1 4 APR 2004 METHOD AND APPARATUS FOR THE THERVAL TREATMENT OF SUBSTRATES
5 The present invention relates to a nethod and an apparatus for the
thermal treatnent of substrates, especially sem conductor wafers, in a
process chanber having at | east one elenent in the process chanber that

I nfluences the tenperature distribution. 10 Such an apparatus is known, for
exanple, from DE-A-197 37 802 of the sane applicant. Wth tihi APRjifar at us,
a |light-perneable process chanber is provided for receiving sem conduct or
wafers that are to be thernall treated PrOV|ded outS|de of the pr 0Cess
chamber are banksMEFH ARATYS FRR THE b TREA, OF
substrate that 15 is dlsposed in the pSHEﬁﬁBibﬁEﬁber To achleve certain
process results, in particular to achieve a honbgeneous tenperature

di stribution mﬁthin the substrate, there is provided in the process

chanbeg a Comens?ﬁ%gﬂe%ﬁtgrnv%h@ﬁ rBltESYH 95 idtRod Uit e 4 ppdratus r&rame

parallel to it as a t-transformng plate, |ch|saso

designated as a hgtlin

extends parall e ttmmef!Jba*fn%ﬁto{af%@t%tﬂaé‘?%aé%%eﬂaﬁ&%%ﬂEgﬁtiﬁﬁftot%3 Fss‘?ta
prevent edge effectqséﬁtégat occu(rﬂ%’:ljfgl gggqtégpbgeégal r‘tﬁre?tqr]rg_rr\éﬁﬁof thhe téeWafer
Thus, for exanpl ePf chagnhar @ relgmenhdath SSENARRer i m
relative to the inner portion of the wafer during a heating-up 1 Literal
Transl of PCTI EPOfivat 0fR@ncés 1i9e rhpe@dire-digtnbubas. Ti |l | mrann - Sl eag -
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. 10 Such an apparatus is known, for example, 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. Provided 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

.t chamber a compensation ring, which surrounds the substrate in a
piane paraltel 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
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0 5 10 15 20 25 30 The function of such a hotliner can be ascertained, for
exanple, fromDE-A-4 437 361, reference to which is nade to avoid
repetition. Wth all of these apparatus, the elenents that influence the
tenperature distribution, such as, for exanple, the conpensation ring
and/or the light- transform ng plate, are provided such th Hg%&$mg t he
thermal treatnment they are held rigid and parallel to a plé t he
wafer. Merely in DE-A-198 21 007 is a novenent of the conpensation ring

described that serTnefuricBomef gidh a ﬁﬁmﬁé?rscah(bet AsteRaiNb 8 OfE BgarAple VRERIDEIALA NY
the renoval and the inseriion of waf er. Furthernore known from

US- 4, 981, 815 i s atethbde 6‘?”°FH%th§g‘ iy MadeAarold reRettingnt  of semi conduct or
waf ers, according to which the sem conductor wafers are irradiated with

el ectromagnetic radiation via an arc lanp in order to heat the wafers. An
arc- shaped refl ec™if 2k oprtbesedaararatusy dieg algynerds |that inflience i éﬁm@ﬁfa%@tted

by thesarc lanp e§|§t‘?iBh!|<§4 |é(_|cﬁtasr 'fgxh%xérﬁﬂltee?hélEQHBF%UWH‘CH?HQ and7bf 4T a

stationary, ring-shaped ector having a parabolic cross- sectiona
configuration is tparaafq:rau@g Pladg. aradirenided swnhrfbahdtsrlngw@evuae@nal tﬁabwfﬁietdey

between the ring- E'rjéarl%‘i‘dj i {8 HaPliePfo @Qﬁepﬁf ér AMERI i E?I O 3egh7

emttlng devi ce, thera ation 1 ntensi I's esta as a

function pyronetiera mmmtmemommSmmmg etmsenmcu:ttmtuservesetwbcrrnit ty

of the access to the semiconductor wafer during the removal and the insertion of the
10 wafer.

. Furthermore known from US-4,981.815 is a method for the rapid thermal
treatment of semiconductor wafers, according to which the semiconductor
wafers are irradiated with electromagnetic radiation via an arc lamp in order to

15 heat the wafers. An arc-shaped reflector is provided in order to reflect the
radiation emitted by the arc lamp essentially at right angles upon the wafer.
Furthermore, a stationary, ring-shaped reflector having a parabolic cross-
sectional configuration is provided that radially surrounds the wafer. Provided
between the ring-shaped reflector and the wafer is a controllable heat-

20 emitting device, the radiation intensity of which is established as a function
pyrometer measurements of the wafer temperature in the vicinity of the
middle and of the edge of the wafer. Furthermore, the heat-emitting device is

. movable in a direction perpendicular to the plane of the wafer.

25 US 4,891,488 also shows a method and an apparatus for the thermal
treatment of semiconductor wafers in a process chamber via electromagnetic
radiation. Provided outside of the process chamber is a mirror that is
movable in order to vary the electromagnetic radiation within the process

chamber.

Proceeding from the aforementioned apparatus it is an object of the present

invention to provide a method and an apparatus for the
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m ddl e and of the edge of the wafer. Furthernore, the heat-emtting device
is novable in a direction perpendicular to the plane of the wafer. US
4,891, 488 al so shows a nmethod and an apparatus for the thermal treatnent
of sem conductor wafers in a process chanber via el ectromagnetic

radi ati on. Provided outside of the process chanber is a m rr&g ig&at IS
novabl e in order to vary the el ectronagnetic radiation w titi APR process
chanber. Proceeding fromthe aforenentioned apparatus it is an object of

the present invegld t i d .amnd .ar ha OkerhbS al)
Literal Transl of nJT’Ale!nts.)iclglr et%a%gggﬂs%gf QUP I%%Oﬂozvggcrg?ﬁ% gc@egoo% ?&,?\ndr?eas

Till'mann - Steag 1,44 g’r}e‘}ﬁﬁ&aéﬂl@@ﬁ 2004 thermal treatnment of substrates
with which an i rrproveg tenperature honogeneity is achieved. Pursuant to

the present invention, the object is realized with a method of the 5
af orenentioned type in that during the thermal treatnent, a spati al

Var i od relative t BUMBNERLEE PRk RPN g HEehTRRELEY RnGL R etod e ' ©
her ma? 11 eat monPloSRBSREe (e 1 offbr dviice G Y RIBAL | RACURan 6r PR he.
substrate. 10 can e ot SApd SARGRE RORBLEL IR B EDPA R i 1
Pur suant To one. pFeiG FUENEHBART MUV SDET Kh T8t PaTes SPAmAckr 0 80V ren
the temperature distribution within the process chamber during the thermal
. treatment, and hence the temperature distribution upon or in the substrate,
10 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 upon or in the substrate.

Pursuant to one preferred embodiment of the invention, a relative movement

15 for varying the arrangement is controlled as a function of the temperature
curve of the thermal treatment, and thus a temperature 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 movement of the substrate, a lesser

20 danger of damage to the substrate and is therefore preferred.
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15. for - varying the arrangenment is controlled as a function of the
tenperature curve of the thernmal treatnent, and thus a tenperature
distribution 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 elenment has, in contrast to the
novenment of the substrate, a | esser 20 danger of damage (@ APRE(Hubstrate
and is therefore preferred. 3 Literal Transl of Altered Pages of

PCT/ EP00110290 of 19 t ,2000 - dreas  Till mann - Steaqg - . 3143 9 5 10
1520 1 4 APR 200TOVRIRIIEN (e FUREAE Blevsst Snger aluiPez 19he SosAB e 1t o
the substrate and is therefore preferred. The novenent is preferably a
tilting, pivoting@na/ tergiosp| pieered. ndhenBivemen shyrefeeably sa tirgent
novenent is not limted to a novenent with respect to height, but also

i ncl udes | ateral pivotingrarl/oPuisplacgment angarhentylvahiergbpr #fee dispdacemhat ment
of the invention, an elenent is a conpensation elenent, especially a

conpensati on ri ngmovehint & nbERRlted? b rﬁbb&m%le WRHNESpEAGoHEIGHT BLEalB 2

pl ane parallel to it, and that serves to influence edge effects that occur
during: the therns r t of wafer, In this connection, the el enent
S prgff erably g(‘;]hﬁwtdggg&%?&amgﬁfbgﬁsty of segnents, especially ring
segnents, at |least one of which is noved. By providing a plurality of
segnments, an

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 segments, 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
iIs controlled as a function of the 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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,nproved control of the tenperature distribution within the process
chanber, and upon or in the substrate, is achieved. For an inproved
control of the tenperature distribution, the novenent of each segnent is
controll ed as a function of the arrangenment of at | east on? qﬂ?ﬁ@A segment .
Furthernore, a plurality of segnents have the advantage 3

conpensati on el enent can be econom cally produced. For a S|an|f|ed
construction of the apparatus, and a sinplified control, at |east two
segnents are noved sinultaneously. In this connection, 4 Literal Transl of
PCT/ EP00110290 ofthwag@ﬂerﬁ@@oePf@tﬁeﬁl&hglsnorseﬁﬂhﬁaws Qtaéagtrlcal&zaems rans 10
15 20 1 4 APR 2004 the segnents are preferably disposed in pairs

di anetrical ly acrarss drotimer oelatieenddhthve sebstratee amd thee cppusitebt dispasddt he
oppositely disposed segment pairs are noved sinultaneously, thereby

achi evi ng’ symet rgeg rﬁ@lhtaééli@aié)rﬁdﬂl@dsd#%hé%&SIMQ%WQCNEQHQt%}ﬁg i try

of the chanber, it can also be advantageous to pivot "the segie ut an

axis that does n t an axis of symmetry of the substrate, as
this is descri ber%latg%tﬁw%isgé%%y menti oned DE- A-198 21 007. In order to

shi el dsthe substrate froma direct light irradiation, an

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 substrate from a direct light irradiation, an
element is preferably a light-transforming 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 arrangement
of at least two elements is varied relative to the substrate and/or to the
process chamber, as a resuit 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.
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glemént is preferably a light-transformng plate that absorbs |ight

radi ati on of a heating device and emts thermal radiation in order to
indirectly heat the substrate. Pursuant to one enbodi nent of the invention,
the spatial arrangenent of at least two elenents 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 chanber and on
or in the substrate is achieved. Pursuant to a further ng | h%of t he

i nvention, at |east one elenent and the substrate are nove Aﬁgﬁ r to

i nfl uence the tenperature distribution on or in the substrate. 5 Literal
Transl of PCTI EP00110290 of 19 COct 2000 - Andreas Tillmnn - Steag -

AZ, 3143 14 APR 20DHe Dbjectlof e iHventibhdstaled rédlizednwitht apmpparatus wofripel | zed
with an apparatus of the aforementioned type according to which a device

for varying a sp %fﬁé] f

t enperature di st ?%fb?%Tgﬂfléﬁét? Véc%rd%rﬁ;: {,@g}ﬁ: ét(%équ%ed dgr #@R? B?@%‘ess
advant ages  ai'r el PRRFBhehE LRSS tbﬂgé%e%%ﬁr%@ﬁh%on’n e
order to |nfluence edge effects during the thermal treatnent of the
substrate, an el ei@ive @ﬁh@f@ﬁ%ﬁimeaa%%é%stael chsﬁér@?ﬁmb%rsséanamy a

conpensation ring, that essentially surrounds the substrate in a
thermal treatment is provided. With this apparatus, the advantages

already mentioned in conjunction with the method result.
o

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, the 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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plané.: In this connection, the conpensation 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 a
too rapid heating-up of the edge portion during very high heating-up

rates. The object is furthernore realized with an apparatushgf ﬁﬂﬁk

af orenentioned type in that at |east one elenent is dispose gf angl e
relative to the plane of the substrate in order to achieve a particular
influencing of the tenperature distribution. |n this connection,

el enent is pref eregnegiallyc onpengwensatien efpat , thet Lessenrfiallyr aﬁwqowﬂs he

PCTI EP00110290 of 19 Oct 2000 - Andreas Tillmann - Sleag - AZ. 3143 1 4 APR

2004 i 5 10 15 20sigseté ardy tratqurodecssita shaddw gffechatpomsthenetges yf the
surrounds the substrate and that produces a shadow effect upon the edges

of the wafer relgs g‘ferélé’ts\% W@aéiﬁ&tﬁgvbﬁﬁlcea%dtmFb’réV&RBSaatdoC’?a;hép'd

heati ng-up of the edge region, especidlly at very high heating-up rates

Subsequent 1y bo. dectiestn &f g Pl cPORhCEFREGRBLA Ve Hich SPAFRG Bvalfs, o

The draw ngs show. Fig an apparatus for the ther‘m treat ment of
seni cohduct or waf/p §Iement is pre erablya light-transforming plate

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 to 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 an 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 apparatus of Fig. 5;
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pursuant to a first enbodi ment 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 treatnment of sem conductor wafers pursuant to a second enbodi nent
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 thern?kpbﬁprggﬁ\rrent of
sem conduct or wafers pursuant to a third enbodi nent of the g t
invention; Fig. 6 a schematic plan view of the apparatus of Fig. 5; 7
Literal Transl of PCTIEP00110290 of 19 Oct 2000 - Andreas Tillmnn - Steag
- AZ.3143 1 4 APRiROG4amrepb thet shows thegositian gf aprelement sfidhe inventive
position of an elenent of the inventive apparatus that influences the

tenperature distributigppasitgs thendhilgenddis ahé efepsgerbire gistrittutioh kea
thermal treatnment; Fig. 8 a graph in which is plotted a further enbodi nent

for the tenperature CfUn‘é‘ﬁofP%{;% t{gg.g{gﬁéa@ﬂ%egn}é S‘f’qhe'fﬁ&méirtfné‘ﬁ?%nﬁ schemati c

cro;s-sectional side view o for the the treat nent of
sem conduct or Waflgirgf 823 Epaephaqga‘r”%'gclﬁs ils plotted a further embodiment for the

5 temperature curve as a function of time.

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 chamber 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.
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has a process chanber 3 that on its upper and |ower sides is preferably
provided with walls 5 and 6 respectively that are produced of quartz

gl ass. Provi ded above the wall 5 is a bank of |anps or chanber 7, which
can have reflector surfaces and in which is provided a heat source in the
formof a plurality of lanps 8. Provided below the wall 6 1is again a bank
of lanps or chanber 9 sinmilar to the chanber 7, in which 14 ARdfided a
heat source in the formof |anps 10. The side walls of the process chanber
can be provided with dielectric coatings in order, for exanple, to achieve
a certain mrror effect for at |east a portion of the el ectronmagnetic
spectrumthat is present in the chanber. In addition, one of the side

wal I's includes a Proviksswithimaineeprodess chambedés atfosirédweeplightittdresfoieng
i ntroduction and renmoval of the sem conductor wafer 2. 8 Literal Trans] of

PCTI EP00110290 of i@ €L 2R8%rowN'8§ @eSotlihér DMt extSh@RParallef B #fE3Iohkr APR
2001° 0 0 5 10 35p rovided within the process chanber is a first, |ower

light-transformn t - 0z kn : i - i S
parallel to the I%\%Eggp&'@b&% %ﬂn%‘er %'?g%%rg%Avil@E%rosﬁa§$fu%$5§fde of
the light- transform.n | ate 12 are spacers on I ch the sem conduct or
wafer 2 is pl aced!a%ﬁfogrﬁﬁﬂ plate st arg %ﬁrﬁe%?tqp C@BQ@eﬁeW%dPﬁ@r

wafer 2 is placed, so that it is held parallel to and spaced from the
lower light-transforming plate 12.
o

Provided above the semiconductor wafer 2 is a further light-

10 transforming plate 16 that in a first position, illustrated in Fig. 1, is heid
parallel to and spaced from the semiconductor wafer. The light-
transforming ptates 12,16 are comprised of a material having a high
light-absorption coefficient, which serves to absorb the light emitted or
radiated from the lamps 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 relative to the semiconductor wafer 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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l.ower light-transfornming plate 12. Provi ded above the sem conductor wafer 2
is a further light- transformng plate 16 that in a first position,
illustrated in Fig. 1, is held parallel to and spaced fromthe

sem conductor wafer. The light- transform ng plates 12,16 are conprised of
a material having a high 1ight-absorption coefficient, which serves to
absorb the light emitted or radiated fromthe |anps 8, 10, TiénARRHBr to
subsequently give off a thermal radiation for heating the sem conduct or
wafers 2. As illustrated in Fig. 2, the position of the upper
light-emtting pl@stablisheddwing thexthesemal Ereatm@rét Qfdheweafgéai aath the degregaf er
2 and the process chanber. The upper light-emtting plate 16 is disposed
at an angl e 20 r eblathevectined ipestiemn is cedalsistiedvas arfudclion bf the fempetarer to
vary the tenperature distribution within the chanber and hence upon or in

the substrate. TRisel sfcthengdrmastreb@Re® adder BPEeferﬁdé}mUrérHiéﬁilFﬂﬁ?rﬁ"oﬁte 16
is 9 Literal Transl of PCTIEPOOI 10290 of 19 Oct 2000 - Andreas Ti mann -

reatrent of the Salbi gy i WU, o ShigPe tRasUR

est abl [ shed as a function of the tenperature curve of the thernal
treat mént and/ or %?V'ﬁe-t%@e@%?ur}o@"ﬁ!-' WateB RWOMEI- or in the substrate,
which is neasured by a suitable nmeasurenent device, such as a
non-illustrated pyroneter.

A further 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 H2O, where the H;O flows 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 that 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.
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A further advantage of such an inclined plate is that controlled influence
can be undertaken therew.th upon process gas streans.. This is then always
“.ddvant ageous if the process gas is dissociated on the hot wafer surface,
,and the dissociation products react with the wafer. By way of exanple is
the oxynitridation of silicon, for exanple wth H20 where the H20 fl ows
parallel to the wafer. To achieve very honbgeneous oxyni tHd@leyers, up
to now it has been necessary to considerably reduce the gas flow at the
reaction tenperature (700 C - 1150C). However, the controlled reduction -of
the process gas fl dthasgh doisniscaiatyillstratasbripl Figat etl amdin2,i $he Hewer light-
controlled tilting of the light- emtting plate 16. Wth a plate that is
tilted relative to ltdnslovafieg, plaiei $2 posldi blse de oty adisppsed exBhigashe
flowto achieve simlarly good honogeneity of the oxynitride |layers as is

the case with flowprecess ighambex Gonbiarder a8 athidveWar AdUedr QBriafish tof D
provi des opti num honogeneity. 10 Literal Transl of PCTI EPOO/ 10290 of 19

Cct 2000 - Andreas iy - di o 13148 4 A Al g

Ch s 18 ot T oad dinpertfe. %@’ﬂ%ﬂgﬁd%ﬁﬁhﬁ‘? o%ieﬁﬁgﬁﬁ?ﬁ}%%insfiﬁﬁ‘f"ﬂgm
plate 12 could al so be vabhy di sposed within _the process chanber 3 in
order t8 achi eve aSX@mmer Wi HeidoaArangement ot thsevapar bghi-emitling plate and
wi thin the process chanber. Thus, for 5 exanple, with a rigid arrangenent

of the upper |ight aanindined positien asfdtheaowsc lighegmgiagt pafe of2 t &6 ihemdd
light-emtting plate 2, an inclined position can be achieved between the

wafer 2 and the upp@kitiondBhn 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, jor. =
example, to bring the upper light-emitling plate 16 closer to the

semiconductor wafer 2 in otder 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 {o hold the
wafer 2 movable relative to the plates, for example via fhe spacers 13,

which can, for example, be embodied as telescopic rods, the height-of

which can be adjusted independently of one another in order t-o

20 dispose the waler 2 at an angle relalive to the light-emitting plates

12,16.

"



emitting plate 16. Instead of an inclined position of the light-emtting
plate, it would al so be possible to sinply reduce the spaci ng between 10
one of the light-emtting plates and the substrate 2 in order, for
exanple, to bring the upper light-emtting plate 16 closer to the

:sem conductor wafer 2 in older to achieve a greater heating upon the
upper side of the wafer 2 relative to the underside. 15 It WhdiFa 2004
furthernore be possible to rigidly arrange both of the light- emtting

plates 12,16 withi.n the ces hanper, 3, and to hold,t fer 2 mmvabl e
relative to the 'Qﬁeg,arﬁ)ﬁ 'ﬁ@@g?@ @qr@nggg@@rg Ofgbeaﬁ?%mg‘cféﬁ?t"?%ﬂ
exanpl e, be enbodied as tel escopic rods, the height of which can be

adj ust ed i ndependrppargtusf 1 qnasa@idt ivethel preseatinventizo. dinspigse & aedvaitee 2 at
an angle relative to the light-emtting plates 12,16. 11 1 1 4 APR 2004 O

0 5 10 15 Figs. 3sand réferéhcs hualegals dranideer aswitbcthesinst ehbbdinéhtetontak
treatnment apparatus 1 pursuant to the present invention. In Figs. 3 and 4,

the same refer encaefil Mesae o salidcdthbinsiie dib isbueaali ment to the

extent that the same or simlar conponents are in question. The apparatus 1
has esssential |y the sane construction as does the

The apparatus 1 has essentially the same construction as does the

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 during 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.

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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apparatus 1 of the first enbodi ment, and differs fromthe apparatus of

Fig. I only in that instead of an upper light-transformng plate 16, a
conpensation ring 20 that surrounds the wafer 2 is provided. The
conpensation rjng 20 surrounds the wafer 2 with a slight spacing, and thus
prevents rimeffects during the heating up and the cooling ddv(ngbq‘lﬂﬂkt he
wafer 2 by preventing a nore rapid heating up in a heating phase as well
as arapid cooIinP off in a cooling phase. As illustrated in Fig. 3, the

conpensat i on ri ngleraperatutes o sagbin ninstemaheldly bRrsd R g&ﬁéﬁfn@f a;ggfe or

sem conductor wafer 2; however, it can al so be disposed

bel ow t he wafer. Wadeditadst i Lg. 4 e _conpensation ring 20 is
raised relative to t hgfe%lﬂ%%ﬁ?juﬁf%#gwaf §FE'J£ p@gggsg; rHesidegctibedis fpr ace,

for exanple, 20 dggd so-cal\l.e ash processes, during which for the
production of thi#érﬁglfér'g \a/fgbilgﬂ%ﬁzlqégmﬁggﬂpthw%eth&d fop theathé@tal C per
second are necessar n fter a maxi numtenperature has been achieved -
the 12 Literal Tr@%@lﬁ"%‘& %c%l%oﬂdzbeving the same 2pplicatiol dagaandl tHemann -
St eag AZ.3143 1 4 APR 2004 tenperature is again instantaneously |owered

in ordér to avoi dSane @epileant asi theusrieseneihbestion, withClef
descri bed, for exanple, in DE-A-199 52 015 havi ng th%“’:‘??ﬁb%ﬁ'ﬁ*ﬁrﬁ)edtof or

the thermal tredhisappiicbtiohteavsid rapetitftay | | i cation date and
the 5 sane applicant as the present |njﬁfig%%§?ﬁ@ﬁ§%n%"8%§ﬂjﬁ%de to
this application fry exeol Lhi . OV, t of the conpensation
ring can be control edﬁgg a gyn%{‘i onnagqéﬁlﬁgoquﬁgg‘?@f’ﬁmm&gfﬂms
at‘DSphere Change&"%%ﬁ&ebe%héggéshe doerste:}%gg Sl%’ r;ﬁgt Igrr;\eli(jadsly 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 raising and 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
pasition shown in Fig. 3 in arder to 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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application. It. is In particular possible to establish a certain phase 10
rel ati onship therebetween. By shifting the conpensation ring 20 prior to
and/or during the raising and 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 fromthe outside, and thus prigv &Py R t oo
rapid heating up of the rimportion. During the 15 subsequent cooplng of f
phase, the ring 20 is again brought into the position shown in Fig. 3 in
order to prevent a too rapid cooling-off of the rimportion, as a result
of which the honogemerngalimn tring 28njer saxanepledvist adinstalie emagers hid.suhf ace
of the wafer is considerably inproved. 20 Al though the conpensation ring 20

was illustrated amdvenrentdtedlight-trandfogringdlated woultildiso bergneeivadleainso be
rigidly disposed, and during the thermal treatnment the wafer 2 could be

noved relative to 3 .
Andreas Till mann ?ngtgga#hlé%ad réﬁ'éﬁ@% 'ﬁé\ﬁggggijﬁ%m’ é%??ge (}’gaf%g %Hggﬁ%at I on

[ gt -t 7 anst or m ngoBPEPERRLRY2Y 0" Be Concetvabl e T order to achi eve a
relatige novenent between the wafer 2 and the
Figs. 5 and 6 illustrate a further embodiment 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 embodiment 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 light-permeable 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 light-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, which 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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conmpensation ring 20. Figs. 5 and 6 illustrate a further enbodi nent of an
apparatus 1 for the thermal treatnent of sem conductor wafers 2. In Figs.
“5 and 6 the sane reference nunerals are used as with the first enbodi nent
to'the extent that the sanme or simlar conponents are in question. The
apparatus 1 .again has a process chanber 3 that is fornmed by upper and

| ower |ight-pernmeable wall elements 5, 6. Again provided in reflector
chanbers are upper and | ower banks of lights that are adjdk%ﬁfRi@4the
upper and lower walls 5,6 that delimt the process chanber. In contrast to

the previous enbodicER{ehsAlRWEHR] 25118 didiRse8HIUH aﬁgre mrén@;eéfm tHePwhh 2 ﬁ} no

light-transformng plate is provided in the processS cha By neans o

spacers 13, which f it = p eé@é’ e er
2 is held centrall;g/ﬁ(&vm&?gcl’ rﬁrtaﬂle'é@gar ghgésﬁg&c%g%elp g{eﬁgﬁglalrn a'lr‘? ?’ét}bgrw\é@&'
parallel to the lo Q r | l.s 5 6. A coppensation ring 25, which
is conprised of foﬁgﬁeﬁcﬁ% %@r@ﬁ%a%ub of thewaier, d he compensatonring could be
held within the process chanber 3 in a suitable nmanner. As can be seen in
Fig. 5 the 14 Lit &gidly helhin this pegitip®Pp00110290 of 19 Oct 2000 - Andreas
Tillmann - Steag - AZ.3143 r 5 1 4 APR 2004 conpensation ring 25 is

di sposeg at an angle relative to the wafer 2 in order to produce a shadow
effect in the edge regions of the wafer, especially during the heating up

of e wafer. The pRITRRR2UHChif (e FREIRT embdlifientshds' Bisbpdssivle to
make the compensation ring 25 movable in order to vary its position
. ' during the thermal treatment. In this connection, the individual ring

segments 25a — d can be moved individually, all together, or also in

10 pairs. In particular, it is possible for example, to move the ring
segments 25a and 25¢ that are disposed diametrically 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 diametrica_lly 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 segménts
thereof, couild also be raised or lowered, as illustrated by way of
example in Fig. 4. Of course, the number of segments 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



However, as with the preceding enbodi nents, it is also possible to nake
the conpensation ring 25 .novable in order to vary its position during the
thermal treatment. In this connection, the individual ring segnents 25a -
g can be noved individually, all together, or also in 10 pairs. In
particular, it is possible for exanple, to nove the ring segnents 25a and.
25¢c that are di sposed dianetrically across fromone another together in
order to provide 'a certain symetry relative to the wafer! 2APRH0 he sane
manner, the ring segnents 25b and 25d that are disposed dianetrically
across from one andidiepensafion Kagl8s di imillestraledsinyFigobedontroliscead efuriction

tilting of the conpensation ring, as i 20 is illustrated in Fig. 5, the
conpensation ring, tberéofdi 4t dualbegaurimicd the Hberodl treatmehtallise® doenpearisagignor
| owered, as illustrated by way of exanple in Fig. 4. O course, the nunber

of segnents need natngo@5l isndlispdséd i @ssenbally (Y satie plneras BeaRRifer Qouhd
al so be provided. Fig. 7 shows the tenperature curve of a thernal treatnent

of a sem conduct or m@f@m;pér%mr%dme@age%} thé BamBeny&idn gﬁgé‘.sgmgef‘d*géﬁsuﬁ?é 8

15 1 4 APR 2006 corrpensatlon rin I's 1 ate

controll_ed asafu&tlon reof P éib};nmng of the the

treatmert, the corrB ﬁs%lf"f‘gno the,yvals -| wherahyo dhey tithapglecis ﬁﬁ[fﬂlﬂteqflé'v%hrtbe

pl ane as the wafer 2. As the tenperature increases, the conpensation ring

is tilted rel ati ve cwve of ibe jeaperatire ire temissof tlmraﬂdymt:i'eastssl foroega@ples

correlated wwth the curve of the tenperature in terns of tine, and

increases, for examgltfan 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 this temperature. At this point in time, the

.compensation ring is again parailel 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 rapid heating-up of the edge region. As a .

result, the homogeneity of the temperature distribution over the wafer

surface is improved. A further improvement of the homogeneity can be
20 achieved by an additional wafer rotation and/or by regulating the

radiation intensity of the heat lamps.

16



wi.th an increase in the heating rate. The tenperature is increased up to a
maxi mum and the tenperature is subsequently imredi ately again reduced.
During the tenperature decline, the conpensation ring is 10 tilted back.
The cooling-off of the wafer is stopped at a tenperature T', and the wafer
Is kept at this tenperature. At this point in time, the .conpensation ring
is again ' parallel to the wafer and thus prevents an excesbiWR@o! i ng of
the rimportions of the wafer. 0 15 As a consequence of the above novenent
of the conpensation ring, a shadow is produced upon the edges of the wafer
during the heati nthis phpsevech hempgenety ps év eatticalardsagspant dwidng sogmallede
edge region. As a result, the honogeneity of the tenperature distribution
over the wafer sigshaprodessespnithedhioh fremt higgh heptimgrapertesfocche  With
honogeneity can be 20 achi eved by an additional wafer rotation and/or by

regulating the rtﬂegégbﬂsbéseégn%ﬁé Yokst oF R8s |dmife akpatathsAGBnéRMN¢ O 5

10 15 20 Thi s inproved hompgeneity Is in particular necessary during
oo e L esh Bhsere skl SRS b R AR
operate at Ul capac Ny inthe i regans I Yhis Sannection, 1he waidre Ste hested
very rapidly to about 800°C to 1150° C. The ramp rates with which the
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 wafer 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
penetration.

In addition to being improved by wafer rotation, the aforementioned
20 homogeneity 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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especi-ally in the rimregions. In this connection, the wafers are heated
~very rapidly to about 900C to 11500 C. The ranp rates with which the
‘wafers are heated up are in the range of 150C/s to 500C/s. After the
“heating-up, the wafer is subsequently rapidly again cooled off. Fig. 8
schematically illustrates such a flash process. Wth novenmenj Q{E t@g
conpensation el enent during such a flash process, there was ?iC Fé d a
reducti on of the standard devi ation of the average tenperature value over

the wafer from 3%t A oresses are, used in particular for the
activation of inpl alﬁ?fgc? ’%(%gg%ggg{%ﬁi\ﬁs?x% rtg‘ﬁja'ﬂ%ﬁe ?'P'Vo‘?txitQWOB?E?@GE?es
require a very great telgﬁer‘at |}|1re ‘honogeneity, especially with doping at

| ow dept hs of  pendtdSktBRT INthgdtiguresn theorageshapeadiiampse dvhigh wed er
rotation, the aforenentioned honogeneity can also be further inproved by
addi tional measur edlisgesed parakait reach irdotthe planpsof theudrawing hgetesLdmpsan
upper bank of Ilanps 8 and a | ower bank of |anps 9 having, for exanple,

rod-shaped 17 Lit ertaht Toanbk 0$ed@di BBGA1403RD phndP afs! f#08Qam ﬁpdﬁ%gen
Tillmann - Steag - AZ. 3143 1 4 APR 2004 0 O | anps, are |IIustraPed. Th

axes of he | anps f er abl ye-ext, p el .t each other. In e
Fi gur es” the rod- sﬁé@g | iﬂrlrstIﬁ \ﬁlnlgﬁ @F 24’49 5050@8(10?}3!38[‘15%" rrg'gchgi gxtendse
pl ane of the drawi ng sheet. Lanps that can be used for such a | anp panel
are, for exanple, HaA8lRINC the mdlamps MYEh this amangemenkkhe sitadove cast by
conpensation ring 25 extends

the compensation 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 tamps of the bank of lamps is suitably weaker than that of the

outer lamps, there results a radiation profite that is conducive to the

homogeneity of the temperature distribution of the wafer.

With another embodiment, the pivot axis for the filting of the
i5 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 and auxiliary element is rofatable, it is

possible to control the angle between tilt axis of the compensat-ion

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

20 progress of the process.
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parallel to the rod lanps. Wth this arrangenent, the shadow cast by the
conpensation ring upon the wafer nearly vanishes in the vicinity of its
tilt axis, whereas it is maxi mum at the wafer edges that are di sposed
dianmetrically opposite this axis. Since the radiation intensity of the to
central |anps of the bank of lanps is suitably weaker than thﬁb QE Ihe
outer lanps, there results a radiation profile that is conduc E B¢ ¢ he
honogeneity of the tenperature distribution of the wafer. Wth anot her
enbodi ment, the pivot axis for the tilting of the 15 conpensation el enent,
rather than extenbl ﬁ@d'ﬁﬁﬁaﬁeehamﬂna%'ﬁéfltﬁﬁ‘g‘%@a@ wmehef KienKprer angrwert or ns
therewith an angle, preferably 90. Since the holding device for wafer and
auxi liary el ementlangp patekcdn be dispasedpmralldias well asrrosding lhaeaargitieedst ween
tilt axis of the conpensation elenent and the lanp axis during the process
as a function of ahedededbhgiess of the process. 18 9 1 4 APR 1006 S 5 10
15 20 In addition, the lanp axis of the hal ogen | anps of the upper and

| ower | anp panel can be disposed parallel as well as crossing one anot her
at any desired angle.

5 A combination of a lamp panel having rod lamps and a lamp panel
having point lamps is also possible. The term point lamps, in contrast
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 controlling each individual lamp, to produce a

specific radiation field that 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 curve of Fig. 7 the compensation ring was
tilted as a unit, in addition to the tilting movement it is also possible to
displace the ring in any direction. [n a similar manner, individual
20 segments of the compensation 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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A .conbination of a |anp panel having rod | anps and a | anp panel having
point lanps is also possible. The termpoint lanps, in contrast to rod

| anps, includes lanps the filament | engths of which are shorter than the
di aneter of the lanp bulb. O course, both | anp panels could also be

equi pped exclusively with point lanps or with a conbination of point |anps
and rod | anps. Depending upon the special requirenents, it is thus

possi bl e, by controlling each individual |anmp, to produce a 14pdRilblkc
radiation field that in conmbination with the relative spatial arrangenent

of the wafer at any given tinme, and of the nechanical auxili ary el enent s
relative to the banks of optim zes the hom)g{enel ty of the
temperature of thi alveiﬂléflﬁ“tVAgPlﬁ!ﬁ@ﬁnW thattinBuenes éke tempeeatyre Migribytiome
conpensation ring was tilted as a unit, in addition to the tilting
novenent it is al sschpassioblezatple,di suln@easaﬂim'l ring@nidra Aotlinér raret promidetin a
simlar manner, individual segnents of the conpensation ring could also be

moved. I nstead ofjnah é@hﬁ%@%&tcrﬁfmﬁé}escagnﬁrtﬁatérﬁsoamm dft Figs 42!i6@ pRSSi bl e
to nove the wafer |tsel relative to the compensation ring. 19 Literal

Transl _of PCTI EPOQ1 0, 0 Al
A 851 4 APR REEES P’foj"% éﬁtﬂ’ §%Q‘?"§'Pt81‘ Pg1 B cphriner@afon e the
tenperature distribution, as, for exanpl ac satio and a
hotliner, are pr oNB*H‘éEP”ﬁfW”E”HE ﬂ?%égsor@ﬁé&ﬁéf‘ﬁ%en%?ﬁgﬁﬁ %'na'égﬁbd@'ﬁ'f‘ of
Fig. 4, it is also possi ble to nove both elenents, i.e. the conpensation
ring and the within the process chamber. The features of individual ones of the

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

embodiments.

10

20

Literal Trans! of PCT/EPO0M0290 of 1% Oct 200 - Andreas Tillmann - Steag - AZ.3143



light-transforming plate, in order to influence the thermal distribution
within the process chanber. The features of individual ones of the

enbodi ments can be freely conbined with the features of the other

enbodi ments. 20 Literal Transl of PCTI EP00110290 of 19 Cct 2000 - Andreas
Tillmann - Sleag - AZ-3143 1 4 APR 2004 0 O 5 10 15 Patent Clains 1 Method
for the thermal treatnent of substrates, especially sem conductor wafers,
in a process chanber having at |east one elenent in the process chanber
that influences the tenmperature distribution, _characterized4iAPRBlt during
the thermal treatnent, a spatial arraﬁgﬁﬂ&iﬁéﬂﬁhe el enent is varied
relative to the substrate and/or to the process chanber. 2. Method
according to clain 1, belhedttari fed tharmalatiretmentt ofv substratese nesgeamially
varying the arrangenent is controlled as a function of the tenperature

curve of the thernal tsmﬁmmucto?-wa@t@Qﬁiagﬁ@@éﬁ B8arBef hatinglatdeast .one
characterized in that the elenent is noved relative to the substrate

and/or to the process eﬁelgﬁépﬂ%'thé'pré@ésgo&a?ﬁﬁ&rfﬁiai‘ﬂ'lfﬁJ%n&Je@itﬁB fsmperature

characterized in that t
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 temperature curve of the thermal treatment.

3. Method according to c¢laim 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 5. Method according to one of the preceding claims, characterized

in that an element is a compensation element, especially a

21
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movenent is a tilting, pivoting and/or displacenent novenent. 20 5. Method
according to one of the preceding clains, characterized in that an el enent
is a conpensation elenment, especially a 21 Literal Transl of PCTI EP00110290
of 19 Cct 2000 - Andreas Tillmann - Steag - AZ. 3143 5 10 15 20 1 4 APR 2004
conpensation ring, that at least partially surrounds the substrate in a

pl ane parallel to it. 6. Method according to one of the prededAPy2i8] ai ns,
characterized in that the elenent is conprised of a plurality of segnents,
especially ring segnents, and at | east one of the segnents is noved . 7.
Met hod according to cl &mpensation sogettiat @l least padially rairousde thasubstratech
segnent is controlled as a function of the arrangenent of at |east one

ot her segnent. 8. Met havaatares pamdlett@ itl aim 6 or 7, characterized in that
at |east two segnents are noved sinultaneously. 9. Method according to one
of the clains 6 to 8, characterized in that the segnents are disposed in
pairs dianmetrically across fromone another relative to the substrate, and

the segrent  pairs areyied SLOMASRORHE!of nd Bred G USSOLHRALA B ©f

the preceding cla

5 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.

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 disposed in pairs diametrically across
from one another relative to the substrate, and the segment
pairs are moved simultaneously.
20

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

in that an element is a light-transforming plate.

22
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in that an elenent is a light-transformng plate. 22 Literal Transi of

PCT/ EPC0110290 of 19 Cct 2000 - Andreas Tillmann - Steag - AZ. 3143 1 4 APR
2004 5 11. Method according to one of the preceding clainms, characterized
in that the spatial arrangenent of at |least two elenents is varied

relative to the substrate and/or to the process chanber. 12. Method
according to one of the preceding clains, characterized in that at | east
one el enent and the substrate are noved. is 10 15 20 13. Ap@akRRtNG for the
thermal treatnment of substrates, especially sem conductor wafers (2), in a
process chanmber (3) having at |east one elenment (1,16;20;25) in the
process chanber that influences the tenperature distribution )
characterized by A1. deMetlod gecaring Hyone S5 dbe arecading glavms: cbaractrrizedenent
relative to the substrate (2) and/or to the process chanber (3) during the
thermal treatment. 14.inAhpdtrss ssatid coratigegnér of ladieast 3wocHamecteisi vagigdi n
that the arrangenent is controllable as a function of the tenperature

curve of the thernmal traahveftheXbstiats ahd/Tr a0 fle SlocBSTCRBAMEE0290 of 19
Oct 2000 - Andreas Tillmann - Sleag - AZ. 3143
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.
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"1 4 APR 2004 14. Apparatus according to claim 12 or 13, characterized in
that the elenment (12 16;20,25) is novable relative to the substrate-(2)
and/or to the process chanber (3). 5 15. Apparatus according to claim 14,
Gharacterized in that the novenent is a tilting, pivoting and/or

di spl acenent novenent. i 10 15 20 16. Apparatus according to one of the -
clains 12 to 15, characterized in that the conpensation ele t 620; 25) is
a conpensation ring, that surrounds the substrate in a pl aﬂénxﬂ%mﬁis
parallel to it. 17. Apparatus according to claim 16, characterized in that
the conpensation fidng (Amarsiusi acodirdipgded|aim &b card, ehaesickeiiaes indhahthe

pl ane of the substrate. 18. Apparatus according to one of the clains 12 to

17, characterized in thalleimbat ¢1Zmemo A5k Kipvabrprélate: o6 lhe pdubstbie y2)of
segnents (25a-d), especially ring segnents, and at | east one of these

segnents is novable. 24 alﬂd%rAtBRhg%%e?s%-d%Wéﬂﬁzs according to claim 19,
ch seg

characterized in that the novenent of ea nt (25a-d) is controllable
as a function of the arrangenment of at |east one other segnent. :

5 15,  Apparalus according to claim 14, characterized in that the

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

. . 16.  Apparatus according to one of the claims 12 to 15, characterized in
that the compensation element (20;25)Is a
10 compensation ring, that surrounds the substrate in a plane that is parallel

to it.

17.  Apparatus according to claim 16, characterized in that the
compensation ring (20;25) is disposed at an angle relative to the

15 plane of the substrate.

18.  Apparatus according to one of the claims 12 to 17, characterized
in that the element (25) is comprised of a plurality of segmehls

(25a-d), especially ring segmenls, and at least one of these

20 segiments is movable.
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5 21. -Apparatus according to one of the clains 13
that an elenent (12, 16) is a light-transformng

Appar atus according to one of the clains 13 to 21,

t he spatial arrangenent of at |east two el enents
the substrate (2) and/or to the process chanber

according to one of the preceding clains 13 to 22,

at | east one el errent and t he substrate are novab
thermal treat mant bstr tes especially

relative to a plane of the substrate. 25 Literal

to 20,

pl at e.

characterized in
0 10 15 20 22.

characterized in that

is variable relative to
(3). 23. Apparatus

le. 24.

char act drd 2eR07200in t hat

Apparatus for the

sem conduct rrwafers, in a
process chanber (3 pnar ps| @8 rd"'tSln O cflakni9 (P@aﬁﬁ engragn that the
process chanber that | nfl uences the tenperature distribution,

characterized in that movemerdtof@achedagreent G%aw)sipamﬂodablaraaaglJmtion

Tr ansl

of PCTI EPOO/ 10290
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Appar atus according to claim24, characterized in that an

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

in that an element (12, 18) 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 treatment 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 disposed at an angle relative to a plane of

the substrate.
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el emént is a conpensation el ement (20;25), especially a conpensation ring,
that essentially surrounds the substrate. 26. Apparatus according to claim
24 or 25, characterized in that an elenent is a light-transform ng plate
(12,16). 26 Literal Trans[ of PCT/EP00110290 of 19 Cct 2000 - Andreas
Tillmann - Sleag - AZ. 3143
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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).
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