOfi%“égﬁi%Ome&ﬁ%m%tng pl ate

(12, 16).

5 21.  Apparatus according to one of the claims 13 to 20, characterized.

in that an element (12, 16) is a light-transforming plate.

22.  Apparatus according to one of the claims 13 to 21, characterized
in that the spatial arrangement of at least two elements is
10 variable relative to the substrate (2) and/or to the process

chamber (3).

23.  Apparatus according to one of the preceding claims 13 to 22,

characterized in that at least one element and the substrate are

15 movable.

24.  Apparatus for the thermal’ireatment of substrates (2), especially
semiconductor wafers, in a process chamber (3) having at least
one element (12,16; 20;25) in the process chamber that

20 influences the temperature distribution, characterized in that at
least one element is dispbsed at an angle relative to a plane of

the substrate.
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25. Apparatus according to claim 24, characterized in that an

element is a compensation element (20;25), especially a

compensation ring, that essentially surrounds the substrate.

26.  Apparatus according to claim 24 or 25, characterized in that an

element is a light-transforming plate (12,16).

———y
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